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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 diagrams and map, for the information of the 
Division's staff and bona fide associates. 

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 
copies for reference purposes while the book is being 
printed. Publication, by Oxford Uni�ersity Press on 

. behalf ot: the Ministry, is expected in 1960. 
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Chapter 6 

SOILS 

By H. Brammer, M.A. 

�tu£!��!-�r�£�1!���1-Qf!1£�, 

(§�!�-������=��£-��!'.£i�)

•Tile soil canes ttrst, It. ta tl>o t,uls, tll• roundAtlm or t81'!11lng, 'Without. It

not.hlng; with poor soil, poor famine, poor living; with goOd soil, goad taming ond llYlng. . 

An understendlng of eOOd CGnlllng begins with an underatondlng or the aotl• 

Henry L, Ahl.Von, 

ora.ss: TearbOOk or Agrloult.ure, 1948, 

U,B, Deportment. ot .\i!rlculture: p, 425, 

Introduction 

Soil knowledge is :f'Undamental to good agrioulture, 
For,�he soil 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 is not one single object. There are many 
soils, These vary in the-'-1' ability to supply food and water 

f' • I 
• 

·to plants, It is the object 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 soil 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 
groundnuta; and, expressed from a different angle, coconuts 
will give satisfactory yields.from soils on which coooa•would 
.:i.ot thrive •... Having -re.aognized. that different soils- exist, 
therefore, their suitability for different crops must be 
assessed, 

The.agricuJ.tural. value of a soil doee not depend 
.only·on its intx:.msic propert1e$,. however. Other factors are 
1nvo1ved,. such as. �ount and seasonal dietrill�:U.QJl. of ra:ln-

-

fall, tecbn1ca1 sk1JJ _8Jl.d.-.D)ent,a inclinations of the 

! I 

. . 

j 
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cultivators, crop - and hwnan - pests and diseases, access 

to markets, etc. But, other things being equal, 'the soil 

comes first ...•• '. 

What, then, is soil? 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, 

soil 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 soil until they are acted upon by plant and 

animal life, Enriched by plant and animal remains, support-
• ing living plants and inhabited by millions of' micro­

organisma, 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, however, 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 a 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 - in so far as they are true soil 

features and not different bands of rock or alluviwn - are 

known as soil horizons, In soils that are alike, the compo­

nent layers always occur in the same order, This regular 

succession of soil horizons is known as a soil profile (by 

analogy with the human profile in which particular features 

such as eyes, nose, mouth and chin occur in a definite order), 

The main differences between soils can be observed 

1.n the colour, thi.ckneas, texture (size of mineral particles), 

structure (size and shape of units contained by natural 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 reaction (acidity or alkalinity), 
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 recognizable rock, i. e. soils with a similar 
number of horizons respectively similar in appearance and 
composition, form what is known as a soil series. Each 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 ease of reference and to
ensure that like soils are known by like names wherever they
are found,

t 

In Ghana, soil aeries rarely cover a sufficient 
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 soils in this 
detail over the country as a whole under present circumatancca, 
although soil 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 drainage-basin basis, soil 
series are combined into larger assemblages for mapping 
purposes. Such assemblages, known as soil assoc1�tions1 , 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 soil association in the 
forest zone, a red2 , well drained soil and a brown, rather 

1 T.n1e general term is equivalent to soi\,,c,atwa ae used 
originally by Milne in East Africa. 

2The colour referred to in describing soils as red eartha, 
brown earths, etc., is 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 tho soil since they are gene­
rall�, constructed of subsoil material. 
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leso well drained soil, both dovolopod directly 1n the 
parent roclc, occur on the summits and middlo slopoe of tho 
topography; thoy arc succeeded dovmelopo by yellowish, sea­
sonally poorly drained soils developed in colluvial motorial 
11ashcd down from the upper slopoa, and eventually by grey, 
poorly drained soils developed in valley-bottom alluvium 
derived from the samo local rock, Such a pattern normally 
repeats itself up-hill and down-dale so long as tho under­
lying geology remains the same, The whole of such an area 
can therefore be mapped as a single unit. A person requiring 
information on a particular p1oco of land within an associa­
tion mapped in this manner should be able to identify tho 
soils he is on from the descriptions of the soils and their 
pattern of distribution given in the re�ort on tho survey of 
the aroa,if this has boon comploted, In areas of complicatod 
geology or topography, more complex soil patterns occur, 

.,- necessitating tho uso of more inclusivo mapping units3 • 

On the scale of tho map ueod in this book, it 
� has not been possiblo to make uso oven of soil associations 

as mapping units. The units used show the most widosproad 
soils of tho aroa, usually the upland soils, grouped according 
to their mode of formation. This allows their comparison 
with soils occurring in othor ports of tre world, Tho 
terminology used will be explained in a later section. 

The soils having boon doscr1bed e.nd mapped, 
and representative samples analysed, their value can then 
be assessed. This can boat bo done by observing the growth 
and yield of difforont crops on individual soils both under 
traditional farming practice and on agricultural stations 
where various forms of cultivation and manuring aro practised. 
Crops and practices giving the best economic returns can 
then be recomroondod for all similar soils, Moro often, 
however, such direct extrapolation of results ia impossible 
because of lack of suitable agronomic studies. Resort oan 
then be made to correlation of soils and environmental 
conditions vtith thoso of otmr parts of the country or the 
tropics where improved forms of agriculture arc known to bo 
practised so that reoommondations can bo made locally in the 
light of experience obtained elsewhere with various crops 
and mothode of cultivation, This principle of geographical 
correlation requires expert knowledge and needs to bo appliod 
with caution. It 1e ossontial that all onvironmontal factors 
ahould be ta.ken into account, It would not bo euf'ficiont, 

�Theao units have boon dofinod 1n on appendix to the 
Report on the Dopartmont of Soil and Land-Use survoy, 1951-55, 



t,lt 
for instance, to recommend groundnut production for certain 
soils physically resembling others known to support a profit­
able groundnut industry if climatic or marketing conditions 

!. were not closely comparable in the tv,o arcos. 

There have, none-the-less, boon some striking 
successes achieved by the export use of this principle, one 
of the more renowned being the development of the Hcvea 
rubber industry in Malaya where Sir Joseph Hooker recognized 
that environmental conditions closely resembled those in the 
homeland of this crop, Brazil. In Ghana, this principle has 
been employed in recommending the development of certain soils, 
the Black Clays, on the Accra plains. These soils are unculti­
vated locally, but similar soils under somewhat similar 
environmental conditions are known to support successful 
agriculture 1n India (the rogur} and South At'rioa (Springbok 

Flats)4• Crops and techniques employed in the latter areas,
therefore, indicate those likely to succeed on the Accra 
plains and there would ecem no reason from the technical 
point of yiew why theee soils should not ono day be mado 
productive in this country,too. 

Whero no instance can be found of similar soils 
occurring or being utilized elsewhere, less precise recommonda­
tions can bo rnado. A study of the physical and nutrient 
properties of the soils may indicate that conditions lie 
within the range of those known from experience elsewhere in 
the country or abroad to be required by particular crops or 
methods of farming. Theso can then be tried, but it is wiser 
that they should first be confirmed by suitable agronomic 
studios on the soils concerned. 

Classification of Ghonaion soils 

In tho introductory section, soil formation was 
described as a !'Unction of climate, vegetation, parent material, 
roliof and drainage, and age. Thie formula was made the basis 
of an interim system of classification for tropical soils 
worked out by the lato C.F. Charter (Brammer, in prep.) 
Thie claesification·is briefly outlined below. 

4aomplos of the Indian and South African soils wore in 
tact obtained by tho Deportment of Soil and Land-Use Survey 
for visual comparison and laboratory analysis to confirm their 
similarity to the Black Clays of the Accra plains, 



6/6 -

At the highost classificatory levol - soil order 
- soils arc grouped together according to whichcvor one,

or more usually two, of these factors has (or have) prcdo­

mincntly inf'lucnced their development, viz:-

I. Climatophytic earths: soil formation primarily
determined by climate and vegetation, 

II. Topoclim£tic oarths: soil formation primarily

determined by relief (high mountain) and climate, 

III, TopohYdric carths: soil formation primarily 

determined by relief and drainage. 

IV, Lithochronic earths: soil formation primarily 

determined by parent material and/or ago, 

At the next lower classificatory level - � 

suborder - different grouping factors a.i:-e used within each 
soil order, viz:-

I, Climatophytic oerths: These arc normally developed, 

well drained soils, Suborders are diffcrcntiatod according 
to whether rainfall pcnetrotos to groundwater or not, viz: 

A, Hygropods - soil profile through-lo�ched. 

B. Xoropods - soil profile not through-leached,

II, Topoclimatic carths: These are not found in Ghana 

and not subdivided into suborders at present, 

III. Topohydric carths: These are soils with impeded

drainage. Five suborders are recognized: four of these 
are differentiated according to nature of the topographic 

site with which the poor drninage conditions are associated; 
the fifth comprises soils in which poor drainll8'0 has led to 

the accumulation of a supcrficinl layer of incompletely 
decomposed organic matter. Viz:

A. Planopeds - soils with poor drninnge due to

flat or very gentle topography 
(e.g. on penoplains, river terraces, 

etc.). 

B. Clinopeds - soils affected by water scoping
from upslope and precipitating 

chemical substances from solution, 

c. Depressiopcds - soils developed in poorly

drained depressions receiving run­

off or seepage waters from adjoining 

areas. 
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D. Hydropeds soils developed under opon 

water in shallow lagoons, rice 

paddies, etc. 

E, Cumulopede - soils developed in depressions 

where peat has accumulated. 

.. L.=i_t""h
""o"'"c""h ... r"'"o"'n�i""c ...... e..,ar__..th=s: These arc soils with restricted 

development, Suborders are differentiated according 

to the particular factor retarding development. 

A, Lithoned9 - pro�ilo development retarded by 

resistant rock or erosion on steep 

slopes. 

B. Rcgopeds - pro£1le developrrcnt retarded by the

inert nature of loose sandy parent 

material, 

c. Alluviopeds - profile development retarded by

constant accretions of fresh allu­

vium on the surface. 

Suborders arc subdivided into groat soil groups, 

Tho latter comprise soils with conrnon profile characteristics 

developed in response to similar environmental conditions, 

(Soil series, into which groat soil groups can be further 

6\lbdivided, are differentiated mainly on tho nature of the 

parent material in which individual soils arc developed,) 

There arc large numbers of groat soil groups within 

some suborders, and it is convenient to group somo of them 

together according to certain corranon charactoristics. These 

groupings are tentatively named great soil group fOJ11ilics, 

The differentiating criterion is usually the reaction of the 

profile. 

I. Climatophytic carths

A, Hygropeds. Thcoo aro subdivided according to

, the ability or otherwise of the pnront material to supply 

mineral bases at a suf'f'icient rate to counteract those lost 

by leaching. Under humid tropical conditions tho soils 

produced a.re: 

l. Latosols - soils over highly weathered parent

materials in which the clay fraction 

consists mainly of kaolinite and iron 

and aluminium scsquioxidcs, 
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Bas1sols - soils ovor incomplotoly woathorod 

parent materials relatively rich in 

bases in which, appnrontly, mont­

morillon1t1c clay is prosent in some 

proportion together with kaolinitc and 

iron and aluminium sesquioxidcs. 

B. Xeropeds. Those soils are doubtfully repre­

sented in Ghana and are not further discussed below, 

II, Topoclimntic earths 

These are not rcprcsentod in Ghana and aro not 

f'urthor discussed below. 

III. Topohydric oarths

Suborders are subd1vidod according to the nature

and reaction or the groundwater influoncing tho soils, Very 

_acid,�, neutral, calcium and sodium group fomiliea arc 

generally recognizable. The suffix 'sol' is normally sub­

stituted for 'pod' used in the suborder no.me. In the case 

of Deprcssiopeds, the very acid, acid and neutral group 

�amilies are together termed Glcisols, and the calcium o.nd 

sodium group families arc termed Vloisols, 

IV. Lithochrontc oarths

Suborders arc not further subdivided.

Within oach group frunily, great soil groups are 

differentiated, if at all, according to whether they are 

developed under forest or savanna, their colour and differen-

ces in the trend of reaction changes in the profile. Differen­

ces in co·lour and rel:\ction trends are used as criteria because 

of their convenience; they are, however, manifestations of roore 

:fundamental differences in soil properties between different groups. 

