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Medium-scale maps

As explained on page 69, soil maps can be prepared at a variety 
of  scales. The maps on the preceding pages show soil patterns 
across Africa at a scale of  1:3 million (i.e. where 1 cm on the map 
corresponds to 30 km on the ground). Such maps are referred to 
as small-scale and provide an overview of  general soil patterns over 
large regions, such as individual countries or an entire continent. 
Conversely, large scale maps (e.g. 1:50 000 - 1:5 000) cover much 
smaller areas, such as a region or a town, but in much greater detail.

The use of  ‘large’ or ‘small’ to describe maps arose from the 
traditional practice of  writing map scales as numerical fractions 
where a scale of  1:20 000 is larger than 1:20 000 000. Therefore, 
there is no exact definition of  the boundary between large and 
small scale maps but maps with scales of  1:100 000 - 250 000 are 
generally considered as being of  a medium-scale. In this context, 
medium-scale maps show more detail for a given area than small–
scale maps but may still be too coarse for specific applications (e.g. 
such as field-level pH). 

The maps on these pages are examples of medium-scale soil maps from 
different parts of Africa. While many are a little dated, the maps clearly 
show a substantially higher level of detail than the corresponding maps 
in the preceding pages. Please note that the colours and legends shown 
on these four examples reflect national soil mapping and classification 
schemes and may not necessarily match the patterns shown on the 
smaller scale equivalents shown in this atlas.

The maps on this page (and many others) can be downloaded from 
the EUDASM, IRD and other map archives (see pages 139).

Clockwise, from above, soil maps of: Bangui in the Central African Republic 
(1:200 000 - 1974: IRD Sphaera No. 849); the Nile Valley just south of Cairo in 
Egypt (1:200 000 - 1962; EUDASM); coastal region near Accra in Ghana (1:125 000 
- 1964; EUDASM); around the town of Atakpamé in the Togo Mountains, eastern-
central Togo (1:200 000 - 1979: IRD Sphaera No. 377). [67, 67a]
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Large-scale maps

Large-scale maps generally have a scale of  1:50 000 or greater (e.g. 1:24 000; 
1:10 000; 1:5 000). A large-scale map shows greater detail for a relatively small 
area (e.g. 100 x 100 km, 10 x 10 km) and as the scale increases, the soil pattern in 
individual fields becomes more and more evident. For example, on a 1:10 000 scale, 
1 cm on the map corresponds to 100 m on the ground.

By definition, the creation of  these maps entails a significant amount of  effort to 
acquire the necessary source data. As a consequence, they tend to be produced 
only where the principal land use is agriculture. Large-scale maps are used to 
support land evaluation or the implementation of  land use planning policies.

Examples of large-scale soil maps

Clockwise, from right: detailed soil map from the Copperbelt Region of Zambia - the map 
differentiates soils on the basis of texture, depth and slope. The alluvial soils are important as 
rainfall levels in this area are generally low. The map clearly shows the location of soil profile sites. 
(1:10 000 – 1968; WOSSAC); soil map of a section of the eastern bank of Sanga River near to the 
town of Nanga Eboko in southeast Cameroon – typical tropical forest soils are interspersed with 
waterlogged soils in valley bottoms. (1:20 000 – 1966; IRD Sphaera No. 2778); soil map of Table 
Mountain and surrounding areas, Cape Town, South Africa showing groupings or associations of 
soils. Again slope and texture, together with parent material, are the main diagnostic elements. 
(1:20 000 - 1975; EUDASM). [67, 67a]
See also the modern 1:50 000 soil map on page 136 of the area around Kinshasa, (Democratic 
Republic of Congo) produced using GIS technology.
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Soil mapping in Rwanda: a model for Africa?
This atlas has shown the importance of  understanding the spatial 
distribution of  soils and their properties. This is especially true 
for agricultural development and a more rational management of  
land resources, particularly in response to issues such as ongoing 
land degradation and decreasing yields. To be effective for such 
purposes, soil data should be available at medium- to large-scales 
(preferably > 1:50 000). However, this level of  detail is lacking for 
most of  Africa. The situation is compounded by the fact that the 
detailed data that do exist are often more than 50 years old and 
systematic soil survey is not being carried out to collect more up 
to date data. 

A country which stands out in this respect is Rwanda. Not only is 
there a complete and detailed soil inventory of  the country, the 
data have been digitised and can be viewed and queried over the 
internet. In this respect, Rwanda could be a model for other African 
countries.

Between 1981 and 1994, the Rwandan Ministry of  Agriculture, 
Livestock and Forestry and the Belgian government cooperated to 
develop a national soil map of  Rwanda (the Carte Pédologique du 
Rwanda) at a scale of  1:50 000. This detailed soil survey was based 
on the elaboration of  a physiographic map, a reconnaissance survey 
along with extensive use of  aerial photographs and supporting 
fieldwork. The soil units mapped were mainly associations or 
complexes of  soil series. More than 2 000 soil profiles, corresponding 
to 176 different soil series, were described and analysed for key 
soil properties. The base maps for the soil survey were forty-three 
topographic map sheets at a scale 1:50 000. These maps contained 
contour lines at an interval of  25 m. Additionally, they contained the 
boundaries and names of  the administrative units at different levels 
(provinces, villages) together with the hydrologic network, the road 
infrastructure and main land use. 

From 1989 onwards, the soil maps and all observation points (i.e. 
profiles and augers) and corresponding data were digitised and 
stored in a database for further elaboration (see page 136). Each soil 
unit received a unique label that was related to a database containing 
the tabulated properties of  each soil series. A legend was designed 
to group the different soil units according to their parent material, 
profile development, depth or drainage, texture and stoniness. 
Due to the war in Rwanda, the project was temporarily stopped in 
1994, before being finally completed by Ghent University, Belgium, 
between 1998-2000. 

The soil data were complimented with topographic data and climatic 
records while the generation of  simplified soil maps at a scale of  
1:250 000 illustrated the diversity in land resources at national level. 
The resulting database has become the key instrument for the 
description of  the physical environment that farmers face in the 
different agricultural regions of  the country and for the evaluation 
of  the agricultural potential.

Such information is also important for urban planning, hazard 
assessment and the development of  high-input agriculture schemes. 
The system allows for easy updating, modification or reorientation 
depending on the requirements of  the different policy sectors. [68] 

Maps of soil organic matter (below left) and pH (below right) for Rwanda – such maps can 
be used as inputs to soil fertility assessments and land suitability maps (EVR/AV); 

Index to the forty-three 1;50 000 map sheets covering Rwanda. (EVR/AV).

Above: Soil map of Rwanda based on simplified soil maps at a scale of 1:250 000. The 
zone of Andosols to the northwest relate to the Virunga Mountains while the Histosols 
and marshes to the east reflect the swamps of the Kagera River Basin. Over much 
of the country, predominantly metamorphic bedrock has produced soils of generally 
poor quality for agriculture but sustain natural ecosystems while the converse is 
true for lowland areas and valley floors. This map differs in some respects from the 
coressponding map on page 111 as a result of more recent soil survey, larger scale 
source data (1:50 000) and a reinterpretation of soil characteristics. (EVR/AV)
Below: Expanded detail of the 1:50 000 soil map of Rwanda from an online map viewer 
with a query result from the underlying database (http://zadeh.ugent.be/rwanda/#). 
(EVR/AV) [68a]
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The following pages present a series of  overview maps describing key soil properties across Africa. The maps have been prepared from 
data contained in the Harmonized World Soil database (see page 136) [69]. The very small scale used in these maps will inevitably mask 
specific local conditions. However, the general regional patterns are valid and representative of  overall conditions.

Maps of key soil properties

The Harmonised Soil World Database uses a simple relationship model to link a geometrical dataset (grid 
cells) and a semantic dataset (information on soil properties). The diagram illustrates how a geographical 
representation of soil and landscape patterns (known as Soil Mapping Units or SMUs) are linked to specific 
data on soil types (referred to as Soil Typological Units or STUs in this figure). Try and follow the diagram to 
understand that polygon 1 from the digital map (the red area), corresponds to SMU 1, which consists of two 
soil types (STU 10 and STU 11), which occupy 30% and 70% of SMU 1 respectively. In this example, analysis 
of the relationship table (STU.ORG) and the STU attribute table would show that the dominant soil of SMU 1 is 
STU 11, an Andosol (AN). (JDR/SH)

This pair of maps is a clear example of how the depiction of soil 
properties can vary according to the selection of soil type. Both maps 
show the proportion of sand particles in the topsoils of central Africa. 
Note the resultant change in patterns. The darker shading denotes 
high levels of sand-sized particles in the soil (and thus a coarser soil 
texture) than areas with lighter tones. In this manner, the maps shows 
that some areas (e.g. the Congo Basin and northern Kalahari) have a 
high sand content while in other areas (e.g. parts of Uganda), the sand 
content is much lower, indicating very different soil characteristics. 
The upper map shows the proportion of sand particles for the 
dominant soil type (see facing page for full map). This is the soil 
type that occupies the largest area of each polygon. The lower map 
shows the same information for the second dominant soil type. In 
this example, the dominant soil type for the polygon indicated by 
the arrows has >60% sand fraction in the topsoil, while the second 
dominant or associated soil in the same polygon has a slightly lower 
level (45-60%). All maps presented on the subsequent page only show 
information for the dominant soil type.
The white areas on the map indicate regions where only one soil type 
has been recorded in the database. (OD)

The map shows the variability of soil information in the database for Africa. As shown by the adjacent figure, each 
cell in the Harmonized World Soil Database can contain up to nine soil types. While the geographic locations of the 
component soil types within each cell are not defined, the database stores the typical proportion that each one 
occupies. When the mapping unit is composed of only one soil type, this percentage is equal to 100. When there 
are several soil types, then the sum of the percentages is equal to 100%. Areas with lighter tones (e.g. the Sahara) 
exhibit a lower number of soil types per mapping unit while darker areas (e.g. Gabon, South Africa) have more. It 
should be stressed that this variability is usually a reflection of the level of soil survey in a region as much as than 
the actual diversity of soil types. In the case of the following property maps, data are presented for the dominant 
soil type within each cell (i.e. the soil having the highest percentage of area). However, it should be noted that only a 
proportion of the grid cell will have the assigned characteristic (unless there is only one type of soil!). (JRC)

The dominant soil for the polygon indicated by 
the arrow (central Congo) is a sandy Ferralsol. (OS)

The second dominant soil for the same 
polygon is a Cambisol. (EM)
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The proportion of clay particles in the topsoil (i.e. mineral matter less than 0.002 mm in diameter). These tiny 
particles require microscopes to see them. The soil feels smooth when rubbed between one’s fingers. Clay-rich 
soils tend to contain more nutrients and because of their very high surface area can retain large amounts of 
moisture. As a result, they are favoured for agriculture. However, they can be difficult to cultivate when wet as 
they become very heavy and slow to drain. Can become very hard when dry. Particularly apparent on the map 
are the expanses of Vertisols, Gleysols and saline soils. High clay content is generally indicative of the chemical 
weathering (and associated transport) of parent material. (OD)

The proportion of sand particles in the topsoil (i.e. mineral matter between than 0.05/0.0625 mm and 2.0 mm 
in diameter). Most sand grains consist of quartz and are visible to the naked eye. Sand feels gritty when rubbed 
between the fingers (silt, by comparison, feels like flour). Sandy soils are very easy to cultivate but are generally 
lacking in nutrients and have low water-holding capacity, making them susceptible to drought conditions. As 
a result of the large volume of spaces between grains, water is easily drained away. Sand is commonly divided 
into five sub-categories based on the size of particles: very fine sand, fine sand, medium sand, coarse sand and 
very coarse sand. The map highlights the sand seas of the deserts (Arenosols) and the coarse grained Ferralsols 
of the tropics. (OD)

The proportion of silt particles in the topsoil (i.e. mineral matter between 0.002 mm and 0.05 mm - USDA 
classification - or between 0.002 mm and 0.0625 mm - ISO and FAO classification). Silt is too small to see with 
the naked eye. It is produced by the mechanical weathering of rock, as opposed to the chemical weathering that 
results in clays. This mechanical weathering can be due to aeolian abrasion (sandblasting by the wind) as well as 
water erosion of rocks on the beds of rivers and streams. It is good agricultural soil due to high nutrient levels 
and good water retention in spaces between particles. Easy to cultivate but very prone to erosion. (OD)

Gravel is generally defined as rounded or angular fragments of rock between 2 mm and 6 cm in diameter 
and is an indication of the stoniness of the soil. In general, a high gravel content can be an indication that 
the parent material is close to the surface. The Sahara, the Sahel and most soils on the old geological mantle 
in the west of the continent are gravelly, particularly those which are associated with iron caps and debris 
slopes in course of weathering. While some forms of agriculture (e.g. vineyards) prefer gravelly soils, a high 
proportion of stones in the soil is generally less desirable due to low water retention, nutrient levels and 
difficulties during tillage. Some stony soils may support distinctive ecological habitats. (OD)
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Calcium carbonate is a compound (actually a salt), with the formula CaCO3. It is a common substance found as 
rock in all parts of the world and is the main component of shells of marine organisms, snails and eggshells. 
Calcium carbonate is the active ingredient in agricultural lime and is usually the principal cause of hard water. 
Calcium carbonate is quite common in soil, particularly in drier areas where it may occur in different forms. Low 
levels of calcium carbonate enhance soil structure and are generally beneficial for crop production but at higher 
concentrations they may induce iron deficiency and, when cemented, limit the water storage capacity of soils. (OD)

Cation exchange capacity (CEC) is the total amount of exchangeable cations that can be held by the soil and is an 
indication of a soil’s nutrient status. Positively charged ions of elements such as calcium, aluminium, potassium 
and sodium that are bound to negatively charged soil particles can be replaced (i.e. exchanged) by hydrogen 
cations in the soil solution. Once in solution, the nutrient is available to plants. Soils with low CEC have little 
resilience and cannot build up stores of nutrients. Many sandy soils have CEC less than 4 cmol kg-1. Values in 
excess of 10 cmol kg-1 are considered satisfactory for most crops. Increasing the organic matter content of any 
soil will help to increase the CEC. (OD)

pH is a numerical designation of acidity and alkalinity in soil (see page 11). pH 7 is regarded as neutral with 
lower values being acidic and higher values alkaline. Soil pH is considered a critical parameter as it controls many 
chemical processes. Of key importance is its influence on plant nutrient availability. The optimum pH range for 
most plants is between 6 and 7.5. However, many plants have adapted to thrive in values outside of this range. 
Acid soils are mostly found in areas of high rainfall where the more mobile base cations are leached from the 
soil, increasing the levels of Al3+ and H+ cations. Alkaline soils are characterised by the presence of soluble salts. 
The calcium carbonate map (left) shows the distribution of lime bearing rocks - the application of lime to acid 
soils can raise pH values and allow the cultivation of additional crops - notably absent in central Africa. (OD)

The exchangeable cations in a soil can be divided into two groups: base cations which are alkaline and therefore 
raise the soil pH (e.g. Ca2+,Mg2+, K+, Na+) and acid cations which increase soil acidity and therefore lower pH 
(e.g. H+, Al3+). To maintain the soil’s charge neutrality, every potential binding site must have a cation bound to 
it. Whichever type predominates these exchange sites determines the soil pH and acidity levels. Base saturation 
measures the sum of exchangeable cations as a percentage of the overall exchange capacity of the soil. The 
value often shows a near linear correlation with pH. (OD)
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Infiltration is the process by which water on the ground surface enters the soil. The rate of infiltration decreases 
as the soil becomes saturated. If the precipitation rate exceeds the infiltration rate, runoff will usually occur. In 
extremely drained areas, water is removed from the soil very rapidly (commonly very coarse textured, rocky or 
shallow soils, often on steep slopes). Conversely, on very poorly drained areas moisture is removed from the soil 
so slowly that free water remains at or on the surface during most of the growing season. In the former case, 
soils tend to have insufficient water-holding capacity to support crops while in the latter case, unless the land 
is artificially drained, most crops cannot be grown due to a lack of oxygen in the root zone. For this map, arid 
areas are not considered due to low precipitation levels. (OD)

This map show areas where the soils have major constraints to the their use, especially for cultivation. Four 
main issues are addressed: shallow soils (insufficient rooting depth, nutrient levels and/or water storage 
capacity), salinity (high levels of salts are toxic to many plants), the presence of indurated horizons within 
the soil (secondary accumulation of substances such as silica, iron, gypsum and lime can restrict the effective 
soil depth or its cultivation) and high levels of calcium carbonate (which can lead to plant toxicity, textural 
problems and crusting). All these constraints can affect soil fertility and productivity (see pages 34-35). (OD)

Water storage capacity (WSC) is the amount of water that a soil can store. It is not the portion of water that can 
be absorbed by plant roots, which is plant specific. It is commonly defined as the difference between the amount 
of water contained in the soil at field moisture capacity (i.e. a saturated soil where all the space in the soil is 
filled by water) and the amount at wilting point (i.e. the least amount of soil moisture that a plant requires not 
to wilt, beyond which a plant can no longer recover its rigidity). It is commonly expressed as millimetre of water 
per metre of soil. Traditionally available water capacity is calculated for the nominal root depth. The available 
water content depends greatly on the soil texture and structure. Organic matter increases the available water 
capacity. Every 1% of organic matter adds about 1.5% to the available water capacity. For this map, arid areas are 
not considered due to low precipitation levels. (OD)

Map showing the main areas of soils with high fixation capacity of phosphate across Africa. Phosphorus 
is an important nutrient for plant growth. However, phosphorus deficiency is often observed in many 
tropical soils. This is due to the elevated affinity of soil particles, such as iron and aluminium (and their 
oxides) or organic matter, to remove compounds such as phosphorous from solution to a solid phase 
and form insoluble compounds that are unavailable to plants (a process known as sorption). Phosphorus 
is particularly immobile in Acrisols, Andosols, Lixisols, Ferralsols and Nitisols. Liming to correct the soil 
pH is critical for P availability together with regular, but small, applications of phosphorus fertiliser. 
(JRC). The inset map shows the main and emerging phosphate producing countries of Africa [33]. Notice 
the disparity between areas with high phosphate need and sources of phosphate reserves! (JRC)
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Producing the soil maps for the atlas

What is a Geographic Information System?

All the maps contained in this atlas, have been produced using a 
technology known as Geographic Information Systems or GIS for 
short. 

A GIS can be defined as a specialised computer system (both 
hardware and software) for capturing, storing, checking, merging, 
manipulating, analysing and displaying data which can be located 
somehow on the surface of  the Earth. In geography, the term 
‘spatial’ is used when referring to such data. Latitude and longitude 
coordinates, map references, administrative regions, water bodies 
and settlements are some of  the means of  relating information to a 
particular location. In this respect, a GIS is different from a Computer 
Aided Design (CAD) programme which stores information on 
features in an abstract space. 

Features such as roads, rivers, soil types, or water quality sampling 
sites are represented in a GIS in digital form as points, lines (arcs), 
polygons (areas) or as cells (a grid). 

Descriptive information or attributes about objects (e.g. names, 
ownership, depth, soil type) can be associated with the geographical 
data. This ‘descriptive’ information is normally stored in the form of  
tables in a database and is linked to the geographic or map data by 
a common identifier.

For the most part, spatial data can be converted from one 
coordinate system into another, thus data from various sources can 
be brought together into a common database and integrated using 
GIS software. In this way, a global database on soil profiles using 
latitude and longitude to mark sampling sites could be combined 
with soil data compiled on the basis of  maps using a national 
coordinate system. 

Spatial data and associated attributes in the same coordinate system 
can be viewed together and layered on top of  each other to create 
maps. 

Higher level analysis can also be carried out on data. Questions 
such as “What would happen if...pollution accidentally leaked into 
a sandy soil?”, “Where does...a podzol occur next to arable land?” 
or “Is there a pattern to...landslide events in a national park?” are 
only feasible on large volumes of  information by using a GIS. More 
complex queries could entail identifying potentially fertile soil in 
semi-arid areas on flat terrain that is within 200 m of  a water source 
in order to assess irrigation potential. 

A further key component of  a GIS is the human element. Well-
trained people, knowledgeable in spatial analysis and skilled in using 
GIS software are essential to the GIS process. 

GIS is being used by more and more organisations. Originally 
developed primarily as a research tool for geography departments 
of  universities, the use of  GIS is now widespread in facilities 
management (e.g. water pipes, electricity cables), marketing and 
retailing (e.g. optimising store location with respect to customer 
needs), the military (e.g. battlefield maps, terrain evaluation), 
environmental management (e.g. predicting floods, erosion risk, 
forest fires), transport (e.g. vehicle routing, noise surveys), health 
(e.g. relationship between illnesses and social or environmental 
factors) and many, many more sectors.

The GIS software used in the production of  the maps in this atlas 
is a product called ArcGIS developed by ESRI Inc. from Redlands, 
California.

If  you would like to learn more about spatial data and Geographic 
Information Systems, have a look at the following sites on the 
worldwide web:

http://www.gis.com

http://tinyurl.com/bwqe4ny

http://www.usgs.gov

Harmonized World Soil Database

The soil maps presented in this atlas are primarily derived from 
the Harmonized World Soil Database (HWSD) that has been 
developed under the Land Use Change and Agriculture Program of  
the FAO and IIASA (Austria) in partnership with ISRIC – World Soil 
Information and the European Commission Joint Research Centre/
European Soil Bureau Network [69]. 

The original HWSD data for Africa combines a number of  existing 
regional and national sources of  soil information such as SOTER and 
SOTWIS (Secondary SOTER databases) with the FAO-UNESCO 
Soil Map of  the World [FAO/UNESCO 1971-1981]. The scale of  
the input data varies from 1:1 000 000 (for Eastern and Southern 
Africa, parts of  the Mediterranean) to 1:5 000 000 (the Sahara, west 
Africa and most of  central Africa).

At these small scales, the location of individual soil types can not be 
delineated. Therefore, the database presents the locations of groups 
of soil types (also known as associations) that are referred to as a Soil 
Mapping Units or SMU for short. SMUs correspond to areas in the 
landscape where the same combination of soils are present, in the 
same position and have functioning relations between them. Individual 
soil types are referred to as Soil Typological Unit (STU). While the 
proportion of each STU within an SMU is specified, the location is not 
defined. Data on soil characteristics are assigned to STUs.

The HWSD is a raster or grid-cell database where the SMUs from 
the input soil datasets have been gridded to a resolution of  30 
arc-seconds (nominally about 1 km). The pixel size was selected 
to ensure compatibility with important inventories such as the 
SRTM terrain data and the 2000/2005 global land cover datasets. 
The HWSD by necessity presents multiple grid cells with identical 
attributes reflecting the much coarser scale of  the original vector 
data. For each SMU, the database records a standardised set of  
topsoil (0-30 cm) and subsoil (30-100 cm) characteristics of  up to 
nine soil types (STU). These include:

•	 organic carbon;

•	 pH;

•	 water storage capacity;

•	 soil depth;

•	 cation exchange capacity; 

•	 total exchangeable nutrients;

•	 lime and gypsum contents;

•	 sodicity and salinity;

•	 textural class;

•	 phase information;

•	 soil name.

The HWSD can be downloaded from the IIASA website:

http://www.iiasa.ac.at/

Geographic Information Systems and the Harmonized World Soil Database

The HWSD is composed of data from the Digital Soil Map of the 
World (DSMW) at a scale of 1:5 000 000 and the SOTWIS (Harmonized 
continental SOTER-derived database) programe at a scale of 1:1 000 000. 
The soil names used in the legend of the DSMW are referred to as FAO-
74, which in turn was adapted to FAO-90 for the SOTER exercise. (JRC)

An example of a recent soil map of the western part of the Democratic Republic 
of Congo where a GIS has been used to store and process the soil data and 
generate the final map sheet. (EVR/GB)

The picture shows how GIS software can be used to query or search spatial 
data and display the results. The map shows the location of all polygons 
containing the code FR in the WRB-GRP column of the attribute table. In effect, 
the map shows the distribution of undifferentiated Ferralsols (JRC).

The picture shows the interface to the GIS software used to produce the maps 
in this atlas. The digital cartographic data (map) have been coloured using 
a legend based on codes indicating the WRB Reference Group. The small 
window displays the attribute table for the map data. Each polygon or area has 
been coded with the appropriate WRB code and a unique identifier to link the 
attribute data to the graphics. (JRC)
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The Harmonized World Soil Database 
(HWSD) is freely available to download 
as a standalone database or together 
with a viewing application from:

http://www.iiasa.ac.at/

HWSD
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The various data processing stages required to produce the soil 
maps in the atlas are described below ( JRC) [70].

Step 1. Assigning the dominant soil type

As each pixel or cell of  the HWSD can contain up to nine individual 
soil types, a single soil type was selected as being representative 
of  a particular SMU on the basis of  the largest areal extent within 
the SMU. While it is clear that this approach masks the diversity of  
soil present within an SMU and presents a simplified view of soil 
distribution across Africa, the final map is much clearer. The reader 
should remember that the main goal of  this publication is to introduce 
and highlight the diversity and importance of  the soils of  Africa to a 
new audience, outside of  the soil science community. Specialists who 
need more detailed information can download the HWSD from the 
IIASA web site (see page 136).

Step 2. Translation to WRB

Within the HWSD, the name of  the soil is given using either the 
legends of  the 1:5 000 000 Digital Soil Map of  the World (FAO-
74) or SOTER (FAO-90). To harmonise these two systems and the 
existing JRC Soil Atlas series, these names were translated to the 
WRB scheme.

Step 3. Conversion of raster database to polygons

At the conclusion of  the soil name translation stage, the raster 
database was converted to polygons to facilitate the cartographic 
stage. Cells with adjacent soil names were merged in this process. 
‘Micro-polygons’ which were too small to be labelled on the map 
were merged with adjacent polygons in order to produce ‘clean’ 
maps. These are indicated by the red speckle on the summary 
map below. 

Step 4: Phase updates

As a result of a visual inspection of the database, a number of modifications 
were made to the original HWSD using the phase parameters.

Phases 3 and 6 were used to redefine the extent of  Plinthosols in 
central and west Africa, which were previously absent (the green 
areas in the summary map).

•	 Areas defined as ‘dune sand’ in FAO-74 and ARh in FAO-90 
were converted to ARpr. Intensive checking of  the data with 
Google Earth also allowed new dune areas to be detected and 
obvious misclassifications corrected (the yellow areas in the 
summary map). 

At this stage, a decision was taken not to over-clean the SOTER data 
with respect to the coarser information from the original DSMW. 
While the preservation of  detail at the expense of  cartographic 
harmonisation may have produced some ‘noisy’ map sheets (see 
pages 112 – Kenya and 126 – South Africa), the Editorial Board felt 
that it was better to highlight the lack of  data in other parts of  the 
continent. 

Step 5. Data updates and modifications.

Several major modifications were carried out to the initial data 
contained in the HWSD on the basis of  expert knowledge and the 
publication of  new data (unless otherwise stated, these changes are 
indicated as red areas on the summary map) : 

•	 Boundary effects at the administrative borders of  several 
countries were removed on the basis of  expert knowledge;

•	 Soil patterns for several countries (e.g. Cameroon, Zambia, 
Malawi and Lesotho) were updated with more recent data;

•	 Harmonisation of  the main river networks and water bodies;

•	 Grid cells without any data were assigned soil names from 
secondary data sources (e.g. Sinai Peninsula, coastal areas of  
Namibia) (black areas on the summary map); 

•	 Modification of  the coastline (e.g. the Nile Delta) – pink areas 
on the summary map. 

Data processing

Examples data updating for Senegal (before, A; 
after, B) and boundary harmonisation on the Libyan 
- Egyptian – Sudan border (before, C; after, D). (JRC)

Map of soil diversity. The numbers in the legend indicate the numbers of soil 
types in an individual SMU. The higher the number, the more soil types in a 
SMU. Low values can reflect either the actual situation (e.g. desert areas may 
only have one or two soil types) or a limited amount of soil survey in the area 
(e.g. the Congo Basin). (JRC)

Map summarising the modifications made to 
the Harmonized World Soil Database during the 
production of the atlas. (JRC) [70]

Example of the translation of HWSD soil names to WRB. (JRC)
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The soil maps presented in this atlas are the result of traditional soil 
survey which involves the manual delineation of soil boundaries by 
soil scientists based on soil samples gathered in the field and an 
understanding of the relationship between landscape and parent 
material. However, such approaches are demanding in terms of 
human resources, cost and time.

In recent years, attention has focused on the possibilities offered by 
digital soil mapping (DSM), also referred to as predictive or pedometric 
mapping. DSM uses geo-statistical models to predict soil properties 
and degradation pressures at unobserved locations in the landscape 
in much shorter timeframes than conventional soil surveys [72]. 

As illustrated in the diagram above, a digital soil map is in simple terms 
a spatial database of soil properties. These properties are based on 
a statistical elaboration of a sample of known conditions at specific 
locations or regions that permits the interpolation or prediction of soil 
properties to unknown areas. 

Soil characteristics can be predicted by a variety of statistical 
approaches which differ in terms of their representational realism 
and computational complexity. They include classic geo-statistics 
(e.g. regression kriging, co-simulation, etc.), as well as more recent 
approaches based on hierarchical models, generalised estimating 
equations, additive models, Markov Chain and Monte Carlo 
simulations among others. 

The predictions are strongly driven by the relationship between soil 
conditions at known locations and associated datasets know as 
covariates. These include reflectance data and derived information 
from satellite images (e.g. albedo, land cover), digital terrain models 
and climatic conditions (e.g. soil moisture, annual temperature, etc.). 

This approach essentially attempts to quantify Jenny’s classical model 
of soil formation, which states that a soil condition is a function of a 
number of factors including climate, organisms, relief, parent material, 
age (or time) and any other, typically more local and historically 
significant factors. The basic hypothesis underpinning digital soil 
mapping is that once the spatial distribution of these factors is known, 
specific soil properties or conditions may be inferred geographically 
on the basis of their inter-relationship across the landscape.

A key aspect of DSM is the production of uncertainty statements 
which indicate the reliability of the predicted soil properties. 

Digital Soil Mapping

Predicting soil organic carbon content

The map on the left predicts the 
value of mean soil organic carbon 
(g/kg) for a 0-5 cm depth based on 
legacy data, global covariates and 
a geo-statistical procedure known 
as 3-dimensional (3D) regression 
kriging. The map on the right shows 
the standard error of the prediction. 
On this map, low values indicate 
low errors while there are greater 
uncertainties in predictions for the 
Nile Delta and the wetlands of the 
River Congo. The work was carried 
out as part of the AfSIS project. (TH) 

(g/kg, 0-5 cm depth)
60

32
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Prediction of soil organic carbon: Error of the prediction:

Additional sources of data on African soils
African Soil Information Service 

Because knowledge about the condition and trend of  African soils is 
highly fragmented and dated, there is an urgent need for accurate, 
up-to-date, and spatially referenced soil information to support 
agriculture and associated environmental concerns in Africa. This 
coincides with developments in technologies that allow for accurate 
collection and prediction of  soil properties.

In November 2008, an US$18 million grant was awarded to the 
GlobalSoilMap.Net consortium (see adjacent text) from the Bill & 
Melinda Gates Foundation and the Alliance for a Green Revolution 
in Africa (AGRA) to map the soils of  Sub-Saharan Africa. This 
support has led to the development of  the Africa Soil Information 
Service (AfSIS), a large-scale, research-based project that aims to 
develop a practical, timely, and cost-effective soil health surveillance 
service to map soil conditions, set a baseline for monitoring changes, 
develop global standards and methodologies, and provide options 
for improved soil and land management in Africa.

AfSIS is building on recent advances in digital soil mapping (see 
left) and integrated soil fertility management to improve the way 
that soils are evaluated, mapped and monitored, while significantly 
reducing the costs to do so. 

AfSIS is producing digital soil maps that are fully compliant with the 
GlobalSoilMap.Net initiative using legacy data (e.g. ISRIC-WISE, 
SOTER databases), new soil data collection (Sentinel Sites), data from 
remote sensing systems (e.g. MODIS, Landsat and SRTM derivatives), 
together with a range of  ancillary environmental datasets. The 
system is also facilitating the identification of  areas at risk of  soil 
degradation and corresponding preventive and rehabilitative soil 
management interventions based on analysis of  what works and 
what does not.

Dissemination and training exercises are making the project's 
outcomes accessible to farm communities, public and private 
extension services, national agricultural research and soil survey 
organisations, the fertiliser sector, project and local planners, 
national and regional policy makers, and scientists. The efforts in 
Africa are part of  a wider, global effort to digitally map the world's 
soil resources.

AfSIS is coordinated by the Tropical Soil Biology and Fertility Institute 
of  the International Center for Tropical Agriculture (CIAT), located 
in Nairobi, Kenya. CIAT provides grants to the Tropical Agriculture 
and Rural Environment Program and the Center for International 
Earth Science Information Network (CIESIN) at the Earth Institute 
of  Columbia University, the World Agro-Forestry Centre (ICRAF) 
and ISRIC - World Soil Information in the Netherlands.

