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- 3SUMMARY
After five years of land resources studies in the Mano River
Union area (the area in Sierra Leone and Liberia bordered by the
Sewa river and the St.Paul river), a reconnaissance survey was
finished and a start was made for systematic soil survey and land
evaluation. The results of the reconnaissance survey have been
published in 1979 (by Van Mourik, MRU, Land in western Liberia and
by Birchell et al., FAO, Land in Sierra Leone); more recent findings are presented in this report.
The knowledge on land resources is still limited to an extent
at which soil surveys can be made at a detailed scale, which is
not suitable for application on large tracts of land. The available
knowledge was re-examined and added with recent undertaken surveys.
The result is a preliminary system for soil classification at a
detailed level. This system needs more testing and is to be improved by further study. However, it may well form a new consistent
base for systematic soil survey.
The report gives an overview of the general characteristics of
the MRU-area. A special chapter deals with the soil characteristics,
especially those which limit agricultural production in any way.
For this description the MRU-area is divided into two parts:
- the Coastal Plain, being a strip of 1 to 20 km width from Monrovia
to Torma Bum in Sierra Leone including large floodplain areas
north of the beach region.
- the Basement Complex comprising the rest of the interior, which
is not specifically subdivided anymore.
Soil scientific terminology has been avoided; detailed information
on soils is available in a separate, more technical, report.
A summary of existing information and recent results of the
Land Resources Survey project of the MRU are given in chapter k.
This matter is dealt with at three scale levels: reconnaissance,
semi-detailed and detailed. In the reconnaissance part existing
information is given and some results of the two reports on reconnaissance surveys were combined and re-evaluated. In the semidetailed part the major issue is the preparation of a workable
legend in order to make applicable and significant maps with
sufficient soils data. The detailed part gives information on
the distinction among soils found in the MRU-area and their systematic division as applied in the soil classification system.
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The conclusions are general in character; only some of the
conclusions are more detailed, intended to direct future planning in the agricultural sector of the Mano River Union. Recommendations are partly derived from the conclusions and partly
independent.
The general trend in the report is the information about
the situation of research and implementation on land resources
work; detailed descriptions cannot be found here and are often
not available. However, directions towards a better planning on
agriculture as far as land resources are concerned, has been the
major purpose of this report.
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- 51. INTRODUCTION
The Land Resources Survey project (LRSP) formed a part in
the Agriculture section of the Economic Affairs Division, Mano
River Union. During five years two dutch bilateral associate
experts have been involved in this project: D.van Mourik (19761978) and W.J.Veldkamp (1979-1981).
During the first period exploratory and reconnaissance surveys formed the main issue: small-scale maps (a land systems-, a
vegetation/land use- and a suitability map)have been produced.These
maps and the description of map units and other data can be found
in: D.van Mourik, D.K.Sao, E.K.Johnson and A.F.Harris, Land in
western Liberia, Mano River Union (1979).
During the second period more detailed work has been carried
out. This report mainly deals with the results of that work. The
main result is a compilation of all available data on soils in
eastern Sierra Leone and western Liberia, forming the socalled
Mano River Union (MRU-) area. This compilation was necessary to
compose a framework for soil classification, containing the basis
for systematic soil survey in that region. Such a framework did
not exist yet.
The framework has been tested in five sample areas in SWLiberia and another is planned at the end of 198O. The final goal
of the compilation and testing is to arrive at a workable and
significant legend for systematic soil survey.
The land of the MRU-area is characterized by an undulating
landscape intersected by hills and mountains. The geology is uniform to some extent, although a strip along the coast is clearly
different from the interior. This division has been made in the
framework and proposed legends and will occur throughout this
report. The undulating topography and the uniform geology would
seem to make soil survey easy, which is not the case. In fact,
soil survey, especially in the interior is very difficult, because of the enormous variation among soils. Although valley and
associated soils can be mapped satisfactory, the soils on the
uplands are very variable.
The workable and significant legend for systematic soil survey is not yet ready, because more testing is needed before a
sound legend of that kind can be presented. An area near Sinje
in Cape Mount county, Liberia has been suggested as test area for

- 6the dry season I98O/I98L The Soils Division, CARI, Suakoko,
Liberia and the Forestry Development Authority, Monrovia, Liberia are the institutions cooperating with the LRSP. Due to
the termination of the latter, the Soil Division is interested
to continue the efforts.
In a separate report the technical results of the second
period of the LRSP are presented. That report (W.J.Veldkamp,
Soil survey and land evaluation in the Mano River Union area
(eastern Sierra Leone and western Liberia), Mano River Union
(1980)) deals with soil scientific issues, like soil survey
and land evaluation and is meant to people experienced in soil
science. In this (final) report the findings of the more technical report will be summarized.
For the future a continuation of research in land resources
is a great necessityj especially in Liberia. The FAO/UNDP-MAF
project on Land Resources Survey at Tower Hill, Freetown, Sierra
Leone is a good example of a nationwide working project. A similar
project does not exist in Liberia. The current Soils Division
should be rebuild towards a well structured reseach project in
a similar way as the Tower Hill project in Sierra Leone. The
need for more research on land resources cannot be overemphasized.
It forms an important base for agricultural development. Land
resources include all basic elements 'of agriculture, like soils,
climate, vegetation. A thorough research into these matters has
only started during the last years.
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GENERAL CHARACTERIZATION OF THE MANO RIVER UNION-AREA
As study area the "MRU-area" has been chosen. The MRU-area

(fig. 1) is defined by the St.Paul river in Liberia and the Sewariver in Sierra Leone. The area was limited by these two rivers
for practical purposes. Thé MRU-area therefore includes the border areas of both member states of the Mano River Union. One
of the goals of the Mano River Union is the development of agriculture and especially the interchange of agricultural products
and services between the two countries. As basic study for this
goal, the Land Resourves Survey project (LRSP) has been established.
After five years of research the LRSP is able to present a
general base of data on the land of the MRU-area. In this chapter
a broad idea of the characteristics will be given. In later chapters more details and recommendations will follow.
The MRU-area is situated in the tropical humid tropics of
west-Africa in a relatively wet climate. The average annual rainfall is high and reaches figures up to 5»000 mm (200 inches) along
the coast; land inwards minima of 1,800 mm (72 inches) occur. The
rainfall takes place from April to October. Along the coast a
hardly distinctable mid-dry season of about 3 weeks is recognized;
in the interior the rainy season is continuous. The months of
June, September and October have the highest monthly rainfall figures .
During the dry season (November-March) the rainfall is very
low and crops with a short growing season cannot be grown during
that time. On the other hand, tree crops can stand the dry season
reasonably well. Thus, the severeness of the dry season is important enough for the crop choice.
Along the coast, sandy soils occur in a strip which is 1 km
wide, close to Monrovia, but which is very wide (20 km) near the
Sewa river. This difference is mainly due to stagnation of the
outlet of the Sewa river by beach ridges. The extensive area
south of Torma Bum is the result. The coastal strip is called
the Coastal Plain. The area is not densily populated because the
soils are poor and droughty. On the other hand the beaches are
excellent for recreation and have many possibilities for tourism.
For agriculture a great part of the Coastal Plain is not interesting.
The interior, as contrast to the Coastal Plain, is the other
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- 9part of the MRU-area; its extension is many times the one of
the Coastal Plain. This report will mainly deal with the interior. Geologically the interior is underlain by the Basement
Complex, which occurs throughout west-Africa. The Basement Complex (BC) comprises very old rock, which composition varies considerable. During its history all kinds of changes have happened,
resulting in a variable composition over short distances. On one
land the BC seems to be one formation of rock, but on the other
hand, especially in geological and also soil survey way, the
variability is great enough to be distinguished into more than
one unit. The old age has further obscured any clear relation
between the landscape and the geology, apart from extra hard
rock as can be found in isolated rounded hills in the northern
part of the MRU-area and some of the scattered hill ranges. A
separate group of rock is formed by iron-containing rock, which
is mined in some places.
The vegetation of the MRU-area consist mainly of forest or
forest regrowth. The central part of the area, situated in the
surroundings of the Mano/Morro-river junction and the area north
of it, is poorly accessible and there most primary (undisturbed)
forest exists. Around this centre the original forest has disappeared to an extent depending on population density. A common
mixed pattern of forest regrowth and younger types of vegetation
alternate with cultivated plots.
The soils in the MRU-area can be characterized as chemically
very poor and acid. In comparison to drier areas along the west
coast of Africa, the soils of the MRU-area belong to the poorest
ones. The reason has to be found in the high rainfall, causing
more leaching of chemical substances utilizable by plants. Physically the soils are of moderate quality and in general they are
not very different from soils of other west-African countries.
Agriculture in the MRU-area is based on the bush-fallow system. For food crop production forest is cleared, burnt and planted. Crop husbandry stands at a low level, because only hand labor
exists (mechanization is hardly developed in some places, and its
prospects are not very high! Fertilizers and crop protection chemicals are hardly in use and its availability is low. Valleys and
swamps are cultivated in scattered places with rice, sometimes
associated with the cultivation of vegetables and legumes at
surrounding slopes. Marketing of agricultural products is poorly