01•cat soil. groups so far known to occur in Ghona 

arc. listed in the accompanying table. Tl1ey are too numerous 

to be discussed here individually, but the more important 

arc described in the next section. 
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CLIMA TOl'IIYllC EAl\111S 

1\>l'\)IIYSDRIC EARTHS 

UTI-IOCHROMIC EARTl-1S 

,-ABLE I PROVISIONAL CLASSIFICATION OF SOILS, SO F,\R 01sn>V�R�D IN GHANA 
------ ---0Sl11J-ORDER SOIi.GROUP FAMiLY 

IIYGROPEDS 

XEROPE.OS 
PLANOPEl)S 

1 

1 

Lalosob 

V«y /\cid Pbnosol? AcidP"""""7 Cak:ium Plaoosol 
Sodium Puoo,ol? 
V,zy Acid Gleisol 

- Acid Gki,ol 

OEPRESSIQPEDS -- Neutral Gkisol 

Sodium Vlcisol 
CUMULOPEOS 
IIYROPEOS 

• ()REA T SOIL GKOUP GREA ,- SOIL SUil.(;R0UP 
fo,est Ociuos<>l 

i SavanJl>h Ochro>OI 
'--' f0<'<$I Rubnsol 

1 
For<St Rub,i$0l 
Savannah Rub,isol 
Fon:st B<uno.ol Sa•-annah Bruno.ol (Reddish Pnauic?) 

--C 

Groundwatu Pod$ol Ground-...-ater lAtcrite Tropical Black Earth Tiopical Bro"" Earth 
(Tropie•I Grey Earth) 

--c: Red F0«<1 Ochrosol Yc.llow FoteSI Oc.hro.sol - Red Savannah Ochrosol --C. Yellow Savannah Och!0$01 Red f<lff>I Oxysol 
-C Yellow forcs1 O,y..,1 Red Fore,, Rubn$OI 
--C Yellow FOl<>I Rubnsol Red Savannah Rubnsol 
-C Yellow SaY1llnah Rubnsol 

--, (S.Y1111nah Grey V«y Acid Glcisol) 
(S....,nah Blad: Acid Gkisol) 

-( (Sa...,nah llrown Acid Glcuol) (f<lR$1 Grey Acid Glci501) (Sa� <i�) Acid Gl<'isol) 
(Forest Black Neuual GIC'isol) 

I 
(forest Bro"" Ncuinl Gll<,sol) - (forest Grey Ncutral Gleisol) _ (Savannah Grey Neuinl Glcisol) 

-[ (Olack Vlcisol) 
(Brown Vki.sol) - (Grey Vleisol) 

L 
Solon<U? Soloo<hal< 
V�Acid Bog? Acid Bog Salin< lloj:?

--�- NC\111\ll ll)'drosol'! L Salin< f()'drosol 
- UTHOPEOS 8.uimorphic Lilhosol -{ 

-r Non-0.Simorpruc E.ilhosol 
(Bbck S..imo,pbic Lnhosol) (8""'" a..imorphic Lillioool} (Red &simo,phic lilhosol) (Yellow Basimorpllic L1lhosol) 

R£GOPEOS Rt;0$01 
- ALLUVIOP.£0S Alluviosol 

-r 

(Non- l)asimorphic Lilhosol) 
(Ounc-sond Rcgosol- "ilh calcatt<>U$ pa,, - ,.;,ho<i, co..,.,,....,. pon) (Other Rcgosoh) 
(Block. Bro"'" and Grey Alluviosoh) 

NB. (ll The-� ofbr.tcl,:rts erou.nd • term indicaic, dw lhc- D0me1Klarutt is still pro'tision&J (Ill (111) 1 bct'orr a term tndie:.a1cs chal: tbc:rt is some doubc as 10 the cnct pt.a« tn tbc soil group or group f:am.ity in the c:lusific-&rion ,.. aftu a ltrm tnd1rarcs th.a1 � is :some doubt as lO the clu1itkadon of lM soils con.tamed "ithm lbt group indicated or or the soil in the group famity indicated 
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Description of the major soils of Ghana 

The soil map in this book ehows the distribution of 
the more extensive great soil groups occurring in Ghana, On 
the scale used, much generalization has been necessary and the 
units used merely indicate the more important, usually upland, 
soil group occurring. Tho wholo of tho coastal savanna zone, 
rather over half the forest zono but only a small fraction of 
the interior savanna zono have been surveyed at the till)O of 
compilation of this map. In areas not yet surveyed, bounda­
ries have had to be drawn in by extrapolation trom known areas, 
usually using geological boundaries and isohyets as a iU1de. 
Soil changes due to climatic factors take place over a broad 
zone, and boundaries drawn in such cases are necessarily 
ill-defined. 

There are considerable differences between the soils 
of the forest, interior savanna and coastal qavanna zones, 
and tho soils of those zones will be troatod separately below, 
Within oach zone, the units described will be those shoim on 
the soil map, 

Porest zono 

The soils of this zone are at once distinguishable 
!'rom those of the other zones by the greater accwnulation of 
organic matter in the surface horizon resulting from the more 
abundant leaf-fall under forest vegetation and the slower rate 
at which hwnus is oxidized in the forest environment. The 
soils 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 eoile are Climatophytic Eartha, Latosols, 
subdivided into Ochrosols and Oxysols. Lesser amounts of 
Lithoeols, Regosols and Rubrisols occur, and there are topo-

,. 

graphically associated Gleisols, Ochrosols, ◊xYsols, Lithosols 
and Regosols have been mapped separately. Fully developed 
Rubrisols are not usually extensively developed, but it has 
been possible to show some areas whore soils tronsitionnl between 
Ochrosols end Rubrisols occur. Similarly, a bolt of soils inter­
mediate between Ochroeols and Oxysols has been mapped, 
Oleisols are not 'separately mapped, but are discussed llriefly 
in the text belo11 where appropriate. 
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Forest Ochrosols 

These are red, brown and ;yellow-brown, relatively 

well drained soils developed in the weathering products of 

intermediate or moderately acidic rocks, in peneplain drifts 

covering the intermediate erosion surface (cf. Chapter 5) and 

in terrace alluvia on upland portions of gently undulating to 

strongly rolling topography in that part of the forest zone 

receiving approximately 35-65 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-brovm on the lower slopes; associated valley 

bottom Gleisols va:ry from yellow to grey or whito. These colour 

changes reflect changes in the degree of hydration of the iron 

present in the profile consequent upon changes in internal 

drainage conditions of different ports of the topography. On 

the well drained upper slopes, the lron is well oxidized and 

the soils are reddish in colour, As drainage conditions 

deteri orate downslope, the iron becomes increasingly hydrated 

and the soils increasingly yellow. In the ill-drained valley 
bottom, reducing conditions obtain throughout much o� the year 

and 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 and 

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 
lleing more sandy than those derived from shale s, phyllites and 

schista. Soils associ ated with peneplain remnants may contain 

-4 massive ironpan or abundant ironstone concretions in the 

subsoil and those over rocks containlng numerous quartz veins 

are gravelly or stony to varying degrees. The clay mineral 

t is kaolinitic; in few Ghanaian soils is tho clay fraction likely 

to consist predominantly of iron or aluminium hydroxides. 

The texture of the parent material varies not only 

with the underlying rock but also with the topographical site. 

This can only be understood by reference to the geomorphology 

of this part of the co'Ulltry. An !deal topographical associa­

tion (over lower Birrim1a.n phyllite) is 1llustrntod 1n section 

and in map :rorm 1n Figuro l. Tho namoe givon bolow relate to 

tho soil series sho11n on this o.nd the accompanying Figure 2. 
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Drift soil s (Akumadan) occupy remnants of the 

intermediate erosion surface on the almost flat hilltop; 

sheet iron pan ( \'/enchi) and 'brown concre tionary soils over iron­

pan (Nsuta) may occur locally on these remrumts, but they 

more typically occur as a collar around the edge; on the slightly 
concave valley slopes below the ironpan outcrop occur drift 

(Dominaso) and sodontary_soils (Bekwai, Nzima) containing in their 
upper parts varying proportions of material derived from the 

break-up of the ironpan collar; colluvial fine earth, probably 

accumulated in slightly earlier geomorphological phases than 

the present, mantles the lower slopes or occupies drainage 

grooves on the middle slopos (Kokofu); alluvial 
silty clays occupy the valley bottom (Oda). Such sections are 

comnon 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 accunrulations of 

ironstone concretions, sometimes with relict ironpan boulders, 

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

Over biotite grnnitc (Figure 3), peneplain drift soils 
(Boamang) again sometimes c.ap the ridges. The major soils are 

sedentary, red, gritty clays (Kurnaai) with brown gritty clays 

(Asuansi) occurring downslope. Textural fiifferentiation takes 
place within the yellow-brovm lower-slope colluvium (Akroso, 

Nta), the clay being washed through leaving the coarser sand 

behind; grey alluvial sands (Q.!1.n) and clays (Densu) occupy 
the bottoms; 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 reaction in the lower part. 

Lower horizons generally 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 (i.e. developed in transported material, either 

peneplai!'l mantle, piedmont colluvium or local lovier-slope 

colluvium). It should be noted that even in the sedentary 

profile, the firat three layers are, strictly speaking, of e 

drift nature since they consist of gravel derived from the 

break-dovm of quartz veins and f ine earth brought to the sur�ace 

by faunal activity and subj�ct to local slope-vrash. 

On the surface -

Topsoil I: 

Topsoil ! I: 

SUbsoll I: 

subsoil !C: 

(Trmsltlonal to 

nut h.orh,on l 

f'a\ES1' OOlROSa. 

Sedentary Pl'Oflle 

4 thin l11:1er or Ullde<:C)lllJ)Osed lent l1 tter underlain by o fraction of an Inch 

or Oecoeposed leot ll tu.r pcnet�ttd by reeding roots of trees, 

0 to 3 Ins. - Korlzon or lll8XIOl\G hUolUS &CCIJ:Ullntlon; dark grey--bl'OIITI, 

saney or silty loam; crunblY lllld porous; neutral to slightly acid 

N?tctlcn; main zone ot plant rcedlnB roots • 

.) to 8 1n,. - Brown san<IY (or silty) 105'1 to light cley; less hl.lllous and 

less cruobly than ropsoll 1; sllsh.tlY to moderatelY acid reactlon; 

(r,wcr roots thm In Topsoil I. 

13 to 15-20 Ins. - Reclcllsh brov,n (brown or yellow-brovm on Glcldle- end 

iower-&lope sites) sondy (or silt)') light clay or clay; ione or cinxltlll>'> occu­

oulotlon or quart:. stones and cro,el ond Ironstone cooeretlons wMro these 

occur; no visible hUIDUs; rlrt1; structurdes.s; slightly porous; \ll()(leratelY to 

vcr., ccld reaction; te,< roots. 

15-20 to 30-36 Ins. - l\e<lolsh bro,m (bl'OIITI or yellow-brown on r:,Jddle and

lower slopes), sondY clay or clay; CJ nu; structureless; slightly Pol'CUS, 

vcr.1 ccld to hlRlllY acid reaction; occaslcnlll Ironstone concretions . 

In some soils; quartt veins brokon but In sltu where present; tew roots. 

30-36 to 45-60 Ins. - RM,sllghtly Mttled pele yello,, (bt'OM\ with yoll01, 

and grey en !cover sites), s,in(!y or silty loM> to light clQY; Cl,,., 

ln�ratlne sllg)\tl.y oo e,:posure; structureless; sll(lhtlY porous; vort 

acid to hl&lllY ocld roac�lon; QUaM.t. veins I� \\'here present; rar<t 

or no roott. 

\leathered substratla: !loloo 45-60 Ins. - Red (or brorm) mottled pale yellOl't, san(!y or allt,y loam; 

rim In sltu Wt !'rl&ble cn tXl>()$1.1N, very acid roactlcn; recogn!Mbl& as 

weathered ,iaterllll With depth. 
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tta,y occas101H1l1¥ occur within 6 rector the surface, but !a gon9relly 

deeper tban 10 rect and In many eases apparentJ.y docs not occur within 

50-200 feet or the surracc.

N,B. In !mature profiles, the subsoil Is relatively thin end llrados quickly Into mottled 

decomposed rock. 

0) the surrace

T. S. I: 

I,S, rI:

Undet'}ylng t'OCk: 

F'Cf\EST OCl(l\000L 

ortrt prornc 

.\ thin lnycr or undecocposed lear 11 tt,or undet"laln by a rractton or an inch 

or decocpc,sed left( l Hter. 

0 to 3 Ins, - Dark grcy-brov,n sandY or silty loam to light clay; lll.lnous; 

crumbly and l)orous; noutral to sllsht1Y acid reaction, 

3 to 9 Ins. - Brottn saney or silty light clay; slightly humous; rather 

friable and porous; slightly to moderately acid reaction, 

9 to 18-120, Ins. - Red Ot' reddish bl'Ol'm (occaslonall.y brown or ye11ow­

bro11n), sanc,y or s11 ty clay; rtm, structureless and porous, sometimes 

becoo.lrni hord on, exp0sr1t'C; very acid or highly 11Cld ro11ctlon; grades 

dnto next horizon. 

18-126 to 30-140. ins. - Red and pale yellow 10ottled (occasionally grey

with orange or yellow), saney or silty cley; vocy Clm and porous, 

becoming ln<t.i.rated 011 exposuro, or ronntng veslcul11r lronpan In shallow 

profiles; stone-line or grovel layer Included at base; vecy acid or 

highly acid reaction. (This layor may be thin or nbsont In peneplaln 

drlrt profiles). Abrupt chaneo to next horizon. 

Below 30-120. Ins. - This Is not necessarily related to Che ovo�l.ylne dl'ltt 

although, In cact, sendY clay drl rts are uslllllJ.y associated wl th sandst.onos 

or granites and silt:, clay drlrts with phYlllt.es ond schlsts. The rock 

may be Crcsh, bUt Is usually weathered, rrequently Conning a rod and 

ye1101·1 mottled, vecy acid, lnduroted 10am or clay which hardens Into 

vcslcul11r lronpan In shallow prornes. 

From the agricultural point of view, Ochrosols are 

easily tilled and offer freedom or root development, especially 

in the case of deep drift soils. They are well drained where 

red, but rather more slowly draining in the subsoil where 

'brovm or yellow-bro,m, When cleared :for agriculture they 

become rather susceptible to drought, espec.ially :for shallow­

rooted crops and where 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, and this, as has been stated above, may 
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be at such a depth as to bo boyond tho roach of plant roots, 

Lower-slope soils where sandy have a lower moisture-

and nutrient-holding capacity, but colluviol silty c lays asso­

ciated Vlith gravelly upland soils over Birrimio.n phyllitoe 

may be better in these respects than thoir upland associetoe. 

l.ssociated bottom clays have a better nutriont-t.oldine capacity

but need water-control measures to be offoctod tor really satis­

fe.ctory utilization; they o.ro, however, usually only patchy

in occurrence. Sandy bottom soils, extensive in grcnito orooa,

ore almost barren of nutrients below tho humous topsoil end

suffer from alternate wotcrlogging and drought, The moat

prepossossing depression soils arc certain yellowish silty

cloys devoloped along some of the larger strcruns and rivers,

particularly in Birrimian areas. These hove a fair nutrient

status and generally good moisture relationships; they ore

subject to flooding only for short periods.

