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1 Introduction

The purpose of this survey was to provide information that will enable the linkage of tree
and shrub species to the soil on which they are growing. Although such information should
be provided at a detailed scale, a reconnaissance of a larger area at a smaller scale is
necessary to provide the context and to understand the relation between various soil types.
The present survey is based on satellite imagery provided by Google-Earth. The final map
was prepared at a scale of approximately 1:80.000, while the imagery used in the field was
at a scale of approximately 1: 30.000.

2 Geological setting

The basement of the Ségou area, Mali consists of Precambrian marine rocks (quartzites and
argillaceous schists) of the West African shield. These consist for a large part of sandstones
and are predominantly in horizontal position. These rock formations have been eroded over
a period of hundreds of millions of years. The long period of erosion and soil formation has
resulted in an almost flat landscape, topped by a lateritic crust (a crust of iron oxides). The
crust itself was formed by accumulation of iron at the former groundwater level(s). Although
such iron accumulations do not form at the soil surface, all overlying soil has been eroded so
that the crust is exposed. In the Ségou area, remnants of the crust are clearly visible, but
north of the Niger River, its has been eroded and covered by fluvial sediments. The Niger
River follows a pattern of geological faults.

3 Major landscapes of the Dioro-Farakou Massa area

Just West of Dioro, at the margin of the map, surfaces the old basement. This basement is an
old denudated plain characterized by a reddish petroferric crust (laterite crust) on much of
its surface. Dunes close to this remnant contain dust were derived from the petroferric crust
and are somewhat redder than other dunes in the area.
The survey area consist of two major landscape units: fluvial deposits of the Niger river and
its tributaries, and Aeolian deposits.
In most of the area, with exception of the present alluvial plain, differences in altitude are
minor. Dunes are generally lower than 5 m and in many places lower than 1 m. They overlie
ancient alluvial deposits and have a general SW-NE orientation.

4 Map units

The following units have been indicated on the reconnaissance map.
1. Sand banks in the Niger River.
Unvegetated, low lying sandy deposits that are flooded during the rainy season. The
position of these banks shifts during the rainy season and delineations on the map
(based on satellite imagery of 2006-2009) may not be correct.
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2. Meander belt of the Niger River
Abandoned river courses, now filled up with sediment. The sediments have
concentric patterns of higher (more sandy) and lower (more clayey) units. There
usually is a depression towards the land-ward margin of this unit. The meander belt
is partly vegetated and is used during the dry season. During the wet season it is
largely flooded.

3. Levee of the Niger river
Along the Niger River there is a narrow belt of levee deposits. These are slightly
higher than the land behind it, and have somewhat coarser sediments. Along the
river, the villages are largely built on the levees. The Levees are not continuous and
are absent where the outer bend of the river has eroded them.

4. Ancient river terrace
This is a largely flat area of sediments deposited in the past by the Niger river and its
tributaries. It is no longer flooded by the river, but it is largely inundated during the
rainy season. The sediments are very clayey and soils strongly swell (wet) and shrink
(dry). They are recognized by abundant concretions on the surface. The nature of
these concretions still needs to be established, but they are believed to be calcium
carbonate. This unit is partially covered by younger deposits (unit 5), which are less
clayey and do not have concretions. It is therefore inhomogeneous, and local
examination will be necessary to decide which unit is at the surface.
4a. Levees on the ancient river terrace
In unit 4, levees of tributary streams have random orientation. They are slightly more
elevated than the clayey parts of the terrace and have a somewhat coarser texture.
In many places they do not form continuous or significant units, and only major ones
have been indicated in the map. The satellite image indicates an abundance of these
structures, especially towards the southern border of unit 4. Unit 4a is clearest in the
NE part of the survey area. Even though the difference between 4 and 4a appears
minor and is not easily seen in the field, the hydrological difference influences plant
growth.
5. Young alluvial plain
This area consists of younger sediments that cover depressions described in the
previous unit. In transitional areas, units 4 and 5 have a patchy distribution. The
sediments of unit 5 are less clayey and do not show strong swelling and shrinking.
This unit largely coincides with the irrigated area. Because it is at a slightly lower
position than unit 4, it is more prone to periodic flooding.
4
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6. Levees of tributary streams in the young alluvial plain
As in unit 4, in unit 5, levees of tributary streams form slightly more elevated and
slightly coarser deposits. In unit 5 they form a complex of parallel low ridges
separated by depressions. The ridges may have been enhanced by aeolian
deposition. Unit 6 is found as two major complexes crossing unit 5 towards the Niger
River.