- 10 developed; market prices are often low, an organizational marketing structure is absent, storage facilities absent and thus,
not favourable for the many smallholders. Large-scale farming,
on the other hand, takes place in few areas. Such farming systems are directed towards single crop cultivation, like rubber
and oil palm. These systems are completely different from the
common smallholders farming; e.g. they are never directed to food
crop production. Some state-initiated projects, however, deal
with such a kind of agriculture, but have not been very succesful yet.
The main food crops, firstly rice and secondly cassava, are
grown by the smallholders for family use. The system depends on
the availability of forest of certain age and of labor. Both limitations determine what crops will be planted and the extent
of each crop. Smallholders use to have some cash crops plots
with coffee and (secondly) cocoa; sugar cane nowadays forms an
attractive cash crop for the production of "cane juice".

- 11 3. GENERALIZED PICTURE OF SOILS IN THE MRU-AREA
The LRSP was occupied by two soil scientists during its
existence as soils are considered to be one of most important
elements of land resources. Together with soils the other elements are studied, most often in relation to soils and connected towards land use. In this chapter a generalized picture of
the soils will be given.
3.1

Interior Basement Complex
The land in the large interior of the MRU-area have the

following common characteristics:
- Basement Complex Geology
- Gently undulating to rolling topography
- Predominance of very gentle and gentle slopes.
Basement Complex geology, mainly comprising of rocks with an acid
mineral composition; some more basic rock types occur in hill
ranges, like Bomi Hills, Wologisi range, Mano River mine area,
Kambui range. The more acid type of rock, however, is the main
type and therefore more important as base for soil formation.
It is a very old rock, dating back many millions of years
ago. During its history, the rock has been exposed, weathered, denudated (eroded), etc. Several climates have occurred and
each of which had its influence on the weathering and denudation of the rock. At this moment the climate is relatively wet,
but it may have been drier in former times, although no clear evidence has been found. During the present climate which has probably last for a long time already, the rock has continued to
weather, which can clearly be seen in deep road-cuts as high
as 15-20 m. On the other hand, however, rock structure can be
observed already at a relatively shallow depth of 1-2 m in the
soil. This indbates that the current weathering cycle.has started,
at least in geological terms, not long ago; probably some hundreds of years.
Gently_undulating *° rolling topography, which is the common
topography of the Basement Complex. Large flat plains do not
occur. Steep hills are found scattered in the common type of
landscape. Hill or mountain ranges occur at several places,
where the rock happens to be more resistent to weathering. These
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percent of the land. The more common type of topography (gently
undulating to rolling) should have our attention mainly, not
only due to its predominance as well as to our goal of agricultural development in the MRU-area. The more gentle topography
offers a better type of land, which has a relatively low erosion
hazard due to the more gentlier slopes. On aerial photographs,
the steeper hills and ranges can be seen to be covered by forests;
people do not use this type of land for agriculture.
The gently undulating to rolling topography shows a dense
pattern of drainage ways like streams, creeks, small and large
rivers. In between these natural drainage ways low hills are
found. The difference in elevation between the summit and the
valley is in the range of 2-20 m; general slopes therefore vary
between 2 and 20$ in which the more gentlier slopes (less than
10$) are more common.
The pattern of natural drainage ways in the landscape is
relatively dense due to the high rainfall, but also due to the
underlaying rock structure. The result is a continuous sequence
of summit-slope-valley-slope-summit, etc., when starting from
one summit point in the landscape and going in any direction.
For soil survey the ongoing relief gives problems in mapping;
maps should be of a large scale to be able to show all the variations of the landscape in the first place before actual soils
can be mapped.
Very gentle and gentle slopes of 2 to 13$; steeper slopes do
occur, but the total extent of such sloping areas is not very
high. More gentlier slopes are most common. Slopes of less
than 2% are found in valley bottoms, at the lower end of slopes
("lower slope" or "stream terrace") and on large summits of hills.
Erosion.
The slope degree is one of the elements which determine the
soil erosion. With slopes of less than 13$ the erosion hazard
is present, but not to a very serious level. Still, erosion plays
a substantial role in the formation of the present landscape. It
is not a spectacular form of erosion in which large areas are
denudated from their soils, but it is a more regular and gradual
process in which the upper part of the topsoil is washed down the
slope. Of course, the vegetation and the intensity of agricultural
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intensity rains, in which more than 20 mm falls within one hour,
the soils cannot infiltrate all the water coming through the
vegetation and run-off over the soil surface is inevitable.
This process causes the common form of erosion, usually called
"sheet-erosion". It does not seem to be a hazardous form of
erosion, but with a high annual rainfall, it will have an effect
on the soils in the long run. Erosion protection measures are
not carried out as such; farmers usually leave a lot of trash
on their plots which decreases the velocity of run-off water.
On the other hand bare land is quickly covered by weeds, which
growth diminishes the erosion hazard. In general, the MRU-area
does not have a serious erosion problem, but in agricultural
planning care should be taken not to forget the potential erosion hazard. This hazard comes into view when irrational agricultural systems are applied in which large tracts of land are
planted with an annual crop. Some crops, like rice, do not cover
the soil completely during the first weeks after planting and
especially when weeds are removed efficiently, erosion (on the
steeper slopes in the first place) is than very likely to occur;
once, erosion has started in such systems, their effect is aggravated strongly in time. Gulleys are formed and degradation of
land will be serious in a short while. In large-scale agriculture involving annual crops great care should be taken in the
erosion aspect.
Slope units (physiographic units).
For the description of soils the slope is distinguished into
five units

