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STELLINGEN 

1. Het grondwater regime geldt als de belangrijkste factor voor de bepaling van de actuele 

landbouwkundige waarde van de bestudeerde hydromorfe gronden. 

Dit proefschrift. 

2. Land evaluatie van hydromorfe land types moet, naast de bestudering van bodem kenmer­

ken, gebaseerd worden op observaties van de dynamiek van het grondwater en het bodemvocht­

gehalte in functie van de weersomstandigheden in het stroomgebied gedurende tenminste een 

jaar. 

3. Gezien de vaak marginale omstandigheden waaronder tropische landbouwgewassen worden 

verbouwd en de vergroting van het landbouwareaal door middel van een verhoogd gebruik van 

marginale gronden, is het aangeven van het onder die omstandigheden te behalen produktie-

niveau moeilijk op een redelijke wijze voorspelbaar, omdat te weinig kennis bestaat omtrent 

de ecologische eisen van de gewassen. 

4. De methode waarbij gewasssen op toposequenties (of catena's) worden bestudeerd is zeer 

wel bruikbaar om de geschiktheid van de bodem voor de betreffende gewassen te onderzoeken, 

echter niet om de invloed van afzonderlijke bodemeigenschappen op de groei en opbrengst 

van de gewassen te bepalen. 

5. Uitgaande van een bestaand evenwicht tussen land en landgebruik, dient bij landbouw­

kundige ontwikkeling in "shifting cultivation" gebieden het bereiken van een nieuw even­

wicht een eerste vereiste te zijn. 

6. De samenstelling van het grondwater is ook buiten verzoute gebieden van belang ten 

aanzien van accumulatie van bepaalde verbindingen en de daaruit voortvloeiende vergifti­

gingen van gewassen. 

7. Om als een goede basis voor land evaluatie te dienen, zou in een bodemklassificatie 

systeem als de Soil Taxonomy gestimuleerd moeten worden om fasen op subgroup of family 

niveau te onderscheiden. 

8. De gradering van land kwaliteiten en de benoeming van landgebruiks typen zou globaal 

gestandariseerd moeten worden. 
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9. Bij ontwikkelingsstrategie voor vele delen van Afrika wordt te weinig rekening gehouden 

met de aanwezige behoefte van de boer aan vrije tijd. 

10. Hoewel sommige traditionele gebruiken gebaseerd kunnen zijn op bijgeloof en onwetend­

heid, dient aandacht besteed te worden aan: "one's view on a particular culture in com­

parison with socalled modern cultures whose associated scientific and materialistic 

achievements tend to unwillingly set the standards for other cultures, that are caught in 

a tide against which they are more or less powerless". 

B.N. Okigbo, The role of agriculture in rural development and employment, 1972. 

11. Het wegvallen van ruimte en tijd, als aangetoond in de parapsychologie, is te verwon­

derlijk om niet bij stil te staan. 

12. De verkeersveiligheid op T-kruisingen is gediend met een regeling waarbij het door­

gaande verkeer voorrang heeft. 

13. Ter voorkoming van de toepassing van de buitenspelval, als zijnde een vorm van spel­

bederf, zou in de spelregels van het voetbal opgenomen kunnen worden dat een aanvaller 

niet opzettelijk buitenspel gezet kan worden. 

Proefschrift van W.J. Veldkamp 
Land evaluation of valleys in a tropical rain forest area - a case study 
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ABSTRACT 

In the forest zone of south-western Nigeria, hydromorphic and adjacent land types 
are hardly used for agriculture. To determine their potential, the soils, groundwater 
regimes and soil moisture regimes were studied, together with the social environment, 
geology, hydrology, climatology and natural vegetation. Crop performance, especially in 
relation to the groundwater regime, was studied in toposequence experiments. In an ecolo­
gical suitability classification, land qualities, management levels, and crop performance 
were considered, resulting in ecological crop suitabilities for specific management units. 
For some management units the suitabilities, including some socio-economic aspects, have 
been evaluated. 
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SUMMARY 

The forest zone of south-western Nigeria (the states of Oyo, Ogun, and Ondo) was 

investigated for the agricultural land use potential of its hydromorphic and adjacent 

land types. These land types are found in valley bottoms and on lower slopes. To make the 

study more complete, the more common well-drained soils were partly included for compari­

son. The study area is geologically divided into a northern part (Basement Complex) and a 

southern part (sedimentary formations). Poorly and very poorly drained land occupies 15 

to 19 per cent of the land surface (in the northern and southern parts, respectively); 

for the imperfectly drained adjacent slopes, these figures are 22 and 6 per cent, respec­

tively. 

With a few exceptions, the hydromorphic land is not used for agriculture but only for 

the provision of forest products which are gathered rather than cultivated. This study 

concentrates on feasible ways of farming these land types in the context of the current 

conditions. 

Two methodologies were used for the investigation: 

the performance of crops as a function of the location on toposequences, in 

particular the drainage conditions. 

the ecological land suitability classification, in which land qualities are 

related with the ecological and agricultural requirements of crops. 

After an introductory chapter, a description of the social environment, geology, 

hydrology, climatology, and the natural vegetation is given. The soils and soil formation 

are described in more detail in Chapter 3. Nine soil units (or mapping units) were dis­

tinguished for the northern part and four for the southern part. 

As the emphasis was on hydromorphic soils, the groundwater regimes and the soil 

moisture conditions are discussed separately in Chapter 4. Groundwater regimes are de­

scribed as groundwater classes, each defined by the average highest and lowest groundwater 

level during a specific period or season. The soil moisture condition of the surface soil 

and the groundwater class resulted in a moisture situation of the root zone per ground­

water class per season. 

The land qualities are considered in Chapter 5. Three land qualities are of general 

importance: the availability of water, the availability of oxygen, and the availability 

of nutrients (or natural fertility). For the availability of water, a distinction of phases 

within the soil units was found to be necessary. The response to applied N was treated as 

a separate land quality because of the important effect of denitrification on nitrogen 

applications to hydromorphic soils. Additional land qualities, of local importance only, 

include the probability of occurrence of iron toxicity (in rice only), the probability of 

occurrence of soil erosion, the difficulty of land preparation and harvesting of root 

crops, and the (mechanical) impediment of root development. Apart from the availability of 



water, the land qualities are described in a qualitative way. Together with soil charac­

teristics, the groundwater class was an important factor in the determination of the land 

qualities on several occasions. 

Two management levels are defined in Chapter 6: traditional and improved management. 

The improved management level only differs from the traditional one by some simple and 

relevant improvements, especially in fertilization and drainage, while the establishment 

of bunded and levelled fields (or paddies) is considered for rice cultivation. The effect 

of management is incorporated in the grading of the relevant land qualities. 

In Chapter 7 the crop performance of rice, maize, yam, cassava, sweet potato, coco-

yam, cowpea, soybean, pigeon pea, tomato, okra, celosia, sweet pepper, banana and plantain 

is dealt with in two ways: 

by considering the expected yield per groundwater class. Yields of crops grown 

on toposequences could be related to the groundwater class; four expected yield 

classes were used. The toposequence experiments could not be used for considering 

the effect of non-groundwater factors on crop performance. 

by considering the requirements of the crops with respect to the land qualities. 

In general, only a few facts are known about these requirements, but on the 

basis of literature data, toposequence experiments and observations, four ecolo­

gical suitability classes for the various crops could be established. 

