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PREFACE

This work has been prepared for inclusion
in the forth-coming Ministry of Food and Agriculture
publication 'Agriculture and Land Use in Ghana' as
Chapter 6, Soils, and is issued in this present form,
without dlagrams and map, for the information of the
Division's staff and bona fide assoclates.

Since the issue of the first edition in
May 1958, the text has been revised and this second
edition has been brought out in a limited number of
coples for reference purposes while the book is being
printed. Publication, by Oxford University Press on
.behalf of the Ministry, 1s expected in 1960,



Chapter 6
80ILs

By H. Brammer, M.A.
Principal .gricultural Officer,
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*ihe sofl cames first, It {8 the basis, the foundation of farming, Without 1t
nothing; with poor 8ofl, poor farting, poor 1iving; with good so0fl, good feming end lfving,

An understending of good famaing begins with an understanding of the sofl®

Henty L. Ahlgren,
Crass: Yeardook of Agriculture, 1948,

V.5, Department of Agriculture: p, 425.

Introduction

Soil knowledge 1s fundamental to good agriculture.
For the soll is the home of the plant root, and, with the
exception of carbon and oxygen which are obtained from the
air, it is from or by way of the soil that plants-obtain
all the materials they require for their growth.

Soil 1s not one single object. There are many

solls. Tgese vary in their ability to supply food and water
"to plants. It is the objcet of a soil survey, fundamentally,

to recognize soils with different nutrient and moisture
properties and to map them separately so that the properties
of each s80il can be used to their best advantage.

Different crops, too, require different soil
conditions if they are to grow satisfactorily. The needs
of rice, for example, are quite different from those of
groundnuts; and, expressed from a different angle, coconuts
will give satisfactory ylelds from soils on whlch cocoa- would
a0t thrive...-.Having recognized. that different soils- exist,
therefore, their sultability for different crops must be

assesseéed.

The. agricultural value of a soil does not depend
.only ~on 1t3'intn;naic properties, howéver. Other factors are
involved, such as amount and seasonal distributigq;Pf rajn-
fall, technical skill and memtal inclinations of the
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cultivators, crop — and human — pests and diseases, access
to markets, etc. But, other things being equal, 'the soil

ComeS fiI‘St e ¢ 0 @ !

Vhat, then, is s0il? The term is not easy to
define satisfactorily for there are two ways of looking at
the question. Physically, soil is the surface part of the
earth's crust which has been affected by physical and chemical
weathering and the action of various plant and animal
organisms. Functionally, soil is that part of the earth's
crust which gives physical support to plants and supplies
them with food and water. Whichever way it is looked at,
s0ill cannot be separated from plant life. It is not merely
broken-up rock or a collection of mineral particles with
particular chemical and physical properties. Such materials
do not become 80il until they are acted upon by plant and
animal 1ife. Enriched by plant and animal remains, support-
ing 1iving plants and inhabited by millions of micro-
organisms, all these changing with the seasons, the soil
might itself almost be regarded as a living organism.

The factors influencing soil development are
complex and by no means fully understood yet, particularly in
the tropics. In broad terms, hewever, any particular soil
can be regarded as the outcome of the local climate and
vegetation acting on the local surface geology under particu-
lar drainage conditions for a particular period of time.

This can be summed up in g formula: soil = climate,
vegetation, parent material, relief and drainage,and age.
A study of the soil, therefore, necessarily involves some
understanding of climatology, plant ecology, geology and
geomorphology as well as of chemistry.

Inspection of a sufficiently deep soil exposure,
as in a freshly-excavated road cutting, borrow-pit or drain,
will show that the soil is made up of a number of different
layers occurring more or less horizontally one on top of
another. These layers — 1in so far as they are true soil
features and not different bands of rock or alluvium — are
known as goil horizons. In solls that are alike, the compo-
nent layers always occur in the same order. This regular
succession of soil horizons is known as a goil ppofile (by
analogy with the human profile in which particular features
such as eyes, nosec, mouth and chin occur in a definite order).

The main differences between soils can be observed
in the colour, thickness, texture (size of mineral particles),
structure (size and shape of units contained by naturel cracks
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in the soil), consistency (feel) and content of visible che-
mical deposits (lime, ironstone) of the horizons they contain.
There are further differences which can only be discovered

by laboratory analysis, such as recaction (acidity or elkalinity),
content of particular chemicals known to be useful or harmful

to plants and moisture-retaining capacity.

Soils with similar profile features from the ground-
surface down to recognizadble rock, i.e. soils with a similar
number of horizons respectively similar in appearance and
composition, form what is known as a soil series. Fach series
is given a name after the locality in which it is first recog-
nized. This does not imply that the soil only occurs in the
vicinity of the locality name given: Kumasi series, for
instance, was first identified during the soil survey of the
site for the Central Agricultural Station, Kumasi, in 1946,
but has subsequently been recognized in several other parts
of the forest zone of Ashanti and Southern Ghana. Nor does
the name imply that the soil covers the whole of the neigh-
bourhood of the locality named: Kumasi series, although one
of the most extensive, is only one of nine soils identified
on the Central Agricultural Station, Kumasi, and Kumasi
municipality itself is underlain by many other soils besides
Kumasi series. The name is given for case of reference and to
ensure that like soils arec known by like names wherever they

are found,

In Ghana, soil series rarely cover a sufficiont
area in individual expanses to make it practical to map them
on any but very large-~scale maps (see Figure 1). It would be
impossible — as well as unnecessary — to map solls in this
detail over the country as a whole under present circumstanccs,
although so0il series maps are prepared for special development
projects covering only a few square miles or less, For surveys
of larger areas, carried out on a drailnage-basin basis, soil
series are combined into larger asscmblages for mapping
purposes. Such assemblages, known as gg;;_ggggngLLQQ§14 make
use of the fact that, over any particular parent rock, soils
occur in a regular pattern according to changes in drainage
conditions occurring between hill top and valley bottom.

In the commonest type of soll association in the
forest zone, a red2, well drained soil and a brown, rather

1This general term is equivalent to soil catgna as used
originally by Milne in Eest Africa.

®The colour referred to in describing solls as red earths,
brown earths, etc., 1s that of the subsoil, Almost regardless
of the subsoil colour, topsoils are generally stained grey or
black with organic matter so that the colour of this horizon can-
not be used as a differentiating feature. Termite mounds give a
useful indication of the colour of the soil since they are gene-

rally constructcd of subsoil matcrial,
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loss well drained soil, both dovelopod directly in the

parent rock, occur on the summits and middlo slopcs of tho
topography; thoy arc succccdcd downslopo by yollowish, sca-
sonally poorly drainsd soils developed in colluvial matorial
vashcd down from the upper slopes, and cventually by grey,
poorly draincd soils decvcloped in valley-bottom alluvium
derived from the same local rock, Such a pattern normally
repcats itsclf up-hill and down-dalc so long as thc undcr-
lying gcology rcmains the seme. The whole of such an area
can thereforo bc mapped as a singlc unit. A person roquiring
information on a particular pioco of lard within an assocla~
tion mappod in this manner should be able to identify tho
solls he 1s on from the descriptions of the soils and their
pattern of distribution given in the report on tho survecy of
the arca, 1f this has beon complcted. Ir areas of complicatod
geology or topography, morc complex soil pattorns occur,

3

necessitating the uso of more inclusivo mapping units”.

On the scalo of the mep uscd in this book, it
has not been possiblo to make usc ovon of soill associations
as mapping units. Thc units uscd show thc most widosproad
soils of tho arca, usually the upland scils, groupod according
to their mode of formation. This allows their comparison
with soils occurring in othcr ports of the world., Tho
terminology uscd will boc cxplained in a later soction.

The soils having bocn doscribed and mapped,
and representative samplcs analysed, thcir value can then
ve asscssed. This can bost bc done by obsorving thc growth
and yield of difforont crops on individuel soils both under
traditional farming practice and on agricultural stations
where various forms of cultivation and manuring sre practised.
Crops and practices giving the best economic rcturns can
then be recommondcd for all similar solls. Moro often,
however, such diroct extrapolation of rosults is impossible
becausge of lack of suitableo agronomic studies. Resort oan
then bo mede to correlation of soils and environmental
conditions with those of other parts of tho country or tho
tropics where improved forms of agriculture arc known to %o
vractised so that recommondations can bo made locally in the
light of experionce obtaincd elsewherse with various crops
and mothods of cultivation. This principlo of goographical
correlation requires export knowledge and neods to Wo appliced
with caution. 1t is ossontial that all environmontal factors
should bo taken into account. It would not bc sufficiont,

3Thoso units have boon defined in an appendix to the
Report on tho Dopertmont of Soil and Land-Use Survoy, 1951-55.
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for instancc, to recommend groundnut production for ccrtain
soils physically rcscmbling othcrs known to support a profit-
able groundnut industry if climatic or marketing conditions
were not closcly comparable in the two arcas.

There haeve, nonc-the-less, bcen some striking
succeseses achicved by the expert usc of this principle, one
of the more rcnowned being the decvelopment of the Hevea
rubber industry in Malaya where Sir Joseph Hooker rccognized
that convironmental conditions closcly rescmblcd those in the
homecland of this crop, Brazil. In Ghana, this principle has
been employed in recommonding tho dcvolopment of ccrtain solls,
thc Black Clays, on thc Accra plains. These soils arc unculti-
vated locally, but similar soils under somewhet similer
environmental conditions are known to support successful
agriculture in India (the rogur) and 8South Africa (Springbok
Flats)u. Crops and techniques cmployed in thc latter arcas,
thercfore, indicate those likely to succced on the Accra
plains and there would scem no rcason from the technical
point of view why these soils should not onc dey dc mado
productive in this country, too.

Whero no instance can be found of similar soils
occurring or being utilizecd clsewvherc, less preccisc rccommonda-
tions can bo made. A study of the physical and nutricnt
properties of the soils may indicate that conditions lic
within the rangec of thosc known from expericnce clscwhere in
the country or abroad to be rcquircd by particular crops or
methods of farming. Thecsc can then be tried, but it is wisecr
that they should first be confirmcd by suitable agronomic
studice on the soils concorned.

Classification of Ghanaian goils

In tho introductory scction, soil formation was
described as a function of climate, vegetation, parcnt material,
roliof and drainage, and age. This formula was mazde thc baeis
of an interim system of classification for tropical soils
worked out by the lato C.F. Chartcr (Brommer, in prcp.)

This classification is briefly outlincd below.

uSamplos of the Indian and South African soils worc in
fact obtaincd by tho Department of S8oil and Land-Use Survey
for visual comparison and laboratory analysis to confirm thcir
similarity to the Black Clays of the Accra plains.
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-~ At the highest classificatory levol — goil order
— solls are groupcd together according to whichcvor one,
or more usually two, of these factors has (or have) prcdo-
mincntly influcnced their dcvelopment, viz:-

"

I, limatophytic earths: soil formation primarily

determined by climetec and vcgetetion,

i) t rths: soil formation primarily

determined by relief (high mountain) and climato,

IIT. Topohydric carths: soil formation primarily
determined by rclief and drainege.

IV. Lithochropnic earthg: soil formation primarily

dectermined by parent material and/or age.

At thc next lower classificatory level — soil
” subordecr — differcnt grouping factors are used within cach
soil ordcr, viz:-

‘ I. Climatophytic cerths: Thesc arc normally dcvclopcd,
well draincd soils. Suborders are diffcrcentiated according
to whether reinfall penctrates to groundwatcer or not, viz:

A, Hymropods -~ soll profilc through-looched.
B, Xoropods =~ soil profilc not through-lcached.

II. Topoclimatic carths: These are not found in Ghana
and not subdivided into suborders at present.

III. Topohydric carths: Thesc are soils with impedcd
drainage. Five suborders are rccognized: four of thase
are diffcrentiated according to naturc of thc topogrephic
sitec with which the poor drainage conditions are associated;
the fifth comprises soils in which poor drainage has lcd to
the accumulation of a supcrficial layer of incomplctcly

dccomposed organic matter. Viz:

4
A, Planopeds - soils with poor drainage duc to
flat or very gentle topography
2 (e. g. on peneplains, river tcrraccs,

CtC. )O

B. Clinopecds - soils ealffcctcd by water sccping
from upslope and precipitating
chemical substances from solution,

C. Dopressiopcds ~ soils devcloped in poorly
drained depressions receciving run-
off or sccpage waters from adjoining
areas.
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D. Hydropeds - soils dcveloped under open
water in shallow lagoons, ricc
paddics, ctc.

E. Cumulopeds -~ soils dcveloped in dcpressionsg
where peat has accumulatced.

IV. Lithochronic earths: Thcse are soils with recstricted
profile development. Suborders arc differcntiatcd accerding
to the particular factor retarding decvelopment.

A. Lithoonecdg - profilc devclopment rctardcd by
resistant rock or crosion on stcep

slopes.

B. Regopeds - profilec development rctarded dy the
inert nature of loosc sandy percnt
material,

C. Alluviopeds -~ profile dcvelopment rectarded by
constant accrctions of fresh allu-

vium on the surfacec.

Suborders arc subdivided into grcat soil groups.
Tho latter comprisc soils with common profile characteristics
developed in responsc to similar cnvironmental conditions.
(Soil scries, into which grcat soil groups can be further
subdivided, are differcntiatcd mainly on thc naturc of the
parent material in which individual soils arc developed. )

There arc lerge numbers of grcat soil groups within
some suborders, and it is convenicent to group somo of them
together according to certain common charactoristicse. Thesc

groupings arc tontatively named grcat soil group familics,
The differentiating criterion 1is usually the reaction of the

profile,

I. Climatophytic carths

A. Hygropcds. Thesc aro subdivided according to
the ability or othcrwisc of the parcnt matcrial to supply
mineral bascs at a sufficicnt ratc to countcract thosc lost
by leaching. Under humid tropical conditions tho soils

produced arec:

1. Latgsols ~ soils over highly wcathcrcd parcnt
matcrials in which thc clay fraction
consists mainly of kaolinitec and iron
and aluminium sesquioxides.
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2. Basisols - soils over incomplotcly sweathored
paront matorials relatively rich in
bascs in which, apparontly, mont-
morillonitic clay is present in somc
proportion together with kKaolinite and
iron and aluminium sesquioxidcs.

B. Xeropeds. These soils are doubtfully repre~
sented in Ghana and are not further discussed below.

ITI. Topoclimatic carths

These arc not rcprcscented in Ghana and aro not
further discussed bclow.

III. Topohydric carths

Suborders are subdividcd according to thc naturo
and recaction of the groundwater influcncing tho soils. Very
acid, acid, neutral, calcium and godium group familics arc
gencerally recognizable, The suffix 'sol' is normally sub-
stituted for 'pcd' uscd in the suborder name. In the case
of Deprcssiopeds, tho very acid, acid and ncutral group
families arc together termed Glcisols, and the calcium and
godium group familics arc termed Vleisols,

IV, Lithochronic oarthg

Suborders arc not furthor subvdivided.

Within cach group family, grecat soil groups are
differcntiatecd, 1if at all, according to whether thay are
developcd under forest or savanna, their colour and differen-
ces in the trend of reaction changes in the profile. Differen-
ces in colour and reaction trends are used as criteria because
of their convenience; they are, however, manifestations cf more
fundamental differences in soil properties between different groups.

Grecat soil groups so far known to occur in Ghana
erc¢ listcd in the accompanying table. They are too numerous
to be discussod herc individually, but the morce important
are descrived in the noxt scction,



TABLE | PROVISIONAL CLASSIFICATION OF SOILS. $O FAR DISCOVERED N GHANA

ORDER "SUB-ORDER SOIL GROUP FAMILY GREAT SOIL GROUP  GREAT SOIL SUB.GROUP
T Fore Ochrosol " Red Forest Ochrosol
— HYGROPEDS Latosols o Yellow Fare Ochrosol
Savannah Ochrosol «— Red Savannah Ochrosol
‘m Yellow Savannah Ochrosol
Rubwisol ——— Red Forrst Oxysol
CLIMATOPHIYTIC EARTUS e Basisol i FOItsRa C Yellow Forest Oxysol
—  Focest Rubrisol Red Forest Rubrisol
L Vellow Farest Rubrisol
Savannah Rubrisol —C Red Savannah Rubnisol
Yecllow Savannah Rubnsol
. Forest Bnonawl
=  XEROPEDS L Savanrah Brunosol
(Reddish Prune?)
- Very Acid Planasal? ——  Groundwater Podsol
- PLANOPEDS Acid Panosol? —~  Groundwater Lalerite
Calkcium Plasasol —~E Tropical Black Earth
Tivpical Brown Eanh
Sodium Planosol? —— (Tropical Grey Eanh)
Very Acid Gleisol —— (Savannah Grey Very Acid Gleisol)

(Savannah Black Acid Gleisol)

. (Savannah Brown Acid Gleisol)
—  Acid Giisol (Forest Grey Acid Gleisol)
(Savanmah Grey Acid Gleisol)

TOPONHYSDRIC EARTHS — ___ (Fosest Black Neutral Gleisol)
(Forest Brown Neutral Gleisol)
DEPRESSIOPEDS —— Neutral Gleisol — (Forest Grey Neutral Glesol)

— (Savann3h Grey Neutral Gleisol)

. ) (Black Vicisol)}
Calcium Vicisol _— (Brown Viesol)
- (Grey Vicisol)

e Sodrm Vieisol SR Solonctz?
T solonchak
Very Acd Bog?
CUMULOPEDS —  Cumuksol __L— Acid Bog
Salinc Bog?
——  HYROPEDS “——  Hydrosol -~ Neumal Hydrosol?
-t Saline Hydioso!
A A (Black Basimorphic Lithosol)
Basimorphic Lithosol —E (Brown Basimorphic Lithosol) (Yellow Basimorphic Luhosol)
—  LITHOPEDS _l_ (Red Basimorphic Lithosol)
—— Non-Basimarphic Lithosol . (Non- Basimorphic Lithasol)
LITHOCHROMIC EARTHS (Dune-sand Regosol - with calcarcous
- REGOPEDS ——  Regosol — | pan— without cakcarrous pam)
~—  (Oxher Regosols) ’

—— ALLUVIOPEDS “— Alluvicsol ——  (BlxXk, Brown and Grey Alluviosols)

NB. M The use of Mm_ around a term indicaies that the nomanclature is still provisional
an Zbc!orc a term indicates that tha_t is some doubt as 10 the eanct place in the soil group or group family in the classification
[{{1)} afer a term andicates that there is some doudt as 1o the classification of the soils contaned within the group indicated or of the soil in the group family indicated
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Description of the major soils of Ghana

The soill map in this book shows the distribution of
the more exteneive great soll groups occurring in Ghana. On
the scale used, much generalization has been necessary and the
unlits used merely indicate the more important, usually upland,
soll group occurring. Tho whole of thc coastal savanna zone,
rather over half the forcst zone but only a small fracticn of
the interior savanna zonc have been surveycd at the time of
compilation of this map. 1In areas not yet surveyed, bounda-
ries have had to be drawn in by extrapolation from known areas,
usually using geological boundaries and isohyets as a 3uide.
So0il changes due to climatic factors take place over a broad
zone, and boundaries drawn in such cases are necessarily
111-defined.

There are considerable differences between the soills
of the forest, interior savamna and coastal gavanna zones,
and tho soils of these zoncs will be trcated separately below,
Within cach zone, the units described will be thosc shown on
tho soil map.

Eore et 2z ono

The solls of this zone are at once distinguishable
from those of the other zones by the greater accwmlation of
organic matter in the surface horizon resulting from the more
abundant leaf-fall under forest vegetation and the slower rate
at which humus is oxidized in the forest environment. The
solls are developed over a variety of crystalline, metamorphic
and sedimentary rocks under an annual rainfall of c,35-80+
inches falling in two rainy seasons.

The major eoils are Climatophytic Earths, Latosols,
stbdivided into Ochrosols and Oxysols. Lesser amounts of
Lithosols, Reggsola and Rubrisols occur, and there are topo-
graphically assoclated Gleisols. Ochrosols, Oxysols, Lithosols
and Regosols have been mapped separately. Fully developed
Rubrisols are not usually extensively developed, but i< has
been posgible to show some areas whore solls transitional bectween
Ochrosols end Rubrisols occur. Similarly, a bclt of soills inter-
mediate between Ochroeols and OxXysols has been mapped.

Oleisols are not separately mapped, but are discussed briefly
in the text below where sppropriate.
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Porcst Ochrosols

These are red, brown and yellow-brown, rclatively
well drained soils developed in the weathering products of
intermediate or moderately sacidic rocks, in peneplain drifts
covering the intermediate erosion surface (cf. Chepter 5) and
in terracc @lluvia on upland portions oY gently undulating to
strongly rolling topography in that part of the forecst zone
rcceiving approximately 35~€5 inches' annual rainfall. ‘They are
the most extensive and most important soils of the forost zone.

