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1. 

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 identif ication 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 II; 

Phase II. The development of suitable technologies and methodologies 

or soil, water and erop 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 prograrrnne 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 

I, yet. 

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; 
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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, estimates of the 

capita! 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 

1. 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 2
: 

- the humid or Equatorial forest zone, (0.9 million km 2
); 

- the sub-humid or Guinea savannah zone, (1.3 million km 2
). 

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

Africa from Guinea Bissau through Cameroon. 

2. LAND REGIONS 

Based on the geomorphology and geology, the inventory area has been 

divided into four land regions. These land regions are braad land­

scape units with recurrent physiography. They are: 

Coastal Plains: 100,000 lan2
, or 4.6% of the inventory area; 

- Interior Plains: 1,075,000 lan 2
, or 49.8% of the inventory area; 

- Plateaux: 624 , 000 km 2
, or 28 . 9% of the inventory area; 

- Highlands: 361,000 km2
, or 16.7% of the inventory area. 

The Interior Plains and the Plateaux are the most significant land­

regions, comprising nearly 79% of the inventory area. Lithologically, 

the main differentiation within these two land regions is: 

- Basement complex: 79.6% of the Interior Plains and Plateaux; 

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

3. 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 2 (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 (2.5 to 5.9% of the inventory area) 

b.2 Overflow valleys (small floodplains) covering between 80,100 

and i94,IOO km 2 (3.6 to 9.0% of the inventory area) 

b.3 Streamflow valleys (small inland val~eys) covering between 

101,200 and 218,100 km 2 (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 2
, 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. 

4. POPULATION AND PRESSURE ON LAND 

The average population density in West Africa is 19 p/km2
• This is 

low compared with most other reg1ons in the world. However, in the 

inventory area (47 p/km2
) it is much higher than in the a r id area to 

the north (6 p/km2
) . Within the farmer area , Nigeria has the highest 

population density (83 p/km2
), followed by Ghana, Sierra Leone and 

Togo (48 p/km2
) . 

5. 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. 

6. THE ROLE OF RICE IN FOOD SUPPLY 

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

20 kg/capita/year), hut 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, hut very low in Ghana, 

Cameroon, Benin, Togo and Nigeria (about JO 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). 

J 
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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 consurnption increase per capita, so that 

the self- sufficiency rate of rice production in the inventory area 

decreased from almost 100% in 1950 to 62% 1n 1980. In the arid area 

to the north the self-sufficiency rate in 1980 was even lower: 30%. 

Consequently, rice import has increased tremendously. In 1980, rice 

import (about 1.4 rnillion tons) was only slightly less than dornestic 

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. 

7. 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 developrnent 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. 

8. RESEARCH NEEDS 

Research on 'rice-based srnallholder 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-suf ficiency 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 labeur (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 deve lopment. 

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 r ecommended that research in Phase II primarily di rects itself 

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

- site characterization , incl. infrastructural and organizational 

requirements; 

- site development; 

- soil and water management (including upland) 

- farming/cropping systems with attention to toposequential relation-

ships; 

- agro-socio-economie 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-

f arm 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 erop 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-economie 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 goverrunents 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-economie 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 erop in the 

farming system both for subsistence and cash. 

Recornmended 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- economie criteria (see Map 5 of Volume IV). The 

recornmended 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 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. 



viii 

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 

concer ned. 

JO.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 

II 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-economie conditions (accessibility, existing farming 

systems, labour availability, marketing and processing facilities, 

farmers attitude to improved rice cultivation, water related 

health hazards, etc.). 

\ 
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INTRODUCTION 

Approach and presentation 

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

existing information on wetlands, s tarted 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-economie 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, economie, 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 

conrrnented by the International Institute of Tropical Agriculture (IITA) 

-at Ibadan in Nigeria. Their conrrnents have been incorporated in this 

final version , which therefore can be considered to include the opinions 

of IITA. 

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- economie 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. 
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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 2
, 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 morpho l ogi­

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 i n 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 km2 to some 100 km2
• 

This volume 

This volume comprises the summary of the physical (Volume II) and the 

agro-socio-economie (Volume III) aspects, the prospects of valley land 

development and research in rice-based smallholder farming systems and 

the recommendations for the WURP-Phase II . 

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 

1, 

il 
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PHYSICAL ENVIRONMENT OF WEST AFRICA 

1. 1 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, corrnnonly 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 front a l separation of thes e t wo airmasses is called the Inter 

Tropical Convergence Zone (ITCZ) . lts 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 

rrnn 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 rrnn 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. 
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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 

r ainfall 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 nnn a day in 

March and a minimum of 3 to 4 nnn a day in August . During the inter­

mediate periods the evaporation ranges between 3 and 7 nnn a day. 

Irregularities in rainfall, especially within the seasons, and rela­

tively low solar radiation cause below optimum condit~ons for erop 

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 nnn a day. 

Relatively low solar r adiation paired with relatively high air humidi ty 

cause below optimum conditions for erop 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 par t the main erop is short 

season millet. 

Sudan savannah zone, having a growth period between 90 and 165 days per 

year, roughly corresponding with 550 nnn to 1,000 mm annual rainfall. 

There is a monomodal rainfall pattern. Fairly intensive erop 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, r oughly corresponding with 1,000 to 1,500/2,000 mm annual 

rainfall. There is a monomodal rainfall pat t ern in t he north gradually 

shifting into a bimodal pattern in the south, with two growth periods 

of unequal length . In the south drought hazards occu~ during the 

rainy seasons and the photosynthetic potential is relatively small . 
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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 erop 

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 km2
) and the Equatorial forest zone 

(near ly 0 . 9 million km 2
) . 

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 2
, or 4.6% of the inventory area), comprising 

recent beach ridges, estuarine and deltaic tidal swamps and river 

plains (subregion 1. 1) and dissected coas tal terraces of older sedimentary 

deposits (subregions 1. 2 and 1.3); 

Interior Plains (1,075,000 km 2
, 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 2
, 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 inselberg s , 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); 

! 
1· 
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Highlands (361 ,000 km 2
, 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). 

Soils 

In general, the (upland) soils in the inventory area are well drained, 

moderately <leep to <leep, coarse to medium textured (loamy sands-light 

clays ) and gravelly. Especially in t he (subhumi d) Gui nea 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 sandstone s) or clayey and of moderate · fertility (e.g. 

on shales). 

' 
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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 f rom 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 s{gns 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. 

') 
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1. 4 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 km2
, 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 2
, 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 floodpZains (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 2
, or 2.5 t9 5.9% of 

the inventory area. 

Overflo~ 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 2 or 3.6 to 9.0% of the inventory area. 

Streamfl~ (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 25 0 m in their lower stretches . 

The longitudinal slopes are up to 2. 0% (in the Highlands up to 5.0%), 

with the highest values in the uppe r 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 21 8,100 

km2 or 4.7 to 10 . 0% of the inventory area. 

11 
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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); 

<leep 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 erop (rice) production should 

meet the following hydrological conditions. 

A. Agronomie aspects: 

The erop 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 bas 

been reported that 1 km 2 of catchment area provides the minimum 

requirements of roughly 0.8 to 3.0 ha of valley cultivation . 
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For the Equatorial forest zone this ratio is 1 lan2 for roughly 2.0 to 

5.0 ha; 

Large (peak) floods may cause severe damage to the scheme infra-

s tructure and the crops. Prolonged erop 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 clone on an 

annual basis for perennial crops as well as on a seasonal basis f or 

annual crops . Valleys or parts thereof should be classified for their 

suitability to produce rice (or ether 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 lan2
, 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 cormnunity. The 

longitudinal slope should allow for adequate drainage, but should not 

exceed O. 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 ether 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 stre tches 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 

level led; 

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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SOCIO-ECONOMIC ENVIRONMENT OF WEST AFRICA 

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 (13%) and highest in Togo (320%) . 

Recent highest annual growth rates were recorded for Ivory Coast and 

Liberia (3.5%) and Nigeria (3 . 3%) . 

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/km2
, 

but 47 p/km2 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 aften in the Equatorial forest zone than in the 

Guinea savannah zone. Country-wise highest population densi ties are 

observed in Nigeria (83 p/km 2
) , followed by Ghana , Sierra Leone and Togo 

(48 p/km2
) . 

In West Africa migration (internal as well as external) is substantial. 

The population movements are caused by the economie 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, bath 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 6.7% and for the 

inventory area 6.8%. In 1980 this relative importance of rice had grown 

to 8.7% and 9 . 6%, respectively. For the arid area it had decreased t o 

5.2%. 
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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 1 

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 · OOO 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 t he 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 98% in 1950 to 56% in 1981. For the countries of the inven­

tory area, these rates are 98% in 1950 and 62% 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 53% and for 

the countries of the inventory area 59% in 1990 . This means that of the 

total rice consumption in 1990 , over 40% 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 i mported 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 prograrrnnes. To this end 15 countries have founded the West African 

Rice Development Association (WARDA) to arrive at solutions for the 

pr oblems of rice production . 

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

duction include subsidies to rice producers and/or ri ce 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 casts far higher than average 

world market prices . Hence the difference is subsidized by the national 

governments. From the national economie point of view domestic rice 

production is only justified for on-farm and in-village consumption . 

Nationally, it may aften 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 economie 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 aften 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 

il 
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mol l uscs ) . For river blindness, t he ve c t or (blackf l y = Simuliwn damnoswn ) 

breeds at very specific locations, as the larves are dependent on well 

aerated, turbulent water. The most commonly tolerated velocity 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 Biorrrphalaria 

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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UTILIZATION OF INLAND VALLEYS 

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-economie 

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; 

erop 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- economie constraints are related to 

increasing population pressure; 

poor infrastructure, processing and marketing facilities; 

unavailability of inputs or availability at high casts; 

high cost and low productivity of labour; 

poor financial structures (viz. : credit, connnodity 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 

1 i 
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ha depending on the soil conditions. If the f arming 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 Progrannne 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, hut 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 prograrrnnes on the staple foods of each ~ountry. Such 

prograrmnes are presently conducted in Nigeria (National Agricultural 

Food Production Progrannne) and Sierra Leone (Coordinated Agro-economie 

Trials Progrannne) . 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 higher 

risks are financially, economically and socially acceptable to the 

farmer and if the net f amily income and the return to labour _are sub-

s tantial ly increased. Hence research should be geared to loW7COst inlet 

technology, both in land development and in erop production. 

3.3 The impact of inland valley development 

At the national level there are several economie incentives t o improve 

and t o increase rice production. The incentives to which smallholding 

farmers also may respond, are: 
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the rapid increase of rice demand, especially 1n 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 10% of the 

t o t al a r ea of str eamflow valleys in West Africa (about 10 million ha) 

could be developed dur ing the f orthcoming decade, assuming a yield of 2 

t ons of paddy per ha and an average cropping intensity of 150%, total 

paddy production would be raised to 6 million tons . By the end of t his 

decade the s e lf- suffiency rate in West Africa would become 70 to 80% , 

which is substantially higher than the 53%, presently projected for 

1990. 

However, to develop such a large area of scattered and small valleys is 

an ambitieus 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 technica! staff or (inadequate) extension services, but also 

at the farmer's level. Within the prevailing social and economie situ­

ation in West Africa, smallholding farmers have little flexibility to 

alter their farming systems and to adopt new t echni ques . 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. 

il 
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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-suf f iciency 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 agronomie, economie and sociological aspects form t he 

basis of the appropriate research and ~~~t the monitoring and application 

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

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

and water management are of great importance, since capital investments 

and production inputs are strongly related to the physical environment. 

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 cornponents. 

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 sirnple structures, field layout, land levelling, etc.; 

soil management, including tillage, ferti l izer use, weed control, 

t oxicity control etc. 
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B. Agronomie and socio- economie aspects 

agronomie 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 casts 

and returns for the major crops (enterprises); 

the agricultural calendar and the identification of peak demands for 

labeur ; 

major production constraints for principal crops, as viewed by the 

farmers. 

An important component of the research progra.mme 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 erop 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 

4. 2. 1 

Criteria for benchmark site selection 

Selection of areas 

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

agronomie and socio-economie 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 

reg_inie 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 shoulè be selected on the 

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

soils. 

B. The main agro-socio-economie 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 erop in the farming system, both for subsistence and cash, 

whilst the government policy should be actively f avouring rice 

development. 

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

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

West centra! Guinea 

West Sierra Leone 

Southeast Sierra Leone 

West Ivory Coast 

North Ivory Coast 

North Ghana - north Togo 

North centra! Nigeria (Zaria-Kaduna) 

Benue trough - southeast Nigeria 

To narrow down recoIIllilended 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 recoIIllilended areas are shown on 

Map 5 of Volume IV and are: 

Ja West Sierr a 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. 

lb 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. 

ÎJ 
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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 r ainfall 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 

fina lly selected should be approved by the national governments con­

cerned. 

4.2.2 Selection of the benchmark sites 

Within the braad 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 progrannne has to be formulated. It is the start 

of the WURP-Phase II and should investigate the following aspects 

Accessibility t o 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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Importance 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 no t be negative in any respect. 
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INTRODUCTION 

Approach a:nd 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

str aints 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 Nether lands contr ibutions 

were made by the STIBOKA (Soi l Survey I nstitute ) on t he geological , 

geomorphological and pedological aspects, by the KIT (Royal Tropical 

Institute) on the agro- socio- economie aspects and by the International 

Institute for Land Reclamation and Improvement (ILRI) on the climatological 

and hydr ological 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 agronomie, sociological and economical aspects 

Volume IV The maps 

Area a:nd subject of the i nventory 

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. 
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However, this definition does not account for the possible total length 

of the growing season. The differentiation into bioclimatic zones as is 

clone 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 k.m2
• 

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 per iod of the year . 

Evidently, hydromorphic soils are found in all types of land associated 

with wetness, such as there are the tidal lands, the del.tas, the river 

floodplains, the inland depressions (e . g . the bol.is 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. rhe imple­

mentation , operation and maintenance of such schemes should be clone by 

the farmer (or the farmer's cormnunity) 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 km2 to 

some 100 k.m 2
• 

This volwne 

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 

recormnendations 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. 
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CLIMATE 

1. 1 Gener al 

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 

t he 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). lts seasonal migration, which fellows 

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

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

1956-1961. 

Sou.ree: Ojo ( 1977 ) , who shows the Inter-Tropical Discçmtinui ty Zone. In 

the context of this inventory , this is considered to be the same as the 

ITCZ. 
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The distribution of the mean daily temperatures for the months of January, 

April, July and October is depicted in Figure 2. 

lts 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. 

I n 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 region.s, 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 (chil l i ng) period. 

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

Source: Ojo (1977), adapted for cêntigrades. 
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1. 2. 2 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 

1 demonstrates that the northern latitudes receive roughly up to 50% 

more hours of actual sunshine than the southern latitudes. Also there i s 

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 radiat i on 

is shown in Figure 3 . This balance is positive throughout the year and 

r anges between 65 and 100 Kcal/cm2 /year. The pattern is zonal . 

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

is highest in the Sahel / Sudan regi on lying in between t he f ormer two . 

Figure 3. Distribution of net radiation in West Africa . 

Year in Kcal/cm 2 per year 

Months in cal/cm2 per day 

Source: Ojo (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 D Av. Av. f or 
lati t ude 
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 

Bilrna Lat 17-21°N 9. 1 10.3 9.4 9.6 9.8 10.8 10.8 9.8 9.5 10. 1 10.2 9.7 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 6.2 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 7. 1 7. 9 6.5 6.9 5.5 6.7 8.2 9. 1 7.7 7.6 

Cotonou 

} Lat 

6.6 7.0 7 . 0 7.4 6.9 5.3 3.4 4.7 5 .4 6.3 8.0 7.6 6.3 

Accra 5-7 °N 6.8 7.2 7. 0 7.2 7.8 5.2 4 .5 4.5 5 . 7 7 . 1 8. 1 7.6 6.6 6. 2 

Abidj an 5.0 7.2 6.8 6.7 5. 9 3.7 3 .4 3.6 4 .7 6.0 7.4 6.8 5.6 
(j'\ 

Sout h 

Ave rage ( seasonal effectj 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 rainf all has been expressed 

as a multiple regression equation with r espect of t he lati t udinal and 

longitudinal position. This implies that the mean annual r ainfall decr eases 

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 nnn 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 unconnnon. 

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 erop production. Based on the related 

length of the growth period, West Africa is divided into four different 

bioclimatic zones, which are discussed in Paragraph 1.4. 
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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 > ET ) ranges between 2 months in the 
p 

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 erop 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 < ET 
p 

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 f ollows 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 erop 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 r ound in the 

extreme southwest and southeast . The main constraint to erop 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 tempora! distribution of rainfall and the consequent soil/moisture 

availabili ty. 

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 ET ) plus a number of days required 
p 

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 

(R > 1. 0 ET ) . 
p 

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 grow1ng 

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, 

r oughly 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 zone. 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 transitional 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 f avourable than in the northern part. The 

Guinea savannah zone 1s included in the inventory area within which 

it covers an area of nearly 1.3 million km. 2
• 

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 erop production. The Equatorial forest zone is included 

in the inventory area within which it covers an area of nearly 0.9 

million km. 2
• 
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In contrast with t he Sahel and Sudan zones, doub l e or year r ound 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 pr olonged periods . 

Because of this potential for double cropping, the Guinea and Equatorial 

zones have been adopted as the ar ea subjec t to the Wetland Utilisa tion 

Res ear ch Pr oj ect . 
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GEOLOGY / LITHOLOGY, GEOMORPHOLOGY AND SOILS 

Gener al 

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, 

braad 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 br oadly 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 (Barrère and Slansky, 1965; 

Blanchot et al., 1973; Geol. Surv. Div., 1964; Nicklès and Hourcq, 1952; 

Dir. Overseas Surveys, 1960). For Guinea Bissau, 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 . 
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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 regions, 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 black diagrams . Information on 

specific land facets (e.g . valleyland) within a land system or on braad 

gr oupings 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 bath 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 aften 

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 

ex tent 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. 
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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 

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 erop 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. 
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Precambrian intrusion phases have given rise to the occurrence of lacco­

li ths, 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, tbese deposits have been uplifted sub­

sequently over considerable heights. At present, altitudes in the Fouta 

Jallon exceed 1500 m locally. 

It i s thought tha t t he Afr i can shield originally formed part of Gond­

wana l and , t he ancien t continent which compri sed South Amer ica, Mada­

gascar, India, Australia and Antarctica. During the Mesozoic era (lower 

Cretaceous) this continent broke up into the present blocks ánd 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 ones in which the Benue and Niger valleys are 

situated in Nigeria. These basins and troughs naw 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 comprises 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 . 
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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 deposits that are 

locally known as Terres de Barre (Togo and Benin) and Coastal Plains 

Sand (Nigeria) . The Kerri-Kerri formation 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 rivers). 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 

genera! that in West Africa the soils derived from sedimentary material 

are chemically less fertile than those developed 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 bas 

resulted in shallow soils or even complete denudation of the rock. 

Planation cycles, which during the various geologie eras have acted to 

form the typical (West) African plains and plateaux, have affected soil 

depth in large parts of the inventory area. 
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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 basin) were filled with detritus from adjacent eroding areas. This 

sedimentation process further contributed to the smooth appearance of 

Precretaceous Africa. Relicts of the Gondwana surf ace 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 suI!llllit of 

Mt . Nima in the Guinean Highlands . 

The disloca t ion , frac t ur i ng 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 

coI!llllonly 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 . (4 .s. l.). Probably most of the plateaux in southern 

Cameroon (which have approximately the sa.me 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 degr ees by streams and rivers, usually in a dendritic (non­

orientated) drainage pattern. Locally, steep-sided remnants of older 

plateaux (mesas), granitic inselbergs and hill ridges qrise 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. 

Geologie 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 35% , separating the relatively level remnants of farmer 

plains from wide, flat - bottomed valleys . Also in Ghana , the fringes of 

the Volta basin have been formed by uplifting, resulting in steep and 

<leep, 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 braken topography consisting 

of scarps and dissected areas. 

The bolilands in Sierra Leone form a complex of seasonally f looded, 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), amore gentle 

transition occurs towards the interior plains of Guinea and Mali (300 to 

400 m a . s . l) . 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 . l . 

The Atacora Range, east of the Volta basin, is a belt of parallel ridges 

trending NNE-SSW through south Ghana, Togo and north Benin. They rise to 

over 1000 m a.s.l. (Mt . Segou) . The steep-sided and narrow valleys in 

between the mountains are locally more than 300 m <leep. 

