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FOREWORD

At the end of 1980, the International Institute of Tropical Agriculture
(IITA) at Ibadan-Nigeria, requested the Government of The Netherlands
for technical and financial assistance with its proposed Wetland Utiliz-
ation Research Project (WURP). IITA officially submitted its proposal in
1981 comprising three phases:

- Phase I. The collection and evaluation of sufficient information for
the identification of types and extent of wetlands and the assess-—
ment of the capabilities and constraints to the productive use of
these wetlands. This should lead to the selection of a maximum of 3
representative benchmark sites, suitable for the implementation of
Phase 1II1;

- Phase II. The development of suitable technologies and methodologies
of soil, water and crop management on 3 benchmark sites;

- Phase III. Assistance to those national governments or institutions,
which desire to identify the wetland areas where improved or newly

developed technologies and methodologies could be applied.

The objective of the project is to develop economically viable inte-
grated (rice-based) farming systems on the soils of the topsequences of
wetland areas and to identify or to develop a methodology by which the
transfer of the new technology or certain elements of it, could be
implemented with a high degree of success, ultimately aiming at the
.increase of the food production by smallholding farmers through the
intensive utilization of wetland in tropical West Africa, based on

village-level development without major imputs.

The implementation of the whole programme is proposed to be a joint

effort of the IITA-Nigeria and the various land and water research
institutions within the Dutch Ministry of Agriculture and Fishery/DLO.
However, commitment by the Dutch Government has been made only to Phase
IShvets

This report presents the results of the study in respect of Phase I, the
inventory. It provides a synthesis of available information about wetlands
in West Africa, with the objective: ‘

- to identify the different categories of wetlands and their potential

and scope for development of rice-based smallholder farming systems;



- to select three representative benchmark sites for implementation of
Phase II;

- to give the Dutch Government the necessary information so that it can
evaluate the request from IITA and can decide upon the extent and
degree of participation in the implementation of Phase II (and possibly

of Phase III).

IITA will soon formulate a revised proposal WURP-Phase II, for presen-
tation to the donor. Based on the findings of this inventory, the proposal
will comprise the details of the research programme, estimatés of the
capital and operational expenditures and of the manpower requirements.

In anticipation of this proposal it may be said here that in West Africa
present levels of rice yields are low and the costs of domestic rice
production are relatively high.

Therefore the research should aim at maximizing returns to the scarce
production factors, such as labour and other inputs. The research should
be directed to appropriate technology developing techniques of rice
production which fall significantly below current cost of domestic

rice production and/or .technologies that would significantly increase

the rice production on smallholdings.

The large area of inland valleys of more than 10 million ha with potential
for rice production, but presently marginally used, warrants that this
research project can considerably contribute to improving the precarious

food situation in West Africa.
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KEY-ISSUES

THE INVENTORY AREA

The inventory area has been confined to the area with a growing
period of a minimum of 165 days to year round, allowing rainfed
double cropping or more.

The total inventory area covers approximately 2.2 million km?:

- the humid or Equatorial forest zone, (0.9 million km?);

- the sub-humid or Guinea savannah zone, (1.3 million km?) .

It comprises, either partly or wholly, all coastal countries of West

Africa from Guinea Bissau through Cameroon.

. LAND REGIONS

Based on the geomorphology and geology, the inventory area has been
divided into four land regions. These land regions are broad land-
scape units with recurrent physiography. They are:

- Coastal Plains: 100,000 km?, or 4.67 of the inventory area;

- Interior Plains: 1,075,000 km?, or 49.87 of the inventory area;

— Plateaux: 624,000 kmz, or 28.97 of the inventory area;

Highlands: 361,000 km?, or 16.7% of the inventory area.

The Interior Plains and the Plateaux are the most significant land-
regions, comprising nearly 797 of the inventory area. Lithologically,
the main differentiation within these two land regions is:

- Basement complex: 79.67% of the Interior Plains and Plateaux;

- Sedimentary deposits: 20.4% of the Interior Plains and Plateaux.

TYPES OF WETLAND AND DISTRIBUTION
The following four types of wetland have been distinguished in the
inventory area (see Table 1):
a. Deltas, tidal and large inland swamps, estimated at 36,700 to
74,400 km? (1.7 to 3.5% of the inventory area).
b. River valleys:
b.1 River floodplains (large floodplains) covering between 54,200
and 129,700 km® (2.5 to 5.9% of the inventory area)
b.2 Overflow valleys (small floodplains) covering between 80,100
and 194,100 km? (3.6 to 9.0% of the inventory area)
b.3 Streamflow valleys (small inland valleys) covering between

101,200 and 218,100 km? (4.7 to 10.0% of the inventory area).
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The total wetland area has thus been estimated somewhere between

272,200 and 616,300 km?, or 12.6 to 28.5% of the inventory area.
Approximately one third of the total wetland area is occupied by
streamflow valleys. Because of the objective of developing low-cost

input technologies for smallholding farmers, this type of valley will

be the main subject of the proposed research project. Within this

type of valley, however, a great variation in morphological, hydrological

and pedological characteristics has been reported.

POPULATION AND PRESSURE ON LAND

The average population density in West Africa is 19 p/km?. This is
low compared with most other regions in the world. However, in the
inventory area (47 p/km?) it is much higher than in the arid area to
the north (6 p/km?). Within the former area, Nigeria has the highest
population density (83 p/km?), followed by Ghana, Sierra Leone and
Togo (48 p/km?).

WETLAND RELATED DISEASES

There are two major wetland related human diseases. Schistosomiasis
(bilharzia) is related to slowly flowing or stagnant water. Oncho-
cerciasis (river blindness) is associated with aerated turbulently
flowing water. Other wetland related diseases are dracunculiaris
(guinea worm), malaria and trypanosomiasis (sleeping sickness). All
these diseases may occur in any place in the inventory area with
favourable vector habitat conditions. They form a great menace to the

health of especially the rural population.

THE ROLE OF RICE IN FOOD SUPPLY

The average consumption of rice in West Africa is low (about

20 kg/capita/year), but differences between countries are large.

In the inventory area, rice is a staple food only in Liberia and
Sierra Leone (about 100 kg/capita/year). Consumption is substantial
in Guinea, Ivory Coast and Guinea Bissau, but very low in Ghana,
Cameroon, Benin, Togo and Nigeria (about 10 kg/capita/year). However,
rice consumption has sharply increased in countries where it was very
low in 1950. It has remained stable or declined in countries where it

was relatively high (Liberia, Sierra Leone and Guinea).



Between 1950 and 1980 rice production increased substantially in all
countries of the inventory area, except Guinea Bissau. On average,
production could keep pace with the population growth. However, it
could not keep pace with the consumption increase per capita, so that
the self-sufficiency rate of rice production in the inventory area
decreased from almost 1007 in 1950 to 627 in 1980. In the arid area
to the north the self-sufficiency rate in 1980 was even lower: 307.
Consequently, rice import has increased tremendously. In 1980, rice
import (about 1.4 million tons) was only slightly less than domestic
production (1.8 million tons). Present rice yields (paddy) in the
inventory area and in West Africa as a whole, are rather low (1.3
ton/ha). The largest rice growing areas are found in Nigeria (over
600 000 ha), Ivory Coast, Sierra Leone and Guinea (over 300 000 ha).

In West Africa rice is produced mainly by smallholders.

NATIONAL POLICIES

Government policies in West African countries are directed towards
self-sufficiency in rice production. These policies are sustained not
only by research, agricultural extension and development programmes
to promote rice production, but in most countries of the inventory
area also through subsidies on inputs, output, transport, processing,
storage or marketing, or by a levy or quota system on rice import.
These policies have saved much foreign currency. However, the nega-
tive aspect of the subsidies is that they increase the cost price at
the national level, while the levy and quota system increases the
consumer price. This is most serious in Nigeria and Ghana, substan-—

tial in Ivory Coast and Liberia and least in Benin, Sierra Leone and

Togo.

RESEARCH NEEDS

Research on 'rice-based smallholder farming systems in wetlands in

West Africa' is justified and urgently required because of:

- the sharp increase in rice demand,

- the continuous decrease in self-sufficiency in rice and in food
supply as a whole,

- the high costs of food import.

The research should aim at maximizing returns to scarce production

factors, such as labour (high cost and low productivity) but also

other inputs.
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Therefore, such research should be directed to appropriate technology,
developing techniques of rice production which fall significantly
below current cost of domestic rice production and/or technologies
that would significantly increase the rice production on smallholdings.
These technologies are related not only to the methods of production,
but also to methods of land and water development.

The large area of inland valleys (over 10 million ha) with potential

for rice production, but presently marginally used, warrants that

this research project can considerably contribute to improving the
precarious food situation in West Africa.

It is recommended that research in Phase II primarily directs itself

to the following subjects (see IITA proposal, July 1981 for details):

- site characterization, incl. infrastructural and organizational
requirements;

- site development;

- s0il and water management (including upland)

- farming/cropping systems with attention to toposequential relation-—
ships;

- agro—-socio-economic aspects, which should anyhow form the backbone
of an appropriate research programme as well as the application of
the results;

- characterization of the inland valleys (mainly streamflow valleys)

and the set-up of a classification system.

It is noted that technologies of wetland management developed in

Phase II can be transferred or extended to farmers through the on-

farm adaptive research (OFAR) network now being established by IITA
within the Farming Systems Programme. A major objective of the OFAR

is to test the improved soil and crop management technologies on far-
mer's fields through a network involving IITA, national research and
training institutions and World Bank and EC supported national agricultural
development projects (ADP's). In the light of the above it is therefore
recommended that a systematic physical and socio—economic inventory

of wetlands in West Africa should constitute part of Phase III of the
Wetland Utilization Research Project. Such a systematic inventory is
aimed to provide specific information and technical assistance to

those national governments or institutions which desire to identify

areas where the improved wetland technologies could be applied.
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9. SELECTION CRITERIA

For the selection of areas in which benchmark sites should be se-
lected, the following criteria have been formulated.

(A) Physical criteria

a. Representativeness for sufficiently large parts of the inventory
area, in terms of:

- bioclimate: Equatorial forest and Guinea savannah zones,

- land regions: the Interior Plains and the Plateaux,

- geology: basement complex and sedimentary deposits.

b. Production potential of wetland soils for rice-based cropping
systems:

- low to medium production potential; viz. the soils on coarse
grained sedimentary formations (sandstones) and on the acid to
intermediate basement complex rocks (granites, quartzites and

" gneisses),

- medium to high production potential; viz. the soils on fine
grained sedimentary formations (shales and clays) and on the
basic basement complex rocks (micaschists, greenstones and
amphibolites) or possibly the soils on young volcanic formations
and derived alluvium.

(B) Agro-socio—economic criteria

c. Population density: preference should be given to areas with a
high rural population density.
d. Tradition for rice growing: rice should be a major crop in the

farming system both for subsistence and cash.

Recommended areas in which the benchmark sites may be located are

narrowed down by matching the areas selected on the physical as well

as the agro—socio—economic criteria (see Map 5 of Volume IV). The

recommended areas are:

1.(a) West Sierra Leone and (b) Southeast Sierra Leone in the Interior
Plains on acid to intermediate basement complex rocks in the Equa-
torial forest zone with a pseudo-bimodal rainfall régime and with
predominantly Ultisols and Oxisols.

2.West Ivory Coast (Man), in the Interior Plains on acid to intermediate
basement complex rocks in the Equatorial forest zone with a bimodal

rainfall regime and with predominantly Ultisols.
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3.North Ivory Coast (Korhogo) in the Plateaux on basic basement
complex rocks in the Guinea savannah zone with a bimodal rainfall
regime and with predominantly Alfisols.

4.North Togo in the Interior Plains on coarse grained sedimentary
deposits in the Guinea savannah zone with a monomodal rainfall
regime and with predominantly Alfisols.

5.Benue trough - southeast Nigeria in the Interior Plains on coarse
grained sedimentary deposits in the Guinea savannah/Equatorial
forest transition zone, with a pseudo-bimodal rainfall regime and
with predominantly Ultisols.

(C) Institutional framework and logistics

It is assumed that only three benchmark sites will be adopted. Areas
where the benchmark sites will be located should ultimately be selected
on the basis of close linkage and cooperation possibilities IITA has
with.national research, development and extension agencies. The areas
finally selected should be approved by the national governments

concerned.

10. BENCHMARK SITE CHARACTERIZATION AND SELECTION

Within the broad areas mentioned above, localities should be chosen,

within which the actual benchmark site will be situated. It is

recommended that the final selection of the benchmark site should be
preceded by a survey to characterize the locality including the
actual benchmark site. This survey, which is the start of WURP-Phase

IT should comprise the following elements:

- Valley morphology (shape and slopes).

- Hydrology (catchment description, run-off, erosion, location of
the streamflow, groundwater table variations, flooding pattern,
water retention and depletion).

- Soil conditions (depth, drainage class, texture, clay mineralogy,
organic matter content, fertility, salinity and toxicities).

- Agro-socio—economic conditions (acgessibility, existing farming
systems, labour availability, marketing and processing facilities,
farmers attitude to improved rice cultivation, water related

health hazards, etc.).



INTRODUCTION

Approach and presentation

The activities for the WURP-Phase I, the collection and evaluation of
existing information on wetlands, started in August 1982, In The Nether-
lands contributions were made by the STIBOKA (Soil Survey Institute) on
the geological, geomorphological and pedological aspects, by the KIT
(Royal Tropical Institute) on the agro-socio-economic aspects and by the
International Institute for Land Reclamation and Improvement (ILRI) on
the climatological and hydrological aspects. The ILRI also had the

overall responsibility of coordination (Ir. J. de Wolf).

Various international documentation data bases in Europe and the U.S.A.

were checked. Evidently, the physical aspects are more comprehensively

documented than the agricultural, economic, and the sociological aspects.

In general the quantity of information is abundant, but the quality is

very much varying.

The first compilation of the inventory results was discussed with and
commented by the International Institute of Tropical Agriculture (IITA)
at Ibadan in Nigeria. Their comments have been incorporated in this
final version, which therefore can be considered to include the opinions

of TITA.

The report has been presented in four volumes.

- Volume I. The main report (this volume).

- Volume II. The physical aspects, comprising details of the climate,
the geology, the geomorphology, the soils and the hydrology.

- Volume III. The agro—socio—economic aspects, comprising details of
the population, the food supply, the utilization, the research and
development of wetlands.

= Volume IV. The maps.

Area and subject of the inventory

The area covered by this inventory is indicated on the maps of Volume
IV. It has been chosen somewhat larger than the IITA-mandate area in
West Africa. It covers the area where rainfed double cropping or more is

possible.




This area consists of the Guinea savannah zone and the Equatorial forest
zone, more or less corresponding with the subhumid tropics and the humid
tropics of West Africa, respectively. The entire inventory area covers
approximately 2.2 million km?, comprising wholly or partly the coastal
countries of West Africa from Guinea Bissau through Cameroon. Whenever
applicable, comparisons have been made with situations in the Sudan and
Sahel savannah zones (the semi-arid and arid zones north of the inventory
area). In these cases reference to these areas has been made using the

term 'arid area'.

Wetlands are lands having hydromorphic soils. Such soils have morphologi-
cal characteristics associated with wetness and the resulting reduction
during at least a part of the year. Wetland therefore is found where
hydromorphic soils have been formed such as in deltas, tidal lands,
inland depressions, river floodplains and the small inland river valleys.
Because the WURP only comprises those wetlands which can be implemented,
operated and maintained by smallholders having simple means only, the
present study is restricted to the catenas of the small inland valleys
(streamflow valleys). These valleys are formed on the upper part of the
river catchments. They have a centrally located stream which is shallow
and only a few meters wide, or which is not existing at all. They usually
extend some 15 to 25 km downstream and have a width varying from 10
meters in their upper to about a few hundred of meters in their lower

stretches. The catchment area ranges from at least 2 km? to some 100 km?®.

Thts volume

This volume comprises the summary of the physical (Volume II) and the
agro-socio-economic (Volume III) aspects, the prospects of valley land
development and research in rice-based smallholder farming systems and
the recommendations for the WURP-Phase IT,

In combination with the maps of Volume IV, this volume provides the
reader a condensed review of the inventory relevant to the Wetland

Utilization Research Project, the objective of Phase I.




1 PHYSTCAL ENVIRONMENT OF WEST AFRICA

P | Climate

The climate is dominated by the interplay between two air masses with

distinctly different moisture characteristics.

- The maritime (humid) airmass originating from the south Atlantic
Ocean, associated with the southwest wind system, commonly referred
to as the South-West Monsoon.

- The continental (dry) airmass originating from the African continent
and associated with the northeast Harmattan windsystem (trade winds).

The frontal separation of these two airmasses is called the Inter

Tropical Convergence Zone (ITCZ). Its location is determined by the

seasonal position of the earth in relation to the sun. Consequently the

main climatic parameters, such as the temperature, the sunshine dur-
ation, the solar radiation and the rainfall have a zonal pattern.

Based on the temporal and spatial variations in the precipitation, three

climatic regimes are distinguished, as is shown on Map 1 of Volume IV.

Monomodal (rainfall) regime, which extends north of the 1,250 to>1,500
mm isohyets. In this regime, seasonal rainfall is characterised by
one single peak. The rains gradually increase in frequency and quantity
to reach a maximum in August, after which they rapidly decline to
complete cessation. The humid period ranges between 2 months in the
north and 5 months in the south.

The evaporation during the year shows 2 peaks of about 6 to 8 mm a

day in March-April and in November. Evaporation minima of about 3 to

5 mm a day occur in January and during the rainy season. This regime

is characterised by high solar radiation, conducive to high photosynthetic
rates, high evapotranspiration rates (with occasional moisture stress)

and irregularities in rainfall, especially at the onset and cessation

of the rains.

Only the more humid part of this regime is found in the (north) of

the inventory area.

Bimodal (rainfall) regime, which is found in the south-central part of
West Africa extending south of the 1,250 - 1,500 mm isohyets and
longitudinally restricted to between 7°W and 5°E. In this regime, the

first rainfall peak occurs in June-July and the second one in September.




The total humid period is 5 to 9 months, except in the coastal region
between Accra and Lomé&. There is however, an intervening period of
rainfall deficiency in late July and August, which constitutes a
distinct break between the two seasons.
The evaporation is characterized by a maximum of about 7 mm a day in
March and a minimum of 3 to 4 mm a day in August. During the inter-—
mediate periods the evaporation ranges between 3 and 7 mm a day.
Irregularities in rainfall, especially within the seasons, and rela-
tively low solar radiation cause below optimum conditions for crop
production.

Pseudo-bimodal (rainfall) regime, which extends east and west of the
bimodal regime. In this regime, there is a continuous rainy season
from March/April to November/December.
The evaporation generally is low throughout the year, ranging between
2 and 5 mm a day.
Relatively low solar radiation paired with relatively high air humidity
cause below optimum conditions for crop production, with high incidences

of pests and diseases, constituting additional yield limiting factors.

Based upon the length of the growth period as defined by TAMS/CIEH and
FAO, four major bioclimatic zones are distinguished in West Africa.
These zones are shown on Map 2 of Volume IV.

Sahel savannah zone, being the transition zone between Sahara desert and
true savannah. The growth period is less than 90 days per year,
roughly corresponding with less than 550 mm annual rainfall. There is
a monomodal rainfall pattern. The vegetation cover is sparse. Nomadic
agriculture is dominant. In the southern part the main crop is short
season millet.

Sudan savannah zone, having a growth period between 90 and 165 days per
year, roughly corresponding with 550 mm to 1,000 mm annual rainfall.
There is a monomodal rainfall pattern. Fairly intensive crop pro-
duction is possible. The drought hazard is relatively small and the
high photosynthetic potential is relatively large.

Guinea savannah zone, having a growth period between 165 and 270 days
per year, roughly corresponding with 1,000 to 1,500/2,000 mm annual
rainfall. There is a monomodal rainfall pattern in the north gradually
shifting into a bimodal pattern in the south, with two growth periods
of ﬁnequal length. In the south drought hazards occur during the

rainy seasons and the photosynthetic potential is relatively small.



Equatorial forest zone, having a growth period of 270 days and over per
year, roughly corresponding with over 1,500/2,000 mm annual rainfall.
There is a pseudo-bimodal rainfall pattern. Photosynthetic potential is
relatively small and air humidity is relatively high. General crop
production conditions are below optimum, with high incidence of pests

and diseases.

With a growth period of 165 days to year round, only the latter two
zones allow annual rainfed double cropping or more. For this reason the
area of the inventory (WURP-Phase I) has been confined to the Guinea
savannah zone (nearly 1.3 million km?) and the Equatorial forest zone

(nearly 0.9 million km?).

1.2 Land regions

Based on differences in geomorphology and geology, the inventory area
has been divided into four land regions. Land regions are broad land-
scape units with recurrent physiography. These land regions are shown on
Map 3 of Volume IV. They are:

Coastal Plains (100,000 km?, or 4.67 of the inventory area), comprising
recent beach ridges, estuarine and deltaic tidal swamps and river
plains (subregion 1.1) and dissected coastal terraces of older sedimentary
deposits (subregions 1.2 and 1.3);

Interior Plains (1,075,000 km?, or 49.8% of the inventory area), compri-
sing the characteristic undulating to rolling peneplains of West
Africa., Principally, these are Plio-pleistocene planation surfaces
over Precambrian basement complex formations (granites, gneisses,
schists, amphibolites etc.). They are further characterized by the
occurrence of granitic inselbergs and hill ridges and flat, laterite-
capped mesas (subregions 2.1, 2.2 and 2.3).

Interior Plains over sedimentary formations comprise those over
Paleozoic, Cretaceous and Tertiary sandstones, shales, sands etc.
(subregions 2.4, 2.5, 2.6, 2.7 and 2.8);

Plateaux (624,000 km?, or 28.9% of the inventory area), consisting of
undulating to rolling planation surfaces that are generally older
(mainly Eocene) and occur at higher elevations than the Interior
Plains. They mainly include peneplains over Precambrian basement
complex formations with inselbergs, hill ridges and mesas (subregions
3.1 and 3.2). This land region also comprises Plateaux on Paleozoic

and on Tertiary sedimentary formations (subregions 3.3 and 3.4);



Highlands (361,000 km?, or 16.7% of the inventory area), comprising

very steep and high (up to 2,000 m) mountain ranges of various lithology

(subregions 4.1, 4.2 and 4.3) and dissected, high (over 1,500 m)

sandstone Plateaux (subregion 4.4).

1:3 Soils

In general, the (upland) soils in the inventory area are well drained,
moderately deep to deep, coarse to medium textured (loamy sands-light
clays) and gravelly. Especially in the (subhumid) Guinea savannah zone,
they may overlay shallow continuous hardpans of ironstone (laterite) or
layers of ironstone aggregates, in particular on basic parent materials

that are rich in iron (micaschists, greenstones, amphibolites).

The climate, geology and geomorphology have a pronounced effect on soil
formation and soil characteristics.

Soil formation tends to be dominated by depletion processes, especially
in the high rainfall zones. Ultimately these processes lead to the
formation of soils with extremely low inherent fertility. Thus, the most
depleted and chemically poorest soils with very low capacity to retain
plant nutrients (Oxisols) are found in the southwest and in the south-
east of the inventory area.

Ultisols are the main soils in the transition between the Guinea savan-
nah zone and the Equatorial forest zone. They are less depleted than the
Oxisols but they have low base saturation. In addition they are highly .
susceptible to erosion.

Alfisols are the somewhat better soils occurring in the northern part
and in the centre of the inventory area (Guinea savannah zone) and on
the more basic (richer) parent materials. They have relatively high base
saturation and better inherent fertility than the Ultisols and Oxisols.
Their main constraint is the low availability of soil moisture, in

particular if profiles are shallow.

Soils developed in sedimentary material mainly contain residual, chemically

poor minerals like quartz, kaolinite and gibbsite. Depending on the
grain of the parent material they are coarse textured and of low inherent
fertility (e.g. on sandstones) or clayey and of moderate-:fertility (e.g.

on shales).