Generally, the colour of the soils (below the humous
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; associated valley
bottom Gleisols vary from yecllow to grey or whitc. Thesc colour
changes reflect changes in the degree of hydration of the iron
present in the profile conseguent upon changes in internal
drainage conditions of diffcrent parts of the topography. On
the well drained upper slopes, the iron is well oxidized and
the solls are reddish in colour. As drainage conditiors
deteriorate downslope, the iron becomes increasingly hydrated
and the soils increasingly yzllow. In the ill~drained valley
bottom, reducing conditions obtain throughout ruch of the year
end iron is either washed out of the soils or is present in
the ferrous form giving a bluish grey colour to the soil.
Where the soils are subject to alternate waterlogging end
drying out, the iron is subject to alternate reduction and
oxidation resulting in the development of mottles (patches
of yellow, orange or red in an otherwise grey soil) or rusty
stains along root-channels.

Texture varies according to the nature of the parent
material, soils derived from sandstone, granites and gneisses
being more sandy than thosge derived from shales, phyllites and
gchists. Soils associated with peneplain remmants may contain
massive ironpan or abundant ironstone concretions in the
subgsoil and those over rocks containing numerous quartz veins
are gravelly or stony to varying degrees. The clay mineral
is kaolinitic; 1in few Ghanalan soils is the clay fraction likely
to consist predominently of iron or aluminium hydroxides.

The texture of the parent material varies not only
with the underlying rock but also with the topcgraphical site.
This can only be understood by reference t6 the geomorphology
of this part of the country. An 1deal topographical associa-~
tion (over lower Birrimien phyllite) is illustrated in section
and in map form in Figurc 1. Tha namos given bolow relatc to
the soil scrics shown on this and the accompanying Figure 2.
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Drift soils (Akumadan) occupy remnants of the
intermediate erosion surface on the almost flat hilltop;
sheet ironpan (Vlenchi) and brown concretionary soils over iron-
pan (Nsuta) may occur locally on these remnaonts, but they
morc typicelly occur as a collar around the cdge; on the slightly
concavo vallcy slopcs below the ironpan outcrop occur drift
(Dominasg) and sedontary soils (Bekwal, Nzima) contoining in their
upper parts varying proportions of matcrial dcrived from the
brcak-up of the ironpan collar; colluvial finc earth, probably
accumulated in slightly carlier geomorphological phascs then
thc present, mantles the lowcer slopes or occupies drainage
grooves on the middle slopus (Kokofu): alluvial
8ilty clays occupy the valley bottom {Oda). Such sections are
common in the northern part of the forest zone in Ashanti.
Further south, where the intermediate erosion surface has been
more dissected, sedentary soils predominate and all that
remain of the former peneplain mantle are accumlations of
ironstone concretions, sometimes with relict ironpan boulders,

in the surmit soils (Dominaso). Upper slopes are then convex
in section.

Over biotite grenitc (Figure 3), peneplain drift soils
(Boamang) again sometimes cap the ridges. The major soils are
sedentary, red, gritty clays (Kumasi) with brown gritty clays
(Asuansi) occurring downslope. Textural differentiation takes
place within the yellow-brovm lower-slope colluvium (Akroso,
Nta), the clay being washed through leaving the coarser sand
behind; grey alluvial sands (Ofin) and clays (Densu) occupy
the bottome; yellow, loose, levee sands (Chichiwere) are
developed along the larger streams and rivers.

Despite differences of parent material over
different parent rocks and on different topographical sites,
mature upland soils are pedologically similar. Organic matter
from the forest vegetation has a blanketing effect, and most
series have porous, loamy topsoils about 8 inches thick, dark
grey~-brown with organic matter and near-neutral in reaction
in the surface 2~3 inches, becoming paler-coloured, less humous
and slightly to moderately acid in rcecaction in the lower paert.,
Lower horizons gcnerally have higher clay contents than the
topsoil; regardless of colour, texture and drainage, they are
moderately to highly acid in reaction and have low plant-
nutrient contents. In upland soils, a thick layer of whitish
and red (or orange) mottled, loamy, thoroughly decomposed rock
usually overlies the zone of rock-weathering: the latter zone
may often be 150~200 feet below the ground surface, but is less
deep under middle- and lower-slope soils and fresh rock fre-
quently outcrops in stream beds along the valley bottoms.
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Typical profiles of mature upland soils are
described below, first for a sedentary soil (i.e. developed
directly in the weathered parent rock) and subsequently for
a drift soil (1.e. developed in transported material, either
peneplain mantle, piedmont colluvium or local lower~slope
colluvium). It should be noted that even in the sedentary
profile, the first three layers are, strictly speaking, of e
drift nature since they consist of gravel derived from the
break-dovmn of quartz veins and finc carth brought to the suriace
by faunal activity and subject to local slope~wash.

FOREST OCHROSOL

Sedentary yrofile

an_the surface - 4 thin lgyer of undecocposed leaf litter underlaln by o fraction of an inch

cf OecomPostd leaf liteer penetroted by feedlng roots of trees,

Topsoil {: 0 to 3 Ins, ~ Horlzon of maximun hupus accunulation; dark grey-broen,
sandy cr silty loam; crumbly anc¢ porous; neutral to slightly acid

reaction; main 2ane of plant feeding roots.

Topsoll I1: 3 to & ins, ~ Brown sandy (or silty) losa to light clay; 1less humous and
less crunbly than Topsoil I; slightly to moderately acid reactton;

fewer roots than in Topsoil 1.

Subsoll 1: B to 1520 {ns, ~ Reddish brown (brown or yellow-brown on niddle- and
lower-slope sites) sendy (or silty) light clay or clay; Tone of maxidua gccu~
pulation of quarts stones and rrovel and {ronstone concretions mhere these
occur; no visible humug; flrD; structureless; slightly porous; ooderately to

very ocid reaction: fex roots,

Subsoil Il: 16-20 to 30-36 ins. - Reddish browm (brown or yellow-bromn on rfddle and

lomer slopes), sandy clay or clay; firmm; structurcless; slightly porous:
very scid to niphly 8cid reocctlaon; Occasional Ironstone concretions

in sodc saeils; quartz veins broken but in s{cu wherc present; few roots,

i y 30-36 to 45-60 Ins. ~ Redssiightly mottled pele yellom (brown with yellow
(Transitional to and grey on ower sites), sandy or silty loom to light clay; fimm,
next horizon) incurating slightly On exposure; structureless; slightly porous; very

acid to highly acld reaction; quartz veins in situ where present; rare

or ho TOOLS,

Weathered substratim: Delow 45-60 Ing. - Red (or bromn) motrled pale yellow, sandy or silly load;
firo In situ buc friable on exposure; very acid roaction; recognlzablo as

weathered natert{al with depth,
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Unweathered rock: May occasionally occur within 6 feet of the surface, but is gencrolly

deeper than 10 fect and In pany cases apparently does not occur within

50-200 feet of the surtacc,

N.B. In fcmature profiles, the subsofl is relsetively thin end grades quickly into mottled

decomposed rock,

POREST CCHROSOL

Drift profile

Qan the surface 4 thin layer of undecooposed leaf litter underlain by a fraction of an inch

of deconposcd leaf litter,

% Sex lis 0 to 3 Ins, -~ Dark grey-brown sandy or silty load to 1light clay: mmous;

crunbly and porous; neutral to slightly acid reaction,

1,8, It 3 to 9 ins, - Bromn sandy or s{lty light claey; slightly humous; rather

friable and porous; slightly to moderately acid reaction,

9 to 18-120. Ins, - Red or reddish brovn (occasionally brown or yellow-

1]
-
(2]
-

brovn), sandy or silty clay; firm, structureless and porous, sometimes
becaminc hard on:exposnre; very actd or highly acid reaction; grades

4nto next horizon.

W.S.8.: 16-120 to 30-140. ins. - Red and pale yellow mottled (occasicnally grey
with orenge or yellow), sandy or silty clay; very fims and povous,
becoming indurated on exposure, or forming vesicular i{ronpan in shallow
profiles; stonc=-1in¢ or gravel layer included at base; very acid or
highly acid reaction. {This layer may be thin or absent in peneplain

drift profiles), Abrupt change to next horizon,

underlying rock: Below 30~1204 ins, - This Is not necessarily related to the ovenrlying drift

although, tn fact, sandy clay drifts arc usually associated with sandstones
or granites and silty clay drifts with phyllites and schists, The rock
may be fresh, but is usually weathered, frequently forming a red and
yellow mottled, very dcid, indurated loam or clay which hardens into

vesicular ironpen in shallow profiles,

rrom the agricultural point of view, Ochrosols are
casily tilled and offer freedom of root development, especially
in the case of decep drift soils. They are well drained where
red, but rather more slowly draining in the subsoil where
brovn or yellow=broim. When cleared for agriculture they
vecome rather susceptible to drought, especially for shallow-
rooted crops and vhere sandy or gravelly. Available plant
nutrients are concentrated in the humous topsoil; lower
horizons can supply or retain little until the zone of rock
weathering is reached, end this, as has been stated above, may
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bc at such a depth as to bec boyond tho roach of plant roots.
Lower-slopc soils where sandy have a lower mcisture-
and nutricnt-holding capacity, but colluvial silty clays asso-
clatcd with grevelly upland soils ovcr Birrimian phyllitcs
mey bc better in thesc rcspects than thoir uplend associatos.
..ssocliated bottom clays have a better nutriont-rolding capacity
but ncecd water-control mcasurces to be ¢ffoctod for rcally satis-
factory utilizetion; thcy coro, howcvcr, usually only patchy
in occurrcnce. Sandy bottom soils, c¢xtonsivec in grenito arcas,
arc almost barrcn of nutricnts bclow tho humcus topsoil and
suffcr from eltcrnatc wetcrlogging and drought. Thec most
prcposscssing dcpression 8oils arc ccrtain ycllowish silty
cleys devclopcd clong some of the larger strcams and rivers,
particularly in Birrimian arcas. Thesc havc o fair nutricnt
status and gcnerally good moisturc rclationships; thcy arc
subjcct to flooding only for short pcriods.

Analytical data for two Forcst Ochrosol profilcs aro
given in Tablcs 1a and 2a bclow and in Tablcs 1b and 2b at thc
cnd of thc chaptcr. Tablcs 12 rnd 1b show data for a typical
scdentery upland profilc over mcdium-greincd biotite granitce,
roprescentative of solls fairly widcly dcveloped eround Kumasi
and clscwherc in western Ashanti, Teblcs 2a and 2b show data
for a typical scdcntary uplend profilc over Lower Birrimian
phyllite; soils similer to this occur over approximatcly half
thc Forcst Ochrosol bclt. The data in thcsc trblos show the
merkcd concentretion of nutricnts in the topsoil typicel of thce
Forcst Ochrosols, and makc it clcar thnt thc greatcer part of
thcse nutricnts is associatocd with tho organic nattcr. They
also indicate the strongly wocthcrcd and lceched naturc of the
subsoil end wcoathercd substretum: thce granitc profilc wes
cxamincd to a dcpth of 55 feet and ot this depth was still in
thc zonc of thoroughly wcathcrod rock, although tho original
rock structurc was clcoarly appercnt far abovc this dcpth.

Thc largc amount of coarsc matcrial precscnt in thc
subsoil of thc phyllitc¢ profilc (cf. Trble 2b) rcprecscnts stoncs
and gravcl derived from the breakdown of quartz veins which
commonly intrudc Birrimian rocks. Thc prescncce of such lergo
amounts of stoncs and grevel in soils render them licble to
drought during prolongcd dry periocds. It elso considcrably
recducos tho bulk of truc soil availablc for plent roots to
utilizc: part of the large diffcrcncc in actua2l nutricnt
content between the subsoils of the two profiles for which
analytical date arc quoted (cf., Tebles 1a and 2a) is attribu-

tablc to the fact thet tho subsoil of tho phyllitc profilc
contains only onc-third to onc-half as much 'finc certh' as
docs that of the granitc profilc (cf. Tebles 41b and 2b).

Undcr natural conditions, topsoils throughout thc
asgociation contain adoquatc cmounts of plent nutricnts. #Ahcn
fereet 1a elearcd for cultiveti-n, the nutriont cinatae
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Table 1a, Kumasi series, & representative Forest Ochrosol: major nutrients in 1bs per acre in surface
3 feetf Detailed analytical data are given in Table 4b at the end of this chaptcr,

These data take into account dry density (assumed), the amount of oven-dry fine earth (<2 mm)
and the amount of nutrients as expressed in the analyticgl tables quoted at the end of this chapter.
No actual dry density determinations have bccn made, but a density of 1.2 is assumed for the surface
horizon of forest soils and of 1.3 for that of most savanna soils; that of lower horizons is assumed
as 1.6 in both forest and savanna soils except where more than 3 per cent organic matter is present,
when a value of 1,5 is assumed.
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Table 2a. Bekwai series, a representative Forest Ochrosol: major nutrients in 1bs per acre
in surface 3 feet. Deteiled enelirtical data are given ia i'eble 2b,
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is drastically affected. The organic matter is quickly oxi-
dized and the nutrients it holds are released either to be
abeorbed by a growing crop and weeds, to be 'fixed' by the
soil mineral matier and rendered unavailaeble, or to be leached
down and out of the profile., As the organic matter diminishes
too, the topsoil loses its crumb structure. It then dries
herd IT exposed to the sun and ig easily puddled when wet,
leading to surface run-off and erosion if the solls are not
adequately protected by a cover of foliage or a mulch.

The maintenance of the topsoil organic matter is of
prime importance in cultivating these soils., Tnhis aim is
largely achieved in traditional arable farming practice: forcst
is incompletely clecared so that woody vegetation specedily
regenerates after cropping; mixed cropping is practiscd so that
considecrable protection is afforded to the soil throughout the
cropping period; onc of the long-term crops — cassava or
plantains — scrves to nursc the regenerating natural vegetation
aftecr the short-term crops have been reaped; the soil is little
dieturbed by tillage; crops arc¢ taken only for a ycar or two
and then thc natural vegetation allowed to rcgenerate; forcst
fallows of five to ten plus yeers intcrvene beforc cropping is
again attcmptcd, and serve to concentrate sparse or difficultly
available nutrients drawn from lower horizons into thc rege-
neratcd humous topsoil.

Satisfactory methods of maintaining continucus arable
cropping have yet to be doviscd for thcse soils. At thc best,
a modificd form of foreost fallowing is required, frequent green
manure crops be ing rcquired in the rotation in nlace of the
natural regenoration. Altcrnatively, mulching might scrve to
protect the soil against erosion and maintain the organic
mattcr content, but this mcasurc is genecrally considercd too
expensive to bo practicable at present, Trash larming is
another possiblc mcthod nceding investigation,

Thesc soils are, in fact, and pcrhaps not unnaturally,
best sulted to trec crops. The rainfall totales under which the
soils are dcvcloped are not adecquatc for thc commercial produc-
tion of rubber, oil palm or bananas for gxport, although the
two latter crops, together with plantains, yicld adecquately
to supply local necds., When ncwly clearcd from forcst, upland
soils arc snitablc for cocoa or ceffec, and kola grows satia-
factorily on some of the morc droughty, opcn-tcxturcd soils
over granite. Apart from losscs duc to discases and pcsts,
cocoa appecars to eurvivc on the maturc soils only so long as an
adcquate organic mattcr contcent rcmains in the topsoil. On
silty or gravelly soila, cspocially whcre tho original forcet
cover 1s totally clearcd, cocoa often fails to bocome
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established or dies out before coming into full bearing,
apparently largely due to drought. Even with adequate shade
provided, yields decline greatly in most cases after about
tecnty to thirty ycars from planting, Thc best crops on
Ochrosols arec found on rclativcly immaturc soils over viotitc
or hornblcndc schists and granites wherce roots can rcach the
zonc of rcck-=weathering within about 5-10 fcct of the surfacc;
Gcood yiclds are maintaincd up to about forty yeers on such
soils, The crop pecrsists, too, elthough not always highly pro-
ductivecly, on somc lowcr-slope soils and mist-zone, scarp-summit
soils, apparcntly becausc in these moister sitcs the trces can
fced throughout the year and arce less lisble to suffer from

the dry-scason drought effecting other soils.

There arec fcw datz on manurial réquirements on
these soils as yet. This is particularly the case with cocoa.
Nutrient supplies are ample in newly cleared soils, but the
situation deteriorates rapidly during the first few months
after clearing, especially under arable crops. If agriculture
i1s to be intensified on these soils, fertilizers will undoubt-
edly require to be used. Nitrogen and phosphorus are likely
to be the major requirements, but calcium, magnesium and
potassium deficiencies may perhaps show up after a number of
years' intensive cropping. Topsoils are likely to become more
acld with cultivation, especially if sulphate of ammonia is
used as a nitrogenous fertilizer. Liming to correct this
condition needs to be practised with caution since it may
interfere with the uptake of other essential nutrients by
plant roots. Because of the poor retentive properties of the
soils, unless the organic matter status is maintained at a high
level, and because of the high rainfall intensities liable to
be experienced, split applications of the more soluble fertili-
zZers are likely to give the best results.

The role of organic matter in theése soils is parti-
cularly important in relation to their phosphorus status.
Considerabtle amounts of this vital element may occur in the
gsoils, but only a small fraction of the total is available to
plants at any one time and c<¢rops depend for their phosphorus
nutrition mainly on the supp}ies released by the mineraliza-
tion of the topsoil organic matter. Fallow vegetation —
deep rooting, at work for a number of years and perhaps
including specics able to obtain phosphorus from difficultly
soluble compouncds — extracts some of its requirements from
the subgoil, and it is probably one of the main functions of

forost fallows to accumletc phosphorus in the topsoil in reedily

mineraligable organic forms.
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Forcst Oxysols

These soils are generally similar in outward
appearance to Forest Ochrosols. However, they are generally
appreciably paler in colour, the upland soils normally being
orange~brown to yellow-brown rather than reddish brown as in
the Ochrosols. The humus-stained surface layer is generally
thinner and the weathered substratum thicker than in the
Ochrosols (cf. Boi series in Figure 4 with Bekwai series in
Figure 1).

Oxysols are generally developed in similar parent
materials and on similar topography to the Ochrosols, but in
addition they are developed over unconsolidated Tertiary
deposits in the extreme south-west and in peneplain drifts
mantling the high-level erosion surface at c¢.2,000 feet.

They are generally developed under an annual rainfall exceeding
70 inches and thus occur mainly in the south-west corner of

the country. They also occur under rather lower rainfall
conditions (c.60-70 inches) over highly siliceous rocks
(notably Tarkwaian quartzites), on the high-level peneplain
surface and, more locally, over certain pyritiferous phyllites
in the Lower Birrimian formation, especially in the Birim
river basin.

With such large amounts of rainfall flushing the
profile, or because of the poor retentive properties of the
parent material, the soils are strongly leached. Reaction
trends dovn the profile are very different from those found
in the Ochrosols, the surface horizon being the most acid
and lower horizons gradually becoming rather less acid: pH
values increase from around 4.0-5.0 at the surface to around
4,5-5.3 at depths of 3-6 feet.

Organic matter appears to be genérally rather lower
in amount than in the Ochrosols although it is rathcr morec
deeply distributed down the profile. Visible hwmus staining,
however, may be confined to the surface 1-2 inches. Preliminary
analytical studies suggest that the organic matter may have a
mich lower capacity to retain nutrients than that in Ochrosols,

Bauxite, or bauxitic ironpan, caps the high level
peneplain surface and the clay fraction in these soils may be
expected to contain a high proportion of sesquioxides; ©but
elsewhere the clay appears to be kaolinitic.

S8o0ils 1n a typical topographical association are
illuetrated in Figure U. Analytical data for a typlcal
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Table 3a. Boi series, a representative Forest Oxysol: major nutrients in 1bs per acre in surface
3 feet. Detailed analytical data are given in Table 3b. |
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Oxysol arc given in Tablcs 3a and 3b. Thcso should bec comparcd
with tiiosc given in Tablcs 2a and 2b for a Forcst Ochroscl,
both profilecs illustratcd bcecing devecleped over Lower Birrimien
phyllit¢ but under diffcrent climetic conditicns.