In centra! 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 

<leep and steep scarps of approximately 600 m. The West Cameroon Highlands 

comprise undulating to rolling plateaux forrned 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 <lome 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-

posi ts) . 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 Ouème river in Benin among others) . The Hollis Lama depression in 

Togo and Benin is a low-lying area of Eocene marly clays within the 

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 character ization 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 km2
• 

2. Interior Plains (1 . 075.000 lan2
). 

3. Plateaux (624.000 km2
). 

4. Highlands (361 . 000 km 2
) . 
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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 regions). 

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 

2 . 4.1 

Soils 

Upland soils 

The dist r ibu t ion patt er n of t he soils in t he invent ory area shows t hat 

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 mos t land fo rms in West Afr ica 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 

"' z ..... 

12. 3 

2.li 

:s 2.5 
"" 

Area 

100 . 000 

PHYSIOGRAPHY 

Nesrly level besches , river plsins, 

deltss , tidal swamps etc. 

Slightly dissected, gently undulsting 

coastsl terrsces 

Highly dissected, undulating t o rolling 

coastsl terraces 

Slightly dissected , undulating peneplains 

vith inselbergs, hill ridges and mesas 

- do -

Highly dissected, r oll ing to steep 

Dissected and upvarped , undulating 

to rolling peneplains 

Slightly dissected, nearly level 

GEOLOGY AND LITHOLOCY 

Recent sands, silts and clsys 

Te rtiary weakly cemented ssnds to clays 

and marly clsys 

Tertisry and Cretsceous Sandstones, 

shales, sands and coal measures. 

Undifferentiated granites, migmatites 

and gneisses 

Undifferentiated schists, quartzites and 

ether metamorphic rocks 

Compl ex of metamorphics, sedimentary 

Upvarped sandstones 

Sandstones, shales and mudstones 

~ -------------E~!!~El!!i!!~------------------·-'----------------------.--------.... 
a: 

"' .... 
z ..... 

2.6 

2. 8 

TOTAL 1.083.000 

3. 1 

3.2 

Slightly dissected, gently undulating 

peneplains vith mesas and volcanic cones 

Slightly dissected, nearly level 

aggradationa l plains 

Slightly dissected undulating plateaux 

'lo1Îth inselbergs, hill ridges and mesas 

- do -

Marine and continental sands~ones, shale' 