For further information, please visit: 
http://www.africasoils.net/home

GlobalSoilMap.Net 

GlobalSoilMap.Net is a global consortium that has been formed to 
produce a new digital soil map of  the world using state-of-the-art 
and emerging technologies. This new dataset will use geo-statistical 
procedures to predict key soil properties at a spatial resolution 
of  approximately 100 m (i.e. grid cells of  100 m x 100 m). Twelve 
soil properties will be calculated for each cell. These are: (1) total 
profile depth (cm), (2) plant exploitable (effective) soil depth (cm), 
(3) organic carbon (g/kg), (4) pH, (5) sand g/kg), (6) silt (g/kg), 
(7) clay (g/kg), (8) gravel (% volume), (9) ECEC (cmolc/kg), (10) 
bulk density of  the fine earth (< 2 mm) fraction (excluding gravel) 
(Mg/m3), (11) bulk density of  the whole soil (including gravel) and 
(12) available water capacity (mm). Additional soil properties (e.g. 
electrical conductivity) may also be predicted but these are not 
mandatory. In the vertical dimension, predictions of  soil property 
values and their associated uncertainties will be reported for six 
depth intervals: 0-5 cm, 5-15 cm, 15-30 cm, 30-60 cm, 60-100 cm 
and 100-200 cm [71].

The project was officially launched on 17th February 2009 in New 
York, USA. The GlobalSoilMap.net consortium, which is led by ISRIC 
- World Soil Information (Wageningen, the Netherlands), includes 
the Joint Research Centre of  the European Commission (Ispra, Italy), 
CSIRO (Canberra, Australia), the University of  Sydney (Australia), 
Institute of  Soil Science of  the Chinese Academy of Sciences (Nanjing, 
China), the Earth Institute at Columbia University (New York, USA), 
the US Department of  Agriculture Natural Resources Conservation 
Service (Morgantown, USA), the IRD (Montpellier, France), the 
Brazilian Agricultural Research Corporation Embrapa (Rio de Janeiro, 
Brazil) and CIAT-TSBF (Nairobi, Kenya).

For further information, please visit:  
www.globalsoilmap.net

A schematic representation of digital soil mapping. Soil conditions at known locations are combined with 
associated datasets (referred to as covariates) and used to seed statistical models that predict soil properties 
for unknown areas. A strength of digital soil mapping is the ability to produce maps rapidly, together with a 
quantitative assessment of accuracy. However, errors may occur if the model is unable to account fully for the 
parameter in question or if there are reliability issues with the input data. (AfSIS)



Soil maps | Soil Atlas of Africa 139

The FAO

For information on data and documents in relation to the soils of Africa 
at the UN Food and Agriculture Organization (FAO), see page 174.

ISRIC – World Soil Information

ISRIC - World Soil Information is an independent centre of  
excellence in soil science, established in 1966 with a mandate to 
serve the international community with information about the 
world’s soils. In this context, ISRIC aims to:

•	 Inform and educate about the world’s soils;

•	 Serve the scientific community as custodian of  global soil 
information;

•	 Undertake applied research on land and water resources.

Located in Wageningen in the Netherlands, ISRIC is the World 
Data Centre for Soils (WDC-Soils) within the International Council 
for Science World Data System and also maintains the World Soil 
Museum and World Soil Library. Regarding the soils of  Africa, ISRIC 
offers the following pertinent information sources:

•	 Africa Soil Profiles Database (see right);

•	 WISE-derived soil properties on a 5 x 5 arc-minutes global grid;

•	 Soil and Terrain Database for South Africa (1:1 million) and 
Central Africa (Democratic Republic of  Congo 1:2 million, 
Burundi and Rwanda 1:1 million);

•	 SOTER-based soil parameter estimates for Southern Africa 
and Central Africa;

•	 ISRIC Scientific Reports;

•	 Archive of  soil maps.

For further information, please visit:  
http://www.isric.org/

World Soil Survey Archive and Catalogue

Over the past 80 years, tens of  thousands of  substantial soil surveys 
have been undertaken across the world by British organisations, 
mainly funded by governments as well as development assistance 
donors. A rough estimate, almost certainly on the low side, is 
that such surveys by today's prices would cost many hundreds of  
millions of  euros to repeat and in all likelihood, such surveys are 
unlikely to be undertaken again in the near future! Yet until recently, 
many of  these unique materials were scattered, unprotected and in 
danger of  being lost forever. It is in this context that the World Soil 
Survey Archive and Catalogue (WOSSAC) project aims to develop 
an archive and catalogue of  all substantial soil surveys, reports and 
maps made by British companies and personnel. WOSSAC will 
provide a safe repository for endangered copies and make the 
accrued information available for consultation by interested parties.

The WOSSAC Archive is based at Cranfield University, UK. The 
archive itself  comprises a soil reports section, a soil maps and 
albums section, a soil books section, an aerial photography section 
and a satellite imagery section.

Currently, the WOSSAC Archive holds many thousand items for 
around 280 countries and territories worldwide, of  which 22 478 
objects have been catalogued. Of  the catalogued material, Sudan, 
Nigeria, Tanzania, Morocco and Zambia are the most represented 
African countries. Items are constantly being added.

For further information, please visit:  
http://www.wosssac.com/

Africa Soil Profiles Database 

ISRIC - World Soil Information is compiling a database of  legacy soil 
profile data from Sub-Saharan Africa in support of  the AfSIS project 
(see previous page). 

The Africa Soil Profiles database (version. 1.1, March 2013) 
contains more than 16 500 unique soil profiles from a variety of  
data sources, nearly all of  which are geo-referenced, with available 
soil layer attribute data. Soil analytical data are present for 12 600 
geo-referenced profiles. The database contains, but is not limited 
to, the attributes specified by the GlobalSoilMap.net consortium. 

Soil attribute values are standardised and quality controlled. 
Unusual values are flagged. The degree of  validation and associated 
reliability of  the data varies because reference soil profile data 
that are previously and thoroughly validated are compiled 
together with non-referenced soil profile data of  lesser inherent 
representativeness [73]

For further information, please visit: 
http://www.isric.org/data/africa-soil-profiles-database-version-01-1

Institut de recherche pour le développement (IRD)

The IRD is a French research organisation that addresses international 
development issues throughout the world. Key objectives include 
the improvement of  sanitary conditions and understanding the 
evolution of  society while preserving the environment and natural 
resources. 

As a French science and technology establishment, the IRD is under 
the joint supervision of  the Ministries of  Research and Foreign 
Affairs. It operates internationally from its headquarters in Marseille, 
and two centres in Montpellier and Bondy.

Thanks to its collaborative activities in research, education and 
innovation, IRD has been active in more than fifty countries, with 
particular focus on northern and western Africa.

Of  particular interest to researchers interested in Africa are three 
online services:

Horizon – a document archive containing more than 80 000 
reports with a full-text search facility available on 42 000 articles;

Sphaera cartographie – a comprehensive map archive containing 
18 000 cartographic references and 2 700 digitised maps and atlases;

Indigo - IRD's image gallery containing more than 40 000 photographs. 

For further information, please visit:  
http://en.ird.fr/ (English)  
http://www.ird.fr/ (French)

European Digital Archive of Soil Maps (EuDASM) 

For nearly 50 years, ISRIC – World Soil Information has been 
collecting and archiving regional-, national- and global-scale maps 
of  soils and land resources.

Despite effective procedures for storage and maintenance, most 
organisations involved in archiving struggle to prevent the deterioration 
of paper maps and the quality of information they contain. Deterioration 
occurs for various reasons that include handling, transport, exposure to 
light, moisture and atmospheric pollution. 

Realising the need to conserve the information on existing maps, 
the European Commission and ISRIC – World Soil Information 
initiated the European Digital Archive of  Soil Maps (EuDASM) to 
transfer paper soil information into a stable digital format, with the 
maximum resolution possible. More than 2 000 maps were scanned 
from the ISRIC Africa collection using a wide format colour scanner 
and stored at 200 dpi in JPEG compressed format. [67]

For further information, please visit: 
http://eusoils.jrc.ec.europa.eu/esdb_archive/EuDASM/Africa/index.htm

Ghent University 

The Laboratory for Soil Science at Ghent University is well known 
for its expertise in soil survey, soil classification and evaluation. 
It hosts an extensive collection of  hardcopy soil maps as well as 
digital soil information systems of  several African countries, which 
were acquired during field work and research projects in the past 
decades. The soil map of  Rwanda is accessible online, and similar 
activities are planned for the soil maps of  the DR of  Congo. 

For further information, please visit:

http://www.labsoilscience.ugent.be 
http://www.labsoilscience.ugent.be/soilmaprwandaintro.html 

Royal Museum for Central Africa

The Royal Museum for Central Africa (RMCA) in Tervuren, 
Belgium, holds a number of invaluable sources of information on the 
countries of central Africa and especially the DR Congo, Rwanda 
and Burundi. Many documents and maps are currently being digitised 
in order to make them accessible to researchers worldwide.

In addition, the Cartography Service stores satellite images of  
Africa acquired within the framework of  research projects, aerial 
photographs acquired by or entrusted to the institution, photographs 
of  Central Africa and geological and theme-based maps.

For further information, please visit: 
http://www.africamuseum.be/
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In general, the African continent may be divided into seven broad 
geographical regions. Each region is defined by distinct geological, 
climatic and/or ecological characteristics and landscapes which, 
in turn, determine the soil properties. Specific soil types are not 
necessarily exclusive to a region (i.e. Cambisols may occur in all 
regions while Gypsisols are only found in arid locations). However, 
broadly speaking each region can be characterised by a typical 
assemblage of  soil types (e.g. wetlands and river valleys will contain 
more gleys, organic-rich and fluvial soils than other regions). In 
summary, the soil regions of  Africa can be described as:

 Mediterranean – found on the northern and southern 
margins of  the continent. The climate is characterised by a dry, hot 
summer (> 35°C) and cooler winters (10°C), with rain fall only in 
the winter months. Vegetation tends to be shrubby but agriculture 
can be productive if  water is readily available. Soil organic matter 
levels are generally low. Soil parent material tends to be rich in lime 
or gypsum.

 Deserts – consisting of  the Sahara, the Kalahari and the 
northern Kenya–Somalia region. In addition to high aridity, the desert 
region is characterised by high mean monthly temperatures and 
large daily temperature range (often greater than the annual range 
of  the mean monthly temperature). As a consequence, vegetation 
cover is low or non-existent and soils are coarse-textured, shallow, 
rocky or gravelly. Finer particles can be blown away leaving heavier 
fragments behind.

 Sahel and Savannah – covering almost half  of  the total 
surface area of  the continent, the savannah is a mixed grassland/
woodland ecosystem that is adjacent to the forest region. The soils 
are generally well drained and posses a thin layer of  organic matter, 
which can be thicker in wetter conditions. They can support limited 
cultivation but can quickly become impoverished. Savannah regions 
often receive large quantities of  sand and dust from adjacent drier 
regions.

 Forests – tropical forests are characterised by high-levels 
of  vegetation and the lack of  seasonality (temperature is constant 
and conditions are either rainy or dry). Soils are generally nutrient-
poor and acidic. Decomposition of  organic matter is rapid and soils 
are subject to heavy leaching. Variations in climatic conditions cause 
a variation in the species composition and structure of  the forest 
and consequently affect soil characteristics.

 Mountains – the mountains of  Africa fall into two 
broad types. The Atlas Mountains of  North Africa, together with 
the highlands of  the Sahara and South Africa, are hot and dry 
with limited soil development. In the rift region of  eastern Africa 
and the highlands of  Ethiopia, bio-climatic zones are defined by 
altitude. Soils can be varied and reflect the underlying geology. On 
the highest peaks, such as Kilimanjaro or the Ruwenzori Range, 
permanent snow can be found on the summits.

 River valleys and wetlands – the soils on the 
floodplains of  the major river valleys are characterised by stratified 
fluvial deposits, good drainage and high nutrient levels. Swamps are 
forested wetlands, similar to marshes, often found near rivers or 
lakes consisting of  mineral soils that drain very slowly. Waterlogged 
conditions can result in the formation of  peat. Mangrove soils occur 
in recent marine or river-borne sediments. Soils have high clay and 
silt content and contain high levels of  organic matter.

 Southern Africa – while not a specific biome as 
the others, the southernmost region of  the African continent is 
characterised by a very old geology and a warm and dry climate 
which gives rise to some unique soil types. Overall, soils are 
generally thin and moderately fertile.

African soils: a geographical perspective

Soil across Africa

Characteristic landscapes of the seven main soil regions of Africa. Map 
Inset – rain forest from Cameroon (RJ); Clockwise from top left: wheat 
cultivation and olive trees in Morocco (EM); sand dunes in the Libyan 
part of the Sahara Desert (BN); savannah landscapes support large 
concentrations of grazing animals (EM); the Karoo National Park in South 
Africa (PLR); the wetlands of the Okovango Delta and sand dunes of the 
Kalahari are clearly visible from space (NASA); forested mountains in 
Tanzania with shallow Regosols in the foreground (EM). 

The main soil regions of Africa, reflecting both a latitudinal and altitudinal 
zonation. See adjacent text for legend. (JRC)



African Soils: a geographical perspective | Soil Atlas of Africa 141

So-called Mediterranean conditions occur on the northern (from 
Morocco to Egypt) and southern (from West Coast Peninsula to Port 
Elizabeth) coasts of  the continent. The northern region falls into two 
distinct areas; one from Morocco to Tunisia, where the Atlas and Rif  
mountains dominate the landscape, and one comprising the Libyan 
and Egyptian coastline, where the Sahara almost reaches the sea. The 
southern region lies between the coast and the high plateau lands of  
South Africa. This region is characterised by mild, moist winters and 
hot, dry summers. Annual rainfall decreases along the Mediterranean 
coast from west to east, from about 950 mm in Tangiers to about 100-
200 mm along the Egyptian coast. In the southern hemisphere, both 
Cape Town and Port Elizabeth receive around 650 mm but rainfall 
becomes more evenly distributed throughout the year to the east. 
Wind storms occur frequently in both regions. The naming of  the 
Cape of Good Hope reflects this condition while the sirocco sweeps 
Saharan dust deep into Europe. 

Historical events have left their imprint on the environment and 
soils of  North Africa. Native vegetation has almost disappeared 
as a result of  large-scale deforestation during Roman times (which 
led to wide-spread soil erosion) and the introduction of  sheep and 
goats by the Arabs. In addition, over-exploitation of  the water 
resources has resulted in salinisation of  soils in many locations. 
Large areas have been converted to cropland with some replanted 
forests along the coast. Where crops cannot be grown due to 
climate or topography, sparse grassland can be found which is 
used for extensive grazing. Morocco and Tunisia are amongst the 
largest producers of  phosphate in the world – a key component 
of  inorganic fertiliser. The famous Fynbos biome of  shrubland 
and thicket can be found in the southern hemisphere, which also 
contains much of  South Africa’s wine production. 

In summary, the soils of  this region are varied but generally low in 
organic matter and the presence of  salts is common. They range 
from very sandy Arenosols in dune complexes to clay-rich Luvisols 
and Vertisols in level terrain. Where higher levels of  rainfall occur, 
increased vegetation can give rise to Kastanozems in Morocco and 
leached Podzols in South Africa. Saline groundwater is responsible 
for Solonchaks while calcium carbonate is common along the 
Mediterranean coast.

Soil of Mediterranean Africa

A large plume of dust (light-yellow haze) blowing northward off the 
coast of Libya and covering much of the Mediterranean Sea. Tunisia’s 
northeastern coastline is visible on the left edge while the Italian island 
of Sicily appears in the upper left. This true-color image was acquired 
by NASA's MODIS sensor in the autumn of 2003. (NASA)

Arenosol in old dune sand deposit northeast 
of Rabat, Morocco. (OS)

A Solonetz from South Africa; the columnar structure with 
rounded caps covered by dark coatings comprising clay 
and organic matter is typical of these soils. (ISRIC) 

A red (chromic) Luvisol from South Africa. Luvisols display 
clay accumulations in the subsoil. (EM)

Vertisol from Morocco. Note the dark colour of the soil and the presence 
of deep cracks and smooth slickensides. The white material at the base 
of the profile is redeposited calcium carbonate. (OS)

Kastanozem from Morocco. The darker topsoil (0 - 40 cm) contains 
significant amounts of organic matter. The lighter material in the subsoil 
is calcium carbonate. (EM)

Remnants of a Roman temple in Volubulis, Morocco. (OS)

Vineyards in Western Cape Province, South Africa. (EM)
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Africa has two main desert regions: the Sahara in the north, 
stretching from the Atlantic Ocean to the Red Sea and the Horn of  
Africa; and the Namib and Kalahari deserts in the south, occupying 
a zone along the coast of  Namibia and South Africa. 

The Sahara is the largest hot desert in the world, covering about 9.5 
million km2. About 70% of  the area consists of  rock plateaus and 
rock-covered plains (hamadas or regs) while 30% is occupied by sand 
or dunes (called ergs). Rainfall is erratic and daytime temperature 
during the summer can reach over 50°C, while at night it can freeze.

The Sahara has not always been as dry and barren as it is today. 
Rock paintings showing giraffes, elephants, crocodiles and other 
animals indicate that a more lush vegetation and abundant water 
must have been present in the past.

The Namib is regarded as the oldest desert on Earth (with an estimated 
age of 55 million years) and covers an area of about 81 000 km2. It is 
also one of the driest places on Earth, with less than 10 mm rainfall 
annually. The few plants that can survive, amongst them Namibia’s 
famous Welwitscha, draw moisture from the frequent fogs that drift 
inland from the sea. The southern part is mainly a sand desert with 
spectacular dune formations, the northern part is rocky and flat.

A variety of  soils have been recognised in desert regions. Rock 
outcrops, gravelly deposits and sands constitute the largest part of  
soils in the deserts; these are Leptosols (referred to as Nudilithic 
when bare, Lithic when covered with a thin soil or deposit, and 
Hyperskeletic when consisting of  thick rock debris). Sands are 
classified as Arenosols (Protic if  non-stabilised, Haplic when 
stabilised, Rubic when reddish coloured). Many soils have notable 
secondary accummulations of  salts (e.g. Calcisols, Gypsisols and 
Solonchaks) while abundant Regosols reflect the limited horizon 
development. In oases, Anthrosols may occur as a result of  
sedimentation through irrigation, whereas the dry river beds or 
wadis have Fluvisols.

Soil of the deserts

Rock plateaus, escarpments and alluvial fans in the Niger Sahara with 
very little sand cover as seen by the Advanced Land Imager (ALI) on 
NASA’s Earth Observing-1 satellite. There is very little sand in this part 
of the desert and a dry river bed or wadi cuts through the dissected 
landscape. (NASA)

A flooded salt flat in the Danakil Depression in Ethiopia. Saline water 
floods the area in the rainy season. Upon drying, the surface develops 
polygonal patterns through the horizontal expansion of salt crystals. 
The hill on the lefthand side is a salt mountain (diapir) resulting from a 
the upward thrust of the expanding salts. (RA)

An exposure of massive gypcrete that developed from the 
evaporite sediments of Lake Megafazzan, a giant lake that has 
existed in the Libyan Desert. Most Gypsisols are perceived as 
relicts of past environments and climates. (TS)

Gypsisol from the Kalahari desert in South Africa. (EM)

Gypsisol from Somalia. (RV)Red Arenosol from Namibia. The strong colour is caused 
by thin iron coatings on the sand grains. (ISRIC)

Rock carvings of dancing cats (or perhaps dogs or even baboons!) 
from the Wadi Mathandush in central Libya. Such items illustrate 
the dramatic changes in climates that have affected the Sahara. (TS)

Large dune complex in the south of the Namib desert. (EM)
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The Sahel and Savannah regions of  Africa are bordered on one side 
by the deserts, by deciduous forest and tropical rainforest region 
on another and by the mountains and highlands on a third side. 
Characteristically they have one or two pronounced dry seasons of  
several months. Rainfall varies from 300 -1 000 mm per year. Their 
vegetation is open, ranging from sparse grassland to open-wooded 
grassland. 

The Sahel and Savannah region is the most populated part of  Africa. 
Most people live in small villages and their main source of  income 
is agriculture. Depending on the amount of  rain, food crops such 
as sorghum, maize, sweet potato, cassava, yam and a range of  
vegetables are grown. In many places the traditional slash-and-burn 
technique is practised. Cotton and tobacco are the most important 
cash crops. Attempts to grow wheat have failed, mostly because of  
the adverse soil conditions and diseases. Cattle and poultry farming 
are important. Drought is a major factor in agricultural production 
in this region. 

The soils in this region are characterised by moderate leaching 
and, when adjacent to desert regions, by the addition of  airborne 
dust. Most soils are old and deep, with a low nutrient-retention 
capacity because they are dominated by a kaolinitic clay mineralogy. 
Exceptions are the large level areas where shrink-swell clays are 
found; here the dominant mineralogy is montmorillonitic, resulting 
in a high nutrient-retention capacity. In general, the soils are poor 
in organic matter. The low leaching also results in the accumulation 
of  carbonates if  a source of  calcium is present. Carbonates are also 
deposited as wind-blown dust (e.g. in the Harmattan regions). Many 
soils are red in colour due of  the accumulation of  hematite (iron 
oxide). The dominant soil types are Arenosols, Cambisols, Lixisols, 
Planosols, Plinthosols, Regosols, Solonetz and Vertisols.

Soil of the Sahel and Savannah

A village in the north of Ghana. Only land around 
dwellings is cultivated. (OS)

Above: A red Lixisol from northern Ghana; A dark topsoil 
overlies a somewhat paler layer from which clay has been 
moved to the redder subsoil. (OS); 
Below: Farmers cultivate Lixisols by scraping together the 
topsoil, the part of the soil with most fertility. (OS)

A termite mound in an Acrisol in Tanzania. Note the spacing between 
the larger bushes and trees. The open canopy allows sufficient light to 
reach the ground to support an unbroken herbaceous layer consisting 
primarily of grasses. Soil fertility is generally rather low in savannahs but 
may show marked small-scale variations. Trees can play a significant 
role in drawing mineral nutrients up from deeper layers of the soil while 
decomposing litter may also lead to high organic matter in the vicinity 
of trees. (EM)

Black Vertisol from the Abu Naana area in Sudan with a 
typical crumbly surface. (PB)

Truck on a temporary road over Planosols in central Ghana. The 
silty topsoil has no cohesion. Wheels leave deep spurs in the soil 
and the individual particles are swirled in the air by the truck to 
be blown away over hundreds of metres in the surrounding area. 
When wet, cars can easily sink in the mud up to their axles. (OS)

Harmattan dust as viewed through a microscope. The larger shapes 
in the lower half of the image are quartz grains of an Arenosol from 
Burkina Faso. The darker, upper half of the photograph is made 
up of much finer dust that has been deposited on top of the sand 
during a Harmattan event – note the difference in grain size. (ISRIC)

Slash-and-burn agriculture in Senegal. (OS)

A savannah landscape from the Congo. (EK/IRD)

A cultivated Vertisol that has developed on a very 
crystalline, intrusive igneous rock (pegmatite) in the 
savannah of central Burkina Faso. (MB/IRD)
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Soil of the forests
Dense tropical rain forests cover the coastal zone of  West Africa 
from Guinea to Nigeria (with a short break in East Ghana and 
Benin), the southern parts of  Cameroon, Chad and Central African 
Republic, and large parts of  Gabon, Congo and DR Congo. In 
East Africa they are found in northern Mozambique and southern 
Tanzania, and along the east coast of  Madagascar.

The climate is characterised by high temperature, high humidity 
and high rainfall all year round, although short dry spells do occur. 
Average temperature ranges from about 20 to 30°C with little 
fluctuation over the year and between day and night. Relative 
humidity is usually 90% or higher. Annual rainfall varies from 1 500 
mm in the drier parts of  the forest zone to about 10 000 mm along 
the western slopes of  Mount Cameroon, the wettest part of  Africa.

As in other parts of  the world, the tropical rain forest in Africa 
is under pressure. Logging, expansion of  cities and infrastructure, 
industrial activities and mining, development of  large plantations 
(e.g. cacao, oil palm and rubber), and shorter fallow periods after 
cultivation are the main reasons for the disappearance of  virgin 
forest. Only in the Democratic Republic of  Congo do large tracts 
of  original rain forest remain. 

The soils of  the upland forests in Africa are highly weathered, 
often deep and generally infertile. Due to the high rainfall and high 
temperature, the chemical alteration of  primary rock constituents 
is rapid, leaving behind insoluble residues such as silica, iron and 
aluminium compounds. The resulting soil is often a mixture of  quartz, 
the clay mineral kaolinite, goethite (iron-hydroxide) and sometimes 
gibbsite (aluminium-hydroxide). Most nutrients that are essential 
for plant growth (e.g. potassium, phosphorus) have disappeared. 
Large trees in the forest usually have a tap-root extending deep into 
the soil to take up nutrients from the weathering rock. Other plants 
live from the litter layer on the forest floor and the thin humus-rich 
topsoil.

Ferralsols and Acrisols are common in well-drained positions with 
Plinthosols and Gleysols where drainage is poorer. Outcrops of  
basic rocks rich in iron may give rise to the formation of  Nitisols. 

Dense tropical forest rises up on the banks of the 
Bodingué River in the Mbaéré-Bodingué National Park 
in the Central African Republic. (HG/IRD)

Moist evergreen Afromontane forest in the Belete-Gera National Forest 
Priority Area, Oromia, Ethiopia. Farmers manage plots as 'coffee forests', 
a traditional, low-impact coffee production system where arabica coffee 
berries are collected from wild coffee shrubs. (RA)

Ferralsol with a dark, humus-enriched topsoil over a 
uniform, yellowish subsoil from Gabon. The yellowish 
colour indicates the presence of goethite. (ISRIC)

Acrisol from Gabon with a thick, black, humus-rich topsoil over a 
greyish, clay-enriched subsoil which becomes more red towards 
the sandstone rock from which the soil is derived. (ISRIC) 

Plinthosol from Ghana; a greyish layer abruptly overlies a layer rich in 
iron, which hardens irreversibly to “ironstone” when exposed to air and 
sunlight. When soft this material is called “plinthite”. (ISRIC) 

Gleysol from a forested valley in the Taï National Park of 
Côte d'Ivoire. (ISRIC)

Tropical rain storm over central Congo. (OS) 
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Soils of mountains and highlands
The mountains and highlands of  Africa occur in the extreme 
north-west (Atlas and Rif  mountains), in its eastern part (Ethiopian 
highlands, the Ruwenzori range in Uganda and the Democratic 
Republic of  Congo and the mountains of  Kenya, Rwanda and 
Burundi), in central Africa (Cameroon and Angola), in the south-east 
(Drakensberg mountains in South Africa and the eastern highlands 
of  Madagascar) and in isolated positions such as the Tibesti plateau 
in the central Sahara. The eastern highlands and mountains are 
related to the uplift action around the Rift Valley, which traverses 
Africa from Ethiopia to central Zambia. The Rif  and Atlas mountains 
form part of  the Alpine mountain building process. The others are 
remnants of  earlier tectonic activity or are related to volcanism 
(e.g. Mount Cameroon). Some of  the mountain peaks reach so high 
that permanent snow covers the top (e.g. Kilimanjaro, Ruwenzori), 
although much has disappeared during the past decades due to 
climate change.

The highlands, particularly in east Africa, are densely populated areas. 
For example, the average size of  land per household in Rwanda is 
about 0.2 ha. People are attracted to the highlands because of  the 
mild climate, fertile soil and the wide range of  crops that can be 
grown there (including cash crops such as tea and coffee).

The mountainous regions of  Africa are dominated by shallow and 
weakly developed soils. Where mountains are steep, or where the 
climate is dry, such as in the Atlas and Rif  mountains in the north-
west and the Tibesti plateau in the Sahara, Leptosols and Regosols 
prevail. Under more humid climatic conditions or in less steep parts 
Cambisols develop, locally even Alisols or Acrisols. Due to more 
undulating topography, the soils of  the highlands are generally much 
deeper than in the mountainous regions. The most common soils 
are Acrisols, Andosols, Ferralsols, Lixisols, Luvisols, Nitisols and 
Phaeozems. Vertisols occur on valley floors with Cambisols and 
Regosols on the steeper slopes.

The summit of snow-capped Kilimanjaro on the border 
between Kenya and Tanzania in the late 1980s. (OS)

Young tephra deposits in volcanic ranges give rise to Regosols, or 
Andosols in more weathered volcanic ash. Over time, these soils can 
develop into Luvisols, Nitisols, Lixisols and Acrisols, and, ultimately, 
into Ferralsols. The profile shows a young Andosol in the highlands 
of Kenya. The soil is built-up from several volcanic eruptions, which 
are recognisable from the different colours of the various volcanic 
ash layers. (EM) 

Cultivation systems on Andosols in the volcanic 
highlands of Madagascar. (MB/IRD)

Deep Nitisol profile from Tanzania showing a lack of strong horizon 
development due to a homogenisation of the upper part of the soil by 
biological activity. Nitisols show a characteristic blocky aggregate or 
‘nutty’ structure. Nitisois are possibly the most inherently fertile of 
tropical soils due to their high nutrient content and deep, permeable 
structure. They are widely exploited for plantation agriculture. (MK)

Ferralsol from the highlands in Rwanda. The darker coloured layer in 
the centre of the picture is a so-called sombric horizon. Latest research 
suggests that this layer is a remnant of a deep, dark-coloured surface 
layer formed under grassland, of which the upper part has disappeared 
after forest took over (pers. comm. B. Delvaux). (ISRIC)

Phaeozem under grassland in recent volcanic deposits, 
Kenya. A buried soil occurs below 120 cm depth. (ISRIC)

Intensive land use in central Rwanda where many tea and 
coffee plantations can be found. (OS)
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Soils of wetlands and river valleys
Wetlands in Africa are found along the coast in estuaries and deltas, 
as well as in inland areas. Well-known coastal wetlands are the 
Casamance Region in Senegal, the Niger Delta in Nigeria, the tidal 
flats near Douala, Cameroon and the Nile Delta in Egypt. Famous 
inland wetlands are the inner delta of  the Niger River in Niger and 
the Okavango Delta in Botswana, the Etosha Pan in Namibia, the 
Zambezi floodplain and the Kafue Flats of  Zambia, the Sudd along 
the Mountain Nile in South Sudan and the confluence of  the Upper 
and Lower Congo Rivers in the Democratic Republic of  Congo. 
Wetlands also occur on low-lying watersheds such as between the 
Zambezi and Kafue Rivers in Zambia.

Wetlands play an important role in Africa. Many of  them have a 
large variety of  wildlife, which is attractive to tourists; hence, a 
number of  wetlands are declared national parks. Some wetlands 
feature unique species, not to be found elsewhere in Africa, such as 
several Lechwes in Zambia, or the small wetland forest elephant in 
the Democratic Republic of  Congo. 

Some wetlands, such as in the inner delta of  the Niger River and in 
the Nile Delta, provide sufficient water for irrigation, turning these 
regions into large agricultural areas. Other wetlands are used by local 
communities for fishing, which provides a major source for protein. 
Wetland vegetation varies from the submerged forests of  the Congo 
Basin to salty grasslands in the Okavango Delta and the Etosha pan 
to mangrove forests in the Casamance. Seasonal floods in wetlands 
sometimes force people to move temporarily to higher grounds. 

The soils of  the wetlands and river valleys are all strongly influenced 
by water. The periodic or permanent wetness manifests itself  as 
pale colours, strong mottling, sometimes giving rise to plinthite 
and, in the presence of  saline water, salt accumulation. The 
most common soils are Fluvisols, Gleysols, Histosols, Planosols, 
Plinthosols, Solonchaks and Vertisols, and gleyic or histic variants 
of  other types of  soil.

The green area is the Inland Niger Delta. Fed by floodwaters from 
the Niger, Bani and a myriad of smaller rivers, the delta covers some 
20 000 km2 during the four-month rainy season that begins each July. 
During the dry season, the delta shrinks by roughly 80%. (NASA)

The red mottling below 50 cm is indicative of a soil that is 
affected by periodic waterlogging. The topsoil has been 
cultivated and does not show any features due to mixing. (EM)

Thionic Fluvisol (also known as acid sulphate soil) in the Senegal River 
Delta near Saint Louis. Acid sulphate soils contain high amounts of 
iron sulphates and are formed under waterlogged conditions, often 
in marine muds and sands of coastal wetlands. When exposed to air 
(e.g. due to drainage), they produce sulphuric acid that releases large 
and toxic quantities of iron, aluminium and heavy metals. (JD)

Mangrove vegetation along the Senegal River. Such soils are 
an important carbon sink and are often described as having 
tidalic characteristics. (JD)

Soils consistently saturated by groundwater (Gleysols) 
develop a characteristic greyish/blue colour pattern as a 
result of the lack of oxygen in the soil. (CVH)

The Etosha Pan, a saline wetland in northern Namibia. 
During the dry season the lake occupying the centre of the 
pan retracts, leaving a salt crust at the surface. (OS) 

Bog soil (Histosol) in the Kisanga Valley, 
Democratic Republic of Congo. (ISRIC)

Black Lechwe, only to be found in the 
Bangweulu swamps of northern Zambia. (OS)

The royal barge of the king of the Lozi people on its way over the flooded 
Zambezi floodplain. Soils on fluvial sediments can be found in all climatic 
and ecozones across Africa. Soils characteristics reflect the depositional 
environment. Coarse textured soils are indicative of flowing water while fine 
grained clays and silts (e.g. Vertisols) denote still water conditions. (K)
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Soils of southern Africa
Although not a bio-climatic region as those described in the 
preceding pages, the soils of  southern Africa deserve a special 
mention. This region, which includes roughly South Africa, Lesotho, 
Swaziland, a large part of  Mozambique, Zimbabwe, Namibia, and 
the southern parts of  Angola and Zambia, is underlain by a some 
of  the oldest rocks on Earth - varying in age from 1 billion to 3.4 
billion years. Granite, gneiss, migmatite, greenstone belts, volcanic 
intrusions and sedimentary rocks such as turbidites, greywackes, 
shales, sandstones and conglomerates form the main lithological 
constituents. The whole complex is of  great economic importance; 
containing gold, diamonds, iron, platinum, chromium, titanium, 
uranium and tin ores. An important geological formation in the 
region is the Upper Pleistocene Kalahari Sand; with an area of  2.5 
million ha it is the largest terrestrial sand body on Earth. It occurs 
in Botswana, western Zimbabwe, and the south of  Angola and 
Zambia; outliers even reach the southern part of  the Democratic 
Republic of  Congo.