With thc pcssible exception c¢f the soils or gentle
topography over the Tertiary dceposits in the cxtreme south-wcest,
Oxysosls arc not suitablc, without claboratc prccautions, for
cxposurc to arevlc agriculturc becausce of their strong suscep-
titility to lcachirg and crosion undcr the rainfall conditions
obtaining. It might bc con)ccturcd that cven traditionel forecst
fallowing might bc incffective as a mcens cf mainteining pro-
ductivity on thcsc soils since it is merc difficult te build up
nutricnt supplics in thc topsoil ggainst the strong lcaching
ection of the hcavy rainfall., Too-frecqucent cultivation may
result, cven with the high reinfall totals cxpcricnced, in the
rcplacement of the forcst by savannad, with grass spccics such
as Chosmopadium caudatum (Hack.) Stapf or Impcrata cylindrica
(L.) Beauv, var. africana ( ;ndcrs,) C.E. Yubbard (spcar grass or
lalang) dominant, as hes happencd in parts of Sierra Lconc
(Wwaldock gt al., 1951).

Thcse soils arc prc-cmincntly sultcd to such trce
crcps as rubbcr and oil palm. J[his is not sc rmuch beccausc of
any special propertics thce soils may posscss, tut bcecausc of
thc high rainfall conditions under which thcy normally occur.
Thc high rainfall would elso suit bananas, but in genceral the
topography is too brzcken to suit plantation production and nonc
of the solls 1is sufficicntly fertilc to permit continuous pro-
duction without thc usc of fcrtilizers, particulnrly potesh, on
¢ large scalo. Thc deep Tertiery doposits arc suiteblc for
coccnuts and ¢oil pelm but may bec too friee-draining for rubbor.
cocoe dccs not thrivo on such acid soils and is largely confincd
in such arces to river 10vcws5. Ricc is & suitavlc crop for
thc vallcey bettoms, but flood centroal is rc¢ally rcquircd for
an incrcescd lcvel of production.

There is8 1little cxpericncce with fertilizers on
thcese coils e€s yet. In impreved agriculturc, annual creps
would bc likcly to rcquirce a widc range of major ond minor
nutricnts, howcver, particulorly nitrogen and phosphorus, and
perhaops petesh and magnesium. On similarly acid soils in
Nigeria and the Belyian Ceongos, o0il palms have recspendod to
potash and esomctimcs mcgnousiium applicetions (Haincs & Benzian,
1956; Bull & Chapas, 1956). Similar rcspons.s may bc oxpccted
on ccconuts cn tre Turtinry dcposits. Magnosium cppliceticns

-BThuSQ lenmy levee soils arc, in fect, o8 acid es the
uplend scils, indicating that acidity cts sueh ic not the
determining facter. Prelimincdy investigrtions indicatc some
correl=tian between the distribution 2f c¢ccon and s71ilg with
sutetential amounts cf cxchongeeble mepgancsc.
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havo given striking rcsponeses with cocoa on acid 8oils in tlo
Belgian Congo. Such requircmcnts locally can cnly proporly
be determined by controlled agrenorie studies.

Forcst Ochrosol - Oxysol in‘creradces

Sincc the different propertics of thc Ochroscls end
Oxysols erc primerily attridbutatlo to thc diffcerent reinfall
totals the s8oils rcccive, thc boundery bectween the groups is
not sharp and there is & broad trensitional bclt betwocn the
ma jor arcas whcro thc two soils arc iypically developcd. Inter-
grade soils arc also devclopcd over silicccus Tarkwelan rocks
under rainfall conditions which would normally give risc to
Ochrosols and form a broad bclt through tho contrc of tho forcst
zone, They clso occur under very humid conditions on tho Atgwa
rangc ncar Kibi and on tho highcr parts of thc Togo ranges.

Thc intel'gradc soils hrve no intrinsic prcpcrtics
of thecir own, elthough upland Tarkwaisn soils tro typicelly
cnly palc drown or ycllow-brown in col-ur, not reddish dbrown.
The distinctive fcature of thce soils is taken to k¢ the
rcection prefilo: +topscil pH valucs lic below 5.5 (usually
5.0-5,4) and lowcr herizons heve similar or slightly low.r pH
valucs 4.8-5.3)., Othcr opcrtics arc intcrmediato between
tho two major groups (scc Table La).

Rainfall totals of 60-70 inchus pcr armum arc rathor
lowcr than thosc considcrcd dcsirablc in other countrics for
commcrciel rudbdber, oil palm aend benana production, although
production ef tho two lattcr crops, togcthor with nlentains, is
1iKely to be satisfactary to muct local requircments. The
soils orc tco acid to suppert satisfactory cocoa under prescnt
conditions, although thc situatisn may ono day bvo changcd 1if
suitable fertilizer techniquos can be warked ocut. Coffce is
telcrent of such soil conditions btut this crop would also necd
manuring to obtain sustaincd satisfactcry yiclds.

Fertilizers would ncecd to be used to incrcasc
arable crop production, too. Nitrogon and phosphorus would
be the mecjor requircement, and rcsponsos might cventuelly bo
oxpcctod to epplications of potash and perhaps megnosian
limestcne. arable cropping nccds to be practiscd with caution
tecausu ol tho danger c¢f inducing acccleratcd soil c¢resion.
The aim should bc to keep tha organic matticr csntent at as
high & lcvel a6 possitle end tc prctect the soil surface
agairst the impact of thc hcavy reinfall,
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-‘5. 9 l 11.6 4 uso | 109_ | L o 7$o_h 16,865 1343 387 L113 -045 .001 .009

6. (3) ‘ 1.6 123 ‘ 47 2 - 16 4,917 511 153 ;o7g B .049 . 001 .005

Total.t‘or 3 I‘eet‘- 3-195 i 6oL 68ﬂ | ui8 | 139,3!42[ 8301 1292

Table Y4a. Nzima-Boi series, a reprecsentative Forest Ochrosol-Oxysol intergrade: major nutriente in 1bs
pcr acre in surface 3 fecet. Detailed analytical data are given in Table 4b.
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Fore ot Rubriscl - Qchrosol fintorgr-deg

'ell dcvclopod Forest kubrigols congsiat of dark
red, f'irm or plastie, nutty to blocky clays developed over
basic rocks, usually under ruinfolls leos thun 60-70 inches
per annun., The clay mineral appcars likely to ve ut least
partially montmorillonitic, ond the profile ccntains lurge
anountc of bagcs thrcughout. Such solils arc =— unfortunately -
not extensive in Chana, but occur over small baoale dykee
(ususlly dolorite).

Therc arc, however, some oxpansco of Bolls inter-
mediate between true Rubriseols end the Ochrosola, amd theoe
huve been mayped separstely. Such o0ilg are developed over
hornblende und blotite granodiorites necur Taro, in the vicinity
o1' omall eplidiorite and dolorite intrusions occurring locally
throughout the forcest zone and in pliedmont drifts around
Bosumkese hill and ccrtain othur basic grcenstonc ineclbergs ond
outcrops in western Ashanti. Certaln of these eolls, although
containing normal amounts of organic matter, oro red to the
surface; come, too, cppecar to contain apprecisble amounts of
manganese dioxide, although egain this is not alwnys visible 1in
tho profilc. Structure 13 generally mirce cvidont end mero stablo
than in the Oclirngols; topscils are crumbly to nutty, and
loewer loyers slizhtly blocky or cloddy, and plastic when wct,
Excopt in thc case of pledmont drifts, recognizsble weathercd
rock 1g usuclly visivle within 2-5 fecect of the surfacc, und
the profilc muy contain unweathor:¢d crystals of horndblende,
cte., scottercd throughout. Although thu cluy mineral presert
is presumably predominantly kaolinitic, it oppears likely thot
montmorillonitic clay 18 present in omall proportions ulso.
Typicol profiles arc ghown in igurc 5. Analytical datc are
given in Tablec 52 and 5b.

The bas¢ supply from the woathering rock i1s suffi-
clent to prevent the profilces from becoming strongly leached:
torsoils have reaction values of pH 7.0-3.0 ¢nd lower loycro
FH 9.7-6.5, with values rising agaln in the weathering rock.
Inder fcrest the colls are well rrovided with plent nutrients;
the eff'cct of the depletion of the organtic matter under cultive-
tion 15 leag scricuy than in the Ochrosolso since the mineral
metter has o grc-.ter abllity to supply and retain rnutrilents
und the torsoils htve a moro stoble structurc, Nitrogen,
phosihorug and in gom. cases potush, may nced to be tdded
undeér irproved uratle cropping wnd for true crous, but eoctual
requirements cur only be det..rmined by contrsllzd cgrcnordce
triala,



Horizon
thickness
in

inchees

ey afel)
2. 6.5
3. -6
4. 6

5. 16

Total for 3 feet

Dry
deneity
(assumed) Calcium Magnesiun Manganoee Potsseium

1.2

1.6

1.6

1.6

1.6

Tadle 5a.
per acre in surface 3 fcet,

2728

2476

252

308

2262

8026

390

313

52

66

Iu1

1762

Exchangeceblo bases

127 81
102 96
18 i _26
19 31
41 212
307 LL6

Organic Total
matter nitrogen
38,9687 1983
29,647 1997
. 2,2@67_ {86
1,871‘ 322
.1;.551: 1867
86.316i 6355

Total

phos-
phorua

220

| 702
182

165
] o

1187

2456

|

Caleium | lagncslum

i,.

Wacri scrice, n representative Forcst Rubrisol-~-Ochrosol intergrade:
Dctailed analytical date are given in Table 5b.

'Relative availsbility' of baseo

o 757
«580
.355 1
-318

2177

ma jor

«165

«121

.110

115

190

nutricnts in 1bs

Mangonece Potassium
| .026 012
.017 «012
.0;7. 017
.01Yy # 016
_ .04 .013

(t.e. fraction of total soil capacity)
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fiordegn 'Relative availability' of bases
thicknusee  Dry Exchangcable bases Orgnnic Total Total | (i.e. fraction of total soil capacity)
in density [ | ‘matter nitrogen phos- _

inches (assumed) Calcium Magnesium Manganesc Potassium PhOTUB Gajcium Hagnesium UHanganesc Potassium
1. 1.5 1.2 2728 390 127 81 38,987 1983 220 757 <165 026 .012
2. 6.5 1.6 2476 313 102 96 29,647 1997 | 702 | 580 o121 2017 «012
3. 6 1.6 252 52 18 26 2,260 186 182 | 325 ! .110 017 1 .017

{ Al s as o
Lo 6 1.6 | 308 66 19 31 1,871 322 | 165 . 2318 115 Loty 016

3 | - - [ S | = .
5. 16 1.6 2262 91 41 212 13,551 1867 1187 l 277 »190 «00L <013
. . { .
: ' i

Total for 3 feet 8026 1762 | 307 LuL6 86,316|

] 6355 2456
Table 5ea. Wacri serics, a representative Forcet Rubrisol-Ochrosol intergrade: major nutrients in 1bs
per acre in surface 3 feet., Detniled analytical data are given in Table 5b.
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These are the most valueblc soils in the forest zone.
They are bctter provided with nutrients, have a better moisture-
rotaining capscity and are more resistant to erosion than the
much more widespread Ochrosols. They are almcet everywhere
under cocoa at prescnt, and, except where affectcd by swollen
shoot diseasc, yiolds,appcar to boc melintained at a high lcvel
instead of declining after a number of yeers a6 happeneé cn most
Ochroscls. It is possible, in fact, that, propcrly menaged,
tho emall arca thesec soils cover could by itself produce atout
helf of the total quantity of cocoa produced from the whele
forost zone at present.

Forgcst Lith~350l8

These are very shallow, brashy soils developed cver
hard rock, usually cn stcep slopcs. Because of the resistant
naturc of the rock cr the steep slope, thecre is littlec accumm-~
letion of weethcred material end the prcfile consists only cf
a shallow, derk-coloured, humous topsoil cverlying little-~
wecathered rock. Such soils are most extensive over Togo guart-
zitcs on the Akwepim and Togo ranges. They also occur on the
steep Voltaian sendstcne escarpment running through the forest
zone¢ from Koforidua towards Wenchi and over Tarkwelen quart-
zitcs, but have not been mapped scparately in these cases.
Shallow soils developed over shecet ironpan capping pencplain
remnants arc included in this categery. Such s8oils are droughty
and poorly provided with nutrients, and are best left under forest.

Ccrtain Lith030156

on the steep rlanks of some Upper dirrimian ranges (perhaps
vetter regarded as immature Forest Rubrisocls and Brunaoscls) are

developed over basic igneous rocks

much more fertile, and cen be used for cocoa production. The
slopecs of many of these ranges, however, are covered with deep
acld drifts washed down from croding O0Xysols on the bauxitic
summit-cappings. These s8teep slcpes shculd not be clearcd fer
arable crop production lest erosicn proceed cven more rapidly
than under natural conditicns.

Typical profiles are illustrated in Pigure €.

Forest Rpgoscls7

A narrow band of Regoscle bordering the coast in ihe
extreme south-wcst has been shcwn on the cep (in 2 strip of
conventicnel width) beceuse cof its impertence for ccconut pro-
duction, The solls here ccmprisc deep, dbrecwr sands, slightly
humus~stained ncer the surfece, developed in reised beach de-
posits standing some 5-20 fect aetcve the prescnt beach Tetween

6_Perhaps thegc would better te regarded as immature Porect
Rudbrisols end Forest Brunosols.

7Furthcr consideration indicatcs that these solls ere, in
fact, very 'dilutc' Oxysols. becaise c¢f their looze sardy nature,
rowever, tlhey would pcrhaps tettier te rerarded 8s acgosol -
Oxyeol intcrgreades,
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approximately Axim and the western frontior and varying in
width from a fecw yards to 4 miles (cf. Fredericksbury series
in Figure 7). The soils are highly acid in reaction amd almost
barrcn of nutricents., Their grecat assct lies in their favour-
ablc moisture relationships sincc thcy rcceive 80+ inches' well
distributed, annual reinfall and permit ample root proliferc-
tiocn. Occasionally, in rather flat sites, thc soils develop &
wecak orgenic pan at a depth of sbeut 2 fecet (Princes). The
originel coastel scrud ecnd forest covcr has now largely becn
cleared to mekc way for coconut plentations. On such soils,
these palms will undoubtedly rcgquire manuring to give geood
yields, but the actuel fcrtilizers reguircd and details of
application are not yct accuratcly known; preliminery results
from Division of Agriculture trials at Atuebo indicate striking
rcsponscs tc nitrogen, however, as well gs to phosphorus end
potash when used in combination'with nitrogen (Gordon, 1956).
applications by way of organic mettcer mey bce desiratle since
chemical fcrtilizers added dircctly to thesc free~dreining
sands may bec leached out of the profilc too quickly under the
rainfell conditicns ottaining.

On the shoreward side, thc soils describecd abovc
gradc into a narrow band of contcmporary duncec sands which give
risc to palec yellow, incchercnt sands conteining shell fragments
(Krisin serics). On the inlend side, thec soils somctimes grade
directly into ycllcw-~brown Oxysols dcvcloped in Tertiory sands;
but where old, infilled lagoons occur (as btehind Eikwe), they
pass into Groundwater Podsols {Atuabo series), Thc lettcr
consist of 1~3 fcct of pele grey or whitec incohcrent send,
humus-stained for a fcw inchcs at the surface, overlying e brewn,
compact, orgenic pan 1-2 fect thick which gredcs down iato
pale~coloured incoherent sand again. These soils are highly
ecid end clmost totally barren of nutricnts. The organic pan
impedes drainage and root penctration and many of the soils 1lie
watcrlogged or flooded throughcut much of the ycar. On the old
lagoon flats, they occur under shcrt scdges and gresscs with a
few clumps of trces and shruts. In persnnially watcrloggcd
sitcs, bleck, highly ecid, pcaty cleys occur (Mpetcbe scrics).
These saveanna flats, covering some U4 squarc miles, have suggestcd
themselves to some observers as potential rice lands. The
soils arc highly infertile,howevcr, and they arc unlikely to
support more then poor rough-grazing for somec time to ccmec.

hnalytical data for o rcpresentativce Groundwater

Podsol arc given in Table 13, p.€/75.
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Intcrior savonne zone

Although thisg zone covers approximately two-thirds
of thé country, consideregbly less is known about its soils
at present thon is known about those of the two other Zones.
De+*ailed studi®s have been confined to solls developgd Ovelr
Vol talan sedimentary rocks which, however, cover the greater
part of the zone. 8Soills over the granites have begn studied
to some extent, dbut little is yet kmown of the soils formed
over the various Birrimian snd Tarkwaian rocks. The boundgriegs
drewn on the soill nap must therefore be regardecd as provisional
ornly, and the frollowing account will undoubtedly need conside-
reble modification as more details become known over the next

f'ew years.

Tho major scil groupe rccognized are Savanna
Ochrosols, Groundwater Laterites, Tropical Black Earths,
Savanna Brunosols, Tropical Brown Earths, Savanna Lithosols,
Crey Acid Gleisols, Orey and Brown Calcium Vleisols and Sodium
Vleisols. The units mapped are Savanna Ochrosols, Savanna
Ochrosol-Groundwater Laterite intergrades, Tropical Black
Barths, Savenna Brunosols, Savanna Ochrosols with some
Lithosols end Brunosols, and Acid Gleisols.

In general, the solls of this zone have very much
lower contents of organic matter am have a lower nutrient
status than forest soils. Over large areas the 30ils have
unfavourable moisture relationships and, in addition, the
rainfall is less relisble in occurrence than in the forest
zone. The potential productivity of the soils of this zone
muat on the whole be regerded as appreciasbly lower than that
of the majority of forest soils.

Theae ure generally similar in profila form to the

Foreet Ochrosols but differ from them viaidbly mainly in that
the topeoil 18 legs strongly huma-stained. They consist of
red and brown, well droined, Crisble, porous, lommy Solls
Qoveloped (in the arcas where they are mapped scperately)
over Voltelan sandstonos, Lower Birrimian and Tarkwaisn
phyllites and schists, and certain granites towsds te
pouth-west of the zone. They ccoupy gently undulating to
gently relling, ssvanne-covercd topogrephy under anmual
rainfalls of &O=59 inches falllng, except in the extirem
south, in s single rainy season.
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Red or reddish brown eoils predominate, and dbrown
and yellow-dromn, middle-~ to lower-slope sssOciates mppeer o
be lese important tham ia ths forest zone. Depression soile
are gensrelly Grey Aaid or ¥eutrel Gleleols, but Bodium
Vlieisols agpeer t6 eeesur in sowe vslley bottones amongst
Ochroecle developed Oover the Obosum beds in the south of e
zone.

Textare varies according to the nature of the
parent material. 6ame soils over Voltaian sandstones are
sandy throughout the profile; eolls over the major area of
Voltaian eandstones and over crystalline rocks (where these
give rise to Ochroscle) may have appreciable gand contents,
but dbecome at least loamy and often clayey in the lower
horizons; eo0ils over phyllitees and schists are generally
light clay to clay in texture throughout. The clay mineral
is believed sverywhere to be kaolinitic. 8Soile on piledmont
slopes below roocky hille in the Gambage highlands, and perhaps
elsewhere over Voltaian gandstones, consiet of fine material
throughoot down to bedrock. Elsewhere, upland soils characte-
rietically contain vesicular irompan or abundant ironstone
concretions at some depth in the profile. Over eandstones
there 1s generally from 1 to more than 3 feet of fine earth
overlying the ferruginous layer; over other rocks, the
ferruginous layer generelly occurs within a few inches to the
ground surfece and over Birrimian rocks it mey also contain
considerable amounts of guartz gravel and stones.

There is generally less toxtural variation with
topographical site than occurs in the forest zone, and deep,
pale~coloured, lower-slope, colluvial sands seem only to be
important in a narrow zone, probsbly coinciding with the derived
savanna zono, immodiatcly north of thc rorcset, more particu-
larly over V2 Obosum beds in tho Ejura area (sce geological map).

An ideal topographical section, except in the
higher parts of the Oambaga highlends, coneists of a small
summit-capping of red soils, usually shallow, over ironpan
(which outcrops locally to give rise to S8avanna Lithoeols),
giving way, often Lelow an ironpan outcrop, to rcd soils
containing ebundant ironstone concreticns end sometimee ironpan
boulders covering the major pert of the topography. Alcng
minor depressions the lower-slopc soils consist of yellow-
brown, mottled, silty or sendy clays giving woy to grey,
mottled, silty clays in the bottoms. Along major valleys
the ferruginous laycr of the slope soils may outcroy and, in
Voltalaen areas, hard sandstone may be expoeed, in a marked
steepening of the slope bordering the valley bottom; 4in the
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latter occur grey, slightly mottled, eilty or sandy clays.
Over Obosum beds in the EBjura area, bottom soils sometimes
consist of a foot or 8o of pals brown sand overlying grey,
compact, priematic sandy clay going down into grey mottled
ochre sandy clay with celcareous concretiona. These appear
likely to be Sodium Vleisols. It is not known at preeent
how extensive such s0ils may be.