(fig. 2):
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The general soil characteristics will be discussed for each of
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Nearly level, relatively flat part of the slope on top of
a hill or even a small plain or plateau at a high level in the
landscape. Summits are relatively stable places as erosion hardly
occurs on its nearly level or very gentle slopes. Soils are deep
as the weathering process of the underlying bedrock continues,
while the surface soil remains in place. Summit soils are important to explain the soil formation process, as the history of
soil formation can be "read" from these most stable soils. In
some summit soils, weathering rock is found at a relatively
shallow depth, when not enough time has passed to form soil
material from the weathered bedrock. This actually occurs quite
often and many summit soils have a considerable amount of weathering rock pieces within shallow (1 m) depth. These rock pieces
may be important when useful minerals are present. These minerals may be release plant nutrients upon further weathering.
However, when these rock pieces are weathered too much already,
their value for plant nutrition can have decreased to nile. In
the soil survey, these observations are being made, although a
clear relation between the weathering stage of rock pieces and
the effect on the soil fertility has not been described in detail.
Upper slope.
Very gentle to moderately steep sloping part of the slope,
where the erosion hazard is greatest. Even if no erosion actually has taken place at the present time, still the evidence of
former erosion can often easily be recognized by the shallow
surface soils. A common upper slope soil consists of the following layers (or better "horizons"):
1. Gravelfree surface soil 0-30 cm, usually dark brown at the
top and containing a high organic matter content due to fallen and decomposing leaves and branches. Burning of cleared
vegetation also contributes to a high organic matter level.
2. A gravelly layer over more than 60 cm depth, mostly within
1 m depth, containing a high to very high (60-JQ% of the total soil volume) gravel content. The gravels consists of hard
ironstone and quartz gravel. Both types of gravel are residual
and inert, i.e. they are the remnants of former processes in
the soil and they are resistent to weathering. As'these gravels are not broken down, their content slowly increases as
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more of these gravels are formed in the soil.
The formation of ironstone gravels is not clearly understood, although the location of such gravels is found in the
subsoil at a depth of around 1 m. At this depth iron accumulates to form small particles, which in turn get an increasing size due to continued iron-accumulation. The source of
the iron is the soil itself; iron is one of the remaining
elements in the soil after long lasting and regular leaching.
Besides iron, aluminium is the other remaining-.element. Both
elements are present in large quantities in the soils of the
MRU-area.
The quartz gravels are formed from larger quartz pieces
appearing in the original bedrock, sometimes a single piece
but more often as quartz bands. Quartz is a mineral which
breaks down very slowly; in the form of stones or gravel it
can resist weathering very long. It is an inert material,
which is completely useless from the point of view of plant
nutrition.
3. The subsoil with a decreasing content of ironstone and quartz
gravel and an increasing of weathering rock pieces with depth.
The upper slope soils can be eroded severely, in which the
gravelly layer appears at the surface, which was often observed.
The organic matter rich surface soil has been washed away and
the farmer is left with a gravelly to very gravelly new surface
soil.
Locally upper slope soils are found in which the gravelfree
top part extends deeper than 30 cmi Probably such soils were
filled up by run-off with gravelfree surface soil material from
surrounding places. These soils were not found often. For agriculture, especially for tree crops, such soils are interesting,
as hampering of root growth as is the case in the soils with
high gravel contents at relatively shallow depth, does not occur.
Completely gravelfree soils are a great exception; often the gravelfree surface parts of the soil are covering a thinner gravelly
layer. It is the task of the soil surveyor to map these more gravelfree soils, but again the variation among these soils is tremendous and mapping is only possible at a large scale, i.e. the
map surface represents a small area, e.g. one hill slope only.
Another physical characteristic of upper slope soils ia the
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increase amounts 20 to k0% over a depth of 50 to 100 cm and either
decreasing with depth or gradually increasing to deeper layers.
Some exception on this characteristic can be found as well. The
clay increase is not fully understood, but plays a very important
role in international soil classification systems as it is believed that the increase of the clay content is a soil forming
process, which is related to age. Soils with a clear increase
are separated in those systems at a high level from other soils.
The normal explanation for the clay increase is the downward movement of clay particles and the settlement at certain depth; as
it takes time to form a subsoil layer with a clearly increased
clay content, such tropical soils are considered to be old. In
relation to the age of the soil other characteristics, related
to age, are assumed: e.g. long period of leaching by rainfall
makes these soils chemically poor (having a low soil fertility).
On the other hand such soils seem to be stable in a way, as time
is needed to form the increase in clay content; thus

it may be

assumed that not much erosion has taken place.
The soil fertility of upper slope soils is very poor. The
upper slope soils of the MRU-area belong to the chemically poorest of
west-Africa. Their content of necessary elements for plant nutrition,
especially the content of these elements which are readily available
to plants, is extremely low. Furthermore, the aluminium content is
high, as was explained before (aluminium is, together with iron,
one of the residual elements in old tropical soils). The aluminium
interferes with the necessary-plant nutrition-elements, as aluminium is not needed by plants. The proportion of aluminium is
relatively high to such an extent that aluminium becomes toxic
to plants. Fortunately some crops are adapted to such circumstances, and in fact most of the common crops of the MRU-area
belong to this group (rice, cassava, rubber, coffee).
For the soil fertility the organic matter content is of
utmost importance, together with the clay content. Both factors
are responsible as base for the necessary-plant nutrition-elements.
These factors can keep these elements available for plants. Erosion
causes a decrease on both factors and thus, a tremendous decrease
in soil fertility. Farmers are well aware of this process.
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the available water-holding capacity (AWC) is discussed. This
capacity is expressed by the amount of water kept available to
plants by the soil. In drought periods plants subtract moisture
from the soil, up to great pressures (max. up to 15 bar, theoretically; the capacity of plants in this respect differ enormously:
rice for instance has a low ability to extract soil moisture and
its maximal pressure amounts about 1 bar only, making rice a crop
with a low drought tolerance). The AWC is related to the composition of the soil (sand, clay, gravel). Especially the soil
particles in between sand and clay size, the socalled silt, is
of importance to the AWC and can hold the highest quantity of
water available to plants. Gravel on the other hand reduce the
proportion of non-gravelly soil material ("fine earth"). Gravel
itself hardly contains any water and in drought circumstances
the moisture content of gravel is considered to become very low;
the moisture in gravel is net held strongly. A high gravel content is therefore considered to be a bad characteristic with
respect to the AWC. Studies in the Gambia (Williams, 1979) on
comparable soils, however, revealed higher AWC figures on soils
containing gravel; this may be explained by a higher proportion
of pores in the soil, which induces a higher AWC. This capacity
is clearly related to pores and especially to the small pores.
On the other hand, a very high gravel content as found in many
upper slope soils of the MRU-area, is still considered to have
a decreasing effect on the AWC.
The composition of the non-gravelly soil material of the
soils of the MRU-area is of a modest quality in respect to AWC.
Due to the high rainfall, drought periods are scarce during the
rainy season and plants can extract enough water from the soils
on non-rainy days or periods. Real droughtstress can hardly be
observed during that season. In the dry season, the AWC of the
soil is more important. However, annual crops like rice (which
also has a shallow root system), are not grown during that season.
Tree crops with a relatively deep and extensive root system depend
on the AWC. Again, the crops are adapted to the circumstances and
experience has shown that the perennial crops can stand the dry
season. Still, some soils which have a very low AWC show more
drought stress on crops and thus have a yield decreasing effect;
these soils need to be separated on soil maps.

- 19 Lower slope.
Very gently to gently sloping part with slope degrees
rarely higher than 6%. On lower slope positions again evidence
of soil erosion appears. Most lower slope soils in the Basement
Complex are deep soils which are gravelfree to a certain depth,
but deeper than in upper slope soils. Gravelly layers sometimes
occur beneath the gravelfree upper soil layers. Groundwater is
not found in lower slope soils within 1 m depth and has no or
hardly any influence on plant growth.
The gravelfree surface soil material is considered to be
the result of run-off wash of surface soil material derived from
upper slope soils. The elevation of lower slope soils above the
valley bottom is usually more than 1 m as was shown by the relatively deep groundwater level as well. Erosion cycles in the formation of the Basement Complex landscape has caused severe dissection by valleys; in later stages and probably continuing in
present time the lower slopes are the places of accumulation of
soil erosion material.
One would expect high organic matter contents in lower slope
soils, which, however, is not the case. Apparently, during runoff a segregation of soil and organic matter particles occurs;
probably organic matter particles are brought further into the
valleys and are either removed by the streams or accumulated on
the valley bottom soils. The composition of the gravelfree surface layers of lower slope soils is comparable to the upper surface soil layers of the upper slope soils. Furthermore they are
comparable to these soils on most ways, apart from the high gravel content of the latter. Some characteristic differences are
mainly due to the low gravel content; no hampering of root growth,
a higher AWC, but still a very low soil fertility. The lower .
slope soil can considered to be better for crop growth. Unfortunately the extent of lower slope soils is less than 25% of the
upper slope soils. Furthermore gravelly, upper slope soil-like
soils are also found at some places, where due to serious erosion
gravel have been redistributed on the slope. Even new accumulation
and therefore new formation of gravel does occur on lower slope
positions where relative shallow groundwater containing a high
iron content cause iron-accumulation.. At some places even iron
pans, i.e. very hard, cemented banks were found at shallow depth.
Such pans do not occur often and if found, they have a very small
extent.