Within the formations of the basement complex, the basic metamorphic
rocks (micaschists, greenstones, amphibolites) tend to weather into
finer textured and more fertile soils than the acid and intermediate

rocks (granites, quartzites, gneisses).

In the predominantly dissected, undulating to rolling landscape of West
Africa, the characteristics of the soils also vary according to their
position on the slope. Sedentary soils, developed in situ on the weath-
ering rock, but subjected to erosion (planation), generally occur on the
crests and upper slopes of the toposequences. On the lower slopes,
colluvium from upslope forms (part of) the parent material. Soil pro-
files may be stratified and some sorting of the colluvium may have taken
place, generally resulting in somewhat coarser textures than those of
the upslope soils. The colluvium may include gravelly layers of quartz
or ironstone concretions from the eroded higher profiles. The ironstone
concretions may also have been formed in situ by irreversible hardening
of plinthite. The latter is formed under the influence of groundwater.
In the lowest part of the toposequence, the valley bottom, alluvium
forms the parent material of the soils. Valley bottom soils vary widely
in their characteristics within as well as between the valleys, but

they have in common that they all show signs of periodic wetness (hydro-
morphic soils). Soil drainage may range from moderately well to poor and
if flooded, submerged periods may last up to 5-6 months per year.
Textures may range from sandy to clayey. The soils may be strongly
stratified, contain gravel, iron concretions or plinthite and they may
have low to moderate inherent fertility. In general however, it can be
stated that in texture as well as in fertility the valley bottom soils
reflect, to some extent, the characteristics of the surrounding upland
soils and parent material.

The valley bottom soils are increasingly used for cultivation of rice.
Their favourable hydrological regime makes the valley bottom soils
better suited to wetland rice cultivation than the drier upland soils.
Their main constraints to rice cultivation are the prevailing coarse
textures and low fertility. Iron toxicity is reportedly widespread in

rice cultivation in West African valley bottoms.



| Wetland distribution and characteristics

The wetlands of the inventory area can be differentiated according to
their relationship to the land drainage systems. Two broad groups have
been distinguished.

a. The deltas, tidal (mangrove) swamps and large inland swamp (such as
the bolis of Sierra Leone), with a total area estimated between
36,700 and 74,400 km?, or 1.7 to 3.5% of the inventory area.

b. The river valleys, with a total area estimated between 235,500 and

541,900 km?, or 10.9 to 25.0% of the inventory area.

The rivervalleys have been subdivided according to their position along

the river, depending on which they have different flooding regimes.

River floodplains (large floodplains) along the main rivers, flooding
every year. For the development of these plains, major engineering
works are required, comprising river embankment, empoldering and
often complete irrigation and drainage networks. Their total area has
been estimated at between 54,200 and 129,700 km?, or 2.5 to 5.9% of
the inventory area.

Overflow valleys (small floodplains) along the smaller rivers and
tributaries. They usually comprise plains of various sizes along one
side of the river. The main source of water in these plains is from
flooding. However, when the river does not flood, the plains suffer
from drought. Their total area has been estimated at between 80,100
and 194,100 km? or 3.6 to 9.0% of the inventory area.

Streamflow (French: 'marigot') valleys, having been formed on the uppermost
parts of the catchments. Generally they are narrow, varying from '
about 10 m in their upper to about 250 m in their lower stretches.
The longitudinal slopes are up to 2.07 (in the Highlands up to 5.0%),
with the highest values in the upper part of the valley. These valleys
may stretch over a distance of up to 25 km, either continuously or
interrupted. Apart from rainfall, the water regime in these valleys
depends upon the surface and subsurface runoff from adjacent uplands.
Their total area has been estimated at between 101,200 and 218,100
km? or 4.7 to 10.0% of the inventory area.
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The distribution of the various categories of wetland over the land-
regions and the bioclimatic zones is shown in Table 1. The area of the
streamflow valleys is about one third of the total area of the wetlands.
Streamflow valleys form the majority of the wetlands in the Interior
Plains and Plateaux land regions, of both bioclimatic zones. Because of
the objective of developing low-cost input technologies and methodologies
for rice-based smallholder farming systems, this category of valleys
will be the main subject of the proposed WURP-Phase II. Between and
within these valleys however, variations in morphological, hydrological

and pedological characteristics are great.

Depending on the lithology and geomorphology the streamflow valleys vary

in shape, in terms of their longitudinal and cross-sectional profile.

Longitudinally the valleys may be continuous and smooth or interrupted

and stepped. The continuous valleys occur in rock formation with little

structural variation, e.g. the sedimentary deposits. Stepped valleys

occur in rock formations of the basement complex, where hard rocks

(granites and quartzites) alternate with softer formations (schists and

gneisses).

Cross—sectionally, three broad types of valleys can be distinguished:

- shallow and narrow V-shaped valleys, formed in relatively hard rock
formations (granites, quartzites);

- deep and narrow U-shaped valleys with concave sides that gently
transfer into the valley bottoms, formed in rocks of medium hardness/
permeability (schists, gneisses);

- deep and wide U-shaped valleys with distinct bends between steep

sides and flat bottoms, formed in relatively soft, permeable formations

(sediments, amphibolites).
Due to increasing catchment area and subsequent increase in river
discharges, the valleys become wider downstream. Also, the valleys widen

at the confluence of streams.

Valleys to be developed for smallholder crop (rice) production should

meet the following hydrological conditions.

A. Agronomic aspects:

- The crop water requirements should be covered during the entire
growth period. This strongly depends on the amount of rainfall and
the size of the catchment area. In the Guinea savannah zone it has
been reported that | km? of catchment area provides the minimum

requirements of roughly 0.8 to 3.0 ha of valley cultivation.




Wetlands

Land regions

Deltas, tidal swamps

River valleys

Area large inland swamps ‘ Total
Name (incl. bolis etc) River floodplains Overflow valleys Streamflow valleys
000 km? z 1000 km? % 1000 km? p 1000 kam? 1 1000 km? b 1000 km?

1. EQUATORIAL ZONE
1. Coastal Plains 100 25/40 25.0-40.0 1/5 1.0~ 5.0 1/4 1.0- 4.0 1/3 1.0- 3.0 28/52 | 28,0~ 52.0
2. Interior Plains

- Basement complex 376 1/2 2.5- 4.5 2/5 6.5-19.7 5/13 | 18.6~49.3 6/16  31.5-62.2 15/36 | 59.1-135.7

- Sedim. deposits 51 3/8 1.5~ 4.1 5/10 2,6- 5.1 3/8 1.5- 4.1 1/6 0.5- 3.1 12/32 6.1- 16.4

Total Int. Plains 427 1/2 4.0- 8.6 2/6 9.1-24.8 5/12 | 20.1-53.4 7/15  32,0-65.3 15/35 | 65.2~152,1
3. Plateaux

- Basement complex

(= Total Plateaux)| 220 - - 1/2 2.2~ 5.5 2/7 3.8-14.8 2/7 © 3.8-14.8 4/16 9.8- 35.1

4. Highlands

- Basement complex g

(= Total Highlands) 118 - o 1/4 1.2- 4.7 2/17 1.4- 8.3 5/10 5.,9-11,8 7/21 8.5~ 24.8

Total Equatorial Zone 865 3/6 29.0-48.6 1/5 13.5-40.0 3/9 26.3-80.5 5/11  42,7-94.9 12/31 |111.5-264.0
I1. GUINEA ZONE
2. Interior Plains

- Basement complex 389 0/1 0.0- 3.5 5/8 17.9-29.5 7/12 | 28.3-47.4 3/11 13.4-41,6 15/31 | 59.6-122.0

- Sedim. deposits 259 3/8 7.7-20.7 5/10 13.0-25.9 3/8 7.7-20.7 1/3 2,6~ 7.7 12/29 |31.0- 74.0
Total Interior Plains 648 1/4 1.7-24.2 5/9 30.9-55.4 6/11 | 36.0-68.1 3/7 16.0-40.3 14/30 | 90.6-196.0
3. Plateaux

- Basement complex 374 - - 1/5 3.7-18.3 1/5 3.7-18.7 8/13  31.2-49.9 10/23 | 38,6~ B6.9

-, Sedim. deposits 30 0/1 0.0- 0.3 2/7 0.6- 2.1 4/9 1.2- 2,7 4/9 1.2- 2.7 10/26 3.0- 7.8
Total Plateaux 404 0/0.1 0.0-0.3 1/5 4,3-20.4 1/5 4.9-21.4 8/13 32.4—52;6 10/23 | 41,6~ 94.7
4. Highlands

— Basement complex 149 0/1 0.0- 1.5 { 3/8 4.5-12.0 8/13 12,0-19.4 3/8 4.5-12.0 14/30 21.0- 44.9

- Sedim. deposits 94 0/1 0.0- 0.9 1/2 0.9~ 1.9 1/5 0.9- 4.7 6/11 5.6-10.3 8/19 7.4- 17.8
Total Highlands 243 0/1 0.0- 2.4 2/6 5:4-13:9 5/10 12,9-24.,) 5/9 10.1-22.3 12/26 28.4~ 62.7
Total Guinea Zone 1,295 0/2 7.7-26.1 3/7 40.7-89.7 4/9 53.8=113,6 5/10 - 58.5-124.2 12/27 [160.7-348.1
Total Inventory Area (2,160 1.7/3.5 *36.7-74.7 (2.5/5.9 54.2-129.7 |3.6/9.0| 80.1-194,1]4.7/10.0 101,2-219.1 |12.6/28.5| 272.2-616.3
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For the Equatorial forest zone this ratio is 1 km? for roughly 2.0 to
5.0 ha;

- Large (peak) floods may cause severe damage to the scheme infra-
structure and the crops. Prolonged crop submersion will cause yield
failure. Rice should not be allowed to be submerged longer than 48
hours (for most other crops this period is much shorter);

- Rice has shallow roots and is very drought sensitive. Especially the
wetland varieties prefer water saturated conditions for an adequately
long time during the growth period. To obtain a better insight in the
performance of rice (and other crops) groundwater fluctuations in the
valleys should be assessed. Such an assessment can be done on an
annual basis for perennial crops as well as on a seasonal basis for
annual crops. Valleys or parts thereof should be classified for their

suitability to produce rice (or other crops).

B. Engineering aspects:

- The streamflow size should be neither too small nor too large. The
size of the flow is related to the size of the catchment area.
Generally the optimum range of the size of the catchments is between
4 and 70 km?, depending on the annual amount of rainfall and environ-
mental conditions of the catchment, in terms of vegetation and cover,
slopes, soil depth, texture, structure and soil moisture content;

- The texture and structure of the valley bottom soils should provide
sufficient stability for the water distribution structures, whilst
seepage should be little;

~ The length and the width of the valleys should be such that an
optimum shape and size of the scheme can be obtained, which can be
easily operated and maintained by the farmers or the community. The
longitudinal slope should allow for adequate drainage, but should not
exceed 0.1 to 0.2% to avoid overdrainage in sandy soils or heavy
levelling.

Based on these criteria for the design, valleys may be classified

according to their suitability to implement water control and distribu-

tion systems for the benefit of the production of rice or other crops.

For rice cultivation in the streamflow valleys the field layout should
be based either on a system with contour bunds or on one with a retention/

inlet structure.
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In the upper stretches of the valleys where the central stream is not
(yet) existing, bunds should be made along the contours to spread the
run off water evenly. The basins formed by these bunds should be
levelled;

In the lower parts of the valleys where a streamflow exists, a
retention/inlet structure should be made across the stream. Such a
structure should allow peakflows to pass, whilst in drier periods it
should retain water, using stop logs. The obstructed water is forced
through inlets into canals along the periphery of the valley floor.
These feeder canals may also act as cut-off drains to intercept run

off water and groundwater depletion flow from adjacent upland.
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2 SOCIO-ECONOMIC ENVIRONMENT OF WEST AFRICA

2.1 Population

In 1980, the total population of subsaharan West Africa was 153.9
million persons, 122.4 million of whom lived in the countries of the
inventory area. In the latter area the population has more than doubled
during the 3 decades between 1950 and 1980 (increase 112%). This in-
crease was lowest in Guinea Bissau (137) and highest in Togo (320%).
Recent highest annual growth rates were recorded for Ivory Coast and
Liberia (3.5%) and Nigeria (3.37).

The overall population distribution and densities, and the percentage of
rural population in the inventory area is shown on Map 4 of Volume IV.
The average population density in subsaharan West Africa is 19 p/km?,
but 47 p/km? in the inventory area. Of the latter, the eastern part is
more densely populated than the western part. Very densely populated
areas are found more often in the Equatorial forest zone than in the
Guinea savannah zone. Country-wise highest population densities are
observed in Nigeria (83 p/km?), followed by Ghana, Sierra Leone and Togo
(48 p/km?).

In West Africa migration (internal as well as external) is substantial.
The population movements are caused by the economic differences between,
but also within countries. Generally countries with high population
densities have or have had relatively strong economies. Although press-
ure on land in these countries is somewhat higher than in other coun-
tries, the rural population as a percentage of the total population is
relatively low (in the order of 50 to 75%). A negative effect of the
migration pattern is that it leaves the rural area with a relatively
high proportion of old aged people, since many of the 15 to 35 year old

people, both males and females, migrate to towns.

2.2 Role of rice in food supply

In 1970, the relative importance of rice expressed as a percentage of
total food production in subsaharan West Africa was 6.77 and for the
inventory area 6.87%. In 1980 this relative importance of rice had grown

to 8.77% and 9.67%, respectively. For the arid area it had decreased to

3:2%.
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In 1980/81, the total rice production in the inventory area was about
2.9 million tons, with the biggest producers being Nigeria (over |
million tons), Sierra Leone and Ivory Coast (over 0.5 million tons) and
Guinea and Liberia (over 0.25 million tons). The total production area
was about 2 million ha, with the largest areas recorded in Nigeria
(60C-000 ha), Ivory Coast, Sierra Leone and Guinea (over 300 000 ha),
Generally, low yields were recorded, averaging between 600 and 2,900
kg/ha (paddy). Countries having high yields were Cameroon and Nigeria.
Both the acreage and the yield have increased during the 3 decades since
1950, resulting in an increased total production. This increase has kept
pace with the increase of the population, but not with the increased

consumers preference for rice.

The subsaharan countries show continuously decreasing rice self-sufficiency
rates, from 987 in 1950 to 567 in 1981. For the countries of the inven-
tory area, these rates are 987 in 1950 and 627 in 1981. Imports have
increased substantially from 14,700 ton in 1950 to 1,397,100 ton in 1981
for the subsaharan countries and from 11,400 tons in 1950.to 969,000

tons in 1981 for the inventory area. If this trend is to continue, the
self-sufficiency rate for the subsaharan countries will be 537 and for

the countries of the inventory area 597 in 1990. This means that of the
total rice consumption in 1990, over 407 is expected to be imported

(estimated at about 1.8 million tons for subsaharan West Africa).

2.3 National policies

Because of the large proportion of rice to be imported to satisfy
domestic demands, all West African countries have set policies towards
self-sufficiency in rice production (and also for other staples). These
policies are sustained by research, agricultural extension and develop-
ment programmes. To this end 15 countries have founded the West African
Rice Development Association (WARDA) to arrive at solutions for the

problems of rice production.

At the national level, the governments' policies to promote rice pro-

duction include subsidies to rice producers and/or rice consumers,
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whilst imports may be restricted through levy or quota systems. Sub-
sidies may be given at one or more phases of the production/marketing
process, such as land development, inputs, output, transport, process-—
ing, storage or marketing (consumer price). The levy or quota system has
saved much foreign currency, but the subsidies have caused the cost of
rice production to increase at the national level and created a great
diversity of prices in the various countries. In 1970 to 1974 the
highest prices were paid to farmers in Nigeria (3 times as much as in
Benin and 6 times as much as in Mali). .

Generally, domestic rice is produced at costs far higher than average
world market prices. Hence the difference is subsidized by the national
governments. From the national economic point of view domestic rice
production is only justified for on-farm and in-village consumption.
Nationally, it may often be more profitable to produce other crops,

mainly cash crops, but also maize.

2.4 Wetland related health aspects

Wetland related diseases are a great menace to the health of especially
the rural population and have a great social and economic impact in
West Africa. In the past the development of water resources has caused
the spreading of these diseases into infestation-free areas. Therefore
any effort to further develop land and water resources should comprise

measures to prevent further hazards.

In the inventory area the major wetland related diseases are schisto-
somiasis (bilharzia) and onchocerciasis (river blindness). Other wetland
related diseases are dracunculiasis (guinea worm), malaria and trypano-
somiasis (sleeping sickness). In one way or another they all make human
beings incapable to work for long or short periods. For example, guinea
worm infection usually coincides at the beginning of the rainy (= planting)

season often causing the loss of an entire cropping season.

Control and prevention of further spreading of the diseases concentrate
on the environmental (or land and water) management, supported by

chemical and biological measures to control the vectors (insects and
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molluscs). For river blindness, the vector (blackfly = Simulium dammosum)
breeds at very specific locations, as the larves are dependent on well
aerated, turbulent water. The most commonly tolerated velécity of the
water ranges between 0.7 to 1.2 m/sec. Hence in development projects

such conditions should be avoided and where they exist, they should be
eliminated.

For bilharzia, the vectors (aquatic snails Bulinus spp. and Biomphalaria
spp.) require nearly stagnant or very slowly flowing water. Such conditions
should be eliminated by cleaning channels, filling unused ponds, channels,
etc.

However, land and water management measures for these and other diseases
to be effective must be sustained by improved community drinkwater

supply, sanitation and housing facilities as well as health education,

extension and community participation.
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3 UTILIZATION OF INLAND VALLEYS

2 Traditional farming systems

Traditional smallholder farming systems are characterized by the need of

farmers to avoid risks or to spread risks. These risks arise from

constraints encountered by the farmers in their efforts to produce.

These constraints may be of a physical, biological and socio—economic

nature.

The physical constraints are set by the environmental situation, in

terms of

- climate (rainfall quantities and distribution, drought and/or flood
hazards, cloudiness and photosynthetic efficiency);

- soil (texture, inherent fertility, acidity and toxicities).

The biological constraints are related to

- quality of plant materials;

- crop pests and diseases and abundancy of weeds;

= human (such as river blindness, bilharzia, etc.) and animal diseases
(e.g. trypanosomiasis);

- degradation of the bio—environment due to human interference.

The socio-economic constraints are related to

- increasing population pressure;

- poor infrastructure, processing and marketing facilities;

- unavailability of inputs or availability at high costs;

- high cost and low productivity of labour;

- poor financial structures (viz.: credit, commodity prices, incomes,
etc.);

- lack of research and package approach to development and little

effective extension services.

In West Africa the bulk of rice is produced either on upland soils or on
hydromorphic soils of large floodplains, deltas and swamps, irrigated or
not. However a substantial part of the rice is produced in small inland
valleys (especially in the western part of the inventory area). All
activities are basically done by hand. Fertilizers may or may not be
applied. After planting or sowing the fields may be left untended till

harvest time. Yields are low and range between 0.5 to 2.0 tons per
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ha depending on the soil conditions. If the farming system is improved,
it usually applies to better water control and distribution, better
varieties and some application of agro-chemicals. Under these conditions

yields may be somewhat higher, ranging between 1.0 and 3.0 tons per ha.

3.2 Research and development

Earliest research on rice development in West Africa started in 1920.
Nowadays several international institutes deal with it. At the national
level most countries have their own rice research agencies. Presently,
IITA within its Farming Systems Programme is establishing an on-farm
adaptive research (OFAR) network for peasant crops, including rice.
Initially it was thought that the 'Green Revolution' technology could be
adopted for West Africa, but results have been disappointing. African
farming systems are extremely complex and the development of suitable
packages requires location specific research, to be supported by strong
national research programmes on the staple foods of each ecountry. Such
programmes are presently conducted in Nigeria (National Agricultural
Food Production Programme) and Sierra Leone (Coordinated Agro-economic
Trials Programme). Investigations into the cost of developing land for
rice cultivation, the cost of rice production and returns to farm income
and labour in Sierra Leone, Liberia, Ivory Coast and Nigeria show that
improving/developing rice-based smallholder farming systems should be
approached very cautiously. The use of machinery should be avoided and
capital investments should be kept to the bare minimum. Higher inputs
aiming at higher yields are warranted only if the consequent highef
risks are financially, economically and socially acceptable to the
farmer and if the net family income and the return to labour are sub-
stantially increased. Hence research should be geared to low-cost inlet

technology, both in land development and in crop production.
3.3 The impact of inland valley development
At the national level there are several economic incentives to improve

and to increase rice production. The incentives to which smallholding

farmers also may respond, are:
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-~ the rapid increase of rice demand, especially in the low rice consump-
tion countries;

- the decreasing self-sufficiency;

- the governments' policies to attain self-sufficiency in rice, thereby
protecting domestic production and providing large amounts of sub-
sidies;

- the large potential to increase rice yields, which are very low

compared to yields in Asia and South America

In this context, the development of the streamflow valleys could make a
considerable contribution to domestic rice production in West Africa.
This is illustrated in the following calculation. If only 107 of the
total area of streamflow valleys in West Africa (about 10 million ha)
could be developed during the forthcoming decade, assuming a yield of 2
tons of paddy per ha and an average cropping intensity of 1507, total
paddy production would be raised to 6 million tons. By the end of this
decade the self-suffiency rate in West Africa would become 70 to 807,
which is substantially higher than the 537, presently projected for
1990.

However, to develop such a large area of scattered and small valleys is
an ambitious and tremendous exercise, which could considerable burden
the services (and possibly drain resources) of the various national
governments. The constraints are not only financial, or caused by lack
of skilled technical staff or (inadequate) extension services, but also
at the farmer's level. Within the prevailing social and economic situ-
ation in West Africa, smallholding farmers have little flexibility to
alter their farming systems and to adopt new techniques. Hence, when
national governments wish to promote rice production in small inland
valleys, they have to enforce the capacity and skills of the extension
services, including the establishment of local package research on rice-

based smallholder farming systems in the wetlands.
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4 RECOMMENDATIONS

4.1 Research needs

Research on rice-based smallholder farming systems in wetlands in West

Africa is urgently required, because of:

- the sharp increase in rice demand;

- the continuous decrease in self-sufficiency in rice and in food
supply as a whole;

- the high costs of food import;

The research should aim at maximizing the returns to scarce production

factors, such as labour (high cost and low productivity) and other

inputs.

It is strongly emphasized that this research should be directed to

appropriate technology, developing new techniques of rice production

which fall significantly below the current cost of domestic rice produc-

tion and that also would significantly increase the rice production by

smallholding farmers. Because of the large area of inland valleys (over

10 million ha), but presently marginally used, this research is war-

ranted to contribute considerably to improving the precarious food

situation in West Africa.

Evidently the agronomic, economic and sociological aspects form the

basis of the appropriate research and 55% the monitoring and application

of the results. However, in conducting research as proposed for the

WURP-Phase II, the need to solve the problems arising from soil, land

and water management are of great importance, since capital investments

and production inputs are strongly related to the physical environmént.

Existing farming/cropping systems should be studied thoroughly, interlinking

wetland and upland resources, to find solutions for the constraints in

smallholder farming systems.

The research should comprise the following components.

A. Physical aspects

- land and water resources development, including low cost technologies
for bushclearing, drainage, irrigation, etc.;

- land and water management, including water control and distribution
systems with simple structures, field layout, land levelling, etc.;

- so0il management, including tillage, fertilizer use, weed control,

toxicity control etc.
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B. Agronomic and socio—economic aspects

- agronomic quality of the land;

- size of the households and number of men, women and children avail-
able for farm work;

- degree to which household labour is supplemented with off-farm labour
and the wages paid;

- farm size and identification of the crops and livestock comprising
the farming systems and the relative importance of each in terms of
land area, production, home consumption and market sales;

- description of existing production techniques estimating quantities
of inputs, cost of purchased inputs, yields, total output and costs
and returns for the major crops (enterprises);

- the agricultural calendar and the identification of peak demands for
labour;

- major production constraints for principal crops, as viewed by the
farmers.

