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FOREWORD
The United Nations University Institute for Natural Resources in Africa
(UNU/INRA) was established in 1986 as a research and training centre to work
closely w i t h African Universities and research institutes in speeding up human
resources development and institutional capacity building needed to backstop the
conservation, management and rational utilization of the continent's natural
resources endowment for self-reliant sustainable development. The concern that
led to the Institute's development is that despite Africa's rich natural resources
endowment, it remains the least developed continent due to the very low level of
application of science and technology to the understanding, planning and
innovative management, processing and utilization of natural resources in raising
living standards and human welfare. UNU/INRA's mission is that of working in
partnership w i t h and strengthening universities and research institutes to develop
capabilities needed for (i) collecting and generating information for raising public
awareness in Africa about the nature and potentials of the region's natural
resources, (ii) human resources development and institutional capacity building
through strengthening of existing universities and research institutes, (iii)
supporting research of sufficient scope and post-graduate training for finding
solutions to many of the technological and socio-economic problems of the
continent related to natural resources; (iv) making this information obtained
available to national institutions, and (v) organizing training courses in Africa
including post-graduate courses usually only available overseas; (vi) developing
capabilities for exploration, conservation, innovative management and rational
utilization of natural resources and (vii) developing capabilities for planning, policy
formulation and provision of consultancy services in natural resources management
for sustainable development.
The field surveys from which the data and information published here were
obtained were conducted in 1992-1993 in ten African countries to determine (i)
the status of soil and water resources quantitatively and qualitatively, (ii) the extent
to which needs are being satisfied, (iii) technologies employed, (iv) environmental
problems being encountered, (v) constraints to satisfying demand, and (vi) the
institutions and experts engaged in R & D on soil and water resources. Collection
of data and information was based largely on literature review of published and
unpublished data and information from records and other sources, questionnaire
responses and direct first-hand observations in the field. The report presented here
is devoted to the field survey of the Republic of Ghana. It is hoped that the
information made available here and subsequent ones to be published will be used
in planning future work and decision-making where relevant. Gaps in knowledge
identified in this survey and recommendations therein will be found most useful in
planning future w o r k in Ghana and elsewhere.
I take this opportunity to express my appreciations to the UNDP for funding
the field surveys, to the authors who put in a lot work in carrying them out and
preparing the report, and to Dr. Henry Obeng for reviewing the survey reports.

Bede N. Okigbo
22 November 1994
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EXECUTIVE SUMMARY
The Republic of Ghana is a West African country with an area of 239 000 km^ and a
population of 15 million. The main ecological zones are the Coastal and Interior savanna, the
High rain forest and Semi-deciduous rain forest and the Forest-savanna Transitional zone. The
mean total annual rainfall is between 800 and 2000 mm and the mean annual temperature
ranges from 26 to 30 ^C. About 60% of the geology is composed of metamorphosed
Precambrian rocks whilst the rest of the country is underlain by sediments of the Volta basin.
The different geological formations have given rise to different parent materials from which
most of the soils of Ghana are derived.
The major soil groups within the forest zones are the Forest Ochrosols (Acrisols FAOAJNESCO, 1990) and Forest Oxysols (Acrisols, Ferralsols). Within the Semi-deciduous
rain forest zone, the Forest Ochrosols are the most extensive and important soils. They occur
in the various physiographic positions and are cultivated to the major cash tree crops (cocoa
and oil palm) and most staple food crops (cocoyam, plantain and banana). The maintenance of
organic matter in the topsoil is very important for sustainable productivity. The Forest Oxysols
occur in the High rain forest zone of the country. They are more acidic, paler in colour and
more kaolinitic than the Ochrosols. They are more suitable for rubber and oil palm than for
arable crop production.
The Forest Uchrosol-Oxysol intergrades have properties which are intermediate
between the Forest Oxysols and Forest Ochrosols. Coffee is very tolerant of such soils and
hence is being cultivated commercially. The Forest Ochrosol-Rubrisol intergrades (AcrisolNitisols) are of limited expanse. They offer better medium for intensive cultivation of both
arable and tree cash crops than the more wide spread Forest Ochrosols. The Forest Lithosols
are devoted only to forest reserve and for water shed protection because of their susceptibility
to erosion.
The major soils in the Interior savanna zone include the Groundwater LateriteS
(Plinthosols), Savanna Ochrosols (Acrisols, Lixisols and Nitisols), Savanna OchrosolGroundwater Laterite intergrades (Acrisols-Lixisols-Plinthsols) Savanna Lithosols (Leptosols),
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Tropical Black Earths (Vertisols) and Savanna Gleisols (Gleysols). The dominant soils in the
Coastal savanna zone include the Savanna Ochrosols (Acrisols, Lixisols, Nitisols), Tropical
Black and Brown Earths (Vertisols), Tropical Grey Earths (Solonetz), Sodium Vleisols
(Solonchaks) and Savanna Gleisols (Gleysols).
The Savanna Ochrosols, which cover about 5.7 million ha, are mosuy well and
moderately well drained on the uplands and morphologically consist of three major soil groups,
namely, (i) shallow to very shallow concretionary, medium to light textured soils over parent
rocks; (ii) moderately shallow to moderately deep, concretionary/gravelly, moderately heavy to
medium textured soils over weathered parent rocks; and (iii) deep to very deep non-gravelly,
moderately heavy to medium textured soils developed in weathered products of parent rocks.
The main differentiating factors being profile depth, concentration and distribution of
concretionary and/or gravelly materials. Only the deep to very deep, non-gravelly or
concretionary, moderately heavy to medium-textured soils are suitable for both hand and
mechanized cultivation of arable crops.
Almost all the Groundwater Laterites (Plinthosols) are shallow, on less than 3% slope,
have kaolinitic clay with CEC generally less than 10 cmol^ kg"l. The Tropical Black Earths
(Vertisols) occur in pockets within the interior savanna zone but are extensive (about 2(X) 000
ha) in the Coastal savanna zone. They have mean clay content of more than 30% dominated by
high activity 2:1 clays. These soils are fertile but unproductive because of the difficulty in
managing the water content. The Tropical Grey Earths (Gleyic Solonetz) occupy lower slopes
in association with the Regosolic Groundwater Laterites (Arenosols-Plinthosols) and together
cover some 150 080 ha within the coastal zone. There are presently no analytical data available
for the salt-affected soils (36 700 ha) which border the saline coastal lagoons and creeks along
the lower Volta. The Savanna Gleisols (1 608 000 ha), being deep and gently undulating but
imperfectly to poorly drained, are potentially suitable for the cultivation of rice, sugar cane and
vegetables.
The water resources of Ghana include both surface and groundwater resources.
Rainfall, rivers and reservoirs constitute the surface water resource. The Volta lake, with about
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8482,3 km^ surface area, is the largest man-made lake (reservoir) in the world. There are
other medium and small scale impoundments (13) in the country. Flooding is generally
moderate. Water weed problems are presently not very serious with the reservoirs but of late
that of water hyacinth has emerged.
Groundwater occurs in the sedimentary and non-sedimentary formations in the country.
The sedimentary covers 43% whüe the non-sedimentary covers about 57% of the land area of
the country. Aquifers underlie almost all areas of the country. The thickness of the aquifers
ranges from a few centimeters to about 30 m.
So far the quality of the groundwater in both the sedimentary and non-sedimentary
formations is generally good for human use, but there is the need to monitor, on continuous
basis, the effect of the increase use of agrochemicals and of industrial waste pollution on the
groundwater quaUty. Reports on the domestic and municipal water supply and utilization
indicate that the population provided with potable domestic water supply rose from 38% in
1975 to 56% in 1985. The average for the urban population increased marginally from 92% to
93%. The improvement in rural water supply, however, leaves much to be desired because
only 15% of the rural population now have access to potable water and the population in this
category (< 500) constitute about 30% of the country's total population.
The quality of both surface and groundwater in the Coastal and Interior savanna
ecological zones seem to be quite suitable and adequate for irrigation. There seems to be
adequate water supply for present and future livestock (2000 AD) production and industrial
development. Water borne diseases such as diarrhoea, dysentery, cholera, guinea worm,
hookworm, schistosomiasis, malaria, trypanosomiasis and onchocerciasis are prevalent in
the country. The incidence of most of these diseases has been on the increase. However,
control programmes for onchocersiasis and guinea worm have been quite successful.
The land use patterns identified and quantified were savanna woodland, bush
fallow, unimproved pasture, forest reserve, tree and annual crops, wildlife and the
unreserved land. The first three patterns account for 60% of the land area. The main
system of fanning is traditional with the use of the hoe and cutlass. Agriculture is
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predominantly on small holding basis, of which 85% is on farm sizes less than 2 ha in the
forest and less than 5 ha in the savanna zone. The major types of farming systems are cash
tree cropping, bush fallow, mixed farming, compound farming, horticulture and
commercial or large scale farming. The latter commonly include rubber, oil palm and
coconut plantations and to a lesser extent rice, maize and pineapples. The land tenure
systems are the customary, stool land, individual ownership, shared tenancy and direct
government acquisition.
Traditional systems of maintaining soil fertility involve land rotation, permanent tree
cropping (such as cocoa, kola and rubber cultivation) and compound farming which utilises
animal and crop wastes. The use of chemical fertilizers is comparatively low but with some
increasing trend on cereals and pineapples. There is a definite government policy to replace
the low N-fertilizers for high N-fertilizers. This has resulted in significant imports of urea
over ammonium sulphate. The cropping pattern is monoculture for tree crop and some
rice. The rest is on mixed cropping.
Of the eight major forms of land degradation in Ghana, the indiscriminate
destruction of vegetation, soil erosion, decline in soil fertility andfloodingare common to
all the ecological zones. Nonetheless, all the various forms of land degradation are brought
about as a result of complex interaction of factors caused by man's activities. These factors
are land clearing for agriculture, poor cultural practices, bush burning, exploitation of
vegetational resources, over grazing, population pressure, improper road construction
procedures and injudicious use of agrochemicals and organic wastes.
Environmental pollution in Ghana comes from the agricultural, mining and
industiial sectors. The impact of agriculture is tremendous. Since cocoa production is in a
unique position, the largest single quantities of (Gamalin 20EC) insecticides are applied to
protect this crop. There appears to be no available information on the effects of pesticides
on the soils environment and on the users. The lack of advice or assistance from
agricultural extension officers and the chemical sellers has contributed to improper use of
pesticides by farmers.
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Mining has long been second only to cocoa in importance to the exports of the
country but the trend seems to be reversing. The processes used in the past for the
exploitation of gold, bauxite, manganese and diamond have polluted the environment. The
arsenic content in the hair of miners at the gold mining town of Obuasi has been reported to
be higher than the permissible maximum. Alumina smelting, oil refinery, cement-asbestos
plants in Tema and the effluents from brewery and textile industries contribute to the
pollution problem in Ghana. Unfortunately, there are no data on the quantity of industrial
effluents even where the nature of the pollutants is known.
Because of time and financial constraints, the detail studies on some relevant socioeconomic problems could not be undertaken as we would have wished. However, it was
observed that in the Vertisol areas of the country the major constraints to agricultural
activities include poor transportation systems, marketing of produce and lack of credit
facilities. Nonetheless, women farmers were identified as being more credit worthy than
their male counterparts. Farm work was based on sexual and generational division of
labour particularly in the interior savanna. Sample questionnaires are included in Appendix
II while Appendix I gives data on physical and chemical characteristics of modal soils.
This summary does not recapitulate the conclusions and recommendations (Chapter 11).
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1. INTRODUCTION
1.1 Historical Background
This work is borne out from the first orientation / training course organised by the
United Nations University (UNU) programme on Natural Resources in Africa (INRA) in
Nairobi, Kenya,fi-omAugust 12 to 31,1991, for thirty-eight selected participants from
eighteen African countries (the principal investigator of this work was one of the
participants). The instruction method adopted was a classroom-type thus participants had a
chance to discuss topics which focussed on the key priority areas of natural resources of
Africa and the definition and implications of the concept of sustainability. The course was
designed to help the participants to function as prospective members of the college of
research associates.
Based upon the resources of UNU/INRA, the original programme was scaled
down to specific projects impinging on the priority areas of the continent's natural
resources. These projects were to be tackled by interested participants and colleagues. It
was further identified and agreed by participants that, irrespective of the extremely limited
financial resources of UNU/INRA the initial work must take off and should focus on
surveys on particular projects.
It is to this end that a proposal was submitted by the Department of Soil Science,
University of Ghana on "Field Survey on Soil and Water Resources of Ghana, their
Conservation, Management and Constraints to their Utilization for Sustainable
Development". The proposal was accepted by UNUANRA; special service agreement
(SSA No. 92/067) was signed on April 15,1992 and 70% (i.e US$3 300) of the conti-act
sum was physically received on June 01, 1992.
1.2 Aims and Objectives
Tlie objectives of the study were, therefore, twofold: (1) to collect and collate all
information and data on the major soils and water resources of the various ecological zones
of Ghana, and (2) to identify the potentialities, problems and constraints in the
management, conservation and utilization of these resources for sustainable development.
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1.3 Geographical Area Covered in the Survey
The whole of Ghana as described briefly under section 2.1.
1.4 Duration and Period of the Survey and Membership
The survey, which covered a period of two months, was undertaken by Professor
Y. Ahenkorah, Dr. J.K. Amatekpor, Dr. G.N.N. Dowuona and Dr. S. Duah-Yentumi, all
of the Department of Soil Science. Technical assistance was provided by Rev. Osei Yaw
and Mr. Bernard Anipa of the Volta Basin Research Project (V.B.R.P.), Legon and Mr.
Mercer Sarquah of the Soil Science Department, Legon. The services of two research
assistants, also of the Department of Soil Science, were used throughout the survey.
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2. GEOGRAPHICAL SETTING
2.1 Location, Extent, Area, Population and Ecology
Ghana is a West African country which lies along the Gulf of Guinea between
latitude 4» 44'N and l l ^ 11'N, and longitude 3» 15'W and l» 12'E and is bound on the
east by Republic of Togo, on the west by La Cote d'lvoire and the north by Burkina Faso.
The country has an area of 239 000 sq km. The population is approximately 15 million.
Six ecological zones, defined on the basis of climate, reflected by the natural vegetation and
influenced by the soils, are recognized in Ghana. These consist of the Coastal and Interior
savanna zones, the Semi-deciduous rain forest zone, the Forest-savanna Transitional zone,
the High rain forest (Evergreen) zone and the Transition zone between the High and the
semi-deciduous rain forest zones (Fig. 2.1). The environmental conditions in these zones
are discussed below.

2.2 Climate
2.2.1 General
There are three major air masses that influence the cHmate of Ghana. These are the
Monsoons, Harmattan and Equatorial air masses. The Monsoons originatefromthe
subtropical anticyclone of the South Atlantic and on crossing the equator they change their
south-easterly direction to south-westerly. The Harmattan, which originatesfromthe
Azores-Saharan anticyclone is characterised by high temperatures and low relative
humidities. The origin of the Equatorial air masses which are restricted to the equatorial
region is, however, doubtful. They are warm and moist with constant relative humidities.
The Monsoons and the Harmattan converge into a zone called the Inter Tropical
Convergence Zone (ITCZ). The movement of the ITCZ north and south determines the
climatic pattern in Ghana. Generally, the rainbelt (Fig. 2.2) follows the ITCZ in a
northerly direction during April to mid-September and moves ahead of the belt in a
southerly directionfrommid-September to December when the ITCZ completely clears the
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coastal boundary. Except the Interior savanna zone, the other ecological zones are
traversed twice by the ITCZ and experiences two rainy peaks.
2.2.2 The Coastal Savanna Zone
TTie Coastal savanna zone has two rainy seasons with a mean annual rainfall of
about 800 mm (Table 2.1). The moderating effect of the Volta Lake on the rainfall in some
parts of the zone has resulted in shifts from this mean; about 1134 mm for Akuse (Table
2.2). The major rainy season starts from March and lasts until mid-July, followed by a
short dry spell that runs till the end of August. The minor rainy season, which starts from
early September and ends in mid-November, can be unreliable making farming a hazardous
occupation in this zone as periodic crop failures occur. There are about 71 to 80 rainy days
in a year throughout this zone. The major dry season is from November to end of
February. The desiccating effects of the harmattan is strongly felt during this time.
Temperatures of this zone are relatively high throughout the year. February, March and
April have the highest average maximum temperatures of about 29 *^C, whereas July and
August have the lowest temperatures. The mean annual temperature is about 27 ^C.
Relative humidities (RH) during the day vary from 55 to 65%, falling to about 40% during
the major dry season. The RH normally rises to almost 100% at night throughout the year.

2.2.3 The High and Semi-deciduous Rain Forest and Transitional Zones
The High rain forest, the Semi-deciduous and two Transitional ecological zones are
also characterised by two rainy seasons. Unlike the Coastal savanna zone, the minor rainy
season tends to be more reliable especially in the High rain and Semi-deciduous rain forest
zones and their transition zone. Total annual rainfall recorded for the four respective zones
are about 2000, 1600, 1400 and 1300 mm (Tables 2.3, 2.4, 2.5 and 2.6). The High rain
forest zone, which has a less severe dry season, records more than 150 days of rainfall in a
year whereas about 139 and 113 rainy days are recorded for the Semi-deciduous and
Forest-savanna Transitional ecological zones, respectively.
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The annual mean temperatures for the High-rain forest, Semi-deciduous rain forest
and the two Transitional zones are similar. The months of July and August are the coolest

j

in each of these zones. Relative humidities in the High rain and Semi-deciduous rain forest
zones are over 90% during the night and early morning. During the dry season relative
humidities are below 80%. In the Forest-savanna Transitional zone, however, relative
humidities range between 85-88% in the mornings and decrease to 70-74% at mid-day.
The dry season RH is around 73%.
2.2.4 The Interior Savanna Zone
The Interior savanna zone, unlike the other zones, has a single rainy season where
monthly totals increase gradually from March until a maximum is reached in August or
September, after which monthly totals fall rapidly. The monthly and total annual rainfall
figures for Tamale and Navrongo within the zone are given in Tables 2.7 and 2.8. The
total number of rainy days average 80 for Tamale and 71 for Navrongo. The mean annual
temperature of more than 28 ^C in this zone is the highest in the country. The dry season
RH is about 40% but may reach 84% during the peak of the rainy season in August.

2.3 Vegetation
2.3.1 General
The natural vegetation of Ghana, which closely relates to the ecological zones, is
broadly divided into forest and savanna. The forest vegetation includes the High rain
(evergreen) forest and the semi-deciduous forest (Fig 2.3). The savanna ecology (Fig 2.4)
consists of the Coastal savanna and thicket, the Interior savanna and the Transitional zones.
Within the coastline of the Coastal savanna and the High rain forest are areas of swamp and
lagoonal vegetations.
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Fig. 2.3.

Semi-deciduous forest.

Fig. 2.4. The Interior savanna zone of Ghan;
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2.3.2 Forest Zones
The forest zones of Ghana cover an area of about 80 000 sq km and has a storeyed
structure. The groundflorais sparse; grasses are rare, except for the broad-leafed species
Leptaspis codeata and Streptogyne crinita. The shrub layer is variable in density
depending on the amount of light which penetrates to the forest floor. Typical shrubs are
Cnestis jerruginea and Ochna kibbiensis. The tree crop is generally three storeyed,
consisting of a lower evergreen canopy of tree up to about 18 m high, an upper canopy up
to about 40 m and the emergents, which may reach a height of 60 m. The lower canopy
which usually consists of heavy-crowned, low-branching trees, cast deep shade on the
forest floor. It comprises of Carapa procera, Corynanthe pachyceras and Myrianthus spp.
as the the dominant trees. The common tree species of the upper canopy include Albizaa
femiginea, Bosqueia angolensis and Strombosia glaucescens. The emergents, which are
scattered and do not form a closed canopy, include many of the species of commercial
importance. These include Afromorsia data, Milida excdsa, Entandrophragma spp.,
Khaya spp., Terminalia spp. and Triplochiton sderoxylon.
The High rain forest covers an estimated area of 7 500 sq km and is typified by the
Cynometra-Lophira-Tarrietia Association (Lane, 1962) of which Cynometra aruinta,
Lophira alata and Tarrietia utilis are the most prominent species. Other dominant species
include Daniellia thurifera, Dialium aubrevillei and Piptadeniastrum africanum. The
evergreen trees of the lower canopy commonly include Berlinia spp.. Cola chlamydantha
(an alternate host to the swollen shoot virus of cocoa). Fresh water swamps also occur
within the High rain forest and consist of a tangle of climbing raphia and other palms of
which Alchomea cordifolia, Carapa procera, Macaranga spp. are most common.
An ecotone covering an area of about 8 400 sq km between the High rain forest and
the Semi-deciduous forest was described by Lane (1962) as unique on the basis of the tree
crop composition. It contains the Cynometra, Lophira and Tarretia species of the High
rain forest as well as the the Celtis and Triplochiton species of the Semi-deciduous forest.
The dominant trees include Daniellia ogea, Triplochiton sderoxylon, Entandrophragma.
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angoleme and Entandrophragma cylindricum, which are commercially exploited for
lumber.
The Semi-deciduous rain forest covers approximately 66 300 sq km. Many of the
species in the emergent and upper storey are deciduous for various periods between
October and April. The vegetation belongs to the Celtis -Triplochiton and Antiaris -Milicia
Associations. The Celris -Triplochiton Association, which covers about 60% of this forest,
has Celris zenkeri and Triplochiton scleroxylon as the most common species. It is within
this association that most food crop and cocoa cultivation takes place, as a result large areas
of forest regrowth occur. Scattered large trees such as Bombax huonopozense, Ceiha
pentandra, Milicia excelsa and Terminalia ivorensis are often seen on farms.
The Antiaris - Milicia Association is confined to the northern limits of the Semideciduous rain forest and a strip in the south - east adjoining the Coastal grassland.
Common tree species include Antiaris afticana. Celtis spp. and Entandrophmgrna spp.
The Transition zone between the High and the Semi-deciduous rain forest zones is
somewhat ill-defined. It consists of a narrow belt up to 48 km wide to the north and the
southeast of the High rain forest zone with an outlier between Kade and Kibi.
The zone has ecological conditions transitional between the two forest zones mentioned
above. The original vegetation, therefore, consists of Cynometra-Lophira-Tarretia Association
of the High rain forest and the Celtis-Triplochiton Association of the moist semi-deciduous rain
forest. The former three species become scarcer and latter two more common towards the
northern and the southern of the zone.
Among the dominant trees are Daniellia thurifcra. Par/da bicolor, Celtis aldophii-frideria
Engl., Triplochiton schleroxylon. Cola gigantea var glabrescens Brenan and Keay, Pterygota
marcocarpa K. Schum, Entandwphragma angolense (Welw), DC (edinam), Khaya ivorensis
and Lavoa trichilioides Harms.
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2.3.3 Savanna Zones
The Interior savanna, which includes the Transitional zone covers an area of about
150 000 sq km; approximately two-thirds of the country. The grassland-woodland
vegetation consists of fire - resistant shrubs and trees, 10 to 20 m high, which are
interspersed in a continuous layer of tall grasses. The Transitional zone which occurs at the
southern portion of the Interior savanna can be described as transitional forest because of
the relatively higher rainfall. Essentially, the vegetation is composed of islands of forest
species of the Antiaris -Milicia Association, encircled by a band of vigorous savanna tree
species of the Lophira -Vitellaria Association, which in turn merges into open tall grass
savanna.
The savanna trees include Lophira lanceolate Vitellaria par/di, Parkia
clappenoniana. Acacia albida, Adansonia digitata and Diospyros spp. The dominant grass
species are Andropogon gayanus, Cymbogon gigantus, Rottboelia exaltata, Schizachyrum
spp., Cenchrus ciliaris, and Hyparrhenia spp. Grasses like Vetiveria nigritana, and
Andropogon gayanus variety gayanus, Setaria anceps and sedges occur in poorly drained
depressions together with slirubs such as Mitragyna inermis, Borassus aethiopum and
Phoenix relinata. The tree stand gets shorter and more widely spaced along a transect from
the southern margins northwards; grasses become more extensive with increasing
populations of annual species.
The Coastal savanna zone, which covers an estimated area of 4 500 sq km, consists
of mainly grassland interspersed with dense short thickets often less than 5 m high with a
few trees like Antiaris africana, Ceiba pentandra and Milicia excelsa. Short and medium
grasses are the dominant plant species, notable among which are Andropogon gayanus and
Hyparrhenia dissoluta on upland areas and Vetiveria julbibarbis, Aüulropogon
canaliculatus, Brachiariafalcifera and Bothriochloa bladhii on low lying areas (Taylor,
1960). Panicum maximum often form consocies along road sides in the more humid
footiiills where precipitation may be about 1000-12000 mm per year (Fianu, 1983). The
thickets, which consist of dense scrub often on termitaria, is made of small trees and
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shrubs with Baphia nitida, Dialium guineense, Diospyros mespiliformis and Hymenotegia
afzelii as the dominant species.