coal measures and bssalt-extrusions 

Sandstones and sands 

Undifferentiated granites, migmatites anc 

"' z 
u 0 ..... ..... 
0 .... 

~~~ 
...ic<:! 
< "'0 

"""'"" -vi--vi 
::> z 
0 0 "' ..... u .... 
~~$ 
i.:i ei:! 
a:"' 0 

Jd_Vl ~-

gneisses >< 

Undifferentiated schists, quartzites and ~ ~ ~ 
~ O::<O 

ï:§ ---------------------------------------2!~!:-!!!.!:!!!~!:EhiE_!:!!E~~---------- ;;:' __ 
j <"' 
"" ~~------------Di~.!:E!.!:!h_!:!!!~!:!!!!!i!!S_!2_~!!i!!S_E!!!!.!:!!!:! ~-!'.!!l.!:2~oi E_~!!~~2!!~~--------· ---- ;-~-

3.4 

!TOTAL 621,. 000 

t. . I 

- do - Tertiarv sandstones 
a: 0 

"'"' , ..... (/) 

Highly dissected very steep mountain Undifferentiated granites migmatites and >< 

r anges vith remnants of old planat i on gneisses 3 i5 ~ 
surf aces ~ ~ 8 ----------------------------------- ~-----------------------·--- t-----

t. . 2 do, hut 'lo1ith r ugged, rolling high Complex of ~older' and 'younger' granite! ~~!-'~ 
--------------Ela!.!:!!!:!~------------------,__!!'!S!!!!!!i.!:~.t-S!!.!:Ü~.!:~_!!!!~-~~!!!!~------J ~!? 

~ t. .3 do , but s trongly foldes and faulted Complex of sedimentary, metamorphic and 3 iS ~ 
:J ::l~l> G ___________________________________ _;_ ___ ,_ __ .!:~!!:!:!~ i V.!:-~2!:!!'!!!!!?!!!!____________ "" "" u 
..... 
:z:: 

"·" Steeply dissected, undulat ing hi gh Sandstones and shales 

plateaux 

TOTAL 361.000 
i) 

Map unit numbers refer to the Land reg1on 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 irons.tone 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 accumulat ion of sesquiox ides, notably 

iron-oxydes , under conditions of alternating we tt ing and drying . 

The Alfisols have relatively low organic matter contents . Their main 

constraint is t he l ow avai lab i l ity of soil moistur e, especi ally if 

profiles are shallow. The natural vegetation on these soils consists 

of .open woodland grass savannah . The density of the tree cover varie s, 

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 deplet i on, 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 t r opical 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 t he 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 har dpans 

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. Shif ting 

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 r ubber, 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 r ocks (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 hornblende. 

However, the relative ly 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 connnon 

(Plinth-ustalfs, Plinthudults, Plinthaqualfs, Plinthaquults). 

Plinthite is an iron- rich and humus - poor mixture of clays and 

quartz. This mixture connnonly occurs as reddish mottles in the soil 

profile. Upon repeated wetting and drying it changes irreversibly 

into ironstone, either in t he form of a continuous pan, or as 

irregular aggregates. 

Soils developed over intermediate (micaschists, gneisses) and more 

acid basement complex r ocks (granites, quartzites) generally have 

coarse textures (sandy clays to sands) with medium to low fertility. 

They include Haplorthoxs, Tropudults and Ultic Tropudults in t he 

humid climatological zones and Oxic Haplustalfs and Haplustults in 

the drier areas. Ironstone hardpans and concretionary layers are 

connnon 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 f ormations are chemically poor, as t hey mainly 

contain inert materials like quartz, kaolinite and gibbs ite. 

2.4.2 

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 f ormed in the marly 

sediments of the Hollis Lama depression in Togo and Benin. 

(Oxic) Haplustalf s and Plinthustalf s dominate on t he 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 bas in is widespread. 

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 r olling 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 sunnnits 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 neutra! 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 

soil s . Aquic sub-orders have been distinguished in most of the t en 

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 Tropopsannnents, Aquic Tropudults 

etc. 

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 lithologie 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 . Th~ 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 variabili t y 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 reBearch 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 f or 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 

farmer , 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 applications . 

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, aften requiring 

mechanized draft power. 

Structure. In wetland rice cultivation puddling., through intensive 

ploughing the wet soil is aften 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. 



- 29 

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 satur a t ion is a measur e fo r the r elative abundance of plant nu t rient s 

(bases) . In gener al, a high base saturat i on i s favourable fo r plant 

gr owt h . However, a high base satur ation i s of limited r elevance , if t he 

t ot a l amount of bases availabl e t o t he p lant i s l ow , i. e . if CEC is l ow , 

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 panding 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, 

thr ough 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 concentr ations 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 ~any 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 in to 

rootzone by subsurface f low from adjacent higher areas, affects the 

development of the rice erop in two ways : 

a . by coating the plant r oots wi th i r on ox ide and t hus r educing the 

absorption capaci t y of t he plant f or ot her nutr ients l i ke P , K, Ca 

and Mg , (Fe++_indu~ed defic iency) and , 
++ 

b . by di r ec t i ron toxicity t hrough excess ive Fe absor ption by t he 

plant. 

the 

Iron t oxicity i n r i ce plants shows as a characteris tic or ange discoloration 

of the leaves (bronzing). It appears to occur mainly in areas domi nated 

by Ultisols in t he humid zones of the inventory area (Sierra Leone , 

Liberia, southeast Nigeria) . Possible remedies, apart fr om t he use of 

to l erant rice varieties, include seasonal drying of affected fields 

( . . ++ . . +++) . . oxidation of Fe into insoluble Fe or interception of the subsurface 

wa t er f low contai n i ng fe r rous iron . 

,, 
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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 l vory Coast, by Quartey 

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

for the Ouémé 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 Av~nard (OR­

STOM, 1971) in Ivory Coast, FAO (1979) in Sierra Leone, Murdoch e.a. (1976) 

and Savvides (1981) in Nigeria pr ovides much insight in the diversity of 

the inland valleys. 

The drainage systems in terms of pattern, and intensity (density and 

texture ) have been charac terized on t he 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. 



- 32 -

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 f lowing 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 re lief. 

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 r ectangular 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 

eros ion. 

The drainage density is the total length of all streams i n a dr ainage 

bas in and i s expr ess ed i n lan (waterway) per lan2 (basin) . The drai nage 

tex ture refers to the number of streams per unit area, expressed in 

number per km2
• The latter is closely related to relief and dÎ.ssection . 

In general a high drainage density and fine texture occur on hard rock 

formations (such as gr anites 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 lat~er zone drainage density varies depending on the rock type from 

low to medium (0.3-1.2 lan/ km 2
). In the Equatorial forest · zone drainage 

density mainly varies from medium to high (0 .6-2.4 km/ km2
). 
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3.4 

3.4.1 

Valley characteristics 

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 ~n 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 s t eep 

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 2%) . It is steeper in the Highlands (up 

to 5%). 

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

types of cross-sections can be distinguished: 

shallow and narrow V-shaped valleys, formed in relativey hard rock 

f ormations (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 agronomie 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. 

3.4.2 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 2
• 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 Sierr a 

Leone), river floodplains and inland valleys. 

Table 3 shows the occurrence of these categories of we t lands 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 9.0% 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) zones. 
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Table 3. Areas of the land regions and of the various categories of wetlands for the 

Equatorial forest and Guinea s avannah zones 

\let land! 

Del tas, tidal swmups, larto:" River valleys 

Area 
in land swamps etc. River floodnlains Overfl ow valleys Streamflow valleys 

Landre~ions • 1000 km 2 % 1000 km 2 % 1000 km2 % 1000 km 2 % 1000 km 2 

EOUATORIAL ZONE 

Coastal Plains 
.._ 1. 1 n.d. 

- 1. 2 n.d. 

- 1. 3 n.d. 

To tal Coastal Plains 100 25-40 2S.Oto40.0 1- s 1 .Oto S.O 1- 4 l .Oto 4 .0 1- 3 l .Oto 3. 0 

Interio r Plai ns 

- 2.1 253 - . - 1- 4 2.StolO. l S- IS 12.7to38.0 10-20 2S.3toS0.6 

- 2. la IS IS- 25 2.Sto 4.0 0- 1 O.Oto 2.2 - - - -
- 2.2 60 - - S- 10 3.0to 6.0 5- 10 3.0to 6.0 4- 9 2.4to 5.4 

- 2.3 48 0- 1 O.Oto o.s 2- 7 l .Oto 3.4 6-11 2.9to 5.3 8-13 3.8to 6. 2 

Ba sement comp l ex 376 1- 2 2.5to 4.5 2- 5 6.5tol9.7 5- 13 18.6to49.3 6-16 31.5to62. 2 

- 2.4 n.d. 

- 2. 5 n.d. 

- 2.6 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. lto24.8 5- 12 20.lto53.4 7-IS 32.0to65.3 

Plateaux 

- 3.1 166 - - 1- 2 1. 7to 3.3 2- 7 3.3to l l .6 2- 7 3.Jtol 1.6 

- J.2 54 - - 1- 4 0 . 5to 2.2 1- 6 0.5to 3.2 1- 6 O.Sto 3.2 

Basement comp l ex 220 - - 1- 2 2. 2to 5.5 2- 7 3.Bto l 4.8 2- 7 3.8tol4.8 

(• Total Pl ateaux) 

Highlands 

- 4.1 Basement complex 118 - - 1- 4 l . 2to 4.7 2- 7 l .4 t o 8.3 5-10 5. 9to 11. 8 
(• Total High lands) 

Total E<1uator ia l Zone 865 3- 6 29.0to48.6 1- 5 13.5to40.0 3- 9 26.3to80.S 5- 11 42 .7to94.9 

--- -- - - - - ------- ________ .....:.., _________________ _ 

w 
co 
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2. 

3 . 

4. 

Table 3. (cont.) 

\./t't}11ndA 

River valleys 

Area i;>~H~~·.S~d.~! ~'!'~mp ~ . larg• River floodplain s 

Land re id ons . 1000 km2 % 1000 lcm 2 % 1000 km 2 

GUINEA ZONE 

Coastal Plains -
lnterior P1ains 

- 2. 1 349 0- 1 O.Oto 3.5 5- 8 17.5to27.9 

- 2. 2 40 - - - 0.4to 1.6 

Basement complex 389 0- 1 O. Oto 3.5 5- 8 17.9to29 . 5 

- 2. 4 n.d. 

- 2.5 n.d. 

- 2. 6 n.d. 

- 2.7 n.d . 

- 2.8 n.d. 

Sedimentary deposits 259 3- 8 7. 7to20 .7 5-10 13.0to25.9 

Total lnterior ol ains 648 1- 4 7. 7to24.2 5- 9 30.9to55.4 

Plateaux 

- 3.1 332 - - 1- 5 3.3to 16. 6 

- 3.2 42 - - 1- 4 0.4to 1. 7 

Basement complex 374 - - 1- 5 3.7to18.3 

- 3.3 n.d. 
- 3.4 n.d. 

Sedimentary deposits 30 0- 1 O. Oto 0.3 2- 7 0.6to 2.1 

Total Plateaux 404 0-0. 1 O. Oto 0.3 1- 5 4.3to20.4 

High lands 

- 4. 1 n . d . 

- 4.2 n .d . 

- 4.3 n.d. 

Basement complex 149 o- 1 O. Oto 1. 5 3- 8 4.5to12.0 

- 4.4 
Sed imertta ry dej>osits 94 o- 1 O. Oto 0~9 3- 2 0.9to 1.9 

!Total Hil!hlands 243 0- 1 O. Oto 2.4 2.,. 6 5.4to13.9 

!:!:~!!!_~~!~~!:~~~~----- !"~2~---------~-Q:_L ___ 7. 7to26.I 3- 7 ~~Q!.Z!~~2.:L ___ -----------------
rrhe Study Area 2, 160 1.7-3.5 36 . 7to74 . 4 ti.5-5.9 l54.2tol29.7 

--·-----------·----····· --------------·--------- ----------------··----------------------
• Land region symbola refer to Map 3 and its legend, in Volume IV. 

n.d . • not differentiated 

Overflow valleys Stre11mf)ow va l leys 

% 1000 km 2 % 1000 km 2 

8-13 27.9to45.4 6-11 12.2 to38.4 

1- 5 0.4to 2.0 3- 8 1. 2to 3 .2 

7- 12 28.3to47.4 3-11 13.t.to41.6 

3- 8 7.7to20.7 1- 3 2. 6to 7.7 

6- 11 36.0to68. 1 3- 7 16.0 to49.3 

1- 5 3.3to16.6 9-14 29 . 9to46.5 

1- 5 0.4to 2. 1 3- 8 1 . )to 3.4 " 
1- 5 3.7tol8.7 8-13 31.2to49.9 

4- 9 1 . 2to 2. 7 4- 9 1. 2to 2 .7 

1- .5 4 .9to21.4 8-13 32.4to52.6 

8-13 12.0tol9. 4 3- 8 4.5to 12.0 

1- 5 0.9to 4. 7 6-11 5.6tol0.3 

5-10 12.9to24. J 5- 9 10.1 to22.3 

4- 9 ~~!.~!~!!~!.~- 5-10 2~!.~!~g~!.~---------- "----------
3.6-9 .0 80. l tol94 . J 4. 7-10. C IOl.2to219.I -------- -----------· --------··------------
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VALLEY HYDROLOGY 4 

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 

clone 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 t he water balance (or components thereof) 

for individual or groups of valleys have been carried out by ORSTOM 

(Dubr euil 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. 

In 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 surf ace 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. 

In 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 considerably . 

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 sea son, either i n double cr opping or possibly followed by other 

cr ops grown on r esidual moistur e from a gr adually lowering groundwater 

table. 

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 rapift 

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 agronomie 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 (SATMAeI/FAO, 1968), SODERIZ (1976), Glemet (SATEe, 1975) 

Arrivets (1973) and AVV (1981). 

4.2.1 Agronomie 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 . 

erop water requirements 

The erop water requirements should be covered during the entire 

growth period of the erop. 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 1 km 2 · of catchment area is needed to provide a 

minimum flow suff icient to cover erop water requirements for rice on 

a cultivated area of 0.8 to 3.0 ha in the valley. For the Equatorial 

forest zone this ratio is 1 km2 for 2.0 to 5.0 ha. 

erop submersion 

Peak discharges in the valley (stream) having a devastating nature 

and floods submerging the erop for long periods cause erop 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). 

)' 

l 
1 
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Depth of groundwater level 

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 per i od . For most other 

crops such a situation is of course a restraint. 

In the Guinea savannah zone annual f luctuations 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 

erop 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 erop performance and several researchers have endeavoured 

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. 

a. 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 

surface 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 

1n 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, 

l i ttle can be said about the levels of production , because soil 

qualities have not been incorporated. 

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

ano t her classif ication sys t em. Pr i mar ily based on the groundwater 

regime, it 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 var iable , but mainly 

medium t o fine . 

Clas s II: good so ils f or rice, deeper groundwater level or temporary 

inundation: the soil texture is variable, but mainly medium 

to very fine. 

Class III: marginal soils for rice; <leep 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 . 

c. 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 

1n West Africa. It is a general system on one hand but also refined 

on the other. 

The groundwater level 1s 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 schematîc 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). 

4.2.2 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 2 in the Guinea savannah zone and larger than 5 to 15 

km 2 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 f loods 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 2
• In -

Central Ivory Coast it has been reported that catchments should not 

exceed 100 km2 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 2
• 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 fellows: 

- coarse texture 

- medium 

severe limitation 

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 connnunity. 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). 

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 v?lieys are situated over 

schists (I) or largely over schists and partly over granites 

(II). 
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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 aften already under 

traditional rice cultivation (III) or they are situated over 

granites and many rock outcrops are found (IV) . 

Class V: There are mor phological 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 conditions 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 t o 

include valleys on sedimentary deposits . The class ification should also 

relate cropping intensities , erop yields and economie returns with 

respect to construction and maintenance costs. 

Lay out 

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 fellows . 

Few contour bunds, eventually with levelled terraces, t o 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 t o intercept upland runoff and gràundwater 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 1s used as the central drain and buffer area, 

either embanked or not. 

For the implementation of the benchmark site s to be us ed 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 t he 

surface water more evenly. The basins formed by the bunds should be 

level led. 

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 rice 

production. In this case the bottoms of the canals must be at bedrock 

level of the 'seepage zone' (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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SUMMARY AND CONCLUSIONS 

The physical potential 

The area of the inventory has been conf ined 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 lan
2

, of which the 

Equatorial forest zone covers about 0 .9 million lan
2 and the Guinea 

savannah zone about 1.3 million lan
2

• 

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 erop pro­

duction is the deficiency in soil moisture for a large part of the year. 

Solar radiation is high, f avouring 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 erop 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 erop 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 100,000 lan2 
' or 4.6% of the inventory area 

Interior Plains 1,075,000 km2 

' 
or 49.8% of the inventory area 

Plateaux 624,000 km2 
' 

or 28.9% of the inventory area 

Highlands 361,000 km2 

' 
or 16 . 7% of the inventory area. 

The Interior Plains and Plateaux comprising about 80% of the inventory 

area, are the most important land regions. Lithologically, the main 

differentiation within these two land regions is: 

Basement complex: 79.6% of the Interior Plains and Plateaux 

Sedimentary deposits: 20.4% of the Interior Plains and Plateaux . 
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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 m~tamorpho­

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 

so i ls . Ver y of ten however they have r estricted soil dep t h due t o t he 

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 . Orthóxs 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 ~he 

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 formations. 

The soils of the valley bottoms have in common that they are hydromorphic. 

This condition makes them better suited to erop production (especially 

rice) than the adjacent upland soils. 

The total wetland area is estimated somewhere between 272,000 and 615,300 

km2
, or between 12 . 6 to 28.5% of the inventory area. 

Four categories of wetland are distinguished . 



- 52 -

a. Deltas, tidal and large inland swamps (including bolis): 36,700 to 

74.400 lan2 or 1.7 to 3.5%.of the inventory area. 

b. River valleys: 

bi. River floodplains (large floodplains): 54,200 to 129,700 lan 2 or 

2.5 to 5.9% of the inventory area. 

b2. Overflow valleys (small floodplains): 80,100 to 194,00 lan2 or 

3.6 to 9.0% of the inventory area . 

b3 . Streamflow valleys (small inland valleys): 101,200 to 218,100 

km2 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. 

5 . 2 Research needs 

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

agronomie and economie 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 capital 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. 

soil 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. 

Il 



5.3 

5 . 3. 1 

- 53 -

Criteria for benchmark site select i on 

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 pr oduction 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 

basemen t 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 

recorrnnended 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) . Fr om the physical point of view sites should be 

cho sen 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 b~sement 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 rainf all regime and with predomipantly 

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. 3 . 2 Selection of sites 

In harmony with the agro-socio- economie criteria (Volume III) i~ the 

above mentioned braad 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 1 - 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 poor ly drained , gray s andy l oams of 

slight l y bet t er ferti l ity s t a t us occur. Their effec tive 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 ar e being used fo r we tland 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 Eutr opepts. They 

are increasingly being developed for wetland rice cultivation. 

Land r egion 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 fr om 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, <leep, gravelfree 

sandy clay loams with <lark 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 (10-20%) 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, <leep, gravel-free sandy 

loams and loamy sands with <lark 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 (30-60%) and 

pH-water between 4.5 and S.o. · They ar e classified Aer ic Plinthic Tr op­

aquepts, coarse loamy. 

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

poorly drained and their flooded periods last langer (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, <lark 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- 35% 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 

hydromorphe mineral à gley de profondeur sur material a{luvio-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 20-40%, 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 hydràmorphes mineraux à 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 gr ay 

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 r ocks (repr esentative for subregion 2. 2) in 

the Guinea savannah zone. These poorly drained soils have dark, humic, 

sandy topsoils (mollie epipedon) over mottled gray sandy loam subsoils. 

Due toa 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 belang 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 Tropops amments, sandy. 

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

These are deep, poor ly 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 formations. 

The Volta series comprises somewhat poorly drained soils witn 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 <lark 

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 . Fr om about 60 cm below t he 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 clays with 

clark 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 clark brown humic sandy loam topsoils over mottled 

gr ay sandy clayloams over sandy strata between 40 and 200 cm (Typic 

Tropaquepts , fine loamy or fine loamy over sandy- skeletal) . The variabi­

li t y 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 throughou t 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 Tropie 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 t o high fertility: CEC ranges between 20 

and 30 me, base saturation .is 25-40% and pH-water is between 4.5 and 5 . 

The valley bottoms in this area are generally narrow (50-100 m). The 

valleys are <leep 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 -as they occupy a limited total area only (Table 2) · and because 

they occur mainly under rather specific envirorunental 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 

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 erop production depends 

on the extent of occurrence of: 

the normal and peak discharges of the valley streamflow; 