Both the expected yield per groundwater class and the ecological suitability class, 

resulting from the requirements of the crops with respect to the land qualities, were 

matched with each other (Chapter 8). The result is the ecological crop suitability for 

each management unit i.e. the combination of soil unit, phase if any, groundwater class 

per growth or climatological season and management level. 

In Chapter 9, which is a specific application of the foregoing for the study area, 

the ecological crop suitabilities of a number of management units are discussed. A 'total 

of twenty-seven management units, divided into eleven groups, dominating in three study 

areas, were evaluated according to the ecological crop suitabilities. Only the highly and 

moderately suited crops expected to give satisfactory yields were considered. For the 

comparison of management units, an ecological crop suitability index was compiled, in­

cluding kind of crop, ecological suitability, length of the growth cycle, and the number 

in the list of suited crops per season. Some socio-economic data are given about the clear­

ing of the natural vegetation, the preference for certain .crops, and the net labour 

productivity. These data were used in the evaluation of the management units. The best 

management level, resulting in the highest ecological suitability, was chosen. If the 

ecological suitability for both management levels happened to be equal, the best manage­

ment level was considered on the basis of supplementary factors such as the crop, the 

length of time between the clearing of the vegetation and cultivation, the frequency of 

cultivation, the intensity of weed growth, and the degree of hydromorphism in case of rice 

cultivation. 

For rice cultivation on hydromorphic land, a higher ecological suitability is usually 

obtained with improved management. However, the main limitation for improved management 

of rice on hydromorphic land is the relatively iow net labour productivity compared to 

that of the traditional management level. Due to a limited availability of labour in the 



study area, more economic considerations are necessary to determine the best management 

level for rice. 

Furthermore the study revealed that the result of the evaluation of the well-drained 

upper slopes resembles the current land use of these soils. On the other hand, the results 

for the hydromorphic land types can be regarded as a real evaluation of the potential 

land use. Of the hydromorphic and adjacent land types, the heavier textured soils have a 

greater potential for cultivation. The main crops suited to hydromorphic valley-bottom 

land are rice and (Colocasia) cocoyam; additional dry season crops are tomato, okra, and 

soybean. The adjacent somewhat better drained land types, occurring on a strip with a 

varying width along the lower slope, have a high potential; many crops are suited to cul­

tivation. Although differing over short distances, the ecological crop suitabilities on 

lower slope positions are strongly dependent on groundwater regimes and soil texture. 



SAMENVATTING 

Het bosgebied van zuid west Nigeria (Oyo, Ogun en Ondo provincies) is bestudeerd 

naar het potentiële landgebruik van de hydromorfe en aanliggende land types. Deze land 

types komen voor in de lagere gedeelten van valleien. Daarnaast zijn de meer voorkomende, 

goed gedraineerde gronden toegevoegd om een completer beeld te krijgen en tevens om ze met 

de slechter gedraineerde gronden te kunnen vergelijken. Het studie gebied is geologisch 

te verdelen in een noordelijk gedeelte (Basement Complex) en een zuidelijk gedeelte (sedi­

ment formaties). Slecht en zeer slecht gedraineerd land beslaat 15 tot 19 procent van 

het land oppervlak (respectievelijk in het noordelijk en het zuidelijk gedeelte); voor de 

aanliggende, matig gedraineerde hellingen bedragen de percentages respectievelijk 22 en 6 

procent. 

Op enkele uitzonderingen na wordt slecht gedraineerd land niet gebruikt voor de land­

bouw. Wel wordt dit land type gebruikt om bosprodukten te verzamelen. Deze studie richt 

zich speciaal op de wijzen waarop landbouw bedreven kan worden op deze land types onder de 

huidige omstandigheden. 

In de studie zijn twee methodes gebruikt: 

de groei van gewassen in functie van de locatie op toposequenties, in het bij­

zonder in functie van de drainage. 

de ecologische land geschiktheids classificatie, waarin land kwaliteiten gerela­

teerd worden aan de ecologische en landbouwkundige eisen van gewassen. 

Na een inleidend hoofdstuk worden achtereenvolgens de sociale omgeving, de geologie, 

de hydrologie, de klimatologie en de natuurlijke vegetatie beschreven. Een apart hoofd­

stuk (3) is gewijd aan de beschrijving van de bodems en de bodemvorming. In het noordelijk 

gedeelte zijn negen bodemeenheden onderscheiden, in het zuidelijk gedeelte slechts vier. 

Omdat de hydromorfe gronden centraal staan in deze studie, zijn de grondwater regimes 

en de fluctuaties van het bodemvochtgehalte van de bovengrond in een apart hoofdstuk (4) 

behandeld. Grondwater regimes zijn beschreven door middel van grondwaterklassen, die elk 

gedefineerd worden door de gemiddeld hoogste of laagste grondwaterstand gedurende een 

bepaald seizoen. Het vochtgehalte van de bovengrond en de grondwaterklasse leiden tot het 

karakteriseren van de vochtsituatie in de bewortelingszone per grondwaterklasse per sei­

zoen. 

De land kwaliteiten krijgen aandacht in hoofdstuk 5. Drie land kwaliteiten zijn van 

primair belang: de beschikbaarheid van water, de beschikbaarheid van zuurstof en de be­

schikbaarheid van voedingselementen (of natuurlijke vruchtbaarheid). Voor de beschrijving 

van de beschikbaarheid van water bleek een onderscheid in fasen binnen de bodemeenheden 

noodzakelijk. De "response" van stikstofkunstmest wordt behandeld als een aparte land 

kwaliteit, vanwege de belangrijke stikstof verliezen via denitrificatie, die op kunnen 

treden in hydromorfe gronden. 



Additionele land kwaliteiten, die slechts van lokaal belang zijn, zijn de waarschijn­

lijkheid dat ijzer toxiciteit voorkomt (alleen voor rijst), de waarschijnlijkheid dat 

bodemerosie optreedt, de moeilijkheid van land bewerking en oogsten van knolgewassen en 

de (mechanische) belemmering van wortelontwikkeling. Behalve de beschikbaarheid van water, 

zijn alle land kwaliteiten beschreven op kwalitatieve wijze. De grondwaterklasse, tezamen 

met bodemkenmerken die deze beïnvloeden was in de meeste gevallen een belangrijke factor 

in de bepaling van land kwaliteiten. 

In hoofdstuk 6 worden twee management niveaus gedefinieerd: traditioneel en verbeterd 

management. Het verbeterde management niveau verschilt slechts van het traditionele door 

enkele eenvoudige en relevante verbeteringen, vooral wat betreft bemesting en drainage 

en ook het aanleggen van afzonderlijke door dijkjes omringde en gedeeltelijk geëgaliseerde 

veldjes (of paddies) voor de verbouw van rijst. Het effect van management op de gradering 

van de land kwaliteiten is daarna beschreven. 

In hoofdstuk 7 worden de gewassen (rijst, maïs, yam, cassava, bataat, cocoyam, cowpea, 

sojaboon, pigeon pea, tomaat, okra, celosia, paprika, banaan en plantaan) besproken in 

functie van groei en opbrengst op de volgende twee manieren: 

door middel van de verwachte opbrengst per grondwaterklasse. Opbrengsten van 

gewassen, die op toposequenties werden verbouwd, konden in verband gebracht 

worden met de grondwaterklassen; vier verwachte opbrengstklassen werden gebruikt. 