Typical upland profiles over sandstone and phyllite
are illustrated in Figure 8. Upland soils differ from Forest
Ochrosole mainly in the morphology of the topsoil. There 1is
no continuous lcaf-litter layer at the surface, and bare soil
is of'ten exposed between the widely spaced grass tussocks.

In the south, the s&urface 3 inches may be mid-~ to dark grey-
brown with organic matter, grading into a further 3-6 inches
of s80il in which humus-~staining gradually disappears and the
colour becomes brown or pale reddish brown. More generally,
the undisturbed soil 3is only slightly humus-stained, the
colour changing fraom grey-brown at the surface through pale
orange-brown to the colour of the subsoil below ebout 6-9
inches, Lower horizons closely resemble thosc of Forest
Ochrosols developed over similar parent materials, although
it must be noted that ironpan and ironstone-concretionary
subsoils are much more common than in the forest zone.

As in Forest Ochrosols, nutrients are concentrated
in the topsoil organic matter and the soil mineral matter has
little capacity to supply or retain nutrients. Since humus
contents are low, there usually being less than 2 per cent
organic matter cven in the surface layer and lesser amounts
below, the soilt are generally poorly provided with aveilable
nutrients, phosphorus and nitrogen being particularly
deficient. Intensive cropping would be expected quickly to
exhaust the low reserves of other plant foods. Topsoils are
generally almost ncutral in reaction; 1lower horizons are
rather less strongly leached than in Forest Ochrosols, and
reaction values in the 91bsoll normally lie around pH 5.5.
Representative analytical data for a soil over sandstone are
given in Tablee 6a and 6b. Thesc should be compared with
those given in Tables 1 and 2 to gain an indicaticen of the
difference in fertility status between the Forest and Savanna
Ochrosols.

Tillage 18 casy c¢xcept where sheet ironpan or
ironpan boulders 1ic¢ near the surfuce. Molsture relation-
shipe are leps favourable than in the forest soils because of
the exposed conditions; evaporation losscs are higher and
there is loss of water by surface run-off during rainstorms



Horizon
thickness Dry Exchangeable bases Organic/ Total Total
in density ’ matter ‘nitrogen  phos-
inches (assumed) Calcium Magnesium Mangenese Potassium
(I8 5 1.33 605 161 32 79 19,827 668
2, 6 1.6 390 100 12 L4 2,729 909 260
3. 8 1.6 518 131 8 77 28,323 1334 563
I ke 19 1.6 617 189 11 106 22,564 1400 700
— i R R
5. (6) 1.6 232 113 5 51 7,456 503 336
Total for 3 feet 694 66 354 102,899 4811 2189

2362

Table 6a.
in 1bs.per ocre Insurface 3 fect,

- e ————ie— e i

Rimi series, a representative Savanna Ochrosol from the interior savasnna
Detailed analytical dsta are given in Table 6b.

'Relative aveilability' of bases
(i.e.fraction of total soil capacity)

phorus Calcium Magnesium’ Manganese Totassium

e

281 24 L0111 .019
113 .04L8 .002 006 '
-} a. =
A
.081 .034 . 001 . 006 f
) 079 ) oho 9001 ° m?
.078 .063 .001 .009

e

2one: major nutrients
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even under natural conditions. Topsoils tend to be droughty
and subséils have poor retentive properties where concre-
tionary or indurated layers exist. Moisture relationships
are better in piedmont-slipe drifts; and over Obosum sand-
stones in the Ljura ares, a perched water-table develops at
depth during the rainy season and moisture 1is probatly
avallatle to deep-rooting plants throughout the year.

Savanna Ochroegols are extensively farmed in the
Gambaga highlands, around Tamale, in the Teciiman-iienchi area,
near Ljura, in central Togoland and around road-side settle-
ments elsewhere, For reasons that are not entirely clear,
they are little-settled and farmed in noirth-west Ashanti and
the western half of the liorthern Region; many of the soils
here are shallow and droughty, however, Yams egre the major
crop grown, and the deeper soils over Voltaian sendstones are
admiratly suited to the production of this crop, although the
methods of cultivation used gquickly deplete the soil of its
organic matter., Some maize is grown in the south; guineacorn
ard millet are more important further north. Tobacco is grown
in tre ¥/enchi and Gambaga areas and is being encouraged eround
Ljure and Damongo. The former Gonja Development Corporation's
farm at Damongo 1s situated on Ssvanna Ochrosols developed over
Upper Volteian sandstones. Imperate cylindrica quickly pro-
liferates on cropland in the southern half of the zone,

The provision of organic metter, both to supply
nutrients and inprove the physicsel condition of the topsoil,
should be the chief aim in improving agricultural productivity
from these soils. here ctock can be kept, lraal manurc should
be mede and applied. Elecewhare, {requent groen-manuring viith
&8 percnnial or semi-perennial cover crop should be practised.
Artificiel rertilizers should bec added to these to givec the
best results. Anti-erosion decvicoe are rcqgitired if lerge area;
of soils are cleared since the expoced soils, cven vhere sandy,
ar¢ unable to absord higr-intensity rainfall and are readily
suscyptible to the development of 'cultivetiex pans' and
acceleratod crosion.

Lasocigted botitom s8oils are almost unuscd at preacnt.
They are not particulerly fertile but, beceuse of their siid,
are usually very suitable for rict production, For this te
be really successful under the climetic conditions obteining,
8ome agystom of water control 1is raquired.
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woter Linterliss and Ochrngol = Greundwatur
Groundwater Loteritea cover very extenslve arcas

over tho Voltaian shales (V2) and granites (mainly G1) in the
interior savannt 2zone. Thcy have not been moupped scparately
beceuse, in many orcas, following o change in drainage condi-
tions, the soils shew some tendency tcowards boceming
Savonna Ochrosols. True Ochrosols occur locally, as well cs
occaslonal Lithosoles developcd over rock or ironpan outcrops.
3ome small =arcas of golls seen over G2 granites belon3z to the
Brunogcls and Tropiccl Black Ecorthg: these cannot be mepped
separatcly here, however.

Groundwatcr Laterites consiet of from a few inches
to 2 feet of pele-coclourcd, scndy or silty loam overlying
vesicular, orcnge cond dbleck ironpan (or strengly mottled
clay indurating to ironpan on cxposure) which gocs down ot -
variable depth into mottled wecthcred rock. They occur
cextensively on the uplcnd parts of very gentle topography
under savanng vegetoetion, Thelr origin is due to poor
internal drainago: over V2 shales, drainage is impeded by
the horizontal beddiny of the impervious bewrock; over
granite, drainage 18 impeded by the clayey nature of the
weathering rock. Representative profiles are 1illustrated
tn Figure 9.

Over V2 shales, the undisturbed profile (Kpelesawgu
serieaz typically consists of a few inches of greyish, silty
or fine-~sandy loam, hwmis-stalned for an inch or two at the
top, overlying obundant ochrecous ironstone econcretions of
varying slzes in a pale grey clay matrix; at o depth of 3-4
feet the concretionary layer abruptly overlies grey and ockre
mottled clay which within s few inches grades into hard shale
or nudstone, mangancsc-stained slong the partings. Disturbed
solls may be concretionary to the surface., The ferruginous
subeoil often contuins large ironpun boulders end hus itself
sometimes hardened into caslly crugshed, vesicular ironpan.
These solils are liasble to be waterlogzed almost to the surface
during the rains, but the water rairly ouickly flows throtugh
the profile laterally and the soile become dry shortly after
the end of the rains.

Over granite (Rubile aeries), there may be 1-2 feet

of brownish yellow to yecllow-grey, firm, porous, coarse sand
or sandy loam, slightly humus-etained near the surface and
bocoming faintly mottled ochre towards the base, overlying
orange and grey mottled, porous, gritity clay forming



&

- 6/35

easily crushed, vesicular ironpan when exposed; this may
contain guartz stones and gravel near the top; 1t grades at
depths of 3-5 feet into grey mottled red or orangc, firm,
porous, gritty loam or clay gradually becoming recognizable
as pale-coloured, weathered granite at depths of 8-15 feet.
Small rock outcrops occasionally project in some areas.
¥here eroded, as near Bawku, hard ironpan may occur st or
within an inch or two of the surface. These soils become
waterlogged to the top of the ferruginous layer in the
rains, but appear to drain lesse rapidly than the V2 soils,
except where the ferruginous layer has hardened, although
they eventually dry out deeply during the long dry season.

The intergrade soils occur where drainage 1is less
impeded due either to a more sandy bedrock in the case of
Voltaian areas or possibly to a high biotite content in the
cage of granites; or to recent slight dissection of the
topography. In these soils, the topsoil below the humsg-
stalned layer may be yellow-brown to pale orange-brown in
colour and the upper part of the ferruginous layer consists
of dark-coloured, spherical, ironstone concretions in an
orange-brown, porous, loamy matrix in the case of V2 areas
or of orange-coloured, semi~-hard, gritty, vesicular ironpan
in granite areas. 8Such so0ils only beccme waterlogged in the
lower part of the profile. They are droughty during dry
spells. Vthere drainage improves still further, true Ochrosols
are developed.

£1]1 these soils appear to have reaction profiles
similar to the Ochrosols, the surface layer being ncar-
ncutral and lower horizons moderately to very acid. Organic
matter contentz decrcase from south to north but are generally
very low, few soils containing more thsn 2 per cent in the
surface laycr end many in the north only about 1 per cent or
less; eroded granite soils around Lewra and Bawku are
particularly depleted. Aveilable phosphorus 1is very low,
although considcruble anounts of thils element are fixed by
the iron in the subcoil ard are almost inaccessible to plants.
Nitrogen contents are low, nnd suprlies of other nutrient s are
low because of the low rctentivity of thie s0il mineral matter
and the absence of wcatherable minerals within root-range.
Representative analytical dats arc given in Tables 7a and 7v.



Horizon

'Relative aveilability' of bases
thickness  Dry Exchangeeble bases Organic | Total Total (1.e. fraction of total soil capacity)
in density ' 3 matter ' nitrogen phos- ’ - S R
inchee (assumed) Calcium Magnesium Mangancse'?otasaiujn phorusd | Calcium Magnesimn;llanganeaetpotassium
. I SRR B i |- = . l |
e L4 | 1.3 | 687 122 38 104 | 13,228| 570 130 [ 512 | 4150 021,040
2. 7 1.6 L16 | 118 L6 59 8,899 | 427 | 208 339 166 .029 .026 !
e i o L S e o R
3.9 | 1.6 | 57 ) 18 7 12 1,081 | 60 32 .. ND. . S
1 B S 1 IS O, N
ho 12 1.6 586 386 76 | 129 5,465 371 199 | .2u8 269 | .02y | ,028
| | SR et T N S | N S
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Table 7a. Kpelesawgu scrics, a representative OGreundwater Laterite: major nutrients in 1bs per acreo
in ourf'aco 3 fcet, Detailed analytical data are given in Tadble 7be N.D. = No Daca.
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There is 1little farming of the true Groundwater
Latgrites over Voltaian rocks, but the greater depth of topsoil
makes such solls cultivable in granite areas. Intergrade soils
are cultivated to some extent around Tamole and the f'ew other
settlements in the vast area covered by V2 shales. Crop yield
data are not available bdut appearanccs suggest that cereal
yields at least are low. Yams are grown, too, in some
Voltaian areas; ylelds are not known, but can only be expected
to be low.

Groundwater Laterites are recognized as the poorest
goils in the humid tropics (Kellogg & Davol, 1949). Those in
Voltalan areas have almost no potentiality for development
and can best be relegated to providing poor rough-grazing or
set aside for game reserves. The deeper topsoil of the granite
soils provides some basis for cultivation, but these soils are
infertile and susceptible to drought and to erosion. Increased
yields really depend on adding nutrients and improving the
physical constitution of the g0ils., This can best be achieved
by adding organic matter. Measures neceSsary to produce
permanently satisfactory returns from such soils are likely
to be expensive to apply, however: the soils are fUndamentally
poor, with a low human-or stock-carrying capacity.

The soils describved above occupy the greater part
of the topography, from summit to lower slope. At the edge of
valley bottoms the ferruginous layer of the upland soils often
forms a hard, broken, ironpan outcrop. The valley-bottom soils
(cf. Figurc 9; Volta series over shalc; Kupola serics ovor
granite) are closely similar over all rocks and consist of
grey, slightly mottled ochre, porous, structureless, silty
loams to clays, rather loose at the surface but becoming very
firm with depth. Some soils are slightly to moderately acid
throughout; others are slightly to moderately acid near the
surface but gradually become slightly or moderately alkaline
below about 30 inchecs. Appreciable amounts of soluble salts
apparently occur in the lower layers of some soils, both over
Voltaian shales and over granite, but it is not yet known how
general this feature may be and what agricultural significance
it may have. Rcpresentative analytical data for a bottom soil
in the Voltaian shale area are given in Tables 8a and 8b.

These bottom s0ils are llable to seasonal water-
logging or flooding for varying periods, but generally become
thoroughly dry during the dry scason. The 80ils are rarely
used, except for dry-season rough-grazing in same northern
areas; but saome of the larger bottoms, as, lor example,
along the Hlagie river, appear to provide excellent cpportunities
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for large-scale rice cultivation, provided provision ig made
for adeguate water control. The ©0ilo are much bettor provided

with nutrients than the adjolning uplard soils: cf. Tables
6a, 7a and 8a. Jgronomic investigations are required to
determine whether salts present in some soils are liable to
interfere with cropping, but little difficulty is in fact
anticipated under efficient management of drainage.

Savanna Ochroscls with some iithoscls cond

Brunosols

This mapping unit is co-extensive with the Ugper

Birrimiar (B2) anc Tarkwaion outcrops shown on the geological
map. No systematic studies have yect been made of the soils
developed over these formations under savanna conditicns.
Brief examinations made elong roads suggest that B2 and
Tarkwaian phyllites give rise to Savanna Ochrosols as
described above, although often with harder ironpan or pan
boulders in the profile. B2 greenstones genersally form
conspicuous, steep=sided hill ranges with Lithosols. In

this case the rock weathers brown, friable and loamy.

Valleys below such hills may possibly be occupied by brown,
structured, cracking clays containing lime concretions at
depth, although the presence of such soils — Tropical Brown
BEarthe — has not yet definitely becn gubstantiated., Tarkwaian
quartzites form steep rocky hills, as ncar Banda lNkwanta, with
pale-coloured Lithosols consisting of little more than hard
rock brash and interstitial sasnd. Lithosols are aleo developed
over extensive ironpan sheets capping low tabular hills in the
Lawra-Nandom area. Valloy-bottom soils have not been studied
but, except near B2 greenstone hills, probably consist of

Grey Acid Glelsols or Grey Calcium Vleisols.

The Ochrosols, often containing abundunt ironpan
boulders or hard shecet ironpan, and the Lithosols over
quartzite and ironpzn outcrops, have little agriculturcl
value or potentiality. B2 greenstone soils, as near Nongodi
and north of Bawku, are usually intensively farmed and highly
eroded, particularly on steep slopes. None thc less, the
rich nutrient ocupply from the weathering rock, into wvhich
roots can penetrate fairly well because of the stcep argle of
dip of its schistose cleavage planes, allows almost cortinuous
cropping to be practised although yields arc relatively low.
The s0ils' main deficiencies arc likely to be nitrogen and
moisture. Tropical Brown Earths, if present, will provide
good agricultural soils, morc¢ suited to plough farming than
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Table 8a, Lima series, a representative Grey Ncutral Gleisol (?): major nutrients in 1bs per acre in

surface 3 fect.

Detailed ananlytical data are given in Table 8b.
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to hand cultivation, and, with the addition of nitrogen and
phosphorus, will be 1likely to give sustainedly higher crop
yields than any other major soile in the. interior savanna
zone,

Tropical Black Earths

These arc dark grey cracking clays containing lime
concretions in the lower part of the profile devsloped on
very gentle upland topography over basic igneous rocks and
Voltaian limestones or calcareous shales. They are of smell
areal importance. The major occurrcnce, over G2 granite
containing frequent basic xenoliths, has been tentatively
indicated on the soil map; but other examples, as seen over
G2 granite near Pusiga (east of Bawku), over an unknown rock
at M.P. 118 on the Tamale~Sawla road, end over V2 magnesian
limestone or calcarcous shales in a few localities within
the Voltaian basin, are too small to be represented on the
present map. The soils occur under annual reinfalls of LO0-50
Inches. Thc savanna vegetation contains conspicuously fower
troes then edjoining upland soils (Ochrosols or 3roundwater
Laterites).

On the Ramboi-Bole road near Kwamen Kwesi, the
surface 2-3 inches of the soil is a dark grey, porous,
crumbly loam consisting entirely of worm casts. This
grades into 12-30 inches of dark grey, rather porous,
gritty clay, rather heavy and plastic when wet ©but hard and
nutty to cloddy when dry; this layer contains frequent, tiny,
ochreoous ironstone concretions. Below a sparse quartz stone-
line, the so0il merses at 15-30+ inches into pale grey, gritty,
clayey weathered granite wvhich locally contains calcareous
concretions. Spheroidal rock outcrops occurring locally
contain numerous large hornblendic xenoliths., These soils
are appreciably lighter in texture than Black Clays occurring
on the Accra plains.

Black Clays developed over V2 calcareous sheles
and interbedded dolomitic limcstone and shale consist of 1~4
feet of dark to mid-grey or olive-grey, cloddy clay, highly
plastic when wet and hard vhen dry, overlying weathcred,
clayey shale or hard, brashy limestone. Lime concretions
occur below about 30 inches in the decpcr profiles. These
soils are hecavier than the Kwamen Kwesi soils descrited above,
but less heavy than those of't he coastal plains.

The nutricnt status of these soils is unknown as
yet, but they gre likely to be deficient in nitrogen; those
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over V2 roeks may aleo be ahort of phosphorus. Cultivation

ia 1nhihited at present bdecause the s0ils sre too hsuvy for
hand cultivation and bscause of the waterlogged cur.dition

of the proflile following hesvy reinfall., Little develogment
can be expeated on these solls beosiss of the presunde of
frequent rock outcrops in granite eareas, which would iaterrere
with the ploughing these soils regilre, and the small extent
and remoteneas of individual ocourrences in V2 areas.

Ravanna Brugomels

Presant Inowladge only allows 8avenna Bruncsels
to be mapped separatsly where they are developed over Buem
voleanie rocks in eantrul Trans~Volts Togeland. Here they
cocur extensively over gentliy-unduleating topograghy broken
locally by cceasional reck outerors. They support S reoe
savanna vwith tussecky tall greasea, snd reecive °3-60
inchea' annual reinrsll.

The upper—elope solls eonsist of broen to reddieh
browvn 8i{lty clays santsinling bvouldera of westhering basalt.
The middle elopea carry a mixture of reddiah brown, brown
and yellows=brown, silty lomms to clayes containing emall,
iron-coated bosulders of besaltl, rocgk bouldere often lie
scatltered edout the ground surfsca, too. Lower-slope
colluvium gives rise to dark brown or dbrown, cloddy, plastic
clays containing lime concretions at depth: these constitute
Tropieel Browm Barths. Bottom soils comprise brown to dark
gruy, cloddy, Plastio clays, often ocontaining lime concretions
t0 tha asurfsce: thecee are Brown Calcium Vleisocls. The lower-
slope and bottom e0ils together occupy sbout one quarter of
the topogreaphy. Thay crack deeply and widely when dry, and
small eubeidence hollows often oecur in the bottom soils.
Three of the major stile sre illustreted in FPigure 10.

Those 20ils are little farmed at present because
of their heavy nature and thelir difrficult moistire relation-
ships, but where not badly drolken by rock outcrops or too
bouldery they appsar suitable for develojment with the sid
of heavy machinery and might then become highly productive.
This applies particulsrly to the lowver-slop= and bottom soilws.
At proesent, conaiderable water 1s lost! by surface run-off,
and the eoils, except where vary bouldery, suffer from
impeded internal drainage. On ths other hand, thay dr¥ hurd
and compact, craecking deaply, &nd little moisture remelns
gavalilable for dry-sesson upe. Deep tillege and ths provision
of f'raquent Arainage ditches, m8 in the closely aimilar
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Black Bartha, would serve to prcduce & stable, erumbly ttlth,
give bDetiur internal drainLge and a1 the cams tims {mprove
nolsturo~retaliniag capucivy.

Complete mpalytisel 4ata sr0 not svellabtle at
pressnt, but the s0ile have & high nutrient-polding ocepaaity
and ars Well surplied with calgium snd megnsstum. Organie
mattier oontents ars low, hosever, and nitrogen ie [ikely to be
daficient. 7otal phosphorus eontents may de high, but the
proportions avellablo 0 plamt s are NCt yot imown ard may
perheps e low, eupceially in the lime~rich depression soils.
The e0ils are m.itubls for continuous eropping, however, md
artirfiecial fertilizere normally need to be added to giwe
sustalnsd high yielda vwhere such ¢ practice is possitle.