- t he amount and dur a t ion of subsur face wat er influx f r om adjacent 

upland during, hut especially after the rainy season; 

the height and duration of the high groundwater level during, hut 

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 For 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 

l 1 
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This model enables t he calculation of quantities of water involved, 

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

the computation of the time involved. 

For the uplands (u) the waterbalance is: 

P - E - R t,H 
u u u 

For the valleys (v) the waterbalance is: 

P ( AH ) Area upland + u + R - E - R u u Area valley · v v 
t,H 

v 

All components in these equations are expressed in nnn, they are: 

P = 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. 

E = Evapotranspiration. This is the average evapotranspiration, 

distinguished respectively in 

during the growing season and 

E f or the evapotranspiration 
1 

in E f or the non-growing season. 
2 

because of the wetter conditions Eventually E is larger than E 
v u 

in the valley. 

R = 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 coeff icient 

may range between almost 0% to almost 100% for different areas 

and for different times. 

Usually the upland surface runoff is smaller then the valley 

surface r unof f. 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. 

~H= 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 A 
1 

for a valley in 

central south Ivory Coast. 

At the end of the annual hydrological cycle ~H = nil . 

This means that the groundwater reservoir built up during the 

supply period is depleted because of sub- surf ace water movement 

to the lower lying areas. Usually ~H is depleted quicker 
u 

than ~H , implying that the valley stays wet longer than the 
v 

up land . 

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 reservoir. 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 im.permeable (bedrock) layer is too shallow (or 

contracted) to acconnnodate the KD value of the moment. Once the KD 

value has decreased or the hydraulic gradient bas 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 bas become nil . 

The subsurface flow of both the upland and the valley bot~om provide 

the water of the baseflow of the valley stream or river. The baseflow 

gradually decreases and becomes nil if subsurface flow bas ceased 

before the next rainy season. 
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INTRODUCTION 

Approach a:nd 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 

ex tent 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 

avail able information, started in August 1982 . In The Netherlands contri­

bu tions were made by t he STI BOKA (So i l Sur vey I ns t i t ute ) on the geological , 

geomorphological and pedological aspects, by the KIT (Royal Tropical 

Institute) on the agro- socio-economie aspects and by the International 

I nstitute for Land Reclamation and Improvement (ILRI) , on the climatological 

and hydrological aspects. The ILRI also had t he over all responsibility 

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

The report has been presented in four volumes: 

Volume I. The main report, with conclusions and recormnendations. 

Volume II. The physical aspects . 

Volume III. The agronomie, sociological and economie aspects, 

(this volume). 

Volume IV. The maps . 

Area and subject of the i nventory 

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. 
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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 2
, 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 2 to some 100 km 2
• 

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 aften 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 erop production are always related to the 

agro-socio-economie environmental circumstances. 

Therefore this volume presents the results of the inventory of literature 

in respect of the socio-economie and agronomie context in which rice is 

grown by smallholding farmers and the research activities done to 

improve rice production. 

'1 

11 

,, 

1 
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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-economie aspects related to smallholder's 

wetland rice production, for the proposed WURP - Phase II. 

Because of the interrelationship between the sociological, but especially 

the economie 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 . 

/ 
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West Africa is more urbanized than East Africa, but less than other 

African regions. About 25 to 50% 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 economie 

strength and stability of the individual countries (or parts thereof) 

and changes in the economie situation often result in movements of large 

numbers of people. The countries of the inventory area are very heterogeneous 

in respect of economie 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 economie growth was sharpest 

in Togo (4.4% 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 economie (oil) 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 Condê (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 

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 109% between 1950 and 1980. 
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Table 1. Population number s and increage 1950-1980 (x 1000) and percentage 

rural population 1980. 

1950 1963 1970 1980 % increa•e rural 

(1950-1980) 
population 

1980 (%) 

lnventory area 

1. Benin 1571 2233 2720 3530 125 t.5.9 

2. Cameroon 3921 5009 6780 8444 115 80.7 

3. Ghana 5191 7345 8610 11679 125 50.8 

"· Guinea 2247 3465 3920 5014 123 80.1 

·5. Guinea Bissau 507 524 t.90 573 13 82 . 2 

6. Ivory Coast 26 12 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 269 0 34 74 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 53 18 120 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 (112%) than in the 

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

Guinea Bissau (13 %) whilst it was very high in Togo (320%) and Ivory 

Coast (208%) . 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 . 3%) as is shown in Table 2. 

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

km 2
) is much higher than in the arid area (19 persons per km 2

) . Within 

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

km 2
) and Guinea Bissau the least (16 persons per km 2

). 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 
x 1000 
1980 

lnventory area 

1. Benin 3,530 

2. Cameroon 8,t.44 

3. Ghana 11 ,679 

4. Guinea 5,014 

5. Guinea Bi••au 573 

6. lvory Coast 8,034 

7. Liberia 1t967 

8 . Nigeria 77 , 082 

9. Sierra Leone 3,t.74 

10. îo~o 2,625 

Sub-total 122,422 

Arid area 

11. Chad 4,455 

12 . Gambia 603 

13 . H.ali 6 , 940 

14. Mauretania 1,634 

15. Niger 5,318 

16. Senegal 5,661 

17 . Upper Volta 6,908 

Sub - total 31 ,519 

Total West Africa 153,94 1 

i) Source: World B~nk 1980 Atlas . 

Source:'1l_.,mographic Yearbook 1980 

Population gro~th rate Area 
1 ''eaT kml 

1970-78 1975-80 

2.9 2.8 112 ,622 

2.2 2.5 t.75,442 

3. 1 3.0 238,537 

2.9 2.6 245,857 

1.6 1.8 36,125 

5 . 8 3.5 322 , 463 

3.4 3.5 111,369 

2.5 3.3 923,768 

2.5 2. 7 71 , 740 

2. 6 2.6 56,785 

2,594,708 

2. 2 2.3 1, 284,000 

3.1 2.8 11 ,295 

2.5 2. 6 1, 240,000 

2. 7 2. 8 1, 030 , 700 

2.8 2.9 1,267,000 

2. 6 2. 6 196, 192 

1. 6 2.6 274 , 200 

5 303,387 

7 , 898 , 095 

rn,ngity 1 
p/kn.2 . 

32 

18 

48 

20 

16 

25 

17 

83 

48 

48 

47 

4 

53 

6 

2 

4 

29 

25 

6 

19 

Highest population densities (20 to 49 persons per km 2 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 km2
• 

However some areas have higher densities . These are the Fouta Jallon in 

central Guinea (Haute Guinée) with 20 to 100 persons per km2
, the region 

of south Upper Volta - north Ghana, also with 20 to 100 persons per km2 

and most important, northern Nigeria with over 50 persons per km 2 in 

the Sokoto-Zaria- Bauchi region to more than 100 persons per km 2 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 
. 2 

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 2
). 
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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 labeur, in recent years it bas become a free migration 

of individuals and families, as part of an effort to improve their 

economie conditions. 

For West Africa, Zacharia and Condé (1981) report that, expressed as a 

percentage of the national population , Ivory Coast (21 . 3%) and Gambia 

(10.6%) 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 iIImligration and internal migration. 

IIImligration 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 economie differences between or 

within the countries. People move from countries or regions with weak 

economies to those with a strenger one. The number of people involved in 

these movements is relatively large and the economie and social conse­

quences are substantial. In Ivory Coast only 35% of the population is 

living in the localities where it was barn. 

The economie 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 labeur force in West Africa was iIImligrated, 

whilst 17.5% was internally migrated. The total external remittances 

during 1970 to 1974 amounted to 7.4% of the average annual export earnings 

of the receiving countries . 

'I 
1 

1 
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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 2
• (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 migra.nts, 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. 



- 9 -

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 internal 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 i n the Equatorial forest zone. Usually the immigrants 

were hired for work on commercial plantations and sometimes by residen t ial 

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 bas become common now . 

1. 4 Wetland related health aspects 

The high incidence of many diseases has a great social and economie 

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 , às 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 var ious 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. 



- 10 - -

To diminish the occurrence and to prevent further spreading of the 

diseases, the transmission must be halted. Usually this is clone through 

integrated progrannnes 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 measures are 

still in an experimental stage. 

The environmental 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 economie losses, esp~cially 

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 corrnnunity participation as well as 

an intersectoral coordination with national and district health authorit{es, 

are essential. 
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2 THE ROLE OF RICE IN FOOD SUPPLY 

The place of rice amongst the ether 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.O. As far as possible three or five years averages are used. The 10 

countries of the inventory area ar e 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 . 8%) was 

about the same as in the arid area (6. 2% ) . 

Between 1970 and 1981 this percentage increased to 9.6% in the inventory 

area while it decreased to 5.2% in the arid area. 

In 1981, the relative importance of rice production was largest in 

Sierra Leone (75.6%), followed by Liberia (63.2%), 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 pr oducing 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 f oodcrops (x 1000 tons) 

Maize Millet Sor1hwn Tubers•) Pulses Groundnut Ri ce Total % Rice 
Country '69/7 ' 8 1 'f.9/71 . • 81 'b9/7 ' 81 69/7 1 ' 81 '69/71 '81 • 6917 1 '81 '69/71 '8 1 ' 69/71 '81 '69/71 ' 81 
Inventory 

area 

1. Benin 20 1 349 6 11 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 t.20 120 73 lt.7 142 1224 1117 13 Il 88 90 55 79 2064 1932 2.7 t..I 

"· Guinea 68 63 - - 8 5 216 261 36 32 7t. 83 364 330 766 774 t.7 .5 42.6 
5. Guinea Bissau 2 " 6 6 3 5 12 13 2 2 36 30 30 23 91 83 33.0 27.7 
6. Ivory Coast 257 300 3 1 t.8 14 35 764 1077 7 8 42 54 335 550 1450 2072 23 .1 26.5 
7. Liberia - - - - - - 101 120 2 3 2 3 184 216 289 -342 63.7 63.2 
8. Nigeria 1215 1580 2792 3230 3632 3835 8338 9592 849 903 1660 580 352 124 1 18838 20961 1.9 5.9 
9. Sierra Leone 10 14 6 9 6 11 39 43 27 32 20 20 t.74 400 582 529 81.4 75.6 

10. Togo 160 137 121 107 - - 292 334 22 21 20 35 18 21 633 655 2.8 3.2 

Sub-total 2685 3367 3425 3884 3862 411 3 p 1927 13984 1061 1181 2195 1075 1829 2931 26984 30535 6.8 9.6 

Arid area 

11. Chad 12 15 615 580 - - 10 1 132 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 2 19 17. 9 15. l 
13. Mali 67 80 784 930 - - 27 39 33 36 144 190 161 142 1216 14 17 13.2 10.0 
14. Mauretania 4 6 8 1 67 - - 2 3 20 26 2 4 l 6 11 0 J 12 0.9 5.4 
15. Niger 2 9 974 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 157J 2 . 8 1. 8 
Sub-total 19 1 278 3385 3882 790 1023 280 313 492 608 1455 15 11 430 415 694 1 8030 6 . 2 5.2 
Total W-Africa 2876 3645 68 10 7766 4652 5136 P2215 14297 1463 1789 3650 

.) dry tubers (• 1/3 of fresh tubers), includ i ng cassava, yam, swee t potato and taro 

2586 2259 3346 33925 38565 6 . 7 8.7 
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2. 2 Trends in r ice production 

The level of rice production in the various countr i es i n 1950, 1963, 

1970 and 1980 and the r elative change between 1950 and 1980 are presented 

i n Table 4. The area of rice production i s pr esented i n Table 5, whils t 

the yie ld levels of rice in kg per ha obtained i n thes e countries i n 

1950 , 1963 , 1970 and 198 1 are presented in Table 6 . 

2. 2. 1 Total production 

Table 4 shows that between 1950 and 1980 rice production in West Africa 

increased with an average of 130%, which is slightly more than the 

population increase of 109% over the same period, (see Paragraph 1.2 ) . 

Table 4 . Ri ce production 1950 - 1980 (x 1000 tons ) 

l 950i) 1963 2 ) 1970,) 1980 % increase 

"Inv entory 1950- 1980 

area 

1. Benin 0.4 1 4 16 3900 

2. Came roon 5 10 13 55 1000 

3. Ghana 23 35 55 62 170 

4 . Gu i nea 208 318 364 350 68 

5. Guinea Bissau 100 126 30 23 - 77 

6. Ivory Coast 104 22 0 335 5 11 391 

7. Liberia 178 161 184 243 37 

8 . Ni ger ia 250 348 352 1090 336 

9. Sierra Leone 274 336 474 5 13 87 

10. Togo 7 19 18 24 243 

Sub-to ta l 114 9. 4 1574 1829 2887 151 

Arid area 

11. Chad 12 27 42 45 275 

12. Gambia 20 33 39 34 70 

13 . Mal i 148 173 161 125 - 16 

14 . Mauretania - - 1 4 -
15 . Nig er 3 Il 34 32 967 

16. Senegal 52 102 11 8 59 13 

17 . Upper Volt a 11 34 35 29 164 

Sub- total 246 380 430 328 33 

Total West Africa 1395 . 4 1954 2259 32 15 130 
) 

1 a verag e of 5 years (1948/53) 
) 

2 aver age of 5 years (1961/65) 
) 

s average of 3 years (1969/71) 
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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 rnillion 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 58% and in the arid area by 

46%. 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 i) 1963 2 ) 1970 3 ) 1981 
Inventory 

area 

J. Benin 2 2 J 12 

2. Cameroon 6 Il 16 2J 

J. Ghana 20 34 55 8J 

4. Guinea J40 258 411 J80 

5. Guinea Bissau 7J 67 JO 37 

6. Ivory Coas t 202 249 286 475 

7. Liberia 261 214 154 180 

8. Nigeria 171 220 272 600 

9. Sierra Leone 316 273 331 400 

JO. Togo IJ 23 25 20 

Sub-total 1402 1351 158) 2210 

Arid area 

1). Chad JO 25 44 46 

12. Gambia Il 26 28 40 
13. Mali 182 178 158 172 
14. Mauretania 7 7 1 2 
15 . Niger 4 9 16 23 
16. Senegal 57 78 91 80 
1 7. Upper Volta 12 47 40 40 
Sub-total 276 J6J J78 40J 

[otal West Africa 1678 1 714 1961 261) 
i) 

average of 5 years (1948/53) 
2) 

average of 5 years (1961/65) 
1) 

average of J years (1969/71) 

j 
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2.2.3 Yields 

Table 6 shows that between 1950 and 1981, the average rice yield in West 

Africa increased by only 54%, in the inventory area by 62% and in the 

arid area by 16%. The present average rice yield (1281 kg / ha ) is still 

very low. 

In 1981 , rice yie ld s · ·varied from 622 to 285 7 kg/ha. Coun tries having low 

yields (less than 1000 kg/ha) were Guinea Bissau, Upper Volta, Mali, 

Gambia, Guinea and Ghana . Countries having high yields (over 2000 kg/ha) 

were Mauretania, Cameroon and Nigeria . 

However, yields vary strongly: in 1970 the yields i n Cameroon (84 4 

kg/ha) and Mauretania (1008 kg/ha) were low , while the yield in Niger 

(2090 kg/ha) was relatively high . 

Table 6 . Rice yields (kg/ha) 

1950 1 ) 

Inventory 
area 

1. Benin 190 

2. Cameroon 880 

3. Ghana 1150 

4. Guinea 610 

5. Guinea Bissau 1360 

6. lvory Coast 510 

7. Liberia 680 

8. Nigeria 1460 

9. Sierra Leone 870 

10. To~o 680 

Sub-total 820 

Arid area 

11. Chad 1180 

12. Gambia 1880 

13 . Mali 820 

14. Mauretania -
15. Niger 660 

16. Senegal 900 

17. Upper Volta 870 

Sub-total 891 

Total West Africa 832 

i) average of 5 years (1 948 / 53) 
2 ) . average of 5 years (1961/65) · 

i l average of 3 years ( 1969/ 71) 

1963 2 ) 

450 

930 

1030 

1230 

- 1870 

890 

75' 

1580 

1230 

810 

1165 

1100 

1280 

970 

-
1190 

1320 

710 

1047 

1140 

1970 3 ) 1981 

1372 1345 

844 2391 

1000 952 

886 868 

994 622 

1168 1158 

1194 1200 

1293 2068 

1431 1000 

709 1050 

1155 1326 

963 1022 

1414 825 

1017 823 

!008 2857 

2090 1665 

1293 1500 

869 725 

.1138 1030 

1152 1281 
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Figure 2 illustrates that, while cereal yields in Asia and Latin America 

have increased since 1965, those of Africa have rernained stagnant and 

low. 

kg/ha 

2000 

1 750 

1 500 

1 250 

1000 

750 

Asia -----­"----
Lalin America 

-·· --· ... 

~~::>aharan Afnca ________ ....-- ------ --- ...... -------------- ............... ...,,,.....--' 

500'--~~~-'-~---''--~-'-~~'--~-'-~---''--~-'--~--'~~-'-~-"-~~'--___J 

1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 

Figure 2. Trends in cereal yields 1965 - 1978. 

Source: USDA (1981) . Food problems and prospects in Sub-Saharan Africa. 

2.3 Trends in rice import and self-suff iciency 

Quantities of rice imports and their changes during the 3 decades of 

1950 to 1980 for the various countries are presented in Table 7. The 

rate of self-sufficiency in rice production over the sa.me period is 

given in Table'8. 

2. 3. 1 Import 

Table 7 shows, that between 1950 and 1980, the rice import in West 

Africa increased tremendously, from less than 15 thousand to almost 1.4 

million tons (an increase of more than 9000 %). 

Countries which imported over 100 000 tons in 1980 were Nigeria, Senegal, 

Ivory Coast and Guinea. 
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Table 7. Rice imports 1950 - 1980 (x 1000 tons) 

1950 i) 

J nv"nlory 

area 

1. Be nin -
2. Carne roon 3.2 

3. Ghana 3.5 

4. Guinea 1. 2 

5. Guinea Bissau -
6. lvory Coast -
7. Liberia 2. 7 

8. Nigeria 0.3 

9. Sierra Leone 0.2 

10 . Togo 0.3 

Sub-total Il. 4 

Arid area 

Il . Chad -
12. Cambia · 3. 3 

13 . Mali 7 

14 . Mauretania -
15 . Niger -
16. Senegal -
1 7. Upper Volta -
Sub- total 3.3 

rrotal \Jest Africa 14. 7 

i) average of 5 years (1948/53) 
2 ) increase between 1963 and 1980 

1963 1970 . 1980 

"· 3 7.6 20 

3.5 7.8 18 1> 
26.8 53. 1 34 

20 . 0 Il. 7 128 

3.1 13 .3 12 

25.6 78.8 230 

35 . 9 49.0 87 

1.3 1.8 387 

21. 2 86.9 41 

3.0 3. 1 12 

144. 7 313. 1 969 

0 . 2 - 2.4 

8.2 14 . 2 26 

7 . 7 18 

- 15.8 50.7 

2. 1 - 27 

100 . 5 119 . 2 275 

3.1 - 29 

114. 1 149.2 428 . 1 

258,8 462.3 1397. 1 

i) in 1980 Cameroon imported 20,700 ton& and exported 2,800 toni 

% increa&e 

365 2 ) 

463 

871 

10,500 

287 2 ) 

800 2 ) 

3' 122 

130,000 

20,400 

3,900 

8,400 

1' 100 2 > 
688 

-
-

1,186 2 ) 

174 2 ) 

835 2 ) 

12,873 

9 ,404 

Rising food imports are attributed to many factors such as population 

growth , lagging domestic production, availability of food aid, overvalued 

local currency exchange rates which aften make imported cereals cheaper 

than domestic supplies, increasing urbanisation and the accompanying shift 

of consumer preference from cassava, yams, millet and sorghum to rice and 

wheat . 

2. 3 . 2 Self- suf f iciency 

Table 8 shows, that not one country in West Africa is self- sufficient in 

rice production. Total rice import in 1980 (about 1. 4 million tons) was 

only slightly less than domestic rice production (1.8 million tons ) . 

Self- sufficiency was lowest in Mauretania and Senegal, followed by 

Benin, Upper Volta, Niger , Gambia and Ghana , where import of rice was 

equal or higher than domestic production. 
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Table 8. Rates of self-sufficiency 1
) in rice production 1950 - 1981 (%) 

1950 2 ) 1963 1970J) 1981 

lnventory 

area 

1. Benin 100 Il 23 31 

2. Cameroon 46 61 48 59 

3. Chans 78 42 36 50 

4, Guinea 99 90 95 60 

5. Guinea Bissau 100 96 55 51 

6. lvory Coast 100 83 70 55 

7. Liberia 97 71 67 61 

8 . Ni geria 100 99 99 61 

9. Sierra Leone 100 90 75 87 

10 . Togo 92 78 77 52 

!Sub-total 98 86 76 62 

Arid a rea 

IJ. Chad 100 99 100 91 

12. Cambi a 77 69 60 42 

13 . Mali 7 7 7 79 

14. Mauretania 7 7 3 4 

15. Niget 100 74 100 40 

16. Sene al 100 36 35 11 

17. Upper Volta 100 86 100 36 

!Sub-total 98 65 61 30 

tfotal \lest Africa 98 81 73 56 
i) 

Self-sufficieocy rate is calculted as domestic paddy production less 10% 
losses and 5% seed, times 65% conversion rate, devided by total rice supply 

z) (domestic production plus import ) , 
J) Aversge of 5 y~arH (1948 / 52), 

Average of 3 years (1969/71). 

Self-suffuciency in rice was highest (over 80%) for Chad and Sierra 

Leone. Between 1950 and 1980, the self-sufficiency for West Africa 

deteriorated from almost 100% to 56%. The situation is worse in the arid 

area (30%) than in the inventory area (62%). 

2. 4 Trends in rice supply and consumption 

The rice supply, comprising domestic production and import, and its 

changes during the period 1950 to 1980 in the various countries are 

presente·d in Table 9, whilst the per capita consumption or' rice and its 

changes are presented 1n Table 10 . 
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2. 4. l Supply 

Table 9 shows, that between 1950 and 1980 the rice supply in West Africa 

increased by over 3007., in the arid area by 3387. and ic the inventory 

area by 2977.. Only in Guinea Bissau the rice supply decreased. 

Increases were highest (over 5007.) in Benin , Senegal , Ivory Coast, 

Cameroon, Upper Volta, Nigeria and Togo. Increases were relatively small 

(less than 2007.) in Mali, Sierra Leone, Liberia, and Guinea. 

Table 9 . Rice supply 1
) 1950 - 1980 (x 1000 tons) 

1950 2 ) 1963 1970 1980 
lnventory 

area 

1. Benin .22 4.9 9. 8 28.8 

2. Cameroon 6 9.0 15 48 . 4 

3. Ghana 16 . 2 46. 1 83.5 68.3 

"· Guinea 116. 1 195 . 7 212.8 321 . 4 

5. Guinea Bissau 55 72 . 7 29 . 9 24 . 7 

6 . Ivory Coast 57.5 147. 2 263 . 9 512.3 

7 . Liberia 101 12/,. 9 150.7 221 . 3 

8 . Nigeria 138. 4 193.6 196 . 3 989 . 2 

9. Sierra Leone 151. 6 206.8 348.8 324.4 

10. Togo 4.2 13.5 13 25 . 3 

Sub-total 646.4 1014.3 1323 .6 2564.1 

Arid area 

1 J. Chad 6.6 15. l 23.2 27.3 

12. Gambia 14.t. 26.4 35.7 t.4.8 

13. Mali 82 95.6 89.0 87 .1 

14. Mauretania - - 16.4 52.9 

15 . Niger l . 7 8 . 2 18 . 8 44.7 

16. Senegal 28.7 156.9 184 .4 307.6 

17. Upper Volta 6. 1 21. 9 19 .3 45 

Sub-total 139.2 324. 1 475.8 609.3 

Total West Africa 785.6 1338.4 . 1799 . 4 3173.4 

i) Rice supply is domestic rice production (less losses and seed) 

plus import. Export is negligible 
2 ) Average of 5 years (1 948/52) 

2. 4 . 2 Consumption 

% increase 

1950-1980 

13000 

707 

322 

177 

- 55 

791 

119 

6 15 

114 

502 

297 

314 

2 11 

6 

-
253 

972 

638 

338 

304 

Table 10 shows, that rice consumption per capita in West Africa differs 

widely. In most West African countries, rice consumption is not large. 

The main staples in the inventory area are cassava, yam or maize , and in 

the arid area millet or sorghum. 



- 20 -

Rice is a staple food only in Liberia and Sierra Leone, while in Gambia 

it shares the place with millet, in Guinea with cassava, · in Ivory Coast 

with maize and cassava, and in Guinea Bissau with groundnut. 

In 1980, rice consumption per capita in Nigeria, Ivory Coast and Togo 

was roughly 3 times the amount in 1950, in Cameroon and Upper Volta 

roughly 4 times, in Senegal roughly 5 times, and in Niger and Benin even 

more. 

Table 10. Rice consumption in West Africa 1950 - 1980 

(in kg per capita per year) 

1950 1963 1970 1980 % increase 
1950-1980 

lnvcnrory area 

1. Benin o. 14 2. 2 3.6 8.2 6000 

2. Cameroon 1. 5 1.8 2.2 6.1 307 

3. Ghana 3. 1 6. 3 9. 7 5.8 86 

4. Guinea 52 . 0 56.5 54.3 64. 1 23 

5. Guinea Bissau 108.0 139 . 0 61.0 43. 1 - 60 

6. lvory Coast 22.0 37.5 50 . 0 63.8 190 

7. Liberia 117 .0 120.0 112.0 112 . 5 -4 

8. Nigeria 4 . 0 3.5 3.5 12. 8 220 . . 