An important component of the research programme should be to establish

a system to characterize and to classify the various streamflow valleys,

enabling the transfer of technologies (and methodologies) developed

through the research project, to areas with similar valley conditions.

Presently IITA is establishing within its. Farming System Programme, a

network of on-farm adaptive research (OFAR). A major objective of the

OFAR is to test the improved soil and crop management technologies on
farmer's field. This network involving IITA, national research and

training institutions, World Bank and EC-supported national agricultural
development projects (ADP's), can be used to transfer or extend technologies

of wetland management to farmers, as is the main objective of the WURP-

Phase III.
4,2 Criteria for benchmark site selection
4+2.1 Selection of areas

In selecting proper sites for the proposed WURP-Phase II, physical,
agronomic and socio-economic criteria should be considered. Results from
research should be applicable to areas larger than the selected sites
only.

Therefore such larger areas should be selected first.
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A. The main physical criteria are:

1. The representativeness for sufficiently large parts of the inventory
area, in terms of:

- bioclimate: Equatorial forest and Guinea savannah zones;

- land regions: the Interior Plains and Plateaux;

- geology/lithology: basement complex and sedimentary deposits.

2. The production potential of wetland soils for rice-based cropping
systems:

- low to medium production potential, viz.: the soils on coarse
grained sedimentary formations (sandstones) and on the acid to
intermediate basement complex rocks (granites, quartzites and
gneisses);

- medium to high production potential, viz.: the soils on fine
grained sedimentary formations (shales and claystones), the basic
basement complex rocks (micaschists, greenstones and amphibolites)
and the soils on young volcanic formations and derived alluvium.

Based on these two main physical criteria benchmark sites may be se-

lected in one or more of the following broad areas (see Map 5.of Volume

Iv):

- Sierra Leone - Liberia in the Interior Plains on acid to intermediate
basement complex rocks in the Equatorial forest zone with a pseudo-
bimodal rainfall regime and with predominantly Ultisols and Oxisols.

- South Ivory Coast in the Interior Plains on acid to intermediate
basement complex in the Equatorial forest zone with a bimodal rain-
fall regime and with predominantly Ultisols.

- North Ivory Coast in the Plateaux on basic basement complex rocks in
the Guinea savannah zone with a bimodal rainfall regime and with .
predominantly Alfisols.

= Central northeast Ghana — north Togo in the Interior Plains on coarse
grained sedimentary deposits in the Guinea savannah zone, with a
pseudo-bimodal ranging to a monomodal rainfall regime and with pre-
dominantly Alfisols.

- Benin - western Nigeria in the Interior Plains on acid to inter-
mediate basement complex rocks in the Guinea savannah zone with a
pseudo-bimodal rainfall regime and with predominantly Alfisols.

- Central Nigeria in the Interior Plains on coarse grained sedimentary
deposits in the Guinea savannah zone with a pseudo-bimodal rainfall

regime and with predominantly Ultisols.
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—- Southeast Cameroon in the Plateaux on basic basement complex rocks in
the Equatorial forest zone with a pseudo-bimodal rainfall regime and
with predominantly Oxisols.

Within these areas at least one benchmark site should be selected on the

poor to medium and at least one on the medium to high production potential

soils.

B. The main agro-socio—economic criteria are:

1. The population density. Preference should be given to areas with a
high rural population density.

2., Traditional rice growing. In the selected areas, rice should be a
major crop in the farming system, both for subsistence and cash,
whilst the government policy should be actively favouring rice
development.

Based on these agro-socio—economic criteria the benchmark sites may be

selected in the following broad areas (see Map 5 of Volume IV):

- West central Guinea

- West Sierra Leone

- Southeast Sierra Leone

- West Ivory Coast

- North Ivory Coast

- North Ghana - north Togo

- North central Nigeria (Zaria-Kaduna)

- Benue trough - southeast Nigeria

To narrow down recommended areas in which benchmark sites should be

selected, the areas selected on the physical as well as on the agro-

socio-economic criteria are matched. The recommended areas are shown on

Map 5 of Volume IV and are:

la West Sierra Leone in the Interior Plains on acid to intermediate
basement complex rocks in the Equatorial forest zone with a pseudo-
bimodal rainfall regime and with predominantly Ultisol and Oxisols.

Ib Southeast Sierra Leone in the Interior Plains on acid to intermediate
basement complex rocks in the Equatorial forest zone with a pseudo-
bimodal rainfall regime and with predominantly Ultisols and Oxisols.

2 West Ivory Coast (Man) in the Interior Plains on acid to intermediate
basement complex rocks in the Equatorial forest zone with a bimodal

rainfall regime and with predominantly Ultisols.
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3 North Ivory Coast (Korhogo) in the Plateaux on basic basement complex
rocks in the Guinea savannah zone with a bimodal rainfall regime and
with predominantly Alfisols.

4 North Togo in the Interior Plains on coarse grained sedimentary
deposits in the Guinea savannah zone with a monomodal rainfall regime
and with predominantly Alfisols.

5 Benue trough - southeast Nigeria in the Interior Plains on coarse
grained sedimentary deposits in the Guinea savannah/ Equatorial
forest transition zone, with a pseudo-bimodal rainfall regime and

with predominantly Ultisols.

C. Institutional framework and logistics

It is assumed that only three benchmark sites will be adopted. Areas
where the benchmark sites will be located should ultimately be selected
on the basis of close linkage and cooperation possibilities IITA has
with national research, development and extension agencies. The areas
finally selected should be approved by the national governments con-—

cerned.

4.2.2 Selection of the benchmark sites

Within the broad areas mentioned above, localities should be chosen,
within which the actual benchmark site will be situated. It is recom-—
mended that the final selection of the benchmark site should be preceded
by a survey to characterize the locality including the actual benchmark
site. This survey should provide information on basis of which the '
research and monitoring programme has to be formulated. It is the start
of the WURP-Phase II and should investigate the following aspects

- Accessibility to the site.

- Valley morphology (shape and slopes).

- Hydrology (catchment description, run off, erosion, location of
streamflow, groundwater fluctuations, flooding pattern, water reten—
tion and depletion).

- Soil conditions (depth, drainage classes, texture, clay mineralogy,
organic matter content, fertility, salinity and toxicities).

- Existing land and water management infrastructure.

- Marketing and processing facilities; stability of farm prices.
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- TImportance of rice within the local farming system and its compara-
tive advantage to other crops.

- Labour and other bottlenecks which could become a hindrance to rice
improvement.

- Farmers' interest in improving rice production (techniques).

- Potential conflicts or interferences between agricultural practices
of rice production and practices of traditional pastoral farming, in
the utilization of wetlands or water resources.

- Participation of women in rice production, processing and marketing.

- Site specific (wetland related) health problems (actual health
situation - medical/epidemiological - assessing infection rates of
onchocerciasis, schistosomiasis, guinea worm, malaria, trypanoso-
miasis, and other diseases; occurrence of the vectors (entomological,

assessing populations of snails, blackflies, mosquitos, etc.).

The result of above investigation should form the criteria of the final
selection of the actual sites within the pre-selected area. Generally,
actual sites (1 or 2 valleys) should be selected where optimum conditions
exist to conduct research and where the effects on the residing people

will not be negative in any respect.
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INTRODUCTION
Approach and presentation

The International Institute of Tropical Agriculture (IITA) at Ibadan -
Nigeria, requesting the Government of the Netherlands for technical and
financial assistance, submitted its proposal for the Wetland Utilization
Research Project (WURP) in 1981. This proposal consists of three phases.
The first phase is the inventory of existing information to identify the
extent and categories of wetlands and to assess capabilities and con-
straints of using wetlands in rice-based smallholder farming systems,

based on village-scale development without major inputs.

The activities for the WURP-Phase I, the collection and evaluation of

available information started in August 1982, In The Netherlands contributions

were made by the STIBOKA (Soil Survey Institute) on the geological,
geomorphological and pedological aspects, by the KIT (Royal Tropical
Institute) on the agro-socio—-economic aspects and by the International
Institute for Land Reclamation and Improvement (ILRI) on the climatological

and hydrological aspects. The ILRI also had the overall responsibility

of coordination, (Ir. J. de Wolf).

The report has been presented in four volumes.

Volume I  The main report, with conclusions and recommendations
Volume II The physical aspects (this volume)

Volume III The agronomic, sociological and economical aspects

Volume IV The maps

Area and subject of the inventory

The IITA prefers the WURP to be restricted to its mandate area, which in
West Africa consists of the humid and subhumid tropics. This area is

defined as the region having a positive (=surplus) rainfall over evaporation
during a period of 5 months or more per year. This area is indicated on

Map 2 of Volume IV.



However, this definition does not account for the possible total length
of the growing season. The differentiation into bioclimatic zones as is
done in Paragraph 1.4, is based on this criteria. In this option, the
zones where rainfed double cropping or more is possible constitute the
area adopted for the inventory of the WURP. This corresponds with the
(sub-humid) Guinea savannah and the (humid) Equatorial forest zones and
is somewhat larger than the IITA mandate area defined above. It com-
prises partly or entirely all coastal countries of West Africa from

Guinea Bissau through Cameroon, covering an area about 2.2 million km?®.

Wetlands are lands having hydromorphic soils. Such soils have charac-
teristics associated with wetness and unless artificially drained, with
the resulting reduction during at least some period of the year.
Evidently, hydromorphic soils are found in all types of land associated
with wetness, such as there are the tidal lands, the deltas, the river
floodplains, the inland depressions (e.g. the bolis in Sierra Leone) and
the small inland river valleys. ‘

In view of its objectives, the WURP is meant for those wetlands which
can be developed simply and without major engineering works. The imple-
mentation, operation and maintenance of such schemes should be done by
the farmer (or the farmer's community) himself, possibly with assistance
from national extension services. Therefore, the present study is restricted
to the small inland valleys (catenas). These valleys are formed on the
uppermost part of the catchment and are the streamflow valleys mentioned
in Paragraph 3.4.2,

They have a centrally located stream, which is shallow and only a few
meters wide, or not existing at all. They have a width varying from
about 10 meters in their upper to about a few hundreds of meters in
their lower stretches. The catchment areas range from at least 2 km? to

some 100 km?.
This volume

Details of the climate, the geology, the geomorphology, the soils, the
drainage and the hydrology of valleys are described in this volume. The
inventory area has been differentiated in four landregions. Various

types of wetlands have been quantified. This volume is concluded with
recommendations for the selection of appropriate areas in which benchmark
sites for the WURP - Phase II, should be selected. These recommendations
are based on considerations of the physical aspects. Also the research

needs and activities are indicated.



1 CLIMATE

Jal General

The climate of West Africa, or parts of it, has been described in many
publications, quite often as sectoral parts of surveys and studies. It

has been treated most extensively by Walter and Lieth (1960), Rodier
(1964), Landsberg and Griffith (1972) and Ojo (1977). The impact of the
climate on the vegetation and on agricultural production has been described
by Kowal and Kassam (1976), TAMS/CIEH (1976-1978), FAO (1978), Buddenhagen
(1978), Lawson e.a. (1979) and Lauer and Frankenberg (1981).

The climate of West Africa is dominated by the interplay between two air

masses with distinctly different moisture characteristics:

- the maritime (humid) air mass originating from the Atlantic Ocean,
associated with the southwest wind system, commonly referred to as
the South-West Monsoon.

- The continental (dry) air mass originating from the African continent
associated with the northeast Harmattan wind systems (trade winds).

The frontal separation of these two air masses is called the Inter-

Tropical Convergence Zone (ITCZ). Its seasonal migration, which follows

the annual positional changes of the earth in relation to the sun, is

shown in Figure | for Western Nigeria.
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Figure 1. Mean monthly surface location of the ITCZ (Western Nigeria)

1956-1961.

Source: 0jo (1977), who shows the Inter-Tropical Discontinuity Zone. In
the context of this inventory, this is considered to be the same as the

ITCZ.



1,2 Parameters

1.241 Temperature

The distribution of the mean daily temperatures for the months of January,
April, July and October is depicted in Figure 2.

Its pattern is more or less zonal. In January the temperatures on the
whole decrease from south to north. The low temperatures in the north
(Sahara) reflect the very low night temperatures and the relatively low
day temperatures, This is associated with the Harmattan winds, which
influence reduces towards the south.

In april the temperatures increase because of the more northerly position
of the sun. In the north the temperatures rise more strongly than in the
south.,

In July, the greenhouse effect becomes evident, because of the increasing
cloudiness. Highest temperatures are found just south of the Sahara
(=Sahel/Sudan region). In the Sahara there is more outgoing radiation,
whilst in the south there is less incoming radiation.

In October the cloud cover is withdrawing to the south. Lower temperatures

are found in the coastal regions, mainly because of depletion of radiation.

Generally, the prevailing range of temperatures does not impose limitations
to the production of crops usually .grown in the region. If crops from
more temperate regions are introduced, varieties must be selected which

do not require a cold induced dormancy (chilling) period.

Figure 2. Distribution of mean daily temperature in °C, in West Africa.

Source: Ojo (1977), adapted for centigrades.



1«22 Sunshine and solar radiation

The amount of incoming radiation is a function of the number of hours of
actual sunshine. The latter varies with the latitude, the season and the
cloudiness. The cloudiness is related to the position of the ITCZ. Table
| demonstrates that the northern latitudes receive roughly up to 50%
more hours of actual sunshine than the southern latitudes. Also there is
a marked dip in the number of hours of actual sunshine during the

months of June to September, especially in the southern coastal regions.
The net radiation, being the balance of incoming and outgoing radiation
is shown in Figure 3. This balance is positive throughout the year and
ranges between 65 and 100 Kcal/cmz/year. The pattern is zonal.

It is lowest in the coastal regions, followed by the Sahara region. It

is highest in the Sahel/Sudan region lying in between the former two.
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Figure 3. Distribution of net radiation in West Africa.
Year in Kcal/cm? per year
Months in cal/cm? per day

Source: 0jo (1977).



Table 1. Latitudinal and seasonal variation of actual sunshine hours per day in West Africa

LOCATION J F M A M J J A S 0 N Av. Av. for
latitude
range

North

Port Etienne 8.7 9.4 9.9 10.3 10.5 10.1 9.3 9.9 8.8 9.9 8.4 7.2 9.4
Bilma Lat 17-21°N 9.1 10.3 9.4 9.6 9.8 10.8 10.8 .8 9.5 10.1 10.2 o 9.9 9.6
Agadez 9.8 10.3 9.4 9.3 9.4 9.4 9.2 9.0 9.1 10.0 10.0 9.8 9.6
Dakar 8.0 8.5 9.6 10.6 9.7 8.6 7.1 7.3 8.5 8.9 7.1 8.3
Niamey Lat 13-15°N 9.5 9.9 9.0 8.6 8.8 8.9 7.2 6.5 7.2 9.1 9.6 9.5 7.9 7.9
Ouagadougou 8.7 7.9 8.9 1.} 7.9 6.5 6.9 6.7 8.2 9.1 7.7 7.6
Cotonou 6.6 7.0 7.0 7.4 6.9 5.3 3.4 5.4 6.3 8.0 6.3
Accra Lat 5-7°N 6.8 7.2 7.0 7.2 7.8 5.2 4.5 5.7 7.1 8.1 6.6 6.2
Abidjan 5.0 7.2 6.8 6.7 5.9 3.7 3.4 3. 4,7 6.0 7.4 5.6
South
Average (seasonal effect) 8.0 8.6 8.6 8.5 8.5 7.6 6.9 6.6 7.2 8.4 8.9 8.1 8.0 =
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In the south suboptimum radiation conditions prevail for agricultural
production. Together with the generally high relative humidity, it

causes a high incidence of plant diseases and pests. It also affects
adversely the ripening of grains of legumes and especially of cereals,
whilst the natural drying of grains is troublesome. Those crops therefore
should be grown towards the end of the rainy season allowing ripening

and drying during the dry season, with relatively higher solar radiation

influx.

1.2.3 Rainfall

Like the other climatic parameters the rainfall distribution is zonal,

as is shown by the isohyets on Map 1 of Volume IV. This north to south
gradient is so striking that the mean annual rainfall has been expressed

as a multiple regression equation with respect of the latitudinal and
longitudinal position. This implies that the mean annual rainfall decreases
towards the north by about 120 mm per 100 km, whilst longitudinally it
decreases by about 70 mm for every 1000 km to the east.

The extreme southwest (Guinea Bissau, Guinée, Sierra Leona and Liberia)

and the extreme southeast (southeast Nigeria and west Cameroon), are
exceptions and rainfall largely exceeds 2500 mm per year. Another exception
is the dry corridor of southeast Ghana, Togo and Benin, where the rainfall
along the coast is less than 750 mm per year.

The tropical atmosphere holds large amounts of moisture. Rainstorms
generally are intensive and heavy storms producing 50 mm or more and.
sometimes reaching 200 mm per hour over short periods, are not uncommon.
They are rarely prolonged, with an average duration of 1 to 2 hours.

This often results in rain splash, soil compaction, surface crusting and

sheet or gully erosion.

Rainfall and its distribution pattern are the most striking features of
the climates of West Africa. On this basis different climatic regimes
have been distinguished and are discussed in Paragraph 1.3. Rainfall,
rainfall distribution and the consequent soil moisture availability
determine the vegetation growth and crop production. Based on the related
length of the growth period, West Africa is divided into four different

bioeclimatic zomes, which are discussed in Paragraph 1.4.




1.3 Climatic regimes

Three climatic regimes can be distinguished mainly based on the temporal
and spatial variations in the precipitation and evaporation. This is

shown on Map 1 of Volume IV.

a. The monomodal regime, this regime extends north of the 1250 - 1500 mm
isohyets. The rainfall is characterized by one single peak. The rains
gradually increase in amount and frequency to reach a maximum in
August/September when the full effect of the ITCZ is felt. After this
peak is reached the rains rapidly decline to complete cessation. The
humid period (during which R > ETP) ranges between 2 months in the
north and 5 months in the south.

The evaporation during the year shows 2 peaks of about 6 to 8 mm a
day in March/April and in November. The minima of about 3 to 5 mm a
day occur in January and during the rainy season.

The main limitation to crop production is the deficiency in soil
moisture, particularly in the beginning and at the end of the rainy

season. The growth period is restricted to 180 - 200 days.

b. The bimodal regime, this regime is found in the south-central part of

West Africa extending south of the 1250 - 1500 mm isohyets. Longitudinally,

it is restricted roughly to the 7°W to the west and 5°E to the east.
The rainfall distribution is characterized by two peaks. The first
peak occurs in June/July and the second one in September. The total
humid period is 5 to 9 months, except for the coastal region between
Accra and Lomé. There is however, an intervening period with R < ETp
in late July and August, which constitutes a distinct break between

the two seasons. The evaporation is characterised by a well defined

and pronounced maximum of about 7 mm a day in March and a corresponding

minimum of 3 to 4 mm a day in August. A minor and diffuse maximum of
5 to 7 mm a day follows in October and November prior to an diffuse

minimum of 3 to 5 mm a day in December to February.
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Correspondingly the growth period consists of a major season of 4
months from April to July and a minor one from August to October. The
main constraints to crop production are the irregularity in rainfall,

especially within the seasons, and the suboptimum solar radiation.

c. The pseudo-bimodal regime, this regime extends east and west of the
bimodal regime. Unlike the latter the decline in rainfall in July and
August is not sufficiently pronounced to result a period of moisture
deficit. The rainy season therefore is continuous from March/April to
November/December; |
The evaporation generally is low throughout the year, ranging between
2 and 5 mm a day.

The growth period ranges from about 200 days to year round in the
extreme southwest and southeast. The main constraint to crop production
is the suboptimum solar radiation, which in combination which the

high air humidity causes a high incidence of pests and diseases.

1.4 Bioclimatic zones

Apart from the total amount of rainfall, the period during which vege-
tation growth and agricultural production are possible, is determined by
the temporal distribution of rainfall and the consequent soil/moisture
availability.
The length of this growth period has been defined by FAO (1978) and
TAMS/CIEH (1976-1978) as follows: ‘
- A continuous period during the year when precipitation is more than
half the evaporation (R > 0.5 ETp ) plus a number of days required
to evaporate an assumed 100 mm of water stored in the soil after the
rains have ceased. The growing season must exhibit a distinct humid
period during which the precipitation is more than the evaporation
(B > 1,8 ET ).
Based on the zonality of the annual rainfall, the length of the growth
period and the resulting vegetational and agricultural potential, West
Africa south of the Sahara, can be divided into four bioclimatic zones,
as is shown on Map 2 of Volume IV. Each of these zones has specific

prevailing ecological conditions.
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a. The Sahel savannah zone is a transitional zone between the (Sahara)
desert and the true savannah. The southern boundary roughly corresponds
with the 90 days growth period isoline and the 550 mm annual isohyet.
The vegetation cover is sparse. Nomadic agriculture is dominant. In
the southern part millet can be grown, requiring a minimum growing
season of 75 days. The Sahel savannah zone is not included in the

area of the inventory.

b. The Sudan savannah zone extends south of the Sahel savannah zone,
roughly between the 550 and the 1000 mm annual isohyets. Drought
hazards are relatively low and a wide range of crops can be grown
during a period of 90 to 165 days. Fairly intensive cultivation, is
practised, particularly in Nigeria with almost continuous cultivation.

The Sudan savannah zone is not included in the area of the inventory.

c. The Guinea savannah zone extends south of the Sudan savannah zone,
roughly between the 1000 and the 1500/2000 annual isohyets. The
growth period ranges between 165 and 270 days. Rainfall distribution
is not uniform throughout the zome. In the northern part within the
range of 1000 to 1300 mm per year the pattern is monomodal. Here,
drought hazards are negligible and the photosyntetic potential is
high. In the tramsitional southern part the rainfall has a bimodal
pattern. The two rainy seasons are of unequal duration and rainfall
is irregular. Drought hazards do occur here, whilst the photosynthetic
potential is relatively low. Hence the bioclimatic conditions in the
south are somewhat less favourable than in the northern part. The
Guinea savannah zone is included in the inventory area within which

it covers an area of nearly 1.3 million km?.

d. The Equatorial forest zone extends southeast and southwest of the
Guinea savannah zone. The annual rainfall is over 2000 mm per year,
and increases rapidly towards the extreme southeast and southwest to
5000 mm per year or more.

The growth period exceeds 270 days, but the net solar radiation is
low and the air humidity is high. Generally, these are suboptimum
conditions for crop production. The Equatorial forest zone is included
in the inventory area within which it covers an area of nearly 0.9

million km?.
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In contrast with the Sahel and Sudan zones, double or year round crop-—
ping is possible in the Guinea and Equatorial zones. This is especially
so in the valleys of these zones, which usually have moist conditions
over prolonged periods.

Because of this potential for double cropping, the Guinea and Equatorial
zones have been adopted as the area subject to the Wetland Utilisation

Research Project.
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2 GEOLOGY/LITHOLOGY, GEOMORPHOLOGY AND SOILS

241 General

The following paragraphs present an outline of the geology, lithology
and geomorphology of West Africa. Also, a general description is given
of the main soils as well as a characterization of the soils occurring
in the valley bottoms.

On the basis of a geomorphologic delineation of the inventory area,
broad land regions could be distinghuished, as is shown on Map 3 of
Volume IV. The land regions and their subdivisions group tracts of land
with broadly similar characteristics with respect to land form, litho-
logy and as a consequence, drainage. The land regions have been used as
a basis for the inventory and characterization of the various types of
wetlands occurring in the inventory area as is discussed in Chapter 3,

Land drainage.

The geology and lithology have been described in a number of reports
with accompanying maps. Coverage at scale 1:2.000.000 was available for
almost all countries in the inventory area (Barrére and Slansky, 1965;
Blanchot et al., 1973; Geol. Surv. Div., 1964; Nicklés and Hourcq, 1952;
Dir. Overseas Surveys, 1960). For Guinea Biséau, use was made of the
geological map at scale 1:1.000.000, included in the soil survey report
by Da Silva Teixeira (1962). For Liberia such maps were not available.
The geological information for this country was drawn from the Geological
Atlas of the World at scale 1:10.000.000 (Unesco, 1976). For the whole
region, use was also made of the descriptive text in Geology of Africa
(Furon, 1963).