De toposequentie experimenten konden niet gebruikt worden om het effect van 

andere dan grondwater factoren op de groei van gewassen te isoleren, 

door middel van de eisen van gewassen met betrekking tot de land kwaliteiten. 

In het algemeen zijn slechts een gering aantal gegevens bekend over deze eisen, 

echter konden met behulp van de toposequentie experimenten en andere observa­

ties vier ecologische geschiktheids klassen beschreven worden voor de diverse 

gewassen. 

De verwachte opbrengst per grondwaterklasse en de ecologische geschiktheidsklasse, 

resulterend uit de eisen van de gewassen met betrekking tot de land kwaliteiten, worden 

met elkaar gecombineerd ("matching") (hoofdstuk 8). Het resultaat is de ecologische gewas 

geschiktheid voor een management eenheid, die berust op de combinatie van bodemeenheid, 

ev. fase, grondwaterklasse per (groei of klimatologisch) seizoen en management niveau. 

In hoofdstuk 9, dat een specifieke toepassing van het voorgaande is voor het onder­

zochte gebied, worden de ecologische gewas geschiktheden van een aantal management een­

heden besproken. Zevenentwintig management eenheden, verdeeld in elf groepen zijn geëva­

lueerd met betrekking tot de ecologische gewas geschiktheden. Alleen zeer geschikte en 

geschikte gewassen, waarvan een bevredigende opbrengst verwacht kan worden, zijn beschouwd. 

Ter vergelijking van de management eenheden is een ecologische gewas geschiktheids index 

samengesteld, waarin soort gewas, ecologische geschiktheid, lengte van groeiseizoen en 

het aantal geschikte gewassen per seizoen worden beschouwd. Enkele socio-economische 

gegevens met betrekking tot de ontginning van het natuurlijke of secundaire vegetatie 

bestand, de voorkeur voor bepaalde gewassen en de netto arbeidsproductiviteit worden be­

sproken. Deze gegevens werden gebruikt in de evaluatie van de management eenheden. Het 

beste management niveau, namelijk datgene, dat resulteert in de hoogste ecologische ge­

schiktheid, werd gekozen. Als de ecologische geschiktheid gelijk was voor beide management 



niveaus, dan werd het beste management niveau gekozen op basis van nevenfactoren zoals het 

soort gewas, de lengte van de periode tussen ontginning en verbouw, de frequentie van ver­

bouw en de intensiteit van de onkruidgroei en de graad van hydromorfie in verband met de 

verbouw van rijst. 

Wat betreft de verbouw van rijst op hydromorf land wordt meestal een hogere ecologi­

sche geschiktheid bereikt met het verbeterde management niveau. Het belangrijkste nadeel 

voor dit verbeterde management niveau echter is de relatief lage netto arbeidsproduktivi-

teit, vergeleken met die van het traditionele management niveau. 

Uit het onderzoek blijkt verder dat het resultaat van de evaluatie van de goed ge­

draineerde hogere gedeelten van de hellingen overeenkomt met het huidige gebruik van deze 

gronden. Daarentegen dienen de resultaten voor de hydromorfe land types beschouwd te 

worden als een reeële evaluatie van het potentieel land gebruik. Van de hydromorfe en 

aanliggende land types hebben de zwaardere gronden een hoger potentieel voor landbouwkun­

dig gebruik. De belangrijkste gewassen, die geschikt zijn op de laagste gedeelten van de 

valleien zijn rijst en (Colocasia) cocoyam; verdere geschikte droog-seizoen gewassen zijn 

tomaat, okra en sojaboon. De aanliggende iets minder hydromorfe land types, meestal voor­

komend als een strook met een variërende breedte langs de lagere helling, hebben een hoog 

potentieel; vele gewassen zijn geschikt. Hoewel variabel over korte afstanden zijn de 

ecologische gewas geschiktheden op de lagere hellingen sterk afhankelijk van de grondwater 

regimes en de bodemtextuur. 



1. INTRODUCTION 

1.1 SCOPE AND PURPOSE OF THE STUDY 

1.1.1 Background 

The hydromorphic valley soils in south-western Nigeria, and in Africa in general, 

are underutilized, unlike similar soils in other parts of the world. 

Obvious ways of increasing food crop production in West Africa are intensified land 

use and the introduction of cropping systems adapted to local conditions. 

Traditional farming in the forest zone of south-western Nigeria takes place almost 

exclusively on freely drained soils. Poorly drained soils, however, occupy considerable 

areas. The only purpose they serve at present is to provide forest products, which are 

gathered rather than cultivated. Some cocoa is planted where drainage problems are less 

severe. Any farming system on poorly drained soils differs from that on well drained soils, 

so that the traditional farming system cannot be applied in intensifying the use of hydro­

morphic soils. 

The climate of south-western Nigeria is characterized by a severe dry season of four 

to five months and a bimodal rainfall pattern, conditions that are not ideal for most 

annual crops. Irregular drought periods in the rainy season, besides the short dry season 

in the middle of the rainy season, severely affect drought-susceptible crops. Irrigation 

is unknown in the region and would probably be uneconomic in the existing farming systems 

on freely drained soils. In this respect, hydromorphic land has certain advantages over 

well-drained land. With proper management and suitable crops, its productivity can be 

relatively high and can be sustained without the need to revert to bush fallow. 

Rice would be an obvious crop on hydromorphic land. Indigenous African rice (Oiyza 

glaberpima Steud.) has been grown in West Africa for about 3000 years, and the central 

Niger floodplain is one of the early rice-growing areas in West Africa (Porteres 1976). 

Ovyza sativa L. has only been cultivated since 1900, with expansion occurring locally from 

1950 onwards (Buddenhagen 1977). Rice (0. sativa L.) is grown in one part of the study 

area, but mainly as a rain-fed crop. The importance of rice as a staple food crop is in­

creasing in West Africa (Table 1.1). Production increased by 1.6 per cent annually from 

1960 to 1970, with a consequent rise in consumption (De Boer 1974b). Other relevant crops 

for cultivation on hydromorphic soils are maize, yam, cassava, cocoyam, sweet potato, 

grain legumes, vegetables, and plantain/banana. 

The major constraints to using hydromorphic valleys in south-western Nigeria are: 

the difficulty of clearing the vegetation 

the lack of knowledge concerning water management and water conservation 

the local farmers' lack of knowledge about the requirements of rice in new rice-

growing areas. , 



Fig. 1.2. Location of the Westbank area and the Eastbank areas I and II at UTA, Ibadan. 

the northern part, dominated by intermediate crystalline rocks of the Basement 

Complex, for which the terrain of U T A (International Institute of Tropical 

Agriculture) (7 29 N, 3 53 E) near Ibadan is representative, lying in the 

ecological zone of the drier forest (Murdoch and Moormann 1974-). Three areas 

were studied in detail (Fig. 1.2): the area in the south-western corner of U T A 

known as the Westbank area, on the northern side Eastbank area I, and the area 

in the centre, Eastbank area II. 

the southern part dominated by sedimentary formations. An area near Ikenne 

(6 51 N, 3 41 E) (Fig. 1.1), also lying in the ecological zone of the drier 

forest, was chosen as being representative. 

The south-eastern part of the study area, lying in the ecological zone of the wetter 

forest, has a somewhat higher rainfall (up to 2200 mm annually), but no experiments were 

done in that region. 