- 20 Terrace.
Nearly level part of the landscape with very gentle or
hardly any slope. Terraces form a separate slope

unit which

needs to be considered in detail as their soils are really
different from other units. Terraces are found along streams
with high embankments, which are flooded occasionally. Deposition of fine soil material takes place regularly, but in a
very slow way. The composition of the deposited soil particles,
either coming from the slopes or by the flood water, has a relatively high "silt" content (silt particles are smaller than
sand particles, but bigger than clay particles). Depending on
the kind of deposition, whether by the floodwater or from the
slope, the amount of silt is determined; the more influence
on deposition by flooding, the higher the silt content. Therefore along wide rivers, soils contain high silt contents; also
the terraces appear to be wider and more clearly developed. The
formation of terraces is thus clearly related to the kind of
stream, creek or river: a higher order of stream (i.e. the
closer to the final part of the drainage system, thus closer
to the main rivers like Sewa, Moa, Mano, Lofa or St.Paul), the
more water is carried, and the more flooding may occur in a
pattern which causes the formation of terraces. Light silt
particles are carried by the river water over long distances,
whereas bigger sand particles are deposited after transport
over relatively shorter distances, as will be seen in socalled
floodplains (or real valley bottoms, see next paragraph). Terraces are formed on those places, where the river water contains a relative high proportion of silt and where the flooding
regime of the stream is special in a way that only occasional
flooding occurs. Clay particles, lighter than silt are carried
away further downstreams or are deposited in swamps with standing water.
The terrace soils have an uniform

appearance. No gravels

are found. The clay content does not increase with depth; in
contrary an increase in sand content is more often observed.
The higher the terrace the less flooding and deposited soil
material contains more finer soil particles. Due to the slow
process of deposition very gradual changes in soil composition
are remarkable for the terrace soils. Their physical characte-
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stand short-during waterlogging. The soil structure is not very
dense and although the soil permeability is lower than the slope
soils, an erosion hazard is not apparent due to the low slope
degree. The groundwater level normally reaches a depth of,1 m
during the rainy season, which means a good condition to most
crops. The water availability is excellent. During the dry season the groundwater table goes down to 2 m or more; for tree
crops like cocoa and coffee and for a crop like sugar cane such
a depth is allright. These crops can reach the deeper soil layers
with their roots during the dry season and do not have any droughtstress problems. Rice, however, cannot reach these layers with
its root system and cannot be grown on the terrace soils during
the dry season, unless irrigated.
Chemically the terrace soils are poorer than the slope soils.
The deposited soil particles are derived from other slope soils;
during transport some of its content of elements, important to
plant nutrition, are lost in the water and on deposition their
fertility has decreased somewhat. The proportion of aluminium
on the other hand has relatively increased. The aluminium toxicity problem of the terrace soils is therefore one of the most
important limitations to agriculture. Either adapted crops
should be used or an improvement, e.g. by liming, should be considered.
Valley bottom (floodplain).
Level to nearly level part of the landscape with hardly any
slope: slope degrees are very low either in a cross-section or
in the longitudal section of the valley along the drainage way.
During heavy rain periods the valley bottoms submerge, as the
groundwater level in the soil is high. With heavy rains the
streams cannot discharge all the water coming from the inland
area; soils become saturated with water and the valley will be
flooded. In the dry season, the groundwater level decreases
slowly and reaches a depth of around 1 m at the end of the
season. Such a regime of groundwater levels offers possibilities
for crops like rice, but also other crops. Especially during the
dry season, crops with a short growing period of 2-k months can
be cultivated on the floodplain-valley bottom soils, as the
flooding hazard is minimal. It was observed in SW-Nigeria (Veld-

- 22 kamp, 1979) that the extent of possibilities of utilizing
such soils is tremendous. A careful selection of places
suitable for particular crops is needed. Water is always
nearby and a simple form of irrigation can easily be made.
In Asia, people use to cultivate such land in the first
place; their agricultural experience is based on the cultivation of valleys. The main point of agriculture on such
places, both during the rainy and the dry season, is water
control and especially drainage of surplus water. In many
parts of the world sustained crop production takes place on
valley bottom land, although at a relatively high level of
management. It happens that the soil fertility is not very
important in the wet tropical soils; apparently the groundwater contains the necessary elements in substantial amounts.
This does not mean that fertilizers would not be efficient;
certainly a considerable increase can be obtained by fertilizer use.
The floodplain soils are young as continuous deposition
and erosion takes place. With each flood soil material is
transported. The soils contain irregular layers of several
composition. Very clayey soils are not found on the Basement
Complex. Such soils occur sometimes along the wide rivers and
especially near their outlets into the ocean (in tidal swamps
and in floodplain depressions). Most floodplain soils are sandy in character. The silt content is usually low. The soil fertility depends on the clay content and clayey soils have a
higher content of available plant nutrients, but as mentioned
before the groundwater takes care of the provision of these
elements to plants in the first place. The difference between
more sandy and more clayey soils is more important with respect
to management. With water control, ditches and bunds are needed.
The stability of these structures is higher with the more clayey
soils and regular restoration is less needed. Sandy soils, on
the other hand, have a higher permeability which may be an advantageous factor in drainage. Usually, however, the more clayey
soils should be preferred.
The slope degree of valleys is important to water control
as well. Some swamps are formed in places with a very low or
non-existing slope. Sometimes the valley slope is interrupted
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The treshold reduces the flow of stream water and creates a
swampy area on its upper side. Valleys with a high longitudal
slope degree (e.g. more than 0.6%) are more difficult to manage
with respect to water control; the best valleys have a longitudal
slope between 0.3 and 0.6$ (Roberts, 1973).

3.2

Coastal Plain
The land in the Coastal Plain strip has the following cha-

racteristics:
- Coastal Plain geology, comprising sandy beach deposits and
sandy and clayey floodplain deposits. The sandy beach deposits
are found all along the coast; they form the actual beach and
the older beach ridges behind the beach zone. The sandy and
clayey floodplain deposits are situated south of Torma Bum in
Sierra Leone and scattered in the zone between the Coastal
Plain and the interior Basement Complex in both countries.
Hard rocks are rarely found in the Coastal Plain-area. The
tops of some low hills have bedrock pieces within 1.2 m depth;
the bedrock may have a various origin, e.g. tertiairy (rock
with an age between the recent beach and floodplain deposits
and the old Basement Complex), but also outcrops of the Basement Complex. Tertiairy rocks are sometimes sandstone; they
occur locally and are not important.
- The very gently undulating to nearly level topography. The
following three areas will be discussed:
a. recent beach and old beach ridges
b. scattered floodplains at the boundary zone between Coastal
Plain and Basement Complex
c. extensive floodplains south of Torma Bum.
a. Recent beach and the old beach ridge zone. The recent beach
is formed by regular long beach ridges with very sandy young
soils with no particular interesting characteristics. The
area with old beach ridges is characterized by one to three long
ridges parallel to the coast; these ridges have been dissected
at many places. The area is further characterized by many lagoons and swamps. The whole pattern is irregular. The main
difference in soils is the soil drainage: well and poorly
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place in the old beach ridge^ soils, which is an illuviation
of humus: this process indicates the poor quality of the soil.
Erosion problems do not occur on the beach soils. Physical
characteristics of the soils are the high permeability, the
often poor structure, and the low water holding capacity.
Chemically, the soils are very poor; in comparison to the
Basement Complex soils, these soils are poorer. Their agricultural value is almost nil, although coconut and cashew,
especially the first one may offer some possibilities, as
suggested by Eschweiler and Sessay (1980) for Turner's Peninsula,
b. Scattered floodplains at the boundary of Coastal Plain and
Basement Complex. Floodplains with an extension between 1
and 100 ha (2.5-250 acres) are found at the boundary zone,
probably due to stagnation of flood water coming from Basement Comolex—areas by Coastal Plain—deposits; almost flat
areas are the result. Young soils composed of sand and clay
are formed. The annual groundwater fluctuation is very large.
While during the rainy season the groundwater level is within
50 cm depth with regular waterlogging periods, during the dry
season the groundwater level decreases to below 2 m depth.
It is a matter of either too much or not enough water, which
seriously impedes the agricultural utilization of these plains.
Water control is a necessity to improve the groundwater conditions. With water control some improvements can be made,
although the fertility of the soils is poor. Modern, sophisticated management can make large-scale agriculture on these
plains possible. Actually, these plains are the most suited
for such a form of agriculture in the MRU-area. One of the
main problems of water control lies in the micro-relief,
caused by natural drainage ways intersecting the plains.
During the rainy season water control involves drainage
and water conservation (for use on the dry season); drainage
would mean the improvement of the discharge of the natural
drainage ways, both the main stream as well as the tributaries on the surrounding 1-2 m higher lying, floodplain; water conservation is a bigger problem to be solved. The damming of the main stream depend on suitable sites for: a ) , a dam
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and b). a water reservoir. Both factors are difficult to
find, although in the area near Madina, Cape Mount county,
Liberia (the Teh-rice project) such a site was found and
developed.
During the dry season irrigation is necessary for agriculture. Pumping, of groundwater is a possibility, although
expensive. The same applies for pumping of river water, due
to the costs to lift water at least 3 m from the river level
and the costs of transport of water from the river to the
plain. In case of the Mano river, near which outlet to the
sea some of these plains occur (e.g. south of Zuani, Liberia) the quality of the river water is dubious for irrigation purposes, due to contamination by the Mano iron-mine
at Kongo upstreams on the Mano river,
c. Extensive floodplain, south of Torma Bum. This floodplain
of the Sewa river has a particular groundwater regime due
to the stagnation of the Sewa river outlet by a tremendous
beach deposits along the coast. These deposits are formed
by a strong westward movement before the coast of sandy soil
material (probably caused by erosion in the interior). These
deposits cause the Sewa river to find its sea outlet many
kilometres to the west and thus hampers the drainage of the
area between Torma Bum and the beach. The result is a regularly waterlogged swamp area in which several soils occur.
Birchell et al. (1979) described this landscape by dividing
the area into:
- high and low terraces
- alluvial flats
- recent levees (and scroll complexes)
- backplains and backswamps.
The terraces and alluvial flats are comparable to the floodplain area described under b. The recent, often weakly developed levees occur alongside the major river(s) and are
situated somewhat above the rest of the plain which is formed by the backplains and backswamps. In the latter poorly
drained clayey soils are found, which forms the main component of this area. Again, as in the floodplain area described
under b., water problems form the most important constraint in
land use. Floating rice seems to be most suited for the Torma
Bum area. Other forms of rice cultivation are the best alternative to floating rice.
i
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- 27 U. EXISTING INFORMATION AND RESULTS FROM LRSP