Additional detailed information was available for most countries, either
in the form of specific geological studies and maps (Cameroon: Dir. des
Mines et de la Geologie, 1953-59; Nigeria: Dir. Geological Surveys,
1962), or as sections in reports on soil surveys or land resources

inventories.




The existing literature does not provide a comprehensive map coverage of
the geomorphology. Therefore, the geomorphological information that
underlies the division of the inventory area into land regiomns, by
neccessity had to be derived mainly from the text and small sketch maps
as presented in the various soil survey and land resources inventory
reports for individual countries or parts thereof. The studies that were
based on the so-called land system analysis proved very useful. Land
systems (recurrent patterns of land form, soils and vegetation) are
subdivided in their constituent units, the land facets. These are usually
described in detail and illustrated in block diagrams. Information on
specific land facets (e.g. valleyland) within a land system or on broad
groupings of land systems (land regions) can be easily extracted from
such reports and compiled for further elaboration. Land system analysis
has been applied in Sierra Leone, in northwest Liberia, in large parts

of Nigeria and in some parts of north Ivory Coast.

General information on the soils was obtained from such obvious sources
like the 1:5.000.000 soil maps of Africa both by D'Hoore (1965) and by
FAO-Unesco (1977), as well as Ahn's West African Soils (1970). More
detailed soil data were gathered from reconnaissance and semi-detailed
soil survey reports and maps of individual countries or parts thereof.
For most of Liberia only a very small scale map (1:3.300.000) was available.
The various sources of information used are listed in the references.

As for the inland valleys, the main subject of the present inventory,
details on their occurrence, distribution and characteristics were often
difficult to obtain for areas surveyed by means of the French survey '
system. In this system emphasis is placed, in actual mapping as well as
in the description of the map units, on the main soil of a mapping unit
and its central concept in terms of soil classification. Inclusions,
such as the valley lands generally are, due to their relatively limited
extent and their scattered occurrence, receive little or no attention.
Therefore, in francophone countries use had to be made frequently of

information on similar land regions in adjacent (anglophone) areas.



2.2 Geology and lithology

In West Africa the most important geological unit is the basement complex
comprising granites and associated metamorphic rocks of Precambrian age.
The basement complex, which forms the African continental shield, underlies
the whole inventory area. It appears in most of Guinea, Sierra Leone,
Liberia, Ivory Coast, Togo, Benin, Nigeria and Cameroon, as well as in

parts of Guinea-Bissau and Ghana.

The composition of the basement complex varies strongly. In south-
eastern Guinea, Sierra Leone, Liberia, western Ivory Coast, central
Togo, Benin and Cameroon, lower Precambrian rocks predominate. They are 1
mainly granite-migmatite—gneiss complexes., ]
Middle Precambrian (Birrimean) rocks comprise mainly schists, quartzites

and other metamorphic rocks, including micaschists, greenstone, amphibolites,

arkoses, graywackes. These rocks crop out in northeastern and southern

Guinea, in eastern Ivory Coast and in south Cameroon. They appear as

NNE-SSW folded bands in the western part of Ivory Coast, in western

Ghana and in the Atacora Range in Togo and Benin. Also of Birrimean age

are the charnockites of the Man Massif (Ivory Coast). In southwest Ghana

the Birrimean rocks also comprise basic and acid extrusives (lavas and

tuffs). They occur in complexes with upper precambrian (Tarkwaian)

rocks.

The Tarkwaian rocks were defined at Tarkwa in southwest Ghana and

comprise folded conglomerates, (feldspathic) quartzites,.sandstones and

shales. These formations also occur locally in Ivory Coast.

Terminal Precambrian rocks (Buem series) are important in Togo and north

Benin where, together with the Birrimean micaceous quartzites, they form

the Atacora Range of high relief and topography. The Buem series includes

shales, arkoses, sandstones, conglomerates and some volcanic rocks,

mostly basalts and dolerites.

Precambrian rocks in Nigeria have not been well differentiated, but they

include granites, gneisses, migmatites, micaschists and amphibolites

with intrusions of 'Younger' granites. The latter form the core of the

Jos Plateau in central Nigeria which has resisted various erosion

cycles.



Precambrian intrusion phases have given rise to the occurrence of lacco-
liths, sills, dikes etc. In other parts of the inventory area, e.g. in
Guinea, these formations comprise dolerites and gabbros.

Paleozoic (Cambro-ordovician) formations of sandstones, shales, mudstones
and pebbly conglomerate beds occur in the central part of the Volta
Basin and on the Sikasso Plateau (Mali, Upper Volta). Slightly older are
the Infracambrian sandstones that form the upwarped fringes to the
north, west and south of the Volta basin.

The high sandstone and shale plateaux constituting the Fouta Jallon and
Manding Plateau in Guinea are also of Paleozoic age (Ordovician, Silu-
rian and Devonian). However, these deposits have been uplifted sub-
sequently over considerable heights. At present, altitudes in the Fouta

Jallon exceed 1500 m locally.

It is thought that the African shield originally formed part of Gond-
wanaland, the ancient continent which comprised South America, Mada-
gascar, India, Australia and Antarctica. During the Mesozoic era (lower
Cretaceous) this continent broke up into the present blocks and drifted
apart (continental drift). Concurrently and following the displacement
of Gondwanaland, horizontal and vertical epeirogenic movements fractured
the continent. These movements resulted in the formation of seas and
lakes in basins like the Chad basin to the northeast of the inventory
area and troughs likes the omes in which the Benue and Niger valleys are
situated in Nigeria. These basins and troughs now comprise sedimentary
rocks of corresponding age which are locally weakly metamorphosed. A
wide variety of Cretaceaous marine and continental sandstones, shales
and coal measures occurs in the Benue and Niger troughs (Nupe and Bima
sandstone, Illo formation etc.). The Chad basin cdmprises Quaternary
continental deposits which consist of unconsolidated clays, sandy clays
and sands. Regionally, they occur as aeolian deposits (dunes etc).
During Tertiary and Mesozoic times volcanic intrusions and extrusions
formed, among others, the Jurassic basalt flows and ash cones near Jos,
the Cretaceous and Tertiary outcrops in the Benue trough and the Creta-
ceous basalt plateaux in west and central Cameroon (Mungo.and Adamawa) .
Volcanic activity on the Jos plateau has continued into the Pleistocene.
Mount Cameroon, still an active volcano near the Gulf of Guinea, is of

Quaternary origin.



Tertiary sedimentary deposits, called the Continental Terminal, consist
of weakly cemented sands, sandy clays, clays and marly clays . These de-
posits occur in fringes along the coast of Sierra Leone, Ivory Coast,
Togo, Benin, Nigeria and Cameroon. They include the dep&sits that are
locally known as Terres de Barre (Togo and Benin) and Coastal Plains
Sand (Nigeria). The Kerri-Kerri formétion west of the Gongola river in
Nigeria also consists of continental sandstone deposits, whereas the low
plains of Guinea Bissau and south Senegal comprise tertiary sedimentary
deposits consisting mainly of unconsolidated sands with inclusions of
sandstone shale, marl and clay.

Recent riverine and marine alluvial silts and clays occur in river
plains (Volta, Oti, Niger and Benue rivers), delta's (Niger river) and
estuaries (Rio Geba, Sierra Leone and Sassandra rivérs). Elongated
coastal sand bars (beach ridges) have been formed along most of the West

African coastline.

In terms of soil formation in relation to lithology, it can be stated in
general that in West Africa the soils derived from sedimentary material
are chemically less fertile than those developéd from Precambrian
basement complex rocks. The latter contain silicate minerals that upon
weathering, release nutrients. The sediments have been subjected to more
than one weathering and erosion cycle and consist mainly of residual
materials like quarts, kaolinite and gibbsite. Within the varied complex
of sedimentary deposits, sandstones upon weathering give rise to very
poor sandy soils. Shales tend to form more clayey soils, which to some
extent are chemically richer.

Within the basement complex, the metamorphosed rocks (schists, amphibolites
etc) tend to form relatively fine-textured soils (light clays) that are
chemically richer than the soils formed over granitic material. In
addition, the soils over granites have coarser textures (sandy clays,
sandy loams, loamy sands and sands). The poorest basement complex soils
are those over quartzites.

Generally, due to the prevailing climatic conditions (high temperature
and precipitation), weathering processes have been intense and have
caused deep soils, except in sloping and steep areas where erosion has
resulted in shallow soils or even complete denudation of the rock.
Planation cycles, which during the various geologic eras have acted to
form the typical (West) African plains and plateaux, have affected soil

depth in large parts of the inventory area.



2,3 Geomorphology

2:3:1 General description

During the Jurassic era, preceding the lower Cretaceous disruption of
Gondwanaland, the surface of the super continent was subjected to intensive
erosion that caused the formation of a nearly level plain, the so-called
Gondwana planation surface. Simultaneously, continental basins (e.g. the
Congo pasin) were filled with detritus from adjacent eroding areas. This
sedimentation process further contributed to the smooth appearance of
Precretaceous Africa. Relicts of the Gondwana surface can still be found
in the inventory area. They include the high plateaux of the West
Cameroon Mountain Range, the Jos Plateau in Nigeria and the summit of

Mt. Nima in the Guinean Highlands.

The dislocation, fracturing and faulting of the African continent in the
Cretaceous era caused a new erosion cycle to form the Post-gondwana
planation surface. This surface comprises parts of the high plateaux
surrounding Jos, portions of the Cameroon Highlands including the Adamawa
Plateau and the crest of the Atacora Range in north Benin.

Associated with the Cretaceous faulting, volcanic activity started

mainly in west Cameroon and in central Nigeria, locally forming extensive
basalt plateaux.

Erosion cycles during the Eocene and Plio-pleistocene eras caused further
planation (the African and Post-african planation respectively) and the
formation of the extensive, remarkably level plains and plateaux that
make up most of the inventory area. The various planation surfaces are
commonly separated from each other by distinct scarps or by dissected
transition zones of broken relief. Occasionally the transition is

smooth and hardly discernable. Eocene planation surfaces comprise the
high plains of Hausaland in Nigeria, which occur at altitudes of 600 to
1000 m above sea level. (a.s.l.). Probably most of the plateaux in southern
Cameroon (which have approximately the same elevation) belong to this
planation surface too. The majority of the West African plains is of

Plio-pleistocene age. They occur at elevations between 50 and 700 m a.s.l.

Most plains and plateaux have undulating relief. They are dissected to
various degrees by streams and rivers, usually in a dendritic (non-
orientated) drainage pattern. Locally, steep-sided remnants of older
plateaﬁx (mesas), granitic inselbergs and hill ridges arise from these
plains. Granitic inselbergs and ridges have resisted ongoing weathering

and erosion, due to their hardness.
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They can be as high as 200 - 300 m. The mesas, which may stand about

10 = 100 m above the ground surface, have been formed due to the occur-
rence of ironstone hardpans (cuirasses, carapaces, duripans, laterite
pans, etc.) at their surfaces. These hardpans have been formed through
downward movement and subsequent accumulation in lower soil horizons of
sesquioxides, notably iron oxides, under conditions of alternating
wetness and drought. On the level planation surfaces formed by the
various erosion cycles, massive sheets of iron accumulation could de-

velop. The stripping of overlying soil material. during new erosion

cycles, caused by uplifting or other relative changes in the base level,
has progressed down to the indurated iron pan, which now appears at or

near the surface.

Geologic variations have locally caused pronounced relief in planation
surfaces. For example, the Ashanti Hills in southwest Ghana comprise
folded ridges of hard rocks (granites, quartzites, and diorite sills)
and softer formations (conglomerates, sandstones, shales and phyllites)
in a NE-SW alignment. Differential erosion has caused steep relief with
slopes up to 357, separating the relatively level remnants of former
plains from wide, flat-bottomed valleys. Also in Ghana, the fringes of
the Volta basin have been formed by uplifting, resulting in steep and
deep, outward-facing scarps reaching down to the gently undulating
plains to the north, west and south. The upturned edges rise to 400 m
(the Gambaga scarp in the north) and 500 m (the Mampong scarp in the
south) above the adjoining plains. These plains have an elevation of
100 - 200 m a.s.l. The plains between the Atacora Range (Togo and Benin)
and the lower Niger valley (Nigeria) are distinctly stepped and warped.
Locally they are nearly level to gently undulating; in other places
successive planation cycles have caused a broken topography consisting

of scarps and dissected areas.

The bolilands in Sierra Leone form a complex of seasonally flooded, wide
and shallow depressions and low river terraces of negligible relief,
associated with Precambrian sandy and clayey consolidated sediments.

The low, nearly level plains in Guinea Bissau (and extending into Senegal
and Gambia) are aggradation surfaces comprising the Continental Terminal
deposits of mainly sandstones and sands. They have an elevation of
approximately 20 to 50 m a.s.l. and are intersected by the valleys of

the Coruba and Geba rivers and, outside the inventory area, by the

Casamance and the Gambia river.
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Most of the large rivers in West Africa have nearly level floodplains in
which locally terraces have been formed. Extensive floodplains and
terraces occur particulary along the Black Volta in Ghana, the Oti in
northeast Ghana and north Togo, the Niger in Guinea and Nigeria and the

Benue, also in Nigeria.,

High ranges in the inventory area comprise the Fouta Jallon in Guinea.
This is an extremely dissected area of sandstone and shale plateaux at

an elevation of 1000 to 1500 m a.s.l. Hard iron crusts (bowals) formed

at the surface of these deposits, have contributed to their preservation.
The deeply and steeply incised, fault-controlled valleys form a rectangular
drainage pattern.

To the west the plateaux decline in a series of fault steps to the
narrow coastal plain. In the east (Manding Plateau), a more gentle
transition occurs towards the interior plains of Guinea and Mali (300 to
400 m a.s.1l) in which the Niger has formed an extensive inland delta.

In sharp contrast to the high plateaux of the Fouta Jallon and the
Manding Plateau are the rounded but steep hills and mountains of the
Guinean Highlands (French: Dorsale Guinnéenne) comprising mainly granitic
rocks, which rise to over 1900 m a.s.l. in the Loma Mountains of Sierra
Leone. Mount Nimba on the border between Guinea, Ivory Coast and Liberia
is 1752 m a.s.l. Further east is the Man Massif which attains heights up
to 1400 m a.s.1.

The Atacora Range, east of the Volta basin, is a belt of parallel ridgeé
trending NNE-SSW through south Ghana, Togo and north Benin. They rise to
over 1000 m a.s.1. (Mt. Segou). The steep—sided and narrow valleys in_
between the mountains are locally more than 300 m deep.

In central Nigeria, the Jos Plateau consists of a granitic plateau with
some volcanic hills and basalt flows up to 1600 m a.s.l. At its southern
margin it is separated from the high plains of Hausaland by extremely
deep and steep scarps of approximately 600 m. The West Cameroon Highlands
comprise undulating to rolling plateaux formed in granite and basaltic
lava flows at altitudes of 1500 m a.s.l. and more. Volcanic cones on
these plateaux reach heights of more than 2500 m a.s.l. (Mts. Oku and
Mba Kokeka and the Santa Peak). Stretching west of these highlands is

the Yade Plateau in the Adamawa Range at an altitude of approximately
1200 m a.s.l. The Mandara Mountains further north also belong to the
Cameroon Mountain Range. Mount Cameroon (4070 m a.s.l.) forms a spectacular,
solitary dome to the south of the Cameroon Mountain Range. It is a

still-active volcano.
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The coastal plains in the inventory area comprise recent marine and
riverine alluvial deposits occurring in coastal sand bars, beaches,
lagoons, estuarine and deltaic swamps and riverplains.

At its mouth, the Niger has formed an extensive delta consisting of
freshwater swamps, basins and levees in the central and inland parts.
Mangrove swamps surrounded by tidal creeks prevail towards the coast.
The coastline along most of the West African coast is formed by a series
of sandy beach ridges.

Locally (Ivory Coast, Togo, Benin, Nigeria and Cameroon), the coastal
plains include low plateaux of the Continental Terminal (Tertiary) de-
posits). These plateaux, have gently undulating relief. They have been
upwarped slightly towards the interior, resulting in their separation
from the interior plains by a distinct scarp which, in Ivory Coast, Togo
and Benin, may attain several tens of meters in height. Rivers have cut
steep-sided courses into the elevated parts of the coastal plains (Sassandra,
Bandama and Komoe rivers in Ivory Coast, Sio and Haho rivers in Togo and
the Ouéme river in Benin among others). The Hollis Lama depression in
Togo and Benin is a low-lying area of Eocene marly clays within fhe
Continental Terminal plateau. It is probably formed by erosion of the
soft marls.

In Nigeria, the transition between the coastal plateaux and the interior
plains is formed by a zone of Tertiary and Cretaceous sandstones, shales,
sands and coal measures of distinct dissection with high scarps (the

Enugu Scarp is 350 m high) and dipslope features.

2:3:2 The land regions

For the purpose of the inventory and characterization of the small
inland valleys, the inventory area has been divided into land regions,
based on geomorphological differences described in Paragraph 2.3.1.
Land regions are broad landscape units with recurrent physiography.
Four land regions have been distinguished:

1. Coastal Plains covering an area of 100.000 km?.

2. Interior Plains (1.075.000 km?).

3. Plateaux (624.000 kmz).

4. Highlands (361.000 km?).
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These land regions are further subdivided according to geology, lithology
and related features like degree of dissection, relief, occurrence of
inselbergs, hill ridges and laterite-—capped mesas. In total, 19 subregions
have been distinguished.

Initially, these units were delineated on topographic maps at scale
1:1.000.000 on basis of information from various geological, soil and

land resources surveys. The unit boundaries were then transferred to the
present Map 3 of Volume IV at scale 1:5.000.000 (land regioms).

The map units are briefly described in Table 2. More elaborate descriptions
are included in the legend of the land region map.

This legend also shows the main soils occuring in the various subregions.

2.4 Soils
2.4.1 Upland soils

The distribution pattern of the soils in the inventory area shows that

in general from the north to the south and from the centre to the west

and east respectively, depletion processes become increasingly important

in soil formation. These processes include the chemical weathering of
primary minerals, their subsequent removal (leaching) and the formation

of new and inert minerals. Ultimately these processes lead to the formation
of soils with low inherent fertility. The distribution pattern of the

soils coincides in general with the distribution pattern of present
rainfall in the inventory area: precipitation increases towards the

south, Sierra Leone, Liberia and Cameroon are the wettest countries and

a 'dry corridor' exists near the coast of east Ghana, Togo and Benin '

(see also Chapter 1 and Map 2 of Volume IV). However, it should be noted
that most land forms in West Africa are of Plio-pleistocene age and thus
older than the present geo-climatic era. Therefore, there is no single
causal relationship between present climate and soils.

The main soils of the inventory area are discussed below. Soil classification

names refer to the USDA Soil Taxonomy.
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Table 2. Land regions and subregions and summary descriptions

Hap‘) Area PHYSIOGRAPHY GEOLOGY AND LITHOLOGY
unit no (km?)
1.1 Nearly level beaches, river plains, Recent sands, silts and clays E
2 v
s deltas, tidal swamps etc. =2
" . o W
é 1.2 Slightly dissected, gently undulating Tertiary weakly cemented sands to clays | WO %
= O
g coastal terraces and marly clays é-g [
2.3 Highly dissected, undulating to rolling Tertiary and Cretaceous Sandstones, o © E
o
5 coastal terraces shales, sands and coal measures. ) % a
TOTAL 100.000
2.1 Slightly dissected, undulating peneplains| Undifferentiated granites, migmatites
with inselbergs, hill ridges and mesas and gneisses
2.2 - do - Undifferentiated schists, quartzites and S
g £
other metamorphic rocks g E ﬂ
2.3 Highly dissected, rolling to steep Complex of metamorphics, sedimentary 5 v g
peneplains formations and volcanics R
2.4 Dissected and upwarped, undulating Upwarped sandstones ” 2
v : ; = 2
= to rolling peneplains o i~
a N x
E 2.5 Slightly dissected, nearly level Sandstones, shales and mudstones us g
: =62
0 peneplains e
[=] W v
S = 5 =
§ 2.6 Slightly dissected, gently undulating Marine and continental sandstones, shaleg é E
z peneplains with mesas and volcanic cones coal measures and basalt-extrusions o E s
2.7 Sleeply dissected undulating peneplains Continental sandstones and cbnglomerates g R
2.8 Slightly dissected, nearly level Sandstones and sands > E 5
aggradational plains =3
TOTAL 1.083.000
3.1 Slightly dissected undulating plateaux Undifferentiated granites, migmatites and
with inselbergs, hill ridges and mesas gneisses g §
o -2 - do - Undifferentiated schists, quartzites and k,é &
x <O
2 other metamorphic rocks g £ O
& 2%
E 3.3 Dissected, undulating to rolling plateau Paleozoic sandstones B v
. & a
3.4 - do - Tertiary sandstones 85
TOTAL 624,000
4.1 Highly dissected very steep mountain Undifferentiated granites migmatites and %
ranges with remnants of old planation gneisses ’ g i 5
2238
surfaces o0 O
4.2 do, but with rugged, rolling high Complex of Oolder' and 'younger' graniteg g g E §
plateaux migmaties, gneisses and basalts g ks
& -
% 4.3 do, but strongly foldes and faulted Complex of sedimentary, metamorphic and g & E
S extrusive formations E 2 5]
=
il Steeply dissected, undulating high Sandstones and shales 3 E z
plateaux =he
TOTAL 361.000
1)

Map unit numbers refer to the Land region map, Map 3 Volume IV.
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a. Alfisols (Ustalfs) are the main soils in the north and in the centre
of the inventory area (the Guinea savanna zone, including east Guinea,
south Mali, southwest Upper Volta, north and east Ghana, Togo, Benin,
west and central Nigeria). These scils are generally coarse to medium
textured (sandy loams to light clays) with a clayey B-horizon. They
have a favourable base status and acidity level (near neutral). These
soils, which are mainly deep to moderately deep, may be very gravelly,
especially if developed from parent material rich in quartz (granites,
quartzites, some gneisses). The gravel may occur in layers or stonelines
at shallow depth. Also, these soils may overlay continuous ironstone
hardpans or sheets of ironstone aggregates at shallow depth (petroferric
contact), especially in areas with parent materials that contain much
ferro-magnesian minerals (e.g. amphibolites). These hardpans and
aggregates have been formed by accumulation of sesquioxides, notably
iron-oxydes, under conditions of alternating wetting and drying.

The Alfisols have relatively low organic matter contents. Their main
constraint is the low availability of soil moisture, especially if
profiles are shallow. The natural vegetation on these soils consists
of open woodland grass savannah. The density of the tree cover varies,
depending on local environmental conditions and on human activity.
Traditionally these soils are used for the cultivation of crops
including cassava, maize, sorghum, millet, groundnut and cotton, in
shifting cultivation systems and for livestock grazing.

b. Ultisols (Ustults) are the dominant soils in the transition between
the Guinea savannah zone and the Equatorial forest zone (Guinea,
north Ivory Coast, central Ghana, east—central Nigeria). Like the
Alfisols, they are mainly coarse to medium textured soils (sandy
loams to light clays) with a clayey B-horizon. However, due to in-
creasing depletion, they are acid and have a low base saturation
(less than 50 percent). They may be gravelly and may contain ironstone
hardpans or aggregate layers.

The main agricultural constraint of the Ultisols is their relatively
low inherent fertility and their susceptibility to erosion. The
natural vegetation on these soils is mainly tropical semi-deciduous
rainforest. On these soils food crops such as cassava, maize, beans
and upland rice are grown mainly in shifting cultivation systems.