2.4 Geology
About 60% of Ghana is composed of Precambrian rocks which are metamorphosed
and folded. The main rock units are the Birrimian, Tarkwaian, Dahomeyan Systems, the
Togo Series and the Buem Formation (Fig. 2,5). The Birrimian rocks have large
intrusions of large masses of granitoids known as Cape Coast and Winneba (G 1) rock
types, and smaller masses of granitoids called the Dixcove (G 2) type. In the northern
parts of the country potassic granitoids are also found.
The rest of the country, confined to the middle section of the basin of the Volta river
with the valley of its main tributaries (the Sene, Afram, Oti, Mole, and Nasia rivers) and
many several small areas in the coast, is underlain by flat or gently dipping sediments
(Bates, 1962). The sediments of the Volta basin (Voltaian System) consist of sandstones,
mudstones, shales, conglomerates, limestones and tillites (Kesse, 1985).
At several places along the coast rock units younger than the Voltaian System occur
and these include the Early or Middle Devonian Accraian Series, Middle Devonian - Lower
Cretaceous Sekondian Series, Upper Jurassic to Lower Cretaceous Amisian Formation,
Upper Appollonian Formation, Tertiary to Recent unconsolidated marine, coastal,
lagoonal, fluviatile sediments and deposits.
The above geological formations have given rise to different parent materials from
which most of the soils of Ghana are derived. However, considerable areas of the country
are covered by deposits which are not either directly derived from the underlying geology
or if derived from the rock below are so altered as to bear little or no physical, chemical or
mineralogical relationships to those rocks. Such deposits, formed by a variety of
processes, include laterite, terrace gravels, river, beach and blown sands, lacustrine
deposits and infiUings of drowned valleys (Bates, 1962).

GHANA
iKm o

30
RECENT
>y] TERTIARY
TTT-n EOCENE &
) I I
il 1 I... CRETACEOUS

2°
LEGEND
SEKONDIATTT
m i l ACCRAIAN
^^VOLTAIAN

] TOGO SERIES
TARKWAIAN

DUIM FORMATION [ x ^ BlRRiMlAN

Fig. 2,5. Geological map of Ghana.

3?

bc

S6Kni

(J'» BOREHOLE STATION
yy^DAHOMEYAN
BASIC INTRUSIVES
(TTil GRANI TES

18

3. PROCEDURE USED IN SURVEY
3.1. Soil Survey
Inventory taking of the soil resources within selected areas of all the ecological
zones of the country was undertaken between mid-June and mid-August, 1992; during
which detail profile description and sampling (for laboratory analyses to supplement data
already available) took place. On each field trip, use was made of existing roads,
footpaths, trails and cutlines in locating the soils. The soils were investigated along these
paths according to the changes in relief, drainage, vegetation, geology and soil
morphology. Profile pits were dug with pick-axes and chisel hoes in areas where
representative soils were identified (Fig. 3.1 and 3.2). Each profile was described in detail
after which sampling was done.
Majority of the soils identified have been studied in previous studies (e.g. Ahn,
1961; Brammer, 1962; Obeng, 1963; Asamoa, 1970; Adu and Tenadu, 1979; Adu and
Stobbs; 1981) and unpublished materials of institutions engaged in soils research (e.g
Department of Soil Science, University of Ghana, the Soil Research Institute and
Agricultural Experiment Station, Nyankpala). Available information on the major soils,
was, therefore, obtained from these sources. Supplementary data were added from results
of analyses on samples collected during the field visits. The findings are presented in
Chapter 4.

3.2. Water Resources Survey
Most of the required data on the water resources of Ghana were obtained from
published and unpublished materials of the various institutions and agencies that are
involved in data collection, assessment, development and management of the water
resources of the country. The information gathered from these sources were studied and
where there were obvious gaps attempts were made to obtain these, where possible, from
the officer(s) in charge of the data collection.
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Fig. 3.1. Description of a profile pit of a Savanna Ochrosol (Ferric
Acrisol) in the Interior savanna zone of Ghana.

Fig. 3.2 Profile of a shallow Groundwater Laterite (Plinthoso!) in the
Interior savanna zone of Ghana.
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The library research was followed by field surveys of selected areas in each of the
ecological zones to find out the current situation on the ground with regard to provision of
water for domestic, agricultural and industrial use and the problems associated with the
water resources in each zone.
Owing to the present high cost of transportation, and boarding and lodging in
Ghana and the limited funds and time available for the survey, the field work was restricted
to a few carefully selected areas in the various ecological zones. TTiese areas are: (i) Accra
and surrounding rural areas, representing the Coastal savanna zone; (ii) Kumasi and
surrounding areas (Kwadaso, Barekese and Mampong) for the Semi-deciduous rain forest
zone; (iii) Tarkwa and nearby villages (Tanoso and Aboso) for the Transition zone between
the High and Semi-deciduous rain forests; (iv) Aiyinase and Axim for the High rain
(Evergreen) forest zone; (v) Techiman and surrounding areas for the Semi-deciduous rain
forest and Interior savanna Transitional zone; and (vi) Tamale, Nyankpala and Bolgatanga
for the Interior savanna zone.
The information on water resources gathered through interviews and field
observations were reviewed and incorporated into the results and discussions (Chapter 5).
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4. SOIL RESOURCES OF GHANA
4.1 General
The soils of Ghana are formed through the influence of climate and vegetation
(including living organisms) on existing parent rocks under different relief and drainage
conditions through different periods of time. In Ghana, climate and vegetation have been
found to be the most important factors in the formation of the soils. This is reflected in the
distinction of majority of the soils into savanna and forest groups. Indeed Ghana's soil
classification (Charter, 1956; Brammer, 1962) is based primarily on one or a combination
of the factors of soil formation instead of on characteristics of the soil which can be
observed and/or quantitatively determined as in Soil Taxonomy (SSS, 1975) or the FAGUNESCO legend (FAOAJNESCO, 1990). The major soils of the forest and savanna zones
are discussed below.
The Soil Research Institute has been in the fore front of soil survey and mapping in
Ghana. A comprehensive list of completed and on-going soil survey projects covering the
period 1945 to 1970 was documented by Obeng (1972). It included the following
completed projects: (i) 22 Regional surveys; (ii) 113 Special project soil surveys; and (iii)
123 Special project preliminary soil surveys for areas earmarked for immediate
development in various parts of the country. The extent of survey in the country fix)m
1971 to date has been compiled by the Soil Research Institute and is in press.
The general distribution of the major Great Soil Groups based on the Geological
map of Ghana was published by Brammer (1956). A more comprehensive and updated
soil map of Ghana by Soil Research Institute of C.S.I.R. incorporating the FAO-UNESCO
Legend (1990) and the revised version of Soil Taxonomy (SSS, 1992) is in press.
4.2 Soils of the Forest Zones
The soils of the forest zones of Ghana embrace the Semi-deciduous rain forest
which covers about 80% of the forest region and the High rain forest, which occurs in the
extreme south-west comer of the country. They are distinguished from soils of the
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savanna zones by the greater accumulation of organic matter in the A horizons as a result of
more abundant leaf-fall and the slower rate of mineralization (Brammer, 1962).
The major soil groups within the Forest zones are classified as Forest Ochrosols
(Acrisols - FAO / UNESCO, 1990) and Forest Oxysols (Acrisols, Ferralsols). These are
interspersed by limited areas of Forest Lithosols (Leptosols), Regosols (Regosols),
Rubrisols (Nitisols) and Gleisols (Gleysols). In certain areas some of these soils occur
extensively enough to be mapped separately (Obeng, 1964) but on the whole they have
been grouped along with the predominant Forest Ochrosols and Forest Oxysols (Charter,
1956; Brammer, 1962). These soils have variously been developed from parent materials
underlain by igneous, metamorphic and sedimentary rocks such as granites, gneisses,
epidiorites, Birrimian phyllites, schists, greywacke, Tarkwaian quartzites, sandstones and
shales.
4.2.1 Forest Ochrosols
The Forest Ochrosols are the most extensive and most important soils in the semideciduous rain forest zone. They are developed from weathering products of moderately
acidic rocks in peneplain drifts covering the intermediate erosion surface (Brash, 1962) and
in terrace alluvia on upland portions of gently undulating to strongly rolling topography.
The soils, therefore, occur on summits, upper, middle and lower slope positions.
Generally, the colour of the soils (below the topsoil) changes from red or reddish
brown on the summits and upper slopes, through orange-brown or brown on the middle
slopes to yellow-brown on the lower slopes (Brammer, 1962). The associated Gleisols
(Gleysols or Entisols) vary from yellow to grey or white. These colour changes reflect
changes in the extent of hydration of iron present in the profiles as a result of changes in
moisture characteristics at different sites along the topography. Where the soils are subject
to alternate wetting and drying conditions redox reactions result in the development of
mottles.
Texture in these soils vary according to the nature of parent material so that soils
developed from sandstone, granites and gneisses are more sandy than those derived from
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shales, phyllites and schists. Soils developed from peneplain remnants often contain
massive ironpan or abundant ironstone concretions in the subsoils and those derived from
rocks containing numerous quartz veins are gravelly or stony to varying degrees. Typical
profiles of mature upland Forest Ochrosols profiles developed from granite (Kumasi series)
and phyllite (Bekwai series) are described below.
Site and profile descriptions of Bekwai series*
Soil series: Bekwai
Elevation: 255 m
Qassification:
Toposite: Upper
Ghana ^: Forest Ochrosol
Slope: 2.5% to the west
FAC)2: Ferric Acrisol
Drainage: Well drained
USDA^: Rhodudult
Rainfall: 1473 mm per annum
Locality: Kwadaso, Kumasi
Parent material: Residuum from weathered
Vegetation/Land-use: Semi-deciduous forest
phyllite
Horizon

Depth (cm)

Description

Aul

0-5

Dusky red (lOYR 3/2) clay loam; weak granular;
fine roots; pH 5.2; abrupt wavy boundary.

Au2

5-11

Dusky red (1OYR 3/4) clay loam; moderately
medium granular; friable; many fine and medium
roots; pH 5.0; abrupt wavy boundary.

Acs

11-18

Dusky red (lOYR 3/4) gravelly clay loam;
moderately granular; friable; common fine gravels
and ironstone concretions (" 30% by volume);
common fine and frequent medium roots; pH 4.7;
clear smooth boundary.

Bcs

18-24

Dark red (10 YR 3/6) very gravelly clay loam;
massive; firm; many gravel and ironstone
concretions (« 65% by volume); few fine roots; pH
5.5; clear smooth boundary.

Bl tcs

24-37

Dark red (7.5 YR 3/6) gravelly clay; massive;
firm; many ironstone concretions and quartz gravel
(« 50% by volume); few fine roots; pH 4.8; clear
smooth boundary.

B2tcs

37-50

Red (7.5YR 4/6) gravelly clay; massive; firm;
common ironstone concretions and quartz gravel («
30% by volume); few fine roots; Ph 4.9; clear
smooth boundary.

B3tcs

50-74

Red (7.5YR 4/6) gravelly clay; massive; firm;
many fine roots; many gravels (« 35% by volume);
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quartz vein; pH 5.0; Clear smooth boundary.
B4tcs

74-88

Red (7.5YR 4/6) gravelly clay; massive; firm; few
fine roots; common gravels and quartz vein; few
ironstone concretions (« 20% by volume) pH 4.9;
clear smooth boundary.

B5tcs

88-118

Red (10YR 4/6) gravelly clay; massive; firm;
common gravel and few ironstone concretions (»
20% by volume); pH 5.3; clear smooth boundary.

B6tcs

118-159

Red (10YR 4/6) clay; weak, fine subangular
blocky; firm; few gravels (< 10% by volume); pH
4.9; clear smooth boundary.

Bt

159-187

Red (lOYR 4/6) clay; very weak fine subangular
blocky; firm; few gravels; pH 5.1; clear smooth
boundary.

Btg

187-220

Red (10YR 4/6) clay with common, medium,
distinct brownish yellow (lOYR 6/6) mottles; very
weak fine subangular blocky; firm; pH 4.9; clear
smooth boundary.

Clg

220-271

Red (1OYR 4/6) silty clay with many coarse
distinct light brown (7.5YR 6/4) mottles; massive;
firm; pH 5.2; abrupt smooth boundary.

C2g

271-294

Brown (7.5 YR 5/4) silt loam of decomposed
phyllite with common medium distinct red (2.5YR
5/6) mottles; massive; friable; pH 5.1.

* Asamoa (1970); 1 = Branimer (1962); 2 = FAO-UNESCO (1990); 3 = Soil Survey Staff (1992).

Site and profile descriptions of Kumasi series*
Soil series: Kumasi
Elevation: 249 m
Classification:
Toposite: Upper slope
Ghana': Forest Ochrosol
Slope: 3% to the west
FAO^: Ferric Acrisol
Drainage: Well drained
USDA-^: Paleudult
Rainfall: 1554 mm per annum
Locality: U.S.T., Kumasi
Parent material: Residuum irom weathered
Vegetation/Land-use: Semi-deciduous forest
granite
Horizon

Depth (cm)

Description

Aul

0-7

Dark reddish brown (5YR 3/2) sandy clay loam;
coarse and fine granular; friable; many fine and
medium roots; pH 4.4; abrupt wavy boundary.

Au2

7-11

Dark reddish brown (5YR 3/2) sandy loam; weak
fine granular; friable; many fine roots; pH 4.6;
clear wavy boundary.
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Au3

11-18

Yellowish red (5YR 4/6) sandy loam; massive;
firm; few fine ironstone gravel and concretions («
5% by volume); pH 4.5; clear wavy boundary.

Bcs

18-23

Yellowish red (5 YR 4/6) gravelly clay loam;
massive; firm; common ironstone gravel and
concretions (» 25% by volume); pH 4.5; clear
wavy boundary.

Bites

23-46

Red (2YR 4/8) gravelly clay; massive; firm; few
fine roots; common ironstone gravel and
concretions (« 25% by volume); pH 4.7; clear
wavy boundary.

B2tcs

46-70

Red (2.5YR 4/8) gravelly clay; massive; firm; few
fine roots; many ironstone gravel and concretions
(" 35% by volume); pH 4.9; clear wavy boundary.

B3tcs

70-87

Red (2.5YR 4/8) gravelly clay; massive; firm;
common ironstone gravel and concretions (» 25%
by volume); pH 5.0; clear smooth boundary.

B4tcs

87-114

Red (2.5YR 5/6) gravelly clay; massive; firm;
many ironstone gravel and concretions (» 30% by
volume); pH 5.1; clear smooth boundary.

Btgcs

114-151

Red (lOR 4/6) gravelly clay with common fine,
faint, yellowish red (5YR 5/6) mottles; massive;
friable; common ironstone gravel (« 25% by
volume); white mica specks; pH 5.2; clear wavy
boundary.

Btg

151 -201

Red (2.5R 4/8) gritty clay with common fine,
distinct, yellowish red (5YR 5/8) mottles; massive;
firm; few ironstone gravel (<5% by volume); pH
5.2; clear irregular boundary.

C

201-238

Red (lOR 4/6) sandy clay loam; massive; friable;
many specks of white mica; pH 5.0; gradual
smooth boundary.

Cg

238-320

Red (7.5YR 4/8) sandy loam with few fine faint
reddish yellow (7.5YR 6/6) mottles; massive;
friable; many specks of white mica; pH 5.0;
gradual smooth boundary.

* Asamoa (1970); 1 = Brammer (1962); 2 = FAO-UNESCO (1990); 3 = Soil Survey Staff (1992).

Organic matter from the forest vegetation has a blanketing effect on the soils as a
result majority of these soils have porous, loamy A horizon which is about 20 cm thick.
The soils are acidic with pH often below 5.5 throughout the profile. Clay generally
accumulates in the B horizons and low activity clays such as kaolinites are the dominant
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clay minerals. Nutrients are concentrated in the A horizon and tend to decrease with depth
indicating that greater part of these nutrients is associated with organic matter accumulation
(see Tables I.l and 1.2 in Appendix I).
From the agricultural point of view, the Forest Ochrosols are easily tilled and offer
freedom for root development, especially in soils at middle to lower slope positions.
Because of their inherent high fertility and better soil moisture characteristics, the Ochrosols
are very productive. These soils are used for the cultivation of most food crops and cocoa
in Ghana. The major crops grown include coffee, kola, plantains, bananas, cassava and
cocoyam.
The maintenance of organic matter in the topsoil is very important for sustainable
production in these soils. Under natural conditions the Forest Ochrosols maintain adequate
amount of nutrients in the A horizon. However, if the forest is cleared for cultivation the
nutrient level is drastically reduced. The organic matter becomes readily mineralised and
the released nutrient elements either taken up by crops, weeds, fixed by sesquioxides or
leached. The depletion in organic matter tends to destroy the crumb surface structure.
Consequently, the soil surface dries hard when exposed to the sun and is easily puddled
when wet, leading to surface run-off and erosion. It is, therefore, necessary to maintain
the fertility status of the soils by mulching, manuring and where possible the application of
chemical fertilizers, especially nitrogen and phosphorus in order to maintain yields of tree
cash crops such as cocoa and coffee. In addition, contour ploughing and crop rotation
which include legumes have been found to restore the fertility of these soils and counteract
erosion if the soils are not adequately protected by a cover of foliage or mulch.
4.2.2 Forest Oxysols
The Forest Oxysols (Acrisols, Ferralsols) are found within the High rain forest
zone in the extreme southwestern part of Ghana. The Forest Oxysols are generally
developed from similar parent materials and on similar topography as the Forest Ochrosols,
but in addition some of the soils are derived from unconsolidated Tertiary deposits and in
peneplain drifts mantling the high-level erosion surface at about 600 m (Brammer, 1962).

27
The high rainfall (>18(X) mm per annum) associated with the environment in which
the Forest Oxysols occur, coupled witti the low activity clays, is principally responsible for
the occurrence of the typical strongly leached soils in this part of the country. Compared to
the Ochrosols, they are paler in colour and more acid (see profile descriptions of Ankasa,
Boi and Tikobo series below). The topsoils are acid to very acid decreasing gradually with
depth. Organic matto" is generally low although it is rather more deeply distributed within
the profile than the Forest Ochrosols (Tables 1.3,1.4, and 1.5 - Appendix I). The
predominant clay mineral is kaolinite.
With the possible exception of soils on gentle topography over Tertiary deposits
(e.g Tikobo series), all the Forest Oxysols are not particularly suitable for arable crop
production without soil conservation practices because of their strong susceptibility to
leaching and erosion under the prevailing intense rainfall conditions. The soils are,
therefore, suited to tree cash crops such as rubber, black pepper and oil palm. The Forest
Oxysols are too acid to naturally support cocoa production. However, those derived fi"om
the deep Tertiary deposits are best suited for oil palm and coconut cultivation. Indeed it is
on the Forest Oxysols that cultivation of these crops is widespread in Ghana.
Site and profile descriptions of Ankasa series*
Soil series: Ankasa
Elevation: 899 m
Qassification:
Toposite: Upper slope
Ghanal: Forest Oxysol
Slope: 2.8 % to the south
FAO^: Haplic Acrisol
Drainage: Well drained
USDA^: Paleudult
Rainfall: 2250 mm per annum
Locality: Ankasa
Parent material: Residuumfromweathered
Vegetation/Land-use: Evergreen forest
granite
Horizon

Depth (cm)

Description

Aul

0-5

Greyi sh brown (1OYR 5/2) sandy clay loam;
crumbly and loose; manyfineroots; pH 4.6; clear
smooth boundary.

Au2

5-18

Pale brown (lOYR 6/3) sandy clay loam;
structureless; manyfineroots; pH 4.6; clear
smooth boundary.
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Bt

18-48

Yellowish brown (lOYR 6/4) sandy clay loani;
structureless; firm; few fine roots; pH 4.6; abrupt
wavy boundary.