Analytical data for two Forest Ochrosol profiles arc 

given in Tables 1a and 2o below and in Tables 1b and 2b at the 

end of the chapter. Tables 1 o r.nd 1 b show data f'or a typical 

sedentary upland profile over medium-groined biotitc granite, 

roprescntotive of soils f'airly widely developed around Kurnasi 

and elsewhere in western Ashanti, Tebles 2a and 2b show data 

f'or a typical sedentary uple.nd profilo over Lower Birrirnian 

phyllitc; soils similcr to this occur over approximately half 

the Forest Ochrosol belt. The data in these t�blos shou the 

mexkcd concentration of nutrients in the topso1: typical of tho 

Forest Ochrosols, nnd make it clcor thnt the grcoter port of 

those nutrionts is ai>sociotod ,1i th tho orgnnic nnttcr. They 

also indicate the strongly wocthorcd and leached nature of the 

subsoil and we;othorcd substratum: the grnni to profile was 

examined to o depth of 55 fc,c,t nnd nt this depth was still in 

the zone of thoroughly weathered rock, al though tho original 

rock structure was clearly apparent for above this depth. 

The lnrgc amount of coarse material present in the 

subsoil of the phyllitu profile (cf. TnlJle 2b) rc,presents stonc,s 

ond gravel derived from the br.:.ckdovm of qun.rtz veins which 

commonly intrude Birrimian rocks, The pro2cncc of such lcrgc 

amounts of stones ond grrvcl in soils render them licble to 

drought during prolonged dry periods, It cloo considerably 

reduces tho bulk of true soil nvoilnble for plc.nt roots to 

utilize: part of tho large difference in actual nutrient 

content between the subsoils of the two profilco for which 

onoly�ical date ore quoted (cf, Tables 10 and 2a) is attribu­

table to tho fact thot tho subsoil of tho phyllite profile 
contains only one-third to one-half as much 'fine c,c.rth' as 

docs that of tho granite profile (cf, Tables 1b and 2b). 

Under nntural conditions, topsoils throughout the 

association contain adequate amounts of plant nutrionts. 'Hhon 

forc,;rt i'l r.lo<1r�d for cultivf't.l ·n, it . .-, r.•1tri..n l !"�,, ... ,,.
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I thi-ekness Dry Exchangeable bases j Organic Total Total (i.e.fract1on of total soil capacity) 
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145 18,802 1125 197 .430 .117 .010 
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960 327 .228 .153 .009 
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! 
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' 

4- 14 1. 6 1175 I 486 51 .193 .132 .006 
. y- I

5. (4) 1. 6 233 ' 109 I 5,009! .006 ' 14 i 10 355 172 .129 .100 
I 

' 

I 

Total for 3 feet 6142 i 
I 1556 I 204 1, 847 136,425 7311 1627 

I 

Table 1a. Kumasi series, a representative Forest Ochrosol: major nutrients in lbs per acre in surface 
3 feet� Detailed analytical data are given in Table 1b at the end of this chapter. 

These data talce into account dry density (assumed), the amount of oven-dry fine earth (�2 mm,) 
and the amount of nutrients as expressed in the analytical tables quoted at the end of this chapter. 
No actuai dry density determinationB have been 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 ass�d 
as 1.6 in both forest nnd savanna soils except where more than 3 per cent organic matter is present, 
when a value of 1.5 18 assumed. 
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---
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! 'Relative availability' of bases I 

. 
thickness' Dry Exchangeable bases

:
Organic Total l Total 

1
_ (1. e. rracti•.:>n of t� soil cnpacit

�

) 
I in \ density · --,-- --- I - !matter nitrogen! phoe- 1 ' I I h f ' 1 

I P orus Calcium,:Magnesium Lbnsarese! Potassium

[_:.:__2_ i 1.2 2534 _L__:� i_�j_
-

62 : ss,97� _
24;�

_
: (296-j- �,;o -1 .182 : .ooo : .001 : 

\ 
2. 9

_[ _:�.
6

---1----
9
8

2 
__ L_��o I-�� l 117 66, 021 4111 1 1272 1 .1 02 .07a 

� 
. 003 \ .006 

� 
3. 10 1.6 
-· ----- ·1 -----.

4. 12 \ 1.6

. 
I -

_:_49 : 54 I 8 j 40 \ 17,980 
_:_

255 644 _ . 038 .023 1 .002 ! .oos -., 

12� 39 7 7 I 37 j 9,232 816 I 606 i .042 I .022 I .002 I .006 

- I
·- -

7 9 �131 578 I 331 1 . 032 I .033 .003 l .003 5. (3) I 1.6
I ' 

Total for 3 feet 
-- -- 3�;-t 7371 · 116 265 1,53,65-;j--;;;;-.-·

1 
3149

- ' ' 

1 
54 34 

Table 2a. Bekwai series, a representative Forest Ochrosol: major nutrients in lbs per acre 
in surface 3 reet. Detailed n,,clytic�l de.ta are given in l'able 21:>. 
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is drastically affected. The organic matter is quickly oxi­

dized and the nutrients it holds are released either to be 

absorbed by a growing crop and weeds, to be 'fixed' by the 

soil mineral matcer and rendered unavailable, or to be leached 

down and out of the profile. As the organic matter diminishes 

too, the topsoil loses ite crumb structure. It then dries 

hard 1! exposed to the sun and 18 easily puddled when wet, 

leading to surface run-off and erosion if the soils are not 

adequately protected by a cover of foliage or a nrulch. 

The maintenance of the topsoil organic matter is of 

prime importance in cultivating these soils, Thie aim is 

largely achieved in traditional arable farming practice: forest 

is incompletely cl&ared eo that v,oody vegetation speedily 

regenerates after cropping; mixed cropping is practised so that 

considerable protection is afforded to the soil throughout the 

cropping period; one of tho long-term crops - cassava or 

plantains - serves to nurse the regenerating natural vegetation 

aft6r the short-term crops have been reaped; the soil is little 

disturbed by tillage; crops aru taken only for a year or two 

and then the natural vegetation allowed to regenerate; forest 

fallows of' five to ten plus years intervene before cropping is 

again attempted, and serve to concentrate sparse or difficultly 

available nutrients drawn from lower horizons into the rege­

nerated humous topsoil. 

Satisfactory methods of maintaining continuous arable 

cropping have yet to be devised for those soils. At the best, 

a modified form of forest fallowing is required, frequent green 

manure crops being required in the rotation in Dlace of the 

natural regeneration, Alternatively, mulching might serve to 

protect the soil against erosion and maintain the organic 

matter content, but this measure is generally considered too 

expensive to 'bo practicable at present, Trash farming is 

another possible method needing investigation. 

These soils are, in fact, and perhaps not unnaturally, 

boat suited to tree crops. The raini'all totals under which the 

soils are developed are not adequate for the commercial produc­

tion of rubber, oil palm or bananas for oxport, although the 

two latter crops, together with plantains, yield adequately 

to supply local needs. When newly cleared f'rom forest, upland 

soils &re auitnblc for cocoQ or- coft'oo, and kola. €:rows eatis­

factorily on some of the more draughty, open-textured soils 

over granite. Apart from losses duo to disoaaos and posts, 

cocoa appears to survive on the mature soils only so long as an 

adoquate organic matter content remains in the topsoil, on 

silty or gravelly so1lo, cspocially whore tho original foraot 

cover is totally cleared, cocoa often fails to become 

'• 
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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 

twenty to thirty yonrs from planting. The best crops on 

Ochrosols aro found on relatively immature soils ovor biotite 

or hornblende schists and granites whore roots can rcoch the 

zone of rock-weathering within about 5-10 rout of the surface; 

cood yields are maintained up to about forty yee.rs on such 

soils. The crop persists, too, although not always highly pro­

ductively, on some lower-slope soils and mist-zone, scarp-sUIJmlit 

soils, apparently bocaus� in these moister sit"'s the trees can 

feed throughout tho yenr and arc less liable to suffer from 

the dry-scnson drought effecting other soils. 

There are few date on munuri�l requirements 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 

is 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. Topsails are likely to become more 

acid 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 o� 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

zers are likely to give the best results. 

The role of organic matter in these soils is parti­

cularly important in relation to their phosphorus status. 

Considerable amounts of this vital element may occur in the 

soils, but only a small fraction of the total is available to 

plants at any one time and crops depend for their phosphorus 

nutrition mainly on the sup�lies released by t�e mineraliza-
, 

t1on of the topsoil organic matter. Fallow vegetation -

deep rooting, at work for a number of years and perhaps 

including species able to obtain phosphorus fran difficultly 

soluble compound.a - extracts some of its requirements from 

the subsoil, ond it isprobably one of the mnin f'Unctions of 

foroet fallows to aocumuleto phosphorus in the topsoil in roedily 

rnineralisable organic forms. 
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Forest Q]c_y_sol,s 

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-brovm 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 Tarkwaion 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 dovm 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 generally rather lower 

in amount than in the Ochrosols although it is rather more 

deeply distributed dovm the profile, Visible humus staining, 

however, may be confined to the surface 1-2 inches. Preliminary 

analytical studies suggest that the organic matter may have a 
much lower capacity to retain nutrients than that in Ochrosols. 

Bauxite, or bauxitic ironpan, caps the high level 

peneplain surface ond the clay fraction in these soils may be 

expected to contain a high proportion of sesquioxides; but 

elsewhere the clay appenrs to be kaolinitic. 

Soils in a typical topographical association are 

111u.trated 1n Pigure 4. Analytical data for a typical 
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Table 3a. Boi series, a rep resentative Forest Oxysol: major nutrients 1n lbs per acre in surface 
3 feet. Detailed analytical data are given in Table 3 b. 
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Oxysol arc given 1n Tables 3a and 3b. Thcso should be compo.rcd 
with tr.oec gi vc:-, in Tables 2s and 2b for El Forest Oehrosol, 
both profiles illustrated being uevcloped over Lower ll irrimian 
phyllitc but under different climctic conditions. 

With the possible exception cf the soils or. gentle 
topo6rnphy over the Tertiary deposits in the extreme south-west, 
Oxys?ls arc not suitable, without eloborntc prccsut1ons, for 
exposure to arable agriculture because of their stronc suscep­
tibility to leaching nnd erosion under the rainfall conditions 
obtaining. It might be conjectured that even traditional forest 
fallowing might 'be ineffective as a means of maintcining pro­
ductivity on these soils since it is more difficult to build up 
nutrient supplies in the topsoil against thv strong leaching 
action of the heavy rainfall. Too-frequent cultivation may 
result, even with the high rainfall totals cxpcricnccd, in tho 
re.placement of the forest by savanna, with grass species such 
as Chcsmopodium caudatum (Hack.) Stapf or Imperato cylindrica 
(L.) Beauv. var. africana (;.ndcrs,) C.E. l!ubbard (spc,ar grass or 
lalang) dominant, as hos happened in parts of Sierra Leone 
(Waldock �'L.tl·, 1951) • 

These soils nro pre-eminently suited to such tree 
crops as rubber and oil palm. ·Ihis is not so r.'lLICh because of 
o.ny special prop�rtics the soils may possess, but bccaueo of
the high rainfall conditions und�r which they normally occur.
The high roinfall would !:!lSo suit bananas, but in i:,cncral the
topography is too broken to suit plantation production and none
of the soils is sufficiently fertile to permit continuous pro­
duction V1ithout the, use of' :fertilizers, pa1·ticul�rly potash, on
o lo.ri;c scalo. The deep Tcrtir.ry doposi ts ore suitr.ble for
coconuts and oil palm but may be too fr�c-draining for rubbor.
cocoa docs not thrive on such acid soils nnd is largely confined
in such areas to river lcvo�s5• Rice is a suitable crop for
the valley bottoms, but flood control is really required for
an increased level of production.

There is little cx!)<,ricnco with fertilizers on 
those Geils cs yet. In improved agriculture, annual crops 
would bo likely to requiro a wiclc rant:..: of major ond minor 
nutrients, however, particul:-rly nitrogen and phosphorus, and 
perhaps potash o.ntl magnesium, On similarly acid soils in 
Nii;cria aml the Bc.lgion Cong.J, oil palms heve rc:apcnclod to 
potash and eomotimcs m�.grn;s1.•11n applications (Haines &; Bcnzion, 
1956; Bull & Chopos, 1956). Similar rcspons"s may be oxpc;cted 
on coconuts en the T ... rtir.ry J.cposits. Magnesium o.pplico.tions 

5Tb,s..: 10:uny lov"c soils ore, in fact, C\G acid cs the 
upland scilo, imlicat inE, t!H1t ociu.1 ty cs such io not the 
determinini; factor. Prcl!ini11:-J'y 1nvcst1gntions indicnic. sorrc 
correl".ti,.,:-, b�t"'""r. the J.ietr1b•,t1::m ?f coco� and s0ils with 
sul:st�ntial runoun,s of exchon,;,<.eblc m •.ngnncso. 
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have 01ven striking responses with cocoa on aci<l soils in tho 

Bclgirui Congo, Such requirements locally can only pr:,porly 

be tlctcrmintd by controlletl �t.ronomic studios. 