The climate is typically subtropical bi-modal with a rainy season 
starting around October/November and lasting until March/
April. Temperatures are between 20°C and 25°C during daytime, 
dropping to around 15°C during the night; at higher elevations it 
may freeze during the nights in June and July. Humidity is relatively 
low apart from at the onset of  the rainy season. The extreme 
south-west of  South Africa experiences a Mediterranean climate 
with winter rains and summer dryness.

Topography is generally smooth to undulating, except for some 
isolated mountain ranges such as the Drakenberg Mountains in South 
Africa, hill ranges comprising volcanic dykes (e.g. in Zimbabwe) and 
deep valleys such as the Zambezi Gorge on the border between 
Zambia and Zimbabwe. Quite typical is the occurrence of  many 
kopjes (exfoliated large granite boulders) scattered over the 
landscape.

Native vegetation is mainly Mopane woodland, with grassland in the 
shallow valleys (known locally as dambos or vleis). Much of  it has 
disappeared at the expense of  large agricultural enterprises, cities 
and opencast mines.

Tourists are drawn to the large game parks in the region, of  which 
the Kruger National Park in South Africa on the border with 
Mozambique is the most well-known.

The large variety of  parent material, the long period of  soil formation 
under relatively stable tectonic conditions, and historical climatic 
variations (e.g. a long dry period during the Upper Pleistocene) 
causing considerable changes in vegetation have resulted in a 
vast array of  soils; almost any soil type imaginable can be found. 
However, the uplands are dominated by sandy soils due to the 
influence of  the Kalahari sands, and soils with a pronounced increase 
of  clay with depth, locally known as Sandveldt soils. Depressions or 
vleis are often filled with cracking clays, whereas non- to weakly-
developed soils prevail on slopes.

The main soil types of  this region are Acrisols, Arenosols, 
Cambisols, Leptosols, Lixisols, Luvisols, Nitisols, Phaeozems, 
Regosols and Vertisols. Subdominant soils are Alisols, Calcisols, 
Gleysols, Ferralsols, Fluvisols, Planosols and Solonetz, while rarer 
soils include Chernozems, Histosols, Kastanozems, Podzols and 
Umbrisols. 

In areas with a lot of  human activity, such as around mines, 
Technosols can be found.

A comprehensive review the soils of  South Africa can be found in 
[74a].

Granite “kopje” balancing precariously 
in Zimbabwe. (ISRIC)

Close up of a Petroplinthite surface in Swaziland. It is clear from this 
photograph why it is also called ironstone in many parts of Africa. (CG)

Right: A typical “Sandveldt” soil 
or Albic Acrisol from southern 
Zambia. The reddish subsoil marks 
the zone of pronounced clay 
increase; the textural class shifts 
from loamy sand/sandy loam in 
the topsoil to sandy clay/clay in the 
subsoil. (OS)

Arenosol from South Africa. The mottling in the bottom 
indicates the occasional presence of water in the soil. 
Provided their roots can reach it,  such moisture can 
sustain plants even if the topsoil appears very dry.  (ISRIC)

Chromic Luvisol in eastern Botswana. Although sufficiently deep and 
dark, the surface layer is too hard and lacks the required structure to 
be referred to as mollic. (ISRIC)

A Luvic Phaeozem from South Africa with an organc-
rich topsoil over weathering bedrock. (ISRIC)

Above: Soils with an 
accumulation of silica are a 
feature of southern Africa. The 
photographs shows pieces of 
Durisol (locally called dorbank) 
that have been mechanically 
broken up by a ripper plough 
in semi-arid Western Cape 
Province, Vredendal, South 
Africa. This area is used for 
the production of quality 
wines under irrigation and 
no planting is possible on 
such shallow soil without this 
soil preparation action. The 
Durisol occurs on the higher, 
older terraces along the 
Olifants River where it is cooler 
and therefore more suitable 
for the production of quality 
white vines such as Sauvignon 
Blanc. (FE)
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Issues affecting the soils of Africa

Yacouba Sawadogo (right), the subject of the award winning documentary file 'The Man Who Stopped the Desert' [74], in a field of sorghum in 
Burkina Faso. The film shows how the quality of soil can be improved through relatively simple and inexpensive techniques. Soil quality is a 
general term used to describe the ability of the soil to perform its function of sustaining agriculture. There are many parts of the African continent, 
particularly in South Africa, where the agriculture is characterised by medium or high input systems that are heavily dependent on mechanisation 
and the inputs of agro-chemicals. Low-input agriculture implies that large-scale irrigation is absent, the use of inorganic fertilisers, pesticides and 
herbicides is minimal, and soil management does not require high energy mechanised equipment. In Burkina Faso, an ancient farming technique 
known as Zai was adapted to successfully grow crops on previously abandoned land. (RZ)

Land that is marginal or unsuitable for agriculture, too costly to improve or unable to support more than 
very low intensity traditional systems should be managed to preserve its ecological quality. These areas 
may be of benefit to other types of land use such as wetlands needed for breeding fish stocks and wildlife 
refuges. These marginal lands have been shown to be income producers when managed for wildlife. 
Kenya, Tanzania (see above), Namibia and Zimbabwe have been successful in attracting tourists to view 
animals in 'marginal' land set aside as wildlife refuges. (VL)
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The UNEP-funded GLASOD project produced a global map of 
human-induced soil degradation. Uniform guidelines and international 
correlation standards were used to compile a global dataset. The 
status of soil degradation was mapped on the basis of expert 
judgement within loosely defined physiographic units (polygons). 
The type, extent, degree, rate and main causes of degradation were 
assigned to produce a global map, at a scale of 1:10 million. [75a]

GLASOD

Not classi�ed

Loss of nutrients

Water erosion

Wind erosion

Contamination

Salinisation

Compaction

Waterlogging

Stable natural

Stable agriculture

Type of degradation

Maintaining soil condition is essential for ensuring the sustainability 
of  society. However, soil is under increasing threat from a wide range 
of  human activities. The threats are complex and although unevenly 
spread across Africa, their dimension is continental. For simplicity 
they are presented separately below. However, in reality they are 
frequently inter-linked. When many threats occur simultaneously, 
their combined effects tend to increase the problem. Ultimately, if  
not countered, soil will lose its capacity to carry out its functions. 
This process is known as soil degradation.

According to the only pan-Africa assessment of  human-induced soil 
degradation [75], nearly 500 million hectares, representing 
more than 16% of the total land area, are affected by 
some kind of degradation process. If  non-productive land is 
discounted (i.e. desert, salt pans, lakes and mountains), then some 
form of  soil degradation affects over 22% of  the African continent. 
Overgrazing is the most important cause of  human-induced soil 
degradation in Africa, followed by agricultural mismanagement and 
deforestation.

Loss of nutrients and/or organic matter occurs if  agriculture 
is practiced on poor or moderately fertile soils, without sufficient 
application of  manure or fertiliser. It causes a general depletion of  
the soils and leads to decreased production. Nutrients can also be 
lost after the clearing of  natural vegetation. Increasingly, this is one 
of  the most important pressures on soil as it affects food security. If  
left unchecked, it can lead to a failure of  the soil system and trigger 
the onset of  desertification and social upheaval.

Soil degradation, when occurring in dry areas, is known as 
desertification which is caused by climatic conditions (droughts, 
aridity, irregular and intense precipitation regimes) and human 
activity (deforestation, overgrazing, soil structure deterioration). 
The affected land can no longer support vegetation. Desertification 
has extremely serious socio-economic consequences and can 
ultimately cause the destabilisation of  societies and the migration 
of  human populations. Approximately 26% of  Africa is vulnerable 
to these processes.

Climate change presents an overarching but as yet uncertain 
factor that can amplify degradation processes.

Soil sealing occurs mainly through the development of  technical, 
social and economic infrastructures, especially in urban areas.

Erosion occurs mainly due to the inappropriate use of  soil by 
agriculture and forestry, but also through uncontrolled building 
development and uncontrolled water runoff  from roads and other 
sealed surfaces. Approximately 14 million km2 are affected by wind 
and water erosion. An estimated 65% of  Africa's agricultural land 
is affected by a loss of  topsoil and soil nutrients. Burkina Faso, 
Burundi, Ethiopia, Madagascar, Lesotho, Morocco and Rwanda are 
particularly affected.

Decline in biodiversity is linked to the loss of  organic matter, 
because biodiversity depends on organic matter, which means that 
all soil biota live on the basis of  organic matter. There is almost no 
information on this aspect for Africa.

Contamination is due to a range of  human activities, such as 
industrial production, traffic, the use of  fossil material, such as 
ores, oil, coal and salts, or agricultural activities. It can be diffuse 
(widespread) or localised. Local contamination constitutes a major 
problem which has not yet been fully evaluated. Acidification related 
to gold mining and refining is a serious concern in South Africa. 

Compaction and further physical deterioration of  soils is a rather 
new phenomenon caused mainly by high pressures on soil through 
heavily loaded vehicles in agricultural and forest land use. Also a 
problem where animal stocking densities are high.

Hydro-geological risks are complex phenomena, resulting in 
floods and landslides deriving partly from uncontrolled soil and land 
uses (e.g. sealing, compaction and other adverse impacts) as well as 
uncontrolled mining activities.

Salinisation is a problem in agricultural areas where saline 
groundwater or inappropriate irrigation practices lead to an 
accumulation of  salts in the soil which affects plant growth.

Key messages

It is important to analyse these threats in two ways:

•	 to understand the driving forces behind them and the resulting 
pressures which lead to adverse effects on soil;

•	 to understand how the impacts of  these threats negatively 
influence the functions of  soils for humankind and the 
environment. 

Relating the main threats to driving forces and pressures through 
cross-linkages with pan-African and national strategies reveals that 
many agricultural, regional planning, environmental protection, 
transport, energy development, single market and other policies 
may have an important influence, because they are partly triggering 
or inducing threats.

Analysing the impacts of  threats by relating them to important soil 
functions reveals that erosion can be correlated with air pollution, 
water pollution, decline in biomass production, endangering human 
health and decline in biodiversity.

It should be stressed that the processes described on this page 
do not occur in isolation. In most cases, there are strong inter-
dependencies between them. For example, the loss of  nutrients 
and low levels of  organic matter may cause erosion, facilitate 
compaction, induce decline in biodiversity and, indirectly, decrease 
water infiltration therefore increasing the danger of  floods and 
landslides.

Regarding the state of  the different threats in Africa, in many cases 
there is simply not enough information available about their spatial 
distribution and changes over time. One of  the most challenging 
tasks facing African soil scientists and policy makers will be to create 
a soil monitoring system to provide detailed information about the 
development of  these key threats across Africa.

While the map to the left shows the type of  soil degradation 
across Africa, in reality the extent and severity of  the problem 
vary from region to region. A small degree of  soil degradation on 
agricultural land may be seen as acceptable by some land owners 
as the associated reduction in yields and other soil functions do 
not have an immediate impact on economic and social conditions. 
However, if  left unchecked, the situation may worsen to a point 
where improvements may be beyond the means of  local farmers 
in developing countries. Data suggests that there are over 124 
million ha of  strongly degraded soils in Africa and a further 5 million 
ha are classified as extremely degraded and are considered to be 
irreclaimable and beyond restoration.

Key threats to soil

Map showing the main types of soil degradation across 
Africa. Water erosion is by far the most widespread 
affecting around 227 million ha (around 8% of Africa). 
Wind erosion affects a further 186 million ha (or 38% of 
the degraded terrain). The loss of nutrients is the major 
concern in several countries and the conservative estimate 
shown in this map (45 million ha) does not include the 
loss of nutrients through the erosion of fertile topsoil. 
The chemical deterioration of the soils by salinisation 
is estimated at 15 million ha while wide-spread soil 
pollution at this scale is restricted to the mining regions 
of South Africa – although it should be stressed that on 
a local scale, soil pollution can be a significant factor. 
Stable terrain under natural conditions indicates little 
or no human activities as the type of land concerned is 
generally not suitable for agriculture. Stable terrain with 
permanent agriculture denotes well managed land where 
soil degradation is negligible under current conditions. 
(GLASOD/JRC) [75, 75a]

The map shows the areas with the most severe soil 
degradation, as calculated through a combination of the 
degree and the relative extent of the process. The map 
shows where the severity of soil degradation is high and 
very high. (GLASOD/JRC) [75]
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The Earth's atmosphere contains approximately 78% nitrogen, 21% 
oxygen, a variable amount of water vapour (generally around 1%), 
argon (just under 1%), 0.04% carbon dioxide and traces of hydrogen, 
helium and other gases. 

Certain gases in the atmosphere absorb solar radiation and trap heat. 
This phenomenon is called the ‘greenhouse effect’ and the gases 
which contribute to this effect are referred to as greenhouse gases 
(GHGs). The major GHGs are water vapour (H2O), carbon dioxide 
(CO2), methane (CH4) and ozone (O3). Other GHGs include nitrous 
oxide (N2O), sulphur dioxide (SO2) and hydro-fluorocarbons (HFCs).

Mitigation describes efforts to reduce the sources and enhance the 
sinks of greenhouse gases. Examples include the more efficient use 
of fossil fuels, switching to renewable energy and expanding forests 
or increasing soil carbon stocks to remove greater amounts of carbon 
dioxide from the atmosphere.

In contrast, adaptation involves altering practices to tolerate the effects 
of climate change. Examples range from the use of drought-tolerant 
crops, increased rainwater storage and updated irrigation technology 
to wholesale changes to the agricultural production system.

Greenhouse Gases

Climate change: 
Adaptation or Mitigation?
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What is climate change?

In the most simple terms, climate can be defined as the typical weather 
pattern for a specific location over a long period of time. The Earth is 
divided into several zones that share similar climatic attributes such as 
temperature, humidity, atmospheric pressure, wind, and precipitation, 
all of which are affected by latitude, altitude and proximity to the ocean. 
The World Meteorological Organization uses the weather records 
over a thirty-year period to define the climate for a particular location. 
For example, in the Köppen climate classification system, the tropical 
rainforest climate is characterised by high rainfall (minimum normal 
annual rainfall between 1 750 and 2 000 mm), all twelve months must 
have an average precipitation of at least 60 mm and mean monthly 
temperatures must exceed 18°C [11]. 

It is clear from the geological and historical records that the climate 
of  a location can change. Over extremely long time scales (tens 
or hundreds of  millions of  years,) plate tectonics can reposition 
continents, create oceans and build or erode entire mountain 
chains. All these factors can greatly influence the climate. In fact, 
the collision of  the North and South American tectonic plates 
approximately 3 million years ago, which shut off  direct mixing of  
the Atlantic and Pacific Oceans, has been suggested as one of  the 
main causes of  the Pleistocene Ice Ages! 

The energy of  the sun is a key external factor in determining the 
Earth's climate. Astronomers believe that, over hundreds of  millions 
of  years, the sun is slowly getting brighter, which would mean that 
the Earth's atmosphere will eventually heat up. On a shorter time 
scale, the sun exhibits an 11-year sunspot cycle that affects solar 
radiation levels and weather patterns. While the 11-year cycle does 
not manifest itself  clearly in the climatological data, variations in solar 
intensity are considered to have been influential in triggering the Little 
Ice Age (a series of  very cold winters from the 16th to the mid-19th 
centuries – recorded in the lake sediments across Africa) and for 
some of the global warming trends observed from 1900 to 1950. 

In a related manner, slight variations in the Earth's orbit can lead 
to changes in the distribution and intensity of  sunlight reaching the 
Earth. Such orbital variations, known as Milankovitch cycles, are 
considered to be the main driving factors behind the swing from 
glacial to interglacial periods. 

Recently, the term ‘climate change’ has been mainly used to refer to 
changes in modern climate as a result of  human activity. The term is 
often applied synonymously to describe the rise in average surface 
temperature known as global warming. Scientists believe that this 
warming is caused by increased concentrations of  carbon dioxide 
(CO2), one of  the major greenhouse gases. Since the industrial 
revolution of  the 1850s, the consumption of  fossil fuels (i.e. coal, 
oil, natural gas) has raised CO2 levels in the atmosphere significantly. 
Along with rising methane levels, these changes are predicted to 
increase average global temperature by 5°C during the period 1990 
to 2100 [76]. 

What’s happening to the climate of Africa?

The climate of  Africa ranges from equatorial rainforest to subarctic 
on its highest peaks. As much of  Africa lies in the tropics, large 
expanses of  rainforest and deserts experience stable climates 
with little seasonal variability. In these, situations, the evidence 
for climate change may be difficult to identify. However, in more 
marginal areas, there is clear evidence of  major variations in climate 
during the past fifty years. The droughts and associated famines 
of  the Sahel and Ethiopia have been extensively documented and 
clearly demonstrate the human consequence of  climate change.

In fact, the historical climate record for Africa shows warming of  
approximately 0.7°C over most of  the continent during the 20th 
century, with some areas warming faster than others (Rwanda 
increased by 0.7°C to 0.9°C over 50 years). This change was 
accompanied by a decrease in rainfall over large portions of  the 
Sahel, and an increase in rainfall in east central Africa. The marked 
decline in rainfall has resulted in a significant reduction in surface 
area of  most natural wetlands, as exemplified by Lake Chad, whose 
surface area has shrunk from 20 000 km2 in the 1970s to 7 000 km2 
today. [47]

Prognosis?

Climate change scenarios for Africa, based on results from 
several general circulation models using data collated by the 
Intergovernmental Panel on Climate Change (IPCC), indicate a 
warming across Africa ranging from 0.2°C per decade (low scenario) 
to more than 0.5°C per decade (high scenario). This warming is 
greatest over the interior of  semi-arid margins of  the Sahara and 
central southern Africa. [47]

Projected future changes in mean seasonal rainfall in Africa are less 
well defined. Under the low-warming scenario, few areas show 
trends that significantly exceed natural 30-year variability. Under 
intermediate warming scenarios, most models project that by 2050 
northern Africa and the interior of  southern Africa will experience 
noticeable decreases in precipitation during the growing season; in 
parts of  equatorial east Africa, rainfall is predicted to increase in 
December–February and decrease in June–August. [47]

It should be stressed that this assessment of  climate change is 
marked by uncertainty. The diversity of  African climates, high 
rainfall variability and a very limited observational network make 
predictions of  future climate change difficult at the sub-regional and 
local levels.

Climate Change

Human activities are causing greenhouse gas levels in the atmosphere to increase. This 
graphic explains how solar energy is absorbed by the earth's surface, causing the earth 
to warm and to emit infrared radiation. The greenhouse gases then trap the infrared 
radiation, thus warming the atmosphere. (UNEP) [77a]

Above: A zone that is sensitive to climate change is the high, snow-capped 
equatorial peaks of Africa. Despite lying close to the equator, the summits 
of the Ruwenzori range, Mount Kenya and Kilimanjaro (all over 5 000 m in 
elevation) are capped by snow, glaciers and ice-fields throughout the year. 
Given their precarious position, any variation in temperature or precipitation 
should affect the extent of the snow and ice. (AJ)
Below:  The illustration clearly shows the retreat of the ice on Kilimanjaro. 
The graphic shows the estimated extents of the glacier on Mount Kilimanjaro 
in 1912 and 2002. Some studies show that Kilimanjaro has lost 82% of its ice 
cover over the last one hundred years, while Mount Kenya has lost 92%. The 
graphic also shows the decline in the total area of the ice from 1900 to 2000, 
with projected data to the year 2020. (UNEP) [77]
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A more sustainable approach to land management could see soils 
playing a significant role in reducing the impact of climate change by 
taking carbon out of the atmosphere and storing it in soil. 

A priority should be given to protect soils with the highest carbon 
content – namely peat soils and carbon-rich permanent pastures and 
forests. 

Improvements in soil-management practices can have considerable 
impact on carbon stocks. Changes to agriculture techniques (see 
discussion on conservation agriculture on page 153) can minimise 
carbon losses. Of particular relevance are the management of crop 
residues, which ensure that soils are protected against erosion 
through increased vegetation cover, together with less-intrusive soil 
tillage techniques. The widespread adoption of such practices could 
avoid the release of carbon from soils, but would help sequester 
millions of tonnes of carbon per year. 

On cropland, soil carbon stocks can be increased by:

•	return of biomass to the soil;

•	tillage and residue management;

•	water management;

•	agro-forestry.

On grassland, soil carbon stocks are affected by: 

•	grazing intensity;

•	grassland productivity;

•	species management.

On forest lands, soil carbon stocks can be increased by:

•	species selection;

•	stand management (e.g. avoiding clear cuts, low-impact logging);

•	appropriate site preparation;

•	undergrowth control;

•	fire management;

•	protection against disturbances; 

•	prevention of harvest residue removal.

On cultivated peat soils, the loss of soil carbon can be reduced by:

•	higher groundwater tables.

On unmanaged peatlands, soil carbon stocks are affected by:

•	water table (drainage);

•	burning; 

•	grazing.

Soil and climate: a way forward?

Evidence of past climate change in the Sahara

Following the end of the last glacial period (between 10 - 15 000 years 
ago), the monsoon rains in Africa grew stronger and spread northward 
into the Sahara. Instead of being the sandy desert we see today, the 
Sahara was covered in rivers and lakes and supported a savannah-
like landscape. Humans occupied the region hunting animals such as 
buffaloes and gazelles while crocodiles and giraffes were common. 
This is evidenced by the occurrence in the central Sahara of the fossils 
and cave paintings of mammals, amphibians, reptiles (and even fish), 
creatures that normally occupy more humid environments. The ancient 
river networks, together with the dried lakes and swamp deposits, now 
act as parent materials for soil (see map below). 

However, about 5 500 years ago, the situation began to change. 
Rainfall levels decreased causing more arid conditions to develop 
which in turn led to a reduction in the vegetation levels. This change 
has been confirmed from the record of dust that is transported 
from Africa into the Atlantic Ocean, which is inversely related to the 
amount of vegetation. Prior to 5 500 years ago, vegetation was more 
extensive in northern Africa as there was little loss of sediment from 
the land while afterwards, the reverse is true. 

While the exact causes are not totally understood, many scientists 
believe that the main driver was a slow but regular change in the 
Earth’s orbital parameters which, in turn, affected the amount of solar 
radiation energy received by the Earth.
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Consequences

It is likely that Africa will face some degree of  climate change impacts 
over the next 50 to 80 years. However, given that so much of  Africa 
is already experiencing pressures from a range of  issues (poverty, 
food insecurity, land degradation, conflict) and its heavy reliance 
on rain-fed agriculture, it is clear that climate change will only 
exacerbate the situation with notable consequences for agriculture, 
forestry, the environment, civil engineering and the preservation of  
cultural heritage. Issues that are of  particular significance are:

•	 the supply and availability of  water resources, 

•	 food security risk from declining agricultural production; 

•	 loss of  biodiversity and natural resources from habitat loss; 

•	 increasing outbreaks of  diseases aggravated by malnutrition;

•	 sea-level rise leading to flooding in coastal zones, 

•	 loss of  fertile topsoil and damage to infrastructure from 
extreme weather events;

•	 exacerbation of  desertification from reduction in rainfall and 
intensified land use. 

In the context of  this atlas, land-use changes will continue to be 
a major driver of  soil condition across Africa. Resultant changes 
in ecosystem type and extent will affect the distribution and 
productivity of  plant species, water supply, nutrient cycling and 
other services. Losses of  soil functions are likely to be accelerated 
by climate change with potential feedback effects on the human 
population of  Africa, its environment and, eventually, on the global 
climate system. 

Much of  the population of  Sub-Saharan African lives in rural areas 
where income and employment depend almost entirely on rain-
fed agriculture. This population is at high risk. Sub-Saharan Africa 
already has a highly variable and unpredictable climate that is 
acutely vulnerable to floods and droughts. A third of  the people in 
the region live in drought-prone areas, and floods are a recurrent 
threat in several countries. With climate change, large parts of  the 
region will become drier, increasing the number of  people at risk of  
hunger and poverty by tens of  millions. 

Climate-induced changes to crop yields and ecosystem boundaries 
will dramatically affect some of  the poorest people in sub-Saharan 
Africa partly because many of  them live in areas most prone to 
extreme climate events and partly because they have little capacity 
to adapt by turning to irrigated agriculture, improved seeds or 
alternative livelihoods. Recent modelling has provided important 
insights that should serve as an early warning system.

It is ironic that although Africa contributes the least to the 
greenhouse gas (GHG) emissions through fossil fuel emissions, it is 
likely to suffer the most.

Climate change and soil: the hidden cycle

As climate is a major soil forming factor, it is clear that climate 
change is likely to affect soils in a variety of  ways, predominantly 
by altering the key processes that underpin the capability of  soils 
to perform their key functions. Temperature, rainfall and changes 
in atmospheric carbon dioxide also affect soil ecology and organic 
matter levels which in turn determine soil characteristics such 
as structure, water regimes, pH and nutrient levels. Over time, 
changes to these properties will lead to significantly different soil 
types. However, it is very difficult to accurately predict the effects 
of  climate change on varied and complex, three-dimensional soil 
systems. However, higher temperatures also promote a more rapid 
breakdown of  organic matter in the soil due to a thermal boost to 
microbial activity. This accelerates the release of  carbon dioxide and 
methane into the atmosphere through increased soil respiration.

Changes in precipitation and more extreme hydrological cycles 
(as predicted across much of  Africa) means that soils will either 
experience intense rain storms or prolonged periods with lower 
levels of  precipitation. Either situation, or even a combination of  
both, could lead to increased vulnerability to erosion which can 
result in the loss of  topsoil nutrients and stored carbon either as 
greenhouse gas emissions to the atmosphere or as particulate organic 
carbon. Additionally, the rate of  organic matter decomposition also 
depends on soil moisture levels. Changes in rainfall patterns can 
also affect soil structure and acidity levels. Together with organic 
matter content, these characteristics define the ability of  a soil to 
store water and sustain many of  the organisms that live within it.

One positive view of climate change is that a combination of  slightly 
warmer and wetter conditions will generally stimulate higher levels 
of  plant growth with increased production of  biomass and organic 
matter in the soil. Such conditions also heighten chemical weathering, 
which in turn releases essential minerals and nutrients from parent 
material and contributes to the development of  the soil body. 
Under such conditions, crop growth may be possible in areas where 
currently the constraints to agriculture are too severe.

Rice on beds and furrows of Vertisols of the Fogera Plains of Lake Tana, 
Ethiopia. Agricultural production and food security in many African countries 
and regions are likely to be severely compromised by climate change and 
climate variability. Understanding the responses of soil to changes in 
climate is a critical process in developing both mitigation and adaptation 
strategies. However, soils are a complex medium and the reaction of soils 
will vary according to their inherent characteristics. (JD)

Cereal productivity in sub-Saharan Africa under a projected Intergovernamental 
Panel on Climate Change (IPCC) scenario. The map, is based on the relationship 
between water availability and productivity in the cereals sector. It highlights 
areas of acute threat that includes a wide band across the Sahel region, 
stretching from Mauritania across Niger, Burkina Faso, Chad and Sudan. Large 
swathes of southern Africa face the prospect of steep declines in yields, along 
with chronically food-insecure countries such as Ethiopia and Somalia. (UNDP) 
[78, 78a, 78b]

Map showing the late Pleistocene and Early Holocene palaeo-hydrology of the 
Sahara (i.e. ~11-8 000 years ago). The historical and Holocene distribution of 
the common giraffe (Giraffa camelopardalis) is indicated. The pattern is derived 
through the location of rock art and fossils. The map clearly shows a trans-
Sahara distribution, both across the then green Sahara and down the Nile Valley, 
indicating a climate and landscape that were once significantly more humid 
than which exists today. The location of giant paleo-lakes such as Megachad, 
the Niger Delta and the Chott basin of Algeria and Tunisia are clearly shown, as 
are the associated river networks and contemporaneous alluvial fan deposits. 
Many of these features produced distinctive parent materials, leading to the 
formation of soils such as Vertisols, Solonchaks and Fluvisols. 
Deposits suggests that at its peak, Lake Megachad was over 170 m deep and 
covered an area of roughly 400,000 km2. The present Lake Chad has a maximum 
depth of 11 m and an area of only 1,350 km2. (ND) [79] 
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Without doubt, human activity and how the land is managed is 
having a major impact on soil characteristics and the provision 
of  soil functions across large parts of  Africa. This is not a new 
phenomenon. Through practices such as slash and burn, ploughing 
and liming, human beings have been modifying soil properties 
over millennia. Indeed, where the climate supports long-term 
arable farming practices, the current soil characteristics may be 
very different to when the land was under natural vegetation. 
Unfortunately, in recent years, increasing pressure on the land 
to support an exploding population and economic development 
means that much of  this impact is giving rise to soil degradation. 
This section describes three issues that affect soil quality and impact 
on food security.

1. Land use change and soil quality

Since the late 1960s, there have been unprecedented land cover and 
land use changes throughout Africa. This has been especially evident 
in the Sub-Saharan region where a high rate of  population increase, 
economic development and natural hazards such as droughts have 
placed increasing demands and pressures on land resources.

 ( •	 Impact on soil

The reduction of  natural vegetation systems has a complex impact 
on soil characteristics. The removal of  tropical woodland breaks 
the fragile nutrient cycle that sustains the above-ground habitat. As 
a consequence of  their inherently low nutrient status, many cleared 
forest soils often show a marked loss in productivity after a few 
years of  cultivation (unless lime and mineral fertilisers are added). 
The removal of  the protective forest canopy also increases the risk 
of  soil erosion by water, especially in areas where rainfall is high and 
heavy downpours are common. Carbon locked in the soil is more 
likely to be oxidised by the clearance processed or washed away by 
erosion. Compaction can be an issue on some soils and in soils with 
coarse textures (e.g. Ferralsols), water retention may be low.

Conversely, in drier grassland regions, the change to soil conditions 
may initially appear beneficial. The cultivation of  irrigated cereal 
crops with low-tillage techniques may, in the short term, actually 
increase soil moisture, organic matter and biodiversity levels 
and give higher yields than the natural savannah. However, the 
reduction in natural grazing areas in marginal or semi-marginal areas 
may increase the level of  burden on other lands. Over-stocking and 
over-grazing can lead to compaction, a loss of  soil cohesion and 
structure that increases the risk of  erosion. The build up of  salts in 
the soils of  irrigated areas can eventually lead to a reduction in yield 
if  not managed correctly (see page 157). 

2. Population growth

The graph on the lower-left corner of  this page shows the constant 
and rapid rise of  the population of  Africa over the past fifty 
years. According to statistics collected by the United Nations, the 
population of  Africa has increased by nearly 300% since the early 
1960s and actually doubled between 1982 and 2009. While there 
is always some uncertainty over the exact figure, there is general 
agreement that the population of  Africa is now around 1 billion and 
growing at around 3% per year.

The same figure also shows the corresponding trends in the 
extent of  cultivated land. In 1962, each hectare of  cultivated land 
in Africa had to support 1.91 persons. By 2009, this had risen to 
4.55 persons. If  we consider that a significant portion of  the arable 
harvest is designated for export, then the ratio of  people to land 
under local food production would be even higher!

•	 Impact on soil

This trend puts tremendous pressure on the soils of  Africa. Higher 
and higher demands are placed on existing agricultural soils with 
expansion into more marginal conditions. The low-level of  fertiliser 
application in Africa means that nutrient levels are falling dramatically 
(see adjacent page) leading to stressed cultivation conditions. In 
such cases, the advent of  drought can cause primary soil functions 
to fail and the agricultural system will collapse raising the risk of  
malnutrition, mass migration, social tension and potential conflict.