Acld Gleisolse

The width of the alluviazl tract along ths ¥Yhite
aend Blagk Volte rivers probably varies from nil to as much as
S miles. The writer has secen 80 fow soctions &cross it that
it weems wiger to reprssent this tract on the eoil mep by a
strip of eonventional wvidth om both banks of thes river.
Similarly, no sttompt has been made to show slluvial tracte
along tributary rivers, although thssc are lnown to be
extensive nlong the Fasia and are prassumably go along other
rivers, %t00o. Tha greseter sxtent of theso tracte ap - <ars not
to be flooded directly by the neighbouring river cver-
topping 1ts danke, but extensive areas beooms woterlogged or
Tlooded by water seeping from adjoining upland arcose and ‘Inable
to drain into the river because of the laves,

Aerial phatographs reveal an elabocrate network of
abandoned levess and river channels together with low terrsace
remants, end 801l patterns are likely to be camplex, The
major 801ls along the Volts rivers sre thought likely to be
gray mottlud yollow-brown, porous, silty clays, modorotsly
acid in reaction throughout W.e profile. 8uch solls carry
high sesamp grassland with veriadble emounts of trees. These
are the Acid Gieieocls. Soils on slliuvial flats extensively
developed along some tributary vanlleys within the Vol taian
basin conalist of gresy, slightly mottled oclre, very silty
clays. B8ome of these are ecid in resction throughcut;
others become alkaline at moderste depths. guch flate may
cerry short scdgea, or medium or tall greaaslond: thay are
generally almost trocelces. Annlytical data for such a soil
(in thie cmec a Ncutresl Gleisol) from the Nosis basin are
given in Tables 8a and 8b.
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Soils of sther gwape slas ssour, 0)4 leveed mny
bs g)poated Lo carry yellowish to pule Psd ceerse sands or
sandy leoams &nd the prasent river bamk may have pale yellow-
bDroen SAnds with s &ark brewm, lumous, foreet tapaotl.
Terree ®ila oensiet of red or orange-rowm: loame W cleys,
usually beseming mettled at a dapth of >4 feet: tha®e
sanatitute Osbhraeocls. Other low=level tLerreas soile seen
slong the Bed Yolta and along ths White Volta for sume Rislansce
aftar it saters the Veliaian Dasin beleng w \w 7Tropicel
Brownn Parths. They consiat of hrown e11ly clajs, Plastic when
vst WUt rather firm and ¢1064y vhen dry amd of ten creciking
wi@sly end developing mmall subeidence Mollowe. Theee 80 ile
contain lime cansretiona below a Gepth of 2~ feet, but smy
be aAlightly ecid in resction nessr the surfess. Thelr parent
osterial mey posaibly have bean derived from B2 greendione
ereas.

Terrsceé 80ils, except, it is beileved, the Arown
BArtha, sre sometimes heavily farmed o sudeistance ¢rops,
d tobecoo is grown slong ths levee btanks of the nortihsen
oourse of the White Volta and the Red Vclta. (anarslly
speaking, however, the $0ils of the slliuviel trsct are littile
used, mainly, it spposrs, decausc of Inmann discese feotore
(river blindness, sleeping sicknees), but posaib.y also
because of the depredations aof large game snimsle which
gocupy, or migrate seasonally eslong, these aliuvisl tracts.

The s0ils provide a valuable reserve of agricul-
tursl land suitadble for development by modern technigqucs.
The major acils are unlikely o bs more than moderately
provided with nutrients, bt fertilizers would require to
be 8dded in any csse for the cuntinuous cropping ¢ which
they sppear suited. S8uccessful developzment will involve
expensive capltal worke for drainsge and water contirol, but
crop returne — under efficient managoment — would bo likely
to make auch investment economic. Msize, guinoacorn and millet,
together with tobacco snd pulses might bo grown on the betticr-
dralined sites, 8nd rice and perhapa sugurcane on lower-lYying
sltes. Thesa 80ils would do suitable for extensive mochanizod
ferming., Pesasanti farmers would requirec at lesst bullock-
drawn ploughs to cultivetes theeo soils.

Little is knosn of tha cultivation requirenants of
the Brow? Barths, but they sould apposr .iikely to give high
returns under woll organized mochaniz2cld farming using inorganic
Tertilizers to msintain Certildity,
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The reddish terrace soils and leves sands requir
the application of organic matter to maintain productivity,
Because of the irregular dietribution pattern of these upland
80ile, they are probably best suitsd to small-ecale peasant
farming. The usuul oeresls, rocot crops and vegetablee oould
be grown on the red soils. Mangoes would grow satisfsctorily
on the sandy lsvees.

conotal gQvADNs AQNQ

The characteristic soils of this zone are guite
different from those of the interior savanna zone. This
appears to be due to the fact that theee coastal areas were
largely stripped of their former eo0il mantle during Quaternery
fluctuations in sea level and the present-day soils, al though
developed on a gantly undulsting landscape similar to that in
the interior savanna gzons, are much younger with weathering
rook uasually oocurring at only moderate depths in the profile.
Geology has therefore a more important influence on soil
formation in this gzone than in areas where almost all rocks
are weathered to the extent that their influence is largely
restricted to providing different proportions of the insoluble
residues. It ia largely for thie reason that the aoil map
appears to be @disproportionately detsiled over the coastal
savanna 2zone compared with, say, the forest zone where
climate is the major determining faotor.

The greater extent of this zone 1s oocupied by
drift soile. B8uch soils, as evidence of their dArift origin,
usually oantain a stone~line of gquartz gravel separating the
80il proper from the underlying rock. Where there haa been
no source material to provide a stone-line, there is still
oharacteristically a marked discontinuity between the aoil
and the undsrlying rock. Despite this discontinuity in the
profile, these drift soils are oloaely tied to the underlying
rock, boundariea betwsen ecils dsveloped over different rooks
often being quite sharp. The fsot that the drifts are 8o
tied to the underlying rock indicates that they are not
alluvial in origin. The additional faots that in several
cases there are no rock ocutcrops from wvhich fine material
could have been waghed by sheet or rill flow and that the
soils occur over the whole of the topography except the
alluvial depressions indicate that the drifts are not
primarily colluviael in origin. It appears that biotic
agents, mainly the termite (Magrotermsg) which oonstruots
the large mounds, are responsible for transferring material
from the zone of weathering rook below a layer of lag-gravel



b

- 6/L5 -
(stone-line) to form a superficial drift in which the present
solls have developed. Whilst in the termite mound, the mineral
particles are subject to further weathering and, as the mound
is gradually washed down, the materiesl is distributed over the
ground surface by sheet and rill flow. In the material which
accurulates, proflile development then takes place by normal
gsoil-forming processes.

In all, eight great soil groups have been mapped,
viz: Savanna Ochrosols, Regosolic Groundwatcer Latcritos,
Tropical Black zarths, Tropical Grey Earths, Acid Glcisols,
Sodium Vleisols, Savanna Lithosols and Recgosols. Thase are
described in turn below.

Savanna QOchrosols

These are red, brown and yellow-brown, well drained,
friable, porous, loamy soils similar to thosc of the interior
savanna zone, In the coastal savanna zone they are mainly
developed on gentle topography over the unconsolidated Tertiary
deposits in the south of the zone, but also occur on peneplain
remnants in the wost of tho Accra plains and in terrace
deposits along the Volta. They mainly receive an annual rain-
fall of 25-45 inches and carry high grassland with variable,
but often substantial, amounts of coastal thicket vegetation
in clumps; some arecas of Tertiary sands towards the east of
the Ho-Keta plains still carry oxtensive stands of thicket,
however, and are better regarded as Forecst Ochrosols. Typical
profiles are illustrated in Figure 11l.

Over the Tertiary deposits, the normal upland
profile (Toje series) consists of a foot or so of grey-brown
to pale brown, loose to rather firm, porous sandy loam grading
into a great depth of uniform, rod, firm, porous, structure-
less, sandy light clay to clay. Ironpan and ironstone concre-
tions are typically absent. B8ome profiles are neutral or even
alkaline in reaction throughout™, but the most widespread
soils appear to become moderately acid below a neutral surface
horizon, Organic matter contents are low, and the soils are
poorly provided with nutrients, particularly nitrogen and avail-
ablc phosphorus. They allow froe root development, and mois-
ture reletionships are satisfactory for deep-rooting crops
although shallow-rooting crops suffer from drought during the
prolonged dry spclls liable to occur in this zone. Analytical
data for a typical profile are given in Tables 9a and 9b,

8Possibly as a result of the accumilation of lime in old
termitaria which are very frequent on these soils. Substan-
tial amounts of lime concretions have been seen in old termi-

taria around Legon hill,
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Table 9a.

in 1bs per acre in surface 3 feet.

Toje series, a representative Savanna Ochrosol from the coastal savanna zone;
Detailed analytical data are given in Table 9b.

—

major nutrients
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Towards the lower slopes amongst the Tertiary sands,
and on upland sites, too, where these deposits are shallow,
the red soils are replaced by yellow soils with similar
characteristics, although the upland soils often become
mottled below depths of 3-4 feet. Where the Tertiary
deposits run down to the edge of the flats surrounding the
coastal lagoons, pale grey to white sands occur. These latter
soils, Regosols, are almost sterile.

Red and yellow soils on remnants of the 30-40-foot
Volta terrace superficially resemble those over the Tertiary
sands, but are more silty, rather heavier and have a bettsr
capacity to hold nutrients. Many profiles contain lime
concretions, thought to have originated in old termite
mounds. The normal soil becomes moderately acid in reaction
below a neutral surface horizon.

Peneplain remnants forming summit cappings in the
vestern Accra plains carry red, ironstone-concretionary clays
overlain by only a few inches of red or brown sandy loam
(Nyigbenya series). The shallowness of the topsoil, together
with the droughtiness and low nutrient status, restrict the
agricultural value of these soils. Near and to the west of
the Accra-Dodowa road, the red soils are succeeded downslope
by brown or yellow-brown sandy loams to clay with mottled
gravelly lower layers; and, in the bottoms, by grey, mottled,
porous, silty clays.

Soils over the Tertiary deposits and Volta terraces
are heavily farmed, with cassava the major crop grown.
Fallow periods are generally too short, especially near roads,
and crops appear poor. The provision and maintenance of an
adequate organic matter content is essential if crop ylelds
are to be increased. Drought-resistant crops such as millet
and guineacorn, Bambara bcans and various pulses are
suitable for the conditions, and mangoes appear to do well,
These so0ils would respond well to irrigation, best applied
to them by sprinkler methods, and could then support a wide
range of cereals, pulses, vegetables and fruit crops provided
these were suitably manured. Manuring would be required, too,
to give satisfactory returns from cooonuts, the most suitable
crop for the deep, infertile, pale-coloured, lower-slope
solls. The concretionary soils in the west have little
agricultural potentiality, but the deeper solls downslope
are better and reguire treatment similar to those over the

Tertiary deposits.
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Rogeosolio Groundvator Lateriteg

No referencen are known to solils similar to thoee
desoribed below occurring in other parts of the tropios.
They are difficult to oclaseify at the great soll group level,
and the name used is only tentatively proposed until more
information on the solle becomes available.

The golls consist of from a few inchee to several
feet of pale-coloured send overlying a mottled, gravelly,
sandy clay which in turn overlies weathered aclidic gneisse or
granite. They occur extensively over the latter rooke on
gently undulating upland topography. They receive 25-50
inches annual rainfall and typiocally carry high grassland with
frequent scattered trees and, psrticularly, abundant Borarsrus
palms; but one extensive series (§imga) typically carries
only short or medium grassland with few trees. Drainage is
seasonally impeded by the clay layer or the clayey weathered
rock at the base of the profile. There 1s some evidence
that this 1s due to the presence of a certain amount of
sodium in the clay9 The clay mineral has not yet been
determined, but kaolinite is thought likely to predominate;
montmorillonite may occur in the weathering rock. Typical
profiles are illustrated in Figure 12. Representative
analytical data are given in Tables 10a and 10b.

Between Dodowa, Doyum and Agomeda on the Accra
Plains, and almost throughout the north-western acidic gneiss
belt on the Ho-Keta plains, the soils (Doyum scriog) consist of
3=5 feet of pale brown coarse sand, humus-stained in the topmost
foot, overlying a foot or so of grey and red mottled sandy
clay containing quartz stones at the base amd with grey and
ochre mottled clayey weathered granitelo below. Rock
outcrops are rare or abgsent. A perched water-table occurs
seasonally above the mottled clay horizon; the latter has
developed into hard seepage ironpan locally. Assoclated
bottom solls, not extensively developed, are grey, hardpan
solls belonging to the Tropical Grey Earths described below.

In the broad acldic gneiss belt crossing the centre
of the Ho-Keta plains and over much of the belt to the south
indicated on the geological map as basic gneiss, a total

9This has subsequently been confirmed in the case of
erie cf. Tables 1lOa and 10b. This sorics now appears
%o have closer affinities to tho BS8odium Planosols (Tr0plca1 Grey
Earths) than the Groundwater Laterites.

107he few examples of unweathered rock seen in pits indi-
cate a granite lacking in dark minerals.
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Table 10a. Ziwai series, a representative Regosolic Groundwater Laterite(?): major nutrients in 1lbs per acre

in surface 3 feet.

Detailed analytical data are given in Table 10b.
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area of some 800 square miles, the soils (g}wa}_soriqg) and lts
finer-grained congeners) consist of 1-2 feet of pale yellow-
brown, loamy coarse sand, humus-stained near the surface,
grading into 1-~3 feet of yellow-brown, mottled ochre, sandy
loam to clay containing rounded quartz stones at the base;

the underlying rock may be thoroughly weathered and strongly
mottled with red for a few inches at first, but quickly
becomes pale-coloured and loamy, and recognizable as weathsred
gneiss. Ironpan rarely occurs. Rock outcrops occur very
occasionally. Dovmslope, the sandy superficial layer thins
out and there are fairly extensive occurrgéncos of Tropical Grey
Earths which are described below. Red, gritty, ferruginized
clays occasionally occur on sumnit sites, and there are red
clayey piedmont drifts around the few large inselbergs: these
soils belong to the Savanna Ochrosols.

In the western acidic gneiss belt on the Accra
plains, the rocks are finer in grain but contain numerous
quartz veins. The associated soils (Simpa scrics) consist of a
variable depth, but often less than 1 foot, of medium sand,
grey-brown near the surface but becoming pale brown below,
overlying 1-6 feet of grey mottled ochre sandy loam to
sandy clay containing abundant quartz gravel which is iron-
coated in the topmost foot of the layer but clcar and pale
below; this overlies little-mottled, little-~weathered,
acidic gneiss containing frequent quartz veins. These soils
carry short or medium grasslard with few trees., Tropical
Grey Earths are extensively developed amongst these soils &ad
upland sites often carry peneplain remnants with concretionary

Savanna Ochrosols.

In all these soils, the humous horizon is near-
neutral in reaction; 1lower horizons are slightly to moderately
acid, but pH values tend to increase again in the weathering
rock. Soils with a deep sandy superficial layer have a very
poor nutrient status and are very droughty for annual crops;
tree crops, once established, might exploit the seasonal
water~-table present at depth. Ziwal soils on the Ho-Keta
plains are chiefly used for groundnuts and cassava. The
sandy layer retains low amounts of nutrients: phosphorus
and nitrogen appear likely to be deficient. T,ower horizons
contain large amounts of mineral bases, but phosphorus
reserves are very low. Soluble salts may locally reach toxic
levels in the deeper layers. These soils suffer from poor
internal drainage during the rainy seasons and Imperata
cylindrica 1s an ubiquitous weed. The shallow, gravelly soils
of the western Accra plains are 1little farmed but are
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extensively grazed. They suffer from alternate internal
waterlogging and drought, and trials on the University College
Agricultural Research Station, Nungua, indicate that they are
particularly deficient in phosphorus.

The deeper soils are only suitable for drought-
tolerant crops: cassava, millet, guincacorn and perhaps sisal
suggest themselves. Deep placement of superphosphates might
be useful in encouraging deeper-rooting in groundnuts. It
1s desirable to add organic matter, either by naturel fallowing
or through manures, to maintain fertility and improve the
physical constitution in such soils.

The shallower soils might be ridged to improve
drainage during the rainy seasons. These would need to bve
carefully graded to guard against erosion. Natural fallows
would both add organic matter, which the soils require,
and help to suppress Imperata cylindrica. Phosphatic,
nitrogenous and, eventually, potassic and perhaps other
fertilizers would need adding for intensive crop production.
Groundnuts, millet, guineacorn and cassava are suitable crops;
tobacco is also being tried on such soils at Wuti (north of
Abor) on the Ho-Keta plains.

Tropical Black Earths

These are dark-coloured, heavy, alkaline, cracking
clays. They occur on gentle savanna topography over the
maln basic gneiss belt crossing the Accra and Ho-Keta plains;
small areas cover basic rocks elsewhere. In all, the soils
cover some 300 square miles on the Accra plains and a further
300 square miles on the Ho-Keta plains. A further 50 square
miles (approximately) occur over basic schists on the
Winneba plains. A profile is illustrated in Figure 13.
Analytical data are given in Tables 11a and 11b.

The profile form gradually changes from south to
north as rainfall increases. Under 25-35 inches rainfall
in the south, the soils usually consist of very dark brown
to black, cloddy, plastic clay containing calcareous concre-'
tions scattered throughout; pale-coloured weathered gneiss
occurs at 3-4 feet. Further north on the Accra plains, with
35-45 inches rainfall, there is usually 18-24 inches of very
dark grey, cloddy, plastic clay near neutral in reaction
grading into mid-grey clay containing abundant calcareous
concretions; Wweathered rock generally occurs at 3-4 feet
but shallower soils and rock outcrops.occur patchily. Under
45~50 inches rainfall on the Ho-Keta plains, topsoils become



- | ‘ i
Horizon . 'Relative availability' of bases
thickness Dry ! Exchangeable bases 'Organic| Total Total ] (ie.fraction of total soil capacity) |
i in density T__ - ““matter | nitrogen phos- i I {* — 1 “““‘““7
.inches ((assumed) |Calcium 1Magnesium Man ganese Potassium| prigrua ;Calcium ,!Magnesium Manganese Potassium ;
- | - i
1« 565 1.4 - 7359 2361 62 } 131 51,095 1760 523 [ <540 | 318 % .003 005 ;
t . . |
I | ! - | ' 1 i
2, 9.5 1e4 12241 Lo71 | ND. i 196 | 42,291 1703 755 . «530 291 | ND. ooy 1
‘i | | | | Q
i 1 : 1 . T wun
3. 9 1.4 14094 L276 ; ND. ; 210 | 28,992 | 1181 708 i 628 314 ND | L005 WM
. : - ]
! ! ! | |
! [ f f |
be 6 | 1.4 | gowy | 3555 | ND. | 142 | 13,321 554 | 490 | .608 o4 | M .005 |
] Il | -‘ - !
[ ! { | i DU N T T . 0
5. (6) i 1.4 4003 1342 l ND. ; 45 2,511 123 358 -1 <311 ND. .003 J
1 L 2 | jl : Y
Total for 3 feet liu67u1 15605 : ND. | 734  1138,240| 5321 | 2834 | !
_ : - | ! o i

Table 11a., Akuse series, a representative Tropical Black Earth: major nutrients in 1lbs per
acre in surface 3 feet, Detailed analytical data are given in Table 1lb. N.D. = :lo Data.



LAY

- 6/53 -

more loamy and porous, and slightly acid in reaction; lower
horizons are often olive-grey to olive-broyn and contain
calcareous concretions below about 18-24 inches; shallow
goils and rock outcrops become frequent.

Throughout, associated depression solls congigt of
dark grey, very heavy, plastic clays, cracking widely and
deeply on drying. They are moderately to highly acid in
reaction near the surface but gradually become less acid,
and eventually alkaline, with depth.

The dark colour of these soils is apparently due
to the particular form in which the organic matter occurs.
The total organic matter content is actually relatively low,
although it is more deeply distributed down the profile than
in most of the country's soils. Nitrogen and potash appear to
be in relatively short supply, and although moderate amounts
of phosphorus occur, and there are large reserves in the
weathering rock below, the amount available to plants is likely
to be low in the presence of free lime in the profile. There
are abundant amounts of calcium and magnesium, on the other
hand — more than 20 tons of the former and 7 tons of the
latter per acre in the top 3 feet of the profile for which
data are given, apart from the large quantities held in the
lime concretions. Soluble salts apparently vary in amount:
a few soils examined have contained more than O.2 per cent
sodium chloride in the lower layers, but generally they are
believed not to occur in harmful quantities.