Also, cash crops such as coffee and cocoa are grown.
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c. Ultisols (Udults) predominate in the southeast and the southwest of
the inventory area. In the wettest parts (Sierra Leone, Liberia and
Cameroon) Oxisols (Orthoxs) occur.

Udults are the Ultisols of the humid areas. They resemble the Ustults
of the subhumid zone except for their relatively more humid soil
moisture regime.,

Orthoxs are strongly weathered and leached soils and consequently of
very low inherent fertility, but with favourable although fragile
soil structure. They are mainly medium textured (sandy clay loams -
light clays) and deep. They may be gravelly.

Ironstone hardpans and aggregate layers do occur in these soils, but
less common than in the Ustalfs and the Ustults. It is thought that
under favourable paleoclimatic conditions these ironstone hardpans
and aggregate layers have been formed extensively over the whole of
West Africa, but that they have been largely disrupted in areas with
a humid climate at present, e.g. the Equatorial forest zone and the
southern fringe of the Guinea savannah zone. In these areas relief is
also more pronounced. |

Most Udults and Orthoxs in the inventory area are covered by tropical
lowland rainforest, providing natural cover against erosion. Shifting
cultivation is based on a short period (2-3 years) of cultivations of
banana, cassava, yam, upland rice and maize, followed by fallow period
(10-15 years). Plantation crops include rubber, oilpalm, cocoa and

coffee.

Apart from climate, geology and geomorphology have a pronounced

effect on the soil formation. Within the land regions and subregions

mentioned in Paragraph 2.3.2, great variations of the main soils

occur as is shown in the legend of Map 3 of Volume IV. The variations

due to geological differences, are described below.

- Within the basement complex, the metamorphic rocks (schists,
amphibolites and greenstones) tend to weather into relatively fine
textured soils (light clays). Chemically rich soils develop in
particular from the more basic rock types (amphibolites) that are
rich in ferro-magnesian minerals like olivine, pyroxene and hormblende.
However, the relatively high content in iron (and manganese) in
these minerals also causes a high incidence of occurrence of continuous

ironstone hardpans or sheets of ironstone aggregates.
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In areas with relatively high groundwater levels or seepage water
from sideslopes of valleys, formation of plinthite is common
(Plinth-ustalfs, Plinthudults, Plinthaqualfs, Plinthaquults).
Plinthite is an iron-rich and humus-poor mixture of clays and
quartz, This mixture commonly occurs as reddish mottles in the soil
profile. Upon repeated wetting and drying it changes irreversibly
into ironstone, either in the form of a continuous pan, or as
irregular aggregates.
Soils developed over intermediate (micaschists, gneisses) and more
acid basement complex rocks (granites, quartzites) generally have
coarse textures (sandy clays to sands) with medium to low fertility.
They include Haplorthdxs, Tropudults and Ultic Tropudults in the
humid climatological zones and Oxic Haplustalfs and Haplustults in
the drier areas. Ironstone hardpans and concretionary layers are
common in soils over intermediate and acid rocks, although less
than in areas with rocks that are richer in ferro-magnesian minerals.
- The parent material of soils developed in sedimentary formations
has been subjected to more than one weathering cycle. As-a result,
soils on these formations are chemically poor, as they mainly
contain inert materials like quartz, kaolinite and gibbsite.
The soils on the Cretaceous sedimentary formations occupying the
Niger and Benue river troughs are mainly Ultisols. Depending on the
grain of the parent material, they are coarse textured (on sandstones)
ranging to clayey (on shales). In general these are deep soils with .
a 'stretched' B-horizon that shows signs of clay illuviation (Pale-
ustults). Ultisols (Paleudults and Tropudults) are also the main .
soils of the coastal terraces. They are generally deep, sandy clay
soils.
Heavy cracking clay soils (Vertisols) have been formed in the marly
sediments of the Hollis Lama depression in Togo and Benin.
(Oxic) Haplustalfs and Plinthustalfs dominate on the sandstones of
the Volta basin. Oxic Haplustalfs are Alfisols of the subhumid
areas with low inherent fertility. Plinthustalfs contain plinthite
within 125 cm of the surface. The occurence of continuous ironstone

hardpans in the soils of the Volta basin is widespread.

5. 4.2, Soils of valley catenas

Variations in soils do also occur because of geomorphological and hydrological

differences along valley catenas (toposequences).
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The predominantly dissected, undulating to rolling peneplain landscape

of West Africa, has only few areas occupied by soils that have actually ;
been formed in situ on the directly underlying rock. Planation cycles,

in particular during the Plio-pleistocene era have removed much of the
weathering mantle of the basement complex rocks and Cretaceous sedimentary
formations (erosional stripping). As a result, soils have been rejuvenated
and they are not extremely deep. However, real sedentary soils occupy
specific positions of limited extent in the landscape: the summits and
upper slopes of the toposequences.

In old landscapes the summits may consist of reworked, rather uniform
material of former planation surfaces that may be associated with irontstone
pans. On the lower slopes of the toposequences, colluvial deposits of
material from upslope form the parent material of the soils. The colluvium
may include gravelly layers with quartz or with ironstone concretions

which either were formed in the higher profiles, or which were formed in
situ. The extent of the colluvium depends largely on the relief. In the
Equatorial forest zone relief is generally more pronounced, with relatively
short and steep interfluves, than in the Guinea savannah zone where a
gently undulating relief prevails.

In the lowest parts of the toposequences (the valley bottoms), alluvium

is the parent material of the soils. These stratified materials originate
mainly from areas further upstream. The soils of the valley bottoms

differ widely in their characteristics, locally as well as regionally,

but they have in common that they all show signs of periodic wetness.

2.4.3 Valley bottom soils

Valley bottom soils are hydromorphic soils. They have characteristics
associated with wetness and, unless artificially drained, the resulting
reduction during at least some period of the year. Hydromorphic processes
include the mobilization and reduction of iron in the soil.

This causes the characteristic neutral grey colours under conditions of
continuous saturation or mottling and possibly formation of iron concre-
tions under alternating wet and dry periods. In sandy soils (periodic)
wetness gives rise to the occurrence of uncoated sand grains. Under
conditions of prolonged waterlogging, decomposition of plant remnants
may be slow and humic topsoils may be formed which have higher contents

in organic matter than adjacent higher and drier lands.
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In soil classification (Soil Taxonomy; Soil Survey Staff, 1975) the
concept of aquic soil moisture regime is used to distinguish hydromorphic
soils. Aquic sub-orders have been distinguished in most of the ten

Orders in this classification system, e.g. Aquents (Entisols), Aquepts
(Inceptisols), Aqualfs (Alfisols), Aquults (Ultisols) etc. These soils
are completely saturated for at least a few days per year. An aquic soil
moisture regime implies reducing conditions in which little or no oxygen
is available in the soil solution. Soils that have saturated horizons
only below 50 cm in general, may be differentiated at the sub-group

level of classification, e.g. Aquic Tropopsamments, Aquic Tropudults

etces

Valley bottom soils vary widely in their characteristics within valleys
as well as between them. This is caused by their morphogenesis as stratified
alluvial deposits, their occurrence in a wide range of valley shapes
with different hydrological regimes and their varying lithologic origin.
Texture of the soils of the valley bottoms may vary from sand to clay

and drainage classes may be moderately well to very poor. The soils may
be subject to floods of variable depth and duration. They may be strongly
stratified and may contain gravel, iron concretions or plinthite. The
inherent fertility may range from moderate to very low. It can be stated
however, that in their texture as well as in their fertility, these

soils in general reflect the characteristics of the surrounding upland
soils and parent material. Thus, coarse texture and low fertility

prevail in sandstone and quartzitic areas, coarse texture and moderate
fertility mainly occur in granitic formations and medium to fine texture
and moderate to high fertility are common on shales, siltstones and
intermediate to basic rock formations.

To demonstrate the great variability of valley bottom soils within the
land regions and within the valleys themselves, a number of descriptions
of these soils is presented in Annex I of this Volume. These descriptions
have been obtained from various soil surveys in West Africa. Where
possible, descriptions of the valley morphology and of the land use on

these soils have been included.
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2.4.4 Soil constraints to rice cultivation in valleys

With a view to the proposed research on rice-based farming systems in
the inland valleys of West Africa, the main soil factors affecting
wetland rice cultivation on valley bottom soils are briefly discussed

here.

Soil drainage. Rice being a semi-aquatic plant, poor to moderately well

drainage conditions are best suited for rice growth and cultivation.

Well and excessively drained soils carry a drought risk. Such a risk may
be overcome by levelling and by the construction of bunds around the
fields to retain the water. Soils that are continuously saturated are
not suited for rice as some alternating oxidation and reduction of the
(top)soils is required for good rice growth.

Texture. Coarse textured soils generally are less productive than soils
with a fine texture. This is due to the lower inherent fertility of the
former, but also because of their higher percolation rates, by which
nutrients (including fertilizers) will easily leach below the root zone.
On sandy soils therefore, fertilizers should be applied very carefully
i.e. in several small doses, rather than in one or two large applicatioms.
The higher percolation rates of sandy soils imply that on these soils it
is difficult to retain water on the field. In rice cultivation this
would be desirable mainly for weed control purposes. Also, coarse textured
soils lend themselves less well for the construction of bunds, dikes and
drains than more clayey soils.

Soils with very high clay contents like Vertisols, have as their main
constraint that land preparation is very difficult, often requiring
mechanized draft power.

Structure. In wetland rice cultivation puddling, through intensive
ploughing the wet soil is often practised to destroy the structure of
the upper soil layers and to form a plough pan. The advantage of this
practice is that a soft bed for seeding and/or transplanting.is created,
percolation losses are reduced and that weeds can be better controlled.
Puddling is more difficult in fine textured soils which generally have -a
stronger structure than soils with a coarse texture, but it is more

effective in decreasing percolation losses.
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Inherent fertility. In general sandy soils have little capacity to

supply nutrients to crops. In addition, they have a low capacity to

retain nutrients applied through fertilizers. The cation exchange capacity
(CEC) in sandy soils largely depends on the organic matter content.

Under hydromorphic conditions the latter may be somewhat higher than in
upland soils due to slow mineralization of organic matter under reduced
conditions.

In clayey soils the CEC depends not only on clay and organic matter
contents, but also on the clay mineralogy. Kaolinitic clays which dominate
the clay fraction of alluvium derived from granitic basement complex
rocks, have a low CEC compared with illite, vermiculite and smectite
which are more abundant in alluvium derived from schists, greenstones

and amphibolites.

Base saturation is a measure for the relative abundance of plant nutrients
(bases). In general, a high base saturation is favourable for plant
growth. However, a high base saturation is of limited relevance, if the
total amount of bases available to the plant is low, i.e, if CEC is low,
like in many of the valley bottom soils.

Soil reaction (pH) in the valley bottom soils ranges in general from
extremely acid (4.0-4.5) to slightly acid (6.1-6.5). This is a suitable
range for rice production, considering that upon reduction of the (top)soil
following ponding and puddling, the pH tends to change toward neutral
(6.5-7.0). Most plant nutrients are best available for uptake by roots

in the slightly acid to near neutral reaction range.

Organic matter serves as a 'storage' for plant nutrients, contributing

to the CEC of the soil. It also is a source of nutrients, mainly nitrogen,
in itself. Further, it increases the water holding capacity of a soil,.
through its beneficial effect on the soil structure.

Salinity and toxicities. Valley bottoms .in the northern part of the

inventory area may have salinity problems in the dry season, due to
capillary rise of groundwater. Upon evaporation of the water, salts may
accumulate to harmful concentrations at the soil surface or in the
rootzone. Usually, in the humid and subhumid regions, these salts are
leached with the first rains of the subsequent rainy season, before

cultivation.
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Iron toxicity in rice has been reported from many West African countries
although it has been little documented. Under reduced, acid conditions
ferrous iron (Fe++), which may either be present in situ in the soil
profile from weathering primary minerals or that may be brought into the
rootzone by subsurface flow from adjacent higher areas, affects the
development of the rice crop in two ways:
a. by coating the plant roots with iron oxide and thus reducing the

absorption capacity of the plant for other nutrients like P, K, Ca

and Mg, (Fe++—induéed deficiency) and,
b. by direct iron toxicity through excessive Fe'" absorption by the

plant.
Iron toxicity in rice plants shows as a characteristic orange discoloration
of the leaves (bronzing). It appears to occur mainly in areas dominated
by Ultisols in the humid zones of the inventory area (Sierra Leone,
Liberia, southeast Nigeria). Possible remedies, apart from the use of
tolerant rice varieties, include seasonal drying of affected fields
(oxidation of Fe++ into insoluble Fe+++) or interception of the subsurface

water flow containing ferrous iron.
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3 LAND DRAINAGE

3.1 General

TAMS/CIEH, during their study of the West African savannah from 1976 to
1978, collected and elaborated a substantial amount of information on

the surface and subsurface water regimes in the area. Also Ativon (CIEH/WARDA,
1979) described the land drainage aspects of the inventory area. Catchments
or sub-catchments have been described in varying detail by ORSTOM (1970)
and Argoulon (1972) for the Niger basin, by Chaumény (1972) and Reichhold
e.a. (1978) for the Senegal basin, by Bertrand (1973) for the Casamance
basin, by Girard e.a. (1971) for the rivers of Ivory Coast, by Quartey

e.a. for the Volta basin, by Rodier and Sircoulon (1963), Moniod (1973)

for the Oueémé basin, by Murdoch e.a. (1976) and Wall (1979) for the

rivers of Southwest and central Nigeria and by Olivry (1976) and Casenave
(1978) for the rivers of West Cameroon.

Significant work on the characterization of valleys has been done by

IRAT (Kilian, 1972, Kilian and Teissier, 1973 and Gillet, 1973) in

Benin, Ivory Coast and Upper Volta. Also the work done by Avenard (OR-
STOM, 1971) in Ivory Coast, FAO (1979) in Sierra Leone, Murdoch e.a. (1976)
and Savvides (1981) in Nigeria provides much insight in the diversity of
the inland valleys.

The drainage systems in terms of pattern, and intensity (density and
texture) have been characterized on the basis of information from semi-
detailed soil surveys for selected sample areas, within respective land
regions. Also estimates of the areas occupied by wetlands could be
extracted from these reports and maps.

Details on the occurrence, the characteristics and the distribution of

the inland valleys, were often difficult to obtain for areas surveyed
under the French survey system. In this system (usually) only the main
soils of the map units are described. Inclusions, such as the valley

lands receive little attention. Therefore in the assessment of valley
characteristics, extrapolations had to be made from information of

similar land regions in adjacent (anglophone) areas.
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3.2 Catchments

The large number of catchment areas (drainage basins) can be divided in

two main groups.

a. The Sudan/Sahel rivers, comprising a small number of large rivers.
These rivers initially flow in a northerly direction and then turn
either to the west (the Senegal, Gambia and Casamance rivers) or to
the east and subsequently to the south (the Niger and partly the
Volta rivers).

These rivers rise in the Fouta Jallon and associated mountain ranges
in the western part of West Africa. They lie only partly within the
inventory area, viz: the upper catchments of the Senegal, Gambia,
Casamance and Niger rivers and the middle and lower catchments of the
Volta and the Niger river systems. The Benue river, a tributary of
the Niger river has a similar pattern but flowing from the Cameroon
highlands to the north it turns to the west and south.

b. The coastal rivers comprising a large number of relatively small
rivers. These rivers flow from the inland almost directly to the
coast and generally have a north(east) to south(west) direction.
Usually they have only few tributaries. They are short and hardly
exceed a length of 500 to 600 km. They are all entirely located

within the inventory area.

3.3 Drainage systems

The drainage systems can be characterized in terms of drainage pattern,
density and texture. This kind of characterisation of the land drainage
within the land regions and subregions is shown in the legend accompanying
Map 3 of Volume IV.

The drainage pattern refers to the spatial arrangement of the drainage
ways which may either or not be systematic due to variation in geology
and relief.

In the lowlands of the Coastal Plains (subregion 1.1 in Table 2), estu-
arine and deltaic drainage patterns are obvious, and (tidal) swamps
abound locally (Nigeria). Sedimentary stratification paired with slight
dipslopes in the coastal terraces (subregion 1.2) has given rise locally
to a trellis-like drainage amidst a predominantly dendritic pattern.
Dendritic drainage patterns also prevail in the Interior Plains and the

Plateaux (land regions 2 and 3).
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Within the subregions of the Interior Plains and Plateaux comprising
rock formations of the basement complex, (subregions 2.1, 2.2, 3.1 and
3.2) the more pronounced orientation of the sub-parallel and locally
trellic drainage patterns is caused by the structural differences of
underlying rock that may result in outcrops of more resistant formations
(quartzitic bands, granitic hill ridges) amidst more weatherable rocks.
The outer fringes of the Volta basin in Ghana (subregion 2.4) have been
upwarped. Under the influence of the resulting inward overall slope a
distinct sub-parallel drainage pattern has developed in this area.

The rectangular drainage pattern occuring in the high sandstone and
shale plateaux of the Fouta Jailon (subregion 4.4) is controlled by
faults, along which streams have extended their courses by headward

erosion.

The drainage density is the total length of all streams in a drainage
basin and is expressed in km (waterway) per km? (basin). The drainage
texture refers to the number of streams per unit area, expressed in
number per km?. The latter is closely related to relief and dissection.
In general a high drainage density and fine texture occur on hard rock
formations (such as granites and quartzites), that force precipitation
water largely to run off superficially. On less hard and more permeable
formations such as sedimentary deposits, more water can be discharged
internally and the therefore density will be lower and the texture will
be coarser.

The drainage texture is an indicator of the dispersion of the valleys.
In combination with the drainage density, it also indicates the average
length of the streams (the density divided by the texture). If this
average is low, the streams generally are short and most likely the area
comprises a relatively large number of streamflow (and possibly overflow)

valleys. The valley characterization is discussed in paragraph 3.4.

Naturally, the drainage density of the land is also related to the
amount of precipitation falling on it. This is reflected in the figures
for drainage density as shown in the legend of Map 3 of Volume IV. These
figures have been determined separately for the Equatorial forest zone
(humid tropics) and for the Guinea savannah zone (sub-humid tropics). In
the latter zone drainage density varies depending on the rock type from
low t6 medium (0.3-1.2 km/km?). In the Equatorial forest‘zone drainage

density mainly varies from medium to high (0.6-2.4 km/km?).
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3.4 Valley characteristics

3.4.1 Morphology

Depending on differences in lithology and geomorphology, valleys vary in
shape. The morphology of valleys can be characterized by their longitudinal
cross-sectional profiles..

Longitudinally the valleys may be continuous and smooth, or interrupted

and stepped. Continuous valleys occur in lithological formations with
little structural variation, e.g. the sedimentary formations. Stepped
valleys in the Interior Plains and Plateaux have been reported on the
basement complex in Nigeria, Sierra Leone and Liberia. In the basement
complex, hard rocks (granites, quartzites) alternate with softer formations
(schists, gneisses). The flatter (and wetter) sections that develop on

the more weatherable rock types are separated by short, relatively steep
and narrow valleys in the resistant rock formations.

The overall longitudinal slope of the valleys in most of the Interior
Plains and Plateaux is low (1 to 27). It is steeper in the Highlands (up

to 57%). .

Shape and width determine the cross-section of the valley. Three broad

types of cross—sections can be distinguished:

- shallow and narrow V-shaped valleys, formed in relativey hard rock
formations (granites, quartzites)

- deep and narrow U-shaped valleys with concave sides that gently
transfer into the valley bottoms, formed in rocks of medium hardness/
permeability (schists, gneisses)

- deep and wide U-shaped valleys with distinct bends between steep
sides and flat bottoms, formed in relatively soft, permeable formations
(sediments, amphibolites).

Due to increasing catchment area and subsequent increase in river discharges,

the valleys become wider downstream. Also at the confluence of streams,

the valleys are wider .

The morphology of valleys is important in view of their agronomic suitability.

Particularly, the soil drainage and flooding regime are greatly influenced

by the shape of the valley.
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Concave valleys show a gradual transition from good drainage conditions

on the valley sides through imperfect drainage on the lower colluvial
slopes to somewhat poor to poor drainage in the valley bottom. If flooding
occurs, then depth and duration vary widely according to the topography

in the valley.

U-shaped valleys have an abrupt change in drainage conditions between

the two main valley facets: the flat bottom lands have poor drainage,
whereas the steep sideslopes are well drained. Groundwater tables or

flood levels do not show much spatial variation over the whole of the

valley bottom.

3wl 2 Position along the river

Depending on the position along the river, the valleys have different
flooding regimes. Three main categories of valleys have been recognized,
as is shown in Figure 4.

These categories are:

- The river floodplains along the (big) main rivers, which flood every
year. Generally these plains cannot be developed without major engi-
neering works, such as embankment of the river or empoldering. Often
they require a comprehensive irrigation and drainage network.

- The river overflow valleys along the smaller rivers (i.e. main
tributaries). Plains in these valleys are usually located on one side
of the river and their sizes vary considerably. The main source of
water is not from upland surface runoff or upland groundwater deple-
tion flow, but from flooding of the river. If the river does not
flood, the plains suffer from drought.

- The streamflow valleys (French: 'Marigots').

These are formed on the uppermost part of the catchment and extend
over a distance of up to 25 km and sometimes more. They have a width
varying from 10 metres in their upper to about 250 metres in their
lower stretches. The longitudinal slopes are in the order of up to
2.0%, in the Higlands upto 5%, with the highest values usually in the
upper part. Their catchment area is at least 2 km?. These valleys are
not necessarily continuous and especially in areas underlain by

basement complex formations, 'stepped' valleys occur commonly.
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Apart from rainfall, water received from upland surface runoff and
upland groundwater depletion is of great importance for the hydrology
of the streamflow valleys. The more or less centrally located streamflows
are shallow or, in the upper parts, not yet existing.
Of these three valley categories, the streamflow valleys are the prime
subject of the proposed WURP. They are most appropriate for rice production

in smallholder farming systems, without major inputs.

3.4.3 Distribution

The areas and distribution of the various categories of wetlands are
shown in Table 3. These estimates have been derived from (semi)detailed
and reconnaissance soil maps. For the entire inventory area it has been
estimated that between 12.5 and 28.5 percent consists of wetland, .
corresponding with 27 to 62 million ha. This area includes all wetlands,
such as deltas, tidal swamps, inland swamps . (e.g. the bolis in Sierra
Leone), river floodplains and inland valleys.
Table 3 shows the occurrence of these categories of wetlands in relation
to the bioclimatic zones (Equatorial forest and Guinea savannah zones),
the land regions and the main geological/lithological strata. This table
shows that:
- the river floodplains are estimated to cover 2.5 to 6.0% of the
inventory area, corresponding with 5.5 to 13.0 million ha;
- the overflow valleys are estimated to cover 3.5 to 9.07 of the inventory
area, corresponding with 8.0 to 19.5 million ha;
- the streamflow valleys are estimated to cover 5.0 to 10.0% of the
inventory area, corresponding with 10.0 to 22,0 million ha.
The distinction between the overflow and streamflow valleys on the
available maps is often not clear, so that partly these two categories
should be taken together. Nevertheless the size of the total area of the
streamflow valleys, which are of main concern in the present inventory,
may be estimated at approximately 10 million ha. They are mainly located
in the Interior Plains (5.0 to 11.5 million ha) and Plateaux (3.5 to 6.5
million ha) land regions of the Equatorial forest (3.5 to 8.0 million

ha) and the Guinea savannah (5.0 to 10,0 million ha) zonmes.



Table 3. Areas of the land regions and of the various categories of wetlands for the

Equatorial forest and Guinea savannah zones

Wetlands

inland swamps etc.