Bite

48-85

Yellowish brown (lOYR 6/4) sandy clay;
structureless; firm; occasionzil quartz gravel; few
angular and subangular quartz stones; few fine
roots; pH 4.7; gradual wavy boundary.

B2tc

85-145

Yellowish brown (lOYR 6/4) sandy clay;
structureless; firm; occasional to frequent, fine,
coarse quartz gravel; occasional angular quartz
stones; frequent subangular small quartz stones;
rare ironstone concretions; rare roots; pH 4.8;
gradual wavy boundary.

Clg

145-200

Yellowish brown (lOYR 6/4) clay; common, fine,
distinct grey (5Y 6/1) and red (2.5 YR 7/2) mottles;
structureless; slightly indurated; occasional fine,
coarse quartz gravel; occasional, frequent traces of
decomposing granite; pH 4.9; diffuse wavy
boundary.

C2g

200-300+

Yellowish brown (1OYR 6/4) clay; common, fine,
distinct grey (5Y 6/1) and red (2.5YR 7/2) mottles;
structureless; firm; frequent, fine quartz gravel;
patches of soft decomposing granite; pH 4.9.

* Ahn (1961); 1 = Brammer (1962); 2 = FAO-UNESCO (1990); 3 = Soil Survey Staff (1992).

Site and profile descriptions of Boi series*
Soil series: Boi
Elevation: 170 m
Classification:
Ghana ^: Forest Oxysol
FAO^: Ferric Acrisol
USDA^: Kandiudult

Toposite: Summit to upper slope
Slope: 3% to the north-west
Drainage: Well drained
Rainfall: 2200 mm per annum

Locality: Aiyinasi
Vegetation/Land-use: Evergreen forest

Parent material: Residuum from weathered
phyllite

Horizon

Depth (cm)

Description

Aul

0-6

Dark brown (lOYR 3/3) silt loam; weak fine
crumbly; friable; abundant, fine, medium roots;
few coarse roots; pH 4.6; clear smooth boundary.

Au2

6-13

Yellowish brown (1 OYR 5/4) clay; very few fine
quartz gravel; moderate, fine, medium crumbly;
friable; abundant, fine medium roots; few coarse
roots; pH 4.8; gradual smooth boundary.

Bt

13-27

Brownish yellow (1 OYR 6/6) loam; very few, fine
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quartz gravel; moderate, fine, medium subangular
blocky; firm; abundant, fine, medium roots; pH
4.8; abrupt wavy boundary.
B1 tc

27-52

Brownish yellow (1OYR 6/8) clay loam; fi-equent
quartz gravel; few quartz stones; few ironstone
concretions; few ferruginized rock brash;
moderate, fine, medium subangular blocky; firm;
abundant, fine roots; pH 4.6; gradual wavy
boundary.

B2tc

52-66

Reddish yellow (7.5YR 6/6) silty clay; frequent
quartz gravel; few qiiartz stones; very few
ironstone concretions; few ferruginized rock brash;
moderate, fine, medium subangular blocky; firm;
abundant, fine roots; pH 4.8; gradual wavy
boundary.

Btcg

66-115

Reddish yellow (5 YR 6/6) silty clay loam ; few
faint red (2.5YR 4/8) mottles; frequent quartz
stones; few ironstone concretions; few ferruginized
rock brash; strong, fine, medium subangular
blocky; firm; few, fine roots; pH 4.8; abrupt wavy
boundary.

Ccg

115-177

Brownish yellow (lOYR 6/6) silty clay loam; many
fine and medium light grey (lOYR 7/2) and
yellowish red (5YR 5/8) mottles; few ferruginized
rock brash; many pieces of decomposed rock;
moderate, medium, coarse subangular blocky;
firm; few fine roots; pH 5.0; diffuse wavy
boundary.

Cg

177-200+

Brownish yellow (1 OYR 6/6) silt loam; many
medium light grey (2.5Y 7/0) and reddish yellow
(5YR 6/6) mottles; many decomposing pieces of
phyllite; moderate, fine, medium subangular
blocky; firm; few fine roots; pH 5.0.

* Adu and Tenadu (1979); 1 = Braminer (1962; 2 = FAO-UNESCO (1990); 3 = Soil Survey Staff (1992).

Site and profile descriptions of Tikobo series*
Soil series: Tikobo
Elevation: 890 m
Classification:
Toposite: Summit to upper slope
Ghana 1: Forest Oxysol
Slope: 2.5% to the south
FAO^: Haplic Acrisol
Drainage: Well drained
USDA^: Paleudult
Locality: Tikobo
Vegetation/Land-use: Evergreen forest

Rainfall: 2200 mm per amium
Parent material: Tertiary sand
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Horizon

Depth (cm)

Description

Aul

0-7

Dark reddish brown (lOYR 4/2) sandy loam;
structureless and loose; weakly crumbly; many fine
roots; pH 5.0; clear smooth boundary.

Au2

7-20

Greyish brown (lOYR 5/2) sandy loam;
structureless and loose; weakly crumbly; many fine
roots; pH 4.8; clear smooth boundary.

Bit

20-45

Brown (1OYR 5/3) sandy loam; structureless;
fiiable; few fine rootlets; pH 4.7; gradual smooth
boundary.

B2t

45-90

Yellowish brown (lOYR 5/4) sandy clay loam;
weak subangular blocky; firm; few fine roots; pH
4.7; gradual wavy boundary.

B3t

90-145

Yellowish brown (lOYR 5/4) sandy clay; very
weak subangular blocky; firm; pH 4.8; diffuse
wavy boundary.

C

145-200

Yellowish brown (lOYR 5/6) sandy clay with
occasional slight orange stains; very weak
subangular blocky; firm; pH 4.8; abrupt wavy
boundary.

Cg

200-300+

Yellowish brown (lOYR 5/6) sandy clay; common,
fine, distinct, reddish yellow (5YR 7/6) and red
(2.5YR 5/6) mottles; very weak subangular blocky;
firm; pH 4.9.

* Aim (1961); 1 = Brammer (1962); 2 = FAO-UNESCO (1990); 3 = Soil Survey Staff (1992).

4.2.3 Intergrades and other Soils
Intergrades, soils transitional between two major soils, as well as soils of limited
extent are also found in the Forest zones. Forest Ochrosol-Oxysol and Forest OchrosolRubrisol are the major Intergrade soils in the forest zone. The Forest Lithosols are quite
extensive but are less dominant and unsuitable for cultivation.
The Forest Ochrosol-Oxysol intergrades (Acrisols), which are encountered within
the transition zone between the High and the Semi-deciduous rain forest zones have no
intrinsic properties of their own except the reaction profile which is intermediate between a
true Forest Oxysol and a Forest Ochrosol. The topsoil pH value is below 5.5 (usually
between 5.0 and 5.4) while the subsoil pH is slightly lower (pH 4.8 - 5.3). The annual
rainfall in the intergrade environment (> 1500 -1800 mm) tends to be lower than the
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requirement for commCTcial rubber and oil palm production. Unlike the true Forest
Oxysols, these intergrades are able to support cocoa production. They are, however, better
suited to commercial coffee production.
Areas with true Rubrisols (Nitisols) are not extensive in Ghana but some expanses
of soils intermediate between Rubrisols and the Ochrosols, that is the Ochrosol-Rubrisol
intergrades (Acrisols-Nitisols), have been mapped (Brammer, 1962). The soils are
developed over hornblende, biotite granodiorite, and in localised piedmont drifts and basic
greenstones in the forest zone. Such soils are the most valuable soils in the forest zone of
Ghana; they are more fertile, have a better moisture-retaining capacity and are more
resistant to erosion. They are thus capable of offering a better medium for intense
cultivation of arable and tree cash crops than the much more widespread Forest Ochrosols.
The Forest Lithosols (Leptosols) are very shallow soils developed over hard rocks,
usually on steep slopes. Because of the resistant nature of the rock or the steep slope, there
is little accumulation of weathered material. The profile, therefore, consists of a shallow,
dark-coloured, humus topsoils overlying little weathered rock. Such soils are most
extensive over Togo quartzites on the Akwapim and Togo ranges. They also occur on the
steep Voltaian sandstone escarpment running through the forest zone from Koforidua
towards Wenchi and over Tarkwaian quartzites, but have not been mapped separately in
these cases. Shallow soils developed from sheet ironpan capping peneplain remnants are
included in this group of soils. The Forest Lithosols are not suitable for cultivation and
must be devoted to forest reserve and for watershed protection and woodland purposes
since any attempt to cultivate them will result in severe erosion of the iragile topsoil. The
Forest Regosols (Regosols) and Forest Gleisols (Gleysols) are limited in their ability to
sustain widespread crop production due to their poor nutrient status in general and free
hydromorphic conditions, respectively. Forest Regosols are particularly suitable for
coconut production, while the Forest Gleisols can be utilised for the cultivation of rice,
sugarcane and vegetables.
I

I
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4.3 Soils of the Savanna Zones
The soils of the savanna zones of Ghana have developed through the influence of
climate and vegetation on the prevailing geology under unique relief and drainage
conditions for specific periods of time (Obeng, 1983). Among the factors contributing to
the formation of soils, climate, especially temperature and rainfall distribution, geology and
relief seem to be the most important.
The above prevailing climatic conditions coupled with the very gentle relief within
the Interior savanna zone are favourable for the alternating wetness and dryness, which in
the presence of large areas of non-basimorphic rocks have givenriseto the extensive
development of very shallow soils overlying mostly impenetrable ironpan. Majority of
such ironpan soils on the extensive,flatlowlands are imperfectly to poorly drained and
have been classified as Groundwater Laterites (Brammer, 1962) or Petrosols (Obeng,
1970). Other major soils include the Savanna Ochrosols (Acrisols, Lixisols, Nitisols),
Savanna Ochrosol-Groundwater Laterite intergrades (Acrisols-Lkisols-Plinthosols),
Savanna Ochrosol-Rubrisol intergrades (Acrisols-Nitosols), Savanna Lithosols
(Leptosols), Tropical Black Earths (Vertisols), and Savanna Gleisols (Gleysols).
Within the Coastal savanna zone the characteristic soils are quite different fixjm
those of the Interior savanna zone. The prevailing geology of mainly basic and acidic
ancient igneous rocks of the Archean gneiss and Schist series were largely stripped of their
former soil mantle during the Quaternaryfluctuationsin the sea level (Brammer, 1962) As
a result the present-day soils, although developed on a gently undulating landscape (similar
to those in the Interior savanna zone), are much younger with weathering rock usually at
moderate depths in the profile. In addition, Tertiarj' sandy deposits also occur in
substantial areas in the Coastal savanna zone. The major soils within this zone are the
Tropical Black and Brown Earths (Vertisols), Tropical Grey Earths (Solonetz), Savanna
Ochrosols (similar to those of the Interior savanna zone), Regosolic Groundwater Laterites
(Arenosols-Plinthosols), Sodium Vleisols (Solonchaks, Solonetz), Gleisols (Gleysols) and
a whole host of alluvial soils of varying textures.
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The Savanna Ochrosols, Groundwater Laterites, Tropical Black, Brown and Grey
Earths, Regosolic Groundwater Laterites, Sodium Vleisols, Savanna Gleisols and Savanna
Ochrosols-Groundwater Laterite intergrades, which constitute the dominant soils in the
savanna zones have been mapped by Brammer (1956). The physico-chemical
characteristics of these soils are discussed in the following subsections.
4.3.1 Savanna Ochrosols
The Savanna Ochrosols are mainly red and brown, moderately well-drained,
medium to light-textured soils which cover approximately 5.7 million hectares of land
within the country. Morphologically, they consist of three major groups (Obeng, 1983): (i)
the shallow to very shallow, reddish brown and brown, concretionary, medium to lighttextured soils directly over in situ ironpan, which is less than 30 cm thick (Wenchi series)
and within 56 cm of the surface (Techiman series); (ii) moderately shallow to moderately
deep, red brown, concretionary and/or gravelly heavy to medium-textured soils derived
from weathered granite (Kolingu, Puga and Mangu series), quartzites (Mamfe series),
phyllites (Dorimon series) and shales and mudstones (Nyankpala series); and (iii) deep to
very deep, red and brown, moderately heavy to medium-textured soils which are devoid of
concretions and gravel at least to 60 cm from the surface, developed from weathered
products of either sandstones (Ejura, Amantin, Damongo and Murugu series) or quartzites
(Oyarifa series) or tertiary sands (Toje series) or granite (Varempere and Tafale series) or
phyllite (Baleufili series). Profile descriptions of a typical Savanna Ochrosol e.g. Toje
series (Rhodic Nitisols) in the Coastal savanna zone, Ejura series (Ferric Acrisols) in the
Forest-Savanna Transitional zone and Baleufili series (Ferric Lixisols) in the Interior
savanna zone are given below.
The Savanna Ochrosols have low organic matter content (< 2%) due to insufficient
accumulation under savanna conditions, whereas total nifrogen content is less than 0.02%
(Tables 1.6,1.7 and L8 - Appendix I). The topsoils are near-neutral becoming slightly to
moderately acid with depth. Cation exchange capacity is generally between 1 and 15 cmol^
kg-1 throughout the profiles. The base saturation is more tlian 50% in the topsoils but
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decreases in the subsoils. An argic B horizon is present in some of the soils and the
predominant clay mineral is kaolinite.
The above first group of Savanna Ochrosols are not suitable for arable or tree crop
production. The second group can easily be hand-cultivated to arable and tree crops and
also suited to pasture grazing. The third group are by far the best soils for both mechanised
and hand cultivation if strict management practices such as manuring, nitrogen and
phosphorus fertilizer application, mulching, rotation of crops, contour ploughing, strip
cropping and terracing are undertaken to improve the low inherent fertility and check
erosion.
Site and profile descriptions of Toje series*
Soil series: Toje
Classification:

Elevation: 30 m
Toposite: Summit
Slope: 1% to the south
Etainage: Well drained

Ghana 1: Savanna Ochrosol
FA02: Rhodic Nitisol
USDA3: Rhodustalf
Locality: Toje
Vegetation/I and-use: Medium-grass savanna
Horizon

Depth (cm)

RainfaU: 900 mm per annum
Parent material: Sandy loam derived from
weathered Tertiary sand
Description

Aul

0-8

Dark reddish brown (5YR 3/3) loamy sand: very
weak fine granular; friable; many fine roots; pH
6.1; abrupt smooth boundary.

Au2

8-14

Dark reddish brown (5YR 3/4) sandy loam; weak
fine subangular bloclq^; friable; common fine roots;
pH 5.9; abrupt smooth boundary.

Au3

14-23

Dark reddish brown (2.5YR 3/3) sandy loam;
weak fine granular and very weak fine subangular
blocky;finable;common fine roots; pH 6.0; abrupt
sooth boundary.

B1

23-39

Dark reddish brown (2.5 YR 3/4) sandy loam;
massive; firm; common fine roots; pH 5.6; clear
smooth boundary.

B11

39-76

Dark red (2.5 YR 3/6) sandy clay; massive; firm;
common fine roots; pH 5.5; gradual smooth
boundary.

B2t

76-111

Red (1 OR 4/6) sandy clay loam; massive; firm;
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common fine roots; termite nests; pH 5.6; gradual
smooth boundary.
B3t

111-170

Red (lOR 4/6) sandy clay loam; massive; firm;
common fine roots; pH 5.9; clear smooth
boundary.

Clck

170-206

-Red (2.5YR 4/6) loam; very weak, fine subangular
blocky; few lumps of CaC03; few fine roots pH
7.6; gradual smooth boundary.

C2ck

206-248

Red (2.5YR 4/6) sandy loam; very weak fine
subangular blocky; firm; few gravel and pieces of
stones; few lumps of CaC03; pH 8.2; gradual
smooth boundary.

C1 cks

248-276

Red (1 OR 4/6) sandy loam; weak fine subangular
blocky; firm; few soft iron oxide concretions and
lumps of CaC03; few fine roots; pH 8.3;
calcareous; gradual smooth boundary.

C2cks

276-300+

Red (2.5YR 4/6) sandy loam; very weak fine
subangular blocky; firm; few soft iron oxide
concretions and lumps CaC03; few fine roots; pH
8.3.

* Asamoa (1970); 1 = Brammer (1962); 2 = FAO-UNESCO (1990); 3 = Soil Survey Staff (1992).

Site and profile descriptions of Ejura series*
Soil series: Ejura
Elevation: 210 m
Classification:
Toposite: Summit
Ghanal: Savanna Ochrosol
FAO^: Ferric Acrisol
USDA^: Paleustult
Locality: Ejura
Vegetation/Land-use: Tall-grass savanna
regrov/th
Horizon

Depth (cm)

Slope: 0.5% to the south
Drainage: Well drained
Rainfall: 1397 mm per annum
Parent material: Weathered sandstone

Description

Ap

0-17

Dark reddish brown (% YR 3/2) loamy sand; very
weak fine and medium granular; very friable; many
fine roots; common worm holes and casts; pH 6.0;
clear smooth boundary.

Aul

17-35

Dark reddish brown (% YR 3/2) loamy sand; very
weak fine granular;firiable;common fine roots and
worm holes; pH 6.0; abrupt smooth boundary.

Au2

35-50

Yellowish red (5YR 3/2) loamy sand; massive;
friable; few fine roots; pH 6.1; clear smooth
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boundary.
B

50-71

Yellowish red (5YR 4/8) loamy sand; massive;
friable; few fine roots; pieces of broken pots; pH
6.1; abrupt smooth boundary.

Bit

71-114

Red (2.5YR 4/8) sandy clay loam; massive firm;
few fine roots; pieces of charcoal; pH 5.7; clear
smooth boundary.

B2t

114-150

Red (2.5YR 4/8) sandy clay; massive; firm; few
fine roots; pH 5.5; clear smooth boundary.

B3t

150-177

Red (2.5 YR 4/8) sandy clay; massive; firm; few
fine roots; pH 5.4; clear smooth boundary.

B4t

177-231

Yellowish red (5YR 4/8) sandy clay; massive; firm;
few fine roots; pH 5.6; clear smooth boundary.

Bltg

231-256

Yellowish red (5YR 5/8) sandy clay loam with few
fine faint strong brown (7.5YR 5/8); mottles;
massive; firm; few fine roots; pH 5.4; clear smooth
boundary.

B2tg

256-282

Reddish yellow (7.5YR 6/6) sandy clay loam with
common medium distinct red (lOR 4/6) mottles;
massive; firm; few fine roots; pH 5.4; clear smooth
boundary.

B3tg

282-308

Reddish yellow (7.5YR 6/6) sandy clay loam with
many medium distinct red (lOYR 4/6) mottles;
massive; firm; partially indurated; pH 5.6; gradual
smooth boundary.

Clg

308-351

Brownish yellow (lOYR 6/6) sandy clay loam;
many coarse prominent very pale brown (lOYR
7/3) and yellowish red (5YR 4/6) mottles; massive;
firm; partially indurated; pH 5.4; clear smooth
boundary.

C2g

351-372

Brownish yellow (lOYR 6/6) sandy clay loam;
many coarse prominent light grey (lOYR 7/2) and
yellowish red (5YR 4/6) mottles; massive; firm;
partially indurated; pH 5.5; clear smooth boundary.

C3g

372-388

Brownish yellow (lOYR 6/6) reddish brown
(5YR 5/6), light grey (lOYR 7/2), white (lOYR
8/2), pinkish grey (7.5YR 7/2) and red (2.5YR
4/6) prominently mottled sandy clay loam; massive;
firm; mottled zone; pH 5.5; abrupt smooth
boundary.

Cms

388+

Iron pan

* Asaiuoa (1970); 1 = Brammer (1962); 2 = FAO-UNESCO (1990); 3 = Soil Sun'ey Staff (1992).
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Site and profile descriptions of Baleufili series*
Soil series: Baleufili
Elevation: 30 m
Classification:
Toposite: Upper slope
Ghana^: Savanna Ochrosol
Slope: 0-2% to the south
FAO^: Ferric lixisol
Drainage: Well drained
USDA^: Paleustalf
Rainfall: 1000 mm per annum
Locality: Seilo Tuni Land Planning Area
Parent matraial: Residuumfi"omweathered
Vegetation/Land-use: Savanna regrowth
phyUite
Horizon

Depth (cm)

Description

Aul

0-8

Light brown with grey (lOYR 6/2) loamy fine
sand; rare ironstone concretions and rare rootlets;
weak, veryfinecrumb structure; pH 6.8; abrupt
smooth boundary.

Au2

8-20

Light yellowish grey (lOYR 6/4) loamyfinesand;
occasional ironstone concretions; rarefinequartz
gravel and rare rootlets; weak, very fine, crumb
structure; pH 6.4; abrupt smooth boundary.

Acs

20-52

Very pale brown (lOYR 7/4) loamyfinesand;
occasional ironstone concretions and rare rootlets;
weak,finecrumb structure; pH 6,2; abrupt smooth
boundary.

Bites

52-82

Reddish yellow (5YR 6/6) sandy clay; occasional
soft ironstone concretions; moderate,fineto
mecüum subangular blocky; pH 5.5; clear smooth
boundary.

B2tcs

82-110

Reddish yellow (5YR 6/6) clay; very rare bonstone
and manganese oxide concretions; moderate,
medium, subangular blocky; pH 6.0; clear smooth
boundary.

Bltg

110-135

Brownish yellow (lOYR 6/6) common, fine,
distinct pale yellow (5 Y 7/3) mottles; clay; rare
ironstone and manganese oxide concretions;
moderate, medium, subangular blocky; pH 5.7;
abrupt smooth boundary.

B2tg

135-162

Brownish yellow (lOYR 6/6) common, fine,
distinct pale yellow (5Y 7/3) mottles; iron and
manganese oxide coarse cemented clay; massive;
pH 5.8; abrupt smooth boundary.

Btg

162-192

Brownish yellow (lOYR 6/6) common, fine,
distinct reddish yellow (7.5Y 6/6) mottles; iron and
manganese oxi^ coarsed cemented clay; massive;
pH 5.8.
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Cg

192-275+

Brownish yellow (lOYR 6/8) common, fine,
distinct reddish yellow (7.5Y 6/6) mottles; iron and
manganese oxide coarsed cemented clay; massive;
pH 5.6; abrupt smooth boundary.