9. Sierra Leone 76.0 90.0 130.0 93.4 23 

10. To~o 3.5 8.6 6.6 9.6 174 

Sub-total 11. 2 12.3 14.7 21 88 

Arid area 

11. Chad . 2. 5 4.7 6.4 6. 1 144 

12. Gambia 55.0 83.0 78.0 74. 3 35 
-· 

13. Haq 24.0 22.0 17.6 12.6 - 48 

14 . 1-Wuretania - - 13.2 32.4 -
15 . Niger 0 . 7 2.4 4.7 8.4 1100 

16 . Senegal 11.6 47 . 0 43.2 54. 3 368 

17 . Upper Volt.o 1. 7 4.8 3.6 6.5 282 

Sub-total 8.8 16.1 19 . B 19. 3 119 

Total West Africa 10. 7 13.0 15.8 20.6 93 

For the whole of West Africa rice consumption per capita almost doubled 

between 1950 and 1980 . Generally, rice consumption sharply increased in 

countries where it was very low in 1950, but it remained stable or 

declined slightly in countries where it was relatively high in 1950 

(Liberia, Sierra Leone, Gambia and Guinea). 

The sharp increase of rice consumption in some countries is likely due 

to urbanisation. Rice, being a convenience food, can more easily be 

traded, stored and prepared than maize, sorghum or millet , (which first 

have to _be ground) or tubers (which cannot be stored for l_ong) . 
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The levelling off of the relatively high rice consumption rates is 

likely due to the increased competition in towns, but also in villages, 

of bread made of imported wheat, which does not need further preparation 

at home. 

Mali and Guinea Bissau are exceptions. In Guinea Bissau the decrease of 

the consumption rate since 1950 is due to political disturbances and the 

departure of many Portuguese . In Mali, the consumption rate decreased 

because of the doubling of the population between 1950 and 1980, whilst 

the production remained almos t the same , i.e. 148,000 tons in 1950 and 

125,000 ton in 1980 . The latter figure is the production in 1980, but 

should be compared with the 3- years average over 1979 to 1981 of 148,000 

tons. 
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3 POLICIES AND PROSPECTS 

Worldmarket prices for rice fluctuated considerably and were unprecedentedly 

high in 1974. The high price and ever increasing imports have led to the 

goal of self-sufficiency in the West African countries. To attain this 

goal various measures have been taken. Internationally, 15 West African 

countries have formed the West African Rice Development Association 

(WARDA, or in French ADRAO) . 

Nationally, various farms of subsidies are extended to rice producers 

and consumers. In the subsequent paragraphs the prospects of self­

sufficiency, the marketing and price policies and the possible impact of 

valley development will be discussed. Generally, the prospect of self­

sufficiency is rather bleak, whilst the casts of the various production 

factors do not enhance rice production in many West African countries, 

although the physical potential of valley development is large . 

3. 1 Prospects of self-sufficiency 

The WARDA (1980) projections of the annual growth rates of population, 

per capita income and rice consumption, together with the annual income r 

elasticity for rice over the period upto 1990, are presented in Table 11. 

For these projections the 1974 to 1978 data have been extrapolated to 

1990 . Assumptions of the rates of growth of population and annual real 

per capita income are based on World Bank, WARDA and governmental statistical 

documents. Estimates of income elasticities of demand are based on 

studies in West Africa and elsewhere. 

On the basis of the projections mentioned in Table 11, WARDA has made 

projections of the rice demand, the production and the self- sufficiency 

in 1990, for its member states. They are presented in Table 12 . 

For the 9 countries Gambia, Ivory Coast, Liberia, Mali, Mauretania, 

Niger, Senegal, Sierra Leone and Upper Volta, rice production in 1990 is 

estimated by WARDA on the basis of assumed capacities to further expand 

rice production in the 1980's. 

11 
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Table 11 . projected annual growth rated of population, per capita income 

and rice consumption, and income elasticity for rice (1974/78 to 1990) . 

--
Population lncome lncome Rice consumption 

growth growth elasticity growth ra te (%) 

ra te (%) rate (%) 

Inventory area 

1. Benin 2.0 J . O 0.7 2.7 

2. Cameroon 2.5 1 ) 2.8 2 > o . 8 '> 4.7 

3. Ghana 2.7 1.0 0.6 3.3 

4. Guinea 2.2 1.0 0.4 2.6 

5. Guinea Bissau 2.2 1. 0 0.4 2.6 

6. Ivor y Coast 4.0 2.0 0 . 3 4. 6 

7. Liberia 3. 0 1.5 0.4 3.6 

8. Nigeria 2.6 5.5 0 . 8 7.0 

9. Sierra Leone 2. 1 1. 0 0.3 2.4 
' JO. To20 2. 6 2. 0 0.7 4. 0 

Arid area 

11. Chad 2. 3 1 ) - 0 . 62 ) 0 . 6. ) 1. 9 

12 . Gambia 2.4 5.0 0.4 4.4 

13. Mali 2.5 1. 0 0.5 3.0 

14 . Hauretania 2. 6 3.0 0.6 4.4 

15. Niger 2.8 1 .0 0.6 J.4 

16. Senegal 2.6 1 .0 0.4 3.0 

17. Upper Volta 2.0 1. 0 0.6 2.6 

· Source: WAR.DA Occasional Paper Nr. 1, 1980 
i) D h" emograp ic Yearbook 1980 . Annual rate of increase 1975-80 
2 ) 

World Bank 1980 Atlas. Annual growth rate GNP/capita 1970- 1980 
3 ) Assumed the same as for Nigeria . 

•> Assumed the same as f or Niger. 

For the other 6 countries the production is projected on the assumption 

that the average annual growth rate achieved during the 14,5 year -

period 1960/64 to 1975/78 is maintained during the 1980's. 

WARDA (1980) computed a self-sufficiency rate for its member states of 

0.68, based on the production and import data in the period 1975 to 

1978. As is shown in Tab le 12, WARDA expects this rate to grow slightly 

to 0 .70 in 1990 . 
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Table 12. Projections of demand, productiorun trade position and self­

sufficiency rate of rice for 1990 (x 1000 tons) 

Demand Product ion Trade Self- sufficiency 

position rate 

Inventory area 

1. Benin 28.8 32 . 1 - 3.3 1. 12 

2. Cameroon 1 ) 81.4 76.3 5. 1 .94 

3. Ghana 134.0 75.0 59.0 .64 

4. Guinea 366.4 339 . 9 26.5 • 92 

5. Guinea Bissau 52.1 51. 6 0. 5 .99 

6 . lvory Coast 599.7 394.0 205.7 . 66 

7. Liberia 299 .2 224.0 75 .2 • 75 

8 . Nigeria 1301. 4 513.8 787 . 6 . 40 

9. Sierra Leone 496.4 541.0 - 44.6 1. 09 

10. Togo 33 . 9 10.7 23.2 .32 

Sub-total 3393. 3 2258.4 1134. 9 . 67 

Arid area 

Il. Chad i) 33.0 40.6 - 7.6 1.23 

12. Cambia 78.4 50 . 0 28.4 . 64 

13 . Mali 196 . 7 291 . 0 - 94 . 3 1. 48 

14 . Mauretania 74.2 35.0 39 . 2 .47 

15. Niger 37.3 41.4 - 4.1 1.11 

16. Senegal 400.8 211. 3 189.5 .53 

17. Upper Volta 49.7 53.7 - 4.0 1. 08 
' 

Sub -total 870.1 1 723.0 147 . 1 .83 

Total West Africa 4263.4 298 1 .4 1282.0 .70 

Source: WARDA Occasional Paper Nr. 1. 1980 
i) 

Non-WARDA members: data derived from Table Il and production figure of 

1980 and trends 1950 - 1980 f r om Paragraph 2.2. 

However, from Table 8 (Paragr aph 2.3.2), it can be learned that this 

would imply a very drastic change in the trend of the past . If the trend 

of the past (1950 to 1980) continues, then the situation in 1990 will be 

as is presented in Table 13, showing a substantially lower self-ufficiency 

rate (0.53) in 1990 , then projected by WARDA (0 .70). 
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Table 13. Projections for production, import supply and self- sufficiency 

in 1990, based on trends of the past (x 1000 tons) 

1950 1970 1990 

ln\'••ntory area product ion 635 1010.5 1600 

import 11.4 313. 1 1111 

supply 646.4 1323.6 2711 

self-suf ficiency ra te 0.98 0.76 0.59 

Arid area ; product ion 135.9 237.6 410 

import 3.3 149.2 665 

supply 139.2 386.8 1075 

self-suff ciency rate 0 .98 0.61 0.38 

Mest Africa product i on 770 . 9 1248 . 1 2010 

import 14.7 L.62.3 1776 

supply 785 . 6 1710 . L. 3786 

self-sufficiency rate 0.98 0.73 0.53 

3 . 2 Rice marketing and price policies 

Only about 4% of the world's rice production is traded in the free 

market. The majority of this amount comes from the United States (23%) . 

Thailand (18%) and China (15%), with smaller contributions from Japan 

(7%), Burma (7%), Eg)rpt (5%), Italy (5%) and Pakistan (5%) (WARDA, F 

1975) . Thus the world market price is dependent upon production in a few 

countries and is subject to considerable fluctuation, The latter is 

demonstrated in Table 14, showing a relatively low world market price 

during 1970 and an unprecendently high price in 1973/1974. 

Table 14. Fluctuations in world market prices of rice (US$ per ton) 

Thai 5% broken Texas no . 2 

Year f.o.b. Bangkok f.o.b. Houston 

1970 143 222 

1973 299 700 

1974 543 486 

1976 255 354 

1981 484 565 
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With regard to the demand, rice will become increasingly important in 

most West African countries. It is not only the urban high income con­

sumer who demands rice, but also institutions such as schools, hospitals, 

military establishments and hotels. 

The Governments' policy to promote domestic rice production includes in 

most cases a subsidy to rice producers, adding to the diversity of rice 

prices in the various West African countries, as is shown in Table 15. 

Table 15. Average producer price 1970 - 1974 in US$ per ton 

of paddy (= unhusked rice) 

Benin 144 Gambia 168 

Ghana 310 Mali 80 

Ivory Coas t 260 Mauretania 240 

Li be r ia 264 Niger 140 

Ni geria 480 Senegal 166 

Sierra Leone 150 Upper Volta 180 

Togo 160 Arid area 162 

Inventory area 253 West Africa 21 1 

(Source: WARDA Rice Statistics Yearbook 1975). 

N.B. Producer price in Cameroon in 1975 was $ 130 and in 1977 $ 157 

per ton paddy (Baudet, 1981). 

Table 15 shows that in 1970 to 1974, the by far lowest farmers' (=producers') 

price for paddy was paid in Mali (US$ 80/ton), followed by Niger , Benin 

and Sierra Leone . The average farmers' price in the arid area (US$ 

16 2/ton) was substantially lower than in the inventory area (US$ 253/ton) . 

The highest price was paid in Nigeria (US$ 480/ton) followed by Ghana, 

Liberia, Ivory Coast and Mauretania . 

Only in Mali was the farmers' price substantially below the world market 

price for rice . To compare the farmers' price for paddy with the world 

market price fo r r ice , the following calculation is made . 

The farmers' price (= paddy price) of US$ 80/ton (as for Mali) is equivalent 

toa rice price of US$ 123/ton (outturn 65%). Including milling and 

distribution costs of US$ 85/ton, the wholesale price for rice becomes 

US$ 208/ton. 
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During the period 1970 to 1974, the average world market price for Thai 

white long grain 5% broken f.o.b. Bangkok was US$ 252/ton and for Texas 

long grain no . 2 f.o.b. Houston was US$ 390/ton (Table 14). Hence, none 

of the countries of West Africa except Mali, were able to compete with 

the world market and this situation has remained so. At the national 

level it appears that importing rice is cheaper than producing domestically. 

This is illustrated by the example of the producers' price in Ivory 

Coast as presented in Annex I. In this annex the producers' price is 

dealt with in more detail . Between the various rice production techniques 

in Ivory Coast, the net private profitability (NPP =farmers ' profit) 

ranges from 8.0 to 58.8 FCFA/kg milled rice and the net social profi­

tability (NSP = profitability at national level) from - 44.6 to + 8.5 

FCFA/kg milled rice. This implies that the Ivorian government heavily 

subsidises domestic rice production, which costs are far higher than 

average world market prices . Nationally domestic rice production is only 

justif ied for on-farm and in-village consumption. 

Compared with other crops, rice production in Ivory Coast has the highest 

resource/cost ratio. At the national level it is economically more 

profitable to produce coconuts, cocoa, pineapple, coffee, palmoil, 

·maize, cotton and groundnuts, as is shown in Aru1ex I. 

Compared with Ivory Coast, the situation is better in Benin, Sierra 

Leone and Togo, about the same in Liberia and worse in Ghana and Nigeria. 

3 . 3 Potential of inland valley development 

In Volume II, Paragraph 3 . 4 . 3, the area of streamflow valleys has been 

estimated at over 10 million ha (between 4.5 and 10% of the inventory 

area). These valleys are suited to rice production. At present this 

potential is little used for rice growing. However, if only 10% of the 

streamflow valleys be developed up to 1990, assuming a yield of 2 tons 

paddy per ha and a cropping intensity of 150%, paddy production would 

increase with 3 million tons to about 6 millions tons of paddy, equivalent 

to about 3.5 million tons of rice. In this case the self-sufficiency 

rate in West Africa would become about 0.78 in 1990. This is much more 

than the projection shown in Table 13, (0 .53 ) and higher than the WARDA 

projection in Table 12, (0.70). 
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The above example suggests that the development of streamflow valleys 

would have a considerable impact on rice production in West Africa. 

However, the development of such large areas of scattered valleys is an 

ambitious and tremendous exercise. 

There are many constraints, not only in terms of financing, insufficient 

technical manpower or inadequate extension services, but also at the 

farm level . These farming system constraints are discussed in Paragraph 

4.2 . If the national governments wish to promote rice production in 

inland valleys, they have to enforce the capacity and skills of the 

extension services, including the ' establishement of local research 

facilities on rice-based smallholder farming systems in the wetlands . 

1 

1 

1 
I, 

1 
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The Guinea and Equatorial zones have a natural vegetation cover related 

to the subhumid and humid tropical climates respectively. The high 

rainfall savannah of the Guinea zone consists of a deciduous to evergreen 

tree park landscape interspersed with tracts of grassland. The Equatorial 

zone has an evergreen forest, which originally was very dense. Due to 

human interf erence the climax vegetation in both zones has largely been 

lost and it has given way to a sub-climax (or derived) vegetation and 

cultivated land . 

Generally, scarcity of land is not (yet) a restriction to erop production. 

Although local variations exist, valley land if not included in development 

schemes, is generally in use- ownership of the community . The right of 

occupation by individuals is usually decided upon by the community and 

i ts leaders. 

Accurate data on the area and production of rice on the hydromorphic 

soils of inland valleys (streamflow and partly also overf low valleys) 

are not available . In West Africa rice is mainly grown: 

on the well drained uplands by smallholders in areas where rainf all 

exceeds roughly 1300 mm per year (most of the inventory area). 

under irrigation in vast areas of hydromorphic soils (riverplains, 

deltas and swamps) in schemes adopting high levels of technology. 

National statistics showing r ice production in quantity and area, if 

available, are usually not specific on valley rice production . It is 

therefore not possible to indicate the area of stream flow valleys used 

for rice cultivation and the yields. 

Nevertheless, some general remarks can be made . 

a. Land including valley land, is hardly ever unused . If not cultivated, 

valley land is used for livestock production (especially in the more 

arid areas) or it provides collected food, or material for industrial 

activities such as housebuilding, basket work etc. Often, inland 

valleys or par ts thereof (mostly the peripheries) are used for 

growing some vegetables or staples (including rice) not much different 

from the crops also grown on the upper parts of the catena. 
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In the eastern part of the inventory area (from Ivory Coast to Cameroon), 

cash crops such as cocoa and oilpalm are aften grown in a traditional 

way in the valleys or along their periphery. 

b. In the western part of West Africa rice has been grown by smallholders 

in the inland valleys for longtimes especially in the Guinea savannah 

zone, where rice has been an important staple erop. According to Mohr 

(1969) this area comprises the upper catchments of the Casamance and 

Gambia rivers, south Mali - Upper Volta, north and west Ivory Coast 

(Korhogo and Man), Guinea, north Liberia - Sierra Leone and Guinea 

Bissau . In this region valley rice cultivation is still wide- spread. 

East of Ivory Coast rice is not a main staple , but it used to be 

grown in the valleys of the Oti and Mono basins in Togo, the Alibory 

basin in north Benin and around the population centres of north 

Nigeria i . e. Kano, Zaria and Bida . In the past, rice production has 

declined here, but it has been re-encouraged by the governments, very 

r ecently . 

In the climatically less suitable Equatorial forest zone (see Volume 

II , Paragraph 2) , rice production is of rather recent date and is not 

widely practised . It has usually been introduced by immigrants. In 

this way rice cultivation started in central , southwest and southeast 

Ivory Coast, in southwest and southeast Ghana and southeast Nigeria 

and west Cameroon. For example, settlers and migrant labourers started 

the cultivation of rice in the valleys of Cross River near Abakaliki 

in southeast Nigeria as recently as the 1940's. At present, rice 

production in this area has developed into a flourishing industry, 

despite of the (almost sacral) preference for yam by the original 

people. 

c. Governments encourage rice production. During World War II this was 

done to raise food for the armies. More recently governments are 

aiming at self- sufficiency . Although rice development programmes are 

more aften found in non traditional farming systems on the hydromorphic 

soils of the large tracks of wetlands, they include smallholding farmers 

in the streamflow and overflow valleys . 

1 

1 

i 1 

1 

i 1 

1 
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4.2 Farming systems 

A farming (or farm or agricultural) system has been defined by Okigbo 

(1979) as consisting of an enterprise or business in which sets of 

inputs or resources are uniquely orchestrated by the farmer in such a 

way as to satisfy needs and to achieve desired objectives in a given 

environmental setting. In West Africa, the farming system comprises the 

activity of one or more individuals, usually a family unit, with some or 

all members of the family participating for part or most of the time in 

farm work. A cropping system refers to the kinds, combinations and/or 

sequences of activities in time and space, in addition to the practices 

and technologies, used in the production of the crop(s) in a specified 

area to satisfy the needs of growers and users . Consequently , Okigbo 

(1979) considers cropping systems as equivalent to or components of 

fanning systems . Farming systems in West Africa are described in Annex 

II. In smallholder fanning, differences in systems are basically deter­

mined by the need of farmers to avoid risks or, if that is not possible, 

to spread risks. These risks arise from the cons traints encountered by 

the farmers in their efforts to produce. The constraints may be of 

physical, biological and socio-economie nature. For the inventory area 

they are: 

a. Physical constraints (see also Volume II). 

- Unreliability of rainfall and unpredictability of periods of 

drought and floods. 

- Cloudiness and reduced photosynthetic efficiency. 

- Poor soil conditions, because of intensive weathering (due to high 

temperature and humidity), low inherent fertility (low cation 

exchange capacity, low organic matter content, nutrient deficiencies, 

high P-fixation, etc), acidity , toxicities and low water storage 

capacities. 

b. Biological constraints . 

- Unimproved crops (and livestock), usually associated with low yield 

potentials. 

- High incidence of erop (and livestock) diseases and pests and 

abundancy of weeds, due to unfavourable environment. 
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- Deterrence of human diseases, such as the wetland related river 

blindness, bilharzia, guinea worm and malaria. 

- The impossibility to use animal traction due to the prevalence of 

the tse-tse fly, in some areas, spreading sleeping sickness. 

- Degrading effects of changes in the environment (erosion and loss 

of fertility). 

c. Socio-economie constraints. 

- Land fragmentation related to increasing population pressure on 

land. 

Poor infrastructure in terms of road and transport systems, mar­

keting and milling facilities, resulting in high transport costs 

and low farmers' prices. 

- Unavailability at the time required and/or the high costs of 

modern inputs, such as improved seeds, fertilizer, insecticides and 

machinery (both animal and mechanical traction) . Repair facilities 

for the latter are often inadequate. 

- High cost and low productivity of labour. 

- Lack of credit, poor pricing structures and low incomes . 

- Lack of research and package approach to technology development and 

use. 

- Little effective technology transfer through extension services, 

often resulting in inappropriate inputs. 

Within a given environment the farmer has adapted his farming system to 

the constraints encountered by him. Changes in these constraints will 

lead to the farmer altering his farming system . 

However, this is a very slow process, due to the very little flexibility 

such systems usually has. This is mainly because of the inherently 

meagre financial resources, but often also because of the economically 

(and socially) inadequanteness of new techniques and inputs offered to 

the farmer. 

4.3 

4.3.1 

Rice cultivation on valley land 

Traditional husbandry 

The indigenous rice species Oryza glabberima (together with its close 

relat_ive O. breviUgulata) has been grown for many cent~ries in the 

Gambia to Sierra Leone region, the highlands of Guinea - Liberia and in 

the inland delta of the Niger river (Mali). 
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This culture was very primitive and stagnant. Recent efforts to expand 

rice production have concentrated on O. sativa, introduced from Asia. 

According to Buddenhagen (1978) the latter is grown under widely differing 

ecological conditions and on all kinds of soils, though some are frequently, 

other s are rarely used. 

The bulk of rice is produced either on upland soils or on hydromorphic 

soils of large floodplains, deltas and swamps, irrigated or not. 

Rice production in the smaller inland valleys has received attention by 

research workers and development agencies during the last 20 to 40 

years. Here, production has incr eased substantially (mainly because of 

areal expansion), although this increment is hardly quantifiable. 

According to Chabrolin (1977) bush clearing and tillage of the wet soil 

by hand hoeing or shallow ploughing with draught animals, is followed by 

br oadcasting of the seed at a r ate of 70 to 100 kg/ha . Sometimes trans ­

pl anting is done , but no t i n r ows . Dur i ng t he seedling stage t he r ice is 

usually competing with many weeds. Weeding may be done, once or twice by 

hand, but aften not at all, because it is a long and tiring job or rice 

fields are toa far from the villages. Fertilizers are very little 

applied, if at all. Quite aften the fields are left untended when they 

become flooded until harvest time. Yields under these conditions are ~ 

very low and range from 0.5 to 1.0 ton per ha on the poor, coarse textured 

soils overlying sedimentary sandstones and basement complex granites. On 

the finer textured and more fertile soils overlying sedimentary clay­

stones and shales and basement complex schists and gneisses, yields 

range from 1.0 to 2.0 ton per ha . In good years yields may reach up to 3 

ton/ha. 

Typical for the traditional systems of rice cultivation is the wide 

choice of varieties available to the farmers. Varieties of different 

length of growing period , but also of different stalk length may be 

grown in one farmer's field, thus spreading the risks of damage by 

flooding and/or drought (wetland and upland varieties) . 

Under 'improved' traditional management the most significant improvements 

are better water control and distribution, adapted varieties, pest and 

disease control and fertilizer application. If mineral fertilizers are 

used, the effect may be very disappointing on coarse textured soils. 

i 1 
1 

1 

i 1 
1 
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The fertilizers are easily leached out of reach of the plant roots and 

yields tend to remain low, 1.w. in the order of 1.0 to 2.0 ton/ha. the 

effect of the fertilizer on the fine textured soils is relatively high 

and yields may be in the order of 3 to 5 ton/ha, if appropriate varieties 

are used. 

4.3.2 Scope of rice production improvement 

Moormann and Veldkamp (1978) conclude that considerable land areas in 

Wes t Afr ica ar e sui t ab l e fo r · r ice cultivation t o a var ying degr ee f r om 