The clay mineral is almost entirely montmorillonitic.
This gives the soils their characteristic physical properties.
In the natural state, they are hard and compact when dry,
cracking deeply and widely. On wetting, they increase in
volume by }J0-50 per cent, becoming heavy, plastic and
impervious.

The soils are almost uncultivated at present, but
gimilar soils in India and South Africa are known to be
intensively farmed and, with the introduction of appropriate
techniques, there seems little doubt but that the local soils
could be made productive too. In fact, properly handled,
they might well become the most productive soils in the
country. Their heavy nature, difficult moisture relationships
and the erratic nature of the rainfall have inhibited their
development earlier., They require the use of heavy cultiva-
tion machinery, skilled management and irrigation (together
with drainage) and might then produce such crops s rice and
sugarcane in particular, as well ae other cereals, vegetables,
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tobacco and fodder plants. The major virtue the soils possess
lies in the stable, friable tilth they develop when Bbroken up
and kept well drained. They can thus,unlike the majority of
the country's soils, be continuously cropped, so long as
suitable fertilizers are added and precautions are taken
against erosion,

Investigations to discover suitable crops and
techniques to suit these soils are being carried out on the
Kpong Irrigation Research Station and the University College
Agricultural Research Station at Nungua.

Tropical Grey Berths
11

These are grey hardpan™~ soils occupying very gentle
savanna topography over acidic gneisses and schists, mainly
in the east of the Accra plains and the south~west of the
Ho~Keta plains. To the west of the Black Earths on the
Accra plains and to the east of these solls on the Ho-Keta
plains, the GBrey Rarths ocecupy lower slopes in association
with Regosolic Groundwater Laterites on the uplarnds; 1in the
east of the Accra plains and the extreme south-west of the
Ho-Keta plains, however, they occupy the whole topography
from aummits to bottoms. In all, they cover some 200 square
miles on the Accra plains and some 125 sgquare miles on the
Ho~Keta plains. They generally receive only 25~35 inches
annual rainfall.

They have a distinctive profile (cf. Figure 14).
The topsoil consists of up to 12 inches of grey-~brown, porous
sand or sandy loam, slightly humus~stained near the surface.
Below this occurs the hardpan layer consisting of about 12
inches of very hard and compact sandy clay cracking vertically
into 6-sided blocks when dry; these prismatic blocks aro hums~
stained externally near the top; internally and below, they
are weakly mottled grey and ochre. The lower part of the
profile consists of grey or yellow~brown, weakly mottled
ochre, leas compact clay containing calcareous concretions.
A stone-~line at the base overlies moderately to highly-
weathered gneiss or schist. The topsoil and upper subsoil
are slightly acid in reaction; the lower part of the hardpan
horizon and lower horizons are moderately to highly alkaline
and contain appreciable amounts =- usually about 0,2 per cent —
of sodium chloride. The proportion of montmorillonitic clay
present apparently varies from about 20-40 per cent; the
remainder of the clay is kaolinitic. Analytical data are

given in Tables 412a and 12b.
TINot to be confused with ironpan,
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acre in surface 3 feet.

Detailed analytical data are given in Table 12D,
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These s0ils underlie the major grazing areas of
the zone, but they are uncultivated. The hardpan both impedes
drainege and root penetration, so that plents suffer water~
logging in the rainy scason and drought at other times.
Contents of organic matter, nitrogen and phosphorus are very
low, but lower horizons - inaccessible to roots — are well
provided with mineral bases.

Development of the s0ils for agriculture would be
expensive, It would involve breaking up the hardpen 80 as
to allow deeper rooting, and improving internal drasinage to
leach sodium from the clay in the hardpan and sodium ssalts
from lower horizons. Treatment with gypsum would be
beneficial in this respect but probably too costly to
practice. On disturbance, the soils become highly suscepti-
ble to erosion, and careful attention would require to be
paid to furrow elignment and field drainage under cultivation.
There 18 no indication what crops might be suitable for the
80ils 1if ever developed. Only drought-tolerant millets and
guineaccrn would suit the soils in their present condition, and
these would require nitrogen and phosphorus to be added for
successful growth. Investigatory work on these soils is in
progress on the University College Agricultural Research
Station at Nungua.

Acid Glclgolg

Acid solls developed in alluvium are mainly found
along the Volta and in the ©0ld delta, but also occur fairly
extensively along some tributary valleys on the adjoining
plains. They comprise a number of very different soils.

The major soils on the Volta levee (Amo scrigg cf.
Figurc 15) consist of a grey, humous, rather looso, porous, silty
topsoil going down into many feet of yellow-brown, mottled
grey and red, porous, silty light clay. These 8oils are
rarely flooded todsy. On the higher areas, the soils are
near-neutral at the surface becoming moderately acid below;
dovmslope, they become increasingly acid throughout. The
associated slough poils (Tefle gericsg), subject to seasonal
flooding, comprisc¢ mid-yrey, mottlcd ochrc, hoavy clays,
moderatcly to highly acid in reaction in the upper part of the
profile but becoming less acid with depth. Deep, yellow-brown

sands (Chichiwcrc geries) occupy the high river banks.

kround Songaw and Keta lagoons, extensive flats
have grey, strongly mottled red, compact clays containing
gypsum at depth. These 80ils become extremely acid in
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reaction below the surface inech or two, with pH velues of 4.0
or below. The acidity of thess soilas is attributeble to free
sulphuric acid, the soils apparentiy having developed in
former mangrove swamp alluvia in the old delta in which
drainage has now improved.

Over the acidic gneiss areas of the adjoining
plains, Tropical Grey Earthe similar to those described above
ere generally developed along valley bottoms. Over the basic
gneisses, very heavy, black clays occur in depression sites:
these are usually moderately to highly acid in the upper layers
but become less acid with depth. Brown, plastic clays, variously
acid and alkaline, occur along some valley bottoms on the bounda-
ries between the Black Eartha and neighbouring goils, Yellow-brown,
mottled, acid silty clays similar to those along the Volta border
the lower half of .the Todze river which crosses tho Ho-Keta plains.

Small amounts of chewing csne are grown in sloughs
along the Volta, and subsistence cropping of cassava and
sometimes groundnuts is widespread on the lighter solls.
Grazing occurs on the deltaic flats and locally elsewhere, but
in general the heavy clays are unused.

The soile of the Volta alluvial tract and certain
local stream alluvia offer considerable scope for development.
They arc¢ not particularly fertile at present, but appear
suitable for continuous cropping under which conditions a
complete range of fertilizers would eventually need to be
added in any case. Dralinage control of the lower-lying scils
would be required: they would then be excellent for rice and
sugarcane production. Pump-irrigation from the Volta or its
creeks would benefit the lighter-textured, more-elevated, Amo
solls: these would be suitable for cereals, groundnuts,
vegetables and tobacco as well as rice and sugarcane. Imperata
¢ylindrica, a noxious weed on the lighter soils, would need
to be controlled by occasional fallows under crops such as
pigeon pea, although periodic flooding or the growing of dense,
tall crops such as sugarcane might be effective, too. The
soils appear to contain appreciable amounts of salts at depth,
mainly sulphates 1t 18 believed; under proper soil management,
there need be no danger of toxic effects on plants under '
irrigation.

The very acid deltaic soils appear likely to be
uneconomic to develop under present conditions. Heavy
applications of 1ime would be required to counter the acidity;
heavy fertilizer applications would be required initially; a
drainage system would need to be provided to control the level
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of a seasonal brackish water-table; and irrigation would bve
required to supplement the meagre and erratic rainfall.

Sodium Vleipolg

These socile border the salinc coastal lagoons and
creeks along the lower Volta. They comprise black or dark
grey clays, sticky when wet, and hard and blocky whecn dry,
occurring extensively in the less highly saline areas; and
mottled sandy loams and clays, encrusted with salt crystals
at the surface, occurring on the almost bare lagoon margins.
The less saline so0ils are sometimes intensively cultivated
along the lower Volta, where they are annually flooded with
fresh water, sugarcane and vegetables being the major crops
produced. Drainage control, irrigation and the use of
fertilizers and tractors would be required for the improve-
ment of agriculture on these soils., The salt flais are
unlikely to be brought under cultivation.

Savanna Lithosols

On the coastal plains, these mainly comprise
shallow, droughty soils developed on steep, rocky slopes of
inselbergs. (Some inselbergs carry patches of forest, but
such soils have not beecn mapped separately). Those over
basic gneisses are black in colour and rather clayey. Over
Togo quartzites, the soils are very brashy and the inter-
stitial fine earth 18 red and loamy. The s0ils are unfarmed
and have little agricultural potentiality.

Reposols

The only soills mapped as Regosols are those
developed on the coastal sand dunc on either side or the
Volta estuary, but similar soils occur locally on lower-
slope sites along the southern edge of the Tertiary deposits.
The 1littoral soils (cf. Figure 16) consist of a few feet of
yellowish, incoherent, coarsc sand, somctimes made greyish
by humus-staining near the surface, going down into yellowish
coarse sand containing ehell fragments and locally, near Keta,
hard, laminar, calcareous pan. This lower part of the
profile contains a seasonally fluctuating fresh water-table.
In the Tertiary deposits, lower-slope profiles consist of
a foot or so of greyish, humus-stained, incoherent, medium
sand grading down into several feet of pale grey or white
sand, locally slightly ironstained, and with a brackish
water-table at a depth of 10O or more feet.
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The dune sands characteristically support cocomt
plantations with a sparse ground-cover of short grasses.
Where palms have died out from Cape 8t. Paul wilt disease '
near Keta, high grassland occurs and cassava is sometimes
grown. Under natural conditions, the s0ils are almost barren
of nutrients; bDut, as the coconut palms often conspicuously
indicate, soils around settlements are considerably enriched
by the addition of excreta, household refuse and fish remains.
Coconuts are sometimes grown on the pale Tertiary sands, but
cassava is the usual crop grown and mangoes are often
numerous.

Near Keta, intensive cultivation of shallots and
maize is practised on artificially built-up soils on the
lagoon margins. Dune-sand material is intermixed with the
saline lagoon clays; bat and cow dung as well as small fish
are added as manure; and water is tapped and run down ditches
from the water-table in the sand dune or applied by calabash.
There are limited possibilities of extending this form of
agriculture because of the restricted area where suitable
conditions exist.

The Regosols over Tertiary deposits are droughty and
barren. Such soils have little potentiality unless it becomes
economic to add large amounts of fertilizers or organic manure
and supply irrigation, when they might be used for intensive
vegetable production.
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Prcparation of tho goil samplg end gro8g mcechanicsel

annlysis.- Tho gently ground, air-dry soll was passcd
through a 2 mn, sieve and both tho fractions paseing and
rctained by thc sicve wero wcighed soparately. Tho fraction
retaincd by thc sicve was further fractionatcd by sicving
into the following fractions: stoncs, 20 mmi, ; coarsc gravel,
were wcighed air-dry and the moisture content of tho finc
carth was detcrmined irmodiatecly upon sicving. Tho moisture
content of the coarscr tractions is ncgligible. .ll rcsults
of gross mcchanicel anselysis refer to air-dry material

(dec Endredy, 1954a).

M.chenical gnalysis of the finc c¢arth.- Thc beaker

method of sedimentation was uscd, aeftcr rcmoval of calciuwm
carbonate, organic mattecr and casily soluble mangancs¢ pcero-
xida. Fractions wcre seperatcd according to the intcrnational
itterberg scale, i.c. 2-.625, .625-.2, .2-.02, ,02-,002 and
£.,002 mm. Thc pcrcuntages reported refer to oven-dry soil
(de Endredy, 1954a).

Organic mattcr, - Organic matter was determinced by the
mcthod of Walkley-Bleck, assuming 2 rccovery of 77 per cunt
against theorctical, i.c. taking onc ml. of N potassium dichro-
mate c€quivalent to 3.9 mg. C. ..lthough this rccovcry 1is
strictly valid only in thc humous horizons of the forcst and
the red savenna soils, thc crrors in the lowcer herizons of
thcse soils and in the cntire profile of the Black Zarths and
rcleted solls of thc ..ccra plains are not too scricus becouec
of thc gencrally low carbon contcnt and can be corrccted if
rcquircd (d¢ ndrcdy, 1954b). Organic matter was calculeted
by the fector 1.72 from thc carbon dnta.

Total nitre;en.- Total nitrogen was determinud Wy the
Kjcldahl mcthod, using a sclenium catalyst. The caArton nitrogen
ratios wcrc calculatcd on thc basis of carbon valucs obtalincd
by the Walklcy-Black mctrhod; consequently they are soncwheot
low in the Black erths and rclated soils (de Endredy 19542 & b).

Moisturc.- . 10 gm. semplc of' thc air-dry finc carth was
dricd in an ovcn et 10500 to constant wcight., Jlthough thc
moisturc content of a frcshly ground soil sample mey decrcasc
considcrably in thc first wccks, oncC thc s-mple tucomcs rcally
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air-dry the meisturc contcnt rcmeins romarkably constant
in spitec of rathcer large changes in the relative humidity
of thc air during the ycar (de Endredy, 195La).

.- The glass electrode was uscd, employing a soil:
watcr ratio ¢f 1l:2. Once thc sample is air-dry, tho pH
rcmains practically constant (de Endredy, 195La).

Calcium carbonate,~ Calcium carbonate was determined by
the Scheibler-Passcon mcthod, using 3 N pcrchloric acid to
liverate carbon dioxide (de Endrody, 1954a).

Cation exchange capacity.- /L serics of experimcnts has
provcd that the ammonium acctate method mey yield unrcliablo
rcsults, Using .5 N barium acetatc solution of pH 8.2 and
remeving the excees by washing with 80 per cent alcohol,
howcver, rcmarkxably rcproducible rcsults are obtained and tho
sum cf thc scparsatcly determined exchangeable cations and
exchangeable hydrogen agrec woll with the directly determined
exchange capacity. Only in & few soils were positive discre-

pancics obscerved, i.,o0. an excess of cxchange capacity over the
sum of cxchangoable cations plus exchangeable hydrogon. Thus
the berium acctatc method has generally been cmployed. In
montmorillonitic soils, however, exchange cepacitios dectcrmined
by bcth tho barium acctate and ammonium acctatce method show

a tolcrable agreemcnt (de Endredy, 1954a; de Endredy &
Montgomery, in prep.; Birrell & Gradwell, 1956).

Exchengeable cations.~ N ammonium acctatc solution
of i = 7 was generally uscd for lcaching and, aftcr rcmoval

of ammonium salts, the calcium and magncsium werc determined
by the improved versenate method, mangancse by photomectry,
potassium and sodium by flame photomectry. A technique was
dcvelopcd to corrcct for any calcium cerbonate and watcr-
soluble salts present, In highly calcsrcous horizons the
cxchangecable calcium was detcrmined by lissink's mecthod (de
Cndrcdy, 1957).

-

Conductivity.- The electrical conductivity of a 1:5
goil susponsion was mcasured and corrcctcd to a tcmpcrature
of 25°b. Conductivity gives a fair indicetion of the amount
of soluble salts prescnt (de Endredy, 1954a).
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Total phosphorus.- A 5 gm. sample of the soll was
extracted with 70 per cent pcrchloric acid and the phosphorus

dctermined in the resulting solution by the molybdo-veanadate
procedure, using thc Spekker photometer with the mercury arc
lamp and the Ilford 601 plus Chance OV 1 filter (Quillan,

1955; Nicholas & Pollak, 1950; de Endredy & Quagraine, in prep).

Refcrences

BIRRELL, K.S. and GRADWEIL, M. 1956. Ion-exchange
phencmena in somec soiis containing amorphous mincreal
censtituents, J. Soil Sci, 7, 130-L43.

BRAMMER, H. In preparation. C,F, Cherter's interim scheme
for the classification of tropical soils. Kumasi,
Division of lgriculture, Soil and Lend-Useé Survey
Brench. Occ. Psp.Z2.

BULL, R.A. and CHAPAS, L.C. 1956, Somec effects of soil
applications of magnesium sulphatc on the visual
symptoms and yields cf magnesium deficient oil palms
at Calabar, J,W. .ifr. Ingt, Oil Palm Res. 2(5), 85~91.

de ENDREDY, 4.S, 1954a. Zsnalytical methods used in the
laboratory of the Department of Soil and Land-Use Survey,
0old Coest. Proc, 2nd Inter-Afr, Soils Conf. 2, 933-43.

1954v, The organic matter content of Gold Coast
soils. Trang. 5th Internat. Cong., Soil Sci., 2, L57-63.

———— 1957. Somec aspects of the chemistry of Gold
Coast soils. (Paper rcad beforc a moeting of the West
ifricen Sclence issociation, February, 1957. Unpublished.)

and MONTGOMERY, C.W. In preparation, Some aspects
of cation exchangce in Ghanaian forest soils. Xumasi,
Divigion c¢f agriculture, Soil and Land-Use Survey Branch,

Occ ) 2‘“2‘ 2.

- and QUAGRAINE, K. /. In preparation. Total phos-
phorus 1in Ghanaian soils. Kumesi, Division of Agricul-
ture, Soil and Land-Use Survey Brasnch. 0Occ. Pap.2,

GORDON, J. 1956. Coconut fertilizer trial, .ituabc. New
Gold Cst Pmr 1, p, Sk,

HAINES, W.B. and BENZILN, B. 1956. Some manuring experiments
on oil palm in ifrica. Emp. J, Exp. /[gric. 24, 137-160,

KELLOGG, C.E. and DAVOL, F,D. 1949. L4n oxploratory study
of soill groups in the Belgian Ccngo. Brussels,
Institut National pour 1'Etude Scicentifique du Congo

Belge. Serie Sci. U46. p.65.

NICHOL.\8, J.W. and POLLLK, F.F. 1950. The isolation of the
lines of the mercury arc by filters. Anelyst 75, 662-70,

QUINL.LN, K. P. gt al, 1955. Spectro-photometric determina-
tion of phogphorus as molybdc-vanadophosphoric acid.

fnal, Cheme 27, 1626-9.

WALDOCK, E.A. et al. 1951. Soil conservation and land use in
Sierra Leone. Freetown, Government Printer. pp.2u4-5.



R

——— —— e —— —— - = ——

Mechanical analysis per cent soil (particle size in mm.) !

|

Lower depth li 'I;;i;em Organic matter per cent Motstigs airij-
of horizon In total soil (air ary) B 11 (ovenary) | dry soil !
in inches I - | . [ ‘i | | per cent ‘

Stones | Coarse gravel |Fine gravel |Fine earth || Silt - clay | o | g L om . o )

It 220 | 20-6.25 6.25-2 <2 .02-.002 | <002 | | ! | - M. 1 |

L 4 ; i { : ! ;

1. 4% | N1 | 1.0 1.6 97.4 | B.51 | 20.59 |3.86 | 0.286 1.7 I 6.64 2.56 |
2. 9 CONil 0.4 12.8 86.8 | 5.46 | 13.21 |0.71 | 0.073 9.73 1.22 | 0.97 |
3. 18 |1 0.8 | 16.9 81.2 I} 5.39 | 36.36 [0.34 ! 0.037 9.19 0.58 1.67 |
b 32 | 0.9 5.0 o7 | 93.4 ‘J hobd | 31234 10.27 | 0,081 6.58 0.6 | 1.73 |

] | I | | |
5. 55 ‘ Nil 1.6 1 5.6 | 92.8 6.2 | 147.87 ,50.221 0.027 8.15 0.38 | 1.88 ’l
6. 94 L Nil 1.6 1 1.9 | 96.5 | 10.76 | 40.22 10.17 . 0.023 7.39 0.29 2.0h |
7. 133 | Ni1 0.6 1 1.6 | 97.8 | 12.25 | 30.57 0.08 | 0.025 3.20 0.14 1 1.56 |
8 168 | Nil 0.5 '1 1.4 \ 98.1 l' 17.1% 1 11.21 ."o.os N.D. | N.D. 0.09 . 1.12 !
— e o : ! | : — e !
—_—— ‘T | ]
Lower depth | Cation Exchange camplex m.e./100 gm. fine earth, oven dry .'
of horizon pH CaCO | exchange 'f. R — e — T—— - Cgmiluc:tim’.t_y6 L P (total) |
in inches per cegt capecity | Ca -[ Mg Mn K Na Total bases |25 mohs x 10 | P-p.m. 5
1. 4 | 7.5 |  o.m2 23.55 | 14.58 | 4.0 | 0.23 [1.35| 0.48 | 20.6k ND. | 333 |
2. 9 | 7.1 Nil 6.83 1 2.95 | 0.8 0.07 |0.24 | 0.20 425 N.D. 128 |
3. 18 | 5.9 Nil 6.66 | 1.52 ] 1.02 | 0.06 |0.07 | 0.14 2.81 N.D- | 126 |
h. 32 | 5.7 Nil 6.53 1.26 | 0.86 0.04 | 0.04 | 0.16 2.36 ‘ N.D. r 126 :
5. 55 . 5.6 Nil 6.83 ; 0.88 | 0.68 0.04 |0.02 { 0.19 1.81 i N.D. 130 ;
6. 94 | 5.6 Nil { 6.96 0.48 | 0.4 0.02 |0.02 | Q.26 | 1.7 ; N.D. 133 |
7. 133 | 5.8 Nil | 6.39 | 0.23 | 0.2 | 0.02 (0.07( 0.23 | 0.97 | N.D. N.D. ;
8. 168 5.1 Nil 5.06 | 0.20 | 0.32 ' 0.02 |0.03 | 0.4 | 0.7 J N.D. N.D. :

] ' |
— N.D.= Ko data

Table 1b. Soil group: Foreat Ochrosol Survey: Kumasi Region Rainfall: 55 inches p.a.