* Obeng (1963); 1 = Brammer (1962); 2 =FAO-UNESCO (1990); 3 = Soil Survey Staff (1992).

4.3.2 Groundwater Laterites
Groundwater Laterites cover some 2.7 million hectares of the country, occurring
mostly over Voltaian shales and sandstones, granites, and lower Birrimian phyllites within
the Interior savanna zone. They constitute almost 50% of the soils in this zone (Obeng,
1970). These soils are mostly found on level to near level upper and lower slopes and
consist of a thin pale-coloured, sandy or silty loam material overlying a vesicular, highly
mottled in situ developed ironpan also referred to as ferricrete (Obeng, 1970). The ironpan
is underlain at varying depths by partially weathered or highly mottled material and
mudstones (Kpelesawgu and Changnalili series) or phyllites (Bianya and Dugu series)
With the notable exception of some relatively deep variants, all the Groundwater
Laterites are characteristically shallow to very shallow and highly concretionary soils with
ironpan encountered around the edges. They become waterlogged almost to the surface
during the peak of the rainy season but dry out completely during the dry season. This
trend in alternating wet and dry conditions, coupled with the level to near-level relief,
contribute to the hardening process which results in the formation of the ironpan B horizon.
Profile description for Kpelesawgu series (Plinthosol), a typical Groundwater Laterite, is
given below. This shallow ferricrete horizon coupled with the upper concretionary layers
renders the soils liable to severe erosion and, therefore, become a hindrance to crop
production.
Under natural conditions, the Groundwater Laterites tend to have pH values similar
to the Savanna Ochrosols; the surface layer is near-neutral with the sub-surface being
moderately to very acid. Nutrient levels are very low (organic matter and total nitrogen are
less than 1 % and and 0.03%, respectively) (Table 1.9 - Appendix I). Cation exchange
capacity (CEQ generally varies from 1 to 10 cmdL kg'^ with kaolinite as the dominant
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clay mineraL In areas underlain by shales the CEC may be as high as 20 cmolc kg" ^ due
the presence of 2:1 lattice clays. Clay illuviation into the ironpan argic B horizon is often
accompanied by iron migration.
These soils are very poor in fertility and susceptible to severe erosion apart from
being too shallow for mechanical arable crop cultivation. They are considered to be best
suited for bullock ploughing or hand cultivation of crops such as rice and vegetables and
for livestock grazing. However, the moderately deep variants developed from phyllites
(Bianya series) and granites (Babile series) with about 50 to 60 cm non-gravelly soil above
the ironpan can be cultivated mechanically with good management practices such as
mulching, manuring, application of nitrogen and phosphorus fertilizers and proper crop
rotation. Arable crops such as rice, guinea com, maize, millets and groundnuts are
produced successfully on these soils.

Site and profile descriptions of Kpelesawgu series*
Soil series: Kpelesawgu
Elevation: 85 m
Classification:
Toposite: Middle to lower slope
Slope: 2-3% to the north
Ghana': Groundwater Laterite
Drainage: Imperfectly drained
FA02: Plinthosol
Rainfall: 1100 mm per annum
U S D A 3 : Plinthaqualf
Parent material: Residuum from weathered
Locality: Nasia Basin
shale
Vegetation/Land-use: Savanna regrowth
Horizon

Depth (cm)

Description

Ales

0-10

Brown (7.5YR 5/4) sandy loam; occasional
ironstone concretions; granular; abundant fine
roots; pH 6.0; abrupt wavy boundary.

A2cs

10-20

Brown (7.5YR 5/4) sandy loam; frequent ironstone
concretions; granular; slightly hard; abundant fine
roots; pH 6.0; abrupt smoothly boundary.

Bcs

20-40

Strong brown (7.5YR 5/6) sandy loam; abundant
ironstone concretions; occasional small pieces of
iron pan; firm; few fine roots; pH 5.4; abrupt
smooth boundary.

Btcs

40-58

Light yellowish brown (lOYR 6/4) sandy clay
loam; very abundant ironstone concretions;
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frequent manganese oxide stained small pieces of
iron pan; very rare quartz gravel; very firm; very
few fine roots; pH 5.2; abrupt smooth boundary.
* Adu and Stobbs (1981);!= Brammer (1962); 2 = FAO-UNESCO (1990); 3 = Soil Survey Staff (1992).

4.3.3 Tropical Black and Brown Earths
The Tropical Black Earths (Vertisols - FAOAMESCO, 1990) are the darkcoloured, alkaline, cracking clayey soils occurring over level to near-level gilgai
microrelief. They show slickensides and increasing accumulation of calcium carbonate
with depth, changing the subsoil colour to greyish brown or greyish (see profile
description for Akuse series below). They occur extensively in the Coastal savanna zone
(« 200 000 ha) and consist predominantly of Akuse series and its shallow phase
(Prampram series) developed over basic gneiss on low uplands. They are associated on the
valley flats by the acid variants (Bumbi and Lupu series).
Within the Interior savanna zone, the Tropical Black Earths are very limited in
extent and occur in pockets around areas underlain by basic intrusive rocks in the
northwestern and along the White Volta river to the extreme northeastern part of the country
(e.g Pani and Yagha series).
Site and profile descriptions of Akuse series*
Soil series: Akuse
Elevation: 27 m
Classification:
Toposite: Lower slope
Ghana ^: Tropical Black Earth
FAO^: Calcic Vcrtisol
USDA^: Calciustert
IjQcality: Akuse
Vegetation/land- use: Short-grass savanna

Horizon

Depth (cm)

Slope: 2 % to the south
Drainage: Imperfectly drained
Rainfall: 900 mm per annum
Parent material: residuum from weathered
garnetiferous hornblende gneiss

Description

Aul

0-8

Very dark grey (1OYR 3/1) clay; moderately fine to
medium granular and weak fine subangular blocky;
firm; many fine roots; vertical cracks; pH 6.6; clear
smooth boundary.

Au2

8-27

Very dark grey (lOYR 3/1) clay; irregular angular
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peds breaking to medium and fine subangular
blocky; firm; very fine ironstone concretions and
CaC03; parallel vertical cracks; many fine and
medium roots; pH 7.5; clear smooth boundary.
Au3

27-48

Very dark grey (lOYR 3/1) clay; irregular angular
peds breaking to medium and subangular blocky;
firm; common fine iron oxide concretions and
gravel; few CaC03 concretions; common fine
roots; pH 7.7; gradual smooth boundary.

Au4

48-83

Very dark grey (lOYR 3/1) clay with black (lOYR
2/1) slickensides; irregular angular peds breaking
to moderate medium angular blocky; firm; network
of horizontal and vertical cracks; common fine
roots; slickensides at 50^ and 60^ to the surface;
pH 7.8; clear smooth boundary.

Au5

83-114

Very dark grey (lOYR 3/1) clay with black (lOYR
2/1) slickensides; irregular angular peds breaking
to moderate medium angular blocky; firm; few
medium and common fine roots; few fine particles
of iron oxide concretions; few manganese oxide
and CaC03 concretions; pH 7.4; clear smooth
boundary.

AC

114-140

Very dark greyish brown (lOYR 3/2) clay with
very dark grey (lOYR 3/1) slickensides; irregular
angular peds breaking to weak medium subangular
blocky; firm; common CaC03 concretions; few
polished iron oxide and more manganese oxide
concretions; pH 7.5; abrupt smooth boundary.

Clcks

140-195

Very dark greyish brown (lOYR 3/2) gritty clay;
massive; firm; abundant CaC03 lumps and
concretions; few iron and manganese oxide
concretions; pH 7.9; abrupt irregular boundary.

C2cks

195-212

Very dark greyish brown (lOYR 3/2) clay;
massive; firm; abundant CaC03 concretions and
soft iron oxide coatings; few iron oxide
concretions; pH 7.9; abrupt irregular boundary.

212-260+

Sandy clay loam of weatha^ed gametiferous
hornblende gneiss; pH 7.9.

' Asamoa (1970); 1 = Brammer (1962); 2 = FAO-UNESCO (1990); 3 = Soil Survey Staff (1992).

Analytical results (Table 1.10 - Appendix I) show that the Tropical Black Earths
have clay content that is more than 30%. The pH of the soils is moderately alkaline and
increases with depth as a result of CaC03 accumulation with depth (Acquaye et al., 1992).
The carbonate-regulated soil reaction has the advantage of promoting the subangular blocky
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structure and the absence of acidity and, in part, makes Ca as the dominant exchangeable
cation. The CEC values are greater than 30 cmol^ kg" ^ Smectites are the major clay
minerals with moderate to minor amounts of kaolinites, chlorites and vermiculites. The
presence of vermiculite causes problems for K availability in some of these soils (e.g
Prampram series) (Acquayeetal., 1967).
Because of the presence of high activity clays the Vertisols become saturated with
water during the rainy season and dry out almost completely developing wide cracks during
the dry season. The indigenous small-scale farmers have avoided cultivating these soils
because of their heavy texture and difficult moisture characteristics. The heavy machinery
required to cultivate these soils are beyond the reach of these farmers. Nevertheless, with
the backing of sound management practices facilitated by various research organisations the
local farmers cultivate these soils, on small scale, to rice, cotton, and vegetables.
The Tropical Brown Earths (Eutric Vertisols), which have been grouped with the
Tropical Black Earths are extremely very minor in extenfand occur mainly within the
Coastal savanna zone. They have a surface mulch, which is less heavy compared with the
Black Earths, as a result they are more extensively cultivated by the local farmers to food
crops such as maize, cassava and vegetables.

4.3.4 Tropical Grey Earths and Regosolic Groundwater Laterites
The Tropical Grey Earths (Gleyic Solonetz) are soils occupying very gentle
topography, developed from acidic gneisses and schists and occur mainly in the Coastal
savïinna zone. The Grey Earths occupy lower slopes in association with the Regosolic
Groundwater Laterites (Arenosols-Plinthsols) and together cover about 150 087 ha within
the Coastal savanna zone.
The Grey Earths (Agawtaw series) have a distinctive profile. The topsoil of about
30 cm consists of dark grey to greyish brown, porous sand or sandy loam. Below this
occurs the hardpan layer consisting of about 30 cm of very hard and compact clay, which
cracks vertically in six-sided blocks when dry. The lower part of the profile consists of
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grey or yellow brown, less compact clay containing calcium carbonate concretions. A
stoneline at depths overlies moderately to highly weathered gneiss or schist. Profile
description of a typical Grey Earth (Agawtaw series) is given below. The Regosolic
Groundwater Laterites also have similar profile features as the Grey Earths but are
developed from weathered acidic gneiss or granite with a seasonally perched water-table at
about 30 cm below the surface.
Site and profile descriptions of Agawtaw series^
Soil series: Agawtaw
Elevation: 2 m
Classification:
Toposite: Lower
Ghana^: Tropical Grey Earths
Slope: 1% to the south-west
FAO^: Gleyic Solonetz
Drainage: Imperfect to poor
USDA^: Natraqualf
Rainfall: 900 mm per annum
Locality: Accra Plains
Parent material: weathered acidic
gneiss and schists
Vegetation/Land-use: Short-grass savanna
Horizon

Depth (cm)

Description

Aul

0-9

Dark grey (lOYR 4/1) sandy loam; very weak fine
granular; many fine roots; pH 6.4; abrupt smooth
boundary.

Au2

9-15

Dark grey (lOYR 4/1) sandy loam; weak fine
granular; friable; common fine roots; pH 6.3;
abrupt smooth boundary.

Au3

15-27

Very daj^k greyish brown (lOYR 3/2) clay loam;
strong, very coarse prismatic; firm; compact hard
pan; firm; few fine roots; pH 6.5; abrupt smooth
boundary.

Bmtcs

27-37

Dark greyish brown (lOYR 4/2) clay loam;
strong, very coarse prismatic; firm; compact hard
pan; common Mn oxide concretions; pH 7.2;
clear smooth boundary.

Bmt

37-56

Very dark greyish brown (2.5Y 3/2) clay loam;
coarse, medium angular blocky; firm; compact hard
pan; pH 7.4; clear smooth boundary.

Bit

56-85

Dark greyish brown (2.5Y 4/2) clay loam; massive;
firm; few CaC03 and manganese oxide
concretions; pH 7.7; clear smooth boundary.

B2t

85-119

Olive grey (5Y 5/2) sandy clay loam; massive;
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firm; few CaC03 and manganese oxide
concretions; pH 7.9; abrupt smooth boundary.
Btcks

119-175

Olive grey (5 Y 5/2) sandy clay loam; massive;
firm; many CaC03 and manganese oxide
concretions; pH 8.0; abrupt smooth boundary.

Ccks

175-210

Olive grey (5Y 5/2) loam; massive; firm; many
CaC03 and manganese oxide concretions; common
quartz gravel (« 40% by volume); pH 8.2; abrupt
smooth boundary.

Cck

210-225

Dark greyish brown (2.5Y 4/2) silt loam; massive;
firm; lumps of CaC03; pH 8.3; clear smooth
boundary.

C

225-244

Dark greyish brown (2.5Y 4/2) silt loam; massive;
firm; pieces of decomposed schist and few CaC03
and manganese oxide concretions; pH 8.7.

* Asiamah (1982): 1 = Braimuer (1962); 2 = FAO-UNESCO (1990), 3 = Soil Survey Staff (1992).

These soils are low in organic matter, total nitrogen and phosphorus. The pH is
near neutral in the topsoils, becoming increasingly alkaline with depth (Table I.l 1 Appendix I) because of accumulation of (;aC03. Except for the A horizon, base saturation
is greater than 100% throughout their profiles. Exchangeable sodium is quite high in the
argic II, claypan horizon. The proportion of smectites in these soils is about 20-40% with
the remainder as kaolinite (Brammer, 1962).
The hardpan impedes both drainage and root penetration as a result agricultural
development of these soils is very difficult. The cost of breaking up the hard claypan to
allow deeper rooting as well as improving intemal drainage to leach out excess sodium has
proved to be very expensive. Because of this these soils are used for livestock grazing.

4.3.5 Sodium VIeisols
The Sodium VIeisols (Gleyic Solonchaks) which border the saline coastal lagoons
and creeks along the lower Volta cover approximately 87 728 ha. They comprise the black
or dark grey clays, sticky when wet and hard when dry, occurring extensively in saline
areas. The highly saline soils show salt crystals accumulation on the surface during the dry
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season. Analytical data on these salt-affected soils are non-existent and constitute one of
the major gaps in the study of the soil resources of the country.
The indigenous farmers sometimes cultivate the less saline soils intensively to
sugar-cane and vegetables along the Volta river, where annual flooding v^'ith fresh water
leaches the salts out of the rooting zone. For increased and sustained crop production on
such soils, drainage control, irrigation and application of fertilizers would be required. It
will be, however, uneconomical to attempt to reclaim the highly saline soils on the flat
lands which are considered to be one of the worst in the country.
4.3.6 Savanna Gleisols
These soils cover approximately 1 608 000 ha within the savanna zones and are
predominantly, very deep, grey, non gravelly, imperfectly to very poorly drained soils
developed in materials transported from upslope and deposited in valley bottoms. Because
the relief within the savanna zones is more gently undulating, the Savanna Gleisols
(Gleysols) are more extensively developed and, therefore constitute some of the most
important agricultural soils in the country.
Within the Coastal savanna zone, extensive lowlands along the lower Volta flood
plains consist of deep to very deep, grey, non-gravelly, medium to heavy textured alluvial
soils (e.g. Amo, Tefle and Hake series). The Nasia flats in the Interior savanna zone have
typical examples of the Savanna Gleisols (e.g Volta, Kupela, Siare, Dagere and Lima
series) which are mainly clayey in texture and, therefore, capable of holding water up to the
first part of the rainy season. These soils are potentially among the most important
agricultural soils in the country. They are, therefore, intensively cultivated to rice, maize,
cotton, sugarcane and vegetables.

4.3.7. Savanna IJthosols
The Savanna Lithosols (Leptosols) like their forest counterparts, are the very
shallow to shallow, concretionary and/or gravelly soils over little weathered and/or hard
rock occurring over steep slopes and cover approximately 1.1 million ha of the savanna
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zones. Within the Coastal savanna zone, such soils are found over quartzites (Kloyo, Fete
and Krobo series) and phyllites, shales and sericite schists (Salom series). In the Interior
savanna they occur over Bongo granites (Nangodi and Pusiga series), phyllite (Gbeshie
series) and basimorphic Birrimian rocks (Gbache series).
These soils are highly susceptible to erosion because of their shallowness and
occurrence over steep slopes. They are, therefore, not suitable for intensive cultivation.
Majority of these soils are left under natural vegetation.
4.3.8. Intergrades
The two most important intergrade soils within the savanna zones are the Savanna
Ochrosol-Groundwater Laterite and Ochrosol-Rubrisol intergrades. The former cover
approximately 3 million ha whereas the latter covers about 127 000 ha.
Agronomically, the most important intergrade soils within the savanna zone are the
Savanna Ochrosol-Rubrisol intergrades (Acrisols, Nitisols, Lixisols). Although they are
limited in extent, they consist of either deep, well-drained, reddish brown, non-gravelly
silty clays overlying basic micaceous intrusive rocks (Kaleo series) on the flat uplands or
moderately deep to moderately shallow, moderately to imperfectly drained, red, brown
mottled concretionary sandy clays over granite (Koli and Nakori series). Profile
description for Kaleo series is given below.
Site and profile descriptions of Kaleo
Soil series: Kaleo
Classification:
Ghana^: Ochrosol-Rubrisol Intergrade
FAO^: Ferric Lixisol
USDA^: Paleustalf
Locality: Seilo Tuni land Planning Area
Vegetation/Land-use: Savanna regrowth
Horizon
Aul

Depth (cm)
0-8

series*
Elevation: 30 m
Toposite: Upper slope
Slope: 2% to the north
Drainage: Well drained
Rainfall: 1000 mm per annum
Parent material: Residuum from weathered
granite
Description

Dark brown (lOYR 3/4) sandy clay; rare fine
quartz gravel; rare small ironstone concretion; rare
rootlets; moderate fine to medium granular
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structure; pH 7.6; clear smooth boundary.
Au2

8-23

Brown (7.5YR 5/4) sandy clay; occasional fine
quartz gravel; occasional small ironstone
concretions; very rare rootlets; moderate to fine
granular structure; pH 6.7; clear smooth boundary.

Bites

23-50

Strong brown (7.5YR 5/6) sandy clay; occasional
small ironstone concretions; occasional coarse
quartz gravel and mica specks; moderate, medium
angular blocky; pH 6.8; clear smooth boundary.

B2tcs

50-67

Strong brown (7.5YR 5/8) sandy clay; irequent
small ironstone concretions; occasional manganese
oxide concretions; frequent coarse quartz gravel
and rare mica specks; moderate fine to medium
angular blocky structure; pH 6.7; clear smooth
boundary.

B3tcs

67-88

Reddish brown (5YR 5/4) clay; few fine distinct
pale yellow (5Y 7/4) mottles; abundant coarse
quartz gravel;ft-equentsmall quartz stones;
occasional ironstone concretions; occasional
manganese oxide concretions and occasional white
mica flakes; massive; very firm; pH 6.8; clear
smooth boundary.

Clgc

88-127

Yellowish red (5YR 5/6) clay; common fine,
distinct pale yellow (5Y 7/4) mottles; very ft-equent
coarse quartz gravel; occasional quartz stones;
fi-equent white mica flakes; occasional traces and
pieces of weathered and decomposing pegmatite
granite; massive; firm; pH 7.1; clear smooth
boundary.

C2gc

127-190

Reddish yellow (5YR 6/6) clay; common fine,
distinct pale yellow (5 Y 7/4) motties; fi-equent
particles of decomposed pegmatite granite;
moderate to strong, medium to coarse angular
blocky structure; very firm; pH 7.1; clear smooth
boundary.

C3gc

190-210

Light reddish brown (5YR 6/4) loam; common,
fine, distinct pale yellow (5 Y 7/4) and dark red
(2.5YR 3/6) motties; abundant particles of
decomposed pegmatite granite; strong medium
angular blocky structure; very firm; pH 7.0.

* Obeng (1963); 1 = Brammer (1962); 2 =FAO-UNESCO (1990); 3 = Soil Survey Staff (1992).

The pH of these intergrades is neutral to slightly alkaline throughout (Table 1.12 Appendix I). Organic matter and total nitrogen contents are higher than in other savanna
soils. The CEC is higher than 15 cmolc kg'^ in the topsoils and base saturation is more
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than 50% throughout the profiles. With their relatively high fertility status, these soils are
capable of sustaining high yields of wide variety of arable crops including maize, guinea
com, groundnuts, tobacco and fibres.
The Ochrosol-Groundwater I^terite intergrades (Acrisols-Plinthosols) occur
extensively within the Voltaian basin of the Interior savanna zone. The soils classified
under this group are mainly a mixture of Savanna Ochrosols and Groundwater Laterites, as
a result their profile characteristics and management are similar to those described in
sections 4.3.1 and 4.3.2.
Also included in this group of intergrades are soils, which are truly intergrades
between Savanna Ochrosols and Groundwater laterites. They occur where internal
drainage is less impeded than the true Groundwater Laterites. This may be due to the more
sandy bedrock in the case of the Voltaian areas or possibly to a high biotite content in the
case of granites or to recent slight dissection in the topography (Brammer, 1962).
Pastures for livestock development are considered to be the best form of land-use for these
intergrades.
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5. WATER RESOURCES OF GHANA
5.1 Agencies for Water Cycle Data
The water resources of Ghana include both surface and groundwater sources. The
hydrometeorological, hydrological and hydrogeological data constitute the water cycle data.
In Ghana several agencies and organizations are involved in data collection, assessment and
development of water resources. Institutions such as the Meteorological Services
Department and the Hydrological Division of the Architectural and Engineering Services
Corporation (A.E.S.C.) are responsible for basic data collection. Institutes like Water
Resources Research Institute (W.R.R.I.) and Ghana Water and Sewerage Corporation
(G.W.S.C.) deal with the assessment of the water resources of Ghana.
Those responsible for development of the resources are G.W.S.C, the Volta River
Authority (V.R.A.) and the Irrigation Development Authority (I.D.A.). Scientific research
into various aspects of the water resources is carried out by W.R.R.I., Geological Survey
Department, Institute of Aquatic Biology (I.A.B.), the University of Ghana Volta Basin
Research Project (V.B.R.P.) and other University Departments.