1.1.4 Extent and use of hydromorphic land in the study area 

Smyth and Montgomery (1962) surveyed a major part of the study area north of the 

boundary of the Basement Complex and sedimentary formations (Fig. 1.1). They estimated 

that poorly and very poorly drained valley-bottom land occupies about 15 per cent of the 

surveyed area and the adjacent, well-to-imperfectly-drained lower slopes, about 22 per 

cent. In the southern part of the study area, Moss (1957), found 19 per cent of very poor­

ly and poorly drained land, and 6 per cent of imperfectly drained land. 

Although rice had been a familiar crop along the coast since the 17th century, mission­

aries in the middle of the 19th century started to spread it into south-western Nigeria 

(Mabogunje 1959). Experiments in 1933, in tidal mangrove swamps, failed because of the 

laborious and costly clearing of the mangrove vegetation and the foreign nature of rice 

cultivation under these conditions. Since the introduction of rice mills in 1946, cultiva­

tion has increased, but mainly on well-drained soils. Swamp rice is found around Ofada, 



south of Abeokuta (Fig. 1.1). Moormann et al. (1975b) estimated that about 40 to 50 per 

cent of the rice in this area is dryland rice. 

Apart from rice, the present use of hydromorphic land varies with the degree of wet­

ness. Outside the urban areas, poorly drained soils are only used to a small extent for 

the gathering rather than the cultivation of products of oil palm (Elaeis guineensis Jacq.), 

raffia palm (Raphia hookevi Mann and Wendl.), cocoyam (Colocasia esaulenta (L.) Schott and 

Xanthosoma sagittifolium (L.) Schott), plantain and banana (Musa spp.), bamboo (Bambusa 

vulgaris Schrad. ex Wendland), and for cocoa (Theobroma cacao L.). Cocoa is cultivated on 

hydromorphic land more in the northern part of the study area because of the longer dry 

season (Adejuwon 1970). Raffia palm (used for making palm wine and building materials) and 

bamboo (for building materials) occur specifically on hydromorphic soils. On the better 

drained lower slope soils, early maize occasionally is grown either as sole crop or inter-

planted with yam. The cultivation of early maize on these soils is increasing, mainly 

because of the high prices of green maize in May, when the bulk of the maize has still not 

been harvested. In urban areas, poorly drained soils, if utilized for agriculture, are 

used for sugarcane and vegetables, while maize, planted early in the growing season, is 

found on adjacent lower slopes. 

1.2 PRESENT AGRICULTURAL USE OF HYDROMORPHIC LAND IN WEST AFRICA, COMPARED WITH OTHER 

REGIONS 

1.2.1 West Africa 

Agricultural use of hydromorphic land in West Africa mainly is confined to rice, 

sometimes with vegetables during the early dry season. Water management is hardly prac­

tised at all. Most rice is grown by subsistence farmers who produce yields of 600 to 

1500 kg/ha; only 5 per cent is grown under improved production methods with yield levels 

of 3000 to 4000 kg/ha. According to de Boer (1974c) about 60 per cent of the rice cultivat­

ed in West Africa is rain-fed rice, 30 per cent is cultivated on flood plains (deep 

flooded and floating rice), 6 per cent in tidal freshwater swamps, and the remaining 4 

per cent under irrigation. 

Another important crop found locally on hydromorphic soils is yam, planted on mounds 

25 to 100 cm high. Sweet potatoes or maize are sometimes grown on the sides of the mounds. 

Yam cultivated in this way is common in eastern Nigeria (Abakaliki-area), in the Makeni-

area in Sierra Leone (van Vuure and Miedema 1973), and in the Lama Kara area in northern 

Togo (Moormann, personal communication). In the Camerouns, cocoyams are often grown on 

hydromorphic land. 

1.2.2 Temperate zone 

When hydromorphic land is to be used in the temperate zone, the land is adapted to 

particular crops, used as range land or pasture, or left under forest. Actually, no adapt­

ed crop - like rice in tropical regions - is available. In determining the agricultural 

use of hydromorphic land in temperate zones, the rate of decrease of groundwater in spring-



time, due to the increasing évapotranspiration, is crucial. With appropriate management 

(especially drainage), hydromorphic land can become very productive for several cereals, 

legumes, and root crops. Even land formerly under the sea, such as the newly reclaimed 

polders in The Netherlands, can be made useful for agriculture. In general, while adapted 

cropping systems are available in the tropics, in temperate regions hydromorphic land, 

unless left as pasture, has to be adapted before cultivation. 

1.2.3 Asia 

In south and east Asia the main food crop is rice, wher; it is mainly grown on the 

wet soils of the lowlands or on other lowland soils which are less wet in their natural 

status, but on which an aquatic regime has been imposed by artificial water retention and 

irrigation. While rice can be grown under dry-land conditions in more humid areas, it is 

originally, and by Asian farmers' preference, mainly a "wet-land" crop (Moormann and 

van Breemen 1978). 

Oryza sativa L. originated in the middle of central south-east Asia, from where it 

extended into the major river valleys, deltas, and coastal plains. These Asian lowlands 

are unique. The deltas and adjacent river plains of the Nile and the Niger are much smaller. 

Even the equatorial rivers, the Zaire and the Amazone, have smaller deltas, although the 

Zaire has large zones of wet lowlands in its middle course. Rice cultivation not only 

extended to natural hydromorphic land, but was continued to better drained soils where, 

by bunding and levelling of fields, paddies were made. Water, from either groundwater or 

rain, is conserved in this system. The following step in development was irrigation 

(Moormann and van Breemen 1978). 

In general, the Asian rice farmer considers land- and water management important 

practices. This is the big difference between Asia and Africa as far as the use of hydro­

morphic land is concerned. In Asia, the dominance of rice as a food crop has strongly 

influenced the preference for farming on hydromorphic land, while in Africa rice has never 

been an important crop. With the exception of cocoyam, no adapted crops have been culti­

vated in Africa. Therefore, only reasonably well-drained soils have been cultivated. The 

result is that, with the extension of land use, the African farmer occupies land downslope, 

while the Asian farmer moves upslope. 

1.3. ATTITUDE OF THE LOCAL FARMERS 

1.3.1 General attitude to agriculture and to changes in farming practices 

Webster and Wilson (1966) see the development of sounder and more productive land use 

as being merely dependent on technical improvements, which require people to abandon their 

traditional customs; instead, a commercial attitude towards the raising of crops for sale 

and profit must be developed. Apart from a change in agricultural techniques, a process of 

general education and guided social change is. necessary. 

Faulkner and Mackie (1933) stated that in traditional farming, as in the study area, 

labour is often the major limiting factor to any change. Also, capital to buy fertilizers, 



machinery, etc., is often lacking and even land may be scarce. Any new technological item, 

if cheap, simple, and available, can be included, but has a greater effect if it reduces 

the labour input. The traditional farming methods are mainly suited to the local land 

conditions, but also to the farmer's economic position, his social circumstances, his 

personality, and his taste. He gets a maximum return for a minimum of labour and he pre­

fers a slower method to a quick one that involves harder work for a shorter period. 