Series: FKumasi Locality: Central Agricultural Station, Altitude: 800-850 feet

Kumasi, Ashanti

Profile No.: PRR 299 Site: Upper slope/gentle undulation

Vegetation: Forbd regrowth

~€9/9 -



Lowar depth
of harizon
in inches
1. 2
2. 11
3. 21
L. 33
5% L6
6. 64
7. 79
Lower depth
of horizon
in inches
1. 2
2. 11
Dle 21
l+o 33

.5, L6

L 6. 64
7. 79
Table 2b.

. g v -3
- Mschanical analysis per cent soil (particle size in mm.)
| Organic matter per cent | Moisture air-
In total soil (air ary) In fine earth dry soil
T i chlven dry) - T — ——————— per cent
Stones | Coarse gravel | Fine gravel |Fine earth f Silt Clay
>20 20-6.25 6.25-2 || <2 1102 .002 <002 ¢ N C/N O
Nil Nil Nil 'i 100.0 { ND ND | 6.11 . 0.454 13.46 10.51 | 440
21.4 16.4 20.6 | | ND ND | 0.71 0.085 8.35 1.22 | 2.12
12.7 42.0 13.9 [ 3.4 || ND ND }0.40 = 0.061 6.56 0.69 2.02
- l L
Nil 14.8 6.5 , 787 | ND ND 10.31 0.069 Loh9 0.53 2.07
f N.}l N}l Nil ;’ 100.0 ' ND ‘\ ND !0.28 . 0.057 4.9 0.48 1.15 '
| Nil Nil | Ml | 1000 | ND | ND ;0.07 0.047 1.49 0.12 .  0.92 |
R S g PSS, S—; | - EI— —— —~ e =
] e e S = ey - -
' ! Cation I Exchange complex m.e./100 gm. fine earth, oven dry
| pH CaCO | exchange , I —--—:]— e = Canductivity, | P (total)
per | capacity Ca ' Mg M¥n " K Na  Total bases 25° mohs x 10 p-p.m.
6 0.028 43.13 23.74 ' 7.87 0 36 gO.}O 0.66 32.53 ___”_L_N ]_J_._ “_--“5-52“—-”_-'
5.1 Nil 16.00 1.63 | 1.2, lo 05 10.10 | 0.15 3.17 N.D. 424
5.0 Nil 13.20 0.50 1 0.30 O 02 10.07 ' 0.19 1.08 N.D. 436
5.1 Nil 10.95 0.4 | 0.24 10,02 [0.07 ' 0.22 1.0% N.D. 453
4.9 Nil 9.99 0.32 | 0.33 0.0 |0.03 0.1 0.85 N.D. 395
5.4 Nil 6.55 , 0.29 | 0.30 0.01 |0.09 ' 0.23 0.92 N.D. | N.D.
S B  N.D=No asta
Soil group: Forest Ochrosol Survey: Kumasi Region Rainfall: 55-60 inches p.a.
Series: Bekwai Locality: Near Manso Nkwanta, Ashanti Altitude: 1,000 feet
Profile No.: PKR 74 Site: Upper slope/steeply rolling Vegetation: Cocoa



;._ ¢

Series: Boi

Profile No.:

LTB 334

Locality:

Site:

e e R e e N ————

Mecham.cal ana]ys:.s per cent soil (pa.rtlcle size in mm.)
| Lower depth |——— SR—
l of horizon In total soil (air dry) In fine earth
| 4n inch : _ (oven dqy)
= es s —rpe e ik
i Stones 1 Coarse gravel '|Fine gravel | Fine earth..g Silt ! Clay E
\ >20 1 20-6.25 6.25-2 | G 2 .02-.002 | <.002
- ———— — e ———————
‘ 1. 3 Nil | 4.0 L 9.6 7.59 2247
2. 7 Nil 2.7 l i 95.6 10.50 7.7
x 3. 16 2.0 | 23.2 '. i 54.6 11.72 41,94
4. 27 | wNi1 | 4.9 1 1 92.9 13.88 | 52.68
] |
5. 42 Nil | 1.7 | | 98.0 | 15.64 54.57
. g, gg m% | 0.8 | | 92.; 1 13.% lg?.gz
. Nil | 0.7 ~. .98, 1 129.74
8. 114 Nil ‘ Nil 1 | 100.0 Ho19 l..? '21 .10
RS- e 3 B e —"—_:EP - —— — E‘ --!1-_-—- T T e T TR
Lower depth i i Cation 1
of horizon pH i CaCO | exchange | .. . ____
in inches ; per cent | capacity | Ca . Mg } Mn
Wor il Sl NN U - ... o - b, SURDINN (R S, SN -
1. 3 4.70 | Nil { 1.7 | 0.79 ’ 0.03
2. 7 4.78 | Nil | 0.30 | O.k | 0.01
3. 16 5.00 Nil 0.31 | 0.35 | 0.01
4. 27 4.90 | Nil 0.26 | 0.31 | 0.01
|
5. 42 .95 | Nil . 0.25 0.30  <0.005
6. 66 5.20 | Nil 0.22 0.25 0,005
7. 88 5.20 | Nil 0.9 | 0.13 [<0.005
8. 114 5.28 i Nil 1 0.20 ! 0.10 ',<0.005
- N.D.= No data
Table 3b. °~ Soil group: Forest Oxysol

Swrvey: Ilower Tano Basin

Organic matter per cent

N

0.189
0.081
0.070
0.059

0.051
0.035
0.032
0 018

Exchange complex m.e./100 gm. fine earth, oven dry

Na.

0.25
0.27
0.27
0.16

0.13
0.15
0.43
0.22

Approximately 10 miles north of

Esiama, Western Region

Middle slope/steeply rolling

-T o:t--a l_ ba.'.;,es

IRI &

L

FLEN

O0OO0OO0O OO0O=mMN

N.D.
N.D.

N.D.
N.D.

N.D.
N.D.

N.D.
N-Do

Rainfall:

Altitude: c

Vegetation:

t‘ ”
- ¥
{ Moisture air-
dry soil
“_'T'_h__ﬂr“ B :,' per cent
.M. |
L.25 | 1.78
1.4 | 1,52
1.15 | 2.17
0.89 { 2.33
0.72 | 2.20
0.48 2.10
0.38 1.56
0.3

1.34

___ Conductivity, | P (total)
h o] i
.gg__mohs x_1Q__i"_P,p.m.

174
123
14O
140

112
107
76
68

75 inches p.a.

«150 feet

Forb regrowth

-|69/9 -
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Lon Mechanical analysis per cent soil (particle size in mm.) !
depth! _
& -ept o o el Organic matter per cent Molaturorairs
of horizon In total soil (air dry) " In fine earth dry soil
in inches (oven dry) per cent
r . . = - - —L¥. . . o e e —— — - soee— - - = — —
! Stones . Coarse gravel | Fine gravel ' Fine earth  Silt I Clay i [ ! b '
> 20 20-6.25 6.25-2 €2 j.2-.002 <002 | C | N o Ok J
—_—— § [ =l (Wi ._ll._ e e = 4 -_,_._,___"_!L_q__....,_H__E-T*_____.._T___._..._.__‘..__.__ i u+ i s 0 T e e e o 50
1. 3 Nil Nil Nil 100.0 . 25.77 22.7% 16.00 0.527 11.39 10.32 ' 2.98
2. 5 Nil | 3.8 6.9 89.3 21.19 18.73 11.86 | 0.197 9.4 3.20 [ 1.52
3. 15 L2.6 | 27.2 10.1 20.1 21.76 19.69 10.80 0.084 9.52 1.38 1.00
L. 24 48.0 | 3.4 1.6 16.0 11.54 47.99 0.71 0.091 7.80 1.22 2.06
|
5 33 Nil | 33.8 19.5 46.7 9.31 61.85 | 0.66 0.090 7.33 1.13 2.53
6. 42 Nil 28.3 9.4 :i 62.3 10.22 | 70.91 0.43 | 0.077 . 5.58 0.74 2.48
7. 60 Nil I. 27.0 13.8 ! 59.2 15.46 | 66.43 10.15 0.064 | 2.34 0.26 2.36
8. 101 13.4 23. 15.2 s 48.3 16.81 70.30 [/ 0.13 ' 0.064 ‘ 2.03 0.22 | 2.36 .
| ————
Lower depth i Cation Exchange complex m.e./100 gm. fine earth, oven dry |
of horizon pH | CaC0 exchange T ey == Conductivity A P (total)
in inches l per cegt capacity Ca Mg | Mn K | Na Total bases (25° mohs x 10 ‘ PePeM. |
== — ; = ——— === ——— == =R L U=~ H ——e—— A PP S v— = -
1. 3 5.2 | Nil 28.49 11.13 | 3.14 ] 0.19 ;0.68 ! 0.30 15.44 N.D. “ 1,28 |
2. 5 4.8 ‘ Nil 12.98 l 2.33 0.83 . 0.10 . 0.22 - 0.20 3.68 N.D. 257 |
5. 15 5.5 | Nil 8.12 I 2.2, ! 0.62 | 0.03 0.16 0.18 3.23 N.D. 189
4. 24 5.3 | Nil 12.74 , 2.72 i 0.60 ' 0.01 '0.15 0.21 3.69 N.D. 238 ;
| i ' !
5 33 5.1 | Nil 13.25 : 1.50 0.60 i 0.01 ,0.12 0.21 2.44 N.D. 259 i
6. L2 4.95 | Nil 12.03 i 0.92 0.59 | 0.01 0.06 0.12 1.70 N.D. 230 |
T 60 5.0 | Nil 10.71 :_. 0.35 | O.42 | 0.01 0.08 0.09 0.95 N.D. N.D. |
B. 101 5.15 | Nil 11.23 g 0.12 0.1 0.01  0.12 0.2 0.56 N.D. N.D. :
N.I. = No data
Table 4b, Soil group: Forest Ochrosol-Oxysol Survey: Kumasi Region Rainfall: c. 60 inches p.a.
intergrade
Series: Nzima-Boi intergrade Locality: Approximately 9 miles WNW of Altitude: 450 feet
Dunkwa (Ashanti)
Site: Middle slope/gently rolling Vegetation: Forest thicket

Profile No.: DKR 61



,F:-—. \’ -

g ) - - .
) Mechanical analysis per cent soil (partlcle size in mm.)
Lower depth - T : Organic matter per cent
of horizon l In total soil (air dry) H In fine earth |
R i (ovenary) . ) I -
in inches ‘ [ i ? W_ i i
Stones Coarse gravel | Fine gravel } Fine earth { Silt Clay | ! : r
> 20 20-6.25 6.25-2 < 2 d.oz-.ooz | €.002 | ¢ N | o : Cnll
_—— . E— R S SN SESSS———
1. 1.5 ‘ Nil | 0.1 | 99.9 N.D. N.D, | 5.68 10.497 11.43 i 9.77
2. 8 ' 3.0 | 7.8 | 89.2 8.63 | 10.76 | 0.84 '0.097 8.66 | 1.44 !
3. 14 | 12.9 55.9 ] 31.2 5.8. 7.13 | 0.20 !0.028 T4 0.34
L. 20 i 18.5 { 571 |' 244 Bl 17.27 | 0.29 | 0.062 3.39 0.36
f
5. 39 | 10.6 36.4 53.0 6.39 | 28.89 | 0.26 0.062 419 0.45
6. 55 0.9 7.2 | 92.1 12.41 | 43.25 | 0.29 | 0.058 5.00 0.50
7. 72 0.2 0.9 ‘; 98.9 l} 11.35 34L.02 || O.14 ' 0.042 3.33 0.24 |
; ara=eg — ey e ——— - = SU R L ST ST gl snhler ey — R e s e T ﬁL:“ I _F .
Lower depth i Cation Exchange camplex m.e./100 gm. fine earth, oven dry |
of horizon PH CaCO [ exchange |———————rm— e e + Condnctxvlty '
in inches | per cegt l capacity C ,l Mg [ Mn K Na Total bases 25 mohs x 10 !
e #z5 7.54 0.528 45.06 34 12 7- 1.2 1.15 | 0.52 [0.75 | 43.96 N.D.
2. 8 7.10 Nil 10.33 5.99 1.25 0.18 | 0.12 10.18 | 7.72 N.D.
3. 14 . 6.50 Nil 4. 5.82 1.89 0.64 0.10 | 0.10 [0.13 2.86 N.D.
h. 20 | 6.25 Nil | 9.29 2.95 1.07 | 0.13] 0.15 |0.18 L4.48 N.D.
! | {
5. 39 | 6413 Nil ‘ 13.55 3.7 | 2.57 0.05 ' 0.18 0.19 6.74 N.D.
6. 55 I 5.62 | Nil ' 19.49 5.12 5.57 0.08 | 0.11 :0.22 11.10 N.D.
7. 72 | 6.03 | Nil TR 3.97 bl | 0.10 { 0.07 '0.19 8.80 N.D.
S P R s i t - . .
. N D. No data
Table 5b. %oil group: Forest Rubrisol-Ochrosol Survey: West African Cocoa Research Rainfall:
intergrade Station
Series:- Wacri Locality: Block O, Wacri, New Tafo, Altitude: 700 feet
Eastern Region
Profile No.: DB 174 Site: Upper slope/gently rolling Vegetation: Cocoa

Moisture air-

dry soil

per cent

P (total)
p.p-m-

550
341
274
318

394
257
25

65 inches p.a.

=49/9 ~ |
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Mechanical analysis per cent soil (particle size in mm.)
Lower depth | =~~~ O ) Organic matter per cent ' Moisture air-
: i_ In total soil (air dry In fine earth : :
of horizon 1 (wen dry) dry soil
in inches | T | per cent |
{ Stones . Coarse gravel } Fine gravel .| Fine earth | Silt ! Clay | ) . :
| > 20 20-6025 | 6.25“2 : ( 2 3 -02_ .mz _l < .002 C | N C/N [ O.lfi.- t '
SR ‘t___ R S P Rt _.___E_ e e SR s. e 1 i |
1. 5 | Nil Nil | 0.4 99.6 3.73 9.02 10.80 . 0.04L65 17.20 | 1.38 | 0.82 !
2. 11 . Nil Nil ‘ 0.8 99.2 3.73 18.94 ! 0.68 0.043 15.81 1.17 . 1.21 |
3. 19 . Nil Nil r 0.3 99.7 3.83 { 40.75 0.58 ! 0.047 12.34 1.00 ' 2.29 l
L. 30 . Nil Nil '; 0.4 99.6 3.98 39.45 10.34  0.036 9.44 0.58 ; 2.16 .'
| [ |
- ' ; {
5. W | Nil 6.4 | 6.1 87.5 4.22 | 32.21 10.23  0.027 8.52 0.40 l 1.69 |
6. 50 | Nil 0.3 : 0.9 98.8 2.75 | 12.12 [ 0.10 | 0.012 8.33 0.17 0.67 'r
7. 58 | Nil Nil { Nil 100.0 1.67 2.47 10.01 :0.003 3433 0.02 i 0.16 {
T — _—.T—_-.—--_ e e ——— .-i- e e e e et e ———A—— ___.-...45,-_.-—-’——— —— —--——:f.-——' ---——‘—‘——‘i
Lower depth | Cation | Exchange complex m.e./100 gm. fine earth, oven dry "
of horizon pH CaCo exchange e T o - ! Cgnductivity, P (total)
in inches per ce?tt capacity Ca Mg ! Mn K : Na Total bases .25 ° mohs x 10 P.p.m.
_ S NS | | B —— N : S . - = |
. 5 6.10 Nil 7.35 | 2.10 0.92 0.08 ) 0.14 |0.33 3.57 N.D. ; 112 i
2. 11 5.45 Nil 8.15 ; 0.92 0.39 0.02 ;0.05 | 0.27 1.65 i N.D. |‘ 123
3. 19 5.30 Nil 11.30 | 0.91 0.38 0.01 | 0.07 10.33 1.70 } N.D. :' 199 '
4be 30 5.90 Nil 9.96 0.79 0.40 0.01 | 0.07 |0.43 1.70 | N.D. 180 !
5. 41 5.90 Nil 7.97 0.62 0.50 0.01 | 0.07 i0.51 1.77 l N.D. ; N.D. |
6. %0 4.89 | Nil 3.33 | 0.21 0.25 <0.005 | 0.03 |0.26 0.75 | N.D. ‘ N.D. |
7. 58 6.40 | Nil 0.90 : N.D. N.D. N.D. | N.D. | N.D. N.D. | N.D. ] N.D. !
o N.D. = No data
Table 6b, Soil group: Savanna Ochrosol Survey: Nasia Basin Rainfall: c. 45 inches p.a.
Series: Mimi Locality: Approx. 25 milcs W.S.W, of Altitude: c500 fect
Gambaga.
Profile No.: PNB 25 Site: Upper slope/gently undulating Vegetation: Cultivation

- 89/9 -
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Mechanical anelysis per cent soil (particle size in mm.)

Series: Kpelesawgu

Profile No.: DNB 239

Locality: Approximately 10 miles south of

Bongo Da, Northern Region

Site: Middle slope/very gently undulating

Altitude:

Lower depth |' In t ota-l's_dii_(ai_r ; d.ry) = = —— In fine e;.r_th”' : Moisture air-
of horizon . g (oven dry) - ﬁw{ dry soil
- | | I S SR S e e .
N inches 'I Stones | Coarse gravel | Fine gravel | Fine earth | Silt [ Clay C N C/N O.M 5 per cen
| "> 20 | 20625 | 6.25-2 | <2 |.02-.002 | <.002 e
——— — -E —_— —]A—- — - —_— e " - - —_—— —— - — -— - — e - - - ————— - — — - ———— i — p— — e — e — —_'—:— —— I ———
1. b Nl l 15.1 | 5.3 ' 79.6 WD ND | 0.84 | 0.062 13.55 1.4 | 0.87
2. 11 [ Nl | 49.3 T | 35.8 D ND | 0.58 ' 0.048 12.08 1.00 | 1.20
5. 20 | N1 | 59.6 | 36.6 3.8 ND ND | 0.52 | 0.049 10.61 0.89 | 1.9
b 32 | Nil1 | 57.3 . 18.5 2.2 WD ND | 0.31 ' 0.036 8.61 0.53 | 2.12
| |
5. M . Nil \ 50.9 .; 22.1 27.0 ND ID 0.12 0.014 8.57 0.21 2.43
6. 45 i Nil | 39.1 '. 18.6 L2.3 ND ND 0.12 N.D. N.D. 0.21 3.9,
58 i l"1 '3 | 21 02(- l 10.5 i 26.8 ND ND NcDo NoD- NOD- oDo l&.32 l
RS H . Lt _m Tt s e e s e e — e o — < O T == PP e S =i e
| | | T 1
Lower depth | ,  Cation Exchange complex m.e./100 gm. fine earth, oven dry 2' i
of horizon | pH CaCO | exchange, e S Conductivity P (total) R
in inches ! per cegt | capacity Ca Mg Tl Mn T X Na Total bases '25 mohs x 10 pP-pP-m. ND
= = i 1 i , e e ) |
’ e e e e ey _
1. 4 1.3 Nil 7.28 ' 3.73 1.09 0.15 | 0.29 ND 5.26 ND 141 {
2. 11 6.2 Nil 6.58 2.33 1.09 0.19 | 0.17 ND 3.78 ND 234
5 20 6.2 Nil N.D. 2.35 1.21 0.29 | 0.26 | ID 4.03 ND 260
h. 32 6.6 Nil 11.43 2.83 3.08 0.27 | 0.32 | D 6.50 ND 193
5. 41 5.7 Nil N.D. 2.97 3.50 | 6.18 ! 0.29 | KD 6.9 ND 290
6. 45 | 4.9 Nil 21.59 6.47 £.20 . 0.09 | 0.38 ND 15.14 D ! 173
7. 58 | 5.3 Nil 31.66 11.49 13.40 | 0.38 | 0.27 | XD 25.54 ND N.D.
1. Barium acetate, pH = 8.2, water washing. N.D. = No data 2. Total without sodium
Table 7b. Soil group: Groundwater Laterite Survey: Nasia Basin Rainfall: 40-45 inches p.a.