5.2 Available Water Resources
5.2.1 Surface Water Resources
5.2.1.1 Rainfall
One of the main sources of surface water supply is rainfall. Rainfall harvesting
serves as an important source of water supply for many rural communities in Ghana. The
amount of rainfall in the various ecological zones of Ghana, as obtained from the Ghana
Meteorological Services Department for the period 1961 to 1990, has been discussed in
Chapter 2. The hydrologie environments vary from the more humid south-western portion
of the country to the semi-arid savannas of the north and the central and eastern coastal
plains.
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5.2.1.2 Rivers and Run-off Yields
Rivers constitute another important source of surface water supply in Ghana.
Opoku-Ankomah (1986) updated the available water resources of Ghana according to river
basins. The main river basins of Ghana are the White Volta, Black Volta, Main/Lower
Volta, Oti, Pra, Tano, Ankobra, Bia, Todzie/Aka and Coastal Drainage System (Fig. 5.1).
The yields from run-offs in the various river basins generally follow the rainfall
pattern. During the months of June, July and October when rainfall is heaviest in the south
of the country, flows are high. In northern Ghana, where generally one rainy season
occurs, high flows occur in August through October. The dry season extends from
November to March and low flows are observed during this period throughout the country.
The mean annual run-off and their variations in the main river basins are given in Table
5,1. The run-off values are for flows within the basins in Ghana and exclude flows from
upstream outside Ghana.

*Table 5.1 Run-off yields and their variations in the main River Basins.
River Basin

Drainage Area
(km2)

White Volta
Black Volta

45 800
35 100

ai

16 200
68 600
23 200
8 500
14 900
6 500
15 600
3 600

Main/Lower Volta
Pra
Ankobra
Tano
Bia
Coastal Drainage
Todzie/Avu

^Adapted from Opoku -Ankouiah(1986).

Run-offxl06m3/day
Annual
Monthly
Monthly
mean
maximum minimum
10.28
4.92
9.59
12.10
20.74
10.45
6.39
3.63
5.36
1.38

104.98
53.83
73.44
249.70
94.18
40.61
45.27
40.95
61.17
155.52

0.09
0.17
0.17
0.17
1.38
1.30
0.17
0.17
0.43
0.09

51

Fig. 5.1. Drainage liasins of Ghana.
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5.2.1.3 Floods and Droughts
Though the country appears well-drained, it should be pointed out that a number of
streams in the Interior and Coastal savanna areas dry up during the long dry season
(November to March). Flooding, however, occurs in many parts of theriverbasins during
the main rainy season.
The flood season in Ghana extendsfromMarch to October. Floods occur in the
south in May/June and in August/September. They occur in the north in August/October.
These months correspond to the peak rainfall periods in the two halves of the country. The
floods result from intense storm rainfall or persistent rainfall of low intensity. This gives
rise to unusually highriverflows and accumulation offloodwater in low-lying areas.
The flooding in Ghana is generally moderate but occasionally very serious floods
occur in some parts of the country. For example, our surveys show that periodic floods
are normally experienced in the Avu-Ketafloodplains, upstream of the White Volta down
to the Mole confluence, the lower reaches of the Tano, Ankobra, Ofin-Pra, Nakwa,
Ayensu and Densu. Also, the Lower Voltafloodplain,prior to the building of the
Akosombo dam, used to experience seasonalfloodingsespecially during the peak of the
rainy season in the north (September to November). Since the commissioning of the
Akosombo dam in 1966, the seasonalfloodingof the Lower Voltafloodplainhas ceased
and the drawdown areas around the Volta lake, north of the Akosombo dam, has been
experiencing seasonalfloodingduring the period, September to November.
This Volta Lake drawdown area is all the land bordering the reservoir, which once
every year isfloodedand then exposed as a result of seasonalfluctuationsin the lake level.
The total length of the Volta lake shoreline is 4 900 km and the total drawdown area which
isfloodedeach year is 85 550 hectares (Amatekpor, 1970).

5.2.1.4 Reservoirs
Another important source of surface water supply isfromsurface impoundments
and dugouts. Flood control on catchment basis is effected by providing storage space in
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impounding reservoirs built in connection with water projects for domestic and industrial
water supply, irrigation and hydro-electric power.
The largest reservoir in the country is the man-made Volta lake. It was created
when the Volta River was dammed in 1964 at Akosombo to generate hydro-electric power.
The project, with its 88.2 m high dam, crest-length of 638.4 m, generating capacity of 833
MW, created 8482.3 km^ of lake, thus becoming the largest man-made lake in the world
The lake has a mean annual inflow of 4.05 ha-m and a live storage of 6.03 ha-m.
Other medium and small scale impoundments in the country are Vea/Tono dam in
the Upper East Region; Bontanga, Libga and Golinga in the Northern Region; Tanoso and
Subinja in Brong Ahafo; Akumadan and Barekese in Ashanti; Okyereko and Mankessim in
Central Region; Aveyime and Afife in the Volta Region; and Ashiaman, Dawhenya and
Weija in the Greater Accra Region.
5.2.1.5 Weed Problems in Reservoirs and Rivers
Weeds, at present, do not constitute a major problem in Ghana's reservoirs and
rivers. Our survey, however, revealed that weeds (e.g. water hyacinth, Eichhomia
crassipes) have emerged on the Weija and the Barekese reservoirs and they are also
becoming a threat on the Kpong reservoir. Also, downstream the Kpong dam in the Volta
River, weeds have appeared at the Tefle bridge. The water Hyacinth is becoming a
nuisance in the lower reaches of the River Ankobra in the Western Region. It is important,
therefore, that specific plans are put in place by either the Institute of Aquatic Biology or the
Water Resources Research Institute to arrest the problem.
5.2.1.6.

Water Losses

Evaporation and runoff constitute the major forms of losses of surface water.
Runoff losses have been discussed in section 5.2.1.2. Evaporation records, on the other
hand, are of recent origin and constitute a significant gap in hydrometeorological data
collection.
Some attempts have been made by the Meteorological Services Department to
compute probable evaporation values by empirical methods. The annual range of
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evaporation values (measured on the basis of U.S. Class A Plan Values) is between 1250
and 1900 mm. In the wet season the average evaporation values vary from 600 to 850
mm. The corresponding dry season range is 700-1000 mm.
It has been observed that evaporation is generally higher in the north than in the
south in both the dry and wet seasons. The lowest evaporation rates are observed in the
southwestern portion of Ghana where the highest rainfall amounts are recorded. The
isolines of evaporation form a trough from the southwestern comer of Ghana and increase
in a north-easterwards to the central portion of the Volta Region. East of Kete Krachi the
isolines form a ridge, which increases in a northwesterly direction. The pattern is the same
both seasonally and annually except in amounts.
5.2.2 Groundwater Resources
Groundwater occurs in two main formations in Ghana namely sedimentary and
non-sedimentary. The sedimentary formation covers 43% and the non-sedimentary covers
57% of the land area of the country. The sedimentary formation is found mainly in the
Volta basin and along the central parts of the coastal areas. Aquifers underlie almost all
areas in the country. The occurrence of groundwater is controlled principally by local
geology and other factors like topography and climate. But the extent and effect of rock
decomposition, the presence of quartz, aplite and pegmatite veins and the presence of
fracture openings constitute the main factors that control the occurrence of groundwater in
these rocks. The single most important factor is rock decomposition, the rock type
generally being of secondary importance.
Studies by Quist (1976) in the Accra plains showed that aquifers generally occur as
bands of fractures at different horizons. In some test holes the first sign of water appeared
at the interface between the weathered top material and thefreshcountry rock usually at the
depth of about 10 m. The amount of groundwater at this level is not much and is the
consequence of direct infiltration of precipitation through the weathered rock by gravity. In
some cases the first aquifer occurs at depths between 20 and 25 m and subsequent ones at
deeper depths.
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The assessment of groundwater resources in the various geohydrologic provinces
have been greatly facilitated by data accumulated from two major drilling projects carried
out in the Upper Region and Southern Ghana between 1974 and 1983. The first project
was the GWSC/CIDA rural water supply project for the Upper East and Upper West
Regions where 5 000 boreholes fitted with hand pumps were constructed between 1974
and 1980. The second was the West German boreholes water supply project for Southern
Ghana which was implemented between 1981 and 1983.
Results of testsfromthese projects show that in the northern part of the country the
depth of rock decomposition varies from 10 m to 60 m with an average of 27 m; in the
central and southern parts of the country the thickness of rock decomposition varies from
25 to 80 m with an average of 40 m. The aquifers may be few centimeters thick or up to 30
m in thickness. The aquifers are of hmited areal extent and form isolated groundwater
basins. Generally recharge of the aquifers occur on local topographic highs and discharge
in topographic lows. Inter-basinal groundwaterflowsmay be limited except where the
individual basins are connected by fractures.
Recharge to the aquifers is thought to be low and occurs mainly in the rainy season.
It is estimated to be 5% of the annual rainfall. Generally, aquifers are of low
transmissivities (7.5 to 30.0 m^/d). Water levelfluctuationsin boreholes are estimated to
vary between 1.5 m and 3.0 m between the dry and wet seasons. According to W.R.R.I.
(1990) there are about 10 000 boreholes and hand-dug wells in use in the country. The
aquifer horizons and yields of boreholes and hand-dug wells in the various rock formations
in the country are given in Table 5.2.
From results of chemical analyses carried out by WRRI and GWSC groundwater in
the non-sedimentary can be described as generally soft and have low total dissolved solids.
The pH is on the average slightly acid (6.5) in the granitic terrain. However, in some
cases, iron and manganese concentrations are excessive and giveriseto colouration of the
water on exposure to the atmosphere. Generally the chemical quality is acceptable and falls
within the drinking water standards of Ghana Water and Sewerage Corporation.
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•^Table 5.2 Hydrogeological information on Ghanaian rocks.
Geological Formation
Tertiary - Recent
Upper Jurassic Upp)er Cretaceous
(Amisian and Appolonian)
Devonian
(Accraian and Sekondian)

Aquifer Horizons
(m)

Yield
(m3/h)

3-25

1.0- 12.0

5-30
250-300

1.0-27.0
1.0 - 7.0

-

-

Paleozoic
(Voltaian)

20-35

1.0 - 12.0

Upper Pra;ambrian
(Buem)
(Togo)

20-35
20-65

1.0 - 12.0
1.5 - 8.0

Middle Precambrian
(Tarkwaian)
(Granites)
(Birrimian)

15-25
20-65
25-35

1.0 - 12.0
1.0-32.0
1.5 - 17.5

Lower Precambrian
(Dahomeyan)

25-50

1.5-32.0

* Adapted from EPCAVRRI (1988).

The quality of groundwater in the sedimentary formation is also generally good for human
use but in the central portion of the basin saline waters with concentrations of 1 000 to 15
000 mg/1 have been observed. Sparseness of population in the sedimentary basin account
for the development of fewer boreholes in the area. Current efforts to increase agricultural
production should accelerate the rate of development and the need for more boreholes for
water supply in the area. Data generatedfromthese projects would help to determine the
hydraulic characteristics of the aquifers and to define the groundwater characteristics of the
area more accurately.
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In Ghana, so far, agro-chemical and industrial waste pollution of groundwater have
not been studied well but there is evidence that it is happening. Some preliminary studies
by WRRI (1990) showed that some boreholes in Upper Region have increasing
concentrations of nitrate as a result of increased use of fertilizers in the Region. Therefore,
the large number of boreholes in the country now need to be continuously monitored to
generate sufficient empirical data that could be used in solving present and future problems
of groundwater quality.
5.3 Water Conservation, Management and Utilisation
5.3.1 Water Supply for various Purposes
5.3.1.1 Domestic and Municipal Water Supply
The present and projected demand for domestic and municipal water supply , for
the period 1970 to 2000 AD, from surface water and groundwatCT sources were estimated
by Nathan Associates (1970) and are presented in Table 5.3. The Nathan studies estimated
that the amount of water consumed from the various drainage basins as a percentage of the
water withdrawn will decreasefromthe then estimated 95% to about 75% by 2000 AD.
The groundwater withdrawals were to be for domestic water supply for small
communities usually with a population of up to 2 000 inhabitants. The surface water
withdrawals were to be mainly for urban and industrial uses.
A study, by EPCAVRRI (1988), of the actual performance since the Nathan studies
were completed shows that the population provided with potable domestic water supply
rose from 38.2% in 1975 to 56.4% in 1985. The average for urban population increased
from 92.4% to 93.0% during the period. The most significant increase in supply was
recorded for the rural areas where the coverage rose from 16,0% to 39.3%. In spite of this
apparent improvement, the rural situation still leaves much to be desired because only 15%
of the population in rural communities of population below 500 have access to potable
water. The population in this category constitute about 30% of the country's population.
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*Table 5,3 Domestic and Municipal water supply by River Basins.
River Basin

White Volta
Black Volta
Oti
Lower Volta
Pra
Ankobra
Tano
Bia
Coastal Basins
Tod/ie/Aka
Total

1970

1980

2000 AD

Surface
water
(ha-m)

Ground
water
(ha-m)

Surface
water
(ha-m)

Ground
water
(ha-m)

Surface
water
(ha-m)

356.7
86.1
ndt
5768.7
1771.2
86.1
172.2
ndt
3554.7
86.1

127.9
55.4
94.7
275.5
67.7
30.8
24.6
14.8
56.6
72.6

442.8
307.5
49.2
6740.0
3554.7
221.4
356.7
86.1
6223.8
135.3

688.8
713.4
332.1
2755.2
1685.1
565.8
492.0
270.6
885.6
221.4

1648.2
1107.0
848.7
25842.3
11463.6
1426.8
1020.9
442.8
8314.8
713.4

1353.0
1476.0
615.0
5535.0
3444.0
1107.0
984.0
615.0
1722.0
492.0

11881.8

820.6

17117.9

8610.0

52828.5

17343.0

Ground
water
(ha-m)

* AdaptedfromNathan Consortium (1970); t = no data.

5.3.1.2 Water Supply for Irrigation
An irrigation potential of over one million hectares have been identified in the
country. TTie potential is mainly in the Coastal and Interior savanna ecological zones.
Water for irrigation agriculture is supplied mostlyfromsmall and medium scale reservoirs.
There is also the potential for using groundwater for irrigation. Groundwater used in

If

farming, and particularly for irrigation, depends upon its quality and quantity, soil types,
proposed crops, and irrigation methods envisaged. The natural quality of water in the two

I

ecological zones seem to be quite suitable for irrigation.

I

The Nathan studies estimated the water requirementsfromsurface water sources for

I

irrigated agriculture for the period 1970 to 2 (X)0 AD. It was estimated that in 1970 the total

I

water withdrawal from White Volta, Black Volta, Lower Volta, Pra, Todzie/Aka and

I

Coastal Drainage Basins would be 16 236 ha-m. The estimates for 1980 and 2000 AD

I

were 34 932 ha-m and 178 350 ha-m, respectively. Land areas to be irrigated in the river
basins was estimated to increasefrom9 356 ha in 1970 to 21 627 ha in 1980 and to

|
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116 073 ha in 2000 AD.
The actual performance has not kept pace with the projections. The potential of
irrigation and the stages of development in the various regions of Ghana are summarised in
Table 5.4.
*Table 5.4 Irrigation potential and stages of development of various projects.
Region

Project

Greater Accra

Ashiaman
Dawhenya
Weija
Asutsuare

Volta

Potential Area
(ha)

Developed Area
(ha)

200
500
1500
4000

120
200
225
1800

Aveyime
Afife
Kpandu-Torkor

800
880
400

200
880
100

Eastern

Dadieso
Araate

300
200

20
100

Central

Okyereko
Mankessini

100
500

40
10

Ashanti

Akumadan

200

80

Brong Ahafo

Tanoso
Subinja

200
60

60
60

Northern

Bontanga
libga
Golinga

500

500
50
20

Upper East

Vea
Tono

1000
2500

1000
2500

*Adapted from Irrigation Development Authority, Ghana.{Unpubiished data).

5.3.1.3 Water Supply for Livestock
Traditionally, livestock have been supplied with water from dug-outs, surface
impoundments,riversand dug wells. In areas where the animals are allowedfreerange
and not scientifically managed, the animals drink from the same source where human
beings also obtain their water. This was particularly so in the case of the Upper Region.
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Since 1970 a number of commercial livestock farms have been established in the
Greater Accra, Eastern and Ashanti Regions for poultry, pigs, cattle, sheep and goats On
such farms as the Shai Hills Cattle Ranch and the Darko, Pomadze, Acme, Glamour, and
Afariwaa poultry farms, steps have been taken to ensure that water needs are properly
organised to assure optimum production. A considerable amount of the water requirements
of these commercial livestock farms are supplied from groundwater sources.
The annual water requirement needed to meet projected animal population for the
period 1986 to 1993 have been estimated by the Ministry of Agriculture and is summarised
in Table 5.5.
*Table 5.5 Projected livestock production and water requirements.
Animal

Cattle
Sheep
Goats
Pigs
Poultry

Livestock Population
(xl06)

Water Requirement
(xlO^m-^)

1986
1.02
2.96
2.71
0.37
22.49

Total
Cattle
Sheep
Goats
Pigs
Poultry

1990
1.27
5.22
4.95
0.98
24.83

Total
Catüe
Sheep
Goats
Pigs
Poultry
Total

1993
1.69
9.02
8.56
1.66
25.84
-

* Adapted from Ministry of Agriculture, Ghana. (Unpublished data).

10.1
5.2
4.9
2,0
2.0
24.2
12.5
9.5
9.0
5.4
2.3
27.3
16.6
16.5
15.6
9.1
2.4
60.3
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5.3.1.4 Water Supply for Inland Fisheries
Traditional methods are mainly used in inlandfishing(aquaculture) in Ghana and
these are subjected to the water regimes in the wet and dry seasons. Surface
impoundments such as Weija and TonoA^ea in addition to the Volta Lake has increased the
potential for fisheries development since 1977. Fish farming in ponds has also been given
a boost since 1980. Fish farming, however,, is not without problems. The problems
some aquaculturists have encountered as far as water management is concerned are
inadequate water supply, and in some cases, losses due to percolation. In a few cases
where groundwater is used quality problems are encountered. All these problems are due
mainly to poor siting of fish ponds especially during the early days offishfarming in the
country.
Aquaculture's contribution to the nationalfishbudget is relatively insignificant but
its potential is recognised. From catch records from N.E. Ghana. Asafo (1987) estimated
the totalfishproduction from aquaculture sector to be 600 to 1700 tonnes per annum. But,
FAO/UN (1967), based on an estimated available water surface of 172 000 ha, put the
minimum production from this sector at some 15 000 tonnes per annum.
Total inlandfishproduction in Ghana in 1987 was 55 000 tonnes and this rose to
61 000 tonnes in 1990. The Volta system is the main source of fresh waterfishand has an
annual input of some 40 000 tonnes (Ministry of Agriculture, 1991).
5.3.1.5 Water Supply for Industrial Uses
The Nathan studies estimated demand for water for industrial purposes. The total
estimated annual industrial water use for 1970 was 811.8 ha-m. The estimates for 1980
and 2000 AD were 1180.8 ha-m and 494 829 ha-m, respectively. These were based
mainly on consumer goods, mining and food processing.
The present actual total water consumption by both large and small scale industries
is not known. Our surveys revealed that the big industrial companies, such as the Volta
Aluminium Company, the Achimota Brewery and the Nsawam Cannery, keep records of
the quantity of water consumed monthly, but most of the small scale rural food processing
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factories, such as oil and garri processing factories, have little or no idea about the actual
quantity of water used daily. Some work, therefore, needs to be done in this area.
5.3.1.6 Water Supply for Electrical Power Generation
Ghana has an estimated hydro electric power potential of about 2 000 MW of which
40% have been developed at Akosombo and Kpong on the Volta River. The installed
capacity at these two sites are 912 MW and 160 MW, respectively.
Detailed designs and contract documents have been completed for development of a
third hydro electric power site at Bui on the Black Voltariverwith a planned installed
capacity of 300 MW. The mean annual inflows at Akosombo, Kpong and Bui are 42 200,
36 200 and 6 850 x 106 m^, respectively. The corresponding storage volumes at full
supply levels are 60 400, 0.20, and 14 000 x 106 m3, respectively (W.R.R.I., 1990).
5.3.1.7 Water for Transportation
In the 1920s and 1940s, when timber and mining activities were at their peak, logs
and ores were transported along the Tano, Ankobra and Pra rivers from the hinterland to be
transhipped by rail to the ports. Such river transportation was used during high and
medium water level seasons of the year; during the dry season no transportation is
possible. The Tano, Ankobra and FYariversare no longer used for this purpose. Up to
the 1960s, there was also a flourishing river transportation on the Lower Voltariver,from
its mouth to Akuse, for the movement of passengers and merchandise. This system of
transportation was all year round and continued to be used till the Volta Lake was created.
On both the south-westernriversand the Lower Voltarivertransportation depended on the
natural flow regime.
At present, the only serious river transportation is on the Volta Lake, which is used
to move both passengers and cargofromthe south to the north of the country and vice
versa.
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5.3.2. Water Conservation Practices in Ghana
5.3.2.1 Water Harvesting Methods for Domestic and Agricultural Uses
Several traditional and modern methods are in use in Ghana for harvesting water for
both domestic and agricultural use. For domestic use, especially in the rural areas where there
are few or no hand-dug wells or boreholes, there has been the longtime traditional practice of
harvesting rainwater from roofs. This water is in large tanks, usually concrete tanks, for
domestic use during the dry season.
For agricultural use, storage of water in surface impoundments and dugouts are widely
resorted to in the interior and coastal savanna regions. These stored water are used for dry
season farming (vegetable growing) and as drinking water for livestock. As pointed out earlier
in section 5.3.3, areas where the animals are allowed free range, provision of water for
livestock sometimes serve as water for human consumption.
5.3.2.2 Water Conservation through Soil Management
In the interior savanna region of Ghana the ridge and furrow land preparation is
traditionally widely practised. Results of experiments at Nyanpkala, in the savanna zone of
Ghana by Bonsu (1981) and the Soil Conservation team of the Soil Research Institute, Kumasi
showed that ridging and mulching are the best practices that give the highest yields of millet.
This was attributed to the ability of these two practices to intercept run-off and therefore retain
high level of moisture in the soil matrix. It serves also as a useful soil erosion control measure
if the ridges are aligned parallel to the contour.
An improvement over the simple traditional ridge and furrow system is the tie ridging
system now being practised by some farmers in the sub-humid region of Ghana. Two adjacent
ridges tied together create a series of small basins which hold rain water and allow more time
for infiltration into the soil.
5.4 Water Pollution and Wastewater Management
5.4.1 Disposal of Industrial Waste
Effluents from industries are discharged into water bodies without treatment. The
major ones are the breweries, textiles, mining, chemical, plastics and rubber industries.
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These effluent loads contain various kinds of chemical compounds. A survey by Mensah
(1976) showed that effluent loads from Accra Brewery and Akosombo Textile Company
were 25 x 10^ liters and 120 x 10^ liters per month, respectively. Those from gold mining
and rubber industries were 713 x 10^ and 9 x 10^ liters per month, respectively.
Our surveys show (hat the effluent loads from the above industries have been on the
increase since 1983 as a result of the the Economic Recovery Programme. As at now
(1992) most of the industries are still discharging untreated effluents into water bodies and
into open stormwater drains, which are posing serious pollution problems. For example,
the Achimota Brewery discharges its effluents into the Onyasia and Odaw rivers. These
evenUially enter the Korle lagoon.
The W.R.R.I. (1984) reported that the level of arsenic and cyanide effluents
discharged by the mines into receiving waters were many times higher than what is
permissible for human health. The pollution of the Ankobra river by effluents from the
gold mines within its basin caused increase in cyanide concentration to as high as 4.0 ppm
at about 1.0 km downstream the point of discharge. The situation, however, needs
monitoring to detennine the effect of this on fauna and flora within the area.
5.4.2 Disposal of Excreta
In urban settlements, the bucket system is widely used for human excreta disposal
but this system is breaking down due to difficulty in hiring labour to collect this waste.
Ventilated Improved Pit Latrines (KVIP) is now being promoted in urban as well as rural
areas. In the better planned residential areas in urban settlements such as Accra, Kumasi
and Takoradi septic tanks are widely used. Open defaecation is resorted to in parts of the
urban fringes.
Along the coast, the sea is used as a disposal medium. In the hinterland treated and
raw excreta find their way into both surface and underground water bodies. At present the
extent of contamination is not knov/n and there is a need to monitor the effect of this aspect
of waste disposal on the water resources of Ghana.
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5.4.3 Disposal of Agricultural Wastes
Agricultural activities contribute to contamination of water bodies. These come
from the use of agro-chemicals like fertilizers, insecticides and herbicides. This was
particularly so in the Northern and Upper Regions where soils are poorer in quality. They
are used both on rainfed and irrigated farms. One of the main receiving waters are the
rivers of the Volta system.
Ad hoc monitoring of the use of fertilizers on the quality of water was carried out in
the 1970s, but there has been no systematic programme for continuous monitoring. A brief
study (E.P.C.-W.R.R.Ï., 1988) on the Oti river which has large irrigated lands within its
basin suggested that a high proportion of fertilizers reached theriverduring the rainy
season. This was manifested by algal blooming on theriverduring the wet season. Also
chemical analysis showed high levels of inorganic phosphates, nitrate-nitrogen and
sulphates. Tt might be pointed out, however, that the present country-wide use of
fertilizers is not as intensive as in developed countries to cause any serious havoc to our
waters.
Another growing area of waste production from agriculture is that from livestock.
Presently livestock are known to be drinkingfromthe same sources from which humans
fetch water. In the case of borehole supplies, excretafromanimals drinkingfromthe
borehole heads have been discovered to be contaminating groundwater in a few cases.
Inappropriate farming systems like land rotation cultivation, bush burning,
overgrazing, felling of trees for timber and fuel, all have the effect of making the land bare
and thereby enhance erosion by water and wind. The eroded soils cause sedimentation of
water conservation structures like dams and dugouts.
Monitoring to assess the change in water balance components or changes in water
quality or the rates of erosion and sedimentation as a result of the land degradation practices
has not received sufficient study that can enable accurate assessment of the situation in the
country.
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Plans have, however, been made to tackle some aspects of the problem by the