Forest O�hF.2f>Ol - Oxysol in•crgrades 

Since the different. propurtit;s of the Ochrosole cmd 

Oxyeols arc pri�arily ottributoblo to the different rninfoll 

totals the ooils rc,ceivc, the boui,d.ory between the t,;roupe is 

not sharp and there is a broad tronsitionol belt between the 

mo jor arc. os r,hcro the two soils arc. t:,pic ally devcl :ipc.d. Inter­

gr odc soils ore also devclopecl over silicccuo Te.rkwe.io.n rocks 

under rainfall conditions which would normally 6ivo rise to 

Ochrosole and form o brood belt throu(h tho centre of tho forest 

zone. They else occur under very llumiJ conditions on the Atowo 

rongc near Kibi and on the higher ports of the Togo ranges. 

The intet•gradc soils hrwe no intrinsic properties 

of their own, although upland ':'orkwo1en soils ere tyPic elly 

onJ.y pale brown or yellow-brown in col �ur, not reddish brorrn. 

The distinctive feature of the soils is taken to be: thc. 

rcoction prof1lo: topscil PH values lie below 5, 5 (u::;uolly 

5.0-5.4) ond lower horizons hevc similar or slif}ltly lowc.r Ii{ 

vaJ.ucs 4. 8-5. 3). Other propcrt ics arc intcrmcdioto between 

tho two major groups (sec Toblo 4a). 

Rainfall totols of 60-70 inchus per c.nnum ore ro.thor 

lower than those considered desirable in other countries for 

corMlCrcinl rubber, oil palm and banana production, although 

production of tho two latter cr·.pe, tor;cthor with nlr.nto.ins, is 

likely to bo sot!sfnctory to moot lQool requ1romcnts, Tho 

soils lll'c too acid to support sotisf�ctory cocoa undc,r present 

conditions, although the situation may ono day bo cho.ng.ed if 

suitable !'crtilizur techniques con be >1ork ... d "Ut. Coffee is 

tolerant of such soil conditions but this crop would also need 

monur1ng to obtain sustained Botisfoctcry yields. 

Fertilizers would n<-cd to bo used to incrcaso 

arable crop production, too. �itrogon and phosphorus would 

be the llllJ.jor r<-quircimnt, nnd responses mi&ht cvcntunlly be 

oxpcct�u to cppl1c3tions of potash e.nd perhaps moi;nosi= 

lill16stcnc. rlreble croppin0 ncc.da to bo practised �ith caution 

bccausL of tho danber cf inducing accclcrotcd soil c.roaion. 

The oim choul<l be to kc.;; tho orE;onie matter c .. ntcnt at as 

high e level &6 possible and tc protect the soil surface 

agair,st the tmi;:nct of the hc.e.vy rainrall, 
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Horizon 

thickness 

in 

inches 

1 • 3 

Dry 

density 
I 

, .. ... 

Exchangeable bases Organic 

matter 

fissu,xd) 

l _, 
Calcium Magnesium Menganesc:Evtass 1um

� .., 

Total Total 

Nitrogen phos-

•• .,. 

'Relative availability' of bases 
(1.e.fraction of total soil capacity) 

-------

phorus Calcium Magnesium Mansanese Potassium
- ·- --

1.2 1782 305 42 212 82,446 4210 342 .391 .110 .00(, .024 
�-

- ---
I 2. 2 L

1.5 
-- -- __ J 

240 52 14 45 19,026 1172 15} • 180 .064 
---- . ----,-----------------

.008 .017 

-�

3. 10

4. 9 

s. 9

' ' 
' 
. -

'

--

1.6 

- .

1.6 

1.6 

- ----,------

321 54

279 37 

450 109 

------

5 45 

1 30 

4 70 

9,850 

6,238 

600 
-- ._

465 
--- .. ----- - -

16,865 1343 
------ --- ----- - ♦ -- - --- --... 

------------------

6. (3) I 1.6

Total for 3 feet 

123 

3195 

47 
- --- ' -

604 

2 16 4,917 511 

- . .

68 418 139,342 8301 

135 

122 

387 

. --

---

153 
-

1292 

.276 
--- --

.214 

.113 

.076 

.074 

.047 

.045 

.049 

.OOli 

.001 

.001 

.001 

Table 4a. Nzima-Boi aeries, a representative Forest Ochrosol-Oxysol intergrade: major nutrients 1n lbs 
per acre 1n surface 3 feet. Detailed analytical data are given in Table 4b. 
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·::ell dcvclo,Pod PorosL l<ubt•iaola cono1Bt or (lark

red, 1'1rm or pluot1c, nutty to bloclcy clnys developed over 

basic roclco, uau::uly under ru1nfollo leoe Lhllll 6o-70 1ncheo 

per aruiuin. 'i'h" clay mineral opp<:orn 11),;ely to be tit leoot 

partially mon tmor1llon1 t1c, and the profile ccnt:11rui lurgo 

runountc 01' bnoo� throughout. Such sollo ore - unrortunately 

not extenotvc in ,h;i.no, but occur over amrul boo1c dykec 

( unuol ly dolc:r•i te). 

There ore, however, aom1; (JXpnnaeo or e oil e inte.r-

medto t" betwven true Rubr1aola end the Och.roaoln, nnd thcoe 

hr.vc been morpvd ecporotely. Such 00110 ore developed over 

hornblt.md.e ond biot1 te gronodiori tea ne:.i.r Toro, in the v1cin1 t:, 

ol' ornall epid1orite and dolerite intruaion:i o ccurring locally 

throughout the forcot zone o.nd in piedmont drifts nround 
Bosumkeoc hill '.Ind certain ot hwr booic (;rccnstonc ineolborgs o.nd 

outcrops in r1e::: t.ern /,ruiant 1, Cc rtain of thostt soils, al though 

conta ining norr1r.l amounts of ori:.:onic matter, o.ro red to the 

ourfaco; �ome, too, �ppcar to contain oppr<..cloblc nmounto of 

mang'lnese dioxide, although �oin th1a lo not ol11nys visible in 

tho profile. Structuro 13 t:cn<..rolly rn,re c:viuont and moro steblo 

thnn 1n the Ochrr,solo; topoo1ls nr1.. cru;n\,ly to n•Jtty, and 

lowor layers :::lightly bloclcy or cloddy, and plastic when wet. 

Except in the cocc of piedmont drittG, recognizable weathered 

rock io usually vislt>lc within 3-5 feet of the Gurfacc, und 

the profile r.ii:.y contain unweothor<:d cry:::tale of hornblende, 

otc., scott�red throughout. ilthough thv cluy mineral preoent 

io presumably prl,dominant.J.y kaolini tic, 1 t oi:,veors likely that 

montmorillonitic clay ia present in orno.11 proportionG o.lso. 

Typical pro1'ilt:s arc shown in ?i�urc 5. Annlytical date ore 

givtn in Tablco 5a and 5b, 

The base supply from the woothering rock is suffi­

cient to prevent t.ho profilco from becoming strongly leached: 

topsoil:; hove reaction values of pH 7.0-a.o end lower loycro 

pH 5,)-6.�, with values rising o�atn in the weother1ng rock. 

'.Jndc.r rarest tt,e coils ore well :i;:rovided 17ith pl'lnt nutric:nts; 

the eN'cct of the depletion of the organic m'.!tter undc:r c>JltiVL.­

tion ic lenn scr lci.;,i th:ll, in the Ochrosolo o1ncc the mineral 

m."tt€:r b.-.:; c. ?J•e:· i,,., ::ibili ty to S'lpply and r,.,t:iln nutrient.a 

und tho to:i;:so!l� hr.·vc a more stable aLructurc. Hitrogcn, 

phos1-hor11s ::ind in aor:i� c:i&eo p ott,sh, m:ly need to be added 

1.nder ir.pro·,ed :,r�tll' cro.rplnJ !illd for trwc croi,e, but oct�al 

requireu.ento o!l!' only be d�t, rmlned by contr�lL,d c.gronor-J.c 

trial a. 
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llorizon 'Rt;lBtive ovnilllbility' of: bllO<"O 

thickrwBE Dry Exohnngcnblo basoo Orgnnic Total Total (i.t. t·root1on of: total coil oopocity) 

in density mnttor 

inch( e (ooournod) Coloium lrlngnoe1um \lnngo.nooo Potoseium 

1. 1.5 1.2 2728 390 127 81 38,967 

2. 6.5 1.6 2476 313 102 96 29,647 

3. 6 1 .6 252 52 18 26 2,260 

.. 

4. 6 1.6 308 66 19 31 1,871 
' 
I 

s. 16 1.6 2262 941 I 41 212 13,551 

Totol for 3 feet 8026 ' 1762 307 1146 86,316 

nitrogen 

1983 

1997 

186 

322 ! 
1867 

6355 

phoe-
PhOMID Calcium , 1gnc.a1um MongnnPG<: Fl)toseium 

t 

220 • 757 .16.5 .026 .012 

i • 

702 .580 .121 .017 .012 

182 .325 .110 .017 .017 

165 .318 .115 .014 .016 

1187 .277 .190 .004 .013 

2456 

Table So. Woori eerieo, o reproeentot1ve Forest Rubrisol-Ochroool intergrode: major nutrionte in lbs

Dota1lcd analytiool do.too.re given in Table Sb.per aero in eurroce 3 feet. 

"' 

•
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Exchangeable bases 
- t-- -- -

Prganic 

· 
'matter

I 

"' 

Total I 
nitrogen 

� ,IJ p 

l 'Relative a�a1la��lity' of �s�s

-

·- -
Total l (i.e. fraction of total soil capacity)
phos- - l

Horizon 
thickness 

in 
inches 

Dry 
density 

(osswrcd) Calcium Magnesium Mangonese Potassium 
I 

phorus • Calcium ,1::i.gncsium ,Llanganeac Potassium 
I- - • -4-·-- - - - - -- - • 

1. 1. 5 1.2 

2. 6.5 1.6 

3. 6 1.6 

4. 6 1.6 

I 

2728 

, 2416 I 
- -- .:-

r 

252
� 
I 308 
I 

-- ·;
.• 

t 
I 

5. 16 I 1. 6 2262 I 
. I -

Total for 3 feet 8026 I 

390 

313 

52 

66 

941 

1762 

• 

... 

-+ 

127 81 

102 96 
- - --l----

18 26 
--

19 31 
,--

41 212 

. T 
307 . 446

.012;�8�987••·-
-
1�83- ;·

·
-;20 1-:-757-- .165 ' .026

• -• - • -· "" • ~ •• -
' I 

, 29,647 I 
199�- � 

_:580

1 

__ •
1
��- -

-
�
017_ -,---•

012
-i

1 
2,260 

� 
18� L_ 182

_ 
r_-'" +- _.110 _; _.01_:_ _: _:.�'-1 __ T

I 1,8711 322 165 1 0318 .115 .014 .016 

--1, 13,551 ,-��1-- ;1�;- �211 I- -.190 - � .004. - .013
' t !... - -1 - -- - 1- -- - --··-

i 8
�

,316
1 

6355 2456 !

- -I

.. 

Table 5n. Wacri series, a representative Forest Rubrisol-0chrosol intergrade: major nutrients in lbs 
per acre 1n surface 3 feet. Detailed analytical data are given in Table 5b. 
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These are the most valuable soils 1n the 1'orest zone. 
They are better provided with nutrients, have a better lll01&ture­
reta1ning capaei ty and a.re mo� resist ant to erosion than the 
much more widespread Ochrosole. They are almost everl'lfbere 
under cocoa at present, and, except where affected by swollen 
shoot disea5c, y1olds,appoar to bo maintained at o high lcvol 
instead of declining after a number of years as happens en most 
Ochroeole. It is possible, in fact, that, properly managed, 
tho small area these soils cover could by itself produce about 
half of the total quantity of cocoa produced from the wbole 
forest zone at present, 

Forest Lith�3ols 

These are very shallow, brashy soils developed eyer

hard rock, usually on steep elopes. Because of the resistant 
nature of the rock or the steep slope, there is little accuou­
lation of weathered material and the profile consists only ot

a shallow, dark-coloured, humous topsoil overlying little­
weathered rock. Such soils are most extensive over Togo quart­
zitcs on the Akwapim and Togo ranges. They also occur on the 
steep Voltaian sandstone eecari;ment running throus?J the forest 
zone from Koforidue towards ·,venchi and over Tarkl'leian quar-t-
z1 tcs, but have not been mapped separately in these cases.

Shello1v soils developed over sheet ironpen capping pcnepla.in 
remnants arc included 1n this category. Such soils are dl"oughty 
and poorly provided with nutrients, aoo are best lef't under forest. 

Certain Lithosols 6 developed over basic igneous rocks 
on the steep flanks of some Upper Birrimian ranges (perhaps 
better regarded as immature Forest Rubrisols and Brunosols) are 
much more fertile, and con be used for cocoa production. The 
slopes of many of these ranges, however, are covered with deep 
acid drifts waahed down from crodinb Oxysols on the baux.it1c 
summit-cappings. These steep slopes should not be cleared for 
arable crop production lest erosicn proceed even more rapidly

than under natura l conditions. 

Typical profiles arc illustrated in Figure 6. 

Forest Regosols 7

A narrow band of Regosols borderine the coast in the 
extreme so\lth-wcst has been shcwn on tho map (in a strip of 
conventionel width) bece.usc of its impcrtance for ccconut pro­
duction. The soils here comprise deep, brown sar.ds, slightly 
humus-stained near the s'.ll'ra.ce, developed 1n reised beach de­
posits standing some 5-10 feet acovo the �resent beach between 

Perhaps theoc would better be ro.gerdcd e.s 1;ir.a.turo Forect 
Rubrisols end Forest Brunosals. 