Land management and soil

Above: Analysis by the JRC of satellite data for the period 1975 to 
2000 has shown that Sub-Saharan Africa has lost 16% of its forests 
and 5% of its woodlands and grasslands, equating to a loss of over 
50 000 km2 per year of natural vegetation (equivalent to clearing 
almost three times the land area of Swaziland (17 363 km2) every 
year!). The majority of this has been converted to agricultural use, 
predominantly under arable crops. (AB) [80]
Below: Most cultivated land in Africa is given to arable production 
(i.e. under temporary crops, temporary meadows for mowing or 
pasture, land under market and kitchen gardens and land temporarily 
fallow for less than five years).  Statistics collected by the FAO show a 
59% increase in cultivated land (arable land + land under permanent 
crops) across the whole of Africa between 1962 and 2009 while the 
population of Africa rose by 271% during the same period. While the 
area of permanent crops has doubled since 1962, the area given over 
to arable has increased significantly. The left Y-axis represents 1 000 
ha for the land cover lines while the right Y-axis represents 1 000 
people for the population line. (FAO Aquastat/JRC) [81]

Above: An image from the Landsat satellite of a section of the River Nile in 
Sudan captured in 1975 (near the town of Kosti). Green vegetation appears as 
red colours while unvegetated surfaces are light blue and shrubby grasslands 
are olive-green. (USGS/NASA)
Below: The corresponding area acquired by Landsat in 2000. Note the 
tremendous increase in cultivated areas (red and pink colours) to the right 
of the Nile in twenty-five years. The principle driver is the introduction of 
irrigation. (USGS/NASA)

Agriculture is vital to Africa’s economic growth, food security, and 
poverty alleviation. It is the main source of employment for at least 
65% of Africa’s population and accounts for a significant portion of 
the gross domestic product (GDP) of most African countries. In this 
respect, the sustainable management of soils should be of paramount 
importance and a priority of national governments. (UNEP) [83]

Above: Changes in extent of woody vegetation in Sub-Saharan 
Africa between 1990 and 2000. Deforestation is most pronounced 
in Northern Mozambique, Madagascar and the Côte d'Ivoire. (AB) [82]
Below: A dramatic example of deforestation in the DR Congo. (PM)

2000

1975
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In conventional intensive agriculture, continuous ploughing and 
harrowing, the removal or burning of  crop residues, mono-cropping 
and the excessive use of  agro-chemicals can lead to a loss of  soil 
fertility and decreasing yields, soil erosion, increased vulnerability to 
drought and floods and a loss of  soil biodiversity. In response, low-
cost and low-tech conservation tillage systems have been developed 
to protect the soil and reduce erosion. The goal of  conservation 
agriculture is to maintain and improve crop yields and resilience 
against drought and other hazards, while at the same time protecting 
and stimulating essential soil functions. [85, 85a, 85b]

The two essential features of  conservation agriculture are no- or 
low-tillage and the maintenance of  a cover on the soil surface from 
live or dead plant remains. Crops are seeded or planted through this 
cover. The soil cover inhibits the germination of  many weeds thus 
maximising nutrient and water availability to the crop. Conservation 
agriculture also involves inter-cropping and crop rotation. 

Experience has shown that conservation agriculture systems achieve 
yield levels as high as comparable conventional agricultural systems 
but with less fluctuations due to natural disasters such as drought and 
storms. Therefore, conservation agriculture contributes to local and 
regional food security, reduces health risks (well nourished people 
are better able to recover from illness and diseases such as malaria) 
and reduces the burden on the State (e.g. less road and waterway 
maintenance, less emergency assistance).

Conservation agriculture (CA) and the improved management of  soil 
also contribute to wider environmental benefits such as less flooding, 
less erosion (and reduced siltation), more constant flow in the 
rivers, better recharge of  groundwater resources, increased carbon 
sequestration, less carbon release (less fuel used) and increased 
biodiversity through diversification.

For more information and documentation on CA in Africa, please 
visit the FAO Conservation Agriculture Portal:

http://www.fao.org/ag/ca/index.html

Conservation Agriculture
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3. Nutrient depletion

The population explosion that has occurred over recent decades 
means that there is now even more pressure on the soils of  
Africa. Yet to support its growing, increasingly urban population, 
agricultural production in much of  Africa is hampered by the 
predominance of  inherently low soil fertility, fragile ecosystems that 
do not support intensive agriculture and the very low use of  mineral 
fertilisers. Indeed, Africa is yet to display the dramatic increases in 
agricultural production that have been observed in Asia. The fact 
that fertiliser use in Africa is less than 10% of  that in Asia explains 
much of  the contrasting trends in these regions. At the same time, 
intensive cultivation often focuses on the production of  cash crops 
for export as a means of  raising revenue, often at the expense of  
local food production.

Farmers in Sub-Saharan Africa traditionally practiced shifting 
cultivation. Land would be cleared to grow a few crops for 3-4 
years before moving on to a new area where the cycle would start 
again. In this way, the land left behind was allowed to regain fertility. 
However, intense population pressures and political restrictions on 
movement now force farmers to grow crop after crop in the same 
soil. With little access to fertilisers, the movement of  harvested 
crops to towns and villages is essentially exporting soil nutrients and 
the soils are being depleted or “mined” of  their nutrients. 

This decline in the fertility of  African soils is causing decreased crop 
yields, a reduction in per capita food production, land degradation 
and environmental damage. In recent years, food insecurity 
has been an increasing issue in many parts of  Africa. With the 
population growing around 3% annually, the FAO has reported that 
the number of  malnourished people in Africa has grown from about 
88 million in 1970 to more than 240 million by 2010. The maps on 
this page show that the loss of  soil productivity is closely linked to 
levels of  hunger and malnutrition.

•	 Impact on soil

The continued increase in the area of  cultivated land shows that 
farmers in Africa are being forced to turn to more marginal conditions 
where soil characteristics may place more constraints on agriculture 
(see page 35). In many areas, this expansion into less fertile soils is 
often at the expense of  Africa’s wildlife and forests. 

In time, the decreasing fertility will cause the crop cover to be less 
extensive. Plants provide protective cover on the land and prevent 
soil erosion by slowing down water as it flows over the land, 
protecting the soil surface from the impact of  rainfall while plant 
roots hold the soil in position and prevent it from being washed away. 

Over-cultivation and compaction cause the soil to lose its structure 
and cohesion to the point at which it becomes more easily eroded. 
As erosion will remove the top-soil first, plant growth will be more 
difficult once this nutrient-rich layer has gone. Without soil and 
plants the land becomes barren and unable to support plant, animal 
or human life - this process is called desertification (see page 154 in 
this section). It is very difficult and often impossible to restore highly 
degraded land, especially in the context of  human time spans. The 
consequences became greatly exacerbated under the effects of  
climate change.

Map of estimated nutrient loss from soil for Sub-Saharan Africa 1983-2000. 
Densely populated and hilly countries in the Rift Valley area show the highest 
losses owing to high levels of arable land, relatively high crop yields and 
significant erosion levels. For the area as a whole, the nutrient losses have 
been calculated as -22 kg/ha in 1983 and -26 kg/ha in 2000 for N; -2.5 kg/
ha in 1983 and -3.0 in 2000 for P; and -15 kg/ha in 1983 and -19 kg/ha 
in 2000 for K. While such data are difficult to measure, more recent studies 
show no change in this trend. (FAO/JRC) [29]

Map showing the proportion of undernourished people in 
the period 2010-2012. Note the correspondence with the 
map to the left. (FAO/JRC) [84]

Clockwise from left: A major principle of conservation agriculture 
is that the soil surface should be covered to prevent erosion and 
discourage weeds. The next crop grows through the discarded leaves, 
husks and stems of the previous harvest (BO); The soil is disturbed as 
little as possible – this picture shows a field that has been ripped to 
receive seeds for the next crop. This approach greatly reduces the soil 
disturbance – note the complete cover of the soil (BO); Conventional 
arable agriculture – soil is bare after ploughing (CAVS); Oxen-drawn 
furrow-seeder. A single piece of machinery opens the soil, plants the 
seed and applies fertiliser. The use of animals in combination with 
such technology greatly reduces the risk of soil compaction (BO); The 
eventual goal is a fertile soil that has high aggregate stability, good 
structure, high moisture holding capacity, high organic matter levels 
and is capable of supporting life both below and above ground. (BO)
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The European Commission’s Joint Research Centre (JRC), in 
partnership with the United Nations Environment Programme (UNEP), 
is compiling a new World Atlas of Desertification that builds on recent 
scientific progress. It aims to be a pragmatic exercise and an example 
of how to implement up-to-date concepts and robust approaches for 
assessing and mapping land degradation and desertification.

The World Atlas of Desertification is expected to be the foundation for 
better addressing and including desertification and land degradation 
in strategies that address food security, resource efficiency, energy 
and emissions schemes, development and poverty reduction.

http://wad.jrc.ec.europa.eu/index.php

The term ‘desert’ is used to describe land that receives an extremely 
low amount of precipitation and where the soil moisture balance is 
negative (i.e. more water is lost by evapo-transpiration than received 
from precipitation). Average annual precipitation of less than 250 mm 
is insufficient to support the growth of most plants. 

Africa is the world’s second driest continent with a very uneven 
distribution of rainfall. The desert lands of the Sahara, Namib and 
Kalahari, as well as the dry lands of northern Kenya, southern Ethiopia 
and most of Somalia cover around 40% of the land surface of Africa. 
According to the UN, renewable water resources for the whole of 
Africa are less than 9% of the global total. Enormous underground 
water sources are increasingly being exploited to support agriculture 
in desert regions (see pages 21 and 155). However, this is relict or 
fossilised water and is not a sustainable resource in the long term. 

Not all deserts are hot! Regions characterised by low precipitation 
and low temperatures are known as cold deserts. Often, any moisture 
comes as snow or fog. The coast of the Namib is regarded as a cold 
desert. The soils of cold and hot deserts are very similar, primarily due 
to a lack of organic matter and moisture-driven soil processes!

The United Nations Convention to Combat Desertification (UNCCD) 
is a legally binding international agreement aimed at addressing land 
degradation and desertification [87]. 

World Atlas of Desertification

Deserts

Traditionally, a simple but effective farming system that took note of 
soil constraints, known as shifting cultivation, was practiced widely 
throughout Africa. Under shifting cultivation, the natural vegetation 
was cut at shoulder height to allow it to regenerate quickly. The cut 
branches were burned and the ash was added to the soil as a source 
of nutrients. In addition, a type of zero tillage was practiced as crops 
were planted in small holes, pits or furrows. A plot of land would be 
cropped for about three or four years at the most and allowed to 
revert to a ‘natural’ state before the soil showed signs of degeneration. 
The soil would remain fallow for about twenty years before it was 
considered ready for another cycle of cropping. Shifting cultivation is a 
sustainable agricultural practice that maximises soil fertility, minimises 
erosion and weeding and reduces the risk of crop failure. The soil was 
seen as a precious resource that should not be over-exploited. Land 
ownership issues today mean that the practice is limited and yields are 
unable to meet the needs of an exploding population. 

How can shifting cultivation 
avert desertification?
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Desertification

Land degradation is a global phenomenon that is reflected by 
a reduced capacity of  the land and soil to sustainably produce 
ecosystem services and economic value. It is linked to complex 
patterns of  extreme events, climate and land use change. According 
to the UN Convention to Combat Desertification, the term 
'desertification' denotes a reduction or loss of  the biological 
or economic productivity of  soils in arid, semi-arid and dry sub-
humid areas resulting from a combination of  human activities, a 
deterioration of  the land to support core ecosystem functions, 
coupled with a long-term loss of  natural vegetation [87]. 

Climatic conditions and intensive agriculture make the many parts 
of  Africa particularly vulnerable. Ever more demanding land use 
leads to water scarcity, hence limiting several ecosystem services 
normally provided by soil. Amplified variability of  aridity limits the 
ability of  intensively used human-environment systems to recover 
from specific pressures such as drought and fire. In turn, this leads 
to an increase in land degradation and desertification.

Various estimates show that desertification is affecting about 40% 
of  Africa, a remarkable statistic given that a further 47% of  the land 
area is characterised as desert (only around 13% of  Africa is defined 
as humid). From the map above, around 3 million km2 are classed 
as being under a very high risk. The region that has the highest 
propensity is located along the desert margins.

Most rural inhabitants of  dry lands suffer from poor economic 
and social conditions, made worse by soil degradation and the 
associated reduction in the productivity of  the land. Overpopulation, 
overgrazing, land exhaustion and over-exploitation of  groundwater 
resources of  existing marginally-productive lands creates a cycle 
which ends in the collapse of  agriculture and the social system. 

Due to its complex pattern and inter-relational aspect of  the key 
drivers, accurate projections of  desertification are difficult to 
produce and verify. Increased recurrence of  extreme events, such 
as droughts, combined with risks, such as fires, and an expansion 
of  intensive land use will probably induce higher levels of  land 
degradation, including soil erosion, and, in turn, reduce the quality 
and availability of  natural resources and ecosystem services.

Key measures to reduce desertification include adopting sustainable 
land management practices to cope with higher risks of  droughts, 
for example by changing tillage, crop selection and rotation.

Desertification and land degradation

Map of estimated areas under risk of desertification. Developing a quantitative indicator of desertification is a complex process 
due to the availability of data and the considerable ambiguities associated with the term (for which more than one hundred formal 
definitions have been identified). This map is based on preparatory work being carried out for the forthcoming World Atlas of 
Desertification (see box below) and provides an estimate of areas under risk of desertification based on the MEDALUS Environmental 
Sensitive Areas methodology which considers climate, soil quality, vegetation and land management issues. Areas that are already 
desert are excluded as are regions with a tropical climate (A*code in the Koppen system). As expected, the semi-arid desert fringes 
(with shallow soils that are prone to erosion, low soil organic carbon content and fertility levels) show the highest susceptibility 
to desertification. However, the novel methodology used to produce this map confirms that significant areas of the continent are 
experiencing significant levels of vulnerability to degradation. Approximately 26% of Africa is vulnerable to desertification with about 
4,500,000 km2 or 55% of the considered land area at moderate to high risk. Even areas of low vulnerability could be threatened by 
desertification under significant climate change, if a particular combination of land use were to be implemented. Under the MEDALUS 
model, nearly flat, well-drained areas with deep to very deep, coarse-textured or finer soils, under semi-arid or wetter climatic 
conditions, independently of vegetation are considered as not being under threat from desertification. (JRC) [86] 

Overgrazing and drought in semi-arid regions makes soil 
susceptible to wind erosion. High dust levels in the air are 
evident in this photograph from Niger. High stocking densities, 
often the result of traditional practices but also due to changes 
in land tenure or the need to access water supplies, is a key 
driver of land degradation in dry areas. (JR/IRD)
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From November to March, a dry, southwesterly wind known as the 
Harmattan, blows large amounts of dust from the Sahara. In some 
West African countries, the amount of dust in the air can severely limit 
visibility, lower air quality and disrupt air travel for several days. However, 
the Harmattan can also be a significant source of soil nutrients. 

The Khamsin (or khamaseen) is a dry, hot and dusty local wind that 
blows across North Africa from February to June. The Khamsin carries 
great quantities of sediment from the deserts, with wind speeds in 
excess of 100 km/h. Temperatures can rise by up to 20°C in a few 
hours. The wind is triggered by depressions moving eastwards along 
the southern parts of the Mediterranean.

The Sirocco (or ghibli) is strong wind which causes dusty conditions 
along the north African coast during the autumn and the spring. It 
causes storms in the Mediterranean and cool wet weather in Europe. 
Warm, dry, tropical air is pulled northward by low-pressure cells 
that move eastwards across the Mediterranean Sea. Many people 
attribute health problems to the Sirocco either because of the heat 
and dust in Africa or because of the dampness in Europe. The fine 
dust carried by the Sirocco winds can cause abrasion in mechanical 
devices and enter buildings.

Preventing soil erosion requires a combination of political, economic 
and technical considerations. 

Politicians and decision makers need to address how soil is used on 
a national level and to identify areas that are at risk or vulnerable to 
erosion. Schemes could be established to offer incentives to farmers 
to manage their soil in a sustainable manner and implement practical 
measures to control soil erosion. 

Technically, such measures could include:

•	the use of contour ploughing (i.e. cultivating the land so that the 
plough furrows run at right angles to the slope) to restrict the 
initiation of rills and gullies;

•	planting of hedges or tree belts that act as shelter belts and to 
reduce ground wind speeds;

•	the use of terraces on sloping land;

•	minimising the removal of natural vegetation, especially on slopes 
or even on flat terrain if wind erosion is an issue;

•	strip cultivation - leaving unploughed vegetated strips between 
tilled land or allowing buffer zones of indigenous plants to grow 
along river banks;

•	ensuring adequate plant cover in rainy, dry or windy periods, 
especially in the period immediately after ploughing;

•	making sure that organic matter levels are maintained. Organic 
matter binds soil particles together and plays an important part in 
preventing erosion;

•	avoiding overgrazing and the over-cultivation of crop lands.

Saharan winds

Preventing soil erosion

Erosion is the wearing away of  the land surface by water and wind, 
primarily due to inappropriate land management, deforestation, 
overgrazing, forest fires and construction activities. In simple terms, 
erosion involves three basic steps that are common to both water 
and wind erosion: the detachment of  soil particles by the impact 
energy of  rain or wind, their subsequent transport and deposition in 
a new location. Erosion rates (usually measured in kg/ha/year) are 
very sensitive to soil texture and moisture, vegetation cover, land 
use, slope and climate (especially rainfall patterns, wind direction 
and strength) as well as to soil conservation practices at field level. 

Soil erosion is a natural process but can be accelerated by human 
activities such as inappropriate cultivation practices, land clearance, 
overgrazing, construction on, or undercutting of, steep slopes and 
excessive footpath or vehicle use. Erosion has an impact on soil 
fertility due to disrupted nutrient cycles and in severe cases can lead 
to a total loss of  the soil body. Erosion affects land use and land 
value and has negative effects on habitats and biodiversity. 

Soil erosion has substantial off-site consequences as well. The soil 
removed by runoff, for example during a large storm, will create 
mudflows and accumulate below the eroded areas, in severe cases 
blocking roadways or drainage channels and inundating buildings. By 
removing the most fertile topsoil, erosion reduces soil productivity 
and, where soils are shallow, may lead to an irreversible loss of  
the entire soil body. Where soils are deep, the loss of  topsoil may 
often not be conspicuous. Nevertheless, continued erosion may 
be potentially very damaging if  no corrective action is taken (see 
Preventing Soil Erosion box on this page).

While there are no systematic assessments for Africa as a whole, 
soil erosion by water is pronounced in Northern Africa, Madagascar 
and South Africa. 

Soil erosion by wind (aeolian erosion)

Aeolian erosion occurs when strong winds blow across dry soil on 
unprotected surfaces. As in water erosion, the wind detaches soil 
particles from the surface. Once detached the particles are transported 
to a new location. Wind erosion is particularly evident where annual 
rainfall is below 600 mm and the dry season lasts more than six 
months. The Sahel, the Mediterranean and parts of southern Africa 
are particularly affected. It is a major source of land degradation, can 
cause crop failure and has significant human health issues.

Three types of  wind erosion are recognised:

•	 Suspension: Fine particles less than 0.1 mm in size are moved 
parallel to the surface then upward into the atmosphere by 
strong winds, returning to the ground only when the wind 
subsides or with precipitation. Suspended particles can travel 
thousands of  kilometres.

•	 Saltation: Particles from 0.1 to 0.5 mm bounce short distances 
along the surface, dislodging additional particles with each 
impact. The bouncing particles, ranging in sizes, usually remain 
within 30 cm of  the surface. This process accounts for 50 to 
90% of  the total movement of  soil by wind.

•	 Soil Creep: Larger soil particles roll and slide along the ground 
surface, often aided by impacts of  saltating particles.

Soil erosion by water

Soil erosion by water is one of  the main factors limiting soil 
productivity and impeding agricultural enterprise in Africa, 
especially in the humid tropical regions where population pressure, 
deforestation and high rainfall, often in the form of  torrential 
downpours, can lead to annual soil losses in excess of  50 t ha−1. 

When raindrops hit the soil surface, their impact can shatter 
aggregates into smaller pieces or displace individual particles 
laterally by up to 1 m. If  the rainfall rate exceeds the rate at 
which water can infiltrate the soil, the excess water flows down 
the slope (i.e. as run off ), carrying detached soil particles with it. 
Some particles float into holes or gaps in the soil surface which 
then become clogged and further reduce infiltration into the soil. 
As surface water velocity reduces, the energy needed to continue 
carrying the suspended sediment is lost causing the soil particles to 
be deposited in a new location. 

Four types of  water erosion are recognised:

•	 Splash Erosion: Direct movement of  soil by the impact of  
raindrops. Soil particles can be displaced by up to 1 m.

•	 Sheet Erosion: Removal of  a thin layer of  soil from a large area 
which occurs when soil is saturated. Usually the first sign that 
erosion is occurring. Also known as sheetwash.

•	 Rill Erosion: Increased speed of  sheet erosion leads to the 
formation of  small channels or rills, often interconnected.

•	 Gully Erosion: Over time, rills can develop into large, wide 
channels. As a rule of  thumb, a gully is so large that it cannot be 
smoothed out by conventional tillage.

Soil erosion

Above: A stunning photograph of both sheetwash and rill erosion 
on a maize field in Kenya. The thin sheet of water flowing over the 
soil surface collects particles on the way. This is evident by the 
red colour of the water in this picture. Where the flow becomes 
concentrated, small channels or rills occur. Fine particles (i.e. clay 
or silt ) can be carried a great distance before deposition. As most 
organic matter in mineral soils occurs in the upper part of the 
soil, the removal of topsoil can have a significant impact on soil 
fertility and water holding capacity. (BO)
Below: Gullies and bare ground on a hill slope in Kenya – clear 
signs of soil erosion by water. (BO)

Above: A satellite image of a dust storm over the coast of west Africa 
carrying particles from the Sahara, out over the Atlantic then northwards 
towards the Canary Islands. Dust from the Sahara is often deposited over 
Europe and can affect water turbidity in the Caribbean. (NASA)
Below: A wall of dust indicates an approaching sandstorm - a relatively 
common meteorological phenomenon in arid and semi-arid regions. 
Strong winds blow loose sand and dust from dry surfaces. Soil organic 
matter and nutrient-rich clay and silt particles are particularly susceptible. 
The storm front in this striking image, taken near Niamey in Niger in June 
2010, is several hundred metres high. (BH/IRD)

Erosion control on steep land in East Africa through the constrution 
of terraces. In addition to providing land for cultivation, terraces 
reduce surface runoff. (VL)
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Soil sealing must be addressed nationally and at a local level by 
managing urban development and through the inclusion of mitigation 
measures. Maintaining key functions such as the natural drainage 
and filtering capacity of soils to slow the passage of water to rivers, 
thereby reducing pollution and flooding risk, should be a priority for 
urban planners. In particular, specific attention should be placed on:

•	raising awareness of politicians, decision-makers, planners and 
residents about the value of soil in general and especially in an 
urban context; 

•	the development of planning guidelines where a preference 
is given for urban redevelopment (this is also referred to as 
brownfield development) rather than consumption of agricultural 
or environmentally productive soils;

•	using permeable materials for walkways and parking zones (e.g. 
gravel, concrete or plastic grids, block surfaces with drainage 
holes) instead of creating an impermeable surface made out of 
cement or asphalt.

Preventing soil sealing
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More than a third of  Africa's 1 billion inhabitants currently live in 
urban areas. By 2030 that proportion will have risen to a half  [88]. 
Such a trend will have significant impacts on soils. In the vicinity of  
urban areas, one of  the main issues is soil sealing. 

Sealed soils can be defined as the destruction or covering of  soils 
by buildings, constructions and layers of  completely or partly 
impermeable artificial material (asphalt, concrete, etc.). It is the 
most intense form of  land take and is essentially an irreversible 
process. Sealing also occurs within existing urban areas through 
construction on residual inner-city green zones. The sealing of  
soil surfaces, by covering them with buildings, roads and other 
developments, reduces the area available for soil to carry out 
most of  its essential functions such as food production, filtering 
and absorbing rainwater (reducing surface run-off, flood control 
and replenishing groundwater) and providing a habitat for soil 
organisms. It should be noted that most urban areas were located 
initially close to fertile land and sources of  water. For this reason, 
urban expansion very often consumes high quality agricultural soil at 
a time when food production needs to match demand. 

An associated issue of  soil sealing is the increased risk of  urban 
flooding. Sealed soils are unable to absorb rainfall. This increases 
both the volume and speed of run-off  of  rain water to the natural 
drainage system. Flood peaks develop much quicker leading to rivers 
bursting their banks and to drains being unable to cope with the flow 
of water. Over the last decades, the African continent has increasingly 
experienced severe flooding. In 2007 more than one million people 
were affected by flood events in Uganda, Ethiopia, Sudan, Burkina 
Faso, Togo, Mali and Niger. In 2000, a similar situation occurred in 
Mozambique, Zambia, Zimbabwe, Botswana, Madagascar and 
South Africa where a devastating flood left 1.25 million people 
homeless, hundreds dead and destroyed crops, livestock and major 
infrastructural facilities. With an increasingly urbanised population, 
such events are likely to be even more catastrophic in the future.

.

Soil sealing

Urban development in Africa can take many forms ranging from modern, 
well-ordered, multi-story developments (above: centre of Ouagadougou in 
Burkina Faso (RZ)) to a more haphazard, piecemeal expansion along principal 
infrastructure routes (below: downtown Monrovia in Liberia. (PDI) 

A map showing an index of accessibility for Africa based on travelling 
time to cities with more than 50 000 inhabitants. The model takes into 
account infrastructure development and, as such, is a good proxy for 
soil sealing. The main urban agglomerations are shown in red while the 
bright tones indicate areas within four hours travelling. While the map 
does not show actual sealing, the image gives a sense of where human 
activity is concentrated across the continent and the pattern of the 
principal road network along which urbanisation takes place. The grey 
areas indicate remoter (i.e. less developed) regions. The data show that 
many parts of Africa (e.g. the Sahara, Kalahari, parts of the Congo Basin, 
the Horn of Africa) are classed as very inaccessible. (JRC) [89]

The image above shows a view from space of Ouagadougou, the capital city of Burkina Faso, as captured by the NASA Landsat satellite. In this false-colour image, 
vegetation appears bright green, bare or sparsely vegetated ground is beige to grey-green, water bodies are blue while paved surfaces and buildings appear 
pink and purple. The image below shows the corresponding scene in 2006. The later image (2006) shows that urbanisation has spread out from the city centre, 
especially to the east and south while becoming much denser within the urban area. In both images, Ouagadougou airport appears as a diagonal line near the 
centre of the image. In 1986, the airport lay fairly close to the city’s outskirts while in 2006, the airport is surrounded by urban development. Between 1960 and 
1993, Ouagadougou experienced a 14-fold increase in area due to a huge migration of the rural population to towns that led to a proliferation of unplanned 
settlements. It should be noted that most urban areas were located initially close to fertile land and sources of water. Very often, urban expansion consumes high 
quality agricultural soil at a time when food production needs to match demand.  Both images are at the same scale and show the same extents. The 1986 image 
is less green because it was acquired in drier conditions with less vegetation cover. (USGS)

2006

1986

Flooding in Ouagadougou during September 2009 as a result of an 
exceptional rainfall of 300 mm in 10 hours. Extensive soil sealing 
was seen as a major factor. (AN/IRD)
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While the remediation of polluted sites should be the priority, 
some contaminated land may support habitats and species of 
high conservation value. Many sites may also have cultural and 
archaeological importance and may need to be protected for these 
purposes. The Big Hole diamond mine in South Africa is now being 
developed as a tourist attraction.

However, much care must be taken to minimise any eventual impact 
on human health and the environment.

Salinity - presence of water-soluble salts; 

Alkalinity - high soil pH;

Sodicity - high levels of sodium (Na).

Contaminated sites:  
an alternative view!

Salt in soil – understanding 
the terminology

Growing wheat in the Sahara 

The primary methods of controlling soil salinity are:

•	to use excess water to flush the salts from the soil. In most areas 
where salinisation is a problem, this must inevitably be done with 
high quality or scarce irrigation water;

•	to limit the use of saline or brackish water in irrigation;

•	to minimise evaporation, do not over-water and do not irrigate in 
full sun.

Preventing salinisation

Contaminated land 

In many parts of  Africa, there is a substantial legacy of  land that has 
been contaminated by a range of  toxic chemicals in the soil. These 
contaminants may include metals, hydrocarbons and other organic 
pollutants, pathogens and substances that are harmful to both 
humans and the environment generally. Contaminants introduced 
into the soil can result in the decline or loss of  ecosystem services 
provided by soil. When industrial land becomes polluted, there 
may be a risk to human health and ecology through contaminated 
vegetation (e.g. root crops), groundwater and surface water if  
there is run-off  or leaching. The level of  contamination may be a 
deterrent to future development putting increased pressure on 
other land. 

Poor management of  industrial areas and waste disposal sites, 
inadequate effluent and emission controls, the importing and 
storage of  waste materials (often toxic) and a lack of  education 
in the use and disposal of  chemicals and waste products are key 
factors. Unfortunately, the extent of  contaminated land across 
Africa is essentially unknown.

Diffuse soil contamination

Diffuse pollution is distinct from the local contamination of  soil 
which originates from clearly defined sources. Diffuse pollution 
is typically linked to atmospheric deposition, particular farming 
practices and inappropriate waste recycling and treatment. 

•	 Pollution from atmospheric deposition is due to emissions 
from industry, transport and agriculture. Soils are exposed to 
acidifying contaminants (sulphur dioxide, nitrogen oxides, and 
ammonia), heavy metals and man-made organic compounds. 
The Chernobyl accident in 1986 and global fall out from nuclear 
weapons testing have resulted in widespread radioactive 
caesium contamination in soils. Deposition of  ammonia and 
nitrogen deposition from transport, industry and agriculture 
also result in unwanted nutrient enrichment and lead to a 
decline in biodiversity and habitats. 

•	 A number of  farming practices can also be regarded as a source 
of  diffuse pollution. Nutrient imbalances in soil from fertiliser 
use can lead to contamination of  ground and surface water. Soil 
erosion is also a significant source of  diffuse water pollution 
and there are concerns relating to heavy metal accumulations. 

•	 In some areas, sewage sludge, the solid fraction from wastewater 
treatment sites, is spread on the land. While it provides nutrients 
for plants and organic matter as a soil conditioner, sewage sludge 
can contain elevated levels of  heavy metals and microorganisms 
that could pose a threat to human health.

Salinisation

The accumulation of  salt in soil is known as salinisation. While 
the atlas has shown that naturally saline soils occur in many parts 
of  Africa, salinisation in the context of  this section is concerned 
with the increase in salt content in soils resulting from human 
interventions such as inappropriate irrigation practices, the use of  
salt-rich irrigation water and/or poor drainage conditions. [90]

Long-term irrigation causes salinity as almost all water contains 
some level of  dissolved salts. When plants use water, the salts are 
left behind in the soil and over time begin to accumulate. In addition, 
application of  water at the wrong time can cause it to evaporate 
leaving salts to form on the bare surface. These can then be carried 
into the soil by the next input of  water. 

Elevated salt levels in soil limit the agricultural or ecological 
potential of  the affected land and represent a considerable threat 
to sustainable development. Salts can cause harm to plant life and 
affect soil fertility, leading to a reduction in agricultural productivity 
and biomass yield. While saline soils often support a distinctive 
natural ecosystem, a build up of  saline conditions in the soil can 
lead to a collapse of  the indigenous vegetation community. High 
salt levels can affect the numbers, diversity and function of  soil 
biota, which limit various soil functions and, in turn, can lead to soil 
degradation and possibly the onset of  desertification.

Soil pollution

Above: Manual application of pesticide on a cotton crop in Benin. (PS/IRD)
Below: There are numerous documented cases of environmental problems 
caused by the mining of metals and metallurgical activities in African 
countries. In many localities the concentrations of elements such as copper, 
zinc, cadmium, lead and arsenic are several orders of magnitude higher than 
the limits set by the UN World Health Organization (WHO). Humans can be 
exposed to heavy metals by drinking water leaching through waste tips and 
inhaling air or soil contaminated by mining activities and the associated 
processing chains (e.g. ore smelting). Limited environmental protection 
legislation or controls are common factors in many parts of Africa, particularly 
in legacy sites, that have been abandoned. (OS)

Manual irrigation of horticulture on coastal Arenosols near Lome, 
Togo. Soil must be flushed regularly with valuable irrigation water 
to remove the build up of salts. (JD) 

Even in the middle of the Sea of Sand Desert in southeastern Libya (top, 
Google Earth), wheat can be grown in pivot irrigation plots (middle, Google 
Earth/CNES/Spot Image 2013). The use of ‘fossilised’ water for irrigation 
can support agriculture in even the most inhospitable locations (e.g. Al 
Kufrah, Libya; bottom, USDA). However, the evaporation of water can lead 
to salt accumulation in the root zone and large amounts of energy are 
required to extract the water, especially from deep aquifers (see page 21).

Map showing the principal areas where irrigation is used to support the 
growth of crops. Care must be taken in many of these areas to limit the 
build up of salts in the soil. (FAO/JRC) [91, 91a]

Data SIO, NOAA, US Navy, NGA, GEBCO
© 2013 CNES/Spot Image

US Dept. of State Geographer
© 2013 ORION-ME

© 2013 CNES/Spot Image
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The risk of soil compaction can be lessened by:

•	avoiding heavy pressures on land, especially when the soil is wet;

•	reducing stocking densities of animals;

•	use of low-pressure tyres or higher number of axles on farm 
machinery;

•	use of minimum-tillage technology;

•	addition of organic matter.

Soil compaction can be remediated by tillage or ripping the soil.