The existing information will be dealt with according' to
the literature of the last 13 years, concerning data on land
and particularly on soils. The information will be discussed
according to three levels of (soil) survey:
- reconnaissance (including exploratory): approximate range
of scales: 1:100,000 and smaller
- semi-detailed: approximate range in scales: 1:10,000-1:100,000
- detailed (and very detailed): approximate range in scales:
1:10,000 and larger.
The most important literature on soils within the MRU-area
and in areas comparable to those of the MRU-area is available
in the following publications:

I

- Sivarajasingham, 1968: reconnaissance-semi-detailed; NESierra Leone
- Stark, 1968: reconnaissance-semi-detailed; NE-Sierra Leone
- Dijkerman, 1969: reconnaissance-exploratory; Sierra Leone
- Dijkerman and Westerveld, 1969; semi-detailed; Torma Bum
(Sierra Leone)
- Fanfant, 1970, 1972: semi-detailed-detailed; Liberia, especially Upper Lofa
i

- Van Vuure and Miedema, 1973: semi-detailed; Makeni-Sierra
Leone
- Odell et al., 197*+: comprehensive; Sierra Leone
- Agrar- und Hydrotechnik, 197*+» 1978: semi-detailed; Upper
Lofa, Nimba, Liberia
- Soils Division (Geiger), 1977= detailed; Suakoko, Liberia
- Soils Division, 1977-1979= detailed; Liberia
- Van Mourik, 1979» reconnaissance; western Liberia
- Birchell et al., 1979: reconnaissance; Sierra Leone
- Eschweiler and Sessay, 1980: semi-detailed; Turner's
Peninsula, Sierra Leone
- Eschweiler et al., I98O: semi-detailed; Tigbeema, Sierra
Leone
- Veldkamp, 1980: comprehensive; MRU-area.
Most publications do not only give basic data on land and
soils, but also on land use, vegetation, demography, climate,
etc. Besides land and soils, often a chapter on land evaluation
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is given. Land evaluation is the interpretation of the soil
map in terms of suitability of certain land use possibilities
or crops. The items land, soils and land evaluation;are the
main issues to be discussed in this chapter.

k.1

Reconnaissance or smaller scales
Several surveys at such scales have been carried out in

the MRU-area. It concerns a relatively small scale, which
means that the survey map shows a relatively large area (or
in which 1 cm on the map represents 1 km or more in reality).
Often the surveys are an intergrade between the reconnaissance'".
and semi-detailed level, especially those surveys in which soils,
were mapped.
Surveys concerning land have been made on reconnaissance
scale: examples of the latter are the surveys of Van Mourik and
Birchell et al. for western Liberia and Sierra Leone respectively. The main map units are defined as land systems, which are
units with an assumed relation between landscape and soils:
Within each land system, 3-6 subdivisions (or land facets) are
made; each land facet is considered to be composed of a more
or less fixed pattern of soils. Although based on detailed soil
surveys the description of soils in each land facet is a rough
generalization. Land evaluation as practized in the two mentioned
reports has resulted in reconnaissance suitability maps, which
do not show much detail; they are meant to give a broad idea
of either climatological or topographical limitations to crop
cultivation. In the following figures (nos. 3, k and 5) this
result has been reorganized (Veldkamp, 1980). The reconnaissance
suitability for nine crops (with rice as dryland ("upland") and
wetland ("swamp") rice) within the MRU-area is presented in fig.
5

as based on the land regions/sub-regions/systems-map (fig. 3)

and the agro-ecological zones map (fig. h). Fig. 3 is a compilation of the maps by van Mourik and Birchell et al.. Fig. k
consists of zones defined by the average annual rainfall and
the length of the growing season; the latter is the period of
time in which the soil moisture content is considered sufficient
for average crop growth. Fig. 5 is based on the land evaluation
methods and results of the two reports, but generalized and pre-
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- 32 sented in the form of extent (as percentage of the whole map
unit) of land, suitable for one or more of the included crops.
Other reconnaissance surveys (Sivarajasingham, Stark, Dijkerman and Dijkerman and Westerveld) are based on soils. The
success of these surveys depends very much on the surveyed area.
The survey of Dijkerman and Westerveld gives a clear picture of
occurrence of soils in a floodplain area of the Sewa river, due
west of Torma Bum. There is a good relation between the landscape units and the occurrence of particular soils. In NE-Sierra
Leone, on the Basement Complex, the situation is different; the
difference between the map units becomes less clear and the
description of the map units in terms of soils is not really
satisfactory. Due to the scale several combinations of soils
had to be made in order to map them at the used scale. With
quite some variation in soils, this process hardly contributes
to the location purpose of mapping certain types of soils. The
map units are mere based on landscape factors, while the soils
occurring in each map unit are described secondary; This causes
an unclear picture of the soil survey. (For more details reference is made to the technical report of the LRSP, Veldkamp,
1980).

k.2

Semi-detailed scale
The same problems as mentioned in reconnaissance surveys

on the Basement Complex appear at this scale. Surveys on the
Coastal Plain are more clearer (e.g. Eschweiler and Sessay,
1980).
The semi-detailed soil surveys on the Basement Complex
(like Fanfant, 1970, 1972; Van Vuure and Miedema, 1973; Agrarund Hydrotechnik, I97I+, 1978; Eschweiler et al., 1980) have the
difficulty of combining different soils into one map unit. Each
survey reveals different combinations, both of soils and of the
distribution of these soils within the map unit. The map units
are firstly arranged according to landscape characteristics,
especially landforms and slopes. Secondly the occurrence of
soils is given. In my opinion, these maps should not be called
soil maps, but physiographic (i.e. describing the landscape)
maps. On the Basement Complex it appears that soils can hardly
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I
i

be mapped. This is especially so on the upland positions;
the topographically lower places like lower slopes (footslopes),
terraces, floodplains and swamps can be mapped more easily and
the relation between soils and topographic position is clear
enough for realistic soils-description of the map units. In
contrary, the variability of upland soils obstructs such a clear
description.
A major limitation in describing soils is the poor correlation among the surveys carried out sofar. Each new surveyj started
by making new definitions of soil units and thus contributed to
the existing confusion in soils descriptions. It would bei better
to start with a more or less fixed structure of soil classification based on the existing information. New surveys would
than use the comprehensive system, while local specifications
can be described at a relatively lower level in the classification system in a more freely way. Such a system (framework
for soil classification) has been made by LRSP and can be,found
i

in the technical version (Veldkamp, 1980). The main advantage
is the possibility of making more consistent associations of
i
soils, especially with respect to the semi-detailed soil survey.
This is especially important as the semi-detailed soil survey
is the most suited for systematic soil survey. Systematic,(semidetailed) soil maps are very useful in agricultural planning of
a region. More detailed soil survey would mean the expenditure
of a lot of time, manpower and money which is doubtful whether
this would benefit enough data in relation to the costs of survey. Semi-detailed survey, in association with aerial photointerpretation, is a much more useful form of soil survey Ifor
the MRU-area.
The new soil classification system (framework) needs extensive testing and revision. Application of the framework by
soil survey teams in both MRU-member countries would improve
the system. Three levels are distinguished in the framework:
i
- soil series

!