7Furthcr consideration indicates that these soils ere, in 
fact, very 'dil·.itu' Oxysols, occa..i;;e of their loose sc..r.d:,.· nat .. re, 
however, they would perhaps '1::etter b� re o.rdcd as ncgcsol -
oxysol ir,tcrf}"o.des. 
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approximately Axim and the western frontier and varying in 

width f'rom a f'ev, yards to 4 miles (cf. Fredericksbur.g aeries 

in Figure 7). The soils are highly acid in reaction on:l almost 

barren of nutrients. Their great asset lies in their favour­

able moisture relntionships since they receive 80+ inches' well 

distributed, annual rainfall and permit Mlple root proliferc­

tion. Occusionnlly, in rather flat sites, the soils develop e 

weak orgc.nic pnn at a depth of about 2 feet (Princes). The 

ori€inel coastel scrub end forest cover has now largely been 

cleared to make vay for coconut plantations. On such soils, 

those palms will undoubtedly require manuring to give good 

yields, but the actual fertilizers required end details of

application arc not yet accurately known; preliminary results 

from Division of Agriculture tri/.lJ.s at Atuabo indicate striking 

responses to nitrogen, however, ns well as to phosphorus and 

potash when used in combinetion•with nitrogen (Gordon, 1956). 

Applications by way of organic mutter may be desirable since 

chemiccl fertilizers added directly to these free-draining 

sands may be leached out of the profile too quickly under the 

rainfall conditions obtaining. 

On the shoreward side, the soils described above 

grade into n narrow bo.nd of contemporary dune sands which give 

rise to pale yellow, incoherent sands containing shell rrugmonts 

(Krisin series). On the in.land side, the soils sometimes srade 

directly into yellow-brown Oxysols developed in Tertiary sands; 

but where old, infillcd lagoons occur (as behind Eikvte), they 

pass into Groundwater Podsols (Atunbo series). The latter 

consist of 1-3 feet of pale grey or white incoherent se.nd, 

humus-stained for a few inches at the surface, overlying a brown, 

compact, organic pnn 1-2 feet thick which grades down into 

pale-coloured incoherent sand again. Those soils ure highly 

ecid and /.lJ.m�st totally barren of nutrients. The organic pan 

impedes droinege and root penetration and many of the soils lie 

waterlogged or flooded throuGhout much of the year. On the old 

lagoon t'lats, they occur under short sedges and grasses v,ith n 

few clumps of' trees and shrubs. In per.-,nnially waterlogged 

sites, black, highly acid, pcoty clays occur (Mpetobe series). 

These sevanna flats, covering some 4 square miles, hnve su�gestcd 

themselves to some observers as potential rice lands. The 

soils arc highly inf'ertile,howevor, and they a.re unlikely to 

support more than poor rough-grazing for some time to cooo. 

/Jlalytical data :f'or � representative Groundwater 

Pods cl o.ro gi vcn in Table 13, p. 6/75, 
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Al"t.ho�gh this zone covers npproxlrnately tvro-thlrdo 

of� country, considerably less is known about its soils 

at µ-eoent then ic known about those of th� tuo other zoneo. 

De-oiled s:ud1 s h ve been cant'incd to .:oils d.,•, ... lop d ov l' 

Vol :ainn sed1mcntar;r rvcks llhich, however, cov r "..he greater 

pru-t o: 1Jle zone. Soil ... over the gro.nitt a huve be :1 studl.eu

to some extent, but lit�lt 1s yet known or the soils forr d 

over the ,-ur10u::i Birrir:lian S."\d Tnrkw 1an rocks. The bound rie 

drawn on �h� coil cop �uat thcret'ore be regarded os provisionnl 

oruy, nnd the following account 11:1.11 undoubtedly need considc.­

roble nod1!"1cation on mere details bocorne knorm over thu next 

!'ev yeo r a, 

Tho msjo:r soil grou_po rccoi;nizod W'C Sc,.vann::i 

Ochrosols, Groundwater Lateritea, Tropical Block Eartha, 

Savanna Bru.'losola, Tropical Brown E'lrth,, Sa.vo.nno L1thosolo, 

Orey Acid Gleisols, Orey and Bre,wn Clllc ium \'lcisols and Sodium 

Vlcisols. The units mopped or S�vonna Ochroaols, Savo.nn� 

Ochrosol-Groundwter Loteri to .n <-t.rsrndea, T1•opic al Bleck 

Esrths, Snvan."Ul BI"..lnonols, Sovanno. Ochrvaols with ocme 

Lith ools and Brunosols, end Acid Ole1�ol . 

In nero.l, the soils of this zone hciv v cry much 

lower co:,tents or orgnnic C!ltter run h'lvc a low r niitrJ nt 

s tatus than forest aoils. Over large ore s the ��111 h vc 

unravournble r.:o! ur relationohipa .nd, in addith,:"l, th 

rn1nt'al.l ia l s rcli blo 1n occurrence thon 1n th.. tortat 

r:on • Th potential p!"oduct1v1ty or the soil or hi3 z no 

must on the Whol b r nrd d ..:,prcc!obly lower thru1 th t 

or the Cl!ljor1 ty ot' fb rest Goil ••

8';11'.nJ:,:' Q£}'r _ ]._
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.. , er •rfl11 Iii �N>wa eo1lt PNdoai.na\41, and bran 

and 1'8llow-ln-om. w,4.+IJ► \o lonr--alope ••aoc1at.ee appear t<> 

be l••• ••N>bllt U.. bl Iba tON ■t. sane. Depreauon toll• 

aN PMl'a.117 freJ' Ao.14 OI' ••utral Ole1eola, blit Bod1WI 

Vlel.ol• ,,, •• ,. OIG'W" 1n .,. Valle, bot.t.oiae �■t 

Oahroeole 4-fflopet OffP the Oboeum beda 1n tbe south or Ule 

TexQ\l'e "81"1•• IICOord.1118 to the nature or the 

parent •tePlal. l(De aoUa over Vol ta1an aandetonea are 

.-n47 t.bz-01:1C,u,a1. 12ae pnit1ie; .o11e over t.he tnaJor nrea � 

Vol \a11m .-nd1t01»a 11114 0'9ar c17etalline rocb ( where these 

give rlu to Ocbroaole) may have appreciable eend content■, 

bat 'beocxi. at luat 1081117 and otten clqey in the lower 

hortzona; eotla OYer Jlh7].litoe Qnd schiate a.re generally 

liabt clq to cl117 1n te:&ture through()ut, The clay m1nel"&l 

1a bel1�ed "•r,wbffe to be kaol1n1tic. Soils on piedmont 

elope• below 1'00.Q' hill• 1n the Oambasa highlands, lllld perhape 

elsewhere over Volt411i111 aandatonea, conaiet ot fine material 

throusboat down to bedroclt. neelfhere, upland aoila characte­

r1et1oallJ contain veaicul.lU' ironpan or abundant ironatone 

concretions at eomo depth 1n the profile. Over sandstones 

there ta pnerall7 trom 1 to more than 3 t'eet or t"ine earth 

overlying the rerruginoue layer; over other rocks, the 

terruginoua layer generally occure within a few 1.nches to the 

IP'OUlld surface and over Birrimio.n roclta it 1118¥ nlao contain 

conelderable 1J111ounta ot' quartz gravel and stoW!s, 

Th£9re 1e generally leas textural variation w1 th 

topograJ;lb1cal site than occurs in the forest zone, end deep,

pale-coloured, lower-slope, colluvial ea.nds ceem only to be 

important in o narrow zone, probably coinciding with the derived 

eavallll.ll zono, 1.J:!lnodiatoly north ot tbo forost. more particu­

larly over V2 Oboeum beds in tho .Ejura area (soe geological map). 

An ideal topographical oection, except in the 

higher parts or the Oambaga highlands, consists or n aJN\ll 

8Wl'.1!11t-cQl)ping of red soils, usually shallow, over ironpan 

(which outcrops locally to give riae to Sove.nn.n Lithoeols), 

g1v1ng way, orten below an 1ronpan outcrop, to red so1lo 

containing ahundont ironstone concretions end sometimes 1ronpan 

bouldel'e covering the mo.jor port of the topography. Along 

minor depressions the lower-elope eo1ls consist of yellow­

brown, mottled, eilty or sandy clays giving way to grey, 

mottled, silty clays in the bottoms, Along major valleys 

the ferruginou11 layer of the elope soils may outcrop 81ld, 1n 

Vol ta1an o.reaa, hard sandstone mo.y be exposed, 1n a marked 

steepening of the elope bordering the valley bottom; in the 
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latter occur grey, slightly mottled, silty or sandy clays. 

Over Obosurn beds in the Ejura area, bottom eoila sometimes 

consist or a foot or eo or pale brown eand overlying grey, 

compact, prismatic so.ndy clay going down into grey mottled 

ochre so.ndy clay 1'7ith calcareous concretions. These appear 

likely to be Sodium Vleisola. It is not kno1711 at preeent 

how extensive such soils may be. 

Typical upland profiles over sandstone an d phyllitc 

are illustrated in Figure 8. Upland soils differ from Forest 
Ochrosola mainly in the morphology of the topsoil. There is 

no continuous lest-litter layer at the surface, and bare soil 

is often exposed between the widely spaced graos tussocks. 

In the south, the surface 3 inches may be mid- to dark grey­

brown with organic matter, grading into a further 3-6 inches 

of soil in which humus-staining graduolly disappears and the 
colour becomes broim 

the undisturbed soil 

or pale reddish brov,n. More generally, 

!s only slightly humus-stained, the 

colour changing fran grey-brown at the surface through pale 

orange-brown to the colour of the subsoil below about 6-9 

inches. Lower horizons closely resemble those of Forest 

Ochrosola developed over similar parent materials, although 
it nrust be noted that ironpan and ironstone-concretionary 

subsoils are much more common than in the forest zone. 

As 1n 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 even in the surface layer and lesser amounts 
below, the soilt are generally poorly provided with available 

nutrients, phosphorus and nitrogen being particularly 

deficient. Intensive cropping would be expected quickly to 

exhaust the low reserves of other plant foods. Topsoil s are 
generally almost neutral in reaction; 1ov1er horizons are 

rather lees strongly leached than in Forest Ochrosols, and 

reaction values in the rubsoil normally lie around pH 5.5. 
Representative analytical data for a soil over sandstone arc 

given 1n Tables 60 and 6b. The sc should be compared with 

those given in Tables 1 and 2 to gain an indication of the 

difrerence in fertility status between the Forest and Savanna 

Ochroeole. 

Tillage is 0osy except where sheet ironpo.n or 

ironpan boulders lie near the eur:ruce. Moist.ure relation­
ships are leos favourable than in the forest soils because of 

the exposed conditions; evaporation losses are higher a�d 

there is lose of water by GUrfaco run-off during rainstorms 
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- ---· 1--, 
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Exchangeable baeea ;,Organic/ Total 

� 

I 
I 

! Total
deneity 1 1 T matter 'nitrogen 

I 
phos-

, l.nchea (assumed) Calcium Magnesium Manganese;I>otasaium 
' phorus 

I 1. 

2. 

--- - ---.---

5 1.3 ' 605 161 I 

' - - I -· - ---- -- -r----

6 1.6 390 ' 
100 

32 79 668 

12 41 909 I 260 

• .. 

'Relative aveilab111ty' of bases

( i.e.fraction of total. soil capacity) 
• ; 

... ·----
f I I 

1
Calciwn Magnes1um 1 Manganeselbtass1wn 

' 
.284 .124 I .011 .019 

-
I 

.113 ' .002 .006 
1-

- --------------,

19,827
1 

24,729f 

' 28�32; I 

.048 ; 

3. 8 1 • 6 51 8 131 ' 8 ' 77 1331 563 .081 I .034 I .001 
I 

<---
' 

I 4. 11 1. 6 I 617 189 700 .079 .040 I .001 
- ----- ... __.. - ___ _,___ - t

1� _ � 106
-1 

�2���400
_ -

5. (6) ! 1. 6 232 113 5 51 
I I 

7,456 I 503 336 .078 .063 I .001 

Total. for 3 feet 2362 I 694 66 , 354 102, 899 I 4811 2181 
-- - - --- ---- -- __ .,_ ______ . ---

---- ------ -- -- -, - -

Table 6a. Mimi series, a representative Savanna Ochrosol from the interior savanna zone: major nutrients 
in lbs.per acre :In surface 3 feet. Detailed analytical data are given 1n Table 6b. 
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even under natural conditions. Topsoil� tend to be droustity 

and aubs6ils have poor retentive properties where c�ncre­

tionary or ind·1rated layers exi:it. 'loioture relat1oni.lhips 

are better ln piedmont-sl.pe drifts; and over Obosurn sand­

stones in the Ljura area, a perched water-table develops at 

depth during the rainy season and moisture is probacly 

available to deep-rooting plants throughout the year. 

Savanna Ochrosols are extensively farmed in the 

Gambaga hi&}",lands, aro'.llld Tamale, in the Techiman- ,enchi area, 

near Ljura, in central Togoland and around road-side settle­

ments elsewhere. For reasons that are not entirely clear, 

they &re little-settled and farmed in north-west Ashanti and 

the \'lest�rn half of the llorthern Region; many of the soils 

here are shallow and droughty, ho�ever. �ams are the major 

crop Erown, and tne deeper soils over Voltaian sandstones are 

admirably suited to the production of this crop, although the 

methods o! cultivation ueed quickly deplete tlic soil of its 

organic motter. Some maize is �rown in the south; guineecorn 

and millet are more important furthtr north. Tobacco is "rrown 

in t t:e ·1ench1 a.nd Gamba Go oreo.s and is being encouraged orounu 

�jure and Damongo. The former Oonja Duvelopmcnt Corporation•� 

farm at Damongo 1s situated on Ssvanna Ochrosolo aeveloped over 

Upper Volte 1an sands tones. Jm.ncrate._gyl-.1..-2.0._rj.£_& q .ickly pro-

1 iferates on croplend in the sou"h•rn half oft e zone. 