Deltas, tidal swamps, large

River valleys

Area River floodplains] Overflow valleys Stream{low valleys
Landregions * 1000 km? z 1000 km? z 1000 km? ! 1000 km® 1 1000 km?
EQUATORIAL ZONE
Coastal Plains
Lol n.d.
- 1.2 n.d.
= 1«3 n.d.
[Total Coastal Plains 100 25-40 R5.0to040.0 =5 1.0to 5.0 1- 4 1.0to 4.0 1= 3 1.0to 3.0
Interior Plains
- 2.1 253 - ® = I- 4 2.5t0l10.1 5-15 [12.7t038.0 10-20 |25.3to050.6
- 2.2 15 15-25 2.5to0 4.0 0- 1 | 0.0to 2.2 - - = e
= 242 60 - - 5-10 3.0to 6.0 5-10 3.0to 6.0 4= 9 2.4¢t0 5.4
- 2.3 48 0~ 1 0.0to 0.5 2~ 7 1.0to 3.4 6-11 2.9to 5.3 8-13 | 3.8to 6.2

Basement complex- 376 J= 2 2.5to 4.5 2= 5 | 6.5to019.7 5-13 |18.6t049.3 6-16 |31.5t062.2
- 2.4 n.d.

- 2.5 n.d.
= 246 n.d.

Sedimentary deposits 51 3-8 1.5to 4.1 5-10 2.6to 5.1 3-8 1.5to 4.1 1- 6 | 0.5to 3.1
Total Interior plains 427 1~ 2 4.0to 8.6 2- 6 | 9.1to024.8 5-12 |20.1t053.4 7-15 [32.0t065.3
Plateaux
- 3.1 166 - - 1- 2 1.7to 3.3 2- 7 | 3.3toll.6 2- 7 | 3.3tol1.6
- 3.2 s4 = - 1- 4 | 0.5t0 2.2 |1- 6 | 0.5t0 3.2 1- 6 | 0.5t0 3.2

Basement complex 220 & = 1= 2 | 2.2to 5.5 2- 7 | 3.8to0l4.8 2= 7 | 3.8tol4.B

(= Total Plateaux)

Highlands
~ 4.1 Basement complex 118 - - 1- 4 1.2¢t0 k.7 2= 7 1.4to 8.3 5-10 | 5.9toll.8
(= Total Highlands)
Total Equatorial Zone 865 3-6 29.0t048.6 1- 5 |13.5t040.0 3- 9 [26.3t080.5 5-11 |42.7t094.9 l

_BE..



Table 3. (cont.)
Wetlands
River valleys

) Area ?g]gga-sggﬁg} syamps, large River floodplains Overflow valleys Streamflow valleys
Landregions * 1000 Jam? b4 1000 km? b4 1000 km? z 1000 km? 1 1000 km?
GUINEA ZONE
Coastal Plains =
Interior Plains
- 2.1 349 0-1 0.0to 3.5 5- 8 | 17.5t027.9 8-13 | 27.9to045.4 6-11 12.2t038.4
- 2.2 40 L - - 0.4to 1.6 I= 5 0.4to 2.0 3-8 1.2to 3.2

Basement complex 389 0- 1 0.0to 3.5 5= 8 | 17.9t029.5 7-12 | 28.3to047.4 3-11 13.4t041.6
= 2.4 n.d.

- 9.8 n.d.
- 2.6 n.d.
- 2.7 n.d.
= ‘2.8 n.d.

Sedimentary deposits| 259 3-8 7.7t020.7 5-10 | 13.0to025.9 3-8 7.7t020.7 1- 3 2.6to 7.7
Total Interior plaims 648 1- 4 7.7t024.2 5- 9 30.9to055.4 6-11 36.0to068.1 3- 7 16.0t049.3
Plateaux
- 3.1 332 - - 1= 5 3.3to0l6.6 1= 5 3.3to0l6.6 9-14 29.9t046.5
- 3.2 42 = = 1- 4 0.4to 1.7 1- 5 0.4to 2.1 3-8 1.3to 3.4

Basement complex 374 - - -5 3.7tol8.3 -5 3.7to18.7 8-13 31.2t049.9
- 3.3 n.d.

- 3.4 n.d.

Sedimentary deposits 30 0~ 1 0.0to 0.3 2= 7 0.6to 2.1 4- 9 1.2to0 2.7 4- 9 1.2tc 2.7
Total Plateaux 404 0-0.1 0.0to 0.3 1- 5 | 4.3t020.4 1- 5 | 4.9t021.4 | 8-13  [32.4t052.6
Highlagds
- 4.1 n.d.

- 4.2 n.d.
- 4.3 n.d.

Basement complex 149 0-1 0.0to 1.5 3= 8 4.5t012.0 8-13 12.0to019.4 3-8 4.5to 12.0
- 4.4

Sedimerftary deposits| g4 0-1 0.0to 0,9 3- 2 | 0.9to 1.9 -5 0.9to 4.7 6-11 5.6t010.3
Total Highlands 243 0- 1 0.0to 2.4 2- 6 5.4t013.9 5-10 |12.9to024.]) 5- 9 10.1t022.3
Total Guinea.Zone 15295 0-_2 7.7to26.1 3- 7 |40.7t089.7 4- 9 [53.8toll13.6 | 5-10 58.5t0124.2
Eﬁf-ffudy Are{ -3:160 l.7-3.i-- 36.7to74.4 «5=5.9 p4.2to129.7 -3.6-9'8L52;15212f:1- 4.7-10.0 101.2t0219.1

* Land region symbols refer to Map 3 and its legend, in Volume IV.
n.d. = not differentiated

_6€_
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4 VALLEY HYDROLOGY
4,1 Valley hydrological regimes

The information on the hydrological regimes of the inland valleys in
West Africs is sparse and rather erratic.

On flow sizes in small catchments significant investigations have been
done by ORSTOM/CIEH for the francophone countries of Central and West
Africa (Rodier 1964 and 1976 and Rodier and Auvray 1965).

Measurements and computations of the water balance (or components thereof)
for individual or groups of valleys have been carried out by ORSTOM
(Dubreuil 1966, Matthieu 1971, Molinier 1976, Lenoir 1978, Boulet 1978
and Collinet and Valentin 1979) in Ivory Coast and Upper Volta, by the
Institute for Agricultural Research - Samaru (Kowal 1972 and Kowal and
Omolokum 1972) in northern Nigeria, by IITA (Moormann 1973, Moormann and
Veldkamp 1978, Moormann e.a. 1974 and 1977 and Veldkamp 1979) for south
west Nigeria and by Ledger (1975) for an extremely wet catchment in

south Sierra Leone.

In many respects the valleys are to be considered part of a catena
system. Likewise there is an integrated sequential hydrological regime.
A brief explanation of the processes involved in the valley hydrology is
given in Annex II. Referring to the calculation models mentioned in this
annex, the following general conclusions may be drawn.

- 1In the Sahel savannah zone rainfall is lost to evapotranspiration and
especially to surface runoff during the rainy season. No upland
groundwater replenishment and subsequent depletion flow occurs,
except may be in a few rather flat areas, but this happens then only
during the rainy season. Hence during the rains, the valley stream
discharges are high, but very irregular. There is no prolongation of
the growing period in the valleys. Although accumulation of water
takes place, the valley bottom soils usually do not become completely
saturated for long periods. This however, provides excellent conditions
to grow a wide range of short season crops, mostly vegetables.

- In the Sudan savannah zone rainfall is not entirely lost to evapo-
transpiration and surface runoff during the rainy season. Some upland
groundwater replenishment and subsequent depletion flow may occur in
flat to rolling land. However, this occurs mainly during the rainy
season. Hence discharges of the valley streams are high, but because

of the presence of a baseflow, flows are somewhat more regular
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than in the Sahel savannah zone. Nevertheless, the effect of the
upland depletion flow on the prolongation of the growing season in
the valley is too little to account for. Here again the valleys are
best used for the cultivation of mainly vegetables, although the
growing season is longer than in the Sahel savannah zone.

- 1In the Guinea savannah and the Equatorial forest zones groundwater
levels both in the uplands and in the valleys rise considerably
during the rains. The baseflow in the valley streams is substantial
and continues after the rains. Although peakflows regularly occur,
the valley streamflows generally have a more equable nature. Because
of the continuing depletion flow from the uplands the growing period
in the valleys is prolonged comnsiderably.
The chance that the soils of the valley bottoms are completely satu-
rated is very great, especially in the Equatorial forest zone. Therefore,
these valley bottoms are best suited to rice cultivation during the
rainy season, either in double cropping or possibly followed by other
crops grown on residual moisture from a gradually lowering groundwater

table.

4,2 Valley suitability to rice production

Worldwide, hydromorphic soils are most extensively used for rice cultiva-
tion. In West Africa according to Le Buanec (1975) and Moorman and |
Veldkamp (1978), rice is still largely grown on upland (dry land) soils,
although the use of hydromorphic soils is rapidly expanding. This rapid
expansion, especially on inland valleys has been studied and described
namely by Birie-Habas e.a. (1970), Bertrand (1973), Bertrand e.a. (1978),
Kilian (1972), Moormann (1973) and Moormann e.a. (1976).

A large proportion of the hydromorphic soils (of the valleys) in the
Guinea savannah and Equatorial forest zones have poor rice growing
conditions (coarse textures and low fertility). Kilian and Teissier
(1973) and Moormann (1978) however, state that the superior hydrological
conditions in the valleys override these contraints. '
A sandy soil would be unsuited for upland rice production, but this is
not so under hydromorphic conditions. Many sandy valley soils are present-
ly used for rice production in Nigeria, Ivory Coast, Liberia and Sierra

Leone (Odell e.a. 1974).
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There are two aspects to the suitability of valley bottom land for rice

production by smallholders, viz: the agronomic and the engineering

(water control and distribution) aspects. These aspects either singularly

or combined have been studied and discussed by IITA (1973 and Annual
Reports), Moormann e.a. (1974 and 1977), Veldkamp (1979), Okali e.a.
(1979 and 1980), Juo and Moormann (1980), Savvides (1981), Barraud (FAO,
1963), Stiemer (SATMACI/FAO, 1968), SODERIZ (1976), Glemet (SATEC, 1975)
Arrivets (1973) and AVV (1981).

4.2 Agronomic aspects

In spite of the sometimes very unfavourable health conditions (Paragraph

1.4 of Volume III), the valleys are increasingly used for rice production

by smallholders. For a valley‘to be suitable for rice production under

smallholder farming, it should meet a number of hydrological conditions.

Crop water requirements
The crop water requirements should be covered during the entire
growth period of the crop. These requirements can be compensated by
groundwater, (see below) and/or by water inflow. Apart from rainfall,
this inflow is basically maintained by the upland surface runoff and
the upland groundwater depletion flow. The latter, together with the
valley groundwater depletion flow is the core of the baseflow in the
valley stream. The size of the minimum flow is strongly related to
the amount of rainfall and the size of the catchment area. In the
Guinea savannah zone | km? of catchﬁent area is needed to provide a
minimum flow sufficient to cover crop water requirements for rice on
a cultivated area of 0.8 to 3.0 ha in the valley. For the Equatorial
forest zome this ratio is 1 km® for 2.0 to 5.0 ha.

Crop submersion
Peak discharges in the valley (stream) having a devastating nature
and floods submerging the crop for long periods cause crop failures,
To avoid such failures rice should be submerged not longer than 48
hours and other crops much shorter. The peak discharge is related to
the absorption capacity of the catchment, the amount of rainfall,
rainfall intensity and slope. The effects of the individual factors
diminish with increasing size of the catchment area (area reduction
factor). A computation model for peak discharges has been described

by Rodier and Auvray (1965).
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Rice has shallow roots and is very drought sensitive, especially the
wetland varieties. The latter prefer soils which are water saturated
for an adequately long time during the growth period. For most other l
crops such a situation is of course a restraint.

In the Guinea savannah zone annual fluctuations of the groundwater

level in the valleys are considerable, ranging between 1 and 5 metres
and sometimes more. During the rains, the groundwater level may be at
or above the soil surface, but this is not always so for every valley.
In some cases the groundwater level may start lowering already

before the end of the rainy season and may reach such a depth that
crop production on residual moisture becomes not possible during (a
part of) the dry season.

In the Equatorial forest zone annual fluctuations of the groundwater
level in the valleys are relatively small, ranging from 0.5 to 1.5
metres. During the rains the groundwater level is at or above the

soil surface, without many exceptions. The lowering of this level
starts roughly 0.5 to 1.5 months after the rains have ceased. Crop
production on residual moisture is possible throughout the dry season,

which is short anyway.

The depth of the groundwater level and its fluctuation are of great
influence on the crop performance and several researchers have endeayoured
to make a suitability classification for rice on the basis of the
depth of the groundwater level. From the literature on wetlands in
valley catenas in West Africa three systems emerge. These are dis-
cussed below.

In the system by Moormann and Veldkamp (1978), three categories of
rice land are distinguished in the valley catena. The differentiation
is based on the degree of water accumulation and the topography
(slope) and the consequent position of the free water table above or
below the soil surface during the year.

In the pluvial zone (crest and upper slope of the catena) the ground-
water level normally is out of range of the plant roots for most of
the year. In the phreatic zone (lower slope) the groundwater level is
within the range of the plant roots, but below the soil surface. In
the fluxial zone (valley bottom) the waterlevel lies above or at the
sufface for part of the year. Depending on the concavity of the
valleybottom, the central part (stream area) may remain wet for

longer periods than the sides.
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This classification has been adopted for experimental research on

rice performance on the soils of a valley catena, conducted by IITA

in Nigeria. The advantage of the system is that the three zones can
be physically indicated in the field quite easily. A better rice
production performance is likely to be achieved on the fluxial,
followed by the phreatic lands, than on the pluvial lands. However,
little can be said about the levels of production, because soil
qualities have not been incorporated.

In the francophone countries Kilian and Teissier (1973) have developed

another classification system. Primarily based on the groundwater

regime, 1t also includes the soil texture, to qualify the soil
suitability for rice production.

Class I: very good soils for rice; shallow groundwater level or
slightly flooded; the soil texture is variable, but mainly
medium to fine.

Class II: good soils for rice, deeper groundwater level or temporary
inundation: the soil texture is variable, but mainly medium
to very fine.

Class III: marginal soils for rice; deep or perched groundwater level
with large fluctuations; the soil texture is variable, but
mainly coarse to medium, often with colluvial cover.

Class IV: very marginal soils for rice; temporary perched groundwater
level, inadequate water influx, risk of drought; the soil
texture is coarse.

This system was tested for the soils of valleys in north Benin.

Though provisionally, it is considered applicable for the Sudan/

Guinea savannah zone with ecological conditions comparable to those

in north Benin, but it was recognised that the scope of applicability

might be restricted.

Apparently, the classification does not provide for soils not suitable

for rice production and does not comprehend all soils of the catena.

The third classification has been developed for conditions of the

temperate climate, especially for pasture production in The Netherlands.

It has been adopted and discussed by Veldkamp (1979) for conditions

in West Africa. It is a general system on'one hand but also refined

on the other.

The groundwater level is assumed to fluctuate. The different classes

are delineated by the variations of the fluctuations, that is by the
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average highest and the average lowest groundwater levels. For annual
crops these fluctuations are measured within the growing season, for
perennial crops this is done during the year. A schematic example of
such a classification is presented in Figure 5.

In this diagramme classes are grouped according to the depth of the
average highest groundwater level. In group I the soils are flooded
permanently (Ia) or during part of the year, or season. (Ib). For
rice the most suitable hydrological conditions are grouped in class
Ib (teporarily flooded) or in II with a shallow average lowest groundwater
table. In subsequent groups the average highest groundwater level
lies below the soil surface, but conditions become increasingly less
suitable for wetland rice production. They may be better suited for
other crops.

High values in the diagramme for the average lowest groundwater
level make the conditions for rice hazardous because of droughts,
even if the value for the average highest groundwater level is low

(= a high groundwater level).

b4e2.2 Engineering aspects

Design

When designing a water control and distribution system the following

criteria are to be considered.

a. Hydrology. The size of the catchment co-determines the size of the
minumum flow and the peak discharge. To secure a reasonable amount of
water in the distribution system, the catchment area should be larger
than 10 to 30 km? in the Guinea savannah zone and larger than 5 to 15
km? in the Equatorial forest zone, corresponding roughly with 15 to
30 ha of valley cultivation. If catchments are smaller, crops in the
valley should be grown making use of contour bunds.

The maximum size of the catchment is set by the risk of floods and
inundation/submergion damaging the crops and/or the water distribution
system. In Upper Volta it was observed that unless dam reservoirs are
envisaged, peak discharges and durations of inundation/submergion became
prohibitive for rice in valleys with catchments over 250 km?. In

Central Ivory Coast it has been reported that catchments should not

exceed 100 km? to allow for safe rice cultivation.
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Generally the optimum range of the size of catchments is between 5

and 70 km?. The interaction of the various hydrological processes

results in a flow pattern, which may be used to qualify the valley

stream,

- A stream with an open outlet, a regular flow or only slight inundation,
does not present hydrological restrictions.

- A stream with an obstructed outlet or a very irregular flow and
severe and prolonged inundations, presents many hydrological
restrictions.

- A stream with a small flow or often falling dry is restrictive in
such a manner that valleys should be bunded along the contours
only.

b. Soils. The soil texture and structure are of great importance for the
watercontrol (seepage) and the stability of the structures. Limitations
due to soil texture can be indicated as follows:

- coarse texture : severe limitation

- medium : modest limitation

- fine to very fine: no limitation

c. Morphology. The shape (length and width) of the valley should be such
that an optimum size of the scheme can be obtained, which can be
operated and maintained easily by the farmers or the community. Very
long and narrow valleys have the disadvantage of having an unfavourable
ratio between the length of the channels and the cultivated area
(maintenance problems). 4
The longitudinal slope should allow for adequate drainage, but should
not exceed 0.1 to 0.2% to avoid heavy levelling and overdrainage (in

sandy soils).

Using these criteria Kilian and Teissier (IRAT, 1973) have approximated
a valley suitability classification, consisting of 6 classes for the

development of valleys in Benin.

Class I + II: There are no morphological restrictions. The hydrological
regime is favourable. The soil texture is fine to very fine
(I) or medium (II). Usually the valleys are situated over
schists (I) or largely over schists and partly over granites

(IL).
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Class III + IV: There are no morphological restrictions. The hydrological
regime is slightly unfavourable but soils have a fine to very
fine texture (III), or it is favourable but with coarse
textured soils (IV). These valleys are situated over fine
textured granites with micas and they are often already under
traditional rice cultivation (III) or they are situated over

granites and many rock outcrops are found (IV).

Class V: There are morphological restrictions, but the unfavourable
hydrological regime in combination with medium textured soils |
make them not suitable for development. These valleys are |
situated over schist-granite contact zones.

Class VI: Either the morphological conditioms are unfavourable or the
hydrological regime is unfavourable in combination with |

coarse textured soils. These valleys cannot be developed.

The applicability and the usefulness of this classification for all
stream flow valleys in the Guinea savannah and Equatorial forest zones
have to be tested. Most probably the classification has to be refined to
include valleys on sedimentary deposits. The classification should also
relate cropping intensities, crop yields and economic returns with

respect to construction and maintenance costs.

Layout

The various types of water control and distribution systems presently
used in streamflow (and possibly other) valleys in West Africa can
generally be grouped as follows.

- Few contour bunds, eventually with levelled terraces, to spread the
water more evenly in very small valleys with a non-existing stream
flow or along the periphery of larger valleys.

- Retention/inlet structures in small valleys (generally the stream

- flow valleys), with two lateral irrigation canals, one along each
side of the valley. These canals sometimes also act as cut—off
drains to intercept upland runoff and groundwater depletion flow. The

valley stream is used as the central drain and water buffer area.
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- Dam-reservoirs with overflow, in larger valleys (generally the large
streamflow and overflow valleys). Also in this system there may be
two peripheral irrigation canals, which may act as cut-off drains.
Usually the irrigation system is more intricate and basins may or may
not be levelled.

The valley stream is used as the central drain and buffer area,

either embanked or not.

For the implementation of the benchmark sites to be used for Phase II of

the WURP, two basic designs should be adopted.

a. The upper stretches of the valleys where the central stream is not
yet existing, should be bunded along the contours to spread the
surface water more evenly. The basins formed by the bunds should be
levelled.

b. The lower parts of the valleys having a streamflow, should be provided
with a retention/inlet structure in the stream. The structure is to
be built in concrete across the full width of the stream, but with an
orifice wide enough for peak discharges to pass unobstructed. Wooden
stop logs should be used to retain the water. Upstream of the structure
gated inlets to lateral canals along the periphery of the valley
floor are to be made. The (preferably unlined) canals serve as the
main irrigation feeders, but may also act as cut-off drains to intercept
runoff and groundwater depletion from the upland. The cut-off drains
may especially be useful in valleys where iron toxicity affects ricé
production. In this case the bottoms of the canals must be at-bedrock
level of the 'seepage zonme' (Annex II). The 'seepage water' is collected
and diluted with 'fresh' surface water.
In this layout the streamflow is used as the central drain, either

embanked or not. The rice is grown in basins which should be level.
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5 SUMMARY AND CONCLUSTONS
5e1 The physical potential

The area of the inventory has been confined to the area having a growth
period ranging from 165 days to year round, allowing rainfed double
cropping, or more. This area consists of the Equatorial forest zone,
roughly corresponding with the humid tropics and the Guinea savannah
zone, roughly corresponding with the sub-humid tropics of West Africa.
The total inventory area is approximately 2.2 million km?, of which the
Equatorial forest zone covers about 0.9 million km? and the Guinea

savannah zone about 1.3 million km?.

Generally, the climate of the area does not impose severe restrictions

to the cultivation of tropical crops. In the monomodal rainfall area,

the rainy season is about 5 months. The main limitation to crop pro-
duction is the deficiency in soil moisture for a large part of the year.
Solar radiation is high, favouring high photosynthetic energy conversion
in crops. In the bimodal rainfall area, there is one rainfall peak in

June to July and a second one in September. In this area the main limitations
to crop production are the irregular rainfall, especially within the
seasons and suboptimum solar radiation. In the pseudo-bimodal rainfall
areas, there is a continuous rainy season from March/April to November/
December. Here, the main limitations to crop production are the suboptimum
solar radiation and the high air humidity. This combination causes a

high incidence of diseases and pests.

Based on the geology and the geomorphology four land regions are distin-
guished in the inventory area. These land regions are broad landscape
units with recurrent physiography:

- Coastal Plains s 100,000 km?, or 4.67 of the inventory area

- Interior Plains : 1,075,000 km?, or 49.87 of the inventory area

624,000 km?, or 28.9% of the inventory area

- Plateaux
- Highlands 2 361,000 km?, or 16.7% of the inventory area.
The Interior Plains and Plateaux comprising about 807 of the inventory
area, are the most important land regions. Lithologically, the main
differentiation within these two land regions is:

- Basement complex: 79.67% of the Interior Plains and Plateaux

- Sedimentary deposits: 20.47 of the Interior Plains and Plateaux.



Generally, the upland soils in the inventory area are gravelly and
coarse to medium textured, have low water holding capacity and low
inherent fertility. The best soils are formed over basic metamorpho-
sed rocks of the basement complex (schists, amphibolites, greenstones,
etc), or on fine grained sedimentary deposits (shales and claystones).
Since soil weathering processes increase toward the southeast and southwest,
the most depleted soils are found in these parts of the inventory area.
Three main soil groups are distinguished:

- The Ustalfs in the Guinea savannah zone. With a clayey B-horizon, a
favourable base status and near neutral acidity, they are the better
soils. Very often however they have restricted soil depth due to the
occurrence of ironstone hardpans or aggregate layers.,

- The Ustults in the transition between the Guinea savannah and the
Equatorial forest zones. They have a clayey B-horizon, but a low base
status and they are acid. Ironstone hardpans and aggregate layers
occur commonly in the Ustults.

- The Udults and Orthoxs in the Equatorial forest zone. Udults have
clayey B-horizons, a low base status and are acid. Orthoxs are ex-
tremely weathered soils of very low inherent fertility, but with
favourable physical characteristics. They are mainly medium-textured.
Ironstone hardpans and aggregate layers do occur in the Udults and
Orthoxs, but less common than in the zones comprising Ustults and

Ustalfs. Very often they are gravelly.