Subsoil compaction can only be countered by deep tillage which 
breaks through plough pans. However, the effects of deep tillage 
are usually short lived unless management strategies are adopted to 
avoid further compaction.

Preventing soil compaction

Soil compaction

Soil compaction is a form of  physical degradation due to the 
reorganisation of  soil micro- and macro-aggregates, which are 
deformed or even destroyed as a result of  pressure on the surface 
of  the soil. Compaction leads to a reduction in biological activity, 
nutrient uptake, porosity and permeability. Compaction can affect 
water infiltration capacity and increase erosion by accelerating 
runoff. A feature of  compacted soils is the formation of  a pan-
layer that is less permeable for roots, water and oxygen than the 
soil below and is a bottleneck for the functioning of  the subsoil. 
Compaction is particularly evident across the Sahel, South Africa 
and Zambia.

Topsoil compaction occurs when soil is subjected to surface 
pressure from the passage of  heavy machinery or by repeated 
trampling of  grazing animals, especially under wet conditions. In 
arable land with annual cultivation, subsoil compaction is caused 
by tractors driving directly on the subsoil during ploughing, by the 
design of  the plough or from very heavy axle load weights being 
transmitted deep in to the soil. Unlike topsoil, the subsoil is not 
loosened annually, and compaction becomes cumulative. As it 
occurs below the ground, soil compaction is very much a hidden 
problem. In addition, compaction reduces the stability of  soil and 
can increase the risk of  erosion. In irrigated areas, compaction can 
lead to poor water use efficiency and increased costs (i.e. more 
water is needed).

Landslides

A landslide is the gravitational movement of  a mass of  rock, debris 
or soil down a slope. Landslides occur when the condition of  a 
slope changes from being stable to being unstable. Such changes can 
be caused by a range of  triggering factors, acting together or alone. 
Landslides are usually classified on the basis of  the type of  material 
involved (rock, debris, earth, mud) and the type of  movement (fall, 
topple, slide, flow, spread). Landslides can be slow moving or very 
rapid. 

Natural causes of  landslides include intense rainfall, prolonged 
periods of  wet weather or snowmelt, earthquakes, volcanic 
activity, loss of  vegetation cover (e.g. after wildfires), earthquakes 
(e.g. Madagascar, 2012) and the undercutting of  slopes by rivers or 
ocean waves. Anthropogenic activities include deforestation and 
removal of  vegetation cover, inappropriate agricultural practices 
and infrastructure construction such as slope cutting and loading. 

Landslides occur more frequently in areas with steep slopes and 
highly erodible soils, clayey subsoils or weathered and jointed 
bedrock, usually following intense and prolonged precipitation or 
earthquakes. 

Landslides threaten soil functions in two ways: 

1. removal of  soil from its in situ position; and

2. covering the soil downslope from the area where the slope has 
'failed'. 

Where a landslide removes all soil material, all soil functions will 
be lost and weathering processes of  the hard rock or sediment 
now exposed at the surface need to operate for hundreds if  not 
thousands of  years to produce enough material for soil functions to 
resume. When only a part of  the soil profile (e.g. the A horizon) is 
removed by a landslide, some soil functions may remain, although 
most are likely to be impaired. 

Landslides are a major hazard in most mountainous and hilly regions 
as well as in steep river banks and coastlines. Their impact depends 
mainly on their size and speed, the elements at risk in their path 
and the vulnerability of  these elements. This problem is particularly 
acute in Africa where less adaptable populations (e.g. those 
constrained by poverty, land availability) are much more vulnerable 
to geohazards. Every year landslides cause fatalities and result in 
significant damage to infrastructure (roads, railways, pipelines, 
artificial reservoirs, etc.) and property (buildings, agricultural land, 
etc.). Landslides can also affect mine waste tips, tailing dams and 
landfills, causing fatalities and contaminating soils, surface water and 
groundwater. 

A positive aspect of  landslides is that they are a major provider of  
sediments and nutrients for floodplain soils.

Given the generally level landscape and dryness of  the African 
continent, landslides are not a widespread hazard. The primary 
regions of  occurrence and potential in Africa are mountain ranges 
such as the Atlas Mountains, the Ethiopian Highlands, the East 
African Rift, the mountainous and hilly regions of  Southern Africa, 
and landslide-sensitive geological formations such as volcanic slopes. 
Madagascar and smaller islands like in Cape Verde and the Canaries 
also experiences all types of  landslides. 

However, information on landslides is far more limited in Africa 
compared to other continents. There are very few data at the 
continental and regional scale and it is difficult to have a clear 
picture of  the total area affected. Local estimates have been made 
for regions of  the Democratic Republic of  the Congo, Rwanda, 
Burundi, Uganda, Kenya, Tanzania, Ethiopia, Cameroon, Nigeria, 
Algeria, Morocco, Zambia and South Africa for instance. The UN 
WHO have also prepared an assessment of  landslide risk for Africa. 
[92a].

Landslide activity and impact are expected to increase in the future 
in response to increased urbanisation and development in landslide-
prone areas, deforestation and the associated changes in land use 
and land cover, and the changing climate conditions (higher or more 
intense rainfall patterns). However, due to the lack of  pan-African 
data, trends in landslide distribution and impacts are difficult to 
evaluate.

Compaction and landslides

Above: Topsoil compaction can be treated by breaking up the soil 
with a fork, spade or a rotary hoe. Subsoil compaction may require 
specialised technology such as this powerful soil ripper that is 
pulled through the soil by a tractor. Care must be taken not to re-
compact the soil. (EP)
Below: Map showing the extent of soils vulnerable to compaction. 
The FAO estimate that 18 million ha are compacted in Africa. 
(GLASOD/JRC) [75] 

A landslide in Nitisols in Ethiopia. Note the tension cracks in the soil 
beyond the landslide scar. Such features are potential early-warning 
signs that a possible landslide could be triggered in the near future due 
to intense rainfall or land clearance. (EVR)

The aftermath of a large landslide on the slopes of Mount Elgon 
in Uganda that occurred in June 2012. The landslide appears to 
have been a quite mobile flow in deeply weathered residual soil 
and was triggered by intense rainfall. The Mount Elgon area is 
prone to landslides partly as a result of deforestation on its coffee-
producing slopes [92]. The landslide destroyed three villages and 
led to the deaths of dozens of people. Despite the elevated risk of 
landslides in the region, there is great resistance amongst the local 
people to relocation due to the presence of fertile soil and a low 
incidence of malaria. (JD)



Issues affecting the soils of Africa | Soil Atlas of Africa 159

'Soil' in Africa
It is estimated that there are more than 1 500 distinct languages 
throughout Africa. Therefore, it would take a large book just to list all 
the indigenous words for soil! However, some of the most common 
are: Swahili = udongo; Zulu = urahlabati; Arabic = turaabun; Creole = 
du; Xhosa = ngcolisa; Afrikaans = grond; French = sol. 

Algeria

Northern Africa, bordering the Mediterranean Sea, between Morocco 
and Tunisia - largest country in Africa; Climate is arid to semi-arid; Terrain 
is mostly high plateau and desert, some mountains - lowest point: Chott 
Melrhir -40 m, highest point: Mt. Tahat 3 003 m; Arable land: 3%; Main 
soil types: Arenosols, Calcisols, Leptosols, Luvisols  and Regosols; Key 
issues are soil erosion, overgrazing, salinisation, desertification, industrial 
pollution and fertiliser runoff.

Angola

Southern Africa, bordering the South Atlantic Ocean, between Namibia 
and DR Congo; Climate is semi-arid in south and along coast, north 
has cool, dry season and hot, rainy season; Terrain is narrow coastal 
plain rising abruptly to vast interior plateau; Arable land: 3%; Overuse 
of  pastures and subsequent soil erosion attributable to population 
pressures is widespread; Main soil types are Acrisols, Arenosols, 
Ferralsols, Gleysols, Lixisols and Nitisols; Key issues are desertification 
and deforestation of  tropical rain forests in response to both 
international demand for tropical timber and to domestic use as fuel 
results in a loss of  biodiversity and soil erosion (the latter contributes 
to water pollution and siltation of  rivers and dams).

Benin

Western Africa, between Nigeria and Togo; Northern regions have a 
marked dry season while the south has an equatorial climate; Terrain 
is mostly flat to undulating plain, some hills and low mountains; 
Arable land: 24%; Main soil types are Acrisols, Alisols, Lixisols and 
Plinthosols; Key issues are erosion associated with harmattan wind and 
desertification in the north. Deforestation is a concern in the south.

Botswana

Southern Africa, north of  South Africa, landlocked; Climate is semi-
arid, warm winters and hot summers; Terrain is predominantly flat to 
gently rolling tableland with Kalahari Desert in the southwest; Arable 
land: 1%; Main soil types are Arenosols, Gleysols, Histosols, Lixisols 
and Solanchaks; Key issues are overgrazing, desertification, periodic 
droughts and wind erosion (seasonal winds from the west carry sand 
across the country).

Burkina Faso

Western Africa, north of  Ghana, landlocked; Climate is tropical with 
warm, dry winters and hot, wet summers; Terrain is mostly flat or 
dissected, undulating plains with hills in the west and southeast; Arable 
land: 18%; Main soil types are Arenosols and Lixisols; Key issues are 
recurring droughts and desertification which severely affect agricultural 
activities, population growth, overgrazing, land degradation and 
deforestation.

Burundi

Central Africa, east of  DR Congo, small, landlocked country; Climate is 
equatorial, average annual temperature varies significantly with altitude; 
Terrain is hilly and mountainous, dropping to a plateau in east; Arable 
land: 36%; Main soil types are Acrisols, Ferralsols and Nitisols; Key 
issues are soil erosion from overgrazing and the expansion of  agriculture 
into marginal lands, landslides, drought, flooding, deforestation (little 
forested land remains because of  uncontrolled cutting of  trees for fuel) 
and loss of  biodiversity.

Cameroon

Central Africa, on the Gulf  of  Guinea, between Equatorial Guinea and 
Nigeria (often referred to as Africa in miniture); Climate varies with 
terrain, from equatorial along the coast to semi-arid and hot arid in the 
north; Terrain is diverse, with coastal plains in southwest, a dissected 
plateau in centre, mountains in the west and dry plains in the north. At 
4 095 m, the volcanic massif  of  Mt. Cameroon is one of  Africa’s highest 
peaks; Arable land: 13%; Main soil types are Acrisols, Alisols, Ferralsols, 
Gleysols, Lixisols, Nitisols and Planosols; Key issues are deforestation, 
overgrazing and desertification.

Cape Verde

Western Africa, a group of  islands in the North Atlantic, west of  Senegal; 
Climate is temperate with warm, dry summers. However, precipitation 
is meagre and erratic; Terrain is steep, rugged and rocky with active 
volcanic landscape; Arable land: 11%; Main soil types are Andosols, 
Calcisols and Leptosols; Key issues are prolonged droughts; seasonal 
harmattan wind producing obscuring dust, soil erosion, deforestation 
due to demand for fuel wood, water shortages, desertification and loss 
of  biodiversity.

Central African Republic

Central Africa, north of  Democratic Republic of  the Congo, landlocked; 
Climate is tropical with hot, dry winters and mild to hot, wet summers; 
Terrain is mostly flat to rolling, monotonous plateau with some 
scattered hills in the northeast and southwest; Arable land: 3%; Main 
soil types are Acrisols, Ferralsols, Lixisols, Nitisols and Plinthosols; Key 
issues are hot, dry, dusty harmattan winds that affect northern areas, 
desertification and deforestation while floods are common.

Chad

Central Africa, south of  Libya; Climate is tropical in the south, desert 
in the north; Terrain is broadly arid plains in the centre, desert in 
the north, mountains in the northwest (> 3 000 m) and lowlands in 
the south; Arable land: 3%; Main soil types are Arenosols, Fluvisols, 
Leptosols and Vertisols; Key issues are hot, dry, dusty harmattan winds 
that occur in north, periodic droughts, soil pollution in rural areas due 
to improper waste disposal and desertification.

Comoros

Southern Africa, group of  islands at the northern mouth of  the 
Mozambique Channel, about two-thirds of  the way between northern 
Madagascar, one of  the smallest countries in Africa; Climate is tropical 
maritime with a marked rainy season (November to May); Terrain 
is volcanic, steep mountains to low hills; Arable land: 36%; Main soil 
types are Andosols, Ferralsols, Leptosols and Nitisols; Key issues are 
deforestation, soil degradation and erosion due to cultivation on slopes 
without proper terracing.

Congo, Democratic Republic of

DR Congo is the second largest country in Africa, located at the 
heart of  sub-Saharan Africa, almost entirely landlocked, between the 
Republic of  the Congo, Central African Republic, South Sudan, Uganda, 
Rwanda, Burundi, Tanzania, Zambia and Angola; Climate is tropical, hot 
and humid in the vast Congo river basin, cool and dry in the southern 
highlands, cool-cold and wet in the eastern highlands; Arable land: 3%; 
Main soil types are Acrisols, Arenosols, Cambisols, Ferralsols, Gleysols 
and Lixisols; Key issues are deforestation, mining of  minerals causing 
environmental damage and water pollution, soil erosion and seasonal 
flooding.

Congo, Republic of the

Central Africa, bordering the South Atlantic, astride the Equator 
between Angola and Gabon; Climate is tropical with persistent high 
temperatures and humidity. Distinct rainy (March to June) and dry 
season ( June to October); A coastal plain leads to a northern and 
southern basin separated by a central plateau; Arable land: 1.5%; Main 
soil types are Acrisols, Arenosols, Ferralsols, Gleysols and Nitisols; 
Key issues are seasonal flooding along the main river systems and 
deforestation.

Côte d'Ivoire

Western Africa, bordering the North Atlantic, between Ghana and 
Liberia; Equatorial climate in the south grades to semi-arid in the far 
north; A coastal plain and plateau are separated by central mountains; 
Arable land: 10%; Main soil types are Acrisols, Alisols, Lixisols and 
Plinthosols; Key issues are torrential flooding in the rainy season and 
deforestation (most of  the country's forests - once the largest in West 
Africa - have been heavily logged).

Djibouti

Eastern Africa, bordering the Gulf  of  Aden and the Red Sea, between 
Eritrea and Somalia; Climate is arid to semiarid; Terrain is mostly high 
plateau and desert; some mountains. Lake Assal is the lowest point in 
Africa (155 m below sea level) and the saltiest lake in the world; Arable 
land: < 1%; Main soil types are Fluvisols, Gypsisols, Leptosols and 
Solonchaks; Key issues are earthquakes, droughts, occasional cyclonic 
disturbances from the Indian Ocean bringing heavy rain and flash floods, 
volcanic activity, limited fertile soils and desertification.

Egypt

Northern Africa, bordering the Mediterranean and the Red Sea, 
between Libya and Israel, north of  Sudan, includes the Sinai Peninsula; 
Climate is desert with hot, dry summers with moderate winters; 
Terrain is vast desert plateau interrupted by Nile valley and delta - 
Qattara Depression is 133 m below sea level; Arable land: 3%; Main 
soil types are Arenosols, Calcisols, Leptosols and Regosols; Key issues 
are desertification, periodic droughts, flash flood, landslides, wind 
erosion causes dust and sand storms. Large amounts of  agricultural 
soils are being lost to urbanization and windblown sands. Increasing 
soil salinisation below Aswan High Dam. Soil pollution from agricultural 
pesticides and industrial effluents. Rapid growth in population which is 
overstraining natural resources.

Equatorial Guinea

Central Africa, bordering the Gulf  of  Guinea, between Cameroon 
and Gabon; Climate is always hot and humid; Terrain characterised by 
coastal plains rising to interior hills (> 3 000 m), volcanic islands offshore; 
Arable land: 5%; Main soil types are Acrisols, Ferralsols and Nitisols; 
Key issues are wind erosion, flash floods with associated erosion or 
landslides and deforestation.

Eritrea

Eastern Africa, bordering the Red Sea, between Djibouti and Sudan; 
Along the Red Sea coast the climate is hot and dry (Danakil Depression 
is one of  the hottest places in Africa), cooler and wetter in the central 
highlands (around 600 mm of  rainfall annually), semi-arid in western hills 
and lowlands; Terrain is dominated by the extension of  the Ethiopian 
highlands, descending eastwards to a coastal desert plain, on the 
northwest to hilly terrain and on the southwest to flat-to-rolling plains. 
Elevation ranges from -75 m to over 3 000 m; Arable land: 5%; Main soil 
types are Cambisols, Fluvisols, Leptosols and Lixisols; Key issues are 
frequent droughts, deforestation, overgrazing and soil erosion leading 
to marked desertification in places.

Ethiopia

Eastern Africa, west of  Somalia, landlocked; Climate is tropical monsoon 
with marked variations induced by topography (Danakil Depression is 
one of  the hottest places in Africa); Terrain is a high plateau with central 
mountain range divided by Great Rift Valley. Elevation ranges from -125 
m (Danakil Depression) to over 4 500 m. Lake Tana is source of  the 
Blue Nile; Arable land: 10%; Main soil types are Cambisols, Calcisols, 
Leptosols, Lixisols, Nitisols and Vertisols; Key issues are the geologically 
active Great Rift Valley, frequent droughts, deforestation, overgrazing, 
soil erosion, desertification and poor land management. Coffee, grain 
sorghum and castor bean are believed to have originated in Ethiopia.

Gabon

Central Africa, bordering the Atlantic at the Equator, between Republic 
of  the Congo and Equatorial Guinea; Climate is tropical, always hot and 
humid; Terrain is a narrow coastal plain leading to a hilly interior with 
savannah in the east and south; Arable land: 1%; Main soil types are 
Acrisols, Arenosols, Ferralsols and Nitisols; Deforestation is the main 
issue affecting soils.

Gambia, The

Western Africa, bordering the North Atlantic and enclosed by Senegal – 
smallest country on the continent of  Africa; Climate is tropical with hot, 
rainy season ( June to November) and cooler, dry season (November 
to May); The country is essentially the flood plain of  the Gambia River 
flanked by low hills. Highest point is only 53 m above sea level; Arable 
land: 28%; Main soil types are Acrisols, Fluvisols, Lixisols and Regosols; 
Key issues are drought (rainfall has dropped by 30% in the last 30 years), 
deforestation and desertification.

Ghana

Western Africa, bordering the Gulf  of  Guinea, between Côte d'Ivoire 
and Togo; Climate is tropical, warm and comparatively dry along 
southeast coast, hot and humid in southwest and hot and dry in north; 
Terrain is mostly low plains with dissected plateau in the south-central 
region; Arable land: 18%; Main soil types are Acrisols, Alisols, Lixisols 
and Plinthosols; Key issues are dry, dusty, northeastern harmattan winds 
from January to March, recurrent droughts (especially in the north 
which severely affect agricultural activities), deforestation, overgrazing, 
soil erosion and loss of  biodiversity. Lake Volta is the world's largest 
artificial lake by surface area (8 482 km2).

Key soil issues for African countries
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Guinea 

Western Africa, bordering the North Atlantic, between Guinea-Bissau 
and Sierra Leone; Climate is generally hot and humid with monsoonal-
type rainy season ( June to November) with southwesterly winds and 
dry season (December to May) with northeasterly harmattan winds; 
Terrain is generally flat coastal plain rising to hilly and mountainous 
interior – source of  the Niger River; Arable land: 4%; Main soil types 
are Acrisols, Alisols, Cambisols, Leptosols and Plinthosols; Key issues 
are deposition of  wind-blown sediments, deforestation, desertification, 
soil contamination and erosion, overpopulation in forest regions and 
soil pollution as a result of  poor mining practices.

Guinea-Bissau

Western Africa, bordering the North Atlantic, between Guinea and 
Senegal; Climate is tropical, generally hot and humid with monsoonal-
type rainy season ( June to November) with southwesterly winds. 
Dry season (December to May) with northeasterly harmattan winds. 
Terrain is mostly low coastal plain with mangrove swamps, rising to 
low savannah in the east; Arable land: 8%; Main soil types are Acrisols, 
Fluvisols, Lixisols and Plinthosols; Key issues are dust deposition by 
harmattan, brush fires, deforestation, soil erosion and overgrazing.

Kenya

Eastern Africa, bordering the Indian Ocean, between Somalia and 
Tanzania; Climate varies from equatorial along the coast to arid in the 
north; Low plains rise to central highlands which are cut by the Great 
Rift Valley. A fertile plateau dominates the west. Mount Kenya is 5 199 
m above sea level and has glaciers; Arable land: 8%; Main soil types 
are Calcisols, Cambisols, Lixisols, Luvisols and Solonetz; Key issues are 
recurring drought, flooding during the rainy seasons, pollution from 
urban and industrial wastes, increased use of  pesticides and fertilisers, 
deforestation, soil erosion and desertification. The Kenyan Highlands 
are one of  the most successful agricultural production regions in Africa.

Lesotho

Southern Africa, surrounded by South Africa, landlocked; Climate is 
temperate with cool to cold, dry winters and hot, wet summers. The 
terrain is mostly highland with plateaus, hills and mountains – more 
than 80% of  the country is above 1 800 m in elevation (max. 3 482 
m); Arable land: 11%; Main soil types are Leptosols, Planosols and 
Regosols; Key issues are periodic droughts, population pressure forcing 
settlement in marginal areas which results in overgrazing, severe soil 
erosion and soil nutrient depletion.

Liberia

Western Africa, bordering the North Atlantic Ocean, between Côte 
d'Ivoire and Sierra Leone; Climate is hot, humid tropical - winters 
are dry with hot days and cool to cold nights while summers are wet, 
cloudy with frequent heavy showers; Coastline is characterised by 
lagoons, mangrove swamps, and river-deposited sandbars. A flat or 
gently rolling coastal plain rises to a grassy rolling plateau the supports 
limited agriculture, low mountains in northeast; Arable land: 3%; Main 
soil types are Acrisols, Ferralsols and Nitisols; Key issues include the 
dust-laden harmattan winds that blow from the Sahara (December 
to March), tropical rain forest deforestation, soil erosion and loss of  
biodiversity.

Libya

Northern Africa, bordering the Mediterranean Sea, between Tunisia 
and Egypt, very large country; Climate is Mediterranean along the coast 
but grades very quickly inland to a dry, extreme desert (more than 90% 
of  the country is desert or semi-desert; Terrain is mostly barren, flat to 
undulating plains, plateaus and depressions (-47 m); Arable land: 3% - 
although fossil groundwater supports irrigation in the desert; Main soil 
types are Arenosols, Calcisols, Gypsisols, Leptosols and Solonchaks; 
Key issues are hot, dry, dust-laden winds in the spring and autumn dust 
and sandstorms, limited rainfall and desertification.

Madagascar

Southern Africa, island in the Indian Ocean (fourth-largest island in 
the world), east of  Mozambique; Climate is hot and humid along the 
coast, a little cooler inland and arid in south; The terrain is a narrow 
coastal plain and a high plateau with mountains in centre; Arable 
land: 5%; Main soil types are Acrisols, Arenosols, Ferralsols, Fluvisols, 
Lixisols and Nitisols; Key issues are soil erosion as a result of  extensive 
deforestation and overgrazing and desertification

Malawi

Southern Africa, east of  Zambia, west and north of  Mozambique, 
landlocked; Climate is cool-tropical with rainy season (November to 
May) and dry season (May to November); Terrain is narrow elongated 
plateau with rolling plains, rounded hills and some mountains (> 3 000 
m). Lake Nyasa is almost 600 km long; Arable land: 3%; Main soil types 
are Acrisols, Ferralsols, Fluvisols, Leptosols, Nitisols and Vertisols; Key 
issues are deforestation, land degradation and the disposal of  industrial 
wastes.

Mali

Western Africa, southwest of  Algeria, north of  Guinea, Côte d'Ivoire 
and Burkina Faso, west of  Niger, landlocked; Climate is subtropical 
to topical and arid; Terrain is mostly flat with rolling northern plains 
covered by sand with savannah in the south and rugged hills in 
northeast; Arable land: 4%; Main soil types are Arenosols, Calcisols, 
Cambisols, Leptosols, Lixisols and Plinthosols; Key issues are flooding, 
deforestation, soil erosion and desertification.

Mauritania

Western Africa, bordering the North Atlantic, between Senegal and 
Western Sahara; Climate is sub-tropical and arid, constantly hot, dry 
and dusty; Terrain is mostly barren, flat plains of  the Sahara, some 
central hills; Arable land: <1%; Main soil types are Arenosols, Leptosols, 
Regosols and Solonchaks; Key issues are hot, dry, dust/sand-laden 
sirocco wind and periodic droughts. Over-grazing, deforestation and 
soil erosion, aggravated by drought, are contributing to desertification. 
Limited rainfall.

Mauritius (and Reunion)

Southern Africa, volcanic islands in the Indian Ocean, east of  
Madagascar – very small; Climate is hot and humid, southeast trade 
winds give warm, dry winters (May to November) and hot, wet, humid 
summers (November to May); Terrain is a small coastal plain rising to 
discontinuous volcanic mountains; Arable land: 50%; Main soil types 
are Andosols, Leptosols, Nitisols  and Umbrisols; Key issues include 
cyclones that trigger erosion events especially after land cover change.

Morocco

Northern Africa, bordering the North Atlantic and the Mediterranean, 
between Algeria and Western Sahara; Climate is Mediterranean, 
becoming more arid and hot towards the interior; Northern coast and 
interior are mountainous (>4 000 m) with large areas of  bordering 
plateaus and inter-montane valleys. Coastal plains are fertile; Arable 
land: 19%; Main soil types are Calcisols, Cambisols, Leptosols, Luvisols 
and Vertisols; Key issues are land degradatio, urbanisation and p 
desertification (soil erosion resulting from farming of  marginal areas, 
overgrazing, destruction of  vegetation cover).

Mozambique

Southeastern Africa, bordering the Mozambique Channel, between 
South Africa and Tanzania; Climate is hot and humid. Terrain is mostly 
coastal lowlands, uplands in the centre with high plateaus in northwest 
and mountains in west; Arable land: 5%; Main soil types are Arenosols, 
Lixisols, Solonchaks and Solonetz; Key issues are severe droughts, 
devastating cyclones and floods in central and southern provinces, 
population migration to urban and coastal areas with adverse 
environmental consequences and desertification.

Namibia

Southern Africa, bordering the South Atlantic, between Angola and 
South Africa; Climate is hot and dry, rainfall is sparse and erratic; 
Terrain is mostly high plateau with the Namib Desert along coast and 
the Kalahari Desert in the east; Arable land: 1%; Main soil types are 
Arenosols, Calcisols, Gypsisols, Leptosols and Regosols; Key issues are 
prolonged periods of  drought, land degradation and desertification.

Niger

Western Africa, southeast of  Algeria, landlocked; Climate is mostly hot, 
dry and dusty with more humid conditions in the extreme south – one 
of  the hottest countries in Africa; Terrain is predominately desert plains 
and sand dunes (80%) with flat to rolling plains in the south and hills in 
the north; Arable land: 11%; Main soil types are Arenosols, Calcisols, 
Cambisols, Fluvisols, Leptosols and Lixisols; Key issues are recurring 
droughts, overgrazing, soil erosion, deforestation and desertification.

Nigeria

Western Africa, bordering the Gulf  of  Guinea, between Benin and 
Cameroon; Climate is equatorial in the south, hot and humid in the 
centre and arid in the north; Southern lowlands merge into central hills 
and plateaus, high mountains in southeast and plains in the north; Arable 
land: 33%; Main soil types are Acrisols, Alisols, Arenosols, Fluvisols, 
Lixisols and Plinthosols; Key issues are periodic droughts, flooding, soil 
degradation (including contamination from oil spills), deforestation, 
desertification and a loss of  arable soils due to rapid urbanisation.

Rwanda

Central Africa, east of  Democratic Republic of  the Congo, landlocked; 
Climate is temperate with two rainy seasons (February to April, 
November to January). Mountains can be mild but frost and snow 
possible; Terrain is mostly grassy uplands and hills; relief  is mountainous 
(> 4 500 m) with altitude declining from west to east; Arable land: 
46%; Main soil types are Acrisols, Cambisols, Ferralsols, Gleysols and 
Nitisols; Key issues are soil erosion from overgrazing and other poor 
farming practices, desertification, industrial pollution and fertiliser 
runoff.

São Tomé and Príncipe

Central Africa, islands in the Gulf  of  Guinea, straddling the Equator, 
west of  Gabon – smallest country in Africa; Climate is tropical, hot and 
humid with one rainy season; Terrain is mountainous, mostly extinct 
volcanoes; Arable land: 8%; Main soil types are Andosols, Leptosols 
and Nitisols; Key issues are deforestation, soil erosion and nutrient 
depletion.

Senegal

Western Africa, bordering the North Atlantic, between Guinea-Bissau 
and Mauritania; Climate is typically tropical (hot and humid) with a rainy 
season that is accompanied by strong southeast winds and a dry season 
(December to April) dominated by the hot, dry, harmattan wind; 
Terrain is generally low, rolling plains rising to foothills in southeast; 
Arable land: 13%; Main soil types are Arenosols, Fluvisols, Lixisols, 
Solonchaaks and Vertisols; Key issues are seasonal flooding (especially 
in the lowlands), periodic droughts, deforestation, overgrazing, soil 
erosion and desertification. 

Seychelles

Archipelago in the Indian Ocean, northeast of  Madagascar; Climate 
is tropical maritime with humid, cooler season during the southeast 
monsoon (late May to September) and warmer season during the 
northwest monsoon (March to May); The Mahe Group is granitic with 
rocky hills surrounded by a narrow coastal strip. The western islands 
are flat, low-lying and made of  coral; Arable land: 2%; Main soil types 
are Calcisols, Cambisols and Ferralsols; Key issues are occasional short 
droughts and sea level rise.

Sierra Leone

Western Africa, bordering the North Atlantic, between Guinea and 
Liberia; Climate is tropical (hot and humid) with summer rainy season 
(May to December) and winter dry season (December to April). Nearly 
5 000 mm of  rain falls annually on the coast to make it one of  Africa’s 
wettest region; Terrain is a coastal belt of  mangrove swamps, wooded 
hill country, an upland plateau and mountains in the east; Arable land: 
8%; Main soil types are Acrisols, Ferralsols, Fluvisols, Leptosols, Nitisols 
and Plinthosols; Key issues are dry, sand-laden harmattan winds blowing 
from the Sahara, soils under pressure from rapid population growth 
leading to nutrient depletion, overgrazing and deforestation.

Somalia

Eastern Africa, bordering the Red Sea (Gulf  of  Aden) and the Indian 
Ocean, east of  Ethiopia; Climate is arid (principally desert). During the 
northeast monsoon (December to February), moderate temperatures 
in the north and hot in south. During the southwest monsoon (May to 
October), torrid in the north and hot in the south. Between monsoons 
the country has hot and humid periods with irregular rainfall; Terrain 
is mostly a flat to undulating plateau rising to hills in the north; Arable 
land: 2%; Main soil types are Calcisols, Gypsisols, Leptosols, Regosols, 
Solonchaks and Vertisols; Key issues are recurring droughts, frequent 
dust storms over eastern plains in the summer, floods during the rainy 
season, food insecurity. Deforestation, overgrazing and soil erosion 
contribute to desertification.
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Global change refers to planetary-scale changes in the state and 
dynamics of  the Earth's key systems: land, oceans, atmosphere, 
poles, living matter (including humans), natural cycles and deep 
Earth processes. These single elements are dependent on, and 
influence, one another. The Earth system now includes human 
society, so global change can also refer to large-scale changes 
in society. Human or social aspects of  global change include the 
economy, resource use, energy development and consumption, 
transport, communication, land use and land cover, urbanisation, 
globalisation, food webs, biological diversity, pollution and health. 

In the past, the main drivers of  global change have been factors 
such as solar or orbital variations, plate tectonics, volcanism, 
proliferation and abatement of  life and meteorite impacts. 
However, there is increasing evidence that the main driver 
in recent years is the seemingly insatiable human demand for 
energy, food, goods and services. Coupled to these demands 
is the impact of  waste products on the planet as a whole. Many 
scientists believe that over the last century, human activities 
has caused climate change, widespread species extinctions, the 
collapse of  fish-stocks, desertification, ocean acidification, ozone 
depletion and pollution. 

Organisations such as the European Union and the United 
Nations are calling for a more sustainable approach to how 
we manage the resources of  the planet. Several international 
environmental conventions now exist under the UN to address 
these challenges. They include the Framework Convention 
on Climate Change (UNFCCC), the Montreal Protocol, 
the Convention to Combat Desertification (UNCCD) and 
Convention on Biological Diversity (UNCBD). As you may have 
gathered from this atlas, the rational use and protection of  soil 
resources is at the heart of  these actions. [93, 94, 94a]

Global change
South Africa

Southern Africa, at the southern tip of  the continent; Climate is mostly 
semi-arid with a subtropical Mediterranean climate along the east coast. 
Days are generally sunny with cool nights. Terrain is a vast interior 
plateau rimmed by rugged hills and a narrow coastal plain; Arable land: 
12%; Main soil types are Arenosols, Calcisols, Cambisols, Leptosols, 
Luvisols and Planosols - Duriols important locally; Key issues are 
prolonged droughts, low rainfall in parts, soil contamination (including 
acidification from industrial emissions), soil erosion and desertification.