i

preparation of the National Plan of Action to Combat Desertification (E.P.C., 1987). The
Forestry Department in the country estimates that a planting programme of 10 935 ha per
annum will be able to keep pace with the rate of exploitation of the forest. But, funds to
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execute the Desertification Combat Plan has been slow in coming.

I

5.5 Diseases Associated with Water Resources of Ghana

i

Water-borne diseases such as diarrhoea, dysentery, cholera, guinea worm,
hookworm, schistosomiasis (bilharzia), malaria, tryppanosomiasis (sleeping sickness) and
onchocerciasis (river blindness) are prevalent in the country.
The incidence of most of these water-borne diseases over the past few years has
been on the increase. In the case of schistosomiasis, Odei (1979), in a survey of some
river basins and impoundments in Ghana, showed an increasing trend in the incidence of
schistome infection. For example, in the Weija Dam area, between 1968 (when the dam
had not been built) and 1979 (when the new dam was built) there was an increase of 83%
in schistome infection.
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Around the Volta Lake, Derban (1975) reported that the prevalence of

I

shistosomiasis in 1960/61 before the dam was built was 5% among school children;

i

between 1964 and 1967 after the construction of the dam, it had gone up to 9 0 % . Though
the incidence varies with locality, surveys have revealed a gradual rise in places where
previously the infection rate was moderate or nil.
According to Derban (1975) some of the major breeding grounds for
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onchocerciasis, which breeds in well-oxygenated water and rapidly flowing streams and
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rivers, have been destroyed by the formation of the Volta Lake, but could not do so at the
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rapids downstream below the dam. In some areas below the dam and also near the rapid

!
i

streams prevalence rates among the people over 15 years of age are as high as 90% and
infection has been found in children as young as two years old.
In the case of trypanosomiasis which is carried by the tsetsefly and is associated

i

i
\

with the lakeside andriverside,and more especially with the light forestflingingthe edge
I
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of the water, the formation of the Volta lake has been beneficial in that it drowned large
areas of forest which hai'boured them. Derban (1975) reported that in 1971 six cases of
sleeping sickness were diagnosed and treated but in 1972 and 1973 only two cases were
reported. With respect to malaria which is highly endemic in Ghana, no reason could be
found to support the idea that the formation of the lake has changed its epidemiology.
During the past decade efforts have been made to control some of these water-borne
diseases. In the case of schistosomiasis, efforts were made to provide good drinking water
from treated surface water or from boreholes. Sanitary facilities were also introduced in
some places for proper disposal of excreta. The resources available, however, were not
able to match the size of the problem. With regard to onchocerciasis, a comprehensive
control programme was put in place in 1974. It covers the entire Volta River Basin in West
Africa. It is an inter-regional control programme involving Ghana, La Cote d'lvoire,
Niger, Burkina Faso, Togo and Benin with support from W.H.O., F.A.O., I.B.R.D. and
U.N.D.P. The control of the disease is almost total in Ghana at present.
In the case of guinea worm infestation, a comprehensive programme to eradicate the
disease by 1995 was launched in 1990 with the support of the Jimmy Carter Global 2000
Project. Since then, the incidence of the disease has declined in all the regions of Ghana,
especially in the Northern and Upper Regions, according to recent newspaper and
conference reports. It is anticipated that the eradication of the other water-borne diseases
will also be treated with the same determination as has been given to the onchocerciasis and
the guinea worm eradication programmes.
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6. LAND-USE AND FARMING SYSTEMS
For any sustainable agricultural development, the information on land use and
farming systems is essential. Table 6.1 shows the common land use patterns in Ghana and
their respective areas.

*Table 6.1 Total land use area and percentage (Ghana).
Land use

Savanna woodland
Bush fallow and other use
Unimproved pasture
Forest reserve
Tree crops
Annual crops
Wildlife
Unreserved forest
Total

Total Area
(sq. km)

Total Area
(%)

71000
60 000
36 000
26 000
17 000

30
25
15
11
7

12 000
12 000
5 000

5
5
2

239 000

100

^Adapted from Medium Term Agric. Development Program (MTADP) Document (1990).

The following six major farming systems were identified: (1) cash tree cropping
systems; (2) bush fallow system; (3) mixed farming system; (4) compound farming; (5)
horticultural farming; and (6) commercial or large scale farming.
The main system of farming is traditional with the use of the hoe and cutlass. There
is little mechanised farming. Bullock farming is practised especially in the North.
Agriculture is predominantly on a small holder basis. There are a few large plantations
particularly for rubber, oil palm and coconut and to a lesser extent rice, maize and
pineapples. Agricultural production varies with the total rainfall distribution and soil
factors with strong regional diversity. The percentage distribution of size of holdings on
regional basis is shown in Table 6.2,
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*Table 6.2 Percent distribution of size holdings by region.
Region

Size of holdings (hectares)
<1.2
1.2-2.0
>2.0

1. Volta
2. Eastern
3*
4.
5.
6.
7.
8.
9.

Ashanti
Central
Greater Accra
Brong Ahafo
Western
Upper East
Northern

10. Upper West
Mean

82
77
72
71
69
55
52
48
19
16
60

12
15
22

6
7
6
11

18
17
32
32
32

14
13
16
20

43
42

38
42

25

15

Source: Agriculture in Ghaua: Facts and Figures (Ministry of Agric, 1991).

6.1 Land Tenure System
The prevailing land tenure systems, i.e the arrangement by which an individual
acquires land for cultivation are along the following lines:

6.1.1 Customary
Family acquisition through: (a) patrilineal inheritance and (b) matrilineal inheritance.

6.1.2 Stool Lands
These are lands which are held in trust for the clan or families of the land owning
group by the traditional chief and elders.

6.1.3 Individual Ownership of I^and
This is through (a) outright purchase; (b) leases or grants of the use of land for
specified period and enterprise e.g cultivation, building; and (c) Huza system i.e. group
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purchase followed by subsequent subdivision of the land into strips in proportion to
individual's financial contribution.

6.1.4 Shared Tenancy
The ratio of the distribution of produce or proceeds may either be 1:1 or commonly
1:2 in favour of the tenant.

6.1.5 Government Acquisition
This is primarily for development schemes. There are bodies politic which are
kingship groups peculiar to the customary law which can hold land. These are the clans
and families whose head together with the elders of the clan/family can engage in land
transactions (Pogucki, 1962). Dickson and Benneh (1988) have described in detail the
Huza system of land tenure. This is an institution of agricultural companies which had
developed customarily. These are groups of individuals not necessarily linked by kingship
but often tribally who pool their resources in order to acquire larger tracts of land for
agricultural settlement. The head of such company initially negotiates for the purchase of
land and deals with matters affecting the external boundaries of the whole company land.
Members of the company are individual owners. Individual holding is alloted in long strips
to ensure that each holding would include the different soil series in the area.

6.2 Soil Fertility Maintenance Practices and Constraints
Traditional systems of maintaining soil fertility are discussed in the following
subsections.

6.2.1 I>and Rotation or Shifting Cultivation
This is the commonest and widely used practice whereby a cropped land after
showing severe loss of nutrient through continuous cropping, usually not more than 4
years, is left to rest for some years under natural vegetation. In the forest and coastal
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savanna thicket zones the succession of vegetation consists of annual herbs, regrowth of
perennial broad-leaves of woody species which shoot up from stumps, roots and seeds left
in the ground during the land clearing. The duration of the fallow period varies with the
pressure on the land rather than the time needed to restore the fertility.

6.2.2 Permanent Cropping with Manuring
In compound farming areas particularly in the Upper West Region, farmers practise
settled system of agriculture, often restricted around the compound. The land is cropped
continuously. The non-compound land, i.e. land beyond the compound is rested to restore
fertility. The compound farm is sustained from imports of nutrients through the household
and farm refuse, cattle and other domesticated animal dung. Farmers are being encouraged
to bed their cattle, sheep and goats on straw to preserve much of the nutrient in the excreta.

6.2.3 Maintaining Fertility under Tree Crops
Permanent tree crops such as cocoa, coffee, kola, rubber, coconut and oil palms
under native management receive practically no fertilizers or manure. Except the shea
butter (Vitellaria paratosa) all tree crops are grown in the forest zone. Apart from the
uptake of nutrients from the soil in their produce they keep the soil covered and undisturbed
and their debris get recycled.

6.2.4 Fertilizer Utilization
6.2.4.1 Brief General Overview
Although Africa consists of over 50 countries with about 12% of the world's
population, its fertilizer consumption, five years ago (1987), is less than 3% of the world's
total. Nearly two-thirds of this consumption was concentrated in five North African
countries and the Republic of South Africa. The former have large production and export
base. Thus sub-Saharan Africa, consisting of about 40 countries with 9% of the world'
population consumed about 1% of global fertilizer supply, i.e. about 1.2 million metric
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tonnes of nutrients. The survey reports (Bumb, 1988,1989 and FAO, 1987) assigned
many reasons for this low consumption rate in the sub-Saharan region among which are
heavy dependence on imports, high fertilizer prices, shortage of foreign exchange and more
fertilizer use on cash and export crops than grain crops.
From purely and relatively stable soil environmental consideration it would appear
to be of a "blessing" to use less synthetic nitrogen fertilizers so heavily needed by grains
than most of the tropical tree/cash crops which tend to require high phosphates. Very
recent report of FAO (Curti and Zarga, 1992) on 30 years' FAO fertilizer programme
makes a generalised statement among other things that" the low levels of fertilizers
generally prevailing in most developing countries present no problems". What if the
optimum profit to the farmer requires higher doses of the fertilizer?

6.2.4.2 Local Consumption
A survey for this report hinted an occurrence of residual physiological acidity
attributed to the utihzation of ammonium sulphate as top dressing fertilizer for maize and
other grains production in the Upper East Region of the country. Since the scope of this
study is very limited it would not be scientifically prudent to come to any firm conclusion
on this issue. Further investigation will be needed. This region has predominantly Guinea
Savanna woodland vegetation. The dominant soils are either Acrisols, Lixisols or Nitisols.
The use of chemical fertilizers in the country is comparatively low and would
normally not be expected to create any mass pollution problems like volatilization, seepage
into groundwater and induced soil acidity. As it is commonly known, it is not always the
volume of consumption/7^rj'^ that creates environmental problems but rather the method of
usage, concentration per unit area, the application with particular crop, the farmer's level of
awareness and changes in government policies. May be the current policy of the former
Government (PNDC) to replace the low N-fertilizers for high N-fertilizers (Table 4.3)
particularly for grains production will not encourage the induced soil acidity. Urea
importation has, therefore replaced ammonium sulphate but the use of urea has its own
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attendant problems e.g. poor storage qualities and high rate of volatilization of urea when
used as a top-dressing N-fertilizer on surface of wet uncovered soils. The rate of
volatilization has been reported to be as high 80% (CIDA/Ghana Grains Development
Project, 1991) on these group of soils (Acrisols, Lixisols or Nitisols).
The problems of overgrazing, bush burning as a means of land clearing and the
continuous cultivation of same piece of land are accelerating the deterioration of the soils,
both physical and fertility status. This loss of fertility is compelling the small holding
farmers (farmers cultivating less than 2 ha) to resort to fertilizer utilization as a means of
realising quicker and higher returns without regard to instituting some soil conservation
measures. Table 6.3 indicates the upward importation trend in fertihzer and the policy of
replacing low to high nitrogen fertilizers. Nonetheless, some farmers and particularly
home gardens and compound farming systems do incorporate animal waste and plant
residue as common farm practice.

*Table 6.3 Some fertilizer imports (tonnes).

Type

1987

1988

1989

1990

Ammonium sulphate
Urea
15-15-15
Super phosphate
Muriate of potash
20-20-20/22-22-0

14 650

20 550

2000
20 000
4 250
500

4 800

9 400

25 710
6015
8 000

-

-

-

600
17 620

1050
2 900

3 340
15 000

-

-

-

8 500

*Source: Agriculture in Ghana: Facts and Figures (Ministry of Agric, 1991).

With the shift from low to high N-fertilizer, it may worth undertaking
concommitant investigation into the nitrate availability in wells throughout the
representative rural areas of the country as a concern for water quality. Such studies would
link soil and water ecosystem and shed light on the environmental stewardship of rural
farming community which are shifting from taking their drinking water from running
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rivers/streams to drinking potable water from dug-out wells. A report by the Water
Resources Research Institute of Ghana (1990) indicated that detail work along this line is
yet to be undertaken.
The Northern and Upper Regions of the country have expansive but scattered
concretionary soils (Acrisols, Lixisols) with high phosphate retention capacity
(unpublished University of Ghana/IDRC - Phosphorus Availability Project reports). In the
Southwestern region of the country occur the Acrisols and Ferralsols which are the
predominant soils. A review by Ahenkorah and Appiah (1991) of 21 different
commissioned semi-detailed soil survey reports in the area quantified the relative stability
class of the various soils within the respective dominant soil association and identified the
limitations that are common to the bulk of the soils in that area. These limitations were
strong acidity (pH 4.1-4.7), susceptibility to erosion and the presence of aluminium in the
exchange complex. The primary cause of the acidity is attributed to the effect of high
rainfall and the consequent hydrolysis of aluminium hydroxides. Liming to improve their
productivity and the sustainability is a possibility but presently not economic. Most of the
areas have hilly terrain dissected by narrow valleys with steep slopes while a few broad
valleys with alluvial flats dominated by Vertisols occur on some of the flood plains.
Plantation crops (cocoa, coffee and rice) are the main cash crops.

6.2.5 Cropping Patterns
As mentioned under the major farming systems, the main cropping pattern is mostly
monoculture for tree crops and mixed cropping for the rest. The common and predominant
crops cultivated in the country include cocoa, which contributes 65% of the nation's
foreign exchange, with five year average yield (1985/86 to 89/90) being 246 060 range
219 000 to 300 100 tonnes. The other tree crop of some significance is the oil palm; its
three-year average yield is 413 050 FFB tonnes which are consumed locally. Both are on
monoculture and largely produced on small holdings. The major staple crops for the
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country are indicated in Table 6.4. Apart from rice which is cultivated as monocrop, the
rest are produced mostly on mixed crop basis and also on small holdings.

*Table 6.4. Four-year average (1987/90) yield of selected food crops.
Crop

Yield
(tonnes)

Cassava
Plantain
Yam
Cocoyam
Groundnut
Maize
Rice
Cowpeas
Millet
Sorghum

7.8
7.1
6.1
5.6
1.4
1.2
1.0
0.9
0.7
0.7

Achievable yieldf
(tonnes)
28.0
10.0
10.0
8.0
2.0
5.0
3.0
2.0
2.0
2.5

^Adapted from Agriculture in Ghana: Facts and Figures (Ministry of Agric, 1991); t = Yields obtained in
isolated cases due to more effective extension and other logistic support.

6.2.6 Long Term Fertility Experiments
The long term cocoa shade and manurial trials at the Cocoa Research Institute of Ghana
was unavoidably terminated after 20 years (Ahenkorah et al., 1987). However, the results of
similar trials, involving some tree crops, conducted at the University of Ghana, Agricultural
Research Station at Kade have been reported on Cola nitida (Osei, 1987) and on Citrus (Osei,
1990). The studies on the compatibility relationship and early seedling growth on two Cola
nitida cultivars which were started in 1985 and those on the evaluation of growth, yield and
cropping pattern of different citrus cultivars on different rootstocks initiated in 1960 are still in
progress.
The thirty year results of fertilizer field trials 2^ NPKCa (Nye, 1951,1952,1953;
Djokoto and Stephens, 1961; Ofori, 1973) have been summarised for publication by Peter
Kwakye (Exptl. Agric, in press). The highlights of the observations were presented at a
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workshop (Kwakye and Nyamekye, 1993). The results confirmed earlier observation (Takyi,
1972; Ofori, 1973) that liming an Ultisol at Kwadaso had no significant effect on cassava
yield, an indication of cassava tolerance to acidity. On the other hand, maize grain benefited
significantly by both direct liming and phosphate fertilization. Residual phosphate significantly
increased cowpea yield. The yield responses of maize and cowpea to phosphate fertilization on
the Oxisol reduced with increasing lime rates. From the Crop Research Institute Station at
Nyankpala, the results of a long term trial started in 1983 on rotation of cereals and legumes
have been reported (Schmidt and Frey, 1988) elsewhere in this report (see page 83).
There were pieces of evidence of similar long term trials which involved other
perennials like oil palm, coconut, Piper nigrum and rubber. Unfortunately, there were no
coherent records or write up covering more than 10 years period. This is due mostly to the
comparatively short stay (average 6 years range 3-12 years) of research officers who either
initiated the trial or who wished to continue with the experiments.
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7. h\ND

DEGRADATION

7.1 Extent of Land Degradation
Land degradation may be defined as the loss of land productivity through various
processes, the major of which are summarised below (Table 7.1) with respect to the main
ecological zones of the country.

Table 7.1 Major forms of degradation in the ecological zones.
Interior savanna zone

Semi-deciduous and
High rain forest zone

Coastal and Interior
savanna zones

1. Destruction of woodland

Deforestation

Destruction of vegetation species

Soil erosion

Soil erosion

Fertility decline

Fertility decline
Salinity (limited cases)

Flooding of valley bottoms

Flooding

2. Rangeland degradation
3. Soil erosion
4. Soil compaction and
crusting
5. Declining soil fertility
6. Depletion of water
Resources
7. Flooding
8. Pollution of water bodies

From the above listing it is inferred that the major forms of land degradation
common to all the main ecological zones of Ghana are the indiscriminate destruction of
vegetation, soil erosion, decline in fertility and flooding. Nonetheless, all the various
forms of land degradation are brought about as a result of complex interaction of factors
caused by man's activities namely: land clearing for agriculture, poor cultural practices,
bush burning, exploitation of vegetational resources, over grazing, population pressure,
improper road construction procedures and the injudicious use of agrochemicals and
organic waste.
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7.2 Soil Erosion
The most single potent land degradation process affecting soil productivity is soil
erosion. The main causative agents of erosion in Ghana are water and wind. This is
evidenced from the erosion hazards map (Fig. 7.1) compiled by Obeng (1971). The map
indicates the extent of the types of soil erosion in the country to be as follows: (i) slight to
moderate sheet erosion (29.5%); (ii) severe sheet and gully erosion (43.3%); and
(iii) very severe sheet and gully erosion (23.0%). The tendency for these figures to rise,
that is for the erosion situation to aggravate, is inferred from the intensification of
agricultural production, increase in open mining operations, rise in the population pressure
and the cultivation of more marginal lands. Table 7.2 quantifies erosion in some ecological
zones with respect to slope.