The soils of the valley bottoms vary widely in their characteristics, in
their texture as well as in their fertility. They generally reflect the
characteristics of the surrounding upland soils and parent material.
Coarse texture and low fertility prevail in valley bottom soils on
sandstone and quartzite formations; coarse to medium texture and moderate
fertility on granite formations and medium to fine textures and moderate
to high fertility on shales, silt/claystone and basic rock formationms.

The soils of the valley bottoms have in common that they are hydromorphic.,
This condition makes them better suited to crop production (especially

rice) than the adjacent upland soils.

The total wetland area is estimated somewhere between 272,000 and 615,300
km?, or between 12.6 to 28.5% of the inventory area.

Four categories of wetland are distinguished.
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a. Deltas, tidal and large inland swamps (including bolis): 36,700 to
74.400 km? or 1.7 to 3.5%.of the inventory area.
b. River valleys:
bl. River floodplains (large floodplains): 54,200 to 129,700 km? or
2.5 to 5.9% of the inventory area.
b2. Overflow valleys (small floodplains): 80,100 to 194,00 km? or
3.6 to 9.07 of the inventory area. '
b3. Streamflow valleys (small inland valleys): 101,200 to 218,100
km? or 4.7 to 10.0% of the inventory area.
About one third of the wetlands is occupied by streamflow valleys.
Because of the objective of developing appropriate technologies for
smallholding farmers, this category of valleys will be the main subject

of the proposed WURP - Phase II.

Se2 Research needs

The need for rice-based smallholder farming research lies mainly in the

agronomic and economic sphere (Volume III). However, in conducting such

a research project, the need to solve problems of soil, land and water

management is of importance, since capitai investments and production

inputs are strongly related to the physical aspects.

Research in the WURP-Phase II will be related to the entire valley

catena and should comprise:

- physical site characterization, including monitoring of the (surface
and subsurface) water regimes, erosion, soil degradation, etc.

- land and water development, including low cost technologies for bush-
clearing, drainage and irrigation, etc.

- land and water management, including water control and distribution
systems with simple structures, field layout, land levelling, etc.

- so0il management, including tillage, fertilizer application toxicity
control, etc.

- inland valley (mainly streamflow valleys) characterization and classification
systems, for transferring technologies to areas with similar valley

categories.
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543 Criteria for benchmark site selection

5631 Selection of areas

In selecting proper sites for the proposed WURP-Phase II, the following

criteria should be considered.

a. The representativeness for sufficiently large parts of the inventory

area, in terms of

- (bio) climate: Equatorial forest and the Guinea savannah zones,
also considering the different rainfall regimes;

- geomorphology: the major landregions: are the Interior Plains and
the Plateaux;

- geology/lithology: basement complex and sedimentary formations.

b. The production potential of soils for rice cropping systems:

- low to medium production potential, viz: the soils on coarse grained
sedimentary formations (sandstones) and on the acidic to intermediate
basement complex formations (granites and quartzites);

- medium to high production potential, viz: the soils on fine grained
sedimentary formations (shales and claystones) and on. the basic
basement complex formations (micaschists, gneisses and amphibolites)

or the soils on young volcanic formations and derived alluvium.

It is assumed that ultimately 3 benchmark sites are selected. It is
recommended that at least one site should be selected on low to medium
and at least one site should be selected on medium to high production
potential soil(s). From the physical point of view sites should be
chosen so that they will be located within one of the following broad
areas (See Map 5 of Volume IV): .

- Sierra Leone - Liberia in the Interior Plains, on acidic to intermediate
basement complex rocks in the Equatorial forest zone, with a pseudo
bimodal rainfall regime and with predominantly Ultisols and Oxisols.

- South Ivory Coast in the Interior Plains, on acidic to intermediate
basement complex rocks in the Equatorial forest zone, with a bimodal
rainfall regime and with predominantly Ultisols.

- North Ivory Coast in the Plateaux, on basic basement complex rocks in
the Guinea savannah zone, with a bimodal rainfall regime and with

predominantly Alfisols.
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- Central northeast Ghana - north Togo in the Interior Plains on coarse
grained sedimentary deposits in the Guinea savannah zone, with a
pseudo-bimodal ranging to a monomodal rainfall regime and with predominantly
Alfisols.

- Benin - western Nigeria in the Interior Plains on acidic basement
complex rocks in the Guinea savannah zone, with a pseudo bimodal
rainfall regime and with predominantly Alfisols.

- Central Nigeria in the Interior Plains, on coarse grained sedimentary
deposits in the Guinea savannah region, with a pseudo bimodal rainfall
regime and with predominantly Ultisols.

= Southeast Cameroon in the Plateaux, on acid to intermediate basement
complex rocks in the Equatorial forest zone, with a pseudo bimodal

rainfall regime and with predominantly Ultisols.

5 Selection of sites

In harmony with the agro-socio-economic criteria (Volume III) in the
above mentioned broad areas, localities should be chosen, within which
the benchmark sites are to be situated.
The final selection of the benchmark sites .should be preceded by a
survey to obtain the physical characterization of the valley(s). This
survey which should be the start of the WURP-Phase II, should investigate
the following aspects.
- Valley morphology (shape and slope)
- Hydrology (catchment description, run-off, erosion, location of
stream flow, groundwater fluctuations, flooding pattern, water re-
tention and depletion).
- Soil conditions (parent material depth, drainage class, texture, clay
mineralogy, organic matter content, fertility, salinity and toxities).

- Existing land and water development infrastructure.
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ANNEX I

DESCRIPTIONS OF SOME VALLEY BOTTOM SOILS IN WEST AFRICA

Land region | - Coastal Plains.

U-shaped valleys in the Continental Terminal sandstone deposits of the

coastal terraces (subregion 1.2) in south Togo comprise soils of the

Yovor series in their lowest parts. These are deep, poorly drained, gray
(loamy) sands of very low inherent fertility: CEC (Cation Exchange Capa- \
city) is 1-3 me/100 g soil; base saturation is 30-40 percent and pH ,
water is 5.5-6.0. The Yovor soils can be classified Typic Tropaquepts,
sandy/coarse loamy.

In similar U-shaped valleys in sandstone formations in the Bende area in
southeast Nigeria, deep, very poorly drained, gray sandy loams of

slightly better fertility status occur. Their effective CEC (e CEC) is 5-8
me and base saturation is 70-80 percent of eCEC. pH-water is low: 4.0-
4.6. They are classified Tropaquents, coarse loamy.

Both the above soils are largely still under natural swamp forest.

Patches of land are being used for wetland rice cultivation.

The sandstone formations in the Bende area overlay Tertiary shales which

upon exposure in the valleys weather into clayey soils of relatively
high fertility. They have been described as deep, imperfectly drained,
mottled clays. Effective CEC is approximately 30 me, base saturation (of
eCEC) is almost 100 percent due to high contents in exchangeable Ca, and
pH-water is 5.4-5.7. These soils are classified Aquic Eutropepts. They

are increasingly being developed for wetland rice cultivation.

Land region 2 - Interior Plains.

In the Interior Plains on acid to intermediate rocks of the basement
complex in Sierra Leone (subregion 2.1) inland valley bottoms vary in
width from several tens to several hundreds of meters. They are occupied
mainly by associations of soils comprising the Masuba, Panlap and Mankane
series. In this order these soils occupy increasingly low positions in

the valley bottoms.
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The Masuba soils comprise moderately well drained, deep, gravelfree
sandy clay loams with dark topsoils, over yellowish brown, prominently
mottled subsoils in which plinthite is being formed. They have very low
CEC (3-6 me) and low base saturation (10-207) and pH-water (4.6-4.8).
They are not subject to flooding, These soils are classified 'Plinthic
Udoxic' Dystropepts, fine.

The Panlap soils are somewhat poorly drained, deep, gravel-free sandy
loams and loamy sands with dark humic topsoils over gray mottled subsoils
with plinthite. They are flooded during 3 to 4 months per year. They
have very low CEC (2-4 me), relatively high base saturation (30-607) and
pH-water between 4.5 and 5.0." They are classified Aeric Plinthic Trop-
aquepts, coarse loamy.

The Mankane soils resemble those of the Panlap series but they are

poorly drained and their flooded periods last longer (5-6 months). They

have slightly lower base saturation. They are classified Plinthic Tropaquepts,

coarse loamy.

Most valley bottoms in Sierra Leone have grasses and reeds in natural
vegetation with some raphia palm and wild oil palm. The valley bottoms
are increasingly developed for wetland rice cultivation.

In valley bottoms of the Interior Plains in Liberia (Subregion 2.1) the
Dalia soil family comprises poorly drained, dark brown sandy loams which
overlay gray, coarse sandy gravel at shallow depth. These soils have low
inherent fertility: CEC is less than 4 me, base saturation 25-357% and
pH-water 5.0-5.5. They are classified 'Psammentic Dystric' Tropaquents,

loamy over sandy-skeletal.

Valley bottoms in Ivory Coast have been described as to have heterogenous
textures generally overlaying coarse sands within 100 cm of the surface.
Textures in the upper soil horizons in southern Ivory Coast (Equatorial
forest zone, subregions 2.1 and 2.2) are mainly coarse to medium. They
are medium to fine in the Guinea savannah zone towards the north of this
country (subregions 3.1 and 3.2) where the 'bas-fonds' are generally
more extensive than in the south. Fertility of the valley bottom soils
reflects a related pattern: it is relatively low in the south and it is
medium to high in the north.

As an example of a valley bottom soil on granites in the southern part
of Ivory Coast (Subregion 2.1) may serve the description of a 'Sol 7
hydromorphe mineral 3@ gley de profondeur sur material alluvio-colluvial

issu de granite' occurring in a 200 m wide valley.
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It is a poorly drained, deep sandy clayloam with a dark humic topsoil
over a light gray subsoil which overlays coarse sand at 100 cm. CEC is
17 me in the topsoil, and ranges from 4 to 10 me in the lower horizons.
Base saturation is 20-407, pH-water is 4.7-5.4, This soil may be classi-
fied Typic Tropaquept, coarse loamy.

In the same area, valley bottom soils developed in alluvium/colluvium
from schists (subregion 2.2) occur as 'Sols hydromorphes mineraux 3 gley
de profondeur sur material alluvio-colluvial issu de schistes'. An
example of such a soil, occupying a slightly elevated position near the
fringe of a valley bottom was described as a moderately well drained,
deep, light clayey soil with a dark humic topsoil over a mottled gray
clayloam subsoil. CEC is 12-17 me throughout the profile. Base saturation
is 60-80 percent and pH-water is 6.0-6.7. This soil may be classified
Aquic Eutropept, fine loamy.

Natural vegetation in the valley bottoms in southern Ivory Coast is

swamp forest with raphia palm.

In the Interior Plains in Niger, the Matako soils have been described in
valley bottoms in micaschist rocks (representative for subregion 2.2) in
the Guinea savannah zone. These poorly drained soils have dark, humic,
sandy topsoils (mollic epipedon) over mottled gray sandy loam subsoils.
Due to a relatively high organic matter content (over 4.5 percent), CEC
of the topsoil is high: 17 me. CEC is low in the subsoil: 1-5 me.

Base saturation (78-100 percent) and pH (5.6-8.3) are high throughout

the profile, mainly because of the high content in exchangeable sodium.
The Matako soils are classified Fluvaquentic Haplaquolls, sandy.
Vegetation is mainly grass savannah and some bush regrowth after shifting

cultivation.

Ofin and Firam soil series occupy valley bottoms in the Interior Plains
over upper Birrimean rocks in Ghana (subregion 2.3). The poorly drained
Ofin soils are subject to flooding. They have a thin humic sandy loam

topsoil over pale gray sands or loamy sands. They have low CEC and base
saturation, and their pH is between 4 and 5. Ofin soils may be classi-

fied Typic Tropaquepts, sandy. Firam soils are slightly better drained,
have finer texture and thicker humic topsoils than the Ofin soils. They

are Aeric Tropaquepts, fine loamy.
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In central Ghana, in the Interior Plains on sandstones and shales (subregion
2.5) soils in the valley bottoms belong to the Sene-Denteso association.
Denteso soils occupy the higher positions in the valley bottoms. They

are developed in collo-alluvial material and consist of deep, moderately
well drained, pale coloured sands with plithite, overlying hard ironstone
pans. They are saturated in the wet season and dry during the dry

period. CEC is very low (1-3 me), base saturation is relatively high
(50-60%) and the pH ranges from 5.2-5.6. They can be classified Aquic
Plinthic Tropopsamments, sandy.

The lower member of this soil association comprises the Sene soils.

These are deep, poorly drained, sandy loams over strongly mottled sandy
clays with plinthite. They are flooded annually. They have low CEC (6-10
me), relatively high base saturation and subsoils tend to be alkaline

(pH 6.6-9.0). They are Plinthaquepts or Plinthic Tropaquepts, fine.

Also in subregion 2.5, but more to the north, Volta and Lima soil series
have been distinguished in the valley bottoms in sandstone formationms.
The Volta series comprises somewhat poorly drained soils with dark
coloured, silty clayloam topsoils over brownish mottled, silty clay
subsoils. The CEC of the (sub-)soils is 10-17 me and base saturation and
pH are relatively high as well (60-95% and 5-7 respectively). Lima
series soils occupy slightly higher positions in the landscape. They are
moderately well drained and they have lighter surface textures.

The valleys in this subregion have been described as to be somewhat
shallower and wider than those in the adjacent plains on granitic rock
formations to the northwest (subregion 2.1). Also, the texture of the
sandstone-derived alluvium is coarser than that of the granites. In the

dry climate prevailing in this area, salinity problems do occur.

The soils formed in valley bottoms in the Cretaceous sediments in the
Niger and Benue trough of Central Nigeria (subregion 2.6) vary strongly
due to variations in parent material, which ranges from sandstone to
shale, and in drainage conditions.

Near the middle stretches of the Benue river, in a sandstone area,
stratified, moderately well drained, brownish sandy loams with dark
sandy topsoils of low fertility have been described. Cation exchange
capacity (eCEC) is 0.4-3.0 me, base saturation (over eCEC) is 73 percent
in the topsoil and 17-28 percent in the deeper horizons. pH water is

4.1-4,8, These soils are classified Aquic Ustifluvents, coarse loamy.
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They are generally not cultivated but overgrown by shrubs, grasses and
trees.

In an area in the Benue trough dominated by claystone sediments, finer
textured soils occur: Fluvaquentic Ustropepts, fine clayey. A typical
profile has been described as moderately well drained and deep with a
dark brown loamy sand topsoil over a brownish mottled clayey subsoil.
These soils have somewhat better fertility characteristics than the
soils over sandstone described above. eCEC is 8-10 me and base satura-
tion (over eCEC) ranges from 40 to 55 percent throughout the profile.
pH-water is 4.2 in the topsoil and between 5.2 and 5.4 in the subsoil.
Rainfed rice and sugarcane are grown on these soils, on high ridges.

In both the Niger and the Benue troughs plinthite is locally being
formed in the soils of valley bottoms. An example of a plinthitic soil
has been described in the Niger trough. It is a moderately deep, some-
what poorly drained silt loam with a topsoil of loamy sand and signs of
clay translocation in the subsoil. From about 60 cm below the surface
the soil is strongly mottled white and yellowish brown and concretionary.
The plinthite has hardened below 90 cm depth, to form an impenetrable
cemented ironstone hardpan. This soil has low inherent fertility. eCEC
is about 4.5 me in the upper horizon, decreasing to 1.7 me in the sub-
soil. Base saturation ranges from 50 to almost 100 percent (topsoil).
pH-water is 5.5 in the topsoil and increases to 6.5 at 90 cm depth. The
soil can be classified Oxic Plinthaquult, coarse loamy. Vegetation on
this soil is mainly grasses and shrubs.

Non-plinthitic soils in valley bottoms of the Niger through have been
described near Bida as comprising deep, somewhat poorly drained, concre-
tionary brownish light clays with pale coloured loamy topsoils. eCEC in
the topsoil is low (2-4 me) and increases in the finer textured subsoils
to 16 me. Base saturation (of eCEC) is about 70 percent in the top of
the profile and 100 percent in the lower horizons, due mainly to high
contents is Ca and Mg. pH similarly increases from 4.7 to about 8 at a
depth of 130 cm. This soil can be classified Aeric Tropaquept, fine

loamy. The soils are used for rainfed rice cultivation with grass fallow.
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Land region 3 - Plateaux

In southeast Guinea, deep, somewhat poorly drained, light cléys with
dark topsoils over light gray mottled subsoils have been observed in
valley bottoms of the Plateaux on granitic basement complex formations.
(subregion 3.1).

They have low to moderate fertility: CEC is 20-25 me in the surface
horizons and 7-15 me in the subsoils. Base saturation is 15-30%, pH-
water 5.0-5.5. Their classification is Aquic (Oxic) Dystropepts, loamy/fine
clayey.

In the Odienne area in north Ivory Coast (subregion 3.1, Plateaux on
granitic basement complex formations) poorly drained valley bottom soils
include those with very dark brown humic sandy loam topsoils over mottled
gray sandy clayloams over sandy strata between 40 and 200 cm (Typic
Tropaquepts, fine loamy or fine loamy over sandy-skeletal). The variabi-
lity of these soils may be illustrated by analytical data on 20 'Sols
hydromorphes mineraux' in this area, which show that the CEC in the
topsoils ranges between 2 and 30 me (13) and between 2 and 14" (6) in the
subsoils. Base saturation varies from 4-85% (37) and from 1-100% (37) in
the surface and in the deeper horizons respectively. pH-water ranges
from 4.2 to 6.5 throughout the profiles. (Figures between brackets refer
to average values).

In south-central Cameroon, valley bottom soils in the Plateaux (sub-
region 3.2) have been classified Tropaquents and Tropic Fluvaquents.
Locally some peats occur as well (Tropofibrists). The mineral soils have
mainly humic topsoils and gray, stratified loamy, sandy clay and clayey.
subsoils. They have moderate to high fertility: CEC ranges between 20
and 30 me, base saturation is 25-407 and pH-water is between 4.5 and 5.
The valley bottoms in this area are generally narrow (50-100 m). The
valleys are deep and have steep sides (10-20%). V-shaped and U-shaped

valleys occur both.

Land region 4 - Highlands

Valley bottom soils occurring in the Highlands are not specified here.
Within the framework of the present inventory they are of little rele;
vance-aé they occupy a limited total area only (Table 2)-and because

they occur mainly under rather specific environmental conditions (specific
geology/lithology; high elevation) which are representative for very

small parts of the inventory area only.
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ANNEX II
HYDROLOGICAL PROCESSES IN VALLEYS

1 Tropical valleys have drawn attention because of their more humid
appearance than the adjacent upland, sometimes over prolonged periods,
providing opportunities to grow crops beyond the rainy season. Whether
and for how long these valleys can be used for crop production depends
on the extent of occurrence of:

- the normal and peak discharges of the valley streamflow;

- the amount and duration of subsurface water influx from adjacent
upland during, but especially after the rainy season;

- the height and duration of the high groundwater level during, but
especially after the rainy season.

For an accurate assessment of the extent and dimensions of these

features recordings and measurements should be done at site. This

would be absolutely necessary for the benchmark sites of Phase II of

the WURP to be implemented. Each valley namely, has specific physical

and environmental conditions and some of them are not constant in

time.

2 TFor a better understanding and to enable an evaluation of the moisture
regime of the valleys a brief explanation of the hydrological processes
is given below:

All hydrological processes (or components thereof) are interrelated
and have a dynamic (non-steady) nature. They can roughly be divided

in the above-surface and subsurface processes.
2.1 The above-surface processes may be approximated by a steady state
model of the water balance, which can be expressed in a general form

as follows:

Supply - Losses = Change in amount of groundwater
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This model enables the calculation of quantities of water involved,

if the various components are known. However, it does not allow for

the

For

P -

For

computation of the time involved.
the uplands (u) the waterbalance is:

E - R =AH
u u u

the valleys (v) the waterbalance is:

Area upland - R = AH

(AHu * Ru) Area valley ' T %y v v

components in these equations are expressed in mm, they are:

Precipitation. This is the average annual rainfall as obtained
from the nearest rainfall recording station or for larger areas
as prevailing in the various climatological or ecological zones.
Evapotranspiration. This is the average evapotranspiration,
distinguished respectively in E1 for the evapotranspiration
during the growing season and in E2 for the non-growing season.
Eventually Ev is larger than Eu because of the wetter conditions
in the valley.

Surface runoff. This is a fraction (runoff coefficient) of the
total supply of water, for the upland of the rainfall and for
the valley of the rainfall plus inflow from upland.

The runoff coefficient depends on a large number of factors,

such as rainfall in terms of quantity, intensity and duration,

the size and shape of the catchment area, the vegetational ground-

cover, the soil texture, the infiltration capacity and the degree
of saturation of the soil.

Because of these variable factors the surface run off coefficient
may range between almost 07 to almost 1007 for different areas
and for different times.

Usually the upland surface runoff is smaller then the valley
surface runoff. Surface runoff is highest when the soil is

completely saturated (ground water level at or above surface).
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This may often occur in the valleys, but rarely on the uplands.
If rain falls at the time that saturated conditions exist, peak
discharges are likely to occur. The stream discharge will return
to baseflow, if the stream is fed by groundwater only, or if the

surface runoff from upland into the valley is nil.

AH= Change of the amount of groundwater
Water that has not run off or evaporated from site will add to
the groundwater reservoir causing its level to rise. In turn this
raised water level is the driving force causing the groundwater
to flow internally to lower lying areas (from upland to valley
bottom to lower lying (larger) valleys or rivers), resulting in
the fall of groundwater level. This continuous changing of the
groundwater level is exemplified in Figure A1 for a valley in
central south Ivory Coast.
At the end of the annual hydrological cycle AH = nil.
This means that the groundwater reservoir built up during the
supply period is depleted because of sub-surface water movement
to the lower lying areas. Usually AHu is depleted quicker
than AHV, implying that the valley stays wet longer than the

upland.

2.2 The subsurface water movement is governed by a number of inter
related variables. Their values can only be assessed on site and

at time.

- The hydraulic gradient (i) depends on the location and changes
with time. It is the difference in height between two points on
the groundwater level divided by the distance between these points.
The position of the groundwater level depends on the fill and
depletion of the groundwater reservoir and the position and slope
of the impermeable bedrock or layer,

- The hydraulic conductivity (K) is a resistance coefficient. It
depends on the soil texture and structure. For a uniform soil mass
K is near constant under completely saturated conditons. If the
water flows through a stratified soil, the overall hydraulic
conductivity is the weighed average of the water carrying soil

layers.
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- The thickness of the water carrying layer (D) changes with the
fill and depletion of the groundwater reéervoir. It is the depth
of the groundwater from its upper level to the impermeable (bedrock)
layer,
The combined KD value determines the transmissivity of the soil.

It differs at places and changes in time.

At the transition zone of the valley slope to the valley bottom,
groundwater often appears at the soil surface during and after the
rains. This is often refered to as seepage and the area is refered to
as the seepage zone. If this phenomenon occurs, it means that the
soil on top of the impermeable (bedrock) layer is too shallow (or
contracted) to accommodate the KD value of the moment. Once the KD
value has decreased or the hydraulic gradient has increased (= faster
flow) because of the lowering of the (ground) water level in the
valley bottom, seepage will stop, although subsurface flow will
continue until D has become nil.

The subsurface flow of both the upland and the valley bottom provide
the water of the baseflow of the valley stream or river. The baseflow
gradually decreases and becomes nil if subsurface flow has ceased

before the next rainy season.
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Figure Al. Example of groundwater fluctuations in a valley catena in

central Ivory Coast, 1975.

Source: Lenoir (1978)
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INTRODUCTION
Approach and presentation

The International Institute of Tropical Agriculture (IITA) at Ibadan -
Nigeria, requesting the Government of The Netherlands for technical and
financial assistance, submitted its proposal for the Wetland Utilization
Research Project (WURP) in 1981. This proposal consists of three phases.
The first phase is the inventory of existing information to identify the
extent and the categories of wetlands and to assess capabilities and
constraints of wetland utilization in rice-based smallholder farming

systems, based on village-scale development without major inputs.