The provision or organic mettet, both to supply 

nutrients and 1. iprove the phys1col cond tlon of c'l., topsoil, 

chould bo t',c cb1cf aim in improv11q; aer1c·1ltural ;:-roduct1vit. 

from the .. e soil;;. /here ntock can be kc; t, lcraal ,cnurc .,houl .. 

b1:; 111£.dc e.nd a ,,plied. I:lscllhore, , requcJJt gr en-lilllnurin, �d tn

t. peronni;:;J. or 01.,.ai-p.,rE:nnl11l covvr crop should be procti::;cd.

Al'tifici�l .crt1l1z�rc should be added to th�sc to �1vc ttc

test res\l.1.ts • .Anti-erosion dovicoo a,e �cq 1rcu if lerse arcn

of coils are clc,r�d 31ncc the tXpo-cd aoila, c.vc, here C:?l'ldy,

arc unable 'l.o obsorb hicn-intcne1ty rotnfall n ,d nrc readily

s 100 ptfble to tJ-e dc.v"lorincr1t of • c Jl tiv .. t 10� 1 ma' ond

CCLleratod oroS1on. 

A coci tod bottom soils nrc al.,10Gt unllcvd at p1•c-c.nt. 

They :re r t ortic..il-rly f<-L tilo l.1Jt, l c 1. at holr 111�, 

aro u.., 1ally very iito lo !or r1c pro 1ctio 1, "'or this tc-

1:>o !'iJ lly uccc..,, rul mdcr ho clin t.v· , ditione o\.Jtcinin6, 

so yotG� of wator contrQl 1 r 1 11 1, 
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Groundwntcr Later1tea and Ochroaol - Q�p,!1_!,at.J:;.t 
Leter1 tc"""fj\t:,C;rgad,;o 

Groundno.ter Loteritea cover very extens1ve areas 
over the Voltn1:in sh:ues (V2) and granitee (m.ainly 01) in the 
interior sav= zone. They have not been mopped separately 
because, in many crc::is, rollowing o change 1n d.rainoge concl.1-
t1ons, the eo1la show some tendency tollnrc1a bocom1ng 
Savanna Ochl•osols, True Ochrosole occur locally, aa -r,ell as 
occaeional Lithoools developed over rock or ironp:in outcrops. 
Some small :ircao or soils soon over 02 granites belong to the 
Brunosols and Tr0piccl Bl�ck Enrths: these con.not be mopped 
separately here, however. 

Groundwotor Later1 tea conaist of fl'om a few inches 
to 2 feet of pale-coloured, ac.ndy Ol' silty lo::im overl�1ng 
vesicular, orc.nso end block ironpon (or strongly mottled 
clay induratirl(' to ironpon on exposure) which goes dovm ot � 
vari:ible depth into mottled v,ec.thcred rock. They occur 
extensively on the uplCJ1d r,nrte of very gentle topography 
under savanno vegetation. Their orig1n i s  due to poor 
interna l drainage: over V2 shales, drainage is impeded by

the horizontal bedding of tho 1mperv1o�e bedrock; over 
granite, drainage is impeded by the clayey nature or the 
weathering rock. Representative profiles are illustrated 
1n Figure 9, 

Over V2 sholes, the undisturbed profile (Kpelesawgu 
aeries) typically consists of a fell inches or greyish, oilty 
or fine-sandy loa/11, humus-stained for an inch or two at the 
top, overlying obundant oc�ouo 1ronatone concretions of 
varying sizes in a pole gr-ey clay matrix; at o depth of 3-4 
feet the concretionery layer abruptly over lies grey and ochre 
mottled clay v,hich within o few inches grades into hard shale 
or roudstone, mnngoncse-stoined along the partings. Disturbed 
soils may be concretionary to the surface. The ferruginous 
subsoil often contuins large ironpon bouldero and has itself 
somet1meo hardened into easily cruimed, vesicular ironpan • 
These soils are liable to be waterlogged almost to the s urface 
during the r!l1ns, but the water ro1rl:, quickly flows thro•.1gh 
the profile loterculy and the soils become dry shortly after 
the end of the raino. 

Over granite (Bobile n<::rlr:s), there ma:1 be 1-2 feet 
of brownish yellon to yellow-grey, firm, porous, coarse sand 
or sandy 10am, sli6htly humus-aio1ned near, the surface and 
becoming faintly mottled ochre towards the base, overlying 
orange and grey mottl£d, porous, grit�y clay forming 
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easily crushed, vesicular ironpan when exposed; this may 

contain quartz stones and gravel near the top; it gradee at 

depths of 3-5 feet into grey mottled red or oranec,·fi:rm, 

porous, gr1 tty loam or clay gradually becoming recognizable 

as pale-coloured, �eathered granite at depths of 8-15 feet. 

Small rock outcrope occasionally project in some areas. 

Where eroded, as near Bawku, hard ironpan may occur at or 

within an inch or two of the surface. Theee soils become 

waterlogged to the top of the ferruginous layer in the 

rains, but appear to drain lase rapidly than the v2 soils, 

except where the ferruginous layer has hardened, al though 

they eventually dry out deeply during the long dry season. 

The intergrade soils occur where drainage is less 

impeded due either to a more sandy bedrock in the case of 

Voltaian areas or possibly to a high biotite content in the 

case of granites; or to recent slight dissection or the 

topography. In these soils, the topsoil below the humus­

stained layer may b e  yellow-brown to pale orange-brown in 

colour and the upper part of the ferruginous layer consists 

of dark-coloured, spherical, ironstone concretionc 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. Such soils only become waterlogged in the 

lower part of the profile. They are droughty during dry 

spells. r/here drainage improves still further, true Ochrosols 

are developed. 

All these soils appear to have reaction profiles 

similar to the Ochrosols, the surface layer being near­

neutral and lower horizons moderately to very acid. Organic 

matter contents decrease from south to north but are generally 

very low, few soils containing more than 2 per cent in the 

surface layer and many in the north only about 1 per cent or 

less; eroded granite soils around Lowra and Bawku are 

particularly depleted. Available phosphorus 1G very lou, 

although considcr�ble anounts of this eleroont are fixed by 

the iron in the :;ubcoil and are almost inaccessible t o  plants. 

Nitrogen contents are 10,1, end supplies of otmr nutrients are 

low because of the low rctcntivity of the soil mineral matter 

and the absence of wcatheroble minerals within root-range. 

Representative analytical data are; given 1n Tables 7a and 7b. 
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'Relative availability' of bases 

\ thickness Dry Exchangeable bases · Organic I Total Tota.l ( i.e. fraction of total soil capacity) [ 
\ in l density --- ---- r -- - - --7matter nitrogen!phos-

. . . L . . im 
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phoru_ 

11,,22
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1
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l 4.-12

- · 
1.6- - - 5

86 
-·t

386 
-- ..... --

;� 
--- 11� -;,46. 
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I I i j 371 I 199 .248 .269 .024 .028 

I • 54 111 ND. ND. ND. t�� _<�) ; _ , -�• __ "; l_ 16, __ t 19 �-1�---i- 80
:

I I 
I -- -·------

1 Total £or 3 feet 1975 
1 

807 186 ( 347 l 29,478 ' 1482I_____ -· --·-. ----- -- -- ---· 
680 

-��----- --- -

Table 7a. Kpoloeawgu ecrioe, a representative Groundwater Laterito: major nutrients in lbs per acre 
:Ln ouri'aoo 3 feet. Detailed onolyt1cal data are given in Table 7b. N,D. = No D�to. 
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There is little farming of the true Groundwater 

Lat�ites over Voltaian rocks, but the greater depth of topsoil 

makes such soils cultivable in granite areas. rntergrade soils 

are cultlvated to some extent around Tamale and the few other 

settlements in the vast area covered by V2 shalee. Crop yield 

data are not available but appearances suggest that cereal 

yields at least are low. Yams are grown, too, in some 
Voltaian areas; yields are not !mown, but can only be expected 

to be low. 

Groundwater Lateri tes are recognized as the poorest 

soils in the humid tropics (Kellogg & Davol, 1949). Those in 

Voltaian 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 oo ils. 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 described 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. Figure 9: Volta series over shol�; Kupolo sor1cs over 

granite) are closely sir.lil$r 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 inches. Appreciable amounts of soluble salts 

apparently occur in the lower layers of some soils, both over 

Voltaian ahales and over granite, but it is not yet known hor1 

general this feature may be and what agricultural significance 

it may have. Representative analytical data for a bottom soil 

in the Voltaian shale area are given in Tables 8a and 8b. 

These bottom soils are liable to seasonal water­

logging or flooding for varying periods, but generally become 

thoroughly dry during the dry season. The eo ils are rarely 1 
used, except for dry-season rough-grazing in sane northern 

areas; but some of the larger bottoms, as, for example, 

along the Nasio river, appear to provide excellent opportunities 
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for large-scale rice cultivation, provided provision is made 

f'or adequate water control, The ooilo are muoh better provided 

with nutrients thnn the adjoining uplanl. soils: er. Tables 

6a, 7a and 8a. Agronomic investigations are required to 

determine whether salts present in some soils are liable to 

interfere with cropping, but little difficulty is in fact 

a:nticipated under efficient management or drainage. 

Savonna Ochrosola with some Lithosols r.nd 
Brunoaols 

-

This mapping unit is co-extensive with the Upper 

Birrimian (B2) enc Torkwoian outcrops shovm on the geological 

map. No systematic studies have yet been made of the soils 

developed over these formations under savanna conditions. 

Brief examinations made along roads suggest that B2 and 

Tarkv,aian phylli tea give rise to Savanna Ochrosols as 

described above, al though often with harder ironpan or pan 

boulders in the profile. B2 greenstones generally form 

conspicuous, steep-sided hill ranges with Li thosols. In 

this case the roclc weathers brown, friable and loamy. 

Volleys 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 

Eartha - has not yet definitely beon substantiated. Tarkwaian 

quartz! tes form steep rocky hills, os near Banda tlkv1anta, with 

pale-coloured Lithosols consisting of little more than hard 

rock' brash and interstitial sand. Li thosols a1•e also developed 

over extensive ironpon sheets capping low tabular hills in the 

Lawra-Nandom area, Valley-bottom soils have not been studied 

but, except near B2 greenstone hills, probably consist of 

Grey Acid Gleisols or Grey Calcium Vleisols, 

The Ochroso1s, o:ften conto1n1ng abundant iron9e.n 

boulders or hard sheet ironpan, and the Lithosols over 

quartzite and ironvon outcrops, have little asriculturnl 

value or potentioli ty. B2 greenstone soils, as near Nongodi 

and north of Ba\lku, ore usually intensively formed and highly 

eroded, particulorly on steep slopes. None tho less, the 

rich nutrient oupply f'rom the weathering rock, into which 

roots can penetrate fairly ,rell becouse or the st�ep angle of 

dip of its schistose cleavage planes, allo11s o.lmost continuous 

cropping to be practised al though yields ore relatively low. 

The soils' 11Ul1.n d<'-fic 1enc1 es ni-c likely to be ni trogan and 

moisture. Tropical Brorm Eorths, if present, will provide 

good agricultural soils, more suited to plough farming than 
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2. 7 / 1.6 I-�-- 579 404 173 , 44, 652-C- 2159 
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489 .313 j .141 , .044 .009 �

3. 18 I 1.6 I 1686 ! 666 351 160 , 24,575 1434 j 425 : .266 I .174 I .041 I .013 \D 

I ! 

4. (6) ll 1. 6 I ;;;-1--;52 111 I 125 , 4,474 384 ; 117 : .3�1- .276 l .025 j .019
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I 

Tota�or � feet I 6220 j 2132 1111,6 1:93 ___ ,:o,48.5 i .539� ___ 1_1_3_7_6_..,__ _______________ _

Table 6a. Lima series, a representative Grey Neutral Gleieol (?): major nutrients in lbs per acre in 
surfac e 3 feet. Detailed analytical data are given in Table 8b. 
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to ho.nd cuJ.t1vation, and, with the addition of nitrogen and 

phosphorus, will be likely to give sustainsdly high£:r crop 

yields than any other major soil& in the. interior savanna 

zone. 

Tropic�l Blac]c_E_nrtha 

These aro dark grey cracking clays oo ntaining lime 

concretions in the lower part of the profile developed on 

very gentle upland topography over basic igneous rocks and 

Voltaian limestones or calcareous shales. They are of' small 

areal importance. The major occurrence, 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 Bawlcu), over an unknown rock 

at M,P. 118 on the Tamale-Sawls road, end over V2 magnes1o.n 

limestone or calcareous shales in a f'ew localities w1 thin 

the Voltaian basin, are too small to be represented on the 

present map. The soils occur under annual rainfalls of 40-50 

inches. Tho savanna vegetation contains conspicuously fov,or 

trees than adjoining upland soils (Ochrosols or Groundwater 

Laterites). 

On the Rrunboi-Bole road near Kwarnen Kwe si, 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, rath�r porous, 

gritty clay, rather heavy and plastic when wet but hard and 

nutty to cloddy when dry; this layer contains frequent, tiny, 

oehI"Oous ironstone concretions. Below a sparse quartz stone-

11ne, the soil mertes at 15-30+ inches into pale grey, gritty, 

clayey weathered granite r1hich locally contains calcareous 

concretions. Spheroidal rock outcrops occurring locally 

contain numerous lm-ge hornblend1c xenoliths. These soils 

are appreciably lighter in texture tho.n Black Clays occurring 

on the hCCra plainc. 