South Sudan

East-Central Africa, south of  Sudan, north of  Uganda and Kenya, 
west of  Ethiopia; Climate is hot with seasonal rainfall influenced by 
the annual shift of  the Inter-Tropical Convergence Zone. Rainfall is 
heaviest in the upland areas of  the south and diminishes to the north; 
Terrain gradually rises from plains in the north and centre to highlands 
along the border with Uganda and Kenya. The White Nile is the major 
geographic feature of  the country supporting agriculture and extensive 
wild animal populations. The Sudd, a large swampy area fed by the 
waters of  the White Nile, covers more than 100 000 km2 (more that 
15% of  the country) and is one of  the world's largest wetlands; Arable 
land: estimated that only 4% of  arable land is cultivated; Main soil types 
are Arenosols, Leptosols, Lixisols, Plinthosols and Vertisols; Key issues 
are dust storms and periodic persistent droughts, soil erosion and 
desertification.

Sudan

North-eastern Africa, bordering the Red Sea, between Egypt and 
Eritrea; Climate is hot and dry - rainy season varies by region; Terrain 
is generally a flat, featureless plain with desert dominating the north; 
Arable land: around 6%; Main soil types are Arenosols, Calcisols, 
Ferralsols, Fluvisols, Leptosols and Vertisols; Key issues are dust storms 
and periodic persistent droughts, soil erosion and desertification. 

Swaziland

Southern Africa, between Mozambique and South Africa – almost 
surrounded by South Africa; Climate varies from tropical to near 
temperate; Terrain is mostly mountains and hills with some moderately 
sloping plains; Arable land: 10%; Main soil types are Acrisols, Leptosols, 
Ferralsols and Nitisols; Key issues are drought, overgrazing and soil 
erosion.

Tanzania

Eastern Africa, bordering the Indian Ocean, between Kenya and 
Mozambique; Climate varies from warm tropical along the coast 
to cool tropical in the highlands; Terrain is basically coastal plains, a 
central plateau and highlands in the north and south. Kilimanjaro is 
Africa’s highest mountain (5 895 m) and one of  only three mountains 
on the continent that has glaciers. Bordered by three of  the largest 
lakes on the continent - Lake Victoria (the world's second-largest 
freshwater lake), Lake Tanganyika (the world's second deepest) 
and Lake Nyasa (Lake Malawi); Arable land: 4%; Main soil types are 
Acrisols, Alisols, Ferralsols, Lixisols, Nitisols, Plinthosols and Vertisols; 
Key issues are flooding on the central plateau during the rainy season, 
droughts (affecting marginal agriculture), extensive soil degradation, 
deforestation and desertification.

Togo

Western Africa, bordering the Gulf  of  Guinea, between Benin and 
Ghana; Climate is tropical, hot and humid in the south, semi-arid in 
the north; Terrain is gently rolling savannah in the north, central hills, 
a southern plateau and a low coastal plain with extensive lagoons and 
marshes; Arable land: 44%; Main soil types are Acrisols, Alisols, Fluvisols, 
Lixisols, Plinthosols and Vertisols; Key issues are hot, dry harmattan 
wind deposits fine sediments, periodic droughts and deforestation, 
mostly associated with slash-and-burn agriculture and the use of  wood 
for fuel.

Tunisia

Northern Africa, bordering the Mediterranean Sea, between Algeria 
and Libya; Climate is temperate in the north with mild, rainy winters 
and hot, dry summers - desert in south; Mountains in north with hot, 
dry central plain. The south of  the country is generally flat and merges 
into the Sahara, large salt depressions; Arable land: 17%; Main soil types 
are Arenosols, Calcisols, Cambisols, Fluvisols, Gypsisols, Leptosols, 
Luvisols and Solonchaks; Key issues are overgrazing, salinisation, 
urbanisation, soil erosion and desertification.

Uganda

Eastern Africa, west of  Kenya, east of  the Democratic Republic of  
the Congo, landlocked; Climate is tropical, generally rainy with two 
dry seasons, semi-arid in the northeast; Terrain is mostly plateau with 
rim of mountains. Ruwenzori in the east reach over 5 000 m and have 
permanent snow, ice and glaciers; Arable land: 22%; Main soil types are 
Acrisols, Ferralsols, Fluvisols, Gleysols, Nitisols and Plinthosols; Key issues 
are draining of  wetlands for agricultural use, deforestation, overgrazing 
and soil erosion.

Western Sahara

Northern Africa, bordering the North Atlantic, between Mauritania and 
Morocco; Climate is hot and dry desert, rain is rare, cold offshore air currents 
produce fog and heavy dew; Terrain is mostly low, flat desert with large 
areas of rocky or sandy surfaces rising to small mountains in the south and 
northeast. Lowest point is -55 m below sea level; Arable land: negligible; Main 
soil types are Arenosols, Calcisols, Leptosols, Regosols and Solonchaks; Key 
issues are wind erosion, sparse water and a lack of arable land. 

Zambia

Southern Africa, east of  Angola, south of  the Democratic Republic of  
the Congo, landlocked; Climate is tropical, modified by altitude, with a 
distinct; rainy season (October to April); Terrain is mostly high plateau 
with some hills and mountains. Lake Kariba, on the Zambia-Zimbabwe, 
border is the world's largest reservoir by volume (180 km3); Arable 
land: 7%; Main soil types are Acrisols, Arenosols, Ferralsols, Gleysols, 
Leptosols, Lixisols and Nitisols - some Podzols; Key issues are periodic 
droughts; tropical storms (November to April) giving rise to flash floods 
and erosion, soil contamination from mineral extraction and industrial 
emissions, deforestation and desertification.

Zimbabwe

Southern Africa, between South Africa and Zambia, landlocked; Climate 
is tropical; moderated by altitude and a rainy season from November 
to March; Terrain is mostly high plateau with higher central plateau 
(high veld) and mountains in the east; Arable land: 8%; Main soil types 
are Arenosols, Leptosols, Lixisols, and Luvisols; Key issues are recurring 
droughts, deforestation, soil erosion and general land degradation. Mining 
practices have led to toxic waste and heavy metal pollution of  soils.

Island territories

Ascension, Saint Helena and Tristan da Cunha

Islands in the South Atlantic, about midway between South America and 
Africa - British Overseas Territories; Saint Helena has a tropical marine 
climate tempered by trade winds, Ascension Island is similar but a little 
drier while Tristan da Cunha is cooler with a temperate marine climate; 
The islands are the result of  volcanic activity associated with the Mid-
Atlantic Ridge which gives rise to a rugged, mountainous landscape; 
Arable land: 13%; Main soil types on both locations are Andosols, 
Cambisols and Leptosols; Volcanic activity is an important issue.

Azores and Maderia

The Azores are a group of islands (nine major ones) in the North Atlantic, 
some 1 600 km west of mainland Portugal while Maderia lies 500 km from 
the coast of Africa, west of the Canary Islands - both are autonomous 
regions of Portugal; Climate on the Azores is subtropical with high humidity 
while Madeira has a Mediterranean climate but issues such as exposure, 
humidity and elevation give rise to distinct microclimates; The islands are 
the result of volcanic activity which gives rise to a rugged, mountainous 
landscape; Arable land: 5%; Main soil types are Andosols, Cambisols and 
Leptosols; Volcanic activity and erosion are important issues.

Canary Islands

Western Africa, group of  islands in the North Atlantic, some 100 
km west of  Morocco - an autonomous region of  Spain; Climate is 
warm, subtropical showing little seasonal variation. Elevation affects 
temperature; The islands are the result of  volcanic activity which gives 
rise to a rugged, mountainous landscape; Arable land: 26%; Main soil 
types are Andosols, Cambisols and Leptosols; Forest fires, landslides 
and erosion are important issues.

Malta and the Pelagie Islands 

Northern Africa, small islands in the central Mediterranean off  the 
coasts of  Libya and Tunisia. Malta is an independent state of  the 
European Union while the Pelagie are part of  Sicily (Italy); Climate is 
Mediterranean with rainy winters and hot, dry summers; Terrain is 
rocky, mostly low-lying plateaus; Arable land (Malta): 30%; Main soil 
types are Calcisols, Cambisols, Leptosols and Andosols (Linosa); Key 
issues are droughts, desertification, low soil organic matter. 

Above: A fruit and vegetable market stall in Morocco. A healthy, 
productive soil is vital to human health. (SH)
Below: A small rural village in Swaziland. The photograph shows 
that the soil is used as a construction material (walls of the 
buildings), to provide fibre (roofs), food production (field to the 
right of the path), fodder (pasture to the left of the path) and fuel 
for shelter, cooking and heating (trees). (CG) 
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Soil awareness

“Upon this handful of  soil our survival depends. Husband it and it will 
grow our food, our fuel, and our shelter and surround us with beauty. 
Abuse it and the soil will collapse and die, taking humanity with it"

From Vedas Sanskrit Scripture – 1500 BC

The need to raise awareness and understanding of  the importance 
of  soil and soil functions, both in urban and rural environments, is 
being recognised increasingly as a critical step in the protection and 
sustainable use of  soils both in Africa and globally. This atlas shows 
that a number of  threats to soil quality are recognised (e.g. erosion, 
loss of  organic matter, landslides, contamination, compaction, 
desertification, salinisation and soil sealing) which have an impact 
on the functioning of  soils across Africa. 

However, soil protection is not explicitly included in the legislation 
of  most African countries. Therefore, increasing everybody’s 
knowledge about soil through education and research is the first 
logical step to allow society as a whole to understand and appreciate 
soil and its importance. 

What does soil awareness mean?

Soil awareness means developing a responsible behaviour towards 
soils and soil management, based on knowledge and attitude. The 
more we can learn about the role that soil plays in sustaining the 
environment, the more we understand how important it is and, 
hopefully, the more likely we are to look after it.

Who needs to know about soil? 

It is important that we teach the importance of  soil to society at 
large. From young children, school teachers, farmers, gardeners and 
industrialists to planners and politicians. 

Children, of  all ages, love playing with soil and have the capacity 
to learn so much, with simple “hands-on” activities from comparing 
textures to making mud pies, building wormeries and looking at 
what lives in soil under the microscope. A child’s perspective on 
what we think about when we talk about soil functions and the role 
of  soil organisms often reflects a clearer appreciation than adults. 

Drawings made by children show how they perceive soil. Perhaps 
surprisingly, how they often describe soil as an essential part of  the 
entire ecosystem. Such sketches or paintings, especially by primary 
school children, often convey complex messages such as the food 
chain or the importance of  earthworms in increasing the pore 
network underground, which in turn aids infiltration of  rain water. 

This is a lesson that soil scientists constantly strive to communicate, 
but often over-complicate. The ecosystem view is, however, 
apparently inherent to most children who also seem to be fascinated 
by life in the soil, be it at primary, secondary or even university level. 

Other actors who need to be included in education and awareness 
raising are: 

University students

The knowledge of  soil in general, and soil biology and ecology 
in particular, is often neglected, even in faculties having a direct 
connection with the study of  terrestrial ecosystems. It is clear 
that the study of  soil biota should be improved at university level, 
not only in subjects such as agricultural sciences, forestry and 
environmental sciences, but also in engineering, architecture and 
land use planning, because they also deal with the management of  
our planet. 

Environmental scientists

Environmental science should be characterised by a very holistic 
approach. This can be achieved by having an inter-disciplinary 
team consisting of  people that are specialised in different subject. 
However, this optimal situation is threatened by the fact that some 
disciplines become neglected.

Policy makers 

The decisions of  policy makers affect our everyday life. Often 
the temporal horizon in politics is very limited and more related 
to political elections than to real-world processes. Increasing 
awareness of  the importance and value of  soil in decision-making 
processes could bring enormous benefits. 

Farmers and land managers 

Farmers generally have a good knowledge about and feeling for soil 
because it represents the most important factor of  their activities. 
However, the functioning of  the living soil system is not so obvious 
and some farming practices may have to be limited or curtailed. 
A possible further problem is that farmers are being increasingly 
asked to react to a short-term market-driven pressures rather than 
a long-term perspective. This is driven by the switch from traditional 
systems to more industrial approaches. 

Public

Ultimately, the most important goal must be to raise soil awareness 
among the general public. In a democratic system, this is the only 
way to have a bottom-up change in lifestyle, aimed towards a more 
sustainable use of  our planet.

Soil awareness raising and education

Right: a young child’s drawing captures soil 
horizons, soil biology and the role of soil in food 
production. (JRC)

Examples of public engagement with soil (clockwise from above:) introducing soil as a habitiat at the Conference of the Parties 
to the UN Convention to Combat Desertification. (PL); young children learning through fun at the JRC Open Day soil exhibit. (EA); 
hands-on training in Tanzania of how to record a soil profile. (VL); inspection of a Nitisol profile in Zimbabwe. (EVR)
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A number of non-governmental organisations (NGOs) and charities are 
actively developing soil awareness and education schemes in Africa. 
Of special note is the ambitious initiative of the Slow Food Foundation 
for Biodiversity which has embarked on an project to create a thousand 
food gardens in schools, villages and on the outskirts of cities in 25 
African countries. The overall aim is to provide a community with a vital 
source of healthy food and an example of local, sustainable agriculture 
for farmers and householders to learn from.

http://www.slowfoodfoundation.com/

A Thousand Gardens in Africa

Where can you learn about soil? 

Often the best place to teach people about soils is to actually visit 
a field, woodland or a garden. In these environments, students can 
investigate for themselves soil characteristics and the role it plays in 
keeping our environment alive. 

Simply digging a small hole, lifting stones to see what lies underneath, 
sifting through plant litter or just setting a few pitfall traps made from 
plastic containers will quickly bring you in to contact with soil biota. 

The use of  magnifying lenses or microscopes to show the variety of  
soil organisms found in a few grammes of  soil is such a simple lesson 
and is guaranteed to leave a long lasting impression. 

A huge amount of  educational material is increasingly being made 
available for both students and teachers. This includes computer 
programmes, lesson plans, supporting materials and activities for 
both the classroom and outdoors. 

The great thing about the teaching of  soil-related matters is that it 
is applicable across all ages from young children, to school leavers, 
university students and mature gardeners and farmers. 

Soil at school

Most indigenous African cultures are inherently aware of  the 
relationship between soil quality and food production. However, 
with an increasingly urban population and the prevalence of  
inappropriate land management practices, it is important to re-
emphasise the role of  soil in human existence at an early age.

Educating children to conserve and use the soil sustainably to grow 
healthy plants is the first step towards food security and the reduction 
of  poverty. A minimal improvement in soil quality, coupled with a 
little water, can support the production of  fresh and healthy food. 
The development of  school gardens can not only teach children 
about practical issues such as horticulture, composting, water 
management and food production, but also about issues concerning 
land management, economics, poetry and mathematics. In addition, 
a communal garden project gives a sense of  collective responsibility 
as pupils need to collaborate to make the garden grow. In addition, 
the children feel a high sense of  achievement when they bring their 
produce home as they feel that they are also contributing to the 
well-being of  their family.

In addition to the practical skills learnt in garden projects, soil can 
also be used as the basis of  many aspects of  the curriculum. Younger 
children can be taught to recognise the properties of  different types 
of  soil that exist in their community while soil colour, a simple but 
effective assessment tool, can be easily introduced through art 
classes.

In secondary schools, the reactions taking place in soil are real, 
everyday examples of  the theories being taught in chemistry lessons. 
The movement of  water and pressure of  machines on soil structure 
are just two topics that easily fit into any physics course. However, 
the easiest place to include is in the biology class. By its definition, 
soil is a living medium and soil biodiversity is the key driver of  most 
soil processes. In this case, the study of  soil fauna easily lends itself  
to the classroom. The role of  earthworms, soil-dwelling mammals 
and the food chain are concepts that are easy to communicate 
to younger children. The role of  soil micro-organisms in nutrient 
cycling or greenhouse gas fluxes and the symbiotic relationships 
between plants and fungi are well within the understanding of  
secondary school pupils.

Soil education resources

In order to educate children on the role and importance of  soil, 
teachers themselves must be aware of  the issues and have access 
to sufficient classroom resources.

Ensuring that teachers have a sufficient knowledge base to educate 
children must be a long-term goal that reflects both an increasing 
desire to see soil included as a topic in national curricula and a 
realisation that soil protection is beneficial to the well-being of  a 
country. 

Higher education soil science establishments and national soil 
science societies can, and probably even should, play an active role 
in this process. Unfortunately, in most African countries, the lack of  
national soil survey institutes means a lack of  outreach and public 
engagement programmes. In addition, the soil science community 
traditionally has not engaged with the general public and the 
scholastic community. Fortunately, there are a number of  sites on 
the internet that make such material freely available. These include:

•	 Soil-Net Cranfield University

 http://www.soil-net.com 

•	 NASA Soil Science Education

 http://soil.gsfc.nasa.gov/index.php?section=7

•	 USDA Natural Resource Conservation Service

 http://soils.usda.gov/education

•	 European Commission, JRC

 http://eusoils.jrc.ec.europa.eu/Awareness/

•	 Soil education camp

 http://kanchanapisek.or.th/kp14/project_dev/project_area/  
 Ratburi/pdf/ee4_Soil.pdf

•	 British Soil Science Society

 http://www.soils.org.uk/pages/education

•	 Dirt: The movie 

 http://www.thedirtmovie.org/

•	 French Soil Association

 http://afes.fr/ressources.php

Raising awareness: soil science's greatest challenge?

It could be argued, rather unfairly in the eyes of  many, that soil 
science lacks a certain ‘wow’ factor! Despite the vast body of  
scientific knowledge, the role and importance of  soil is often not 
fully understood, appreciated nor valued by society at large. Nor, in 
general, by policy makers or other scientific domains. Conversely, 
one of  the reasons for this situation is the limited awareness or 
understanding of  the role that soil plays!

An increasingly urban society (not only in Africa) has become 
detached from subject matter. Food appears on the shelves of  
supermarkets but the processes behind its production are shrouded 
from the public. As alluded to on this page, there is almost no soil 
component in the education of  most people. Arguably, the only 
group who still have a direct contact with soil are the farming 
community. However, as a result of  external pressures, poverty or 
lack of  education, many have lost the skills needed to maintain their 
soils in a sustainable manner.

In many countries, soil management or protection is simply not 
accepted as a priority. This is due to conflicting policy drivers 
(reflecting the cross-cutting nature of  soil) combined with the 
perception that soil is too complex a media to consider legislating. 

A further consideration is that many soil scientists are driven by 
science. They are focused on narrow fields of  competence with 
an obligation to their employers (or funders) to publish in scientific 
journals. While such an approach is critical for the development 
of  the knowledge base that underpins the discipline, there is a 
considerable challenge in transmitting this information to the wider 
public. In simple terms, most policy makers and politicians do not 
read scientific journals! In addition, most soil scientists have very 
limited interaction with public education activities.

In essence, there is a need for the soil science community, possibly 
driven by national soil science societies, to increase proactively its 
levels of  public interaction. Initiatives to raise awareness of  the 
importance of  soil for human and ecosystem survival probably 
bring the soil science community in contact with audiences beyond 
the normal scope of  scientific communication activities. However, 
more soil scientists should realise that public engagement can be 
fun, rewarding and beneficial and, as most soil science is publicly 
funded, such public interaction should be encouraged as a rightful 
return to society.

Increased access to internet learning resources 
will allow increased access to online educational 
resources such as Soil-Net. (SH) Children taking care of their school garden in The Gambia. Education on the sustainable use of soil 

is the major step in combating malnutrition and reducing poverty across rural and urban Africa. (HC)

A Naked Mole Rat 
(Heterocephalus glaber) 
is a rodent that is native 
to the dry savannahs of 
East Africa. They spend 
virtually their entire life 
underground, eating 
roots and tubers. They 
can travel backwards as 
quickly as they can move 
forwards and their large 
teeth are used to help 
them dig. They prefer 
areas with sandy or loamy 
soil. (RK)
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There is a growing realisation that knowledge of soil, a fragile but 
vital resource that is not easily renewed on a human scale, is vitally 
important for our understanding of the environment. In Africa, the lack 
of easily accessible reference books means that the discovery of soil, 
and the role that it plays in our lives, is limited to universities or narrow 
scientific domains. This atlas aims to provide an understandable 
introduction that will help Africans from all walks of life to discover and 
use the soils of Africa sustainably. To reach an even wider audience, it 
is foreseen that this edition will be translated into French and Arabic. 
Finally, the Soil Atlas of Africa would certainly not have been produced 
without the scientific heritage that was left by the many European soil 
scientists who travelled and worked in Africa. The Editors take this 
opportunity to pay tribute to these pioneers.

Last word

Conclusions 

Soil is defined as the top layer of  the Earth's crust. It is a natural 
substance composed of  weathered rock particles (minerals), 
organic matter, water and air. A typical sample of  mineral soil 
comprises 45% minerals, 25% water, 25% air and 5% organic matter 
– however, these proportions can vary. 

Soil is a habitat and gene pool, it serves as a platform for human 
activities, landscape and heritage, and acts as a provider of  raw 
materials. A healthy, fertile soil is at the heart of  food security. Its 
functions are worthy of  protection because of  their socio-economic 
as well as environmental importance. 

Soil-forming processes tend to be slow and occur over long periods 
— typical rates of  soil formation under permanent grasslands in 
temperate climates are in the order of  only 1–2 cm per 100 years. 

Soil that is lost due to degradation processes (e.g. erosion, 
pollution) would need hundreds or thousands of  years to recover 
naturally. Compared to the lifespan of  human beings, soil loss is 
not recoverable which means that soil must be regarded as a non-
renewable resource. 

The soil resources of  Africa are diverse. However, many soils are 
inherently fragile, being low in nutrients and organic matter. A lack 
of  water is a major constraint to their use in agriculture.

Despite technological advances, soil will always be necessary for 
humans to grow most of  their food, fodder, fuel and fibre. More 
than 95% of  the food consumed in Africa comes from the land as 
does fuel wood for cooking and heating.

The food requirements of  the population of  Africa, projected to 
reach two billion in 2050, are currently estimated to be 0.7 billion 
tonnes per year. On the one hand, this represents a profound 
challenge for the African agricultural community. However, it 
is also a great opportunity for the development of  sustainable 
soil management practices to meet the increasing food demand. 

Through a sound understanding of  the natural soil processes and 
the interactions of  the soil with water, air, biota and humans, it 
should be possible to optimise the productivity of  the soil, while 
ensuring ecological and environmental conservation.

The unsustainable use and management of  land is leading to 
increased soil degradation and the loss of  a key resource that is 
fundamental to life on the continent of  Africa. Notable issues are 
a loss of  nutrients and soil organic matter, contamination, erosion, 
landslides, salinisation, biodiversity decline, compaction and sealing 
through urbanisation and infrastructure development.

The degradation of  land resources has a negative impact on rural 
and urban livelihoods. For instance, over production and an absence 
of  nutrient management has led to exhausted or infertile soils. This 
state, coupled with increasing aridity gives rise to desertification 
which is known to have increased the level of  poverty in rural areas. 
In turn this leads to population migration in to cities and increasing 
rates of  poverty. 

Planners, decision makers and users of  the land need to be more 
aware that agricultural production depends on the productivity 
of  soils and the sustenance of  production depends on proper 
utilisation of  the soil resources. This is because land is not an infinite 
resource. Indeed, interactive competition for the same piece of  land 
for different uses (e.g. roads, buildings, forests and agriculture) has, 
for the past years, overtaxed the resilience of  natural processes, 
thereby causing severe land degradation and a decline in soil 
productivity. Therefore, strategies for intensification of  agricultural 
production should aim to achieve high yields per unit area while at 
the same time improving soil health and conserving water resources 
and environmental vitality. This can be achieved when land users are 
informed of  the potential and management requirements of  a given 
area of  land identified for a specific purpose.

However, the prevention of  soil degradation is also limited by 
the scarcity of  data (see adjacent page). African countries should 

consider the development of  a harmonised approach to soil 
monitoring and data collection programmes. 

Climate change may worsen soil degradation and cause further 
desertification. More frequent and more severe droughts will cause 
soil water retention mechanisms to collapse, leading to erosion and 
the onset of  desertification. 

Additional support is needed to develop research projects, 
particularly into the understanding of  the economic, social 
and environmental benefits of  soil functions and the impact of  
degradation processes over time.

Finally, a key focus must be the development of  initiatives to raise 
awareness in society as a whole of  the value and importance of  soil. 
Education is an important element of  soil protection. We count on 
all stakeholders and particularly succesive generations to take care 
of  soils as key resource for Africa’s future development.

Conclusions and future challenges 

1974 2006

The soils of Africa are diverse. They range from bare and dry sandy dunes in the Namib Desert of Kalahari to fertile, life-sustaining soils on the slopes of the volcanoes in the Rift Valley. The economies of 
many African countries are highly dependent on their soil base, while rural populations often depend on the fertility of the soil for their survival (top left: rice growing in flooded bunds on a Gleyic Fluvisol 
in Lindi, Tanzania. (JD); false banana (Ensete) plants on Nitisols close to Jimma, Ethiopia make a lush scene. False banana, commonly known as the Ethiopian banana, is an economically important foodcrop 
in Ethiopia while a good quality fibre is obtained from the leaves. (EVR)
While soil degradation is a major concern across Africa, especially in relation to human health, food security, rural poverty and loss of biodiversity, careful management and sustainable use of soils will 
help combat these issues. In fact, in many parts of Africa, land restoration project are making significant progress. The lower pair of images show the same location in Tigray, Ethiopia. The image on the 
left (NM) was taken in 1974 while the one on the right in 2006 (JN). While the population in the area has more than doubled since 1974, natural regeneration and a tree planting scheme, together with the 
adoption of soil and water conservation practices, means that environmental restoration in enclosures is a well-documented fact in Ethiopia. In reality, there are now more trees than people in Tigray [96].
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Improved knowledge base

To facilitate policy development and decision-making relating to the 
most appropriate use of  terrestrial resources, relevant and up-to-
date information on the state of  soils is critical. This information is 
traditionally obtained through soil surveys and related land resource 
inventories. In combination with socio-economic data, soil data can 
be analysed and interpreted in the process of  land evaluation to 
indicate the suitability of  different tracts of  land for various uses. 
Such information can also be used as a baseline for monitoring 
changes in the state of  natural resources under different usage. In 
this context, the development of  a soil monitoring programme is 
essential. At present, there is a marked lack of  current, consistent 
and comparable data on soil resources and trends across Africa. 
National soil survey programmes and monitoring systems are 
virtually non-existent in most countries. The data that exist are 
sometimes 50-60 years old and often have limited applicability to 
contemporary needs. There is little coherence between countries 
which makes the quantitative evaluation of  changes in soil state 
and functions almost impossible. The lack of  data also hampers 
efforts to develop indicators to measure the situation, especially in 
relation to the main threats to soil that have been described in this 
publication. 

Initiatives such as the African Monitoring of  the Environment for 
Sustainable Development (AMESD) Programme could form the 
basis for focused collection of  soil data. The innovative initiative of  
the African Soil Information Service to predict key soil parameters 
across sub-Saharan Africa will be a tremendous asset and could be 
incorporated within the AMESD framework. However, it should not 
be a total replacement for field data collection. The maintenance 
and development of  soil education components at all levels should 
also be a priority. Without a trained scientific base, the collection of  
relevant soil information will be impossible.

Policy approaches

In recent years, there has been an increasing appreciation of  the 
value of  soil to society and a realisation that soil needs at least the 
same level of  attention and protection as air and water. In fact, many 
social crises in Africa are triggered to a large extent by inadequate 
soil and water management policies and practices. 

In 1982, the FAO adopted a World Soil Charter detailing some 
basic principles and guidelines for sustainable soil management 
and soil protection to be followed by governments, international 
organisations and users of  the land. The Charter calls for a 
commitment to manage soil resources for long-term benefit rather 
than for short-term expediency. Special attention is drawn to the 
need for land-use policies that create incentives for people to 
participate in soil conservation work, taking into account both the 
technical and socio-economic elements of  effective land use.

However, in many parts of  Africa, the principles of  the Charter 
have not or are not being applied. As a response, the Global Soil 
Partnership of  the FAO gives a strong signal that politicians and 
policy makers should take note of  the value of  soil and how it is being 
utilised across their territories. Awareness raising must be coupled 
with a supportive policy environment and technical solutions that 
lead to the effective protection and management of  soils. 

In parallel, long term and large-scale measures are needed in order 
to build greater resilience to soil degradation and reduce human 
vulnerability to disaster events. Key to this goal is the enhancement 
of  capability and capacity for soil survey and monitoring, with a 
particular focus on assessments of  soil productivity, soil carbon and 
soil biodiversity in light of  soil and water conservation.

A common approach to the soils of Africa?

The final statement of  the Rio+20 Conference in 2012, world 
leaders agreed to recognise the need for urgent action to reverse 
land degradation and to strive to achieve a ‘land-degradation neutral 
world’ in the context of  sustainable development. The text notes 
the importance of  maintaining and protecting soil resources [94].

At present, there is no common pan-African framework to 
encourage the sustainable use of  soil and preserve its essential 
functions. National authorities, under the leadership of  the African 
Union Commission or regionally with partners in respective African 
Economic Zones, could initiate: 

•	 an assessment of the state of soils and associated 
threats to identify areas at risk of  erosion, decline in nutrients 
and organic matter, salinisation, acidification, compaction 
or landslides. This could be combined with an inventory of  
contaminated sites;

•	 preventative measures to assess the impacts of  current 
policies and land use practices on soil quality in areas such 
as agriculture, waste, urban development or mining, and to 
ensure the sustainable use of  soil and its functions;

•	 action programmes to deal with the main issues of  local 
concern, along with remediation strategies for degraded and 
contaminated land;

•	 requirements for the collection of  harmonised soil 
information.

At the heart of  such a framework should be support to facilitate 
networking of  soil scientists and land use experts from all parts of  
Africa. Such a move would help to improve information exchange 
and develop a more comprehensive knowledge base to underpin 
sustainable soil use policy development and practices.