- soil phases
- soil sub-phases.
The soil series level is the highest. This level is recognized
by its applicability and its significance in soil survey; on
one hand characteristics, used to distinguish among soils should

I
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other hand the distinction should be relevant enough for
interpretation (land evaluation)-purposes. The phases and
sub-phases are meant to identify other specific features,
which may be of local importance only.
Up so far the framework is only usuable in detailed surveys. The soil series are not wide enough to be applied in
semi-detailed surveys. Therefore associations of series are
to be made. Again, much cooperation between soil survey of
both Sierra Leone and Liberia would be useful in this respect.
The framework, if established after serious testing, can
further be used for interpretation purposes. Once the consistent soil associations are fixed, each association can be
interpreted for suitability of a form of land use. The advantage of fixing the content of map units would be the possibility of testing the mostly qualitative approach as is
followed in the current land evaluation methodology. By experiments

the land evaluation methodology can be made more

quantitative (e.g. based on yield levels), which in turn can
be extrapolated to similar map units under comparable climatological conditions. Better predictions of yields would be the
result, which facilitates agricultural planning enormously.
Limitations in agriculture in special map units become apparent and consideration of improvements (by inputs of fertilizers, crop protection chemicals, management, irrigation/drainage structures, etc.) can be made in economic terms.

U.3

Detailed and very detailed scale
Existing information on detailed and very detailed soil

survey is numerous in the MRU-area, but could often not be found.
The most important information on soils was obtained from publications by Odell et al., 197*+; Dijkerman and Westerveid, 1969;
Sivarajasingham, 1968 for Sierra Leone and Van Mourik, 1979; FanFant, 1972 and Soils Division, 1977 for Liberia.
The detailed and very detailed soil surveys have resulted in
many soils data which have only been correlated to some extent by
Odell et al. for Sierra Leone. At this time it was found necessary
to re-examine these results and to combine them with more recent
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soil survey work was carried out in S.W.Liberia by cooperation between the Soils Division, CARI, Suakoko, Liberia and the LRSP/MRU
during the dry season 1979/1900. The mentioned framework for soil
classification has been the result. The framework will be. the
main issue in this paragraph. A short description of each unit
of the framework will be given, together with some remarks about
implications for agricultural land use.

|

The soil series is the unit of the highest level in the framework so far. Combinations of soil series may lead to associations
which can be used in semi-detailed surveys (cf. paragraph h.2).
Each series is subdivided into phases and sub-phases, depending
on the importance of a special characteristic within a series.
i

At the time of writing this report not all analytical data are
available; therefore the descriptions of the series and some of
the important phases have a general character only.

i

Soil series
i

The first division is between the beach and beach ridge region
along the coast and the rest of the MRU-area. The beach/beach ridge
soils differ from others especially on their very sandy texture.
Three series are distinguished:

i

- the normal beach and beach ridge soil which is a young sandy
soil which is droughty, has a very low soil fertility and is
not very interesting for agriculture apart from coconut:(and
cashew)

j

- the same soils as the former one, but with more profile\development by way of a hardened subsoil layer. These soils are older
than the first one and have the same qualities but probably an
even lower soil fertility
- the third is a poorly drained soil occurring in depressions and
lagoons between the beach ridges. Not much is known about these
soils. Their fertility is very low due to the very sandy texture
and the use of this soil

for agriculture, especially swamp rice

cultivation is considered hazardous. The influence of soil salinity
seems to be low, but with water control the situation of the poorly
drained depressions may change and the salt content of the groundwater may increase. These soils are not interesting presently
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as other wet and better soils are available elsewhere in the
MRU-area. From the point of research however, investigations
on possible forms of land use may be useful.
All other soils in the framework are distributed on the
following characteristics:
- topography, relief, physiography, landform
- type of bedrock
- soil depth
- content, depth and kind of gravel and stones
- soil color
- soil drainage
- texture, particle size distribution.
A characteristic like soil fertility is not mentioned in this
list. Such a characteristic, although important, cannot be mapped
in the field. Only those characteristics which are mappable.and
significant have been included at the division at series level.
The first distinction concerns the topography or the level
(relative elevation) of occurrence of a soil on the landscape:
roughly two divisions are made:
- topographically higher places comprising the uplands and summits
(excluding the lower slopes)
- topographically lower places comprising all other land types.
Firstly the soils on the topographically higher places will be
mentioned.
A rare soil was found on sandstone in S.W.-Liberia. The extent
of this soil is very low and it has no use to describe this particular soil here. The other soils are all formed on old Basement
Complex rocks, mostly gneiss and granite.
The fourth separation concerns the soil depth. Shallow soils
which have bedrock or a hard pan within 1 m depth are treated
apart. They occur mostly on steep slopes and seldom on level plains.
Due to their shallowness the agricultural value of these soils is
minor, whereas the erosion hazard, because of the steep slopes,
makes these soils even less interesting for agricultural purposes.
Also for forestry purposes such soils are almost useless, because
their accessibility is bad compared to many other and more useful
soils.
The fifth separation concerns the content of gravels, especially those gravels which obstruct root growth without being of