the point of view of soil and hydrological conditions. However, few 

soils of the uplands in the Guinea savannah and Equatorial forest zones 

lend themselves to a system of permanent cropping. the prospects for the 

development of such cropping systems are considerable better on the 

hydromorphic soils , of wh i ch over 10 million ha are found i n the small 

inland (or streamflow) valleys in West Africa. Rice is the only major 

annual food erop (with the partial exception of avoids) whiéh thrives 

on land which is water saturated or even mnundated during part of all 

of the growing cycle of rice. 

Economically, the main incentives to improve and to increase rice production 

in West Africa are: 

the rapid increase of rice demand in the low rice consuming countries; 

the decreasing self- sufficiency rate in all West African countries except 

Cameroon; 

the large potential to increase rice yields (which are much lower 

than in Asia or Latin America); 

the large area of small inland valleys (10 to 20 million ha) suitable 

to rice production which are a virtually untapped source upto naw; 

the Governmental objective to attain self-sufficiency in rice, thereby 

providing large amounts of subsidies in most West African countries 

(except Mali and Sierra Leone) to promote domestic rice production. 

Provided that economically (and socially) adequate techniques and inputs 

are timely made available, the farmers will respond to the incentives 

metioned above. Because of the meagre financial resources it will be a 

slow process (Paragraph 4.2). 
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The logical sequence of development will be from the simple, non-improved 

utilization of unland valleys with sufficient additional water over and 

above the water provided by rain, towards the improvement of such valleys 

by levelling, bund and in a later stage, controlled irrigation. 

This development sequence can already be seen at present in various 

parts of West Africa. While most small inland valleys and other hydromorphic 

areas are still undeveloped with regard to land and water management, 

there is a definite trend towards their better utilization. Many of 

t hese lands are now continuously in use for rice (and other crops) 

without fallowing. 

Winch and Kivunja (1978) concluded that the ability of farmers to respond 

to the incentives mentioned above and to increase the supply to the 

market, will depend primarily upon the: 

quantity of labour, suitable land and capital under their control; 

existing production techniques; 

existing production constraints; 

access to additional resources and techniques ; 

relative profitability of rice as compared to crops in their farming 

system; 

possibility and cost of reducing present rice production constriaints; 

perceived risk associated with new planting material and techniques. 

An additional constraint related specificially to the development of the 

streamflow valleys is their scattered and very diverse pattern. Resulting 

in relatively small rice areas with numerous different and complex 

farming systems. 
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Rice research in West Africa began in t he 1920's with Moor Plantation in 

Ibadan, Nigeria. 

The oldest rice research station in West Africa is Rokupr in Sierra 

Leone which started in 1934 . The rice research station at Badaggi in 

Nigeria was established in 1953 . Rice research was conducted at Kumasi 

and Kpong in Ghana, at Harbel and later at Suakoko in Liberia and at Spu 

i n Gambia . 

Rice research in West Africa benefitted from the f indings by the Inter­

national Rice Research Institute (IRRI) in the Philippines , the International 

Institute of Tropical Agriculture (IITA) established at Ibadan, Nigeria 

in 1967, and the West Africa Rice Development Association (WARDA) established 

at Monrovia , Liberia, in 1971 . 

The Rice Improvement Programme of IITA has close cooperation with IRRI, 

WARDA and IRAT (the research institute on tropical agriculture in franco­

phone African countries) and with the national rice improvement program-

mes of Nigeria, Sierra Leone and Liberia. 

The major objective of IITA's Rice Improvement Programme is to develop 

varieties adapted to the major African rice ecosystems, with stable and . 

high yields and adequate quality. The specific erop properties differ 

with the constraints in each eco-system. For wetland irrigated rice, 

resistance to fungi (which become damaging under unbalanced nutrition), 

resistance to high iron concentration levels and resistance to unbalanced 

Fe, Mn, K and P levels, are all factors influencing rice breeding efforts. 

Modern rice varieties need to be high-yielding, fertilizer responsive, 

improved plant types resistant to diseases and insects, tolerant to soil 

toxicities and to have acceptable grain quality (Vermani et al. , 1978) . 

Presently, IITA within its Farming Systems Programme (F .S.P.) is establish­

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

the OFAR is to test the improved soil and erop management technologies 

on farmers' field through a network involving IITA, national research 

and training institutions, and World Bank and EC supported national 

agricultural development projects (ADPs). 
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WARDA was established to assist the 15 member countries · (Benin, Gambia, 

Ghana, Guinea, Guinea Bissau, Ivory Coast, Liberia, Mali, Mauretania, 

Niger, Nigeria, Senegal, Sierra Leone, Togo and Upper Volta) to attain 

self-sufficiency in rice (Will, 19781. 

Rice research at Rokupr in Sierra Leone showed that a major factor 

depressing rice yield is weed inf estation. Weed control trials have 

centred around the screening of herbicides since hand weeding is time 

consuming and costly (Jones et al., 1978). 

At the national level, important rice research is being done by the 

National Agricultural Food Production Programme (NAFPP) in Nigeria and 

the Coordinated Agro- economie Trials (CAT) programme in Sierra Leone. 

5. 1. l Results 

Some 20 years ago , foreign advisers wer e optimist i c about transferring 

the Green Revolution technology to Africa . Through this, African states 

could make use of high yielding food grain varieties, developed in 

international agricultural research centres in Mexico, the Philippines 

and other parts of the world. After two decades of experimentation the 

results are disappointing. Because the constraints were considered to b~ 

mainly of physical and technical nature, improved (highly yielding) 

varieties and (of ten high input) technologies have been developed by 

research institutions in West Africa. However, Eicher (1982) concludes 

that African farming systems are extremely complex and that the development 

of suitable packages requires location specific research by multidisciplinary 

research teams, which are supported by strong national research programmes 

on the staple foods of each country, to make the results socially and 

economically acceptable . 

Present, ongoing research in Nigeria (NAFPP) and Sierra Leone (CAT) has 

provided important information, which may be relevant to all countries 

in West Africa, intending to conduct similar projects: 

a On-farm trials are essential to test the adequacy of research f indings 

and to identify economically viable packages of practices. 

The results should enable governments to decide whether or not to 

launch accelerated production campaigns, based on available knowledge 

and expertise. 
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b On-farm trials provide researchers with f eed back to determine their 

research priorities. This is probably one of the most valuable aspects 

of the on-farm testing and promotion conducted to date . These trials 

effectively link researchers, extension workers and farmers. 

c Progressive farmers are provided opportunities to test on their farms 

the reconnnended cultural practices developed at research stations. In 

turn they themselves serve as agents of change in disseminating 

field-proven cultural practices to other farmers. 

d To assure the success of farm trials at many sites, there is a need 

for good planning, organizational and budget support, and above all, 

pol i tical support and coIIIIÎJ.i tment. 

e On-farm testing research should be developed, financed and controlled 

by a research organization and not be dependent upon multi-orga­

nizational agreements and connnittees . 

f The degree of success in obtaining accurate results depends upon the 

agricultural ex tension workers being well- trained and dedicated, and 

upon close supervision by the state and national staff. In addition, 

extension workers must be able to devote full attention to the project. 

As was experienced, most extension workers were not assigned on a 

fulltime basis and most were responsible f or many projects at the same 

time. Thus, trials were often poorly supervised . 

g Intensive crop-oriented training courses are a necessary component of 

on-farm trials. They must include some theory as well as practical 

details on how to conduct trials and to record data. 

With these provisions, a successful progrannne becomes a feasible propo­

sition. This will result in higher national rice production and higher 

yields per ha. (Perez and Mahapatra, 1978). 

5.2 Development casts and economie returns 

Pearson e.a. (1981) investigated the capital investments for developments 

involving land clearing and irrigation and the rates at which these 

developments were subsidized in Ivory Coast . Their findings are shown in 

Table 16. 
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Table 16. Development costs for irrigation and clearing· 1n Ivory Coast 

Total market cost Subsid y per erop Subsidy rat e 

1nitial cost per er op (FCTA/ha) /fCFA/mt (percent of total 

!Land investment (FCFA/ha) (FCFA/ha) padd~ market cos t) 

ILowland ir r i gation, forest :z: one 365,000 35,800 22 , 645 6,470 63 

Lowland irr i gation , f or est :z: one 

sui table f or power ti ll ers 420 , 000 43, 839 22, 645 5 , 661 52 

Lowl and irr iga t ion , s avannah 365, 000 42 ,309 26, 76 2 7, 646 63 

Pump i ns tal l ation and 

irrigation network 1,243, 000 79 , 627 79, 627 28 , 955 100 

Dams and irrigation network 1,703, 000 85 '633 77 ,313 19,328 90 

Winch clearing , up land , savannah 12, 744 3 , 785 2 ,804 1, 558 74 

Hechanized clearing, 

'-ioland, savannah 130,000 ' 28,398 23,398 11 ,699 82 

Also for Ivory Coast, Pearson e.a. (1981) investigated the costs components 

of rice production 1n various production systems. This 1s shown 1n 

Table 17. 

Table 17. Production costs of rice 1n different farming systems in Ivory 

Co as t. 

IP r oduction Yield Labour Developmen t 'Inputs f;x tens ion He chan . cost 

ltechnique ( t/ha) (Man- cost ( x l OOOFCFA/ha) service (xlOOOPCl'A/ha) 

days) (x lOOOFCTA/ha) (x lOOOFCFA/ha) 

rorest zone 

FI up land 1.3 120 13.5 3.9 0 0 

F2 up land 2.2 121 18 24 . 7 7. 8 0 

"3 l ow land 3.5 240 365 32.7 15 . 7 0 

IF4 low land 2. 4 209 365 3.3 0 0 

IFS low land 4. 0 202 420 32.3 15.7 23.6 

IF9 irriga ted 2. 75 34 1,243 46.9 15.7 72.0 

•••••cc••••••••• D••••D•D•e• =:::11•=m•=c a•••c••cCc•ac••c- ••--•••••••••2a•c ~------------------------------------
Savannah zone 

FIO up land 0 . 89 85 7 4. 1 0 0 

FI 1 up land 1.5 97 7 25.2 7.8 0 

Fl 2 up land 1. 8 90 12.7 25.2 7.8 7.7 

Fl3 up land 2.0 30 130 25.2 7.8 43.1 

FIS l ow land 3.5 237 365 33.3 15 . 7 0 

Fl6 l ow l and 2.4 206 365 3.3 0 0 

Fl7 irrigated 4. 0 247 1, 703 33.3 15.7 0 

Fl8 i rr i gated 2. 7 211 1'703 3. 3 0 0 

' ==----



Evidently, mechanization both for land development and for rice production 

increases the farmers' price of rice. Consequently, higher subsidies are 

required for rice to be competitive. 

Djibril (1978) compared the cost of mechanized and manual land clearing 

in Ivory Coast, Sierra Leone, Gambia and Senegal . He observed that the 

development casts are as high as US$ 10,000 per ha when land clearing 

was clone using heavy machinery, whilst they are only US$ 1000 per ha, 

when land clearing was clone by the people themselves in community development 

projects . 

The management aspects of smallholders' farms have been studied by 

Ruthenberg (1980) from samples in Sierra Leone, Liberia and Ivory Coast. 

Table 18 demonstrates t he low return from rice to farnily incorne and 

labeur . In Sierra Leone where (upland) rice constituted over 90% of the 

cropping system, the average family income was US$ 205 and the return to 

labeur only US$ 0 . 11 per man hour. 

In Ivory Coast where (upland) rice constituted only 32% of the cropping 

systern, these values were US$ 1518 and US$ 0.65, respectively . 

In the Bida area in Nigeria, Ward (1981) compared the erop budgets of 

rice grown in an unirnproved valley (with traditional farrning methods) ~nd 

in an irnproved valley (with improved techniques). He found that, because 

of the improved techniques, the rice yield increased with about 30% to 

3.5 ton per ha , the net family income with about 9% to Naira 1314.20 and 

the return to labeur with about 9% to Naira 11.63 per manday. 

Obviously the yield of rice has been raised , but the return to family 

income and labeur has not risen proportionally and probably does not 

sufficiently warrant the added risks of higher imputs in bad years . 

Frorn the different exarnples rnentioned above, it may be concluded that 

improving/developing rice-based srnallholder farming systerns should be 

approached very cautiously. The use of rnachinery should be avoided and 

capital investrnents should be kept to the bare minimum. Higher inputs 

aiming at higher yields are warranted only if the consequent higher 

risks are financially, economically and socially acceptable to the 

farmer and if the net family incorne and the return to labeur are substantially 

increased. 
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Table 18 . Farm managemen t da t a on rice cu)t ivation i n Si erra Leone , 

Liberi a and I vo r y Coas t 

Sierra Leone Liber i a I vo r y Coas t 

Ra infa ll (mm ) 2500 1900 1750 

Year 1971-72 1972 197 4-75 

Number of samples 

Persons per ho usehol d 

Labour force (ME ) 1 ) 

Land c l a i med (ha ) 

Up l and rice 

Swamp r i ce 

Other food crops 

Sugar-cane 

Coffee and cacao 

Total erop area 

Cropping index (%) 

Yie l d ( t /ha ), rice 

Yield (t/ha), coffee 

Economi e returns 

($ per ho lding ) 

gross r eturn from crops 

Pur chased i npu t s 

I ne ome 

Produc t iv i ty 

Gross return $/ha tota l 

" Il erop 
11 $/ ME 

I ne ome $ / ha erop l and 

Ine ome $ / ME 

Labour i npu t (manhours ) 

Ine ome $ per man hour 

Manhours per fami l y HE 

i) ME =man equiva l ent 

land 

land 

22 

8 . 4 

5 . 2 

25 

1. 74 

-

o. 16 

-

-

l. 90 

8 

1. 23 

-

22 0 

15 

205 

9 

116 

42 

108 

39 

1919 

0. 11 

369 

20 

7. 2 

2 .7 

16 

l. 34 

0. 40 

0 . 68 

o. 12 

0.20 

2 . 74 

17 

1. 12 

0 . 20 

480 

12 

468 

30 

17 5 

178 

171 

173 

1975 

0 . 24 

73 1 
1 

Note : (1) paddy prices were $ 109.90 in Liber i a , $ 94 in Si e r ra 

Leone , and $ 25 4 in Ivory Coas t 

(2) tota l agri cultural work a t 5 hours pe r day in Liberi a , 

6 hour s per day i n Sier r a Leone and I vory Coas t . 

30 

6 . 9 

3.2 

12 . 20 

1. 74 

-

0 . 40 

-

3.30 

5 . 44 

24 

1. 74 

0 . 22 

1580 

62 

15 18 

130 

290 

494 

279 

474 

2340 

0 . 65 

73 1 
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5.3 Research outlook 

Rice preferably grows on land which is water saturated or even flooded . 

This means t hat the ma jor constraints and potentials of rice cu ltivation 

in inland valleys cannot be seen separate from the use and manipulation 

of water . This, the African farmer basically being a dryland farmer , 

has been and still is handicapped with regard to the development of 

wetland rice production. 

Wetland rice-based smallholder farming research should be geared appropriate 

technology, with inland development and erop production (Paragraph 

5 . 2 .). This restricts the proposed WURP-Phase II project to the s tream-

flow valleys where land can be developed and hydrological conditions can 

be controlled by sirnple and cheap interventions, by the farmers ' community 

itself. 

As mentioned in the Paragraphs 4.2 and 4.3, increasing the output of 

rice depends on the flexibility farmers having in altering their cropping 

systerns. This flexibility is related to the available resources at 

farrnlevel, the opportunity cost of the resources particularly to labour 

and the possibility to acquize additional resources and techniques at 

socially and econornically acceptable levels of risk. From the farmers 

point of view, the relative profitiability of rice will depend upon 

cash expenditures, the l abou r requirements for each erop in his cropping 

system, relative market prices (or value to him for home consumptions) 

and consequently the new income of each erop. 

Concluding is can be said that a research programme to improve and 

increase rice production through smallholder farming systems, should be 

orientated not only to the physical and biological constraints, but also 

to the socio-economie constraints as encountered by the farmers. Improved 

techniques and methodologies should be geared to their appropriateness 

and the acceptability by the farmers, in terms of risks, profitability 

and social preferences . Research should be directed to appropriate 

technology, developing techniques which fall significantly below the 

current cost of domestic rice production. 

In finding solutions for or in alleviating the constraints, research can 

contribute considerab l y to the increase in rice production by small 

holding farmers and ultimately contribute to the improvement of the 

pr~carious food situation in West Africa. 
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CONCLUSIONS Al\'D RECO:MM:ENDATIONS 

The socio-economie aspects 

The average population density in West Africa including the arid area 

( 19 p / lan 2 ), is low compared with most other regions in the wor l d. How­

ever, it is much higher in the inventory area (47 p / lan 2
) than in the 

arid area (6 p/km 2
). Among the countries of the inventory area, the 

highest population density is found for Nigeria (83 p/krn 2
), followed by 

Ghana, Sierra Leone and Togo (48 p/km 2
). 

During the period 1950 to 1980, the population of the inventory area has 

doubled (112% increase), with Ivory Coast having the largest (208%) and 

Guinea Bissau the smallest (13%) increase. Most of this increase has 

been effectuated in the big capital and administrative centres, for a 

large part through migration. This resulted in high total population 

(urban and rural) densities in large parts of the Equatorial forest zone 

and in few areas of the Guinea savannah zone of countries with relatively 

strong economies. In these countries the rural population is about 50 to 

75% of the total population and the density is about the same as in the 

adjacent rural areas. A negative effect of the migration is that it 

leaves the rural areas with a relatively aged population. 

In 1980 the average consumption of rice in West Africa was low (about 20 

kg per 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 substantia l 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, while 

it remained stable or declined slightly in countries where it was rela­

tively high (Liberia, Sierra Leone and Guinea). 

Bebveen 1950 and 1980 rice production increased substantially in all 

countries of the inventory area, except Guinea Bissau. On average, it 

could keep pace with the population growth. 

Il 
1 
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However, it could not keep place with the consumption increase per 

capita, so that the self-sufficiency rate of rice production decreased 

from almost 100% in 1950 to 62% and 30% in 1980, respectively in the 

inventory area and the arid area . Consequently, rice import has increased 

tremendously. In 1980 rice import ( about 1.4 million tons) was only 

slightly less than domestic production (l.8 million tons). 

The present yields are rather low (l.3 ton/paddy/ha). The larges t rice 

areas are found in Nigeria (600 000 ha), Ivory Coast, Sierra Leone and 

Guinea (over 300 000 ha) but ma inly as upland rice. Rice in West Africa 

is largely produced by smallholding farmers. 

The big shortages and the higher costs of import have led to the general 

policy of all West African countries to becorne self-sufficient, not only 

in rice, but in all food production. This policy is sustained not only 

by research, agricultural extension and development programs 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. This policy has saved much 

foreign currency. However, the negative aspect of the subs idies 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, substantial in Ivory Coast and Liberia and least in 

Benin, Sierra Leone and Togo. 

6.2 Research needs 

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

Afr ica 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 . 

11 
1 
1 

1 
1 

1 
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It is strong ly emphasized that this research sho uld be directed to 

appropriate t echnology (deve loping new techniques of rice production 

which fall s i gnif icant l y b e low the current cost of domest ic r ic e production), 

that would signif i cant l y increase the rice production by smal l holding 

f a rmer s . 

Because of the l arge area of small inl a nd va ll eys (over 10 million ha), 

but presently marginally used, the research i s very likely to contribute 

cons id e r ab l y to improving the precarious food s ituat ion in West Af rica. 

The prop osed WURP - Phase II, apart from the land and watermanagement 

aspects mentioned in Volume II, should include the agro - socio-economie 

aspects. The latter form the 0dsis for proper research and for the 

app lication of the results . Exi sting farming/cropping systems shou ld be 

stud i ed thoroughly, interlinking wet land and up l and resources, to find 

solutions for the constraints in smallholder farming systems. The basic 

knowledge that is to be acquired comprises: 

agronomie quality of the land 

size of the household and number of men, women and children available 

for farm work ; 

degree to which household labour is supp l emented with off-farm labour 

and the wages paid; 

farm size and identif ication of the crops and livestock cornposing the 

farming systems and the r e l at i ve i mportance of each in terms of l a nd 

area, production, home consumption and market sales; 

description of ex i s ting production techniqu es estimatin g quant ities 

of inputs, cost of purchased inputs, y i e ld s and total output and 

costs and returns for the major crops (enterprises); 

the agricultural calendar and the identification of peak d emand s for 

labour; 

major production constraints for principal crops, as viewed by the 

farmers. 

6 . 3 

6. 3 . 1 

Criteria for benchmark site se l ect ion 

Selection of areas 

In selecting proper s ites for the proposed \VURP - Phase II, a numbe r of 

agro-socio-economie criteria sho uld be considered. Generally, it can be 

said that the research results should have a r eady app l~c ab ility to 

l a r ge r areas than the se l ec ted s ites onl y . 

:i 
1 

! 
1 

1 

i 
! 
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Therefore s uch l arger areas should be se l ected f irst on the basis of the 

following agro - socio-economie criteria. 

a. The population density. Preference should be given to the high rural 

population density areas. 

b. Traditional rice growing. In the selected areas, rice should be a 

rnaJor erop in the farming system bath for subsistance and cash, 

whilst the government policy should be actively favouring rice de­

velopment. 

Based on these two main agro-socio-economie criteria the potential 

benchmark sites should be located within the following braad areas: 

(See Map 5 of Volume IV): 

West Central Guinea 

West Sierra Leone 

Southeast Sierra Leone 

West Ivory Coast 

North I vory Coast 

North Ghana - north Togo 

North Central Nigeria (Zaria - Kaduna) 

Benue troug h southeast Nigeria 

6.3.2 Selection of sites 

In harmony with the physical criteria (Volume II) in the above rnentioned 

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 (or surveys) . The latter will not only cover physical characteristics, 

but will deal also with the agro-socio-economie aspects and should 

provide the information on basis of which the research and monitoring 

programme can be formulated. 

This survey, which should be the start of the research project of Phase 

II, should investigate the following conditions . 

Accessibility to the site; 

Marketing and processing facilities; stability of farm prices; 

Importance of rice with in the local farming system and its cornparative 