Black Clays developed over V2 calcareous shales 

and interbedded dolomitic limostone and shale consist of 1-4 

feet of dark to mid-grey or olive-grey, cloddy clay, highly 

plastic v,hen wet and hard when dry, overlying v1eathe:red, 

clayey shale or hard, brashy limestone. Lime concretions 

occur belov, about 30 inches 1n the deeper profiles. These 

soils are heavier than the Kwrunen Kwesi soils described above, 

but less heavy than those oft he coastal ploins. 

The nutrient status of' these soils is unknovm as 

yet, but they are likely to be deficient in nitrogen; those 



ll 

• 

• 6/41 .. 

ovel' V2 ro.lla may a.lie t>. imort ot phospl\Or1.11. Cultiyatton 

11 inhibited e� »H11nt 'beoaJeo Ute aotl1 are too heb¥f tor 

hand ouit.1vaUori IUld 'b4teauu or tbe ni.•rlo•1•d oC>t.ci1t1on 

ot 1h11 ,rortlo tollowtna h•avy ratnt'lill. I.tttlo de•olo�n, 

� be •xp.ated on t.heae ao1la beobua. or the �ro-noe of

t'Jtequ.nt: rook o\l,Cll'OPI 1n sranti.. ueas, wh.1oh 'lilOUld 111t.ePtere 

W1 tJl ihe ploup1na t.� !Ml aetla Nq'-411'■ 1 •nd tM .-..11 ext.ent 

and N11M>t.aM1a or 1n41Y14ll•l OCO'-'J""ne•• ln V2 u.u. 

O!XNVMJ lfUMppl■ 

Pt-.Nnt lalowl,dp on11 a.llD'la lavUUla &n.ino .. la 

to be in.sppad uparat•l.J w:ht:,.. U..r aN 4•11•1�•4 o•er lh1-

voloanle roo.lta in •Pt.Pal T�Vol t.1 To .. lar,l. llere \beJ 

ooou.r exi4ma1vel1 over .. ntl,-11nlllll1ll"- lopou•JAI.J brok.a• 

locally 'by ooea11onel l"e..:11: outero�•• The7 wur,1><»"t Ii re• 

aavllNIA 'l'1 U\ tuaaM.Q t.&11 cruHa, allll ,..., S•• �,-'°

illchea' C&Mllal r-1J\rall. 

Tu \tppei,-alope ao111 ooa1S1t er bro1n \.o redd1ah 

'bl"01m 111 '7 eJ.e.n 1cmt11n1nc boul4•r• ot wal.hertng l>Daal\, 

'th. llliddl• a.lop•• o&rl")' • laixtUN or Nd.dlab brown, brown 

ana. Y•1low-'bN>-, dlt7 lo-- to o1•7• ooni.a1n1nc -11, 

1ron-oo•� 'bouJ.4-ra or 'bault, Poe.It boul4ere ott4n 11• 

eoal°lel"td ab�\ tbll sr-ow.d wrr.ca, too. Lowar-alape 

oolluv1wa .i.•u ri•• \o 4ark bro1tt1 or brown, olo44¥, plaatic 

olq-1 ooa'81n1q 11- oernoret1ona at depth: thoae conatttute 

'l'ro,1eal l.ro.a a.rt.ha, &ot.toa ecUo c�r1 .. brown to dark 

INJ7, oloa.d,, plaat1o ola,-, onoo oont.aintnc 11.fflo ooncN tiona 

\o Ula aw-race, Uie• 11N :&rown Calo1um Vleisola. 'l'h• lower­

eJ.o-pe and bottca eo!la 1,opt.ber ooa11p1 about ons quarter or 

Uw topo�. They cnclt deeplJ' and widely wh&n dry, and 

small wba.1denc. lulllowa of't.an oecor 1n the bot tom ao 11 a. 

Thrae o� the major ac.11• are 1llaatratod in P1"'1J"e 10. 

ThtH 10Ua lll'e little farad at. p:re•nt beowH 

or their heavy nature and t.be1r d11'1'1ool t aoist·lN relation­

llh1pa, but where I\Ol badly broan by roclc ootcroi,a or too 

b0Ulct.r7 Ule7 •J>P«U' 11111table for de•elo:i-,nt Y1 th the 114 

of heaY)' machine,,7 and llliibt then bee.-. highly prod;.1ct1Ye, 

Thi1 Gppl1ea particularly t.o the lOYer-alo� and l>ott.m. eo1la, 

At prount, conaidorable water 11 lo,� b7 aurroco run-orr, 

and t.he oo1la, excapt whore 7ery bouldor7, aurrer frOQ 

impeded lnterno.1 drain�. On tlw other hand, tha7 dr1 hard 

and compoot, crooldns deeply, 

ava1lcble for dry-Naaon u,e. 

or t'roquent drainage cUtchea, 

and 11 ttl'l moiatur, r.c:aln1 

Deep tllla«o and th'!l prov 1alon 

aa ln \ho oloaoly amilar 
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Black hr\h1, would .. "'• to produc• a atable, trtablJ ttlth, 

i1Ye beti.�r internal drairu.a,a an4 a\ the .- t1_.. h,l)l'Ove 

11101 e tu.N,o, re ta 1J11 f4& c apc.e 1 , JI, 

CC11111let. lbalrtteal 4ata aro not •••1lable at 

preaant, lau\ Lhe aotla bovt. • hi,tl nutr1•nt.-l\014tnc o-.aottJ 

IUl4 ue ""ll au;plitMI wi\ll cralo1ua an4 •cne•tYII. Orf811lo 

matl.el' oon'-nt• ara low, bowe•er, and 111\J'i),.n ta ltaaly 1.0 � 

4at1o1ent, Total pho.-plloru.a aoruan,a _, be h1-", but t� 

pl"0p0J'\1ona ·••1lablo \,O plan\ a .... IIO\ .,.t 11:nown w;d M.Y 

pe.-tutpa • 109, •IIPC•1all, ln LM 11•-rtoh ftpr•a•len eo1la, 

'1'blt ao 11• ar. 11-1 t11bl1 tor con\tnua\ia oropptJ\f, l'lowever, m4 

Al't1t1eial t'9rt l l 1••r• nor.ally nffd to � addlJd to 1• • 

euatal.Mt �llh 11•l4• whar. .,.,_ob a proctioa la poaatble. 

n. •idtb at tbe allu•ial tract &10111 th• Wh1 t.e

arid !llaok Volla r1ffra prob11bl1 •arie• tr0111 n11 to u iauch •• 

5 ail••• Tb.a wri tel' baa aeon so �• aoct1ona ac.roaa 1 t that 

it .. ,... "1aer to Npl'eaent th1• tract on tbe DOU 1:1ep by a 

at.rip ot oonwnt1onal width OJl both banlca ot th4 river. 

a11111ar17, no a1'tOS9t haa bMn ad.e to show alluvi&l trncta 

alon& tributary r1•el'11, although the50 are llnoYn to be 

•xt.ena1•• lllona tbe 1Taa1a end are pre11w.bl7 so al.or.g other

ri•el"I, too, ?ha p-Mt.er extent ot theH tract• ap· ... ara n.ot

to be tlooct..s 4iN1otl1 bJ \.be nei�bourtn, rtver over-

topp1?14J it.a be.n.lta, b\Jt exten11•e areaa beoO!af wuterloage4 or

tlooded b7 water aetpina t'roQ adjo1n1� uplaM areu nna. \lnAbl•

to drain 1.nt.o the r1 •e.r becauao ot t .h.e lavi,e,

Aerial pbotographa r.,y-,.} an elaborate network ot

abandoned lt1Yeee cno r-1ver ch4Mele toi,l!IU.r with low �r,-.ce 

remnAnte, ana ao1l pattern• are l1kel7 t.a � C<Xll)lex, The 

major ao1le along the volte r1vera are thought likel1 to be 

� g;r-01 1110ttlod yellow-brown, poroue, 11111.7 claya, l:l<>dcr.•tely 

ao10 1n reaction throughout the pl'<lf1le, SUCh ao1le carr.v 

high awsmp graeeland w1 t.h v11riable 11JT10unt1 ot t.t-eoa. Th.cac 

are the Acid Oleieole, Soils on alluvial fl•t• eAtena1vely 

davelope(t along eonie t.r1butary val leya w1 thin 1Jlll Vol t.a1an 

basin conlrlet or gr1y, 1lightl.Y mottleG oet.re, very ailc.y 

claya, ao10e 01' theee aro ocid 1n reaction throughout; 

other• become alkal1ne at l])()der11te dOI,t.hl, such flat1 m&J 

corry short ecagca, or medi\ll!I or tell ara11lond; they &l'e 

generally olJnoot trcelc••• >.nnlytical dat.4 tor auoh a ao11 

( 1n this caec o 11cutrel l}loieol) from the 1'11••1• basin ire 

given in Tableo 8a nnd 8b. 
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.. tla el eU.• ...... al• M4UP+ Ol-4 19"et , 

111 •IPMM4 14 NPl"f �le.nail w ,-1. ,_. •Mrn aude er

•••- 1.-a .C the p•n-.ni rh·..- '-Die Mf hMe pale ,-rll..Ot,• 

ln'om MNa ll'iua • an br••• tnreu1 1 torMt. tQpaotl. 

,.,..._. •tle ""•'•' tl N4 • ...-i,p 'ir0111 1.,.., f4 e1A19, 

WNallJ --•inc .. \t.1.C et • upt.11 et _,.. fM\r iba .. 

--.,tw\.e ONU"oeola. OU!olr lo-1..,.l �rhe .«>11• ••en 

ai-. t.he led YolMI Ul4 110ft. Illa nsi. Voll.II '"" ._. tU•1AM• 

lltW' l\ •t.e•e U. V•lta1-.i laa).Q Ml_, to lbs l"Pi.0•1 

IN• IIJ'\M. Tber �oaaat. ttt � ... "11\f cl..,.. ,1.aeiu when 

WC W\ ratau t1N tm4 •loel4f' _..,, VI and ot't.eA Ol'Mkl.n. 

wt0.11' 8114 d41nlopJ.aa Wll -®•14.,.,• boll.on. Tt\eM ID011-I 

ooatata la.. o«iaro\1Gft.l below • 0.,,$ or 2-, r .. 1.. wt -, 

be al!OUr ao14 1.h reaction MU u. iNPfM•• 1'twl1l' »-nu, 

metei-ial •1 poe11'bl7 ha•• been deJ"1ftd rPOa -2 .,...,." ... 

-�.

Terrace eoila, «m«P \, 1 t 11 bill""- 1'w a,,oc 

:l&J'UW, are 11�t1llle11 bea.,11.J t"at11e4 to .uba.e�e er�-.

and tobaooo ia gl'Own euma tM lnM 1-nlt• or -. norl.1\ern

oourse at' the Wh1 \e Yol ta and t.be led VOl ea. o,mcHll J 

oealttnc. however, the .oil• r1t t.b• al.l'llrtal U-.o\ ar. l1tt.lo 

tw64, -1n11, it IIJ>l)Nre, beoau.ee ot � 41-•• t-t.or• 

(ri-,p bli.ndn•••• aleep1ng uc11:ncea), 'but poeetb�f al90 

bec&�N � the depredations at larp � ai1-la wt.leh 

occupJ, or mip-ate N&90f'lallf •l°"", t.heH &lLU'i'Ul t.rac:t •• 

Tbe N1la J)l'O'l1de • ••lua'bu r-eeer-,e ot agr1oul­

iura1 land au1t.eble tor dlrvelopa1ent b7 �m i.cnn1que11. 

'l'he m,Or ac1la are wu1kel1 to bi Mre UlAJ\ 1110<14ratitl.7

prcv14e4 wt tll nutrlenta, but fert.111:,;era 1'0\lld requi.ru to 

be a4de4 ill an7 caaa tor the O<lltinuoua cropping t.o whicb 

tbo7 appear •ui�d. succeaatul c1 .. elo-pa1ent •ill tn•olTe 

e.x;pena1Te capital worka for drainap and -�r control, b.H 

orop return• - un4-r eff1c1ent IIIIU\at;Gment - 1110UlO be l1k•1.Y 

to make woh inveaflltent econoi:uc, W•1u, Q),110011Corn and a1llot, 

\oget.hez- w1 tll wblcoo and pulaoa might bo lf'O'JII\ on \ho b'!t.wr­

<1ra1.J1ed ait.oa, and z-ice and perhapa eugarcllno on 10,u1J'-l 11ne

a1 tea, Theac ao1le would bo au.J. t.ablo ror oxtana1ve 1110charu. t.cd 

1'Brlll1fl8, PeaHn t. t'omora would NQU1J'O at lee a 1. bul look-

drawn ploughs to c\1.ltivet• the .. aolls, 

L1ttle 1• lmo.n or U111 c\ll.t1vai.1on roqUirf:Oelta or

the arowit Eartha, bu1. thGY 110uld 9J>Jl01ll' .likely to IP"• higb 

return• under 111011 orgnni zed 111ochan1 wo ra.mina utlJ:l& tnors-n1c 

rert1l1zere to maintain rert111ty. 
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Tha reddiah terrace eo1la and lev,a aanda require 
the application or organ1c matter tc aa1nta1n produettvtty. 
Because ot the irs-e,ular 41etrtbut1on pattern of the•• upland 
aoile, they are probably beat 1u1tad to amall-acale peaaant 
farming, The uaulll oel"e.:le, roo� orope wid veaatebl•• ooul4 
be ,rown on \he red eo1la, Manco•• would arow aa\letactorlly 
on the ea.n4y leveee. 