- 37 any value to crops. This characteristic is more or less applicable in detailed soil survey, although the variation in depth
of such gravels may be too high to be mapped satisfactory and
larger survey scales are than necassary. The separation on gravel content separates the gravelly soils from the gravelfree and
slightly gravelly soils; it was established than about one-third
of the soil within 60 cm depth should consist of gravels in order
to be named a gravelly soil. This separation works very well as soils
contain gravel either up to two-third or less than one-fifth of
the soil volume. The separation on depth of gravels is not always satisfactory and was chosen arbitrary. Any amendment to the
depth criterium does not change the problem.
The gravelly soils have been divided in those which have a
thick gravelly layer (more than 60 cm vertically) and the others
with thinner gravelly layers. The former ones.are the most common
upland soils and not particularly favourable for crop production
because of their root growth restricting characteristics in the
first place. Due to their large extent they are often in use for
rice, cassava and other food and cash crops and also in use by
rubber and oil palm plantations. A clear difference in crop performance between soils with thick and thinner gravelly layers
cannot be observed easily as the total difference between these
soils is only minor: they are both poor soils with both root
restricting characteristics.
Apart from the thickness of the gravelly layer, the content
of weatherable minerals was considered necessary for a next division. Weatherable minerals may release useful nutrients Ifor
crop growth. In surveys this characteristic can be mapped jto
some extent; especially profile pits are useful in this respect.
More research on whether hard rock pieces indeed release nutrients
available to crops is however needed to make this separation relevant.
The soils with a low content of gravel within 60 cm depth
are firstly separated on the gravel content again but now at depths
between 60 and 120 cm. Soils with a considerable amount of gravels
in the subsoil but with deep gravelfree or slightly gravelly surface soils probably are former depressions in the landscape which
were filled up with topsoil material from surrounding soils. Apart
from their lower gravel content in the upper soil parts, and
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their other characteristics are quite the same as the more gravelly soils. Some difference in water holding capacity can be
expected due to the lower gravel content. Fertility-wise both
types of soils are comparable.
The last group of soils on the topographically higher places
in the landscape comprises soils with no or hardly any gravel
above a depth of 1.2 m. This does not mean that these soils do
not contain hard fragments, as for instance rock fragments are
not considered to belong to the kind of gravel as was used in
the fifth separation in the framework. There are two kinds of
soils in this group:
- one kind concerns soils with similar characteristics as the
common gravelly soils, apart from their low gravel content.
These soils occur very locally and represent former, deep depressions which have been filled up with topsoil material
- a second kind appearing on the highest places in the landscape
where the influence of the bedrock is high. Such soils contain
a variable amount of bedrock pieces which are still weatherable or weathering. Their low content of hard inert gravel and
the absence of real gravelly layers is due to their topographic
position. Such soils are considered better than the usual gravelly upland soils, but their occurrence on often steeper slopes and their inherent vulnerability to erosion (erodibility)
makes these soils less suitable to bush fallow farming systems;
however, more permanent farming with tree crops or forestry
are better forms of land use on these soils, if situated on
steep slopes. A separation is made on basis of soil color; some
soils have a uniform red color which apparently is related to
the kind of bedrock. Whether this characteristic has any meaning
to suitability of crops, is not very clear yet. Their extent in
north-eastern Sierra Leone is large enough to do more investigations in this matter.
A last separation made concerns the soil drainage, which has
been implemented only in the less gravelly soils for reasons based on existing information. The gravelly soils are normally well
drained. Some stagnation of groundwater may occur, but is not enough
to be separated at soil series level. For the less gravelly soils
such a separation was found mor necessary, especially for soils
in local depressions.
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The soils on topographically lower places (see paragraph 3.1
for a physiographic description) are separated on soil drainage
in the first place. All better (well to imperfectly) drained
soils are distinguished from more poorly drained soils. This separated floodplain-, valley bottom-, swamp soils from lower slope
and terrace soils. The division between lower slope and terrace
soils is made on basis of silt content. Lower slope soils usually
contain less silt (and more sand) than terrace soils. Lower slope
soils are further divided on soil drainage. The difference between lower slope soils and their quivalents on higher topographically positions is still unclear and their difference is almost
too small to keep them separate. Only the groundwater influence
and eventual differences in soil formation may lead to more clear
differences in the future.
Three series are made for the terrace soils; this division
is on basis of silt content and soil drainage. The soils on levees
(somewhat higher strips along wide rivers) are better drained
and contain high silt contents. They are one of the best soils.
In the survey carried out near Torma Bum by Dijkerman and Westerveld these soils were described in detail (Taso series). An associated soil from the same region is the moderately well to imperfectly drained soil (Torma Bum series) with an equally high silt
content, which also is considered to be among the best soils
available in the MRU-area. A major problem however, is the aluminium toxicity, as discussed before. The last group of terrace
soils has the largest extention. Their silt content is in between the lower slope soils and the levee soils. They are the
real terrace soils, found scattered in the area, but especially
in river bends and on places, where creeks and rivers flood
occasionally. These are the second best soils.
The poorly drained soils are separated on the silt content
as well in order to divide among soils occurring in coastal floodplains and tidal plains near the coast from the soils occurring
in the interior valley bottoms. The former group has a relatively
high silt content. They have not been described in much detail
among other reasons due to their poor drainage conditions. With
water control, these soils are normally very useful for rice
cultivation, but management of the water regime is not easy and
adaptive crops like floating rice seems to be the best form of
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conditions, which will not be described in detail; such soils
occur at the Rokupr Rice Research Station, Sierra Leone. Although
situated outside the MRU-area, they were included in the framework, as they might be found in tidal swamps along the coast.
However, they have not been found yet.
The common valley bottom soils of the interior have lower
silt contents compared to the soils of the coastal floodplains
and tidal swamps. The main division is made on texture; light
textured soils versus heavier textured soils. These soils do
also occur in the floodplain areas north of the beach/beach ridge
region. The only difference with the interior valley bottom soils
is their relatively low groundwater levels (below 2 m) in the
dry season.
Phases and sub-phases
Apart from the division in series a second level is applied
at phase/subphase level. In each series a number of such phases
are identified. Phases are more important than sub-phases; either
they were found more often or they are considered more~important
due to the effect of special characteristics on eventual land
use possibilities. Only few phases will be mentioned:
- slope: the dominant slope class is considered typic for a series, while the other classes are described as phases
- shallow-gravelly: this phase singles out those soils which
have a very high gravel content within 30 cm depth, which
makes these soils unsuitable for most crops
- thick topsoil: the reverse condition of the former characteristic in which the upper 30 cm does not contain much gravel.
This phase is used for gravelly soils especially.
- stony: soils which contain a considerable amount of weatherable fragments supposed to release useful plant nutrients
- moderately deep: bedrock occurs between 1.0 and 1.5 m depth
- duration of waterlogging period: this phase is used in all
wet soils. A three way separation is possible: up to December, up to February or throughout the year. This separation
gives the idea of how wet the particular valley bottom actually
is, which in turn has consequences for management in case such
land is going to be used for agriculture, especially "swamp" rice.

- Ui Phases and sub-phases are dealt with more intensively
in the technical report on soils in the MRU-area. From each
series the general description, the classification according to
the most important international soil classification system
(Soil Taxonomy), the description of analytical data, the description of fertility phases and finally the land evaluation
specifications and results for each series, specified according to some
phases are given. These descriptions are notrready yet and can be
found in the forth coming technical report. The conclusions of
the next chapter are therefore more general in character and are
not dealing with very specific phases of soil series. Details
about location of specific phases is a matter which can only be
solved by systematic soil survey. Only indications about their
location could be included in this report.
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Land evaluation
Some remarks will be made in the land evaluation methodology
as applied in the technical report. For each series, phase and
sub-phase the characteristics of the land will be qualified into
ratings; the land characteristics are combined to land qualities,
which have a direct relation to crop performance. The rating of
a land quality is related to the availability of a useful quality
or to the absence of a constraining quality. The land qualities
involved deal with availability of water, nutrients;soil aeration;
resistence to erosion; absence of soil salinity, acid sulphate
soil conditions, surface stones and rock outcrops, very high gravel contents in the surface soil, flooding and discharge stagnation; occurrence of iron toxicity and high air humidity during
the rainy season; impediment of root development.
On the other hand crops are considered on the land use side:
each crop is taken apart in the land evaluation. The following
crops are involved; banana/plantain, cassava, cashew, citrus,
cocoa, coconut, cocoyam, coffee, cowpea, maize, oil palm, pineapple, pigeon pea, rice, rubber, soybean, sugar cane, sweet potato, and three groups of vegetables.
Complex farming systems are not applicable for a sound evaluation at a detailed level. Such an approach might be carried
out after the detailed evaluation has taken place by combining
series and phases on one hand and by combining crops in one way
or another. One element of the common smallholder's farming
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This concerns management dealing with improvements in land conditions and crop conditions. The management factor is used at
three assumed levels. For each level the specification are given
together with their effect of the land evaluation elements: land
qualities and crop requirements. The matching of both these elements results in a (physical, ecological) suitability, which will
be presented for each series and relevant phases of the framework.
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5.1

Conclusions
i

5.1.1 General
The following conclusions do not involve specific details
about where to go for agricultural projects. These data should
come forth from surveys which were only carried out at few locations for research purposes or were carried out at small
scales which did not produce the required detail of location.
The conclusions are formulated generally and are presented in
a logical order. They give the idea of what land resources in
the MRU-area mean, what the basic limitations in land resources
for agriculture are and what can be done in the future.
1. No single part of the MRU-area can be separated on basis of
excellent land conditions for agriculture. The interior Basement Complex on one hand is a continuous landscape intersected by hills and hill ranges. There is no specific area
in the interior which has favourable conditions. The same
is true for the other part, the Coastal Plain and associated
parts.
2. Much more work is needed on land resources in the MRU-area,
not only on research, but also on training and implementation of surveys. Results sofar are only scanty. Many limitations to increased agricultural production on a sustained
basis can be solved by more intensive land resources studies
and surveys.

5.1.2

Technical

Basement Complex
3. Within the Basement Complex part of the MRU-area large parts
are more suitable for agriculture than others. These more suitable parts are characterized by a low relief in which no steep
hill ranges or a predominance of steep slopes occur. The low
• relief .parts•contribute to 61$ of the MRU-area or 28,000 km2.
*