7.3 Destruction of Vegetation
There are in the country three principal activities which lead to the destruction of the
vegetation. These are: (1) land clearing for agriculture, (2) bush burning as a means of
land clearing or for hunting or inducing new flush of grasses for grazing and (3)
exploitation of vegetational resources for lumbering, fuel wood and charcoal production.
The traditional bush fallow system maintained soil fertility, reduced erosion and maintained
a balanced ecosystem. The increasing demand for arable land due to population pressure
has necessarily reduced the fallow period considerably and has consequently induced
significant degradation of the vegetation. This is more noticeable in the densely populated
Sudan and Guinea Savanna zones of the Northern sector of the country. Similarly the
clearing of the vegetation has strong bearing on the incidence of flooding. The annual
burning of vegetation whether intentional or unintentional leads to eventual loss of organic
matter, bare land, sheet erosion and hence loss of soil productivity and the enhancement of
the risk of desertification.
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Fig. 7.1. Soil erosion hazard in Ghana.
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*Table 7.2. Erosion on bare plots of the ecological zones of Ghana.
Slope

Soil loss
(t/ha/yr)

Asuansi
(Ferric Acrisol)t

7.5

186.9

47.0

Forest-Savanna
transition

Bediesi
(Rhodic Nitisol)t

3.0

12.8

38.0

Interior savanna

Nyankpala
(Ferric Lixisol)t

2.0

0.9

11.5

Coastal savanna

Toje
(Rhodic Nitisol)t

2.5

0.6

18.0

Ecological zone

Soil series

Semi-deciduous forest

Run off
(% rainfall)

* AdaptedfromBonsu (1979) - Unpublished data; t = FAO-U>ffiSCO (1990).

Apartfromgrazing, various species of grasses are extracted for use as thatch for
roofing house and for different kinds of crafts such as baskets, hats etc. Indiscriminate
extraction of timber and felling of wood for charcoal production all tend to contribute to the
deforestation problem. In the forest zone, serious erosion occurs particularly when the
steep slopes are cultivated. Such practices are common in the relatively densely populated
areas in the Eastern, Western, Central, Volta regions and the coastal zone of Ghana and in
the mining areas.
Results in Table 7.2 further emphasise this condition where in the forest-savanna
transitional zone with 3% slope and 38% run-off there was as much as twenty-one times
more soil loss than on bare area with similar soilsfromthe coastal savanna zone on a 2.5%
slope with 18% run-off. There is also a colossal loss of more than 180 tonnes of soil per
hectare per year on a 7.5% slopefroman unprotected forest land.

i
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Fig. 7.2. Erosion on concretionary soils due to clearing of the vegetation
in the Interior savanna zone.
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Fig, 7.3. Soil erosion and flooding resulting from burning in the Interior
savanna zone of Ghana.
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8. SOIL CONSKRVATION PRACTICES
For a combined UNEP and FAO sponsored seminar on soil conservation for
Africa, Quansah et al. (1989) presented a good country paper which reviewed the erosion
problem in Ghana and strategies for conservation. It was reported that the major cause of
soil erosion in the country is due to water of which 29.5% of the country is subject to slight
to moderate sheet erosion, 43.3% to severe sheet and gully erosion and 23% to very severe
sheet and gully erosion. Table 7.2 indicates erosion on bare plots within some ecological
zones of Ghana.
It is pertinent to note that whilst it takes one year to lose ! cm of topsoil, an
estimated 12 years is required to replace it under ideal soil and climatic conditions and 120400 years under normal conditions. Certainly, a discussion of the basic principles involved
in the mechanics of soil erosion is outside the scope of this report. However, suffice it to
state that, where the erosive agents have the capacity to transport more materials than is
supplied by detachment, the erosion is detachment-limited but it is transport-Umited when
more material is supplied. The recognition of the limiting phase is important since the
failure or success of erosion control practices must rely upon the appropriate remedial
strategies.

8.1 Strategies for Soil Conservation
On the basis of mechanics of soil erosion, Quansah (1982) and Quansah et al.
(1989) reported that erosion control measures should be directed at protecting the soil from
raindrop impact and the hydraulic forces of runoff. The measures involved may be
grouped broadly under agronomic measures and mechanical methods.
8.1.1 Agronomic Control Measures and Soil Management
8.1,1.1 Shifting

Cultivation

Shifting cultivation as was practised in Ghana when the population to land ratio was
low had long fallow period between 5 and 10 years. The system was, therefore, a sound
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soil conservation measure. With a high population pressure and consequent reduced fallow
period there has occurred a breakdown in the attributes of the system.
8.1.1.2 Crop Rotation
Schmidt and Frey (1988) recommended groundnut and cowpea as the best
preceding crops for maize, sorghum and millet in the interior savanna zone of Ghana to be
the effective crop rotation system against soil erosion. This system provides good ground
cover and helps to improve soil organic matter content.
8.1.1.3 Cover Crops
Frequent use of cover crops in rotation is recommended as a protective measure
against accelerated erosion and land degradation. The most commonly used cover crops
are Pueraria phaseoloides, Calapogoniwn mucunoides and Centrosema puhescem.
However, cover crqjs that generate some income are acceptable to fanners of small
holdings. In the semi-deciduous forest zone of Ghana, Quansah et al. (1989) provided
some useful information on cover crops: canavalia (Canavalia emiformis), cowpea (Vigna
unguiculata) groundnut (Arachis hypogaea) and bambaranut {Vigna subterranea).
8.1.1.4 Mulching
Crop residue mulching on the soil surface protect the soil against raindrop impact,
impede runoffflow,reduce nutrient losses, soil detachment and dispersion and maintain
high soil infiltiation (Lai, 1984). To be effective, a mulch should cover 70-75% of the soil
surface. Quansah and Baffoe-Bonnie (1981) found mulching under maize grown on a
HapHc Acrisol in Ghana to reduce soil loss and runoff by factors of 16 and 10,
respectively, compared to maize without mulch. Nutrient losses were also significantiy
reduced. Similar observations were made (Bonsu, 1981) for the interior savanna zone of
Ghana.
8.1.1.5 Multiple Cropping
Intercropping is a common farming practice in Ghana. Such simultaneous growing
of more than one crop on the samefield,provides multi canopy structure and high planting
density whose net effect is the reduction in the annual soil loss.
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8.1.1.6 Agroforestry
Agroforestry conserves the soil against erosion by ensuring adequate cover of the
soil, providing biomass for mulching and significantly improving the physical and chemical
characteristics of the soil (Tete-Mensah, 1993).
8.1.1.7 Afforestation
Tree planting is recognised inter alia as a suitable method of checking erosion. In
Ghana, the Forestry Department has intensified its afforestation and tree planting
programmes (Abu, 1985) with the view to (i) maintaining and improving the vegetation
cover on areas allocated to forestry, (ii) providing adequate system of shelter belts and
wind brakes, (iii) establishing plantations for the production of fuelwood, fodder and
building materials especially on the remaining savannah woodland.
8.1.2 Grazing Land Management
Overgrazing is the main cause of serious erosion on grazing land. Re-vegetation
with suitable forage species, controlled grazing and livestock numbers are among methods
of improved management. However, in Ghana, it is recognised that cattle directly signify
wealth, status and income. Therefore, any scheme that legislates for destocking and
ignores socio-economic constraints is likely to fail.
8.1.3 Minimum Tillage
In the semi-deciduous forest zone of Ghana, Baffoe-Bonnie and Quansah (1975)
reported that reduced tillage caused the least compaction, maintained high porosity and had
the lowest soil and water losses. In the interior savanna zone, minimum tillage reduced soil
loss to 10-12% of that from bare soil (Bonsu, 1981). Zero tillage creates the most
favourable soil conditions.
8.1.4 Contour Ridges
The ridge and furrow system which is widely practised in the northern Ghana has
proved as useful erosion control measure if the ridges are aligned to the contour (Christoi,

85
1966). Bonsu (1981) found ridging to reduce soil lossfrom5.5 to 10.4% of that from
bare fallow plot in the interior savanna zone of Ghana.
8.2 Prevailing LandiSoil Management
The Soil Research Institute (SRI) of Ghana has produced soil and soil erosion
hazard maps (Fig. 7.1) in which areas affected by various forms of erosion has been
mapped. Local communities and institutions have been planting trees along roads and
other sites. The Upper Region Agricultural Development Programme (URADEP), an
integrated rural development programme, is involved in anti bushfirecampaigns, free
planting exercise and in soil conservation. This involves construction of contour bunds in
dam catchment areas to reduce erosion, silting of dams and laying out of masterridgesin
various areas as a guide to bullock farmers to plough along the contour (Gyampoh, 1985).
8.3 Legislation
On soil conservation per se, attention is rather focused on assessing the financial
cost of conservation programmes, provision of legislation to implement conservation
policy, setting up and funding institutions to carry out research and provide advisory and
extension service. To this end a National Action Plan to combat desertification and arrest
degradation of natural resources has been formulated by the Environmental Protection
Council of Ghana (E.P.C., 1987).
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9. ENVIRONMENTAL POLLUTION
In Ghana, problems of environmenta] pollution became a national concern nearly
twenty years ago when the then Government established the Environmental Protection
Council in June, 1974. Immediately after its establishment, the Council decided that the
best way to proceed with its task was to identify the environmental problems facing Ghana
and then draw up a programme of action for dealing with them on the basis of assessment
of national priorities. The Council working in collaboration with the Universities and the
National Research Institutes has been able to create national awareness on environmental
issues during the two decades of its existence. However, this has not yielded the much
needed scientific data upon which acceptable level of pollutants could be established in the
country as found in the developed countries. This perhaps arises from the lack of
coordination among organizations whose activities affect the environment (Akuffo, 1989).
In 1983, the government of Ghana introduced the Economic Recovery Programme
(ERP) which has seen a positive growth in the economy at a great social cost. The
incentives facing users of Ghana's environment almost all encourage exploitation,
degradation and destruction.
The main environmental concern in Ghanafromthe point of view of pollution came
from the following: (i) the agricultural sector, (ii) the mining sector and (iii) the industrial
sector. The following discussion will highlight some of the studies undertaken to evaluate
potential pollutants in Ghana. The definition of pollution for the purpose of this discussion
will be limited to the introduction into the environment of substances which are either
harmful to human health, resources and the ecosystem or which impair the legitimate use of
the environment (Akuffo, 1989),

9.1 Impact of Agriculture
Agriculture in Ghana accounts for more than 40% of the gross domestic product,
70% of the total export earnings and provides employment for 60% of the labour force.
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9.1.1

Pesticides
In recent years, the agrochemical trade is booming in Ghana as different types of

pesticide formulations are being marketed. Importation of various pesticides between 1986
and 1988 showed varying trends for different pesticides (Table 9.1) (Duah-Yentumi,
1989).

Table 9.1. Quantities of some selected pesticides imported into Ghana.*
Product
Aldrin
Dieldrin
Fenitrothion
Pyrethrum / Ripcord
Dithiocarbamates:
DithaneM-45
Propanil (STAM F34-T)

Triazines
((Bladex, Atrazine, Bellater)
Bromides (Methyl)
Thionex
Diazinon
Diuron
Monocrotophos
Parathion

Year

Comments

6855
9480
630
4657

1986
1986
1988
1986

Phased out

11000
25075
38380
63600
21019
8047

1986
1988
1986
1987

Quantity (kg)

32300
22455
650
68000
6000
10000
7775
4800

1988
1988
1987
1988
1988
1988
1988
1988
1986
1986

* Source: Duah-Yentumi (1989).

Compared with other agrochemicals the insecticide Gamalin 20 EC is the single
largest chemical manufactured for the cocoa industry for the Cocoa Marketing Board of
Ghana. Because of the position of cocoa in the national economy, large quantities of
pesticides are applied to protect the crop from pests.
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In Ghana, little information exists on the effects of pesticides on the soil
environment. The response of various groups of microorganisms to pesticides in Ghanaian
soils varied according to the kind of pesticides and the soil type (Ahiabor and DuahYentumi, 1991; Fening, 1992).
In a study conducted to find out some information on pesticide users in selected
farming communities, Yeboah cind Aryeetey (1986) reported among other things that: (i)
potential Ghanaian pesticide users are not well informed on the proper use of pesticides; (ii)
there is no nation-wide reporting service for pesticide hospitalization; (iii) both literate and
illiterate farmers were guilty of sprinkling pesticides with their hands for storage of cereals
and grains and also for the control of headlice {Pedkulus humanus): (iv) both literate and
illiterate farmers were guilty of using domestic containers for mixing pesticides. These
domestic containers were eventually used for bathing or as containers for drinking water:
(v) majority of farmers either followed the recommended dilution rates for the individual
chemicals or changes the recommended dilution depending on the strength of the chemical
in relation to the seriousness of the pest problem. The lack of advice or assistance from
Extension officers and chemical selling agents has contributed to the improper use of
chemicals by farmers.
Studies of pesticide residue in food and stored grains have also been reported in the
country. Takyi (1987) reported that the content of ethylene bromide in stored grains
declined from 82 mg/kg to 12 mg/kg after 40 weeks. He detected that about 59% of the
residue were accounted for as bound residue.

9.1.2

Fertilizers
One of the largest market commodities in the chemical industry are fertilizers. With

increase m Ghana's population, more farmlands are being intensively cultivated. The
application of single superphosphate, ammonium sulphate, ammonium nitrate and N-P-K
(15-15-15) fertilizers to rice, millet, sorghum and cotton in soils of northern Ghana led to
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increased levels of PO4 and NO3-N in the River Oti and White Volta during the rainy
season (Biney, 1986). This nutrient accumulation resulted in algae bloom.

9.2 Impact of the Mining Sector
In spite of the fact that the country's mining industry is second only to cocoa,
exploitation of the mineral resources in the past was done through processes that polluted
the environment. Pollution problems of the mining industry include land devastation, soil
degradation, water and air quality changes (Acquah et al., 1988). Uncontrolled mining
methods can, therefore, destroy soil and living resources leaving behind a barren denuded
and eroded wasteland.
One of the main pollutants in the mining sector is arsenic and sulphur dioxide.
High levels of arsenic have been reported in the hair of mine workers and a cross section of
the people at the mining town of Obuasi and its immediate environs, food items and water
(Table 9.2). These levels of arsenic are higher than the recommended levels of 0.5 mg/m^
in dusts fumes during 8-hour daily exposure. The permissible maximum arsenic content in
healthy human hair is 0.03 mg/lOOg of hair.
In a joint project, the Environmental Protection Council in collaboration with the
Department of Chemistry of the University of Science and Technology reported arsenic
levels as high as 2140 ^g As/l in slime dam-effluent. High arsenic levels were also
detected in the soil. Studies of flue gases at Prestea goldfields showed that at a milling rate
of 35 000 tons per month, about 16 tons of sulphur dioxide (SO2), 2 tons of antimony
dioxide (Sb203) and 4 tons of arsenic trioxide (ASO3) are discharged into the atmosphere
per day.

9.3 Impact of Industries
The major sources of air pollution caused by the manufacturing industries in Ghana
are from the alumina smelter, oil refinery, cement-asbestos plants, steel works, sawmills,
automotive and exhaust emissions.
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*TabIe 9.2. Arsenic content in foodstuffs and human hair at Obuasi.
Sample description
Cocoyam leaves (Obuasi)
Sugar cane (Obuasi)
Cassava (Obuasi market)
Orange (Obuasi market)
Plantain (Obuasi market)
Obuasi-Kwabrafoso Dam Water
Obuasi-Kwabrafoso Drinking Water
Mine workers (shaft) Hair:
Maximum
Minimum
Mine workers (Roaster and chemical processing section) Hair:
Maximum
Minimum
Citizen (not employed at Mines) Hair
Citizen (not employed at Mines) Hair
Citizen (not employed at Mines) Hair

Arsenic content (ppm)
4.8+ 0.22
14.75 ±0.11
2.65 ±0.01
2.29 ±0.11
0.615 ±0.015
2.250 ±0.083
1.400 ±0.015
78.0 ±3.2
7.7 ±0.9
1940 ±62
196
26.4 ±1.5
57.9 ±2.5
8.8 ±0.9

* Adapted fioni Acquah et al. (1988)