advantage to other crops; 

Labour and other bottlenecks which could become a hindrance to rice 

improvernent; 
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Farmers ' in terest i n impr oving rice produ c tion (techni ques ); 

Potential conf l icts or interferences between agr i cultura l practices 

of rice production and pract i ces of traditiona l pastoral farrn ing, i n 

the utilisation of wetlands or water resources; 

Si te-spec i f i c hea l th problerns, s u ch as r i ve r bl i ndness, bilharz i a, 

etc ; 

Participation of women in rice production, processing and marketing . 

The results of these investigations should form the criteria of the 

selection of the actual sites within the areas rnentioned in Paragraph 

6. 3. 1. 

Generally, actua l sites ( 1 or 2 valleys) should be selected where the 

conditions to conduct research are optima l or where effects on the 

residing people will not be negative. With respect to the health conditions, 

a disease-free situation seems to be a positive factor in relation to 

rice production. However, in the past the interference in the existing 

water regimes has proven to spread river blindness and bilharzia to non-

inf es ted areas. 

This rnay lead to the conclusion that preferably sites should be chosen, 

which have high i ncidences of these di seases, sin ce the situation can 

not be worsened, but may be improved somewhat . 

The res u lts of t he above men t i oned s urveys shoul d form t he b as i s of th e 

research prograrnme . The research results should be tested continuous l y 

in on-farm situations . This approach provides the opportunity to monitor 

and to evaluate the results in view of their wider applicability, no t 

only within but also outside the selected sites. The latter aspect i s 

one of the main objectives of Phase III the WURP. 
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fü'WEX I 

THE STRUCTURE OF THE PRODUCERS ' PRICE FOR RICE. 

An example from Ivory Coast. 

Within the group of countries of the inventory area, Ivory Coast is 

nearest to the average producer price . Therefore, the build-up of the 

producer price in Ivory Coast is dealt with more extensively here. 

In Ivory Coast, government incentives to promote domestic rice production 

include trade control (restricting rice irnports), domestic price support, 

subsidies on recurrent inputs and investrnents financed from public 

funds. 

Since 1975, the consurner price was maintained by trade policy at 100 

FCFA (approximately US$ 0.37) per kg rice, which resulted in 1976- 1977 

in a subsidy of 50 FCFA per kg rice as follows : 

official cost of paddy (rice equivalent) 

estimated cost of rice, delivered at Abidjan 

official selling price of rice to wholesal~rs 

approx i rnate deficit 

114 FCFA 

136-138 FCFA 

87 FCFA 

49- 5 1 FCFA 

The estimated cost of rice i s based on a purchase price of paddy at 

state rnills of 75 FCFA and a rn i lling outturn of 0 . 66. The deficit i s 

covered by heavily subsidizing both the milling and the distribution 

casts. 

In addition, also inputs are subsidized, (Table Al ). Inputs such as 

improved seed, fertilizers and insecticides, along with extension services 

and the rnaintenance of water distribution systems, are delivered as a 

package. Mechanization is delivered as a service. Investrnents for oxen 

and implements, are subsidized by the government. In return, the farmer 

is charged a fixed fee for the i nput package or service. 
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Table Al . Farm level subsidies on inputs, in FCFA (1 975 - 76) 

1 Harket cos t s i;et farm-leve l subsidy 1 Subsi dv 

per h a per ha per ton per ton ra te (%) 

paddy rice 

ciodern in pu ts 37 , 129 -6 3 , l 19 17 , 74 5 7' 094 10 ' 748 33-40! 

po·•e r tillers 24' 170 6 , 580 1 • 645 2 , 492 28% 

rn ir.:a l traction 9. 165 l. 885 1 ,047 1. 586 2 1% 

trac::.ors and harvesters 4 3. 600- 7 2. 92 9 14 , 940 5 975 . 9 053 18 - 30% 

Another kind of GoverTh~ent policy to provide incentives for dornestic 

pad ày production is public financing of land development. According to 

Pearson e.a. (1981), investment costs in such projects are subsidized at 

rates ranging between 52 and 100%. 

Also according to Pearson e.a. (19 8 1), between the various rice production 

techniques in Ivory Coast, net private profitability (NPP = farmers' 

profit) ranges from 8.0 to 58 . 8 FCFA/kg milled rice, and net social 

profitability (NSP = profitability on national leve l s) from ~44 .6 to 8.5 

FCFA. 

Private production costs of rice in the Guinea savannah zone are 10 to 

20% lower than in the Equatorial forest zone due to significantly lower 

wages. 

Apparently only on-farm and i n- v ill age consumpt i on of traditiona l (upland ) 

rice production (rainfed, manual land preparati on , no i mproved seeds, 

no ferti l izer, no pesticides in the Guinea savannah zone) have a positive 

NSP . 

Cornpared to other crops, rice production in Ivory Coast has the hi ghest 

resource - cost ratio: 

coconuts 0.4 

cocoa and pineapples 0.45 

coffee and oilpalm 0.5 

maize, cotton and groundnu ts 0.8 - 1. 0 

rice , savannah 1. 5 2.5 

rice, forest 2.0 - 2.5 
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At national economie level the commodities with a resource - cost ratio 

of less than 1.0 a re more profitable than the ones with a ratio of more 

than I.O. 

Moreover, with regard to food supply, prelirninary estimates suggest that 

both cassava and plantain bananas (and not yams) are more efficient than 

rice in providing calories to substitute for rice import. 

Hence, for Ivory Coast, Pearson e . a . (1981) conclude that irnproved rice 

production reduces national growth: cornpared to the price of rice imports, 

the costs of dornestic production are too high, resulting in a waste of 

resources and in a potential loss of foreign exchange. The failure of 

the government policy has two main causes: the rice sector cannot cornpete 

efficiently with irnports and wage rates are relatively too high, in 

relation to the low population density and the area of unused arable 

land. 

It is concluded that in Ivory Coast domestic rice production is heavily 

subsidized, rice production costs are far higher than average world 

rnarket price, and that frorn the viewpoint of net social profitability, 

domestic rice production in Ivory Coast is only justified for on-farm 

and in-village consumption. 
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ANNEX II 

FARMING AND ASSOCIATED CROPPING SYSTEMS IN WEST AFRICA. 

A general characteri sation based on work by Okigbo, 1979. 

A simp le mode l of tradit i ona l farming wo uld consis t of a concentric 

pattern of f i e ld s on which are practised various methods of fertility 

maintenanc e, clearing systems and production systems . The l at t er comprise 

varying numbers of erop species, cropping patterns and sequences, 

acco rding to prevailing practic~es, customs and needs of the farmer. A 

general description of character i st i cs of traditional farming systems in 

the region is as fe llows : 

a. Farm sizes are small (in southern Nigeria over 80% of the farms a re 

just 2 ha or less). Large scale tree erop plantation or monoculture 

occur in countries such as Ivory Coast and Cameroon, but smallholder 

tree erop plantations predominate in Ghana and Nigeria. 

b. Farrning is predominantly based on human labeur and simple tools 

especially in areas where tse-tse flies and trypanosomiasis prevent 

the use of cat tle for traction. 

c . Farming systems are diverse and range from ' true ' shifting cultivation 

(where the settlement is moved) to permanent cultivation. Although 

' true ' shifting cultivation is reported to be res tricted to parts of 

Ivory Coast and Cameroon, it is very like l y that long term fallows 

where a temporary settlement is built, have replaced it. 

d . The centre of ac tiv ity from where roads or paths radia t e to al l field 

systems, i s the compound farm or homestead garden on which permanent 

cultivation is practised . Permanent cultivation also occurs in t he 

terrace agricu lture on steep hill slopes such as at Maku in the 

Anambra St ate of Ni geria and on overcrowded high populat i on density 

areas of southeastern Niger i a in parts of Anambra , Imo and Cross 

River States. 

e. The compound farm is the most widespread feature of agr i culture of 

the region. It i s the most intensive farming system in wh i ch the 

l arges t number (up to 60 species) of crops are grown fo r food, fibre, 

condimen t s or s pices , mas ticant s , drugs, fibres, s tructur a l materials, 

an i ma l feed , demarcation of boundaries, firewood, ornaments , shade 

and protection of homes tead , reli gieus and social fun~tions and 

vario us o the r use~ . 
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lts development is related to (i) the division of labeur between the 

sexes in which wamen, responsible for cooking, grow enough vegetables, 

condiments and spices in the compounds to enhance regular harvesting, 

minimize storage probl ems and purchase from the local market and (ii) 

the use of the compound for growing various useful plants which are 

fast disappearing from the forest due to frequent clearing or for 

g rowing exotic and other useful plants. 

Soil fertility for p ermanent cultivation is maintained with household 

and kitchen refuse, ashes, farm residues, animal pen manure, human 

waste, etc . Annual staples, vegetab l es and other food plants are 

grown with perennial trees and shrubs (planted in certain characteristic 

locations or patches) and complex intercropping mixtures forrning a 

multi-storied structure approximating a tropical forest ecosystern. 

Studies of traditional farrning systerns indicate that the objective of 

most small farmers is not necessarily to maxirnize production and 

returns of any given commodity, but to produce reasonable stable 

yields of a range of crops to satisfy subsistence requirements and 

eventually increasing the cash needs of farme rs. 

f. Next to the compound farm and on its periphery are 1 to 2 year short 

term fallow rotations, in which tree crops are cultivated or protected 

in mixtures wi th annual stap les and other ·crops. However, the agro­

ecosystem rarely attains the cornplexity of the compound farm. 

g . On other fields farming systems are practised consisting of bush 

fallows of short or long duration depending on population pressure . 

They are characterised by (i) the leng th of the fallow period (which 

is decreasing with increasing population pressure and nearness to the 

compound farm), (ii) the dominant erop species (consisting mainly of 

staple food, some vegetable crops and some protected wild, hut us efu l 

plants, (iii) the u se of either natural fall ows or purposely planted 

fallows, (iv) the conventional slash a nd burn landclearing techniques 

and the heavy pruning of trees and shrubs to stumps of 1 .5 to 2.5 m 

and (v) the use of the short stumps for staking of climbing or twining 

crops such as yams and pumpkins and hanging for desicating hard to 

kill weeds. 

h. Preplanting cultivations may be on flat land with minimum cultivation, 

or on mounds , beds and ridges of various sizes. 

i. Intercropping of various kinds (mixed, row, patch and relay patterns) 

and sequences is common in all field systems . Row intercropping is 

not much used since neither anima l s nor tractors are used for ploughing. 
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J· Growing crops in pure stand (sole cropping) is most common for plantation 

crops and commerc i al crops such as cotton and groundnuts . Rotational 

sequences of sole crops are rare, but there i s a definite order of 

certain crops in the sequence during the cropping phase. For example, 

important staples such as yams, maize and associated vegetables in 

intercropping systems, are planted first after bush clearing, while 

others such as cassava which is adapted to marginal soils are often 

the last in the sequence just before the fallow (often for a number 

of years). The diversity of mixtures encountered in tropical agriculture 

are not only due to the range of crops at the dispo s al of the farmer 

or the range of ecological conditions in which they can be grown, but 

also depends on the objective for mixing. 

The commonest objectives for mixing is to spread risks and to ensure 

con s tan t ha rve sts. Sometimes crops of the same species or plant types 

are grown to mature at difference times. 

k . Mos t cropp ing p a tte rns depend on the p r ev a iling r a inf a ll r eg ime , 

unless there is supplementary irrigation which is uncommon in the 

humid and subhumid tropics of Africa. 

1. Traditional cropping systems take advantage of local topographic 

features, such as toposequences, micro relief and other related 

peculiarities. Unfortunately, not much advantage has been taken of 

hydromorphic so il s, except for sugarcane and vegetable erop production 

close to urban centers. 

Some new cropping systems are developing on embankments a l ong highways . 

rn . In almost all farms limited numbers of small live.stock (chickens, 

goats, sheep and pigs) are kept, either restricted to pens in the 

compound during the year or cropping season, or on the free range or 

in fields not far from the homestead. Small live.stock is important as 

(i) a source of meat (ii) thrifty scavengers converting farm, compound 
•, 

and kitchen waste to food, (iii) source of manure for maintaining 

soil fertility and adequate levels of soil organic matter and (iv) a 

sort of sav ings which yield cash in emergencies. Sometimes, live.stock 

tenancy is important in spreading risks among relatives and friends. 
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INTRO DU CT ION 

Wetland related health aspects have been investigated, studied and 

described by a large number of researchers. Major references used for 

this inventory are: Ansari (1973), Feachem e . a. ( 1977), Hunter e .a. (1966), 

Laird (1981), Mcjunkin (1975), N.C.A.E. (1982), Quélennec e.a . (1968), 

Stanley and Alpers ( 1975), WHO (1976, 1980 a, 1980 b and 1982 a, 1982 b) 

and Worthington (1979). 

The development of water resources in the tropi cs has important implications 

for public health. In recent de~ades, many water resources development 

projects have caused significant increases in occurrence of water 

related diseases, the outstanding example being schistosomiasis (bilharzia). 

The spread of this dis ease , especially on the African continent, is 

stil l drarnatic to any standard , causing both human disablement and 

suffering, and subsequent decreased economie productivity. 

In the inventory area, next to bilharzia, onchocerciasis (river blindness) 

together with some other water related diseases , constitutes another 

major hazard to public health. 

The proven relationship between water resources development and the dis­

tribution of water related diseases calls for a study of the hea lth 

aspects whenever water resources are to be developed . 

A prel i minary inventory of the health aspects in the context of the 

Wetland Utilization Research Project is given in the following paragraphs, 

in terms of occurrence, epidemiology and control of the major wet land 

rel a t ed diseases. 

It is stressed that the distribution and incidence of wetland related 

diseases are not only related to irrigated agriculture but also to the 

level of community water supply, sanitation and housing facilities, and 

to the degrees of (re)-settlement and migration of population. Therefore, 

in the prevention and control of wetland related diseases, education and 

community participation, as well as an inter-sectoral coordination with 

national and local health authorities, are essential. 



2 

2. 1 

- 60 -

OCCURRENCE Al\lD IMPACT 

Onchocerc iasis 

Figure Al .A gives an indicative di s tributi on of oncho cerciasis in West 

Africa. 

The vector, Simulium (blackfly), is common in the whole of West Africa, 

hut the percentage of infected flies varies per area. All turbulent 

water locations ('whit e ' water) however, are potential breeding foei. 

Onchocerciasis is a disabling hut not necessarily lethal disease (to in­

fected persons). Blindness may occur in the case of prolonged infection 

in older adults, disabling them to contribute to the economie process. 

Presently WHO is conducting the Onchocerciasis Control Programme (OCP), 

compr i s ing seven countries with headquarters at Ouagadougou, Upper 

Volta. The OCP area includes the northern parts of some of the countries 

of the inventory area. Within the OCP area, transmission of onchocerciasis 

has reportedly been halted. 

2.2 Schistosomiasis 

Schistosomiasis occurs in slow flowing or stagnant water in the whole of 

Africa. Figure Al .B roughly indicates the areas of increased prevalence 

in West Africa . 

An atlas on schistosomiasis distribution is presently being prepared by 

WHO and will be avai l ab le by the end of 1983. 

In general, schistosomiasis causes fatigue and lassitude in infected 

persons, making them less active. 

2 .3 Other diseases 

Figure Al.C roughly shows the principal foei of trypanosomiasis in West 

Africa. The tse-tse fly habitat consists of trees and shrubs alongside 

rivers, providing shade and hurnid conditions. Trypanosomiasis may be 

l ethal. A 0. 1% of flies being infected rnay cause meso- or hyper­

endemicity. 
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Figure Al.D roughly gives the distribution of guinea worm . The infection 

causes disablement for several weeks coinciding with the planting season , 

causing considerab l e economie lo sses . 

Malaria may be considered ha lo-endemie (uniform prevalence) in the 

inventory area. 
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EPIDENIOLOGICAL FEATURES 

Onchocercia s i s (river blindness ) 

Onchocerciasis is a vector-borne infect ion caused by Onchocerca volvulus , 

a nematod e worm . The adult parasites live mainly in s ubcutaneous tissues 

of the human host, where they may form v isible nodul es in which one or 

more warms are coiled up. The f emale worm discharges innumerab l e micro­

filari ae during its life span of approx i mate ly 15 years. The mobile 

microfilar iae are fo und in the skin of the ent i re body, but may a l so 

penetrate the eyes, causing blindness. 

In some affected villages up to r quarter of adult persons may be blind. 

The infection is transmitted by certain spec i es of blackflies (Simu­

liidae) : in the inventory area mainly Similiv.m darrrnosun1, whose bites 

are painfully . The simulium vector, breeds in rapidly f l owing, wel l ­

aerated water . The adult blackfly is usually found close to its breeding 

site , but can f l y considerable distances (50 km of more in case of 

supporting winds). This ability to fly long distance s has s i gni fican t 

consequences for the spread of infected areas and the planning of control 

programmes (re-infestat i on hazard). 

3 . 2 Schistosomiasis (bilharzia) 

Schistosomi asis , in contrast to onchocercias is, is a di sease of s lowly 

flowing wa ters, and const itu tes a maj or hazard of irriga ti on. 

The schi s tosomes (Schistosoma haematobium and S. manso1n in th e inventory 

area) may cause damage to the urinary tr act, destruction of one or bath 

kidneys, bl adder cancer , ~nd l iver f ibrosis . Severity of the disease is 

related to wo rm laad, in turn depending on the int ensity of transmission. 

Aquat i c snails (most l y Bulinus spp. and Biomphalaria spp .) are the 

intermediate host in the life cyc l e of the par asite . The snail also 

provides a transporta tion vehic l e for t he spread of the disease, whereas 

some snail species are drought tol eran t, enabling the parasites to 

overcome int e rmitt en t dry ing out of irriga tion canal s , or even the whole 

dry season. 
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3.3 Other di seases 

Malar ia is caused by a number of parasites, of which Plasmodiv.m vivax 

and P. falciparv.m ar e the main species. It can be a rapidly fatal disease . 

P. falciparv.m parasites can cause blood c l otting in the small vessels of 

the brain . P. vivax malaria is l ess dangerous but tends to relapse . The 

destruction of blood cells can lead to severe anaemia, and each bout of 

fever of course implies d i sablement. Malar i a is transmitted by mosquitoes 

(Anopheles spp.) Mosquito breeding usually takes place in stagnant or 

slowly flowing water . 

Guinea worm diseas e (dracunculiasis or dracontia s i s ) concerns inf ect ion 

with a small helminth (Dracunculus medinensis or guinea worm) . The 

disease causes infect ive arthritis of joints adjacent to the active 

worm . It effect ively disables those infected for several weeks, wh ich, 

because of the timing of the infection, coincide with the (short) planting 

season . The required time for maturing in the human host i s one year. 

Infect ion occurs when drinking water i s ingested wi th infested Cyclops ~ 

a minute crustacean . Worms up to 70-80 cm in length develop in the 

subcutaneo us tissue of the feet or legs of the human host, and larvae 

are liberated to renew the cycle when an infect~ d individual steps into 

a we ll or pond (from which other s may draw dr inking water) . Infection is 

marked ly seasona l because of a) the inf l uence of the climate on the 

t ypes of water source and b) the development cycle of the paras i te . 

Trypanosomiasis (sleep ing sickness) may effect both human and animal 

health. Trypanosoma gambiense is prevalent in West Afr i ca . The infection 

is cha racterized by enlarged lymph-glands. Later s tages of the disease 

involve the spread of the infections to the brain . Extreme lethargy is 

the result. The patient does not eat and seems to sleep himself to 

death . 

Trypanosomi asis is transrnitted by tse-tse flies (Glossina palpalis along 

rivers, and G. m02~sitans in the savannahs). Both vector species need 

shady and relatively humid cond itions. 

1 1 
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Regarding the control of wetland related diseases the following options 

exist : 

curative treatment 

2 preventive measures 

- chemical, e.g. larvaecides, molluscides 

- biological, e.g. natural predators 

- environmental, e.g. water management 

Curative treatment is not within ·:.:he scope of the WURP. As for the 

preventive rneasures (a cornbination of the three types is nowadays denoted 

as integrated control), emphasis should be on environmental management. 

Table A2 lists various options in this respect, directed at vector 

control. Limited chemical measures can be supportive in vector control. 

Biological control is still in its research phase. 

Neasures necessary to control the various diseases are outlined in the 

Paragraph 4.2 to 4.4 of this annex. For all these measures tob~ effective, 

it should be appreciated that improved community water supply, sanitation 

and housing facilities, as wel l as health education , extension, training 

and community participation are essential. 

4 . 2 Onchocerciasis 

Environmental management for control of the Sirnulium fly, the vector of 

onchocerciasis, is focused on turbulent water locations. The developrnent 

of larvae is dependent on well-aerated, turbulent water. These conditions 

may occur at spillways, bridges, rapids, cascades or wherever streams 

face temporary- obstructions e.g. from debris. 

The breeding sites are thus very specific and isolated. They rnay occur 

at various unanticipated locations. WHO (1980) indicates that the water 

velocity enabling attachment of larvae and pupae to concrete spi llways, 

bridge pilons, stones or vegetat ion just under or above the water surface, 

ranges from 0 . 5 to 2 . 0 m/s . The most cornrnonly tolerated veloc ities range 

frorn 0. 7 to l . 2 rn/s . 
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Table A2 . Environmental management fo r vector control 

Nodification 

Drainage (all types) 

Total earth filling 

Deepening and filling 

Land grading 

Velocity alteration 

Impounding 

Manipulation 

Bush clearing and burning 
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Shading or exposure to sunlight + 

Water level fluctuation 

Sluicing for flushing 

Aquatic vegetation control 

Salini ty regulation 

Human habitation contro l 

Water supply and sewerage 
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+ 

Screening and bednets + 

Refuse collection and disposal + 

Land use restriction + 

Improved housing + 
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Key: - little or no directly demonstrated effect, or not applicable 

+ partially effective (some species) 

++ Primarily effective (most species) 

a Small dams = adverse effect; large dams good effect 

Source : WHO ( 1980) . 
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Large darns have a beneficial effect on Sirnuliurn con trol because of 