1 km2 = 100 ha = 250 acres.
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- kk The hill ranges have no value for agriculture and can be
left outside the scope of any agricultural planning (excluding forestry).
k. Within the low relief parts the single hills and remaining
small hill ranges should be left out for agricultural purposes. The more gentlier sloping areas are suited for agriculture. Several units can be divided for specific crops.
This division is to be made at a detailed level for which
soil survey is necessary. On basis of soil maps the constituent parts of the low relief Basement Complex landscape can
be identified and interpreted for agricultural purposes on
several levels of management.
5. The basis for making soil maps in a systematic way in the
Basement Complex area is the application of large scale products of remote sensing in any form. Soil survey is additionally needed to identify the location and extent of characteristic units of the land. The level of soil survey needed
to produce effective soil maps is rather detailed as the relief of the suitable parts of the low relief Basement Complex
area is variable over relatively short distances. Soil maps
are only effective if each important unit of land can be identified.
6. The basis of soil maps in the low relief part is to be divided
in the first place on topography. A two-way division is recognized:
- high: summits, upper and middle slopes
- low : all others.
Within each of the topographic divisions the soil map shows the
constituent units which relates to soils with a limited degree
in characteristics. The soil map locates the extent of constituent units only to a degree which depends on the scale of the
survey and the topographic position. To produce real soil maps
the scale of the map should be not more than 1:20 000. Such a
scale works satisfactory for the topographically lower places
especially. For the topographically higher, places a much larger
scale (going to 1:5 000 and less) is needed.
7. Topographically lower places can be mapped satisfactory and
the produced soil maps can be interpreted in terms of suitability for crops under given circumstances. For implementation
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of agriculture in topographically lower places, projects should
be formulated to investigate local-specific circumstances concerning land conditions and management; these details cannot
be extracted from soil and suitability maps. The determination
of the suitability of crops for the constituent parts relies
on the qualitative determination of crop requirements and surveyed land conditions. The effect of management is incorporated.
The resulting land evaluation is consistent and can be directly
applied by the soil surveyor.
8. Topographically higher places cannot be mapped satisfactory.
Produced soil maps show hardly any distinction among units, because the consistency of the descriptive items of the untis is
low. More research and testing is needed to identify consistent
associations of soils of these higher landscape positions in the
low relief parts of the Basement Complex. The determination of
the suitability of crops for the constituent parts of the topographically higher places is always a mixture of actual suitabilities and is therefore not only qualitative but also rather
meaningless as exact location of suitable sites can only be
given after very detailed and costly soil survey. For implementation of agricultural plans for topographically higher
places a degree in variability in soils should be incorporated.
Failure of crop performance on part of the land has to be taken
into account in feasibility studies; generally poor performance
of crops is to be expected on about half of the topographically
higher places of the Basement Complex landscape for various
reasons (erosion, fertility, shallow gravelly soil layers,
shallow bedrock).
Coastal Plain
9. Within the Coastal Plain large parts are suitable for agriculture. These parts are characterized by high groundwater levels
in the rainy season and contribute 3% of the MRU-area or 1,U00
2
km . The suitable parts do not include the beach ridge area occurring as a strip along the coast.
10. Within the Coastal Plain the land with high groundwater levels
in the rainy season is only suitable for highly managed agriculture in which rice is a major crop.
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Suitability

Basement Complex
11. The general limitation of all Basement Complex soils is their
low soil fertility. Not much can really be done to improve
this severe limitation. Improvements are often too expensive
and too difficult to be used by most farmers. Adaptive crops
form a more suited way of agriculture. Only very attractive
cash crops may receive fertilizers at relative high levels
of management.
12. Suitable crops for lowland positions are characterized by
their adaptation to high groundwater levels (and sometimes
flooding). Broadly three categories can be distinguished:
- lower slope with hardly any groundwater influence
- terrace with occasional flooding, but with an excellent
water regime in the soils
= valley bottom with high groundwater levels, even in the
dry seaßon.
13. On lower slope many crops can be cultivated.Specific limiting
factors of this land type are the risk of severe droughtstress
for annual crops and for some perennial crops in the dry season
during the first year(s) of their cultivation.
1U. On terrace soils many crops can be cultivated provided they
can stand occasional flooding. In general the circumstances
on these soils belong to the best available on the Basement
Complex.
15. The valley bottoms can be cultivated only with careful water
control. Rice is the central crop, but many others can be
grown. The management plays a very important role in sustained
agricultural production at high levels.
16. Suitable crops for upland soils are characterized by their
adaptation to root-restricting gravelly layers and to droughtstress during the dry season. Categories can only be described
according to slope classes, which, in turn deal directly with
the erosion hazard, especially over long periods of time.
Coastal Plain
17. Land in the Coastal Plain area with high groundwater levels
is available for highly managed forms of agriculture, which
may use mechanization to a feasible degree. Project formula-
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tions are strongly needed before implementation of agriculture plans is carried out.
5.1.U

Specific

General
18. Crop research is a matter outside the scope of this report.
Qualitative distinction among crop suitabilities under three
assumed levels of management is the limit to which the applied
land evaluation is worked out. Real prediction of crop performance and better still, crop yield, is another matter for which
land resources study alone is not sufficient.
19. Cooperation between Sierra Leonean and Liberian soil scientists
and associated land resources specialists is needed to arrive
at a workable and significant legend for systematic soil survey
to be used for relevant land evaluation. Consistent use of one
system for soil classification is the only reliable way to make
soil survey usuable to interpretation for agricultural planning.
Basement Complex
20. Detailed project formulations should be carried out on selected
places in the low relief areas of the interior Basement Complex
areas. The selection is to be taken place on basis of location
with respect to accessibility and population. Within each selected area detailed surveys of all kind are needed before implementation can start. Basic understanding of local circumstances is prior to implementation. Basic understanding at
detailed level is normally not available and time should be
spend on specially selected areas before any implementation.
Research on basic understanding is almost completely failing
and is needed to avoid wrong allocation of funds. Research
areas are to be selected within project areas on basis of
representability. The representability concerns all elements
of land (including climate) which affect agriculture ecologically.
Coastal Plain
21. On the Coastal Plain selection of project areas has to be made
by competent companies which have the know-how needed for the

- U8 -

formulation of the management requirements of succesful
projects.

5.2

Recommendations

1. On the Coastal Plain agricultural plans are to be formulated
on the floodplain areas by way of competent companies which
eventually also provide the management of approved projects.
2. On the Basement Complex selected areas should be studied on
local-specific circumstances of land resources and qualitative
distinction of land qualities to get a better understanding of
limiting factors in agriculture.
3. Long-term experiments with crops in selected areas are inevitable for a comprehensive research on crop suitability in relation to land resources occurring in the MRU-area.
k. Testing of soil surveys on the topographically higher places
of the low relief part of the Basement Complex is needed to
describe consistent associations of soils.
5. Systematic collection of meteorogical data throughout the
MRU-area is not given enough priority in allocation of funds
and should be re-examined. The fundamental importance of meteorological stations for a clear pattern of land resources
is stressed and implementation of new meteo-stations is of utmost importance.
6. In Liberia a land resources research station is to be set up
soon. The lack of basic knowledge on land resources is severely
depleting the possibility of an effective agricultural development policy for that country.
7. Research projects are recommended in the following regions,
based on assessibility, population and ecology:
- Pendembu-Daru-Kenema area, Sierra Leone
- Cape Mount area, Liberia
- Upper Lofa area, Liberia
- Monrovia area, Liberia.
8. Attempts for implementation of agricultural projects in the
Torma Bum area Sierra Leone, is to be continued and intensified
whereas the Teh(rice) project near Madina, Cape Mount, Liberia
is to be restarted.
9. Allocation of funds by the MRU in the agricultural sector is
recommended to be spend mainly on research and training in
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resources study is an important element of research for these
purposes, which should be combined with scientific disciplines
of other nature to result in inter-disciplinary research including all aspects of farmers life.
10. A breakthrough in traditional agricultural systems cannot be
expected in the near future and intensification of traditionally managed farming systems is to be implemented in agricultural projects on the Basement Complex part of the MRU-area.
Concentration of development efforts with traditional farmers
is the only way of possible development in agriculture in the
long run, not only by way of production as well as welfare.
11. Training of soil scientists is of utmost importance to form
a competent local staff to do significant studies on land
resources in the MRU-area. Cooperation with several ministries,
MRU and donorcountries is urgently needed to plan the training,
of expertise.
12. The emphasis on land resources study is still undergraded in
the agricultural policy planning, whereas the agricultural
planning as a whole is even more underestimated in the total
budget of the MRU. The agricultural sector in the economy of
the MRU-countries needs upgrading to the highest possible level.
13. The proportion of the annual budget to be spend by the Ministries of Agriculture is only enough to maintain the current
low level of agricultural production. For development of the
agriculture sector a significant increase is only worthwhile,
provided research results in workable development strategies.
13. Cooperation between institutions working on land resources in
the MRU-countries and similar institutions in other countries
is extremely important for too many reasons to be stated.
Further integration of institutions dealing mainly or partly
with land resources within the MRU-area has to be coordinated
more strongly.
Miscellaneous
11*. The present situation, especially in Liberia, where many rubber
trees remain untapped, is unsatisfactory; a system in which
local inhabitants are allowed to tap such trees while at the
same time the collection of latex is arranged, may be helpful
to improve the living conditions of part of the rural popula-
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- 50 tion. Agreement between the (absentee) landlord and the local
chief is naturally needed. The price to be received by the
tappers must be attractive enough, while at the same time attractive to the collecting, either state or private rubber
companies.
15. In view of the current energy crisis, the exploration for
hydro-energy sources will probably be increased. Associated
with hydroelectric dams, not only the application of irrigation water should be included, but also investigations in the
establishment of a nitrogen-fertilizer factory may be worthwhile. With cheap and sufficient hydro-energy, nitrogen fertilizers might be produced both for inland markets and export.
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