Along with water, soil is one of the most important resources for supporting life on the planet yet it is greatly undervalued. Significant areas of soil are being lost to non-agricultural uses or to 
degradation as a result of soil erosion by water or wind, salinisation, waterlogging, depletion of plant nutrients, deterioration of soil structure, desertification and pollution. Since humanity’s existence 
depends on their continued productivity, these developments are alarming in the light of increasing needs for food, fibre and firewood. In this context, the use of soil resources should not cause their 
degradation or destruction. Governments have a major responsibility for the development of land-use programmes that include measures which ensure the optimum exploitation of the land while 
ensuring its long-term maintenance and avoiding losses of soil. Soil degradation not only affects agriculture and forestry by diminishing yields but also other sectors of the economy through secondary 
pressures such as population migration, civil unrest, urban flooding and the silting up of dams and ports. New data collection and monitoring, together with education and awareness raising of the 
importance and value of soil are critical considerations. Clockwise from lower right: there is a lack of current, consistent, detailed and comparable data on soil resources and trends across Africa. 
Large parts of the continent lack even medium scale soil map coverage. National soil survey programmes and monitoring systems are virtually non-existent in most countries and the data that exist are 
sometimes 50-60 years old, often with limited applicability to contemporary needs (ISRIC); Tunisian farmers adding vital organic matter to their soil (TG); a surveyor digging a soil profile in a Lixisol in 
the Dodoma Region of Central Tanzania in order to collect new data for analysis (VL); scientists from the East Africa Soil Science Society explaining soil management methods to farmers (EM).
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Glossary
This page explains some of  the more technical words and phrases 
used in the atlas. Readers can avail themselves of  additional 
explanations from the many comprehensive glossaries that can be 
found on the Internet. For example:

Technical definitions of  soil terms from the ASSS:

https://www.soils.org/publications/soils-glossary

Soil terms explained for children/general public:

http://www.soil-net.com

Definitions

acid: a substance which reacts with a base, denoted by pH < 7. Substances 
having the property of  an acid are said to be acidic.

active layer: part of  ground that is subject to annual thawing and 
freezing in areas underlain by permafrost. 

adsorption: process by which atoms, molecules or ions are retained on 
the surfaces of  solids by chemical or physical binding.

aeolian: relating to wind, sediments comprising wind-blown material 
(usually sands).

aggregate: soil particles bound together by water, organic films or 
biological activity. Classified by size, shape (e.g. platy) and grade (e.g. 
strong). 

agriculture: the production of  animals and plants for food, fibre and fuel, 
also called farming.

agriculture, conservation: farming system that aims to minimise loss of soil 
and water and increase organic matter levels, involves zero- or minimal 
tillage while leaving crop residues on the surface to protect the soil.

agriculture, subsistence: farming system where the focus is on 
producing enough food to maintain a specific group of  people. Shifting 
cultivation and nomadic pastures are the main examples.

alkalines: any of  various bases, the hydroxides of  the alkali metals and of  
ammonium, that neutralize acids to form salts.

alluvium: deposit made by a river or running water, often very productive 
agricultural soil.

anaerobic: conditions where very little oxygen is present (e.g. the 
waterlogged soil in a bog). 

anion: particle with a negative charge. See also ion, cation.

anthropogenic: generated by humans. 

arable land: land that is cultivated by ploughing.

base: a substance that can accept hydrogen ions, opposite to acid.

biofuel: liquid fuels produced from biomass (e.g. maize). 

biomass: the total amount of  living plants above and below ground in an 
area at a given time. 

biome: areas of  the Earth’s surface with distinct climate-flora/fauna 
relationships (e.g. tropical rainforest). 

bog: wetland without any significant inflows or outflows.

buffering capacity: ability of  the soil to reduce high alkalinity or acidity 
levels (e.g. calcareous soils can neutralise acids).

bulk density: dry mass of  soil per unit volume (kg m-3).

carbon: non-metallic chemical element with symbol C and atomic number 
6, essential building block of  all living matter. Occurs in variety of  forms (e.g. 
coal, diamond). Constituent of  fossil fuel and carbon dioxide.

carbon cycle: transformation of  carbon dioxide to organic forms by 
photosynthesis, recycled through the biosphere (with partial incorporation 
into sediments) and ultimately returned to its original state through 
respiration or combustion.

carbon dioxide: naturally occurring chemical compound composed of  
two oxygen atoms bonded to a single carbon atom (CO2). A gas at standard 
conditions. In photosynthesis, plants absorb carbon dioxide to produce 
carbohydrate energy. Also produced by combustion of  hydrocarbons 
(e.g. petrol), the fermentation of  liquids and the breathing of  mammals. A 
greenhouse gas. 

carbon sink: a medium that absorbs or takes up released carbon from 
another part of  the carbon cycle, nominally the atmosphere, terrestrial 
biosphere (including soil), oceans and geological sediments (including fossil 
fuels).

carbon sequestration: the fixation of  atmospheric carbon dioxide in 
a carbon sink through biological or physical processes, for example, as 
organic carbon in soils. 

cation: particle with positive charge.

cation exchange: interchange between a cation in solution and another 
cation in the boundary layer between the solution and the surface of  
negatively charged material (e.g. clay or organic matter). Main process 
behind uptake of  soil nutrients by plants.

cation exchange capacity: the ability of  soil to hold nutrients for 
plant use, also referred to as CEC. 

clay: soil particle smaller than 0.002 mm or 2 μm.

clay minerals: clay-sized silicates having a large interlayer space 
that can hold significant amounts of  water and other substances (e.g. 
montmorillonite, smectite, kaolinite).

climate: commonly defined as the weather averaged over a long period, 
classically 30 years.

coating: thin layer of  a substance completely or partly covering a surface; 
soil coatings can comprise clay, calcite, gypsum, iron, organic material, salt, 
etc.

colluvium: unconsolidated, unsorted material associated with 
transportation and/or deposition by mass movement and local, 
unconcentrated runoff  on slopes and/or at the base of  slopes.

coniferous: trees, such as spruces, hemlocks, pines and firs. The leaves of  
these trees are needle-like and most stay green all year round (evergreen). 
The larch is a coniferous tree which loses its leaves in autumn. All conifers 
are softwoods and are able to thrive on acidic soils.

contaminant: an unwanted constituent in a substance, usually degrades 
the receiving material. Can cause damage or harm (e.g. pesticide in water) 
but not always (e.g. water in wine). See pollution.

crop: plants cultivated for food, fibre or fuel. Often undertaken on a large 
scale. Major crops include maize, wheat, rice, cassava, potatoes and cotton. 

cuirasses: indurated horizons rich in iron and or aluminium compounds 
(oxides, hydroxides). Often referred to as ferruginous or ferralitic crusts. 

deforestation: the removal of  trees from forested land.

electrical conductivity: measure of  how well a soil conducts an 
electrical charge, determines salinity. 

eluviation: the movement of  dissolved or suspended material within soil, 
generally downwards. 

emissions: releases of  gases to the atmosphere, can be natural or man-
made (e.g. the release of  carbon dioxide during fuel combustion or burning 
of  biomass).

erosion: the wearing away of  land or soil through one or more processes. 
Wind and water are the main processes affecting soil. Can be triggered by 
poor land management such as overgrazing or deforestation.

fallow: practice of  leaving land either uncropped or with regenerative 
vegetation during at least one period when a crop would normally be 
grown, with a view to restoring plant nutrients.

fen: flat and swampy land, usually at low altitude. 

fertilisation: application of  fertiliser in order to improve specific soil 
properties and increase soil fertility.

fertiliser: any material which is added to the soil to supply plant nutrients. 
Organic fertilisers are derived on the remains of  plants or animal excretion 
(e.g. decomposed crop residues, manure) while inorganic fertilisers are either 
mined or chemically synthesised in laboratories. Fertilisers typically provide a 
range of  soil macronutrients and micronutrients. Main components 
are nitrogen (N), phosphorus (P) and potassium (K), in varying proportions.

field capacity: soil moisture state after heavy rain when all downward 
movement of  water has ceased. 

fluvial: relating to a river or rivers.

freezing: change of  phase from water to ice. Occurs at 0oC.

forest: an area with a high density of  trees (woodland).

function: a service, role or task that meets specific objectives.

geology: scientific field concerning the study of  rocks, also used to denote 
solid material from which most soil is formed, characterised by the horizon 
symbol ‘R’. 

geomorphology: science which studies landforms.

glaciers: large masses of  ice that form by the compaction and 
recrystallisation of  snow under freezing conditions; move downslope under 
their own weight.

grazing: the regular consumption of  part of  one organism by another 
organism without killing it (e.g. cattle feeding on grasslands).

gully: channel resulting from the concentrated but intermittent flow of  
water during and immediately following heavy rain.

greenhouse gas: a gas in the atmosphere which prevents heat (longwave 
infrared radiation) from being radiated into space. A driver of  global climate 
change.

groundwater: water below the surface of  the ground. See also water 
table.

habitat: the native environment in which a given animal or plant naturally 
lives or grows.

harvest: the process of  gathering mature crops which marks the end of  
the growing cycle for the harvested crop. The removal of  organic matter 
through harvesting and subsequent transfer to market is one of  the main 
causes of  nutrient losses in soil. Heavy loads during harvest cause soil 
compaction. The harvesting of  cereal crops is referred to as reaping. 

hectare: metric unit of  land area defined as 10,000 m2 (i.e. 100 m by 100 
m). Abbreviated to ha.

horizon: layer of  soil or soil material approximately parallel to the surface 
and differing from adjacent genetically related layers in physical, chemical 
and biological properties or characteristics such as colour, structure, 
texture, acidity, etc.

humification: process whereby the carbon of  organic residues is 
transformed and converted to humic substances through biochemical 
processes.

humus: organic compounds in soil, exclusive of  undecayed plant and 
animal tissues, their partial decomposition products, and the soil biomass; 
humus possesses an amorphous structure, low specific weight and high 
surface area. Humus is important for soil fertility and helps to bind soil 
particles and aggregates.

hydrogen: chemical element with symbol H and atomic number 1. A 
colourless, odourless, tasteless, non-toxic, highly combustible gas with the 
formula H2 at standard conditions, hydrogen is the most abundant chemical 
substance in the Universe. Present in the water molecule and in most 
organic compounds. Hydrogen plays a particularly important role in acid-
base chemistry (see cation exchange). 

hydraulic conductivity: a quantitative measure of  how easily water 
flows through soil (see infiltration and permeability).

hydromorphic soils: formed under conditions of  poor drainage in 
marshes, swamps, seepage areas or flats.

ice: water in the solid state.

illuviation: the accumulation in one layer of  soil of  materials that have 
been leached out of  another layer. 

infiltration: movement of  water from the surface into the soil.

ion: electrically charged atom or group of  atoms.

jarosite: ochre-yellow or brown hydrous iron sulphate mineral 
(KFe3(SO4)2(OH)6).

jungle: Sanskrit word to describe an area of  dense or impenetrable 
vegetation, nowadays associated with the tropical rainforest biome.

karst: topography with sinkholes, caves and underground drainage that is 
formed by the dissolution of  limestone or gypsum.

landslide: the gravitational movement of  a mass of  rock, debris or soil 
down a slope. Landslides occur when the condition of  a slope changes from 
being stable to being unstable. 

leaching: process by which soluble materials (including nutrients and 
salts) in the soil are washed down the soil profile by water.

loess: predominantly silt-sized sediment transported and deposited by 
wind. 

mangrove: family of  plants (Rhizophoraceae) that grow in saline coastal 
sediments in the tropics and subtropics, also applied to the habitat 
irrespective of  species (e.g. mangrove swamp).

marsh: transition zone between water and land, usually covered by grass.

mica: silicate (rich in silica and oxygen) crystalline mineral formed in 
igneous rocks, constituent of  granite. 

mineral: an inorganic component derived from rocks.

mineral soil: soil containing less than 20% organic carbon.

monoculture: agricultural system that grows a single crop over a wide 
area, often over many years. Highly mechanised, produces large harvests 
and is characterised by large fields. Monocultures are susceptible to spread 
of  diseases. Off-site processing means that residues are not returned to 
the soil and inorganic fertilisers must be applied to maintain soil nutrient 
levels. Opposite system is polyculture.

mycorrhiza: fungal hyphae that makes a symbiotic association with 
plant roots, acting as an extension of  root system and thus aiding plant 
development and soil condition.

Ancillary information
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nitrate: ion with the formula NO3−, base of  nitric acid. Combines to form 
highly soluble salts (e.g. sodium nitrate, NaNO3). Occurs in urine and also 
produced by a certain bacteria. Key constituent of  fertilisers. Synthetically 
produced nitrates are key ingredients of  fertilisers and pollutants responsible 
for eutrophication of  water bodies.

nitrogen: chemical element with symbol N and atomic number 7. 
Colourless, odourless inert gas at standard conditions. Basis for many 
compounds (e.g. ammonia, nitric acid, nitrous oxide, urea). Occurs in all 
living organisms in amino acids. 

no till: a procedure whereby a crop is planted directly into the soil without 
ploughing after the harvest of  the previous crop. A special planter is 
necessary to prepare a narrow, shallow seedbed immediately surrounding 
the seed being planted. Protects soil from erosion and increases organic 
matter levels. Also known as zero tillage. Used in conservation 
agriculture.

nutrient: essential element needed by plants and animals to build 
biomass. Classed as macronutrients if  needed in large quantities (primarily 
nitrogen, phosphorus, potassium, calcium, magnesium and sulphur) 
or micronutrients if  needed in very low quantities (primarily boron, 
chlorine, copper, iron, manganese, molybdenum and zinc).

organic: relating to an organism, living material.

overland flow: water that travels across the surface of  the soil, either 
when soil is saturated or rainfall exceeds infiltration rate. Also known 
as runoff.

oxide: chemical compound that contains at least one oxygen atom and 
one other element (e.g. NO nitrous oxide, CO2 carbon dioxide). Most 
metal ore deposits are actually oxides (e.g. the iron ore haematite, Fe2O3). 

oxidation: the addition of  oxygen, removal of  hydrogen or the removal 
of  electrons from an element or compound. Soil organic matter is oxidised 
to more stable substances. Opposite of  reduction. Oxidation of  iron is 
referred to as rusting.

pan: a well-defined, hardened layer in the soil. Plough pan builds up just 
below the depth of  tillage while iron pan forms by the accumulation of  
iron oxide. Can impede the passage of  water through the soil.

parent material: mineral or rock material on and/or from which soils 
are formed.

pasture: grassland used for grazing animals.

peat: organic soil consisting of  decayed or partially decayed humified plant 
remains in swampy or water-logged areas, where oxygen is absent. Peat-
covered terrain is often referred to as peatland.

ped: an individual natural soil aggregate.

pedogenesis: process of  soil formation and development.

pedology: the scientific study of  soil.

pedon: three-dimensional body of  soil with lateral dimensions (1 to 10 
m2) large enough to permit the study of  shapes and relations of  horizons.

permanent grassland: natural or agricultural land with grass cover, not 
ploughed.

ploughing: mechanical cultivation of  soils by the plough to different 
depths, creating arable land.

permafrost: ground (soil or rock and included ice and organic material) 
that remains at or below 0°C for at least two consecutive years. 

permeability: a measure of  the ease with which fluids, gases or plant 
roots can travel through soil.

pH: a measure of  acidity, measured from 1 (acid) through 7 (neutral) to 14 
(alkaline). Most soils fall in a range between pH 4 to 8.

phosphorus: a highly reactive, non-metalic element with symbol P and 
atomic number 15. Phosphorus is never found as a free element on Earth. 
Essential for life as it is a component of  DNA and cell membranes. Low 
phosphate levels limit growth in plants. Major component of  fertilisers as it 
is needed to replace the phosphorus removed from the soil by harvested 
plants and boost yields. Highly bound to some soils, especially in tropics. 
Also used in pesticides.

photosynthesis: process by which plant cells use the sun’s energy to join 
carbon dioxide and water to make sugar, the food of  green plants. 

pollution: introduction of  contaminants into the natural environment 
that cause undesirable changes, causes stress to organic systems and can 
result in death of  organisms depending on susceptibility or dose. Can affect 
human health and soil functions.

pore: the space between soil aggregates or soil particles. Also referred 
to as pore space.

porosity: a measure of  the volume of  pores in a soil, expressed as a 
fraction for a given volume of  soil. 

potassium: chemical element with symbol K and atomic number 19. 
Essential for life and occurs in high concentrations in plants and fruits. 
Intensive crop production rapidly depletes soils of  potassium. Agricultural 
fertilisers account for almost all global production of  potassium.

precipitation: water reaching the ground in the form of  rainfall, snow 
or hail.

pyrite: commonly occurring, pale-bronze or brass-yellow mineral, iron 
sulphate (FeS2): also known as ‘fool’s gold’. 

quartz: resistant crystalline mineral consisting of  silicon and oxygen (SiO2). 
Second most abundant mineral in the Earth’s crust. Major component of  
granite, sand (Arenosols), many tropical soils (e.g. Ferralsols) and many 
sedimentary deposits.

quaternary: a geological time period extending from 1.8 million years ago 
to present time; incorporates both the Pleistocene and Holocene epochs.

rainforest: forest characterised by high rainfall, normally >2 000 mm, 
can be tropical or temperate.

reduction: the addition of  hydrogen, removal of  oxygen or the addition 
of  electrons to an element or compound. Under anaerobic conditions 
(such as in waterlogged soils), sulphur compounds are reduced to odour-
producing hydrogen sulphide (H2S). Reduction is the opposite of  oxidation.

regolith: unconsolidated mantle of  weathered rock and soil material on 
the Earth's surface. 

rhizosphere: zone immediately adjacent to plant roots in which levels of  
microorganisms can be significantly higher than that of  the soil body.

root exudates: carbohydrates, organic acids, vitamins and other 
substances released from roots.

runoff: see overland flow.

saline soil: soil containing sufficient soluble salt to adversely affect the 
growth of  most crop plants. 

saturation: when soil pore space is completely full of  water, may give rise 
to overland flow.

sand: soil particles between 0.05 mm and 2 mm. 

sediment: mineral or organic material that has been transported by wind 
or deposited in water (such as lakes or the sea). Basis for sedimentary rocks 
such as sandstone, chalk and shale. See alluvium.

shifting cultivation: form of  agriculture in which cultivated area is 
abandoned after a few years to allow soil properties to recover under 
natural re-growth.

silica: name for chemical compound silicon dioxide, (SiO2). Silica is a 
resistant substance and is most commonly found in nature as sand or quartz

smectite: a 2:1 type clay mineral with a high cation exchange 
capacity.

sodic soil: soil with excess of  sodium (pH is usually in the range 8 – 10) 
that are not used for agriculture.

sodium: a chemical element with symbol Na and atomic number 11. A 
soft, silvery-white, highly reactive alkali metal. Sixth most abundant element 
in the Earth's crust and component of  numerous minerals (e.g. feldspars, 
rock salt). Produces highly soluble salts that are easily leached in soil.

soil compaction: a decrease in the volume of  pore space between soil 
particles or aggregates. Severely compacted soil can become impermeable. 

soil degradation: process that leads to a deterioration of  soil properties 
and functions, often accelerated by human activities.

soil depth: depth of  soil profile from the top to parent material or bedrock 
or to the layer of  obstacles to roots. 

soil fertility: measure of  the ability of  soil to provide a sufficient amount 
of  nutrients, water and a suitable medium for healthy plant growth.

soil function: any service, role or task that soil performs, especially 
sustaining biological activity (agriculture); regulating and partitioning water 
and solute flow; filtering, buffering, degrading and detoxifying pollutants; 
storing and cycling of  nutrients; providing support for buildings and other 
structures; protecting cultural heritage.

soil microorganisms: very small life-forms, represented by protozoa, 
viruses, bacteria, fungi and algae.

soil organic matter: carbon-containing compounds of  the soil 
exclusive of  undecayed plant and animal residues. See humus.

soil productivity: the capacity of  a soil to produce a certain yield of  a 
crop under a specified farming system.

soil profile: vertical section through soil, often from parent material, 
showing the arrangement of  horizons.

soil quality: quantitative or qualitative measure used to estimate 
the capacity of  a soil to deliver a specific function, often expressed in 
biological, chemical or physical terms.

soil sealing: covering or destruction of  soil by urban fabric or artificial 
material which may be impermeable to water (e.g. asphalt or concrete). Soil 
sealing can cause rapid overland flow after precipitation where water 
cannot soak away, leading to potential flooding.

soil structure: the aggregation of  soil particles into units separated from 
each other by surfaces of  weakness. 

soil texture: numerical proportion of  sand, silt and clay in a soil. 
Texture can be coarse (sand particles predominate), medium (silt particles 
predominate) or fine (clay particles predominate).

sorption: a physical or chemical process by which one substance 
becomes attached to another 

swamp: seasonally flooded low land. Similar to marsh, but with more 
woody plants and to bog but with better drainage. 

swelling and shrinking: swelling – increase of  soil volume, shrinking – 
decrease of  soil volume. Processes influenced by water content and the 
nature of  clay minerals.

silt: soil particles between 0.002 mm and 0.05 mm.

tertiary: a period of  time between sixty five and three million years ago, 
prior to the quaternary period.

temperature: describes the warmth or coldness of  an object.

thawing: melting of  the ice as a result of  a rise in temperature.

tillage: see ploughing.

topsoil: dark-coloured surface layer of  soil containing decomposing 
organic matter, usually high in nutrients. 

tropic: line that marks the northernmost and southernmost latitudes (23° 
26' 16") at which the sun may be seen directly overhead (Tropic of  Cancer 
and Capricorn respectively).

tropics: area of  land around the equator bounded by the Tropics of  
Cancer and Capricorn, often associated with climate that is warm to hot 
and moist all year round, although this is not always the case.

tropical: relating to the tropics, often with the sense of  lush vegetation and 
a hot, humid climate.

temperate: climatic zone that lies between the tropics and the polar 
regions characterised by moderate temperatures and precipitation, can 
become more extreme with distance from the ocean. Limited in Africa to 
northern and southern coastal areas. 

vermiculite: highly charged 2:1 clay mineral, formed from mica.

wasteland: land not capable of, or suitable for, producing materials or 
services of  value (e.g. crops).

water capacity, available (AWC): amount of  water available for 
plants to use. Volume of  water released from soil between the time the soil 
is at field capacity until the time it is at the wilting point. Loamy soils and soils 
high in organic matter have the highest AWC.

water capacity, retention (WHC): ability of  soil to hold water for a 
period that is longer than infiltration, also known as water holding capacity. 

water table: upper level of  groundwater.

waterlogging: soil that is very wet, most pore spaces are filled with water 
(saturation). The opposite is an aerated soil.

weathering: breakdown of  rocks by a combination of  biological, chemical, 
and physical agents.

weed: vague term to define unwanted plants in human-controlled settings 
where it may be in competition with other plants (i.e. crops) for water and 
nutrients, or may interfere with harvests. Often denotes plants that grow 
and reproduce aggressively and invasively.

wetland: land that is normally inundated or saturated by groundwater (e.g. 
bog, swamp, marsh). Characterised by distinctive vegetation communities 
that can tolerate wet conditions and peaty or gleyic soils.

wilting point: occurs when water is held too tightly in soil for plants to 
extract.

yield: the amount of  a specified crop (e.g. maize, coffee beans) produced 
per unit area. Usually expressed in kg or tonnes per hectare.

zero tillage: See no-till.
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If you want to learn more about soil, then we would suggest 
investing in a general textbook (see #7, 7a below). If you are 
interested in obtaining more information on the material presented 
in the atlas, then the following sources are proposed. The numbers 
of the references listed below refer to the bracketed numbers in 
the text of the atlas (e.g. [6]). All urls were checked in March 2013.

1. EC, 2006. Communication from the Commission to the Council, the 
European Parliament, the European Economic and Social Committee 
and the Committee of the Regions: A Thematic Strategy for Soil 
Protection. European Commission, Brussels. COM(2006)231 http://
ec.europa.eu/environment/soil/index_en.htm
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European Parliament, the European Economic and Social Committee and 
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initiative under the Europe 2020 Strategy. European Commission, 
Brussels. COM(2011)21 http://ec.europa.eu/resource-efficient-
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5. FAO, 2006. Guidelines for soil description. Food and Agriculture 
Organization of the United Nations, Rome 
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7. Ashman, M. & Puri, G., 2008. Essential Soil Science: A Clear and Concise 
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Soil contacts in specific countries
If  you are interested in learning more about the soil of  a specific 
country, a list of  contact persons and organisations is available on 
the European Commission Joint Research Centre Web Page for the 
Soil Atlas of  Africa:
http://eusoils.jrc.ec.europa.eu/library/maps/africa_atlas/index.html

Other international organisations with an interest in soil  
in Africa

International Center for Tropical Agriculture (CIAT) 
Regional Office in Africa
c/o International Centre of  Insect Physiology and Ecology
Duduville Campus Off  Kasarani Road
P.O. Box 823-00621
Nairobi, Kenya
http://webapp.ciat.cgiar.org

World Agroforestry Centre (ICRAF) 
Headquarters
United Nations Avenue, Gigiri
PO Box 30677
Nairobi, 00100, Kenya
http://www.worldagroforestrycentre.org/

Tropical Agriculture and Rural Environment Program 
Columbia University, Lamont Campus
61 Route 9W, Lamont Hall, 2G
P.O. Box 1000
Palisades, NY 10964, USA
http://tropag.ei.columbia.edu/

International Institute of Tropical Agriculture (IITA)
PMB 5320, Ibadan, Oyo State
Nigeria
International mailing address:
IITA, Carolyn House, 26 Dingwall Road, Croydon CR9 3EE, UK
http://www.iita.org/

The FAO in Africa

FAO Regional Office for Africa
FAO Building
2 Gamel Abdul Nasser Road 
Accra, Ghana 
Tel: +233-(0)302 675000/7010930
Email: fao-ro-africa@fao.org

Sub-Regional Office for North Africa
43 Rue Kheireddine PACHA
Belvédère, Tunis, Tunisia
Tel:+216-71-906553
Email:FAO-SNEA@fao.org 
Web: http://neareast.fao.org/

Sub-Regional Office for West Africa
Gamel Abdul Nasser Road
Accra, Ghana
Tele: +233-21-2675000
Email: FAO-SFW@fao.org 
Web: http://www.fao.org/africa/west/

Sub-Regional Office for Central Africa
Villa N° 36 Cité de la Démocratie 
Libreville , Gabon 
Tél: (+241) 77 47 83
Email: FAO-SFC@fao.org 
Web: http://www.fao.org/africa/central

Sub-Regional Office for Eastern Africa
CMC Road Near ILRI
Bole Sub City, Kebele 12/13
Addis Ababa, Ethiopia
Tel: +251-11-647 8888
Email: FAO-SFE@fao.org 
Web: http://www.fao.org/africa/sfe/en/

Sub-Regional Office for Southern Africa
Block 1, Tendeseka Office Park
Corner Samora Machel Avenue & Renfrew Road
Eastlea, Harare, Zimbabwe
Tel: +263-4-253655
Email: FAO-SFS@fao.org 
Web: http://coin.fao.org/cms/do/en/office.html?officeCode=SFS

Contacts
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The European Union (EU) is an economic and political association 
of European countries with a combined population of over 500 
million inhabitants (7.3% of the world population) and an economy 
representing approximately 20% of global Gross Domestic Product 
(GDP). The EU has evolved from the original six countries of the 
European Coal and Steel Community (1951) and the European 
Economic Community (1958), to 27 Member States. The term 
‘European Union’ was established under the 1993 Maastricht Treaty. 
The EU is represented at the United Nations, the WTO, the G8 and 
the G20.

The EU operates through a system of supranational independent 
institutions and intergovernmental negotiated decisions adopted 
by the Member States. Important institutions of the EU include the 
European Commission, the Council of the European Union, the Court 
of Justice of the European Union, and the European Central Bank. 
The members of the European Parliament are elected every five years 
by EU citizens.

http://ec.europa.eu/

The European Union

The European Commission (EC) is the EU's executive body and 
represents the interests of Europe as a whole (as opposed to the 
interests of individual countries).

 The term 'Commission' refers to both the college of commissioners 
and the institution itself – which has its headquarters in Brussels, 
Belgium. The Commission's main roles are to:

•	 set objectives and priorities for action;

•	 propose legislation to Parliament and Council;

•	 manage and implement EU policies and the budget;

•	 enforce European Law (jointly with the Court of Justice);

•	 represent the EU outside Europe (negotiating trade agreements 
between the EU and other countries, etc.).

Some 23 000 staff members work in the Commission in departments, 
known as directorates-general (DGs) or services, each responsible 
for a particular policy area and headed by a Director-General, who 
reports directly to the President. The DG Joint Research Centre is the 
Commission's in-house science service (see page 172).

The European Commission

The Joint Africa-EU Strategic Partnership

The Joint Africa-EU Strategy (JAES) outlines a long- term shared vision 
of the future of Africa-EU relations in a globalised world. It addresses:

•	 Development cooperation, by opening up the EU-Africa 
dialogue to issues of  joint political concern and interest;

•	 Moving away from a focus on African matters only and openly 
addressing European and global issues;

•	 Support for Africa’s aspirations to find regional and continental 
responses to some of  the most important challenges;

•	 Mechanisms to ensure a better participation of  African and 
European citizens, as part of  an overall strengthening of  civil 
society in the two continents.

During the second Africa-EU summit, held in Lisbon in 
December 2007, African and European leaders adopted the 
proposal for the Africa-EU Strategic Partnership. The Partnership 
provides a mechanism for the EU to address Africa as a single 
entity and constitutes a platform to help improve the coordination, 
coherence and consistency of  the EU's policies and instruments 
towards Africa with those of  its Member States. Based on this 
shared vision and on common principles, the JAES defines eight 
specific partnership themes, namely:

•	 Peace and security;

•	 Democratic governance and human rights;

•	 Trade, regional integration and infrastructure;

•	 Millennium Development Goals (MDGs);

•	 Energy;

•	 Climate change;

•	 Migration, mobility and employment;

•	 Science, information society and space.

The final communication of  the 3rd Africa-EU Summit, (held in 
Tripoli in November 2010) renewed the commitment towards 
the partnerships and outlined an Action Plan for economic 
development, peace and security and the attainment of  the 
Millennium Development Goals in Africa by 2015. 

The participants emphasised the link between stronger economic 
cooperation and regional integration. They highlighted the 
importance of  increased private sector engagement in translating 
political objectives into concrete results. The Final Communication 
also called for increased cooperation in the fields of  science and 
information technology to create a more inclusive knowledge-
based and globally competitive economy.

For more information, please visit:

http://www.africa-eu-partnership.org/

Soil in the context of the Second Joint Africa-EU Action Plan 
(2011-2013) 

While not specifically discussed, the efficient and sustainable use of  
soil is at the heart of  several of  the partnerships defined under the 
Second Joint Africa-EU Action Plan. These include:

Partnership 3: Regional Integration, Trade and 
Investment are the foundation blocks of  economic stability and 
sustainable growth. As this atlas has shown, the economies of  many 
African countries are based on agriculture. Consequently, good land 
management and care of  soil resources are implicitly integral to this 
issue. Investment in capacity building, governance and infrastructure 
is critical.

Partnership 4: As described in the introduction to this atlas, soil 
fertility is at the heart of  most of  the Millennium Development 
Goals (MDG). The Action Plan aims to accelerate progress 
towards the attainment of  all the MDGs in Africa by 2015. As 
they are interlinked and mutually dependent, reinforcing an 
understanding of  African soil resources and promoting a culture of  
soil preservation will ensure progress in achieving targets in areas 
such as food security, health and environmental stability. In this 
context, the implementation of  the Africa Union Commission’s 
African Land Policy Guidelines are important. Capacity building in 
soil science is critical to support the development of  the African 
agricultural sector.

Partnership 6: Soil is an important component of  both climate 
change and sustainable environmental development. 
With regard to climate change, the soils of  Africa are a significant 
carbon sink and can play an active role in both mitigation and 
adaptation measures. Reducing emissions from deforestation and 
forest degradation should lead to improvements in soil quality. The 
implementation of  the 2nd phase of  the Great Green Wall for the 
Sahara and the Sahel Initiative (GGWSSI) will lead to increased soil 
organic matter and water retention along the southern edge of  the 
Sahara.

Partnership 7: With respect to migration, mobility and 
employment, European Union institutions can play a significant 
role in the mobility of  students and academics studying soil science 
through initiatives such as the Eramus Mundus programmes and the 
Pan-African University.

Partnership 8: Actions focusing on Science, Information 
Society and Space, especially in relation to capacity building. 
The assessment of  soil state and monitoring of  trends, will result 
in faster economic growth and social development in Africa. The 
resulting knowledge-generating/knowledge-based economy will 
help further address the major common problems and global 
challenges.

The EU and Africa

The European Union contributes actively to help developing 
countries stand on their own two feet. By tackling poverty, boosting 
local economies and strengthening governance, the EU support 
millions of  people across Africa. The EU provides assistance in 
a way that secures the long-term future of  developing countries 
which face the rigours of  operating in an ever more complex and 
fast-paced global economy. In fact the EU (27 Member States and 
the European Commission) is the largest provider of  development 
aid to Africa (in 2010, the EU provided more than half  of  global 
official development assistance). 

The European Commission finances most of  its development 
programmes for African partner countries through the European 
Development Fund (EDF). The Commission also funds some 
programmes from the EU’s general budget. Member States 
contribute to both the EDF and the general budget. 

Support top Africa is significant: in 2010, the European Commission 
dedicated around 42% of its disbursed aid to Africa (EUR 4.1 billion) 
with North Africa receiving €534 million and Sub-Saharan Africa 
receiving €3,554 million. The tenth EDF runs from 2008 to 2013, and 
is scheduled to give out payments of €22.7 billion. The national and 
regional programming for Africa for 2008-2013 amounts to €13.9 billion.

This aid is made available through various instruments and channels 
(projects and sector-wide approach, budget support, NGOs and 
multilateral institutions such as the World Bank and the United 
Nations). Funding is flexible and goes where it is needed (e.g. health 
and education, infrastructure projects and budget support).

Africa is also covered by the European Neighbourhood and 
Partnership Instrument (for the Mediterranean countries), the 
geographic part of  the Development Cooperation Instrument 
(DCI), which applies to South Africa and by worldwide thematic 
instruments such as the European Instrument for Democracy and 
Human Rights (EIDHR) or the thematic programmes of  the DCI 
(Investing in People, Migration and Asylum).

For further information, please visit the web site of  the European 
Commission’s Directorate-General Development and Cooperation 
– EuropeAid:

http://ec.europa.eu/europeaid/

The European External Action Service is the European Union's 
diplomatic corps. It supports the EU foreign affairs chief  (High 
Representative for Foreign Affairs and Security Policy, Catherine 
Ashton) in conducting the common foreign and security policy. It 
has over delegations in forty-seven African countries.

http://ec.europa.eu/world/where/index_en.htm#7

The European Union and Africa

José Manuel Barroso, President of the European 
Commission, at the 3rd Africa-EU Summit in 
Libya, 2010. (EC)
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Membership of the AU

•	All independent countries in Africa and African island states, as 
well as Western Sahara, are, or have been, members of the AU. At 
the time of publication, there are fifty-four members.

•	Morocco left unilaterally in 1984, when the majority of member 
countries supported the entry of the Sahrawi Arab Democratic 
Republic (Western Sahara) to the AU. Morocco continues to have 
a special status within the AU and Moroccan delegates participate 
at important AU functions. Negotiations continue to try to resolve 
the issue.

•	At the time of publication, Madagascar (since 2009) and Guinea-
Bissau (since 2012) are suspended.

•	The official languages of the AU are Arabic, English, French 
Portuguese, Spanish and Swahili. However, "any other African 
language" can be used as a working language.

•	Gold and green (sometimes together with white) are promoted as 
the "national colours" of Africa.

•	In 2011, the IMF estimated that the combined states of the African 
Union constitute a nominal GDP of US$ 1 627 trillion.

The vision of the African Union is of an integrated, prosperous and 
peaceful Africa, driven by its own citizens and representing a dynamic 
force in the global arena.

An efficient and value-adding institution driving the African integration 
and development process in close collaboration with African Union 
Member States, the Regional Economic Communities and African 
citizens.

The emblem of the AU is shown adjacent to the flag at the top of this 
column and on the cover of the atlas. 

The red interlinked rings stand for African solidarity and the blood 
shed for the liberation of Africa while the palm leaves represent 
peace. The gold colour stands for Africa's wealth and a bright future, 
the green is for African hopes and aspirations. To symbolise unity, the 
silhouette of Africa is drawn without internal borders.