7. Closed depression and ephemeral lake
This is a remnant of an ancient drainage system, probably connected to the levee
system of unit 6 that borders it in the north. It appears that the ancient course was
blocked by younger fluvial and aeolian deposits. As a result, an area of several square
kilometres is flooded during the rainy season. In the southern part, the ancient river
course has been converted into a permanent, elongated lake.

8. Dunes and inter-dune depressions
Large part of the survey area is covered by low dunes that have a general SSW-NNE
orientation. If the dune cover is extensive, inter-dune valleys are narrow and dry. In
other areas, the dunes only partially cover ancient clayey river deposits. Unit 8
includes the areas where inter-dune valleys are narrow and (presumably) remain dry
during the wet season. In many places, the dunes are cultivated with millet during
the rainy season.

9. Large inter-dune plains
Where the sand cover is incomplete, flat clayey areas are found between dunes. Such
areas can be extensive and are frequently covered by shrub vegetation, which causes
the dark colour on satellite images. The vegetation frequently shows patterns that
may be caused by minor relief, erosion, and cattle paths. During the wet season,
these areas are largely flooded and they are not cultivated. It is not clear whether
these inter-dune plains belong to the river terrace of unit 4 or to an older, similar
unit.

5 Complex units

In some areas, two units occupy approximately equal percentages of the surface. At the
present map scale, the separate units cannot be delineated and such areas have been
indicated with a combination of two codes. The combinations are 4+8 and 5+8, i.e. fine
terrace deposits partially covered by dunes.
5
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6 Surface crusting and subsoil hardening

In the satellite imagery, many areas have a rather whitish colour. In the field it turned out
that such areas have strong crust formation at the surface. This crust formation is nearly
always found at the transition from dunes to clayey deposits, and is probably due to a mixing
of coarser (dune) and finer (plain) material. Such crusts are presumably a problem for
establishment of seedlings. They have been indicated by a hatching (///) on the
reconnaissance map.
Actually, many soils are very hard when dry, even when the surface is not crusted. This
apparent hardness disappears during the wet season. Such hardening upon drying is called
‘fragipan’ by soil scientists. In the present case it appears to be the results of specific soil
texture: a fine fraction that fills the spaces (or grain contacts) between coarser grains. This
causes a ‘concrete’ structure upon drying. It causes problems for root penetration.

7 Main factors affecting plant growth

In the studied area, drainage and texture are the main factors affecting plant growth. These
two factors are frequently associated. The highest areas are the sand dunes, which are also
used for millet cultivation during the wet season. The lowest areas are the river plains, which
have the most clayey textures. Apart from the irrigated area, these lower parts of the
landscape are not cultivated.
The slightly higher levees (3, 4a, 6) have slightly better drainage than the surrounding plain,
which improves their suitability for cultivation.