Aluminium smelting emits fluoride gases. Deposition of fluoride residues on
vegetation can cause poison of farm animals (Akuffo, 1989). Gases such as sulphur
dioxide (SO2), sulphur trioxide (SO3) and hydrogen sulphide (H2S) are produced from
processing of oil. These gases dissolve in water to form sulphurous and sulphuric acids
which can result in acid rain. This causes damage (corrosion) to property and affect fauna
and flora in rivers and lakes.
Akuffo (1989) found that the Tema Cement Works and Volta Aluminium Company
(VALCO) discharge dust from their establishments. Danso (1985) also found that the
concentrations of some suspended particulate-composite substances dispersed into the
atmosphere at two sites in Tema ranged from 0.1 to 100 ppm (stoke equivalent diameter) in
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the ambient air. He attributed the particulate matter pollution in the industrial area to smoke
from the factory and dusts released into the atmosphere.
Industrial activities contribute to water pollution in the country. In Ghana, major
pollutants of water are derived from food processing , textile factories and mining
industries. Food processing industries , including the breweries, produce effluents such as
fruit and vegetable juice pulp, mineral acids, sugars, dirty washings and slops containing
yeasts and residues of alcoholic fermentation, which are discharged into surface streams.
According to Akuffo (1989), Accra Brewery discharges its effluent into contract S/I
sewerage system while Achimota Brewery discharges its effluents into the Odaw stream,
which in turn empties into the Korle Lagoon. These brewery effluents are made up largely
of carbohydrates and they suffer from nutrient imbalance. Such effluents are not effective
substrates for biological oxidation process in the treatment of sewerage. In Accra, the
Odaw stream and the Korle Lagoon are further polluted from domestic sources. Textile
industries in the country discharge hydroxyl, sodium carbonate, silicates, chlorides and
sulphide ions and a wide range of dye stuffs, bleaching agents and detergents in
considerable quantities.
As mentioned earlier there is generally lack of substantial scientific information in
Ghana on environmental pollution due to insufficient institutional support for sustained
research and monitoring of the environment. As a result baseline data for virtually all
monitoring indicators for air, water, soil vegetation etc. are non-existent in this country.
Guidelines to serve standards for industrialists, importers and monitoring agencies are
generally lacking. Furthermore, there are no data on the quantity of industrial effluents
even wh'ere the nature of the pollutants is known.
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10. SOCIO-ECONOMIC PROBLEMS
Studies on the economic practices limiting the use of some Ghanaian soils,
particularly Vertisols of the Coastal savanna zone were undertaken during the survey. The
aim was to make preliminary study of the current land use of the Vertisols, paying
particular attention to the agronomic methods and cropping systems employed by local
small-scale farmers and the constraints involved in the management of these soils.
It was found that the planting of crops on the Vertisols was done entirely on flat
beds irrespective of the fact that drainage is a problem on these soils. Most of the farmers
interviewed did not prepare beds or ridges to help drain excess water during the rainy
season because these operations require hiring of heavy machinery which is above the
means of the farmers. For example only 30% of the farmers use modem machinery to
prepare their land after the initial slash-and-bum.
The size of farms cultivated on the Vertisols ranged from 0.25 - 5 ha and only 2.3%
with more than 5 ha. The low intensity of land use of the soils is not so much limited by
rainfall as by the difficult nature of the soils, access to credit facilities and problems of land
acquisition. Lower yields of crops were obtained by the farmers compared with yields
obtained from the University of Ghana Agricultural Research Station at Kpong (Khan,
1971; Oteng, 1987) despite the fact that nearly 80% of the farmers interviewed apply
chemical fertilizers to the crop. The low yields obtained by the farmers could be due to the
application of inefficient type of fertilizers, lack of knowledge of the physical and chemical
properties of the Vertisols and lack of proper management practices on the soil.
Following the analyses of the information obtained through the questionnaire
(Appendix 11), it was found that within the last 20 years what used to be called
"subsistence" farming has disappeared and farmers now fall into two categories: (i)
"peasants" and (ii) commercial farmers. Regardless of what dominant soils are cultivated,
there are more "peasants" than commercial fanners with male farmers dominating the latter
category. There appears to be a shift away from traditional "culture" based on the machete
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and hoe to the donkey and bullock ploughs and modern mechanized farming. The use of
pesticides is not unknown.
It was revealing to note that females had advantage over males in securing credits
for obtaining most of these agricultural inputs. The credit houses found that women
customarily did not like to be labelled as "debtors". Besides, most of the women went in
for relatively smaller credit facilities than their male counterparts. Also women were better
organised than men for loans in consequence of work of NGOs. Male heads of
households command the major factors of production land, labour (in the form of cooperative or gang labour) and capital in the form of livestock, which are corporately or
lineage-owned but controlled by males and can be used as collaterals.
Owing to the higher literacy rate among men, as is the case generally in Ghana, men
are engaged in more non-farming jobs than women. According to Arhin (1993) there was
no individual employer of labour in the traditional interior savanna region of the country.
The household, consisting of the father as the head of the house, his wife and their children
work on the compound farm and the bush farm together. The compound farm was land
situate around the house, the bush farm on land distant from the compound house. Farm
work was based on sexual and generational division of labour, though there was crop
segregation on the basis of sex. Fathers and sons and gang labour cleared and hoed the
land; women and children helped in the planting, sowing and harvesting.
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11. CONCLUSIONS AND RECOMMENDATIONS
The soils of the forest zone of Ghana are distinguished from those of the savanna
zone by the greater accumulation of organic matter in the A horizons as a result of more
abundant leaf-fall and the slower rate of mineralization. The major soil groups within the
Forest zone are the Forest Ochrosols (Acrisols - FAQ / UNESCO, 1990) and Forest
Oxysols (Acrisols, Ferralsols) with limited areas of Lithosols (Leptosols), Regosols
(Regosols), Rubrisols (Nitisols) and Gleisols (Gleysols).
From the agricultural point of view, the Forest Ochrosols are easily tilled and offer
freedom for root development, especially in soils at middle to lower slope positions. They
are initially in the natural state quite productive because of their relatively high inherent
fertility in the organic A horizon and good soil-moisture relationship. However, after they
have been under cultivation for three or more seasons, their nutrient levels rapidly
deteriorate due to organic matter depletion, which adversely affect crop yields. The
maintenance of organic matter in the topsoil is, therefore, very important for sustainable
production in these soils since its depletion tends to destroy the crumb surface structure.
Contour ploughing and crop rotation tend to help restore the fertility. Cocoa, coffee, kola,
plantains, bananas, cassava and cocoyam are the major crops grown.
The Forest Oxysols (Acrisols, Ferralsols) found within the High rain forest zone
are the typical strongly leached soils. Many of the Forest Oxysols are not suitable for
arable crop production without soil conservation practices because of their strong
susceptibility to leaching and erosion under the prevailing intense rainfall conditions.
They, however, support tree cash crops such as rubber, oil palm, black pepper and
coconut.
Intergrades such as the Forest Ochrosol-Oxysol intergrades (Acrisols-Ferralsols)
have no intrinsic properties of their own except the reaction profile which is intermediate
between a true Forest Oxysol and Forest Ochrosol. Coffee is very tolerant of such soils
and is being cultivated commercially. The Forest Lithosols (Leptosols) are very shallow
soils and are not suitable for cultivation. They are best utilised for forest reserve and for
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watershed protection and woodland purposes. The Forest Regosols (Regosols) and
Gleisols (Gleysols) are limited in their ability to sustain widespread crop production due to
their poor nutrient status and free draining and hydromorphic conditions, respectively.
Forest Regosols are particularly suitable for coconut production, while the Forest Gleisols
can be successfully utilised for the cultivation of rice, sugarcane and vegetables.
TTie climatic conditions of the savanna ecosystem and the inherent physico-chemical
characteristics are responsible for the problems that make efficient agricultural development
of the savanna soils of Ghana difficult. The rainfall distribution in the Interior savanna
zone limits the growing season to the period when the major rains occur. Although the
Coastal savanna zone experiences two rainy seasons, farming is generally restricted to the
major rainy season because of the erratic nature of the minor rains.
The Savanna Ochrosols (Acrisols, Nitisols, Lixisols) and Groundwater Laterites
(Plinthosols) constitute the most extensive groups of soils in the savanna zones of Ghana
and are low in organic matter and CEC, which can be attributed to the predominanfly
grassland vegetation and the leaching of bases out of the solum leaving only sesquioxides.
The soils are generally infertile except for the non-gravelly Tropical Black and Brown
Earths (Vertisols), Savanna Ochrosols (Acrisols), Rubrisols (Nitisols) and some of the
medium to moderately heavy textured Savanna Gleisols (Gleysols).
Heavy textures and water-logging during the wet season and extensive cracking of
the soils and droughtiness during the dry season are the major problems in the Savanna
areas with Vertisols and Gleisols. Although these soils have relatively better nutrients than
the other soil groups, their heavy textures make their cultivation very difficult with local
simple implements like cutlass and hoe.
In order to substantially increase crop and animal production with a view to
providing sufficient food for home consumption and export, a more efficient means will
have to be found in the management of soil and water resources of the savanna as well as
the forest zones of the country. There is the need to establish agrometeorological stations
throughout the country to monitor water requirements, solar radiation and evapo-
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transpiratiom rates during the cropping season as well as supply of both surface and
underground water. Hydrological studies will also have to be intensified to determine
water potential, quality and quantity, especially of the savanna zones.
It should be noted that attempts to correlate the soils of Ghana with other
international systems can be described as tentative since insufficient data exist on the major
soil groups of Ghana. For instance there are no analytical data on salt-affected soils, which
are one of the problem soils in the country. This together with the other constraints
constitute one of the major gaps in the study of the soil resources of the country. There is
the need to identify, select and characterise in detail benchmark soils according to
established criteria. This will facilitate correlation of the soils of Ghana with other
international systems, e.g. the FAO-UNESCO Legend (FAO/UNESCO, 1990) and Keys
to Soil Taxonomy (SSS, 1992). The Ghanaian system of soil classification was based on
information available on soils before 1962. With the recent advances in the knowledge of
soils worldwide, it is imperative for the system to be revised in order to bring out the
salient properties (hitherto hidden in the all embracing classification system) of the soils.
TTiis is a major task that must be given immediate consideration. Given the limited funds
and time available for the survey, this aspect could not be included in the study.
Both surface and groundwater constitute the water resources of Ghana. The main
source of surface water supply is rainfall which varies from the well-watered south-western
portion of the country to the semi-arid savannas of the north and the central and western
coastal plains.
Other important sources of surface water supply are the rivers and streams of the
country. The mainriverbasins of Ghana are the White Volta, Black Volta, Lower/main
Volta, Oti, Pra, Tano, Ankobra, Bia, Todzie/Aka and Coastal drainage basin. Runoffs and
flows are high during the main rainy season whenfloodingmay occur in some areas.
Flooding in Ghana is generally moderate but occasionally very seriousfloodsmay occur in
some parts of the country. Though the country appears well-drained, a number of streams
in the northern and coastal savanna areas dry up during the long dry season.
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Surface impoundments also constitute a source of water supply for many
consumptive uses. Reservoirs are built in connection with water projects for domestic and
industrial water supply, irrigation and hydro-electric power. Dugouts supply water mainly
for livestock and aquaculture. The largest reservoir in the country is the man-made Volta
lake with a surface area of 8482.3 km^ and storage capacity of 6.03 ha-m.
Groundwater occurs in all geological formations in Ghana (sedimentary and nonsedimentary). Aquifers underlie almost all areas in the country. The aquifers are of limited
areal extent and form isolated groundwater basins. Inter-basinal groundwater flows are
limited except where the individual basins are connected by fractures. Recharge to the
aquifers is estimated to be about 5% of the annual rainfall.
The chemical quality of groundwater from both the sedimentary and nonsedimentary rocks of Ghana is generally good and falls within the drinking water standards
of the Ghana Water and Sewerage Corporation. However, in some cases, iron and
manganese concentrations are excessive and give rise to colouration of the water on
exposure to the atmosphere. Also, in the cenfral portion of the sedimentary basin and in
some coastal areas, the groundwater may become too saline for use.
Assessment of both surface and groundwater resources of Ghana indicate that there
are adequate water resources to supply all present and future (up to 20(X) AD) consumptive
requirements.
In Ghana, so far, agro-chemicals and industrial waste pollution of surface and
groundwater resources has not been adequately studied, but there is some evidence that
pollution is gradually taking place. Also, water-borne diseases such as diarrhoea,
dysentery, cholera, guinea worm, hookworm, schistosomiasis, malaria, frypanosomiasis
and onchocerciasis are prevalent in the country. The incidence of most of these waterborne diseases has been on the increase. The eradication programmes of onchocersiasis
and guinea worm, however, has of late met with considerable success.
Mention has already been made, in the preceding section, of the various aspects of
the water resources that need continuous monitoring and updating. Our surveys show that
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most of the institutions and agencies involved in water resources data collection work
mostly on ad hoc basis. Also there are gaps in time series data. This applies to both
hydrometeorological and hydrological data.
As identified by Ayibotele (1984), there is an institutional weakness in water quality
monitoring, sediment transport, groundwater fluctuation, and soil moisture measurements.
The weakness relates to improperly defined areas of responsibility for the various
institutions that are involved in water resources data collection, with the result that there are
over-lapping of efforts, different standards of measurements and analyses. The water
Resources Research Institute and the Architectural and Engineering Services Corporation
are trying to address some of these weaknesses through their recent plans to: (i) develop an
operational sediment samphng network; (ii) design and implement surface water quality
networks for Ghana; (iii) assess groundwater potential in the various regions; and (iv)
collect and compile all water quality data. These plans hopefully will help update data on
the water resources of Ghana. The successful implementation of these plans, however,
depends on adequate funding.
A survey of the landuse and farming systems in Ghana has shown that occurrence
of residual physiological acidity is due to the use of ammonium sulphate as top dressing
fertilizer for the production of cereals in the Upper East Region of the country. Since the
scope of this study is very limited it was not possible to draw any firm conclusion on this'
issue. Further investigation will, therefore, be needed. With the shiftfi"omlow to high Nfertilizer, it is necessary to investigate the nitrate concentration in groundwaters and
boreholes throughout the country in order to monitor the quality of these waters. It is
anticipated that such studies would link soil and water ecosystem and help explain
environmental hazards of rural farming communities which are shifting from taking their
drinking water from running rivers/streams to drinking potable waterfi-omdug-out wells.
It is worth noting that detail work along this line is yet to be undertaken.
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APPENDIX II
QUESTIONNAIRES.
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II.l

QUESTIONNAIRE ON EAND USE IN THE COASTAL SAVANNA
ZONE
(DEPARTMENT OF SOIE SCIENCE)

I. Personal Data
1. Name
2.
4.

Age:

3. Place of birth:

No. of children:

5. Are you a native of this place? Yes
6.
7.

No

Profession:
Educational background:

II. Farming Activities
1. Natural vegetation of the area surveyed: (a) Grass (b) Thicket and shrubs
(c) Secondary regrowth.
2. Land features of the area e.g slope, streams / rivers.
3.

Location of farm

4. Area of holding / size of farm for season
5. Main limitation(s) to size of farm: (a) financial (b) No. of land (c) tillage problems.
6. Type of land tenure: (a) Abusa (b) abunu (c) Lease from stool (d) Family land etc.
7. Nature of soil: (a) clay (b) light-clay (c) heavy loam
8. Colour of soil: (a) Black (b) Brown (c) Red
9. Farming system: (a) Traditional (b) Modem
10. If traditional / modern what practices are adopted (a) shifting (b) rotation (c) mixed
farming. State sequence of crops.
11. Land preparation: (a) Farming calendar
(b) Implement for land preparation: (i) hand (ii) machinery
(iii) animal
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12. If machinery (a) acquisition (b) make of machine (c) cost of machine (d) age (e) cost
of fuel (f) maintenance cost.
13. Do you plant on (a) flat (b) bed (c) ridges. If ridges, orientation of ridges to
contour
14. If beds, size and type
15. Do you adopt slash and bum or bush burning alone?
16. Types of crops grown: e.g cotton, sugarcane, rice, cassava, vegetables.
(a) Sugarcane production:
No.

of

ratoon

Use of increasing ratoon
(b) Rice production:
(a) dibbling (b) broadcasting (c) transplanting
(c) Cassava production:
(i) Reasons for planting cassava
(ii) Orientation of planting sticks
(d) Cotton production:
(a) angle (b) perpendicular (c) flat
(e) Vegetable production:
(a) Type of vegetable

(b) Transplanting or direct sowing

17. Planting dates for individual crops: (a)

(b)

(c)

(d)

18. Planting methods / cropping pattern: A-B-C-D or B-A-D-C?
19. How often do you experience drought in your crops?
20. How often do you experience water-logging in your crops?
21. Reasons for cropping pattern/sequence: (a) nature of soil (b) fertility status (c)
reliability of rainfall (d) erosion hazards (e) diseases and pests (f) water-logging
(g) convenience (h) profitability (i) others.
22. Cropping systems: (a) mono-cropping (b) mixed cropping.
If mixed cropping, it it (a) rice-based (b) maize-based (c) cassava-based?
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23. Fertilizer application (a) Yes (b) No.
(i) What fertilizers are applied to cotton?.,
(a) application

method(s)

(b) frequency of application
(ii) What fertilizers are applied to sugarcane?
(a) application

method(s)

(b) frequency of application
(iii) What fertilizers are applied to rice?
(a) application

method(s)

(b) frequency of application
(iv) What fertilizers are applied to cassava?
(a) application

method(s)

(b) frequency of application
(v) What fertilizers are applied to Vegetables?
(a) application

method(s)

(b) frequency of application
24. Use of organic manure, e.g. poultry, cowdung, compost etc.
For what crops do you use organic manure? (a) poultry manure to ABCD
(b) cowdung to ABCD (c) compost to ABCD.
25. What major pest problems do you face?
26. Major weeds in the different cropping systems

27, Diseases common among the different crops
(i) mode of control
(ii) success rate of control
(iii) source of supply of biochemicals used
28. What do you consider your major problem in producing crops?
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III. Water Supply
1. Source: (a) rainfall (b) artificial (irrigation)
(i) If artificial, is it private or government irrigation project?
(ii) If private irrigation system: (a) horse power (wattage) of pump (b) cost of pump
(iii) Source of irrigation
(iv) Frequency of irrigation
(v) Do you find it profitable to irrigate or not? Yes/ No.
(vi) Cost of fuel per farming season
2. What is your source of water supply in this area for: (i) domestic use? (ii) agricultural
and

industrial

use?

3. For the past 10 years what was the nature of rainfall in this area? (i) sufficient
(ii) too much (iii) too little
4. Do you have drainage system? Yes/ No.
5. What water conservation measures do you apply?
6. Is there any organised public functional education programme regarding the management
and conservation of your (i) soil resources (ii) water resources?
7.

Do you apply mulch and to what crops?
Type of materials for mulch: (a) a com stubble (b) rice husk (c) grass (d) centrosema
or other legume.

8. Why do you apply mulch?
9. Yield of crops / season (in baskets or appropriate measure): Crop A
B

C

D

10.

How do you market your produce?

11.

What problems of marketing do you face

12. How do you store your farm produce before marketing?

13. Do you keep animals? Yes/No.
14. If Yes, what types of animals
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15.

Grazing

area

16. What social problems do you face? (a) labour (b) stealing.
17. What diseases or problems are associated with your source of water supply?..
mp

ral

;ment

ema
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II.2

QUESTIONNAIRE ON FARMING PRACTICES IN THE SAVANNA
ZONES OF GHANA
(INSTITUTE OF AFRICAN STUDIES)

Background Information
1. Age:

Sex:

2. Place of birth
3. Ethnic origin

Religion

4. Occupation:

Subsidiary

Main

5. Marital status: (i) Single

(ii) Married

(iii) Divorced

(iv) Widowed
6. Have you ever attended school? Yes

No

7. If yes, to what level? Mark the highest level:
(i) Had Primary education
(ii) Finished Primary School
(iii) Had some Middle education
(iv) Finished Middle School
(v) Had some Secondary education
(vi) Finished Secondary education
(vii) Attended Teacher Training
(viii) Attended Technical/Con^mercial School
(ix) Attended Vocational School
(x) Others (Specify)
8. Do you farm?

Yes

No

9. If Yes, how many farms do you have in all?
10. State size of each farm
11. If no, why are you not farming?
12.State briefly, how you acquired each of your farms?

13. What problems did you face in acquiring the/these farm(s)

14. Were you able to overcome these problems? Yes

No,

1
•1
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15. What did you do to overcome these problems?

16. What crops do you grow on each of these farms?
17. Which of these crops do you grow to earn money?
18. For the past 3 years has your farming operations been good? Yes

No

19. If your farming operations has not been good for the past 3 years, what is the cause of
this?

State

reasons

20. If your farming has been good, what investment have you been able to do?

Labour
1. How do you get labour?
2. It is easy to get labour: Yes

No

3. At what time of the year is it easy to get labour?
4. At what time of the year is it difficult to get labour?
5. How much do you spend on labour when you are preparing your farm land?,

6. Do you have to give food and other items to those you engaged? Yes
7. If yes state briefly the things you give and their cost

8. Do you use communal labour on your farms? Yes

No.

9. How is this communal labour organised?
10. State briefly how it works

Types of Farming Implements
1. What type of farm implements do you use in preparing your farm land?
(i)

(ii)

(iii)

(iv)

No,
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2. State the cost of each implement: (i)
(iii)

(ii).

(iv)

3. Where do you obtain these implements?

Marketing
1. Where do you market your farm produce?
2. Do you get ready market for your produce? Yes
3.

If

No

no, why?

4. Are you always paid good price for your produce? Yes

No

5. If no, what do you suggest should be done to make you get a good price for your
produce?

Soils
1. Do you have different types of soils? Yes
2.

Name

No

them

3. How do you recognise the different types of soils?

,

4. Do you vary your crops with the different types of soils?
5. How do you vary the crops?
6. Why do you vary the crops?
7. Are there some types of soils that are not fit for cropping? Yes
8.

Name

No

them:

9. If the soils is not good for cropping, what do you do to make it fit for cropping?.

10. What type of farming implement(s) do you use on each type of soil?

11. Are there any reasons why you use these implements on the different soils?

12.

Why
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Religious Beliefs - Causing Constraints
1. May I know whether there are some taboos on the cultivation of certain crops in this
area?

Name them:

2. Do you think these taboos affect agricuhural activity in this area? Yes

No

3. State reasons for your answer
4. Would you like these to be maintained? Yes

No

5. State reasons for your answer

Fertilizers
1. Do you use fertilizers on your farm / farms? Yes

; No

2. If yes, why do you use fertilizers?
3. How long have you been using fertilizers?
4. Where do you get your fertilizer(s)?
5. On what crops do you use the fertilizers?
6.

Why?

7. Do you always get the fertilizers at any time you want it on your farm/farms?
Yes
8.

If

no,

No
why?

9. Is the cost of fertilizers expensive? Yes

No

10. Do you think all farmers should be encouraged to use fertilizers? Yes
11.

Why?

Sources of Credit
1. Have you had any credit for your farm operations? Yes
2. If yes, name the source you obtained this credit
3. Describe what you did before you got the loan

4. If no (to question 2), why?

; No

No...
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5. Is it easy getting credit in this area? Yes

No

6. If no, what makes it difficult to get credit?
7. When you got the credit for your farming operations, were the terms of payments
favourable or unfavourable?

Favourable

Unfavourable

8. What do you suggest should be done to make it easy for farmers to get easy credit,?,
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APPENDIX III
INSTITUTIONS AND SPECIALISTS IN SOIL SCIENCE INVOLVED IN
PLANNING, RESEARCH, EDUCATION, TRAINING AND
DEVELOPMENT
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m.l

EXISTING INSTITUTIONS

1. Soil Research Institute, Kwadaso, Kumasi.
2. Department of Soil Science, University of Ghana, Legon.
3. Agricultural Research Stations (A.R.S.), University of Ghana, Legon.
4. Department of Soil Science, University of Cape Coast (U.C.C.), Cape Coast.
5. Department of Crop Science (Soil Science Division), University of Science and
Technology (U.S.T.) , Kumasi.
6. University of Developmental Studies (U.D.S.), Tamale.
7. Cocoa Research Institute of Ghana (C.R.I.G.), Tafo.
8. Savanna Research Institute (S.A.R.I.), Nyanlqjala.
9. Irrigation Development Authority (I.D.A.).
10. Ministry of Food and Agriculture, Accra.
11. FAO Regional Office for Africa, Accra.
12. National Science and Technology Press, C.S.LR., Accra.
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III.2

SPECIALISTS

Name

Mr. R.D. Asiama
Mr. P. Agyili
Mr. E.A. Dennis
Mr. K.O. Asubonteng
Mr. F.M. Tetteh
Mr. B.O. Antwi
Mr. E. Boateng
Mr. S. F. Agyekum
Mr. J.O. Fening
Mr. S. Agyei
Mr. J.K. Seneya
Mr. C.A. Sekyi
Mr. J., Sobotie
Miss V. Quayson
Mrs. M. Amengor
Mr. S. Boadi
Dr. J.J. Adu-Gyamfi
Mr. D.C. Dela
Mr. J. Boateng

Activity
Soil Research Institute*
Planning, Research, Training & Dev.
Research, Training & Dev.
Research, Training & Dev.
Research, Training & Dev.
Research, Training & Dev.
Research, Training & Dev.
Research, Training & Dev.
Research, Training & Dev.
Research, Training & Dev.
Research, Training & Dev.
Research, Training & Dev.
Research, Training & Dev.
Research, Training & Dev.
Research, Training & Dev.
Research, Training & Dev.
Research, Training & Dev.
Research, Training & Dev.
Research, Training & Dev.
Research, Training & Dev.

•Source: Human Data Base, NASTLIC , C.S.I.R., Accra. (Revised Version in Press).

Deot.of Soil Science and A.R.S, Univ. of Ghana
Professor Y. Ahenkorah
Planning, Research, Education, Training & Dev.
Dr. J.W. Oteng
Planning, Research, Training & Dev.
Dr. E. Owusu-Bennoah
Research, Education, Training & Dev.
Dr. J.K, Amatekpor
Research, Education, Training & Dev.
Dr. S. Dua-Yentumi
Research, Education, Training & Dev.
Dr. G.N.N. Dowuona
Research, Education, Training & Dev.
Mr. S.G.K. Adiku
Research, Education, Training & Dev.
Mrs. S. Asuming-Brempong
Research, Education. Training & Dev.
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ni.3 Contn'd
Dr. P. Kwakye
Dr. M. Bonsu
Dr. A.E. Asmah
Mr. B.A. Osei

Dept.of Soil Science. U.C.C.
Planning, Research, Education, Training & Dev.
Research, Education, Training & Dev.
Research, Education, Training & Dev.
Research, Education, Training & Dev.

Dr. E. Baffoe-Bonnie
Dr. E.Y. Safo
Dr. C. Quansah

Soil Science Division. U.S.T.
Planning, Research, Education, Training & Dev.
Research, Education, Training & Dev.
Research, Education, Training & Dev.

I>r. A.B. Ankomah

U.D.S.
Planning, Research, Education, Training & Dev.

Dr. M.R. Appiah
Dr. B.J. Halm
Dr. K. Frimpong
Mr. Afiifa

C.R.I.G.
Planning, Research, Training & Dev.
Research, Training & Dev.
Research, Training & Dev.
Research, Training & Dev.

Dr. A.L. Nyamekye
Mr. M. Fosu

S.A.R.Ï.
Planning, Research, Training & Dev.
Research, Training & Dev.

Miss J.A. Ampofo

I.D.A.
Research, Training & Dev.

Mr. P.K. Titriku

Mr. R. Sant'Anna

Ministry of Food and Agriculture
Planning, Training & Dev.
FAQ Regional Office
Planning, Training & Dev.
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in.3 Contn'd
National Science and Technology Press. C.S.I.R.
Professor D.K. Acquaye
Planning, Training & Dev.

Dr. H.B. Obeng
Professor G.K. Asamoa
Dr. S.V. Adu

Private Consultants
Consultancy
Consultancy
Consultancy
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