The African Union

The emblem of the AU

Vision of the African Union

Mission of the  
African Union Commission

The African Union

The African Union (AU or UA in French) is a political association 
of  fifty-four African states that was established on July 9th 2002 as a 
successor to the Organisation of  African Unity (OAU). 

The main objectives of  the AU are to:

•	 achieve greater unity and solidarity between the African 
countries and the peoples of  Africa; 

•	 defend the sovereignty, territorial integrity and independence 
of  its Member States; 

•	 accelerate the political and socio-economic integration of  the 
continent; 

•	 promote and defend common African positions on issues of  
interest to the continent and its peoples; 

•	 encourage international cooperation, taking due account of  the 
Charter of  the United Nations and the Universal Declaration 
of  Human Rights; 

•	 promote peace, security, and stability on the continent; 

•	 promote democratic principles and institutions, popular 
participation and good governance; 

•	 promote and protect human and peoples' rights in accordance 
with the African Charter on Human and Peoples' Rights and 
other relevant human rights instruments; 

•	 establish the necessary conditions which enable the continent 
to play its rightful role in the global economy and in international 
negotiations; 

•	 promote sustainable development at the economic, social and 
cultural levels as well as the integration of  African economies; 

•	 promote cooperation in all fields of  human activity to raise the 
living standards of  African peoples; 

•	 coordinate and harmonise the policies between the existing 
and future Regional Economic Communities for the gradual 
attainment of  the objectives of  the Union; 

•	 advance the development of  the continent by promoting 
research in all fields, in particular in science and technology; 

•	 work with relevant international partners in the eradication of  
preventable diseases and the promotion of  good health on the 
continent. 

The African Union is made up of  both political and administrative 
bodies. The highest decision-making organ is the Assembly of  
the African Union which is composed of  Heads of  State and 
Government (or their duly accredited representatives). The 
Assembly of  Heads of  State and Government is the supreme organ 
of  the African Union.

At the time of  publication, the Assembly is chaired by Yayi Boni, 
president of  Benin. Other political institutions of  the AU include:

The Executive Council is composed of  Ministers (or Authorities 
designated by the Governments) of  Member States. The Executive 
Council answers to the Assembly. 

The Commission (see text in adjacent column).

The Permanent Representatives Committee is composed 
of  Permanent Representatives (i.e. ambassadors) of  Member 
States accredited to the Union. The Permanent Representatives 
Committee is charged with the task of  preparing the work of  the 
Executive Council.

The protocol for the Peace and Security Council (PSC) 
is in the process of  ratification and aims to be a mechanism for 
the prevention, management and resolution of  conflicts and crisis 
situations in Africa.

The Pan-African Parliament (PAP) is the legislative body of  
the African Union. The PAP has both advisory and consultative 
powers. The Parliament is composed of  265 representatives that 
are elected by the legislatures of  the AU member states every 
five years. Initially based in Addis Ababa (Ethiopia), the PAP now 
resides in Midrand, South Africa. The Pan-African Parliament 
created ten Specialised Technical Committees at Ministerial 
level to address various sectorial issues across the continent. They 
include Rural Economy and Agricultural Matters; Monetary and 
Financial Affairs; Trade, Customs and Immigration; Industry, Science 
and Technology, Energy, Natural Resources and Environment; 
Transport, Communications and Tourism; Health, Labour and 
Social Affairs; and Education, Culture and Human Resources. 

The Economic, Social and Cultural Council (ECOSOCC) 
is an advisory body designed to give civil society organisations 
(e.g. workers unions, business and professional groups, service 
providers, policy think tanks, etc.) a voice within the AU institutions 
and decision-making processes. 

The Court of Justice is the principal judicial body of  the Union 
with authority to rule on disputes over the interpretation of  AU 
treaties. In 2008, a decision was taken to create an African Court 
of  Justice and Human Rights with added powers for rulings on the 
human rights treaties. The court will be based in Arusha, Tanzania.

Financial Institutions including the African Central Bank (Abuja, 
Nigeria), the African Investment Bank (Tripoli, Libya) and the 
African Monetary Fund (Yaoundé, Cameroon) are foreseen but 
have not yet been established. Eventually, the AU aims to have a 
single currency (the Afro).

The main administrative capital of the African Union is 
Addis Ababa, Ethiopia, where the African Union Commission has 
its headquarters.

For more information on the AU, please visit: 

http://www.au.int/

The AU Commission

The African Union Commission (AUC) is the Secretariat of  the 
Union and is entrusted with executive functions. It is composed of  
a Chairperson, a Deputy Chairperson, eight Commissioners and 
staff  members. Positions are normally held for four years. 

The AUC represents the Union and protects its interests under the 
auspices of  the Assembly of  Heads of  State and Government as 
well as the Executive Council. 

The AU Commission is made up of  portfolios. They are: Peace 
and Security; Political Affairs; Trade and Industry; Infrastructure 
and Energy; Social Affairs; Rural Economy and Agriculture; Human 
Resources, Science and Technology, and Economic Affairs.

The current Chair of  the AUC (since 17 July 2012) is Mrs Nkosazana 
Dlamini-Zuma (South Africa) who is also the first female head of  
the AUC. Mr Erastus Mwencha (Kenya) is the incumbent Deputy 
Chairperson.

Department of Rural Economy and Agriculture 

The issues described in this atlas fall predominantly under the remit 
of  the AUC’s Department of  Rural Economy and Agriculture which 
is under the guidance of  Her Excellency Tumusiime Rhoda Peace. 

The Department of  Rural Economy and Agriculture (DREA) 
was established with the aim of  promoting agricultural and rural 
development and ensuring food security for Africans. These goals 
are coupled with achieving sustainable development and improved 
livelihoods for the population while ensuring effective protection 
and development of  the African environment. These targets are 
underpinned by sound environmental and natural resources 
management including disaster risk reduction and adaptation to 
climate change.

The DREA is divided into three competence areas: the Agriculture 
and Food Security Division, the Environment and Natural Resources 
Division and the Rural Economy Division.

African Economic Community 

The African Economic Community (AEC) is an organisation of  
African Union states established to extend mutual economic 
development through the creation of  free trade areas, customs 
unions, a single market, a central bank and a common currency.

Currently there are multiple regional blocks in Africa, known as 
Regional Economic Communities (RECs), many of  which have 
overlapping memberships. 

See maps on pages 70 – 79.

The African Union

The member states of the African Union. Suspended states are 
highlighted in light green (status at the time of publication). 
Morocco is currently not a member of the African Union. (WikiH)
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"The JRC aims to operate to the highest standards of quality, 
efficiency and integrity with respect to the society as a whole, to its 
customers and to its own staff." Our work ranges from detecting and 
measuring genetically modified organisms (GMO) in food and feed to 
developing nuclear forensics technology for combating illicit trafficking 
of nuclear material and to using satellite technologies for monitoring 
land use and emergency situations such as forest fires and floods. 
Our activities also involve the definition of food safety standards, 
research into new energy technologies and evaluating policy options, 
for instance related to climate change.

The development of this atlas was undertaken by the IES Soil Action, 
which is part of the Land Resource Management Unit.

The Soil Action provides a single focal point for soil data and 
information for the European Commission and other EU institutions. 
The Soil Action maintains the European Soil Data Centre and provides 
high-level analysis and assessments on the status and trends of soils 
in Europe and other parts of the world. The Action is staffed by a team 
of soil scientists, agricultural scientists, geographers, geologists, 
IT specialists and modellers. There is a strong competence in soil 
science, spatial analysis and geostatistics.

Soil Action Leader: Luca Montanarella

http://eusoils.jrc.ec.europa.eu/

As the Commission's in-house science service, the Joint Research 
Centre's mission is to provide EU policies with independent, 
evidence-based scientific and technical support throughout the whole 
policy cycle. Working in close cooperation with policy Directorates-
General, the JRC addresses key societal challenges while stimulating 
innovation through developing new methods, tools and standards, 
and sharing its know-how with the Member States, the scientific 
community and international partners. Key policy areas include: 
environment and climate change; energy and transport; agriculture 
and food security; health and consumer protection; information 
society and digital agenda; safety and security, including nuclear; all 
supported through a cross-cutting and multi-disciplinary approach.

JRC value statement

Soil in the JRC

JRC mission statement 

A research-based policy support organisation 

The JRC is a Directorate-General of  the European Commission 
under the responsibility of  Máire Geoghegan-Quinn, European 
Commissioner for Research, Innovation and Science. The JRC 
provides scientific advice and technical know-how to support a 
wide range of  European Union (EU) policies. More than 25% of  EU 
legislation has a technical or scientific basis and this trend is likely 
to grow as policies increasingly cut across several disciplines. The 
JRC, as the Commission's in-house research-based policy support 
centre, works to provide such support throughout the policy 
process, while maintaining a strong science base. Its status as a 
Commission service, which guarantees independence from private 
or national interests, is crucial for pursuing its mission. 

The JRC has seven scientific institutes, located in five different sites 
situated in Belgium, Germany, Italy, the Netherlands and Spain, with 
a wide range of  laboratories and unique research facilities. Through 
numerous collaborations, access to many facilities is granted to 
scientists from partner organisations. Employing around 2,750 staff  
from all over the EU, the JRC has an annual budget of  €330 million. 
Further income is generated through the JRC's participation in 
Framework Progamme projects, additional work for Commission 
services and contract work for third parties, such as regional 
authorities and industry. The latest figures are available in the JRC’s 
annual report. 

http://www.jrc.ec.europa.eu./

JRC Activities

The JRC research programmes are decided by the Council of  the 
European Union and funded by the EU budget with additional 
funding from associated countries. The JRC multi-annual work 
programme, running from 2007 to 2013, focuses on clearly defined 
themes, reflecting a coherent approach to user needs. 

The main customers of  the JRC are the policy making Directorates 
General of  the European Commission. Depending on the subject 
matter, the JRC’s scientific-technical support covers the complete 
policy cycle or parts of  it: the JRC anticipates policy needs, assesses 
policy options and their impacts, and monitors and contributes 
to the implementation of  policies. It also provides operational 
support in certain cases, for example in anticipating environmental 
disasters, providing assistance to managing crises and assessing any 
consequential damage and their impact on human life and/or the 
environment. The ultimate beneficiaries of  these activities are the 
EU Member States. 

In July 2010, the JRC published its strategy for 2010 - 2020 with 
the intention to focus its efforts on seven thematic areas, which 
respond to major EU and global challenges and take into account 
the JRC's proven competences: 

•	  Towards an open and competitive economy;

•	  Development of  a low carbon society: 

•	  Sustainable management of  natural resources;

•	  Safety of  food and consumer products;

•	  Nuclear safety and security;

•	  Security and crisis management;

•	  Reference materials and measurements

In keeping with its mission, the JRC strives to play a role as a 
centre of  reference in its key competence areas through extensive 
networks with the relevant organisations in the Member States and, 
where appropriate, international organisations. In addition to these 
institutional activities, the JRC co-operates closely with external 
organisations. In line with a strategic approach to the JRC's role as 
a partner, several high level agreements have been set up with large 
scientific and industrial communities on new networks and research 
collaboration. 

Institute for Environment and Sustainability 
European Commission  
Joint Research Centre 

Via Fermi  
21027 Ispra (VA) 

Italy

http://ies.jrc.ec.europa.eu/

The Institute for Environment and Sustainability 

The mission of  the Institute for Environment and Sustainability is to 
provide scientific and technical support to the EU policies for the 
protection of  the environment and the more efficient and sustainable 
management of  natural resources at global and continental scales.

The Institute for Environment and Sustainability (IES) is one of the 
seven scientific research institutes of the European Commission’s JRC. 

Located in Ispra, Italy, the IES carries out research to understand 
the complex interactions between human activity and the physical 
environment, and how to manage strategic resources (water, 
land, forests, food, minerals, etc.) in a more sustainable manner. 
Together with other JRC institutes, the IES provides the scientific 
basis for the conception, development, implementation and 
evaluation of  EU policies that promote the greening of  Europe 
and the global sustainable management of  natural resources. It also 
works in partnership with other Directorates General to support 
the strategic priorities of  the European Commission.

The Institute brings together multi-disciplinary teams who work 
with observations and numerical analyses, and develops the ICT 
infrastructures necessary to share data and models. It combines 
this in-house expertise with its role as a scientific catalyst in order 
to provide the knowledge base necessary to assess the social, 
environmental and economic aspects of  policy options. The IES 
plays an active role in partnerships within the EU and global scientific 
communities, which are a prerequisite for finding sustainable 
solutions to today’s global environmental challenges.

The Soil Atlas of Africa is a striking example of the type of high 
level output generated by the Institute for Environment and 

Sustainability. By bringing together scientists from both Africa 
and Europe, the atlas illustrates the benefits of international 
collaboration and the need for scientif ically sound policies for 
the sustainable management of a key natural resource that is 
the cornerstones of food security, key environmental services, 
social cohesion and the economies of most African countries. 

 Dr. Maria Betti

Director  
Institute for Environment and Sustainability 

The Joint Research Centre

The seven scientific institutes and 
headquarters of the JRC. (JRC)

Communicating the importance of soil to school children 
during a recent Open Day at the JRC site in Ispra. (EA)
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Caribbean group

East and South Africa group

Paci�c group

Central African group

East Africa group

West African group

Southern African group

Member of the ACPP Group of States

The ACP Group of States 

The African, Caribbean and Pacific Group of  States (ACP) was 
created by the Georgetown Agreement in 1975. It is composed 
of  79 African, Caribbean and Pacific states, all of  which, apart from 
Cuba, are signatories to the Cotonou Agreement, also known as 
the "ACP-EU Partnership Agreement" which binds them to the 
European Union. 

The ACP contains forty-eight countries from Sub-Saharan Africa, 
sixteen from the Caribbean and fifteen from the Pacific.

The ACP Group´s main objectives are :

•	 sustainable development of  its Member States and their 
gradual integration into the global economy, which entails 
making poverty reduction a matter of  priority and establishing 
a new, fairer, and more equitable world order;

•	 coordination of  the activities of  the ACP Group in the 
framework of  the implementation of  ACP-EU Partnership 
Agreements;

•	 consolidation of  unity and solidarity among ACP States, as well 
as of  understanding among their peoples;

•	 establishment and consolidation of  peace and stability in a free 
and democratic society.

JRC ACP Observatory Portal 

The EU is the world's largest donor of  official development 
assistance, with the European Commission playing an important 
role in both development policy formulation and the practical 
aspects of  development and aid programme implementation. 

The JRC supports various EC services and stakeholders in the 

ACP Region in a variety of  scientific, technical and thematic areas, 
including sustainable management of  natural resources, food 
security, renewable energies, natural hazards and crisis prevention 
and management.

Much scientific and technical information underpinning the decision-
making processes is often scattered, difficult to access and not 
comparable. Therefore, it is essential to support the political 
dialogue with the beneficiaries and to facilitate interaction among 
different EC services and external partners.

In this context, the JRC has developed an ACP Observatory Portal 
(i.e. a reference Centre of  scientific and technical information) that 
provides European Commission services and key ACP stakeholders 
with access to information on themes related to sustainable 
development in the region. The Portal underpins and supports the 
development policies and programmes in the areas of  sustainable 
management of  natural resources, food security, crisis prevention 
and renewable energies.

The interface of  the ACP Observatory is a single interactive web-
portal that gives access to information available in the JRC in the 
different thematic areas.

See http://acpobservatory.jrc.ec.europa.eu/

For each theme (e.g. soil, forest, drylands, agriculture, biodiversity, 
rangelands, disasters, etc.), the information includes reference 
maps, indicators, and specific analyses. The ACP Observatory also 
aims to provide a forward looking tool for the analyses of  emerging 
complex development issues and inter-related scientific topics, such 
as the link between food security and ecosystem services such as 
carbon cycling, biodiversity and water quality.

A space-based solution for monitoring land conditions in 
Sub-Saharan Africa

The operational monitoring of  the condition of  the land in Africa 
is essential for policy makers and government agencies. There 
is an increasing need for environmental information for the 
implementation of  international cooperation policies such as aid 
distribution and development. To date, decision makers tend to 
use non-spatial indicators of  environmental conditions and human 
impact. Thus, there is a requirement for new indicators describing 
the land and vegetation condition. Evidence-based policies need 
such information. 

Satellites provide an operational and cost-effective way to obtain 
systematic information on the land condition at the continental and 
regional scale in Africa. The African Monitoring of  the Environment 
for Sustainable Development (AMESD) Programme is a partnership 
between the European Union and the African Union Commission 
which extends the operational use of  Earth observation data to 
environmental and climate-monitoring applications. 

Motivated by these user demands, the JRC (under the Geoland-2 
Project) has developed an environmental monitoring capacity, 
through the deployment of  the eStation (i.e. environmental station) 
for forty-eight African countries. 

The JRC eStation

The eStation is an automatic and independent system which 
automatically collects Earth observation (EO) data, and transforms 
the original data into a standard format for the computation of  
temporal synthesis, long term anomalies and ‘ad-hoc’ environmental 
indicators. 

The eStation hosts a web-based tool, named EMMA (Environmental 
Mapping & Monitoring for Africa) which displays the products and 
facilitates ad-hoc analyses.

For further information, please see:

http://estation.jrc.ec.europa.eu/

Soil types of the Central African Republic – an example of the maps 
available on the interactive web-portal of the ACP Observatory. (JRC)

Vegetation and precipitation time-series analysis in the 
EMMA interface. (JRC)

The eStation receives and processes earth 
observation data received from sources 
such as SPOT-Vegetation, MSG-SEVIRI, 
Aqua and Terra MODIS and AVHRR. 
Additionally, background layers to support 
the analysis include GlobCover Africa 
2000, GLC 2000 and a yearly colour 
composite from SPOT-Vegetation. (JRC)

Some of the perils of collecting soil information in Africa! (EM)
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The FAO has offices throughout Africa. The Regional Office for Africa, 
located in Accra, Ghana, was opened in 1959 and is responsible for 
the identification, planning and implementation of the FAO's priority 
activities across the continent in partnership with Government and 
other stakeholders. The Regional Office is supported by a series of 
Sub-regional Offices covering Central Africa (located in Libreville, 
Gabon), Eastern Africa (Addis Ababa, Ethiopia), North Africa (Tunis, 
Tunisia), Southern Africa (Harare, Zimbabwe) and West Africa (Accra, 
Ghana). In addition, the FAO has a Representation Office in 48 African 
countries.

For further information, please visit:

http://www.fao.org/africa/about-raf/en/

The FAO in Africa

The Food and Agriculture Organization 

FAO's mandate

Achieving food security for all is at the heart of  FAO's efforts - to 
make sure people have regular access to enough high-quality food 
to lead active, healthy lives.

FAO's mandate is to raise levels of  nutrition, improve agricultural 
productivity, better the lives of  rural populations and contribute to 
the growth of  the world economy.

Its Latin motto, fiat panis, translates into English as “let there be 
bread”. The headquarters of  FAO are located in Rome, Italy and 
the current Director-General is José Graziano da Silva (see preface 
to atlas).

FAO has 191 Member Nations plus one Member Organization, the 
European Union and two Associate Members, The Faroe Islands 
and Tokelau.

FAO's activities comprise four main areas:

•	 Putting information within reach. FAO serves as a 
knowledge network. We use the expertise of  our staff  - 
agronomists, foresters, fisheries and livestock specialists, 
nutritionists, social scientists, economists, statisticians and 
other professionals - to collect, analyse and disseminate data 
that aid development. A million times a month, someone visits 
the FAO Internet site to consult a technical document or read 
about our work with farmers. We also publish hundreds of  
newsletters, reports and books, distribute several magazines, 
create numerous CD-ROMS and host dozens of  electronic 
fora. 

•	 Sharing policy expertise. FAO lends its years of  
experience to member countries in devising agricultural policy, 
supporting planning, drafting effective legislation and creating 
national strategies to achieve rural development and hunger 
alleviation goals. 

•	 Providing a meeting place for nations. On any given 
day, dozens of  policy-makers and experts from around the 
globe convene at headquarters or in our field offices to forge 
agreements on major food and agriculture issues. As a neutral 
forum, FAO provides the setting where rich and poor nations 
can come together to build common understanding. 

•	 Bringing knowledge to the field. Our breadth of  
knowledge is put to the test in thousands of  field projects 
throughout the world. FAO mobilizes and manages millions 
of  dollars provided by industrialized countries, development 
banks and other sources to make sure the projects achieve 
their goals. FAO provides the technical know-how and in a 
few cases is a limited source of  funds. In crisis situations, we 
work side-by-side with the World Food Programme and other 
humanitarian agencies to protect rural livelihoods and help 
people rebuild their lives.

For further information, please visit: 

http://www.fao.org

FAO and soil

Soil and FAO are synonymous! Soil resources and their services 
are essential to food production, enhanced rural development and 
sustainable livelihoods. The FAO has been providing leadership, 
technical and policy advice and knowledge on global soil issues, 
practically since its inception. Apart from providing practical advice 
to farmers and land owners on techniques for optimising soil 
resources, the FAO has been collecting and disseminating soil data 
at a global scale.

As a topic, soil sits within the Land and Water Division of  the 
Natural Resources and Environment Department. The Land and 
Water Division aims at enhancing the agricultural productivity 
and advancing the sustainable use of  land and water resources 
through their improved tenure, management, development and 
conservation. FAO undertakes various activities in the area of  land 
management, land planning and land use.

Specifically, it:

•	 promotes the development of  cost-effective methods for 
land and soil survey and classification including testing and 
identification of  soil constraints; 

•	 provides documentation, information and technical guidance 
for the assessment, conservation and productive management 
of  land resources; 

•	 maintains a database and web-based information system on 
land resources and land use at national and regional level for 
comparative studies and analysis; 

•	 advises governments and other stakeholders in the formulation 
and implementation of  appropriate land use and land 
management policies, strategies and action plans.

The Land Resources Group holds a large collection of  legacy soil 
maps as well as facilitating access to the Digital Soil Map of  the 
World (see below, the recent Harmonized World Soil Database, 
Guidelines for Soil Description, Key to the FAO Soil Unites and 
World Reference Base. In addition, users can consult a multitude of  
reports, publications and supporting databases, many of  which have 
been used in the making of  this atlas.

For further information, please visit: 

http://www.fao.org/nr/land/soils/en/

The Global Soil Partnership

Soil is a finite natural resource, that on 
a human time-scale is non-renewable. 
However, despite the essential role 
that soil plays in the life of  people, 
there is increasing degradation due to 
inappropriate practices, population 
pressures and inadequate governance.

Soils are often perceived as a low priority with no international 
governance body exists to support a coordinated global action 
on their management. A unified and authoritative voice for soil 
management is needed to better coordinate efforts and pool limited 
resources. For these reasons, the FAO and a group of partners have 
launched the Global Soil Partnership to improve global governance 
of  the world’s soil resources. The Partnership aims to guarantee 
healthy, productive soils for a food secure world and work together 
to sustain other essential ecosystem services on which our livelihoods 
and societies depend.

The Partnership will address five main pillars of  action:

1. Promote sustainable management of  soil resources for soil 
protection, conservation and sustainable productivity; 

2. Encourage investment, technical cooperation, policy, education 
awareness and extension in soil;

3. Promote targeted research and development by focusing on 
identified gaps, priorities and synergies with related productive, 
environmental and social development actions; 

4. Enhance the quantity and quality of  soil data and information: 
data collection (generation), analysis, validation, reporting, 
monitoring and integration with other disciplines; 

5. Harmonisation of  methods, measurements and indicators for 
the sustainable management and protection of  soils. 

For further information, please visit: 

http://www.fao.org/globalsoilpartnership/home/

Key collaborators

In 1974, the FAO and UNESCO were responsible for the production and 
publication of the Soil Map of the World at a scale of 1:5 million. Since it’s 
digitisation in 1985, it is still the only harmonised global soil database. 
The legend has increasingly been used as a national classification system, 
especially in developing countries, and is now subsumed into the WRB system 
(see page 50). [97]
For further details and access to the data, please visit: 
http://www.fao.org/nr/land/soils/key-to-the-fao-soil-units-1974/en/
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Officers of the ASSS

The current officers of  the Executive Bureau were elected at the 
ASSS conference in Yaoundé in 2009. They are: 

•	 Dr Martin Yemefack (President) 

•	 Dr Robert Zougmoré (Secretary General) 

•	 Dr Hanadi El Dessougi (Vice Secretary General)

•	 Dr Barrack Okoba (Treasurer) 

•	 Dr. Vide Adedayo (Vice Treasurer) 

•	 Dr Lamourdia Thiombiano (Ex-Officio) 

•	 Dr. Vincent Aduramigba-Modupe (Auditor) 

•	 Dr Boubakar Likiby (Auditor) 

The position of  the Vice President is reserved for the host 
country of  the next Conference.

For further information, please visit:

http://www.asssonline.org/
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Africa Soil Science Society

The Africa Soil Science Society (ASSS) is a non-profit organisation 
founded in 1986 following a meeting of  African soil scientists who 
attended the World Soil Congress in Hamburg (Germany). The 
ASSS has successfully organised five International conferences in 
Kampala (Uganda, 1988), Cairo (Egypt, 1990), Ibadan (Nigeria, 
1994), Accra (Ghana, 2007) and most recently in Yaoundé 
(Cameroon, 2009). 

The objectives of  the ASSS are to promote and foster soil science 
in all its facets and to give support for the collaboration and 
cooperation amongst the Regional and National Societies of  Soil 
Science in Africa in the pursuit of  their activities.

In this perspective, the ASSS aims to promote studies in soil 
and related sciences to disseminate the acquired knowledge and 
technology for the benefit of  the continent’s population. By so 
doing, the ASSS shall contribute to the promotion of  sustainable 
agricultural production and environmental protection in Africa.

Moreover, the ASSS facilitates information on soil resources for 
politics, decision makers and for the greater public in Africa, especially 
in view of  sustainable use of  natural resources, in particular soil and 
land. The ASSS also provides leadership in the advancement of  soil 
science in Africa and advise continental Institutions in all matters 
pertaining to soil science in order to support their influence in the 
international arena.

As a regional member of  the International Union of  Soil Sciences 
(IUSS), the ASSS also aims to promote the effective participation 
of  member societies and of  individual African soil scientists in the 
activities of  the IUSS.

The ASSS strongly believes that it is of  paramount importance 
that the role of  soils and soil science in ensuring food security 
and providing other key ecosystem services are given appropriate 
recognition. These functions and services are fundamental for 
sustainable production and adaptation to climate variability and 
climate change.

In this context, the ASSS is committed to:

•	 Speed up the collection and upscaling of  African best practices 
that could halt or reverse land degradation; reduce risks 
associated with climate variability; increase the resilience of  
agriculture and communities to climate change; and promote 
integrated practices that foster other benefits such as carbon 
sequestration.

•	 Further engage ASSS members and other relevant national 
institutions in generating, improving and disseminating quality 
soil data for supporting actions and policies, particularly, 
with regard to land transactions with foreign multinational 
enterprises.

•	 Strengthen the role of  integrated soil nutrient management and 
soil quality preservation in national policies and development 
plans.

•	 Explore the possibilities for scaling up conservation agriculture 
principles given their success in some areas as one of  the means 
for promoting the better management of  natural resources.

ISRIC 

ISRIC is an independent foundation and the International Council 
for Science accredited World Data Centre for Soils. It was founded 
in 1964 through the International Soil Science Society (IUSS) and 
United Nations Educational, Scientific and Cultural Organization 
(UNESCO). It is supported by the Netherlands government and 
through grants for global soil programmes. It has a mandate to 
serve the international community as custodian of  world soil data 
and information, and to increase awareness and understanding of  
soils in major global issues. ISRIC collects, stores, processes and 
disseminates global soil and terrain information for the research 
and development of  sustainable land use. ISRIC operates in three 
priority areas, 1) soil data and soil mapping, 2) application of  soil 
data in global development issues, and 3) training and education.

The soil databases of  ISRIC have been compiled over the past 
decades by collaborating with partner institutes. They include 
primary global, regional and national data, including point data 
and maps as in WISE and SOTER (see pages 63 and 139). The 
information are being compiled into one database referred to as 
“World Soil Information Services”. Current efforts of  data collection 
and harmonisation are expected to lead to rapid expansion of  this 
as ISRIC is simultaneously improving its services through web-based 
Global Soil Information Facilities (GSIF) to:

i)  facilitate crowd-sourced, web-based entry, storage and 
extraction of  soil profile data, area-class soil maps and global 
grids of  environmental data, such as satellite imagery, digital 
elevation maps and climate and land cover maps; 

ii) support the automated production of  consistent, harmonised 
soil maps at multiple spatial scales; 

iii) strengthen soil information handling capacity in an interactive 
and participatory process; 

iv) provide feedback mechanisms to increase accuracy and user 
engagement; and 

v) provide added-value products and processing chains to local, 
national, regional and global soil science communities. 

Gradually, these components of  GSIF are being made available and 
may be used by institutes throughout the world, linking scientists 
and institutes in a range of  soil-related disciplines.

The relevance of  high quality soil information is evident in global 
development issues related to soil and water management, soil 
carbon dynamics and soil degradation and rehabilitation. ISRIC 
makes a contribution to these issues by participating in global 
consortia. Improving soil and water conservation upstream results 
in increased agricultural productivity and reduced erosion, but is 
often not economically viable at the farm level. Off-farm benefits, 
such as reduced sedimentation in reservoirs with consequently 
increased hydropower production and increased water availability 
to urban areas, can be used to develop a funding mechanism 
involving downstream beneficiaries of  upstream interventions to a 
sustainable implementation of  soil and water conservation. ISRIC 
also contributes to the development of  standardised systems to 
measure, model, monitor and forecast carbon stock changes and 
greenhouse gas emissions through sustainable land management 
projects (e.g. the web-based “Carbon Benefit Project” toolbox). 
Finally, ISRIC is advancing its methodologies to assess global land 
degradation by linking remote sensing methods to soil characteristics 
through crop growth simulation models.

On-the-ground verification and identification of  intervention 
measures for mitigating and remediating degradation is obtained 
from research based on the global database on World Conservation 
Approaches and Technologies.

ISRIC maintains a world soil reference collection that includes over 
1,000 soil profiles that have been described, sampled and analysed 
according to standard international methods. The collection is 
used for verifying national datasets, compiling global soil databases, 
comparing different methods of  reference sample analysis, and 
for developing rules for soil property estimation. ISRIC continues 
to collect samples and monoliths; these are described, analysed 
and classified (following the World Reference Base) in relation 
to thematic issues including land degradation, climate change 
and biodiversity and prepared for display in the ISRIC – World 
Soil Museum in Wageningen. To increase access to its reference 
collection, to more effectively inform the general public and to 
educate an increasing number of  students, ISRIC is digitising its 
monolith collection, making its publications and maps available 
online through the World Soil Library, and is investing in an 
innovative World Soil Museum. All these facilities are being tuned 
to optimise educational efforts by attracting more visitors and by 
seconding ISRIC staff  to universities, primarily Wageningen, for 
teaching. A package of  courses related to the activities of  ISRIC 
can be tailor made for teaching specific groups. Students from all 
over the world are supervised by ISRIC staff  and scientists are 
encouraged to visit ISRIC for enhanced collaboration.

For further information, please visit: 

http://www.isric.org

ISRIC World Soil Information  
Droevendaalsesteeg 3,  
6708 PB Wageningen 
The Netherlands

Field visit to a Ferralsol site during the 2009 Congress 
of the African Soil Science Society in Cameroon. (EVR)
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Publications Office of the European Union

The European Commission’s Joint Research Centre collaborates with soil scientists and researchers from all over the world to develop 
a series of  soil-related atlases. To obtain a copy or for further information, please consult the Publications Office of  the European Union 
(http://publications.europa.eu/) or the JRC SOIL Action’s website (http://eusoils.jrc.ec.europa.eu).

The EU Bookshop website (http://bookshop.europa.eu/) is your 
single access point to publications from the European Union institutions, 
agencies and other bodies, published by the Publications Office. The EU 
Bookshop provides an overview of  the publications’ contents through 
comprehensive bibliographic notices. You may download publications 
in PDF format free of  charge. If  a publication you are looking for is not 
available, you can use the ‘PDF on request’ function to be informed by 
e-mail as soon as the PDF is added to the website. 

You can also order a single copy of  any free-of-charge publication, 
provided it is in stock. As for priced publications, you can place an 
order with the EU Bookshop by choosing one of  our sales agents, or 
download the PDF file free of  charge. Publications are usually shipped 
within 48 hours of  receipt of  the order. 

You can find publications through simple and advanced search functions 
(e.g. soil atlas), browsing by thematic area or by author (e.g. European 
Union institution). Furthermore, you may choose to sign up to ‘My EU 
Bookshop’ and access personalised functions, for example, save search 
queries for regular use, or be notified by e-mail about new releases that 
interest you. 

The Publications Office aims to make the EU Bookshop the common 
entry point for European Union publications. Currently, the website is 
available in 22 languages. All soil atlases are available in hardcopy (€25) 
or as a pdf  file (free of  charge).

JRC Soil Atlas Series

Available now. Available now.

Available now; French edition planned for 2014.

Available now; French edition available in 2013.

Publication planned for 2013; Portuguese 
and English editions planned for 2014.

Under development.

Publication planned for end 2013.

Under development.