The activities for the WURP-Phase I, the collection and evaluation of
available information, started in August 1982, In The Netherlands contri-
butions were made by the STIBOKA (Soil Survey Institute) on the geological,
geomorphological and pedological aspects, by the KIT (Royal Tropical
Institute) on the agro-socio-economic aspects and by the International
Institute for Land Reclamation and Improvement (ILRI), on the climatological
and hydrological aspects. The ILRI also had the overall responsibility

of coordination, (Ir. J. de Wolf). : =

The report has been presented in four volumes:
Volume I. The main report, with conclusions and recommendations.
Volume II. The physical aspects.
Volume III. The agronomic, sociological and economic aspects,
(this volume). r

Volume 1IV. The maps.
Area and subject of the inventory
The inventory area is indicated on the maps of Volume IV. It has been

chosen somewhat larger than the IITA-mandate area in West Africa. It

covers the area where rainfed double cropping or more, is possible.



This area comprises the Guinea savannah zone and the Equatorial forest
zone, more or less corresponding with the subhumid tropics and the humid
tropics of West Africa respectively. The entire inventory area covers
approximately 2.2 million km?, comprising partly entirely the coastal
countries of West Africa from Guinea Bissau through Cameroon.

Wetlands are lands having hydromorphic soils. Such soils have morphological
characteristics associated with wetness and the resulting reduction
during at least a part of the year. Wetland therefore is found where
hydromorphic soils have been formed, such as in delta's, the tidal
lands, inland depressions (e.g. the bolis of Sierra Leone), river flood-
plains and inland valley bottoms.

Because of its objectives the WURP will be restricted to those wetlands
which can be implemented, operated and maintained by smallholders having
simple means only. Therefore the present inventory directs itself mainly
to small inland valleys (streamflow valleys). These valleys are formed
on the upper part of the river catchments. They have a centrally located
stream which is shallow and only a few meters wide, or which is not
existing at all. They have a width varying from about 10 metres in their
upper to a few hundred of metres in their lower stretcher. The catchment

area ranges from at least 2 km? to some 100 km?.

This volume

Under rainfed conditions in West Africa, most rice is produced on

upland soils, although an increasing proportion is grown in the wetlands
of small inland valleys and swamps. If cultivated by smallholding farmers
having their plots on valley catenas, rice is very often part and parcel
of intricate farming and cropping systems, comprising a range of different
crops grown on upland and wetland soils. Decisions to be made by these
farmers in relation to their crop production are always related to the
agro-socio—economic environmental circumstances.

Therefore this volume presents the results of the inventory of literature
in respect of the socio-economic and agronomic context in which rice is
grown by smallholding farmers and the research activities done to

improve rice production.



Also, criteria are formulated for the selection of areas, in which
benchmark sites could be located. Research needs and activities are
indicated, based on the agro-socio—economic aspects related to smallholder's
wetland rice production, for the proposed WURP - Phase II.

Because of the interrelationship between the sociological, but especially
the economic aspects, in this volume comparisons are made between the
countries of the inventory area and the countries of the semi-arid and

arid tropics (the Sahel and Sudan savannah zones) of West Africa.

Hereafter these latter areas will be referred to as the 'arid area',

whenever applicable.



1 DEMOGRAPHY AND HEALTH

| General

West Africa is more urbanized than East Africa, but less than other
African regions. About 25 to 507% of the population lives in urban centres.
Apart from Lagos and Ibadan, (both in Nigeria), there are no cities with

more than one million people.

The overall population density of West Africa is low. However, the
distribution of the population is strongly determined by the economic
strength and stability of the individual countries (or parts thereof)
and changes in the economic situation often result in movements of large
numbers of people. The countries of the inventory area are very heterogeneous
in respect of economic growth as well as population growth. In 1980 the
highest population growth was recorded in Ivory Coast, whilst the lowest
growth was found in Guinea Bissau. In 1973 the highest per capita G.N.P.
was found in Ivory Coast (US$ 380), but the economic growth was sharpest
in Togo (4.47% during 1960-1973). More recently the growth of the G.N.P.
was largest in Nigeria, because of the oil boom which attracted large
numbers of people from neighbouring countries. In 1983, with the turn of

the economic (0il) events, millions of them have been sent back to their _

homelands, especially Ghana.

Based mainly on data from the United Nations, the World Bank and Zacharia
and Condé (IBRD/OECD, 1981), the two major demographical aspects (popu-

lation and migration) are discussed in the subsequent paragraphs.

1.2 Population

The population of the inventory area consists of a great variation of
peoples, both in numbers and customs. The population numbers for the
various countries in 1950, 1963, 1970 and 1980 are presented in Table 1
together with the population increase during the period 1950 to 1980.
The total population increase for West Africa, including both the

inventory and the arid area, was 1097 between 1950 and 1980.




Table 1. Population numbers and

rural population 1980.

increage 1950-1980 (x 1000) and percentage

1950 1963 1970 1980 1 increase rural
(1950-1980) P°pf;g;i:;3
Inventory area
l. Benin 1571 2233 2720 3530 125 45.9
2. Cameroon 3921 5009 6780 8444 115 80.7
3. Ghana 5191 7345 8610 11679 125 50.8
4. Guinea 2247 3465 3920 5014 123 80.1
5. Guinea Bissau 507 524 490 573 13 82.2
6. Ivory Coast 2612 3925 5310 8034 208 79.3
7. Liberia 860 1041 1340 1967 129 69.7
8. Nigeria 37606 55150 56350 77082 105 53.3
9. Sierra Leone 2004 2305 2690 3474 73 65.1
10. Togo 1190 1563 1960 2625 320 67.9
Sub-total 57709 82560 90170 122422 112 58.6
Arid area
11. Chad 2665 3210 3640 4455 67 83.6
12. Gambia 263 317 460 603 129 78.6
13. Mali 3440 4307 5050 6940 102 87.0
14, Mauretania 840 1017 1243 1634 95 92.8
15. Niger 2417 3422 4020 5318 120 87.9
16. Senegal 2482 3329 4270 5661 128 74.4
17. Upper Volta 3676 4551 5380 6908 88 81.4
Sub-total 15783 20153 24063 31519 100 85.7
Total West Africa 73492 102713 114233 153941 109 64.1

Source: UN-Demographic Yearbooks

This increase was slightly higher in the inventory (1127) than in the

arid area (100%). During this period population increase was very low in

Guinea Bissau (137) whilst it was very high in Togo (3207%) and Ivory

Coast (2087). However, more recently the population growth rate in

Guinea Bissau has been increasing. The highest annual rates are presently

(1975-1980) found in Ivory Coast (3.5%), Liberia (3.5%) and Nigeria

(3.37%) as is shown in Table 2.

The overall population density in the inventory area (47 persons per

km?) is much higher than in the arid area (19 persons per km?). Within

the inventory area Nigeria is the most populous country (83 persons per

km?) and Guinea Bissau the least (16 persons per km?). The regional

variations in population densities are shown on Map 4 of Volume IV.

Generally, the eastern part of the inventory area is more densely

populated than the western part.
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Table 2. Population, growth rates and densities

Population |Population growth rate Area |[Density !
x 1000 _ 1 year ko? | p/km? i
1980 1970-78" 1975-80 ¥
Inventory area

1. Benin 3,530 2.9 2.8 112,622 32

2. Cameroon 8,444 2.2 2.5 475,442 18

3. Ghana 11,679 3.1 3.0 238,537 48

4. Guinea 5,014 2.9 2.6 245,857 20

5. Guinea Bissau 573 1.6 1.8 36,125 16

6. Ivory Coast 8,034 5.8 3.5 322,463 25

7. Liberia 1,967 3.4 3.5 111,369 17

B. Nigeria 77,082 2.5 3.3 923,768 83

9. Sierra Leone 3,474 2.5 2.7 71,740 48

10. Togo 2,625 2.6 2.6 56,785 48

Sub-total 122,422 2,594,708 47

lArid area

11. Chad 4,455 2,2 2.3 1,284,000 4

12. Gambia 603 3.1 2.8 11,295 53

13. Mali 6,940 2.5 2.6 1,240,000

14. Mauretania ' 1,634 2.7 2.8 1,030,700

15. Niger 5,318 2.8 2.9 1,267,000

16. Senegal 5,661 2.6 2.6 196,192 29

17. Upper Volta 6,908 1.6 2.6 274,200 25

Sub -total 31,519 5,303,387 6

Total West Africa 153,941 7,898,095 19

1) Source: World Bank 1980 Atlas.
Source: ’5gmographic Yearbook 1980

Highest population densities (20 to 49 persons per km? and over) are
found in the Equatorial forest zone and the southern part of the Guinea
savannah zone, especially around the capitals and other administrative
centres. In the northern part of the inventory area the population
density is mainly below 20 persons per kmZ.

However some areas have higher densities. These are the Fouta Jallon in
central Guinea (Haute Guinde) with 20 to 100 persons per km?, the region
of south Upper Volta = north Ghana, also with 20 to 100 persons per km?
and most important, northern Nigeria with over 50 persons per km? in
the Sokoto-Zaria-Bauchi region to more than 100 persons per km? near
Kano.

Evidently, in those densely populated areas not all people are employed
in agriculture and exert pressure on land. In Nigeria, Benin and Ghana,
the rural population is roughly half the total population, in other
countries about three quarters. The rural population density in the
inventory area is highest in Nigeria (over 50 persons per-km?) and
lowest in Liberia, Guinea Bissau and Guinea, Benin and Cameroon (less

than 20 persons per km?).



1.3 Migration

West Africa is one of the few regions in the world where relatively
large-scale free movement of people accross international borders still
takes place. Where once movement was compulsory because of wars, slave
trade and forced labour, in recent years it has become a free migration
of individuals and families, as part of an effort to improve their

economic conditions.

For West Africa, Zacharia and Condé (1981) report that, expressed as é
percentage of the national population, Ivory Coast (21.3%) and Gambia
(10.67%) have the highest, whilst Mali (1.7%) and Upper Volta (1.9%) have
the lowest numbers of foreign nationals.

Nevertheless the overall external migration is only half of the internal
migration. The overall direction however, is the same: towards the
south, from the interior to the coastal areas. There is an overall
negative relation between emigration and internal migration and an
overall positive relation between immigration and internal migration.
Immigration rates have been high in Ghana and still are for Ivory Coast.
More recently these rates increased for Nigeria, at the expense of those
of Ghana. They are low for Benin, Togo, Guinea.and Guinea Bissau.
Principal areas of in-migration are the capital cities which are mainly
located along the coast. Secondary areas of in-migration usually are the

main administrative centres.

Differences in population density do not explain the migration movements.
These movements are mainly caused by the economic differences between or
within the countries. People move from countries or regions with weak
economies to those with a stronger one. The number of people involved in
these movements is relatively large and the economic and social conse-
quences are substantial. In Ivory Coast only 357 of the population is
living in the localities where it was born.

The economic impact of these movements is most evident from the size of
the migrant labour force in the destination countries and the amount of
migrant workers' remittances sent to their countries of origin. In 1975,
about 11% of the total labour force in West Africa was immigrated,
whilst 17.5% was internally migrated. The total external remittances
during 1970 to 1974 amounted to 7.47% of the average annual export earnings

of the receiving countries.
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Figure 1. Population structure of a rural area, indicating out-migration
(Interrupted line shows a typical population structure for total counts
in developing countries). ' —

Source: Baseline survey Ilorin Agricultural Development Project, covering

400.000 inhabitants over 11,775 km®. (Ay, 1981).

Migrants include a relatively large proportion of young adults. Women
are more inclined to migrate when they are young or when the distance is
short. The overall age differential is larger with the external migrants
than with the internal migrants, whilst unmarried persons usually are
more mobile than the married ones.

Figure 1 illustrates the rural population structure in the Ilorin area
in Nigeria. Ay (1981) states that the same situation was observed in the
rural areas of Ivory Coast and that in the rural areas of West Africa,
the age group between 15 and 35 years is lagging behind the normal
pattern, somewhat more for males than for females, due to emigration to
urban centres. This causes a heavy drain on the labour force in the

agricultural sector.



There is an increasing tendency of migrants to settle in the host country
or area of in-migration. Generally, the external migrants are less
educated than the interrnal migrants. Employment rates are higher amongst
the migrants than amongst the non-migrants.

In Ghana and Nigeria most of the migrants find low status occupations.
Many are employed as hired labourer in agriculture, as casual labourer

in towns, or in mining.

In the agricultural sector, immigration has had a great influence on the
development of especially the industrial crops, but also on the introduction
of rice production in the Equatorial forest zonme. Usually the immigrants
were hired for work on commercial plantations and sometimes by residential
farmers. If the immigrants were used to rice in their diet, they often
started to grow rice using their own traditional methods. In this way
migration has contributed to the dispersion of rice growing and in some

places rice production has become common now.

1.4 Wetland related health aspects

The high incidence of many diseases has a great social and economic

. impact, especially on the rural population of the inventory area. Several =
diseases are related to the wetland conditions as they occur naturally

.in the humid and subhumid tropics of the Equatorial forest and the

Guinea savannah zones The development of the water resources may have
further negative implications for the public health situation. In the

past such developments have led to the spread of diseases into areas

which were disease-free, as favourable habitats were created for the

vectors of parasitic diseases, such as schistosomiasis (bilharzia),
onchocerciasis (riverblindness), dracunculiasis (guinea worm), trypanosomiasis
(sleeping sickness) and malaria.

These various wetland related diseases, their distribution, epidemiology,
impact and control are discussed in more detail in Annex 3 of this

volume.

The major wetland related diseases in West Africa are schistosomiasis
and onchocerciasis. They may occur almost everywhere in the inventory
area, like guinea worm and malaria, two other wetland related diseases.
Trypanosomiasis actually is an animal (cattle)disease, that may also

affect man.
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To diminish the occurrence and to prevent further spreading of the
diseases, the transmission must be halted. Usually this is done through
integrated programmes to control and eradicate the breeding sites of the
vectors. The measures include:

- chemical control (through water) e.g. larvaecides, molluscides.

- biological control e.g. natural predators

- environmental management, especially water management.

The emphasis in disease control should primarily be on management of the

environment including water and should be supported by chemical control

(e.g. using abate) at localized sites. Biological control ﬁeasures are

still in an experimental stage.

The envirommental and water management vector control measures for the

various diseases are discussed in Annex 3. In this annex it is strongly

suggested that such measures should be included in the proposed research

project WURP-Phase II, because of:

- the very widespread occurrence of the wetland related diseases in
West Africa and their specific relationship with water management;

- the considerable social impact, causing economic losses, especially

in farming communities.

The distribution and incidence of these diseases however, are not only
related to water management for agricultural cropproduction, but also to
the quality of community drinkwater supply, sanitation and housing
facilities as well as to (re-)settlement and migration aspects.

In the prevention and control of the wetland related diseases, the

extent and quality of education and community participation as well as

an intersectoral coordination with national and district health authorities,

|
are essential. ?
|
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2 THE ROLE OF RICE IN FOOD SUPPLY !

The place of rice amongst the other food crops in the various countries

of West Africa is reflected in the trends of production, cultivation '
area, yields, imports, supply, consumption and the rate of self-sufficiency
over the period 1950 to 1980. The data presented in the subsequent
paragraphs are derived from the Production and Trade Yearbooks of the
F.A.0. As far as possible three or five years averages are used. The 10
countries of the inventory area are compared with 7 countries of the

arid area and with the whole of West Africa.

The general trend has been that rice production, in terms of both area

and yield, has expanded. This expansion however, has been too little to
cover the increase in consumption due to growth of population and change

of food preference. This resulted in a decreasing self-sufficiency rate

and increasing quantities of rice imports. This situation is observed in

all countries of West Africa.

2.1 Production and trends of staple food crops

The relative importance of production of the major staple food crops in

the various countries of the inventory and of the arid area are indicated

in Table 3.

Around 1970, the relative importance of rice production (expressed as a
percentage of total food production) in the inventory area (6.87) was
about the same as in the arid area (6.27).

Between 1970 and 1981 this percentage increased to 9.67 in the inventory
area while it decreased to 5.27% in the arid area.

In 1981, the relative importance of rice production was largest in
Sierra Leone (75.6%), followed by Liberia (63.27%), Guinea (42.6%),
Guinea Bissau (27.7%), and Ivory Coast (26.5%), all belonging to the
inventory area. However, between 1970 and 1981 in all these important
rice producing countries except Ivory Coast, rice production relatively
decreased. On the other hand, relative importance of rice production
increased in most of the countries where rice production was relatively

small, except in the arid area countries Gambia, Mali, Senegal and Upper

Volta.



Table 3. Importance of rice production

in relation to other foodcrops (x 1000 tons)

o)

dry tubers (= 1/3 of fresh tubers), including cassava, yam, sweet potato and tarc

Maize Millet Sorghum Tubers;) Pulses Groundnut Rice Total I Rice
Seuntoy '69/7) '8 ['e9/71]. 81 ['69/7{ '81 [69/71] ‘81 |'69/71 | '81 |'69/71 '81 |'69/71| '81 ['69/71 | '8 '69/71] '81
Inventory
area

1. Benin 201 349 6 1) 52 80 | 379 600 32 54 47 60 4 16 721 1170 0.6 | 1.4
2. Cameroon 355 500 | 343 400 - - | 562 827 71 115 | 206 120 13 55| 1550 | 2017 0.8 ] 2.7
3. Ghana 417 420 | 120 73| 147 142 [ 1224 1117 13 11 88 90 55 79 2064 1932 247 4.1
4. Guinea 68 63 - - 8 51 216 261 36 32 74 83 364 330 766 774 47.5 | 42.6
5. Guinea Bissau 2 4 6 6 3 5 12 13 2 2 36 30 30 23 91 83 33.0 | 22.7
6. Ivory Coast 257 300 31 48 14 a5 764 1077 42 54 335 550 1450 2072 23.1 26.5
7. Liberia - - - - - - | 100 120 2 2 3 184 | 216 | 289 | .342 | 63.7|63.2
8. Nigeria 1215 1580 (2792 3230 (3632 3835 | 8338 9592 849 903 |1660 580 352 1241 | 18838 | 20961 1.9 5.9
9. Sierra Leone 10 14 6 9 6 11 39 43 21 32 20 20 474 400 582 529 81.4 | 75.6
10. Togo 160 137 | 12} 107 - " 292 334 22 21 20 35 18 21 633 655 2.8 3.2
Sub-total 2685 | 3367 |3425 | 3884 |3862 | 4113 §1927 (13984 1061 1181 2195 | 1075 1829 [ 2931 | 26984 | 30535 6.8 9.6

Arid area
11. Chad 12 15| 615 580 = -1 101 132 56 62 95 110 42 47 921 946 4.6 | 5.0
12. Gambia 4 13| 40 38 - - 3 2 3 3 (129 130 39 33 218 219 17.9 | 15.1
13. Mali 67 80| 784 930 - - 27 39 33 36 | 144 190 161 142 [ 1216 | 1417 13.2 ] 10.0
14. Mauretania 6 81 67 - - 2 3 20 26 2 4 1 6 110 112 0.9 | 5.4
15. Niger 974 | 1117 | 262 273 63 85 115 280 | 223 100 34 38 | 1673 | 1902 2.0] 2.0
16. Senegal 42 55| 539 750 - = 58 12 22 26 | 794 900 118 120 | 1573 | 1863 7.5 6.4
17. Upper Volta 60 100 | 352 400 | 528 750 34 40 153 175 68 77 35 29 1230 1571 2.8 1.8
Sub-total 191 278 (3385 | 3882 | 790 1023 | 280 313 492 608 (1455 | 1511 430 415 | 6941 8030 6.2 | 5.2
Total W-Africa 2876 | 36456810 | 7766 14652 | 5136 02215 |14297 1463 | 1789 3650 | 2586 2259 | 3346 | 33925 | 38565 6.71 B.7

-7l
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2.2 Trends in rice production

The level of rice production in the various countries in 1950, 1963,

1970 and 1980 and the relative change between 1950 and 1980 are presented
in Table 4. The area of rice production is presented in Table 5, whilst
the yield levels of rice in kg per ha obtained in these countries in

1950, 1963, 1970 and 1981 are presented in Table 6.

202l Total production

Table 4 shows that between 1950 and 1980 rice production in West Africa
increased with an average of 1307, which is slightly more than the

population increase of 1097 over the same period, (see Paragraph 1w2)

Table 4. Rice production 1950 - 1980 (x 1000 tons)

1950") 19632 1970 1980 | 2 increase

Inventory 1950-1980

area .
=
1. Benin 0.4 1 4 16 3900
2. Cameroon 5 10 13 55 1000
3. Ghana 23 35 55 62 170
4. Guinea 208 318 364 350 68
5. Guinea Bissau 100 126 30 23 = I
6. Ivory Coast 104 220 335 511 391
7. Liberia 178 161 184 243 37
8. Nigeria 250 348 352 1090 336
9. Sierra Leone 274 336 474 513 87
10. Togo 7 19 18 24 243
Sub-total 1149.4 1574 1829 2887 151
Arid area

11. Chad 12 27 42 45 275
12. Gambia 20 33 39 34 70
13. Mali 148 173 - 161 125 - 16
14. Mauretania = = I 4 -
15. Niger 3 11 34 32 967
16. Senegal 52 102 118 59 13
17. Upper Volta 11 34 35 29 164
Sub-total 246 380 430 328 33
Total West Africa 1395.4 1954 2259 3215 130

l) average of 5 years (1948/53)

z) average of 5 years (1961/65)
,) average of 3 years (1969/71)



Rice production increase was highest in Benin, Cameroon and Niger. Rice
production decreased in Guinea Bissau and Mali. In 1980, rice production
was highest in Nigeria (over a million tons), followed by Sierra Leone
and Ivory Coast (over 500 000 tons) and Guinea and Liberia (over 200

000 tons). In the arid area only Mali produced more than 100 000 tons.

2:2+2 Cultivated area

Table 5 shows that between 1950 and 1981, the rice area in West Africa
increased by 56%, in the inventory area by 587 and in the arid area by
467. During this period, the rice area increased almost at the same rate
as the rice yield (54%) as is indicated in Paragraph 2.2.3. In 1981 the
largest rice areas were found in Nigeria (600 000 ha), followed by Ivory
Coast, Sierra Leone, Guinea (over 300 000 ha) and Mali (over 150 000 ha).

The relative distribution of rice areas is shown on Map 5 of Volume IV.

.

Table 5. Rice cultivated area (x 1000 ha)

1950’ 19632 1970 1981 . s
Inventory
area
I. Benin 2 2 3 12
2. Cameroon 6 11 16 23
3. Ghana 20 34 55 83
4. Guinea 340 258 411 380
5. Guinea Bissau 73 67 30 37
6. Ivory Coast 202 249 286 475
7. Liberia 261 214 154 180
8. Nigeria 171 220 272 600
9. Sierra Leone 316 273 331 400
10. Togo 11 23 25 20
Sub-total 1402 1351 1583 2210
Arid area
11. Chad 10 25 A44 46
12. Gambia 11 26 28 40
13. Mali 182 178 158 172
14. Mauretania ? it/ 1 2
15. Niger 4 9 16 23
16. Senegal 57 78 91 80
17. Upper Volta 12 47 40 40
Sub-total ° 276 363 378 403
Total West Africa 1678 1714 1961 2613

1) average of 5 years (1948/53)

2) average of 5 years (1961/65)

») average of 3 years (1969/71)



2.2.3 Yields

Table 6 shows that between 1950 and 1981, the average rice yield in West
Africa increased by only 547, in the inventory area by 627 and in the

arid area by 16%. The present average rice yield (1281 kg/ha) is still

very low.
In 1981, rice yields-varied from 622 to 2857 kg/ha. Countries having low

yields (less than 1000 kg/ha) were Guinea Bissau, Upper Volta, Mali,

Gambia, Guinea <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>