Besides farming, much time is spent on other matters. Galletti et al. (1956) during 

a survey in 1951/52 found that among cocoa farmers in the study area (of the main tribe, 

the Yoruba) festivals and ceremonial obligations took 6.4 per cent of their time, social 

obligations and business 15.6 per cent, work on other farms or in trade and crafts 31.6 

per cent, and illness 11.4 per cent. So only 35 per cent is actually spent on their own 

farms. Besides one normal free day a week, another day was spent on "extra" leisure (bad 

weather or no work available at the time are included as leisure). They also described 

what the Yorubas think about social obligations and leisure: 

"Among the incentives to effort is the desire to earn money with which ceremonial 
functions such as marriages, funerals, and festivals can be conducted in a socially 
acceptable way or even with a lavish display augmenting the family's prestige. When 
money cannot be earned or is insufficient for these purposes the Yorubas will borrow 
rather than incur a reputation for meanness or nonconformity. Gifts to friends and 
strangers also form a part of the acceptable social pattern and must find a place 
in the family budget, but these are in due course reciprocated and have less economic 
importance. 
The desire for leisure may have different roots. The desire to celebrate ceremonials 
and entertain friends is obviously one of them. The climate, which makes long hours 
of arduous labour unenjoyable, is another. There is not yet evidence from psycho­
logical and social studies to show whether the Yorubas have any temperamental aver­
sion from labour, or evidence from economic studies to show whether they will prefer 
increased leisure to increased income when prices become more favourable and a 
certain amount of real or money income is more easily earned. What does appear to be 
sufficiently established is that Yoruba farmers and their families like a working 
day of moderate length and many days or even weeks of idleness and festivity during 
the year It is possible and consistent with observations made during the survey 
that Yoruba farmers prefer leisure to any increase of income they might achieve by 
working much more than their accustomed hours in the day and days in the year". 

Another effect of change could be that, as education is improved, children are taken 

off the farms and that this is negatively felt by the farmers. Children are very useful 

and cheap to use as bird scarers in rice cultivation. As in Europe in the past, school 

holidays take place during busy times on the farm. 

1.3.2 Specific attitude to hydromorphic land use 

The use of hydromorphic land will involve a basic change in agriculture. Hydro­

morphic land is hardly included at all in the existing farming system. Two main factors 

determine the attitude of the traditional farmer towards hydromorphic land use : 

the different farming practices involved because of the hydromorphic character of 

the soils. 

the clearing of the existing vegetation and at the same time the abolishment of the 

gathering forest products (cf. Section 1.1.4). 

The traditional land use system, involving yam, cassava, and maize as main crops, is 



completely adapted to the ecological conditions. Crops, such as swamp rice and vege­

tables, mean for the farmer a knowledge of farming different from his traditional know­

ledge. In rice-farming, special problems arise in the necessary cropping practices of 

water management, transplanting, weed control, and fertilizer application, as well as in 

post-harvest practices like threshing, drying, and milling. In addition, attacks by birds 

and rodents may seriously damage crops, especially in the early stages of hydromorphic 

land development. Vegetables, when grown as cash crops, need special care, and harvesting 

and marketing problems can arise. In general, a strict discipline is needed in hydro­

morphic land use if all the necessary practices are to be performed. Development in 

stages, by which the farmer can learn gradually, is important. 

Because hydromorphic land is scarcely cultivated at the present time, any farming 

on such land must start with the clearing of the natural vegetation. This vegetation can 

be very old and can consist of high trees. Heavy machinery cannot be used when the soils 

are wet, because of their generally low bearing capacity. Therefore, it is only at the 

end of the dry season, if the groundwater is sufficiently deep, that the use of heavy 

machinery is possible. Usually, however, clearing is done by hand using simple tools 

such as matchets and axes. Chain-saws and winches are sometimes used. Not only the felling 

of trees is laborious, if done by hand, but also their removal. Bigger trees are sawn up 

and burnt. Very high trees are left standing, because their felling and removal cause too 

many problems. The light interception of very high trees does not severely affect the 

crops below. On the other hand, they obstruct machines and use nutrients that would other­

wise benefit the crops. As observed in other areas like Sierra Leone and Abakaliki in 

eastern Nigeria, however, clearing does not necessarily form a seriously limiting factor, 

and there is a progressive tendency to enlarge clearings once the process has started. 

The abolishment of gathering forest products is not severely felt by the farmer. 

Raffia palms and bamboo are often found in the valley-bottom land and the cultivation of 

some of this land does not mean a serious decrease in these products. Moreover, the 

farmer can include these plants or trees in his cropping system. 

There are side factors involved in farming on hydromorphic land. Working on wet or 

flooded soils is difficult. Relatively more insects live near wet places, causing dis­

eases which originate in swampy areas. In the study area, malaria is very common. 

Billharzia seems to be present in some areas but was not observed by the author. River-

blindness does not occur in the study area, but it is known in the area west of Iseyin 

(Moormann, personal communication). 

Mabogunje (1959) reported that in inland swamps such as the Ofada area, rice culti­

vation is strongly associated with young farmers, who make the change from their tradi­

tional farming environment more easily than the older farmers. Because those swampy 

areas are very localized, these young men often have to move into areas not necessarily 

belonging to their village. This gives rise to an "alien farmers problem", which finds 

expression in the opposition of autochtonous people against them and local rules against 

the planting of rice. 

In Senegal, the cultivation of rice meant a change in the distribution of labour 

in a way that women became more involved in actual farming (Moormann, personal communica­

tion) . 



In general, as found by Zuckermann (1973), Investment in agriculture has a low 

priority in the study area; farmers attach a much higher priority to non-farm investments, 

especially housing, education, and trading. It must be expected that the high initial 

costs of the development of hydromorphic land cannot be paid by the farmer or that he is 

not willing to invest his money in this kind of development. Spreading the development 

over a number of years or by subsidizing would facilitate any development. 

Apart from food crops, Flinn et al. (1974) pointed out that the average return per 

man-day devoted to tree crops such as cocoa, kola, etc., (normally grown on well-drained 

land) is as much as twice that obtained from traditional food crops. When asked to array 

crops on the basis of profitability, farmers in areas where cocoa can be grown invariably 

rank it at the top. 



2. GENERAL SETTING OF THE STUDY AREA 

2.1 SOCIAL ENVIRONMENT 

2.1.1 History 

The Yorubas form by far the most representative tribe of south-western Nigeria. 

According to tradition their history began at Ife (Fig. 2.1) after their immigration from 

somewhere in the eastern Sudan zone (Ajayi and Smith 1964). Ife was founded in about 
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Fig. 2.1. Towns, main roads, main rivers, and the railway in the study area. 
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1000 A.D. .Most of the Yorubas lived in the derived savanna zone, north of the forest zone. 

Important kingdoms such as those of Oyo (Old Oyo or Katunga) in the derived savanna and 

Benin in the forest zone have existed for a long time. Old towns such as Ife and Ilesha 

are just within the forest zone (Morgan 1972). 

In the 17th century, Portugese traders introduced maize, cassava, groundnut, sweet 

potatoes, tobacco, and various fruits to the area (Udo 1970). Of these crops maize and 

tobacco spread rapidly. Maize became one of the main crops in the derived savanna and an 

important second crop in the forest zone. Cassava did not spread so rapidly since yam was 

the preferred indigenous root-crop. In the 17th and 18th centuries a trade in palm oil 

and palm kernels began. 

The kingdoms disintegrated at the end of the 18th century and Oyo was invaded by 

the Fulani tribe at the beginning of the 19th century. The Yorubas moved southwards into 

the forest zone, where a number of towns sprang up in a short time (Adejuwon 1970). On 

the northern edge of the rain forest a new capital of Oyo was founded, but its importance 

declined rapidly and political power shifted to new cities in the forest zone, such as 

Ibadan, established around 1820. 