lowered flow velocities in a relative l y l arge area upstrearn . 

Small darns and structures however, do not have this benefit. Their 

effect is adverse, because they enlarge the number of potential new 

breeding sites. 

Qu~lennec e,a, (1968) has tested various types of spillways on their 

unsuitability for larvae and pupae at tachrnent. He concluded that stepped 

spillways (gabions) are most unsatisfactory in this respect, because 

they provide excellent breeding sites. Increased inclination of the 

spillway plane causes a reduction· in potential breeding time. Vertical 

or overhung spillways provide most unfavourable breeding conditions to 

Simulium. In regions where Simuliurn is not fo und, a dam with sluice 

gates and syphons for periodic flushing and drying is desirable. 

When turbulent conditions cannot be avoided as may be the case for 

larger irriga tion structures, covering the turbulent water should be 

considered, possibly in combination with manual removement and chemical 

control. 

Manual removement of Simulium l arvae and pupae from structures using 

steel brushes, is a possibility, hut it bas to be carried out frequently . 

Chemical control at breeding sites may be considered because of the 

limited amounts of the agent (e.g . abate) needed. The turbulent conditions 

will help ensure the required mi x ing. 

In general, the unan ticipated and unnoticed creation of new breeding 

foei through all sorts of (temporary) obstructions in wateniays remains 

a problem because of the rapid development of simulium, sometimes requiring 

only 5 days. 

4.3 Schistosomiasis 

Figure A2 shows the transmission cycle of the parasite with possible 

entries for control . 

Eggs in the excreta perish unless they promptly reach water. This can be 

prevented by sanitation facilities. Improved sanitation diminishes the 

necessity for human contact with the cercariae. 

Reduction of snai l populations may be achieved through chemical control 

(expensive and repetitive, McJunkin, 1975), or appropriate cana l construction 

and mairitenance . 
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Figure A2.Transrnission cycle of Schistosomiasis with possible entries for 

control . 

Source: McJunkin, 1975. 
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Tab l e A3 li sts mean ve locities i mmob ilizing a snai l vector. Further 

increase of velocity eventua lly l eads to dislodgement of the snai l. 

Table A3. Mean velocities in trapezoidal channels for 

con trol of Av..stralorbis glabratus 

Dis charge I mmob ili zing Me an Velocity 

(m 3 /sec) (cfs) (cm/sec) (fps) 

35 58 l. 90 

5 175 67 2.20 

10 350 71 2.33 

20 700 75 2 . 40 

30 1000 78 2.60 

50 1750 8 1 2 . 66 

Source: Jobin and Ippen (1964). 

Canal lining provides a smooth surface which is less attractive to 

snails. Vegetation in canals harbours snails and lowers the velocity. 

Improved canal maintenance, especially of the drainage network is 

therefore beneficial . The effect of intermittent operation depends on 

the ability of the snail vector to survive in the absence of free water. 

This ability varies between species . If the periods of drought are 

sufficiently frequent or sufficiently prolonged, a snail populalion may 

be greatly reduced or even eliminated, espec i ally in the case of lined 

canals . Water l evel fluctuation has proven to be beneficial but generally 

this is less applicable in the case of small inland valley development 

with sma llholder farming systems . Storage reservoirs, including night 

storage reservoirs constitute a hazard with respect to increased snail 

population and therefore, should be avoided. 

In general, the following measures are beneficial: clearing and re­

grading of canals; backfilling, grading, draining or fencing of borrow 

pits, neighbouring low grounds and unused cana l branches; periodically 

flushing of canals and seepage control on canal banks. 

4 . 4 Other diseases 

Major malaria control options are listed in Table A2 . In general, the 

increased availability of water, especially stagnant or wiçh low ve locity, 

provides extra breeding potential to Anopheles mosquitoes. 
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Such conditions prevail in rice fields, canals, borrow pits, pools and 

ponds, containers , etc. Regarding rice cultivation, intermittent water 

application and field drainage rnay reduce breeding facil i ties. Drainage 

canal maint enanc e stands out as i mportant. 

Borrow pits and stagnant ponds have to be closed . Velocity increase 

inhibits breeding for some Anophe l es spec i es . Improved water supply, 

sani t a ti on and hou s ing facilities are beneficial. 

Cont rol of guinea worm infection (dracunculiasis) can be achieved through 

i mproved sanitation facilities (e.g. c l osed we lls), with possible a id 

from chemical con t rol e . g . abate (Lyons, 1973). 

In the case of trypanosomiasis, environmental manipulation in the form 

of vegetation c l earing has been practised, but is on l y advisab l e in 

the absence of detr i menta l effects on environment (e.g. erosion, sedi­

mentation). 

Landuse r estric tions are widely prac ti sed in West Afr ica, also with 

respect to onchocercias is. ' Dry be lting ' of we t rice cultivation a r eas , 

whereby a buffer zone surrounding the village i s restricted to dry crops 

such as pasture, is also based on landuse restriction. 
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5 RECOM.HENDAT IONS 

The IITA intends to carry out on-farm r esearch to develop or improve 

rice produ c tion in small inland valleys in systems of sma llholder 

farming. \Vhen considering the subject of wetland relat ed dis eases , one 

can scarce l y i magine a more ominou s combination of terms tha n West 

Africa, wetland rice cultivation and smallholders. Unless therefore, the 

research locates at l eas t one or two of it s benchmark si t es in disease 

ridden areas, it s fi ndings can hardly be considered reali s tic. 

A meso- or hyper - endemie area is particularly of interest because of : 

the very widespread occurrence of t hese diseases in West Africa and 

their specific relationship with water and water management; 

the considerable economie and social impac t, especially in farming 

communities. 

The areas with high incidences of onchocerciasis and schistosomiasis, 

for which the relation with water management is most evident, are roughly 

indica t ed in Figure Al. 

It is recommended that the WURP - Phase II should include a survey at 

site to cover: 

the actual health s ituation (medical/epid emiological), to asses 

infec tion rates of oncho cerci as is, schi stosomi as is, guinea wo rm, 

malaria, trypanosomi as is and maybe othe r diseases like ye ll ow fever; 

the occurrence of the vee tors (entomolo gical), to assess the populations 

of snails, blackflies, mosqu itoes, etc . 

This survey should form the basis of the monitoring during the project, 

regarding: 

public health (medical/epidemiological) 

vector populations (entomo l ogica l) 

Vector contro l measures should be incorporated in irrigation and drainage 

network des i gn , construct i on, operation and maintenance. Emphasis should 

be on env ironmental control and support ed by chemica l control. 

1 

1 

1 
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In the context of future land and water development in the inventory 

area, the improvernent or safeguarding of public health will also depend 

on irnprovernents in the field of community water supply, sanitat i on and 

housing, not in the least through increased community participation and 

health education . 

Environmental vector control rneasures can be incorporated in the scope 

of the WRUP. The medical and epidemiological surveillance necessitates 

institutionalised cooperation with national and local authorities (health, 

public works, housing, etc.). 
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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 contributions 

were made by STIBOKA (Soil Survey Institute ) on the geological , geomorphological 

and pedological aspects, by the KIT (Royal Tropical Institute) on the 

agro-socio-economie aspects and by the International Institutè for Land 

Reclamation and Improvement (ILRI) on the climatological and hydrological 

aspects. The ILRI also had the overall responsibility of coordination 

(Ir . de Wolf). 

The report has been presented in four volumes: 

Volume I. The main report; 

Volume II. The physical aspects; 

Volume III. The agronomie, sociological and economie aspects; 

Volume IV. The maps (this volume). 

Area and subject of the inventory 

The area of the inventory is def ined as the area where rainf ed double 

cropping or more, is possible. It is somewhat larger than the IITA -

mandate area in West Africa. It comprises the Guinea savannah zone and 

the Equatorial forest zone, more or less corresponding with the subhumid 

and humid tropics of West Africa, respectively. The entire inventory 

area is _approximately 2.2 million lan2
, comprising partly or wholly all 

coastal countries of West Africa from Guinea Bissau through Cameroon. 



Wetlands are lands having hydromorphic soils. Such soils have charac­

teristics associated with wetness and the resulting reduction during at 

least a part 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 (such 

as the bolis of 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 himself (or the farmer's community), possibly with assistance 

from national extension services. Therefore , the present study is 

restricted to the small inland valleys (streamflow valleys). They are 

formed in the upper part of the catchments. They have a centrally lo­

cated stream, which is shallow ~nd only a few meters wide, or which is 

not existing at all~ They have a width varying from about 10 meters in 

their upper to a few hundreds of meters in their lower stretches. The 

catchment area ranges from at least 2 km 2 to some 100 k.m 2
• 

This volwne 

The maps and their legends presented in this volume are illustrative to 

subjects in the Volumes II or III. They can also be read in combination 

with the Main Report of Volume I. 

'J 
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SUBREGION 
GEO~IORPHOLOGY /TOPOGRAPHY 1) 

2
) 

Beach ridges, alluviai plains with levees 
and basins, estuarine and deltaic tidal 
swamps and lagoons. :\early level-gently 
undulating (0-5%); e: 0-80 m; a: 0-10 m. 

Slightly dissected coastal terraces 
with slight dipslope and scarps. 
Nearly level-gently undulating (0-5%); 
c: 25-150 m; a: 5-15 m. Scarps up to 
80 m. 

Highly dissected coastal t~rraces with 
distinct dipslope features and scarps . 
Undulating - gently rolling (5-15%); 
e: 50-400 m; a: 10-100 m. Scarps up to 
350 m (Enugu scarp) 

Slightly dissected peneplains with common 
granitic/quartzitic inselbergs and hill 
ridges and common mesas with ironstone 
hardpans; locally highly dissected. 
Undulating (5-10%), locally rolling 
(10-20%); e: 50-500 m; a: 10-50 m. 
lnselbergs, hills up to 30J m, mesas up 
to 100 m high. 

Non-dissected association Jf large drai­
nage depressions and low te r races. N~ar­
ly level (0-2%) ; e : 20-50 ~· a: 0-3 m. 
Seasonally flooded. 

Slightly dissected peneplains with few 
to conunon granitic/quartzitic inselbergs 
and hill ridges and conunon to many mesas 
with ironstone hardpans; lJcally highly 
dissected. Undulating (5-13%), locally 
rolling (10-20%) ; e: 50-40J m; a: 10-50 m. 
Inselbcrgs, hills up to 30() m, mesas up 
to 100 m high. 

Highly dissected peneplaini comprising 
rolling (10-20%) remnants Jf former 
peneplains with steep (30-35%) sideslopes 
and relatively flat (2-5%) valley bottoms; 
e: 50-400 m; a: 25-150 m. 

Disscctcd and upwarped peneplains with 
steep outward-facing scarps. Undulating 
- gently rolling (5-1 5Z) and vcry steep 
( > 35: : scarps); e: 200-700 m; a: 25-50 m. 
Scarps up to 400-500 m (Ganbaga scarp, 
'1ampong scarp). 

Slightly dissected peneplains. Nearly 
level (0-2%); e: 80-200 m; a: 5-10 m. 

Slightly dissected peneplains with some 
basalt concs and conunon me~as with iron­
stone hardpans or concretiJnary surfaces. 
Nearly level - gently undulating (0-5%); 
c: 50-300 m; a: 5-10 m. Basalt cones up 
to 300 m high, mesas up to 20 m. 

Deeply dissected peneplains. Undulating 
(5-10%) with very steep ( > 35%) canyon­
likc slopcs down to valley bottoms; 
e: 300-500 m; a: 25-50 m (peneplains), 
100-150 m (canyons). 

Slightly dissccted aggradational plains. 
Nearly level - gently undulating (0-5%); 
c: ~0-50 m; a: 0-10 m. 

GEOLOGY/LITHOLOGY 

Recent coastal sands and 
alluvial silts and clay~, 
some peats 

Tertiary sedimentary deposits of 
weakly cemented sands (Coastal 
Plains Sands, Nigeria), sandy 
clays and clays (Terres de Barre, 
Togo/Benin), marly clays (Hol lis 
Lama depression , Togo/Benin) 

Cretaceous and Tertiary sedimen­
tary deposits: sandstones, silt­
stones, sands, shales and cuJI 
aeasures (south-central Nigeria) 

Lower Precambrian (Archean) 
undifferentiated granites, 
migmatites and gneisses 

Lower Precambrian (post Archcan) 
consolidated unfossiliferous 
sandy and clayey sediments. 
(Bolilands, Sierra Leone) 

Middle Precambrian (Birrimean) 
undifferentiated schists, 
quartzites and other metamorphic 
rocks (micaschists, amphibolites , 
greenstones, arkoses, graywackes. 

Complex of upper Precambrian 
(Tarkwaian) folded conglomerates, 
quartzites, schists, sandstones 
and shales and middle Precambrinn 
(Birrimean) schists, quartzitcs, 
other metamorphic rocks, lava:; anc 
tuffs (Ashanti hills, Ghana). 

Paleozoic (Inf racambrian) upwarpc< 
sandstones (Volta basin, Ghana). 

Paleozoic (Cambro-Ordovician) 
sandstones, shales, mudstones 
and pebbly conglomerates (Volta 
basin, Ghana). 

:-iesozoic (Cretaceous) complex of 
marine and continental sandstones . 
shales and coal measures (Niger 
and Benue river troughs, central 
Nigeria/north Cameroon). 

Mesozoic (Upper Cretaceous) con­
tinental sandstones and conglome­
rates (Gr~s de Kandi, north Benin, 
Illo formation northwest Nigeria). 

Tertiary sandstones and s ands 
with inclusions of shale, 
marl and clay (Continental Ter­
minal, Guinea- Bissau/Senegal). 

beae:h ridges: Quartzipsamments, Tropohumods. 
Alluivial plains: Tropaquepts, Trop-/Fluv­
aqu~nts, Tropofluvents. 
Tidail swamps: Trop-/Fluv-/Sulfaquepts, 
TrOPJ-/Hal-/Sulfaquents (including saline 
and sodic phases), some Histosols. 

Sierrra Leone, Liberia, Ivory Coast , 
East: Nigeria, Cameroon: Haplorthoxs 
Togo,, Benin , west Nigeria: Paleustults , 
HaplLustalfs. Pellusterts in Hollis Lama 
deprression . 

Pale~-/Hapl-/Plinthustults, locally with 
pctr:oferric contact . 

SiLr:ra Leone , Liberia, Cameroon: (Plinthic) 
HapU-/rmbriorthoxs and Trop-/Plinthudults, 
loca11ly with petroferric contact. 
Ivor-v Coast: (Pl inthic) Tropudults, Plinth-

udu1Îts and (Oxic) Dystr~pepts, partly 
with1 petroferric contact. 
Togo,, Benin, Nigeria: Hapl-/Pale-/Plinth­
ustailfs and some Pale-/Plinthustults, 
part:ly with petroferric contact. 
Chro,musterts in south Togo/Benin. 

(Plilnthic) Tropaquepts and Paleaquults 

Ivo~y Coast: Trop-/Pli~thudu~ts, some 
(Ox~c) Dystropepts, ma1nly w1th petro­
ferr:i~ contact . 
Guin1ca: Pale-/Rhod- /Haplustalfs, mainly 
with1 petroferric contact. 

Trop>udults, locally (over Tarkwaian rocks) 
Pale,udalfs 

(Oxilc and Lithic) Haplustalfs, partly with 
petr:oferric contact 

(Oxiic and Lithic) Hapl-/Plinthustalfs, mainly 
witlt1 petroferric contact. 

Nigl'l?r river trough: Paleustults and some 
HapQ-/Plinthustults and Hapl-/Plinthustalfs. 
Ben~e river trough: Plinthustalfs (north of 
B. rriver) and (Oxic) Haplustalfs (south of 
B. rriver) and some Hapl-/Paleustults, partly 
witlh pctroferric contact. Pellusterts in 
upp~r B. river trough. 

(Oxilc) Haplustalfs, Pale-/Haplustults . 

(Oxiic ) Haplustalfs with some Orthents and 
Psatrnments 

DRAI:iAGE SYSTE~I 

Pattern Dens i ty 
1 (km/km2 ) ')s) 

Swales; 
:-ieandering/ 

estuarine/, 
delta ic; 

Swamps 

Dendritic/ 
trell ic 

Dendritic/ 
trellic 

Dendritic/ E: high 
subparallel/ G: low to 
trellic medium 

Dendritic/ 
meandering/ 
sineous 

Dendritic/ 
subparallel 

Dendritic 

Subparallel 

Dendritic/ 
meandering 
(Oti river) 

Dendritic/ 
meandering 

(~iger and 
Benue rivers) 

Dendritic/ 
meandering 

(Niger river) 

Dendritic; 
meandering 

E: medium 

E: high 
G: high 

G: medium 

G: low 

G: low 

E: low 
G: low 

G: low 

G: low 

Tcxture ) 
(no/knf )& 

E: fine 
G: very coarse 

E: vuy coa rse 

E: medium 
G: medium 

G: medium 

G: very coarse 

G: v1ry coarse 

E: ccarse 
G: v1ry coarse 

G: va:y coarse 

G: vtry coarse 
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SVBREGION 
GEO~IORPHOLOGY /TOPOGRAPHY 1 ) 

2
) 

Sl1ghtly d1ssected plateaux with common 
granitic/quartzitic inselbergs and hill 
ridge~ and common mesas with ironstone 
hardp•ns; locally (mainly at transition 
zones to interior plains) highly dissected 
with 1carps. ~ently undulating (2-5%), lo­
cally rolling (10-20%) ; e : 350-850 m (up 
to 10(0 min Nigeria and Cameroon); 
a: 10-50 m (up to 100 m in highly dissec­
ted aieas). Inselbergs , hills up to 300 m, 
mesas up to 100 m high . 

Slightly dissected plateaux with few to 
comrnor granitic/quartzitic inselbergs and 
hill ridges and co11UDon to many mesas with 
ironstone hardpans; locally highly dissec­
ted. Gently undulating (2-5%), locally 
rolling (10-20%); e: 350-850 m; 
a: 10-50 m (up to 100 m in highly dissec­
ted areas. Inselbergs , hills up to 300 m, 
mesas up to !00 m high. 

Dissected plateau with steep outward 
scarps. Undulating - gently rolling 
(5-15%); e: 400-600 m; a: 25-50 m. Scarps 
up to 150 m. (Falaise de Banfora). 

Dissected plateau with deeply incised 
valleys. Undulating-rolling (5-20%); 
e: 300-600 m; a: 25-100 m. 

Highly dissected mountain ranges with 
remnants of old planation surfaces . 
Very steep ( > 35%), locally rolling 
(10-207.); e: 600-900 m; a: 100-1000 m. 

Comple< of highly dissected mountain 
ranges with very steep slopes (> 35%); 
rolling-stceply sloping plateaux ( 10-35%) 
and ve:y steep and deep scarps (> 50%); 
e: 600-2000 m; a: 300-1000 m. Scarps 
south of Jos plateau up to 600 m. 

Comple1 of highly dissected, folded and 
faulted mountain ridges with very steep 
slopes ( > 35%), very steep and deep scarps 
( > 50%1 and some rolling (10-20%) rem­
nants of old planation surfaces; 
c: 300- 1000 m; a: 100-500 m. 

Deeply dissected high plateaux. (Gently) 
undulating (2-10%) with very steep 
( > 50% ) scarps down to narrow nearly 
level •0-2%) valley bottoms; 
e: 500-1500 m; a: 10-50 m (plateaux), 
100-50C m (scarps). 

1
) Slope lasses: 

nearly level 
gently undulating 
undulating 
gent ly rolling 
rollinJ 
steep 
very s:eep 

0-2 percent 
2-5 
5- 10 

10-15 
15-20 
20-35 

>35 

' ) e: elevation abo~e sea l evel. 
a : am?litudo of local relief . 

3
) Soil c assification names refer to the 

USDA Soil Taxonomy (SSS, 1975). 
Genera: dcscriptions of the main soils 
in the inventory area are given in 
Volume II, Chapter 2. 

GEOLOGY/LITHOLOGY 

Lower Precambrian (Archean) 
undifferentinted granites, 
migmatites and gneisses. 

Middle Prccambrian (Birrimean) 
undifferentiated schists, 
quartzites and other metamorphic 
rocks (micaschists, amphibolites, 
greenstones, arkoses , gray­
wackes). 

Paleozoic (Canbro-Ordovician) 
sandstones (Sikasso plateau, 
Mali/Upper Volta) . 

Tertiarv (Paleocene) sandstones 
(Kerri Kerri formation, central 
Nigeria). 

Lower Precambrian (Archean) 
undifferentiated granites, mig­
matites and gncisses (Guinean 
Highlands, ~est Cameroon High­
lands, Mandara Mountains, 
Adamawa Range). 

Complex of Precambrian 'older' 
granites, migllldtites and 
gneisses, Jura.sic 'younger' 
granites and Cretaceous and more 
recent basalts. (Jos plateau, 
Nigeria; high ilateaux in West 
Cameroon Highlands and Adamawa 
Range). 

Complex of terninal Precambrian 
(Buem) folded 1nd faulted shales, 
arkoses, sandstones, conglomerates, 
basalts and dolerites and middle 
Precambrian (Birrimean) folded and 
faulted micaceous quartzites. 
(Atacora Range, southwest Ghana/ 
Togo/North Benin). 

Paleozoic (Ordovician, Silurian, 
Oevonian) uplifted and fau.ted 
sandstones and shales, locally 
with intrusion, of dolerites and 
gabbros (Fouta Jallon/~landing 
plateau, Guinea). 

~) Drainage 
ve ry low 
loi.r 

density classes: 

mediuc 
hig~ 
very high 

0-0.3 km/krn2 

0.3-0.6 
0.6-1 .2 
1. 2- 2 .4 

"> 2 .4 

Equatorial fo r est zone 
Guinea savannah zone 

0
) Drainage tcxture classes: 

l1AIN SOILS 3 ) 

Sierra Leone , Guinea , Cameroon: (Plinthic) 
Haplorthoxs , (Oxic) Trop-/Paleudults, locally 
with petroferric contact . 
Ivory Coast, northwest Ghana : (Oxic) Hapl-/ 
Paleustults and some Hapl-/Paleustalfs, partly 
with petroferric contact. 
Nigeria: (Oxic) Hapl - /Plinthustalfs, partly 
with petroferric contact . Orthents and 
Psamments in northern part. 

Ivory Coast: (Oxic) Hapl-/Pale-/Plinthustalfs, 
mainly with petroferr ic contact. 
Cameroon : Haplorthoxs, Tropudults. 

(Oxic) Haplustalfs, mainly with petroferric 
contact. Some Orthents and Psamments. 

Paleustults 

Guin. Highlands : (Lithic) Haplo r thoxs, 
Tropudults and Dyst ropepts . 
West Cam. Highlands: (Lithic) Haplorthoxs , 
Pale-/Tropudults, Palehumults, Haplohumoxs 
and Orthents. 

Jos plateau: (Oxic and Lithic) Haplustults 
and Haplustalfs, Plinthustults . 
West Cam. Highlands, Adamawa Rg: (Lithic) 
Haplorthoxs, Pale-/Rhod-/Hapludults, 
Palehumults, Eutrandepts . 

(Lithic) Hapl-/Paleustalfs, Paleustults, 
Ustorthents. 

Haplustults, Dystropepts , mainly with petro­
ferric contact, (Lithic) Ustorthents. 

DRAINAGE SYSTEM 

Pattern Density 
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Phase 1 - THE INVENTORY M 2 Bioclimatic zones and lenghts of 
ap growth periods. · 

Project coordination (Phase 1): 
International lnstitute for Land Reclamation and lmprovement, Wageningen, The Netherlands 
Cartography: Soil Survey lnstitute, Wageningen, The Netherlands 

0 
1 

Map scale 1 : 5 000 000 
1!,)0 220 390km Date: March 1983 

Legend 

210 
\soline of length of growth period 

- - Boundary of bioclimatic zonès and isoline of length of growth 1Period 

•· • • • • • • • • ••• llTA · mandate boundary {lsoline of 5 - months humid period) 

SAHEL·SAVANNAH ZONE 
Transition zone between Sahara desert and true savannah, The growth period is less than 90 days per 
year, roughly çorresponding with less than 500 mm annual ra\nfall. MonomodaU rainfall pattern . 
Vegetation cÓ\ler is sparse. Nomadic agriculture dominant. Main erop : short se:ason millet , 

SUDAN· SAVANNAH ZONE 
Growth period between 90 and 165 days per year, roughly between 550 mm and 1000 mm annual 
rain.fall. Monomodal rainfall pattern. Fairly intensive erop production possible. Relatively low 
drought hazards and relatively high photosynthetic potential . 

GUINEA - SAVANNAH ZONE 
Growth periÓêtbetween 165 and 270 days per year, roughly between 1000 mm and 1500/2000 mm 
annual rainfall. Monomodal rainfall pattern in the north gradualty shifting înto ;a bimodal pattern 
in the south, with two growth periods of unequal length, In the south drought hazards 
occur during the rainv seasons and tfte photosynthetic potential is relativelv low. 

EQUATORIAL - FOREST ZONE 
Growth period over 270 days per year, roughly O\let 1500 /2000 mm annual rainfall. Pseudo bimodal 
rainfall pattern Photosynthetic potential relatively low and air humidity relatiwely high. 
General erop production conditions are betow optimum, with high incidence of pests and diseases. 

Kev 

Boundary of inventory area and north baundary of Guinea savannah zone 

International boundary 
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WETLAND UTILIZATION RESEARCH PROJECT - WEST AFRICA 

Phase 1 - THE INVENTORY Map 1 Climatic {rainfa~I) regimes and annual 
rainfall distribution. 

Project coordination (Phase I} : 
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1250 
Rainfall isohyet 1250 mm 

(Äpril · October) Main period of rainfall 

l l l l l l 111 11 

11 

KEV 

Monomodal (rainfall) regime. 2 to 5 humid months, charac11:erised by t.igh 
evapotranspiration rates (with occasional moisture stress ) and irregularities 
in rainfall , especially at the onset and cessation of the rains ; 

Bimodal {rainfa11J regime . A major humid period of 4 months (mid March to mid 
July) and a minor one Uate August to early Novembert. The intervening period of 
moisture deficit constitutes a distinct break between the two sea$0ns - lrregularities 
in rainfall, especially within the seaso11s a11d relatively low solar radiation, cause 
below optimum conditions for erop production. 

Pseydo- bimodal (rainfall) regime. Continuous humid period from March/April to 
October/November. Relatively low solar radiation paired with relatively high air 
humidity cause below optimum conditions for erop produ1ction, with high 
incidences of pests and diseases, constituting additional vie·ld limiting factor s. 

__.___.._ Boundery of inventory area 

---1--v Internat ional boundary 
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