8 Use of the map

The map is meant as a general introduction to the area, and map units should not be used
to find correlations with tree species. To link tree species to soil units, a larger scale image
should be used, which allows an accurate attribution of the soil unit. At this larger scale, the
units described above are still valid, but the boundaries can be established with more
certainty. One of us (Marcel Hoosbeek) will provide soil attributes for each tree of the
inventory.
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9 Map and soil and vegetation details of the various morphological units
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Unit
code
1
2
3
4

Geomorphic unit

Soil description

Niger River sand banks
Niger River meander belt
Levees of the Niger River
Ancient river terrace

Sand deposits in the main bed of the Niger River

4a
5

Levees on ancient river terrace
Young alluvial plain

6

7

8

9

Fine loamy at surface and clay loam at depth
Loamy surface texture overlying clay loam or
clay.Vertisols with (lime) concretions. Spiny shrub
vegetation.

Low surfaces in the terrace, largely used for irrigated rice.
Textures are clay loam at the surface, passing to loamy
clay at depth.
Levees of tributaries in the Low to moderately high sandy levees surrounded by the
young alluvial plain
young alluvial plain. They form slightly elevated units in
the irrigated plain and are occupied by villages or used as
vegetable gardens and surface textures are loamy sand;
deeper layers have a sandy loam texture.
Closed depression
A large lake surface near KoilaMarka. In the lower
(southern) part, stagnant water is present throughout the
year.It is intensely cropped during the dry season. The
peripheral part of the permanently wet zone has a sand
cover of 50 cm on top of a sandy clay. The sand cover is
due to the proximity of dunes. Most of the depression,
however, is clayey .
Dunes and inter-dune valleys
The dunes are yearly provided with aeolian sand.All millet
cultivation is found on this unit. It contains also a major
agr-forestry conservation area with predominant species
Faidherbia albida, prosopis africana, Sclerocarya birrea,
Vitellaria paradoxa, Diospyros mespiliformis, and
Tamarindus indica.
The map scale does not allow the distinction between
dunes and inter-dune depressions and both are included
in this unit. The inter-dune depressions are not cultivated
and mainly covered by Pliostigma reticulata. Surface
textures are loamy sand, while clay loam is found at
greater depth.
Large inter-dune plains
- Depressions with loamy sand on clay loam. These are the
zones occupied by a dense bush vegetation dominated by
Guiera senegalensis. They contain many erosion surfaces.
The margins of this unit are strongly influenced by dune
sands (see surface crusts).
- Depressions with a cover of clay loam on loamy clay. The
unit is largely covered with a dense bush and tree
vegetation, containing spiny species such as Acacia seyal
and Anogeisus leocarpus. It contains many small, round
depressions.
- Depressions with surface textures of clay loam on clayey
deposits. In dry condition with many shrinkage cracks and
calcaireous nodules, both at the soil surface and in small
depressions. The vegetation mainly consists of Acacia
8
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seyal and Anogeisus leocarpus.
Peneplain with petroplinthite This unit is present just beyond the western border of the
(laterite)
investigated area.
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Functional Diversity:
An ecological framework for sustainable and adaptable agro-forestry
systems in landscapes of semi-arid ecoregions.
Based on the principles of functional ecology, FUNCiTREE addresses the
provision of multiple services of silvopastoral systems (SPS) in semi-arid
regions in Africa and Central America. FUNCiTREE aims to provide
farmers in the regions with a portfolio of regionally suitable tree species
that are capable of providing multiple services. The project integrates
theories and concepts from agroforestry and ecological science and will
provide a scientifically based model for the design of modernized SPS.
NINA (Norway): The leading research center in Norway on applied
ecology, emphasizing the interaction between human society, natural
resources and biodiversity
CATIE (Costa Rica): A regional research and education centre about
agricultural sustainability, environmental protection and poverty
eradication
WUR (The Netherlands): Internationally leading university in agricultural
Almeria has a focus on organism responses to drought, ecological
interactions, biodiversity conservation, desertification, and soil science
CIRAD (France): Research on agro-ecosystems for international
sustainable development, environmental, and climate research

CSIC (Spain): Research at the Arid Zones Research Station,
ISRA (Senegal): Priority areas relate to agronomic, animal and forest
production, and rural economy

IER (Mali): The leading research centre in Mali on agriculture and agroecosystems.
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