Most of the larger Yoruba towns are grouped in an area of about 35 km wide in the 

forest zone, which follows the derived savanna rain forest boundary quite closely. These 

towns are therefore also concerned with the interchange of savanna and forest produce 

together with other forms of exchange (Morgan and Moss 1972). 

The southward shift into the forest was accompanied by a number of civil wars, which 

kept people in or close to the towns during the 19th century. The wars ended at the be­

ginning of the colonial period towards the end of the 19th century. Roads and a railway 

were built and inter-regional trade developed. Agricultural export production increased 

rapidly; firstly wild rubber (Funtumia elastica and the vines Landolphia and Clitandra), 

together with the already existing oil palm trade, followed by cocoa, coffee, kola (Cola 

nitida), and Hevea rubber (Hevea brasiliensis). Oil palm as a plantation crop is nowadays 

found east of the study area, where the annual rainfall is higher. Cocoa is now the most 

important export product from south-west Nigeria. The forest reserves are important for 

timber extraction. The different cash-crop belts and the forest reserves are shown in 

Fig. 2.2. Nowadays the acreage under kola shows an increasing trend at the expense of 

cocoa. Kola is more tolerant to poor soil conditions and is mainly grown on soils derived 

from sedimentary rocks. In most of the cocoa-growing areas, kola was initially planted 

along with cocoa, but its greater vigour and stature gradually helped it to oust the 

latter (Mabogunje and Gleave 1964). 

2.1.2 Demography 

Adegeye et al (1975) gave population density figures of the five provinces of the 

Western State in 1970 (Table 2.1). The.Oyo province, mainly in the savanna zone, shows a 

lower density than the other provinces, which are situated more or less in the forest 

zone. The density of the Ibadan province is relatively high, due to the presence of the 

big city of Ibadan, with an estimated population of about 2 to 2.5 million. Most people 

in the study area are Muslims or Christians. 
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Fig. 2.2. Cash crop belts and forest reserves in the study area. Source: Udo (1970)-

Table 2.1. Population density of the Western State in 1970 (after Adegeye et al. 1975). 

Province Inhabitants/km 

Abeokuta 
Ibadan 
Ijebu 
Ondo 
Oyo 
average 

118 
353 
123 
176 
99 

165 

Bath and Adeogun (1966) estimated that 80 per cent of the total population of the 

study area i. ..iade up of farm families. The Yorubas, however, are much more urban than 

most other A.'rican peoples. In 1952, 48 per cent of the population lived in settlements 

with over 500C inhabitants and 23 per cent in towns with over 50,000 (Udo 1970). These 

percentages have probably increased since then, as a rapid population increase in cities 

such as Lagos, Ibadan, and Abeokuta can be observed. 

Because of the custom of most Yoruba farmers of living in small or large communities, 

two types of farm lands exist, one in the vicinity of the settlement (within 6 to 10 km) 

and the other in the forest or bush at greater distances from the living quarters. Some 

farmers live on the land during the farming season, returning to the town only during the 
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Weekends. 

The Yorubas have a strong sense of community and kinship. The strongest ties between 

individuals are those within the family, a unit which normally consists of a man with one 

or more wives and their children. For different social and economic reasons, a group of 

elementary families form an extended family of a much larger size, which retains its 

unity in the holding of land. The heads of these extended families descend in the male 

line (Galletti et al. 1956). 

There is a clear division of labour between the men and the women. The head of an 

elementary family is the farm operator. If he is a cocoa farmer, he, together with his 

unmarried sons, is engaged in cocoa farming and trade, and to a variable extent with 

food production, both for sale and for family consumption. The women are mainly occupied 

with housework, including home industry, but also with the processing and selling of 

palm products, gari (a cassava product), maize, and beans. They are not really involved 

in the cultivation and harvesting of crops. On large holdings hired labour is common. 

According to Adegeye et al. (1975) in a study on the Ondo area, there is an increas­

ing investment trend in agriculture by part-time farmers, who live in town and have 

labourers to do the actual farming. Since these part-time farmers have better access to 

information, they often bring useful innovations to farming in the area. 

During the past century, much of south-western Nigeria has changed from appropriated 

forest land to settled and cultivated land over which families and individuals claim ex­

clusive rights. Due to the increasing population, the extent of land available for each 

family and each farmer has been declining. Increasing demand for land occurred after the 

opening of export markets and the exploitation of large areas for cocoa. Through inherit­

ance in the large families, a constant subdivision and fragmentation of family holdings 

takes place. Purchase and rent of land is not a custom in Yoruba land, although in recent 

years the common way of obtaining land has been by way of an outright gift from another 

family, which has forest land in excess of its own needs; on the other hand there may be 

possibilities for borrowing a farm for temporary or permanent occupation or, where 

allowed, purchase of land. However, when a man borrows land, he is in the position of a 

tenant, even if he does not pay any rent. In the other two ways of obtaining land, the 

rights of the occupant are the same as those of the former owner. 

Land tenure is not specific for hydromorphic land and follows the general trend of 

fragmentation in the area, which may be one of the socio-economic constraints to develop­

ment and water management in the valleys. 

In general, farm sizes are small. Zuckermann (1973) gives the distribution pattern 

for a village in the cocoa belt near Ife, and Adegeye et al. (1975) give figures for the 

Ondo-division, both in areas on the Basement Complex (cf. Fig. 1.1) (Table 2.2). 

2.1.3 Transport and internal accessibility 

The transport system of south-western Nigeria (Fig. 2.1) consists of roads, a rail­

way, some rivers, a seaport (Lagos), an international and a local airport (Lagos and 

Ibadan, resp.). Transport of goods is mainly by lorries and by head loading. Major roads 

between such cities as Lagos, Abeokuta, Ibadan, and Ijebu-Ode are in good condition and 
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Table 2.2. Distribution of farm sizes for two locations on the Basement Complex. 

1 2 
village near Ife Ondo-division 

size (ha) per cent size (ha) per cent 

less than .75 6 0 - 2 41 
.75-1.50 43 2 - 4 20 

1.50 - 2.25 24 4 - 6 14 
2.25-3.00 15 6 - 8 8 
more than 3.00 12 more than 8 17 

TOO TOO 

1. After Zuckermann 1973. 
2. After Adegeye et al. 1975. 

suitable for heavy transport from the north or from the seaport. Most minor towns are 

linked by asphalt roads. Most villages can be reached by lorries ("mammy-wagons") in 

spite of the often bad condition of the unhardened roads. There are no draught animals 

in the area, owing to the presence of the tse-tse fly. The major rivers, the Oshun and 

the Ogun, are only used for canoe transport. The single railway is rather inefficiently 

used, but could relieve a great part of the north-south transport, which at present main­

ly takes place by road. 

Hydromorphic land is generally very poorly accessible. The road system, especially 

the secondary and tertiary roads, is in no way adapted to the use of hydromorphic land. 

Near the villages, narrow unhardened roads may lead to waterholes in the valleys. Foot­

paths sometimes cross valleys, but often avoid the wet places; this is also caused by 

the farming system, which is exclusively based on well-drained land. In Sri Lanka, where 

there is a comparable physiographical situation, accessibility is considerably better. 

Before any development of hydromorphic land, roads towards and along the valleys must be 

established. This means another direct constraint to development. 