450 feet

Vegetation: Savanna

regrowth
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Mechanical analysis per cent soil (particle size in mm.)
- ; Organic matter per cent
Lgmeir, depth] In total soil (air dry) In fine earth
of horizon | (oven dry)
e Stones Coarse gravel | Fine gravel | Fine earth Silt Clay C N /N o.M
> 20 20-6.25 6.25-2 < 2 .02-,002 <.002 o
i 5 Nil Nil Nil 100.0 39.75 14.19 1.48 10.098 15.10 ' 2.55
2. 12 ' Nil 0.8 0.5 98.7 38.20 17.65 1.06 0.088 12.05 1.82
3. 30 Nil 10.4 9.5 80.1 37.43 12.00 '0.28 0.028 10.00 0.48
4. 44 Nil Nil Nil 100.0 29.62 24.73 | 0.12 0.018 6.67 0.21
5. 72 Nil Nil Nil 100.0 34.27 19.11  0.08 0.027 2.96 0.14
6. 92 _ Nil Nil Nil 100.0 25.98 26.84, 0.07 0.028 2.50 0.12
7. 104 Nil Nil Nil 100.0 30.09 31.95 ' 0.07 'C.023 3.04 0.12
8. 116 Nil 25.6 o 12.3 62.1 26.76 L1.47 . 0.07 0.023 3.04 0.12
Lower depth B N l \ T C;tioﬁ-‘ I3 _Exgﬁgnge complex m.e;/100 gn. fine eerth, oven dry
of horizon pH CaCo exchange Conductivity,
in inches per cegt capacity Ca Mg Mn X Na Total bases 25  mohs x 10°
1. 5 6.4 Nil 14.30 4L.70 1.9 0.63 '0.14 :0.28 7.66 .4
2. 12 6.1 Nil 13.76 L.31 1.94 0.60 :0.13 0.23 7.21 £27.3
50 30 6.0 Nil 6.16 1.64 1.07 0.25 (0.08 !0.17 3. 21 «<27.3
L. Ly 6.2 Nil 7.7 2.46 2.13 0.19 0.15 '0.70 5.63 38.4
Ol 72 6.9 0.035 9.59 3.01 3.55 0.02 0.15 ,1.19 7.92 30.7
6. 92 8.5 0.022 13,63 L.54 6.00 0.01 0.22 1.63 12.40 L7.7
7- 104 8.1 0.010 16.41 Sk 7.53 0.03 0.07 .1.61 14.68 40.7
8. 116 7.8 0.016 30.14 9.78 12.56 0.05 0.23 (2,33 24.95 60.1
| o N.D. = No data -
Table 8b. Soil group: Grey Neutral Gleisol(?) Survey: Nasia Basin
Series: Lima Locality: Approxdmately 5 miles north of Altitude: 520 feet
Gushiagu, Northern Region
Profile No.: PNB 225 Site: Bottom/flat Vegetation: Medium

Ny

Moisture air-

dry soil

rer cent

]
5
{

— D
83 |

e o
L= oy
VRV IR

FEWwWN -
]

P (total)
pPe.p.m.

239
199

Rainfall: 40-45 inches p.a.

grassland

- oL/5 -



Q ¢ ® ¢« o
f Mechanical analysis per cent scil (particle size in mm.)
1 |
Lower depth | T Organic matter per cent Moisture air-
of harizon | In total soil (air dry) In fine earth ary Boid
5 ! (oven dry)
i'n ind]ea i T - . i -_-*_-1:_ D | T - - per Cent
'|Stones | Coarse gravel @ Fine gravel | Fine earth | silt Clay c N /N o.M .
| 20 | 20-6.25 6.25-2 <2 .02-,002 | <.002 L o '
At J S - . . | . —— - 3 v
1. 3 | Nil | Nil Nil 100.0 1.1 5. || 0.73| 0.054 13.52 1.26 | 0.56
2. 9 LNl || Nil Nil 100.0 1.0 6.9 0.38  0.03 12.26 0.65 | 0.52
3. 15 ; Nil | Nil Nil 100.0 0.9 12.5 0.38 | 0.031 12.26 0.65 ' 0.7
4. 38 | Nil Nil Nil 100.0 0.8 21.8 0.16 , 0.034 4.71 0.28 1.21
5. 76 Nl Nil Nl | 100.0 1.4 [ 29.7 ' N.D.| N.D. N.D. N.D. 1.75
RS — —’* > 4 T \T R i == t == A..‘_..____ ST o tarmsemin = o '*: B e ——
Lower depth Cation Excha.nge_complex m.e /100 gm. fine earth, oven dry
of horizon | pH CaCo | exchange | e - Conductivity, | P (total)
in inches | per ceht | capacity Ca Mg ! Mn K l, Na  Total bases 25 mohs x 10 pP-p.m.
P - = e L e T ek . s e ] St e - T
1. 3 7.9 0.02 L 6.04 3.72 1.46 | 0.07 | 0.4 l 0.15 | 5.81 N.D. 188
a2, 9 7.7 | wil L 49 2.25 0.88 | 0.0 @ 0.21 ! 0.11 3.49 N.D. 156
3. 15 6.8 | Nl | 5.0 1.83 1,18 | 0.05 0.2 0.17 3,47 ND. | 190
4. 38 5.5 ] Nil L k.99 1,00 | 0.95 | 0.02  0.22 0.19 2.39 N.D. | 202
' 1 . | .'
5. 76 | 5.6 N | 5.66 | 1.62 l 0.98 | 0.02 | 0.10 | 0.30 3.02 N.D. N.D.
N.D. = No data
Table 9b. Soil group: Savanna Ochrosol Survey: Accra Plains Rainfall: 25-30 inches p.=a.
Series: Toje Locality: 3 mile west of Tema, Altitude: c. 100 feet
Eastern Region
Profile No.: APA 405 Site: Sumit/gently undulating Vegetation: Savanna

regrowth

- W9 -



Q | - - . 2

S T e
Mechanical analysis per cent soil (particle size in mm.) ;
- it ”J Organic matter per cent . .
Lower depth | In ‘totel scil (air dry) | In fine esrth ,E | Moisture air
e s mt________‘___,_,_ﬂ;i______,__(qveg.@xy)_____i_.. - e myrecil oy
i ; ! ! i | ’ t {
R dnetes Coarse gravel | Fine gravel |- Fine earth | Silt | Clay | 5 ) S | P
o) >>) 20635 6.25-2 =2 Jl.02-.002)<002Y ° | " i
T o ] | ; | a
1. 5 Nil Nil Nil 100.0 || 2.57 | 4.1 | 0.7% | 0.0bk | 16.82 | 1.27 0.71
2. 10 | Nil Nil Nil | 100.0 ;ll 2.01 | 3.84 | 0.29 | 0.021 | 13.81 0.50 | 0.47
3. 20 i Nil Nil Nil ' 100.0 | 1.88 | 5.26 i 0.20 | 0.018 S 11041 0.34 ' 0.76
b 28 | Nil Nil Nil 100.0 | 1.39 [30.39 | 0.45 | 0.041 | 10.98 0.77 4.26
¥ : 1 | 3 z
5. 39 l Nil 12.3 6.0 81.7 | 2.76 128.04 | 0.14 | 0.024 J 5.83 0.24 L.43
6. 54 1 Nil 14.1 9.6 76.3 o 419 1 31.84 0.22 | 0.021 f10.48 ’ 0.38 4,98
7. Nil 4.2 4.2 91.6 I 5.0 [15.66 [ 0.23 (N.D. | N.D. 0.39 | 3.k4
8. 97 ] 4.5 13.1 5.2 T7.2 i 5.54  14.09 4 0.04 ) N.D. +  N.D. i 0.07 _3.43
— TPULT L — 7 '“'_""""‘"'"
Lower depth ! Cation Exchange complex m.e./100 gm. fine earth, oven dry | &
of horizon | pH CaCo exchange [ [ T T T TITTTTTT]TT 7T Conductivity, P (total) W
in inches | | per cegt capacity 1 Ca Mg Mn | K Na Total bases 25~ mohs x 107, pP-p-Me 1
P pe—— = PP SNp— S Sy S, (R """""'.l“" rrvpr] Do 'I 4 — .
1. 5 | 6.0 | Nil 5.23 | 244 | 1.61 | 0.16 | 0.09 | 0.07 L.07 | <27.8 63
2. 10 | 5.9 | Nil 3.2% 1.11 | 0.9 | 0.04 | 0.04 |0.05 2.4 | < 27.8 45
3. 20 l 6.05 | Nil 3.54 1.09 i 0.90 | 0.03 l 0.13 | 0.19 2.3, { 37.6 45
4. 28 6.00 0.024 16.22 5.07 | L.63 | 0.02 [ 0.09 ! 1.75 11.56 3. 89
1 | | | | e t
5. 39 I 7.35 | 0.011 18.31 i 7.22 | 6.42 k0,005 [0.10 12.95 16.69 : 95.2 55 |
6. 54 | 8.8 1.391 N.D. 5.96 11.21 0.12 | 0.13 | k.49 21.91 , 297.6 | 58 ‘_
7. | 8.5 0.078 20.59 | 7.6 | 6.6 0.01 | 0.08 | 4.30 18.46 | 12b.2 N.D. |
8. 97 8.7 0.072 19.94 | 8.12 Y S & 0.02 l 0.08 | 3.72 19.05 ;l 136.0 : N.D. |
| ! ] . o ’ _ \ ]
N.D. = No data
Table 10b. Soil group: Regosolic Groundwater Survey: Ho-Keta Plains Rainfall: 35-40 inches p.a.
Laterite (?)
Series: Ziwai Locality: Approximately 5 miles north of Altitude: 130 feet
Sogakope, Trans-Volta-Togo-
land Region
Profile No.: HK 315 Site: Middle slope/gently undulating Vegetation: Tall grassland with

Borassus palms



9 ¢ | - * ™

‘|1 Mechanical analysis per cent soil (particle size in mm.) ', !
' |~ 7 : - - ) | Organic matter per cent Moist . !
: Lower depth ‘| In total soil (air dry) . In fine earth ‘I 2 ure_alr- ‘
, of horizon | . (oven dry) l | dry soil |
e e — et — | . |
. An inchee  lgiones | Coarse gravel |Fins gravel | Fine earth | Silt [ c1ay | c N x g om. | B |
| > 20 20-6.25 | 6.25-2 | < 2 L02-.002 | <.002 | | i | e j
—— T g e ——— S St i e y R 'I B I’ I[ 4 1 |
1, 5.5 Nil Nil | Nil : 100.0 | 7.3 32.2 1.7, " 0.103 | 16.89 2.99 ! 5.95
2. 15 N1l 0.1 0.4 995 | 7.0 | 36.8 | 0.8, | 0.058 | 14.B 1.4 6.59 |
5. 2 Ml 0.5 ; s %650 8.9 | 42.0 || 0.63 | 0.0kk | 14.32 1.08 7.43 ,
he 30 2.4 1.0 | 3.8 92.8 | 9.0 ‘ 46.1 || 0.45 | 0.032 |’ 14.06 0.77 7.99 |
1 i (! :
5. 4 30.6 18.9 | 3.5 . u47.0 | 7.6 | 39.7 | 0.17 ! 0.014 | 12.14 0.29 f 7.27 |
6. 4B 1.7 12.4 | 2.8 . 83.1 , 10.6 | L0.9 || 0.09 | ND. | N.D 0.15 ! 7.35 |
7. 57 Nil 1 01 \ 0.8 | 98.1 E 11 .O l 2702 r. NODO ‘ NoDo i NoDc NnDo i 5-92 ]I
8. 72 16.1 1.4 | 0.5 ‘ 82.0 : 10.4 { 13.8 | N.D. | N.D. |  N.D N.D. | 3.82
Lower depth | | Cation | Exchange complex m.e./100 gm. fine earth, oven dry .| '
of horizon | PH CaCO | exchange { I' | | [ ] anductivitys P (total) Q
in inches ‘ per ce%t capacity : Ca | Mg ! M1 | K | Na | 'I;otal basEs 25~ mohs x 10 PePem. ]
S | S e | " . . | = e
1. 5.5 6.4 0.05 ' 39.80 ' 21.49 | 12.66 | 0.13 | 0.21 | 0.60 | 35.09 56 306
2, 15 7.0 | 0.09 L 39.21 | 20.80 | 11.0 | N.D. | 0.47 1 1.00 | 33,37 53 257
3. 2 8.2 | 2.20 11.70 | 26,20 | 13.10 | N.D. | 0.20 | 2.20 | 41.70 195 | 264 |
b 30 8.3 | 5.00  42.90 | 26.09 | 16.90 | N.D. | 0.21 | 3.10 | 46.30 222 283
[ | I | l :I | | . I
L1 8.4 | 18.80 40.46 | 22.80 ‘ 12.60 | N.D. [ 0.13 | 3.10 38.63 246 L09
6. 4B 8.4 | 12.10 | 41.89 | 22.10 | 15.00 | N.D. | 0.20 | 3.20 | kD.50 246 | 880 1
7. 57 8.4 2.00 34.00 [ 19.60 | 14.00 | N.D [0.20 | 2.80 | 36.60 | 229 1 1535 |
8. 72 8.6 | 0.65 22.15 | 14.88 | 10.27 | N.D. | 047 [ 1.71 | .03 | 170 | 1508 |
: - 1.- I;Iorizc-wﬁ.és 1 and 2, barlu;: acetate, pH 8.2; horizons 5 and 6, sodium acetate, pH 8.2, water washing; remaining horizons,
ammonium acetate, pH 7.0 N.D. = No data
Table 11b. Soil group: Tropical Black Earths Survey: Kpong Pilot Area, Accra Rainfall: c. 45 inches p.a.
Plains
Series: Akuse Locality: Traverse 28/32 chains, Kpong Altitude: 60 feet

Pilot Area, Eastern Region

Profile No.: APA 370 Site: Middle slope/very gently undulating Vegetation: Savanna



- - . . 3
—— = = e —— — T Sy SR —
} Mechanical anslysis per cent soil (particle size in mm.) ‘|
Lower th | N === - Organic matter per cent 5 _
éep In total 8011 (air d!y) In fine earth ” Moisture air l'
of horizon (oven dry) ” dry soil :
in inches i e | ] r i er cent |
Stanes | Coarse gravel | Fine gravel | Fine earth | Silt Clay 'i | ( 0.M £ l
> 20 20"6.25 6.25"2 - 2 I.02_.w2 J<.m2 i'l C ! N ‘ Cm o lVle |
= = ! H ! o - p—— = —
- = : | i . r
1. 2 Nil Nil Nil 100.0 ll 2.52 l 3.17 l; 0.43 i0 031 ' 13.87 ' 0.74 f 0.57
2. 12 Nl Nil Nil 100.0 | 191 | 4.23 [ 0.34  (0.027 ‘ 12.59 0.58 0.54
3 21 Nil Nil 0.1 99.9 f 2,62 | 33.68 || 0.48 0.043 1 11.16 0.83 5.27
4. 60 Nil 0.1 0.8 99.1 i 7.15 | 31.39 :: 0.07 0 010 ' 7.00 0.12 5.41
H |
5. Nil 2.7 | 0.6 9%.7 | 6.8 ’ 31.12 | 0.04 f N.D. N.D. 0.07 | .ok
A = g = -____? —————— ____;l"_ —— = ___4:;—-:_-__-________ __._,________,- e e e e oo D o e e L = M P IIET R spmrm eI ]'
Lower depth ; | Cation Exchange complex m.e./100 gm. fine earth, oven dry |
of horizon | pH CaCQ | exchange, I [ = 1 = 5 Conductivity,l P (total) |
in inches per ceRt l capacity Ca Mg Mn | K Na Toltal bases 25~ mohs x 10 p pem. Q
P | ———— i TS [ L. - B PR SR S X |
1. 2 6.1 0.025 | 2.5 0.77 0.67 | 0.04 [0.29 |o0.41 2.18 0.7 | 32 i
2. 12 6.2 Nil 2.56 1.32 |  0.72 0.01 f 0.23 0.37 . 2.65 52.8 | 32 |
3e 21 6.5 Nil ] 17.9 10.42 5.3, |<0.01 | 0.65 2.19 [ 18.60 282.9 ’ 64 ]
4. 60 7.6 Nil i 20.73 12.16 6.08 0.01 ]l 0.32 6.9 25.51 Pl | N |
5. T& 8.1 1.48 S 21.01 9.42 7.42 0.01 ' 0.34 |3.00 20.19 713.8 ; N.D. j
1. Ammonium acetate, pH 7.0 2. Corrected for sulphates but not for chlorides N.D. = No data
Table 12h Soil group: Tropical Grey Earth Survey: Accra Plains Rainfall: 25-30 inches p.a.
Series: Agawtaw Locality: #* mile south of Ashaiman, mile 165,  Altitude: 4100 feet
Accra~Ada road, Eastern Region
Profile No.: APA 509 Site: Lower slope/gently undulating Vegetation: Savanna



Lower depth

of horizon

il .

‘ Mechanical analysis per cent soil (particle size in mm.) I

In totael soil (air dry) |

In fine earth ”

‘ e 4 4

Organic matter per cent

Moisture air-

!
- ! (oven ary) | o dry soil
el Stones | Coarse gravel ' Fine gravel | Fine earth |]} Silt _"- Clay ” i .‘ c 0.4 per cent
* =20 20-6.25 6.25-2 <. 2 !; .02-.002 | <.002 l c } - | /N =
I, CI— i ; e e i e —————— e S —— —— — — -
! i oS 2 - —— .
1. 2 Nil Nil ' Nil | 100.0 ; N.D. | N.D. || 2.02 |0.085 23.76 3.47 0.34
2. 8 Nil Nil l Nil | 100.0 | N.. | N.D. | 0.27 [0.012 | 22.50 0.46 | 0.02
30 23 | N}l N}l Nil } 1%.0 'f N.Do , N.Dc 'J 0008 ! 0.006 | 13.33 O-1l+ ‘ 0'06
4, A | M1 11 Nil ‘ Nil ] 100.0 'l N.D. | N.D. | 3.10 ‘0.113 L2743 5.33 I 1.95
|
5. L7 | Nil | Nil Nil 1 100.0 N.D. i N.D. ,' 3.58 |0.088 lr L0.68 6.16 3. 74
6. 61 | NIl \ Nil } Nil ' 100.0 | N.O. | N.b. 0.13 |0.006 | 21.67 0.22 0.06
-‘44:'-'?':‘.‘:‘——-'- == ¢y T L e ! - ' e = = ! i‘a i s ‘ .._...—:.___,Q — o -—:l‘.:"“:: ——— e — e T T TR T Y
| s ! *
Lower depth i | Cation Exchange complex m.e./100 gm. fine earth, oven dry
of horizon pH l CaCO | exchange b e i e R S Conductivity6 P (total)
in inches \ i per ce?xt | capacity . Ca Mg f Mn | | Na Tptal bases 25° mohs x 10 . P.pP.m.
— i i e — _— 1 -+ . e
9. 2 5.25 [ Nil 347 _ 0.50 E 0.3 }<0.005 ’ 1 0.05 l 0.11 0.97 { N.D. i 52
2. 8 565, i1 Nil 0.87 0.18 <0.01 [<0.005 |0.05 0.4 0.37 ! N.D. 3 43
-1 23 | 5.80 | Nil & 0.82 { 0.15 rE4O .01 \<O .005 10.02 ‘0.0L o0.21 i N.D. i 38
4. 31 4.85 i Nil 25.64 0.35 b 0.2 ]<0 .005 | 0.04 !0.09 f 0.72 3 N.D. ! 73
\ ! { i ; |
i { { [ } 1 i i
5. 47 k.85 | Nil .28 | 0.3 | 0.6 [<0.005 0.02 0.07 | 0.56 | N.D. | &
6. 61 5.90 ! Nil ; 1.25 | 0.15 1< 0.01 < 0,005 1 0.02 10.03 ’ 0.20 l N.D. 14
1. Horizons 1-3 and 6, ammonium acetate, pH 7.0 N.D. = No data
Table 13. Soil group: Groundwater Podsol Survey: Lower Tano Basin Rainfall: c. 85 inches p.a.
Series; Atuabo Locality: Atuabo, Western Nziia, Altitude: c. 5-10 feet

Western Region

Profile No.: ITB 443 Site: Flat bottom

Vegetation: Short grass

Savanna