2.2 GEOLOGY 

2.2.1 Introduction 

Geologically the study area is divided into a northern and a southern part. The 

formation in the northern part is of Pre-Cambrian age and belongs to the Basement Complex, 

which forms large shields on both sides of the Niger river, belonging to the African 

crystalline shields (Jones and Hockey 1964). To the south it is covered by marine and 

continental sediments of Cretaceous and Tertiary age (Fig. 2.3). The study area is gently 

to strongly undulating and descends gradually to the south, with the exception of two 

cuestas. The northern part is in general more hummocky and has a closer drainage pattern, 

whereas the southern part is flatter and more swampy. 
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Fig. 2.3. Geological map of the study area. 

2.2.2 Basement Comptes; 

The Basement Complex consists predominantly of folded gneisses, schists, and 

quartzites into which granitic and, to a lesser extent, more basic material has intruded. 

The gneisses are considered to be of sedimentary origin and are metamorphosized to a 

varied extent. Biotite gneiss and biotite hornblende gneiss (together known as banded 

gneiss), mica schists, and amphibolite schists are the most common gneisses and schists. 

Quartzites appear as long ridges, which form distinctive topographic features. Of the 

granitic rocks coarse porphyritic gneiss and granitic gneiss are the most common. Amphi-

bole-rich rocks are common in the area, but their extent is relatively small. Quartz 

veins occur in all rocks throughout the area and may be locally abundant (Jones and 
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Hockey 1964). 

Freeth (1971) indicated three major rock types in the UTA area, notably banded 

gneiss with associated schists, granite gneiss and quartzites and quartz schists. On 

average, banded gneiss and associated schists form the bedrock in 80 per cent of the UTA 

area, followed by quartzite (15 per cent) and granite gneiss (5 per cent). 

The banded gneiss is a grey quartz-biotite-plagioclase-hornblende paragneiss which 

weathers readily so that outcrops are few. It is a metamorphosized sedimentary rock, prob­

ably graywacke, of Pre-Cambrian age. The main minerals in banded gneiss are quartz, plagio-

clase, alkali feldspars, biotite, and hornblende. The average chemical composition of 

banded gneiss in the Ibadan area is given in Table 2.3. Considerable variation in compo­

sition is found between the alternating lighter and darker components. 

The granitic gneiss is a hornblende-biotite granite orthogneiss, intruded in the Pre-

Cambrian bedrock at a considerably younger period. Because of its resistance to erosion, 

it frequently forms inselberge and well demarcated ridges. Small bodies, often visible in 

the terrain as rock outcrops and rock ledges, accompany the main intrusions. The main 

minerals in the granite gneiss are quartz, orthoclase, albite and ferro silicates. Table 

2.3 gives the average chemical composition. 

The quartzites and quartz schists, being more resistant to erosion, often form promi­

nent ridges. The age of these rocks is similar to that of the banded gneiss. Freeth (1971), 

on the basis of many analyses, distinguished two groups, the average mineralogical compo-

Table 2.3. The chemical composition of banded gneiss and granitic gneiss in the Ibadan area 
(Freeth 1971). 

banded gneiss granitic gneiss 

range average range average 

SiO 
A120 

FeÓ 
MnO 
TiO 
CaO 
MgO 
K O 
Na20 
P2é5 

61 
15 
1.7 
2.1 
0.05 
0.3 
2.7 
1.2 
1.6 
4.0 
0.1 

per cent 

_ 
-
-
-
-
-
-
-
-
-
-

69 
18 
3.2 
3.5 
0. 10 
0.9 
5.2 
2.3 
2.8 
6.3 
0.5 

64 
16 
2.0 
2.8 
0.07 
0.6 
4.0 
2.0 
2.5 
4.8 
0.2 

72 
12 
0.6 
1.5 
0.03 
0.1 
1.1 
0.10 
5.6 
2.2 
0.01 

per cent 

_ 
-
-
-
-
-
-
-
-
-
-

75 
13 
1.8 
3.2 
0.05 
0.3 
1.4 
0.12 
6.4 
2.6 
0.05 

73 
12 
0.9 
2.3 
0.04 
0.2 
1.2 
0.11 
6.2 
2.4 
0.02 

Table 2.4. The average mineralogical composition of two groups of quartzite rocks in the 
Ibadan area (Freeth 1971). 

per cent 

quartz 99 88 
alkali feldspar 0 2.3 
muscovite 0.93 2.5 
biotite 0.02 6.1 
others 0.05 1.1 
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sition of which is given in Table 2.4. 

The dominant land forms of the northern part of the study area are gently inclined 

pediments and steep residual hills (Burke and Duratoye 1971). The hills show a north-

south trend according to Smyth and Montgomery (1962)j reflecting the general strike of 

the underlying rocks. In the pediment plain a drainage pattern was incised, forming a 

trellis pattern. During the Pleistocene, rejuvenation of the drainage system eroded the 

pediment plain near the rivers. At present, small streams are actively cutting back, 

leaving small remnants of the pediment plain. Within a few hundred metres of a river, 

gentle pediment slopes (less than 1 per cent) change to much steeper slopes (up to 8"per 

cent, but an average of 4 per cent) and the river occupies a narrow valley. As a result, 

the major rivers have narrow flood-plains. In areas with basic rocks the valley slopes 

are steeper than on the Basement Complex. 

The general topography of the UTA area is rolling, with dominant slopes of between 

3 and 10 per cent. Flatter parts with slopes of 1 per cent or less are confined to some 

of the wider valley bottoms and to the upper parts of the ridges and plateaus. Rarely do 

these flat-to-gently-sloping uplands occupy consolidated areas of more than 5 ha. Steeper 

slopes of up to 25 per cent are quite common. 

slightly mottled 
sandy cloy loom —J 

"mottled cloy" 
plinthite 

grovel,stones ond boulders 
(derived locally and not rounded I 

Fig. 2.4. Cross-section through a valley at UTA (cross-section block F). 

17 



Although the overall drainage system of rivers and streams is mature, the valleys 

themselves are young, as witnessed by the rocky stream floors in many rivers, and by 

the generally thin layer of sediments in most valleys. The major river valley at UTA 

(Fig. 1.2) showed a maximum deposit of slightly more than 3 m of alluvial sediments over 

weathered bedrock. A similar depth was found in a side valley (Fig. 2.4). The basis of 

the alluvial sediments is formed by a gravel layer; the other alluvial fill of the valleys 

varies widely in texture. 

2.2.3 Coastal sedimentary formations 

During the end of the Cretaceous period, the sea gradually invaded the coast of 

West Africa (Slansky 1962). At the same time weathered detritus, containing mainly quartz 

sand and kaolinitic clay, was transported to the coasts from inland. During this period, 

different modes of deposition are recognized: fluvial, estuarine or coastal, and lagoonal 

or deltaic deposition. The Cretaceous and Tertiary sediments overlying the Basement 

Complex in the southern part of the study area consist of the following formations, as 

distinguished by Jones and Hockey (1964): 

Abeokuta formation (Upper Senoon) 

Ewekoro formation (Paleocene) 

liaro formation (Eocene) 

Coastal Plain "Sands" (Oligocene-Pleistocene) 

Fig. 2.5 shows the stratification of these formations from Ikenne southwards. The 

Abeokuta formation consists mainly of sandstones with more clayey rocks in the middle 

of the formation, in which a transition from continental to marine deposition is shown. 

The Ewekoro formation is a marine deposition, consisting of limestone overlain by shales. 

The Eocene and Post-eocene succession as a whole was deposited in a basin whose northern 

shore retreated southwards during the Tertiary; they consist of shales and sandstones. 

The Coastal Plain "Sands" are mainly clayey sands and sandy clays, which are locally pebbly 

and poorly sorted. Deposits from Ikenne southwards include a recent cover of Plio-Pleisto-

cene Coastal Plain "Sands" materials. The transition between the Plio-Pleistocene cover 

and the older formations is frequently characterized by an ironstone (laterite) formation 

varying from a thin ironstone pebble layer to a thick laterite p'àn (Fig. 2.6). The latter, 

Ikenne r m y e r coastal plain sands 
I Püo-Pleistocene cover ,O l i q o c ene-Pleis tocene) 
* Ewekoro / ^ ^ = = = = = = 

depression - J > - / — - - ^ ^ — U a r o f o r m a t i o n (Eocene) — 
Ewekoro f o rma t ion (Paleocene) 

Abeoku ta f o rma t i on (Cre taceous ] 

Basement complex ( P re- Cambrium ) 

Fig. 2.5. Idealized geological cross-section from Ikenne south towards Lagos lagoon. 
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i ronstone layer 

cuesta 

basement 
complex 

Fig. 2.6. Occurrence of ironstone layer at transition of Plio-Pleistocene and underlying 
older formations. 

4L00E 
7'4-ON 

Fig. 2.7. Relief of southern part of the study area. Source: Jones and Hockey (1964). 

which can easily be seen on the steep sides of the cuesta, was reported by Fauck (1972). 

The northern part of the coastal sedimentary area consists of flat to gently undu­

lating plateaus rising to a maximum height of 230 m, dissected by deep V-shaped valleys. 

Southwards it falls away to a low-lying marshy belt situated about 30 m above sea-level 

(Fig. 2.7). This is the Ewekoro depression which is bounded to the south by a low, gently 

sloping, dissected escarpment of the southern uplands. These southern uplands reach a 

maximum height of 130 m and drop gently southwards to the coastal plain. The drainage 

system is usually deeply incised. The southern limit is often sharply defined by a step 

about 15 m high, rising above the coastal strip which stands only a few metres above sea 

level. The low-lying coastal strip and the extensive alluvial plain of the major rivers 

are topographically similar to the Ewekoro depression (Jones and Hockey 1964). 

The upland soils in the Ikenne study area are formed in the Plio-Pleistocene cover on 

top of the older formations. Slansky (1962) gave the chemical composition of the Coastal 

Plain "Sands" (brown, fine clayey sand, sampled at 15 m depth at Bopa, Rep. of Benin) 

(Table 2.5). 

Table 2.5. The chemical composition of Coastal Plain Sands (after Slansky 1962) (percen­
tages) . 

Si02 

56.9 

A 12°3 

13.4 

Fe 2 0 3 

11.9 

FeO • MgO 

T74 

CaO 

Ö74 

Na20 

0.2 

K20 

J7T 
H20+C02 

14.4 

P2°5 

0.3 

MnO 

trace 
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2.3 HYDROLOGY AND LAND FORMS OF VALLEYS 

2.3.1 Hydrology 

A major watershed exists north of the study area (Fig. 2.8). South of this watershed 

all major rivers flow southwards to join the coastal lagoons. 

Fig. 2.8. Main rivers in south-western Nigeria and location of the main watershed, north 

of the study area. Source: Udo (1970). 
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Fig. 2.9. Drainage system 
on Basement Complex for­
mations; Ibadan-IITA area. 

Fig. 2.10. Drainage system 
on sedimentary rock forma­
tions; Ikenne area. 

In the Basement Complex area, the stream direction is largely controlled by the trend 

of the foliated rocks and by jointing, particularly on the more resistant rocks. These 

two factors impose a trellis pattern upon the minor drainage. Where the underlying rocks 

are deeply weathered, a dendritic pattern unrelated to the structure results. Smaller 

streams, although controlled by geological structure, have seldom cut down to fresh rock, 

but the bigger ones have stripped off the weathered zone over considerable distances 

(Jones and Hockey 1964). Fig. 2.9 shows the drainage pattern in the Basement Complex area, 

in particular the area between the city of Ibadan and the UTA site. Burke and Duratoye 

(1971) stated that some rivers and parts of others, such as the Ogun, flow from north­

east to south-west. This direction is not structurally controlled by the Basement Complex; 

the explanation for this direction might be a possible cover of Cretaceous and Tertiary 

in which this trend was developed. 
2 

Low drainage densities within the range of 0.5 to 1.5 km/km have been found on the 

Basement Complex (Wigwe 1966 and Jeje 1970, as stated by Thomas 1974). Nye (1954) stated 

that such low densities probably reflect the widespread occurrence of deep regoliths with 

infiltration capacities high enough to absorb a large proportion of the precipitation. 

According to Moormann et al. (1975a), however, sizeable aquifers in the Basement Complex 

are rare. Infiltration water seeps down and subsequently moves to the valleys without 
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forming a general watertable in the higher'parts of the landscape. Shallow groundwater 

may only be found in localized fractured strata of faults and in places where the imper­

vious subsoil or bedrock forms a trough. 

The main rivers normally run the whole year with a variable flow, but the smaller 

ones are intermittent. Small streams are dry for a certain period each year and the 

smallest ones may flow only for a few weeks during the latter part of the rainy season 

(Smyth and Montgomery 1962). 

The Cretaceous escarpment on the boundary with the Basement Complex forms a divide 

of some importance, although it has been crossed by a number of streams in addition to the 

main rivers. The drainage pattern on the sedimentary rocks is markedly different from that 

on the Basement Complex. On the northern uplands of the sedimentary rock formation area, 

rivers are relatively widely spaced and deeply incised in a southern direction. Fig. 2.10 

shows the drainage pattern in the sedimentary rock formations, in particular the Ikenne 

area. In the Ewekoro depression, much of the ground is waterlogged for part of the year 

and streams draining the higher grounds lose their identity in swamps and networks of 

creeks. The drainage pattern on the southern uplands is closer than on the high grounds 

to the north as there is more surface run-off owing to the higher proportion of impermeable 

strata in the underlying sediment (Jones and Hockey 1964). Moss (1961) reported densities 
2 

of streams in the southern part of the study area ranging from 0.37 to 1.05 km/km with an 
2 

average of 0.62 km/km . 

2.3.2 Land forms of valleys 

The land forms of valleys can be described by five main characteristics : 

topography of surrounding landscape and the valley system 

length-profile characteristics 

cross-profile characteristics 

hydrology characteristics such as drainage, duration of high groundwater levels, 

amount of water passing a valley, and the eventual excess of water 

soil characteristics such as textural profile, soil drainage, and other specific 

soil characteristics such as high Fe-contents, salinity, or nutrient deficien­

cies. 

The length and cross-profile characteristics of valleys in the study area will be 

discussed in this section. The characteristics of topography have been dealt with in 

Section 2.2. Those of soils and hydrology will be treated in Chapters 3 and 4, respective­

ly-

The length-profile characteristics of a valley are its form and its overall slope. 

The form of the valley may be smooth or stepped. Stepped valleys are common on the Base­

ment Complex; they occur when harder and softer rock formations alternate on the surface 

when the valley is situated across the strike of the rocks. On sedimentary rocks only 

smooth valleys are found. The overall length-slope of the valleys is very gentle owing 

to the gradually descending level of the land towards the ocean. 

The cross-profile of a valley consists of two characteristics: the form and the width. 

Several forms can be distinguished. Relatively young valleys, mainly the lower order 
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