Coall;tl OAYMM Wl2 

The etharaotei-1et1o ao1le or th1e zone are qu1 te 
d1tterent trom tlloM ot the 1n�r1or eavanna zone, Th-1s 
appeara w be 4ue to the tact that the ee coastal areas weH 
laraely atr1pped of their former eo11 mantle during Quaternary 
tluctuatlona in ••• lffel an4 the present-day aolla, al though 
developed. on • gently IU\4Ulatlng landecape similar to that 1n 
the 1nt&r1or uvaima &-one, are much younger w1 th weathering 
rook tu111all;r oocurr!Jle at. onl7 modera� depths in the prot1le. 
Geology ha• therefore a more important infi.uence on 1011

tormat1on 1n this sane th-an in areas were almoat all rocka 
al'$ weatbes-ed to the extent that their 1ntluenoe is largel.,Y 
restricted w prortcUng 41tterent proportions ot the 1nao1Uble 
r-Hiduee. It la largelJ tor t.hie reason that the ao1l map 
ap11ears to be d1aproport1onatel7 detailed over the coastal 
aavsnna· zone compared w1 tb, eay, the forest zone 1lhe re 
climate le the major determin1J>g taoto"?". 

The greater extent � thie zone 111 ooGl&l)ied by

dritt 1011s. Such aoila, a.a evidence ot theil' drift origin, 
usuall.7 oantain a stone•line o'f quartz gl'avel separating the 
soil l)»Ol)er from the underlying root. WheN there baa been 
no source 11\aterial to proTi4e a atone-line, there 1a still 
oharaaterist1oally a marked diacontinui t;y between the aoU 
8Jl4 the undel'l;ying l'Oclt. D6ap1 te this 41scont1.ml1 t7 1n the 
pl'ot'ile, these drift soila are oloaelY tied to tbe unaerl71.na 
l'ock, boundariea between aoila developed ovel' dlttarent rooka 
otten beina quite sharp. The taot tbat the dr1f'te are ao 
tied to the Wl.derlJing rock indicates tha t the7 AH not 
alluvial in origin. The ad41 tional f'aota that 1n several 
cases there are no rock 011tcl'opa from 1'hich 1"11\e mat.er1al 
could have been washed by aheet or :rill. now and that the 
soils occur over the whole ot the topography except Ula 
alluvial depressions inOioate that the 4r1tta are not 
pr1marily colluvial in origin. It appears that biotic 

agents, mainly the termite (Naoroterm,a) which oonatnote 
the large mounds, are responsible tor tranaterring materi-1 
trom the zone of weathering rook below a layer ot lag-,ravel 
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(stone-line) to form a superficial drift in which the presont 
soils have developed. Whilst in the termite mound, the mineral 
particles are subject to :further weathering and, as the mound 
is gradually washed down, the material is distributed over the 
ground surface by sheet nnd rill rlow. In the material which 
accumulates, profile development then takes place by normal 
soil-rorming processes. 

In all, eight great soil groups have been mapped, 
viz: Savanna Ochrosols, Regosolic Groundwater Lntoritoa, 
Tropical Black Zarths, Tropical Grey I:nrths, J.cid Olc,isols, 
Sodium Vleisole, Savanna Lithoeols and Regoeols. Those are 
described in turn below. 

Savanna Ochrosols 

These are red, brown and yellow-bra,n, well drained, 
friable, porous, loamy soils similar to those 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 areas of Tertiary sands towards the east of 
the Ho-Keta plains still carry oxtensive stands of thicket, 
however, and are better regarded as Forest Ochroeols. TYPical 
profiles are illustrated in Figure 11. 

Over the Tertiary deposits, the normal upland 
profile (Toje series) consists or a foot or so of grey-brown 
to pale brown, loose to rather firm, porous sandy loam grading 
into a greet depth of uniform, rod, firm, porous, structure­
less, sandy light cley to clay. Ironpan and ironstone concre­
tions are typically absent. Some profiles are neutral or even 

8 alkalino 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
able phosphorus. They allow froe root devolopl'l13nt, and mois­
ture relationships are satisfactory for deep-rooting crops 
although shallow-rooting crops suffer from drought during the 
prolonged dry spells liable to occur in this zone. Analytical 
data �or a typical profile are given in Tablas 9a and 9b. 

6Possibly as a result of the accumulation of lime in old 
term1tar1a which are very frequent on those soils. Substan­
tial amounts ot: lime concretions have been seen in old tormi­
taria around Legan hill. 
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Horizon\ 
thicknes

, 
Dry

in density 
inches (assumed) 

1. 3 1.4 

2. 6 1.6 

3. 6 1.6 

4. (21) 1�6 

Total :for 3 f'eet 

..... 

• 

Calcium 

695 

963 

783 

1.512 

3953 

�' • .,..

Exchangeable bases Organic Total Total 
matter l nitrogen phos-

Magnesium Manganese P<rtuss
� 

lphorua

. I 
1 66 18 149 11 , 744 I 503 j 175 

228 23 175 13,849 660 332 

306 29 200 13,849 660 405 

861 41 641 20,880 2535 1506 

1561 111 11165 l 60,332 4358 2418

I '1 

\♦ <II 

'Relative availability' of bases 
(ie. fraction of total soil capacity) 

-- -----,--- -----.---- -- - ---
i . I 

Calcium ! MagnesiUin1.Manganese 'potassium 
i 

; 

-i
I 

.,616 .2li2 

+----
i l .537 i .210 ' 

.012 

.010 

; ---
j .068 
-· - ---' 
I .oso 

� 
i I +' 

.365 I .236 I .010 .048 
I 

! 
i 

! 
r 

.202 I .190 ' .004 . .ow.+ i 

I 
i ' 
' ' 

. 

' 
Table 9a. Toje series, a representative Savanna Ochrosol from the coastal savanna zone; major nutrients 
in lbs per acre in surface 3 feet. Detailed anal}'tical data are given in Table 9b. 
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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

deposi ta run down to the edge of the flats surrounding the

coastal lagoons, pale grey to white sands occur. These latter

soils, Regoeols, are almost sterile,

Red and yellow soils on remnante of the 30-40-foot 

Volta terrace superficially resemble those over the Tertiary 

sands, but are more silty, rather heavier and have a better

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 

western Accra plains carry red, ironatone-concretionary clays 

overlain by only a rew 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 grovm. 

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 yields 

are to be increased, Drought-resistant crops such as millet 

and guincacorn, Bornbara beans and various pulses are 

suitable for the conditions, and mangoes appear to do well. 

These soils would respond well to irrigation, beat applied 

to them by sprinkle� 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 moat suitable 

crop for the deep, infertile, pale-coloured, lower-elope 

soils. The concretionary soils in the west have little 

agricultural potentiality, but the deeper soils dovmslope 

are better and require treatment similar to those over the 

Tertiary deposits. 
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No referenoeo are known to eoila e1m1lo.r to thoee 
deeoribed below occurring in other parts of the tropioe. 
They are difficult to olaseify at the groot eoil group l�vel, 
and the name used is only tentatively propoeed until more 
information on the aoile beoomeo availoblo, 

The soils consist of from a few inohee to aeveral 
feet of pale-coloured sand overlying a mottled, gravelly, 
sandy clay which in turn overlies weathered oo1d1o gneiss or 
granite. They occur extensively over the latter rooko on 
gently undulating upland topography, They receive 25-50 
inches annual rainfall and typically carry high grassland vr1 th 
frequent scattered trees and, particularly, abundant BoreRRUa 
palms; but one extensive aeries (Simpa) typically carries 
only short or medium grassland with few trees. Drainage 1s 
seasonally impeded by the clay layer or the clayey weathered 
rook at the base of the profile. There is some evidence 
that this is 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 (DoY\lJTl· scrioa) consist of 
3-5 feet of pale brown ooarso sand, hwm'ls-stained in the topnost
foot, overlying a foot or so of grey and red mottled sandy
clay containing quartz stones at the base ani with grey and

10 ochre mottled clayey weathered granite below. Rook
outcrops are rare or abeent, A perched water-table occurs
seasonally above the mottled clay horizon; the latter has
developed into hard seepage ironpan locally, Associated
bottom soils, not extensively developed, are grey, hardpan
soils belonging to the Tropical Grey Eartha described below.

In the broad acidic gneiss belt crossing the centre 
of the Ho-Ke ta plains and over much of the belt to the s.outh 
indicated on the geological map as basic gneiss, a total 

9This has subsequently been confirmed in the case of 
Ziwai series, cf. Tables lOa and lOb. This sorioa now appears 
to have closer affin1t1os to tho Sodium Planosols (Tropical Orey 
Eartha) than the Groundwater Lateritea. 

lOThe few examples of unweathered rock seen in pits indi­
cate a granite lacking 1n dark minerals, 
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Table 10a. Ziwai series, a representative Regosolic Groundvrater Lateritc(?): major nutrients in lbs 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 (Z1wai eorios) and its 

finer-grained congeners) consist of 1-2 feet of pale yellc,,w­

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 weathered 

gneiss. Ironpan rarely occurs. Rock outcrops occur very 

occasionally. Dovmslope, the sandy superficial layer thine 

out and there are fairly extensive ocourroncoe of Tropical Orey 

Eartha 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 r ocks are finer in grain but contain numerous

quartz veins. The associated soils (Simpa series) consist of a

variable depth, but often less than 1 foot, of medium sand,
grey-brown near the surface but becoming pale brovm 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 clear and pale

below; th is overlies little-mottled, little-weathered,

acidic gneiss containing frequent quartz veins. These soils

carry short or medium grasslani vdth few trees, Tropical

Grey Eartha are extensively developed amongst these soils end

upland sites often carry peneplain remnants with concretionary

Savanna Ochrosols.

In all these soils, the humous horizon is near­

neutral in reaction; lower 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 draughty for annual crops; 

tree crops, once established, might exploit the seasonal 

water-table present at depth. Ziwai 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. Lov,er 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 

crlindrica is an ubiquitous weed. The shallow, gravelly soils 

of the western Accra plains are little 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, guinoaoorn and perhaps eisaJ. 
suggest themselves. Deep placement of superphosphatee might 

be useful in encouraging deeper-rooting in ground.nuts. It 
is desirable to add organic matter, either by natural 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 be 
care:fUlly graded to guard against erosion. Natural fallows 

would both add organic matter, which the sails 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, .gu.ineacorn 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 
main basic gneiss belt crossing the Accra and Ho-Keta plains; 

small areas cover basic rocks elsewhere. In all, the so ils 

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 inch es rainfall 

in the oouth, 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; weathered 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, topsails become
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.608 I .394

I 

.564 1 .311 

i 

I 
i 

Table 11a. Alruse series, a representative Tropical Black Earth: major nutrients in lbs per
acre in surface 3 f'eet. Detailed analytical data are given in Table llb. N.D. = :;.ro Data. 
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more loamy and porous, and slightly acid 1n reaction; lower 

horizons are often olive-grey to olive-brovm. and contain 

calcareous concretions below about 18-24 incres; shallow 

soils and rock outcrops become frequent. 

Throughout, associated depression soils consist of 

dark grey, very heavy, plastic clays, cracking widely and 
deeply on drying. They are moderately to highly acid 1n 

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 oth er 

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 0.2 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 40-50 per cent, becoming heavy, plastic and 

impervious. 

The soils are almost uncultivated at present, but 

similar soils in India and South Africa are lmown to be 

intensively farmed and, with the introduction of appropriate 

techniques. there seems little doubt but that t he 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 as rice and 

sugarcane in particular, as well as 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 broken up 
and kept well drained. They can thua,unl1ke 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 carrie� out on the 
Kpong Irrigation Research Station and the University College 
Agricultural Research Stati on at Nungua. 

Tro�ical Groy Eartha 

These are grey hardpan11 soils occupying vory gentle 
aavanna topogr-aphy over acidic gneisses and ech.iets, mainly 
in the east of the Accra plains and the south-west of the 
Ho-Keta plains. To the west or the Black Eartha on the 
Accra plains and to the east of these soils on the Ho-Keta 
plains, the Grey Earths oooupy lower slopes in association 
with Regosolic Groundwater Laterites on the uplan:ls; in the 
east of the Accra plains md the extreme south-west of the 
Bo-Keta plains, however, they occupy the whole topography 
from aummi ts to bot tans. In all, they cover some 200 square 
miles on the Accra plains and some 125 square 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 t slightly humus-stained near the surface. 
Below this occurs the hardpan layer consisting or about 12

inches of very hard and canpact sandy clay cracking vortically 
into 6-sidcd blocks when dry; these prismatic blocks aro hwnus­
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 
och.re, lees 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 hardJ;)an 
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 montmorillonitie clay 
present apparently varies from about 20-40 per cent; the 
remainder of the clay is kaolini tic. Analytical data are 
given in Tables 12a and 12b.
w• 

i!Not to be confused w ith ironpan. 
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Horizon 
thickness Dry Exchangeable bases Organic 

in density ma.tter 

inches (assumed) Calcium 11Agnee1um 88 R>teesh1m 

1 .. 2 1.w 89 47 6 65 4,270 

2. 1.0 1 .. 6 941 311 10 319 ! 20,596

3. 9 1 .. 6 6679 2073 <1 811 I 26,499 
' 

4- (15) 1.6 12887 3902 14 660 
I 

6,334l
' 
: 

Total .tor 3 teet 20596 6333 30 1855 '. 57,699 
. 

I 

•• � � 

I l C 'Relative availability• of: bases 
Total i Total I (1.e.fraction or total soil capacity 

nitrogen i phos- ,- - · T - ---·-·· · ·---· -

: phorue I Calc1um,Magnee1Ulfl Mims».cee:l'otassium 

I 
179 19 .304· , 

1151 114 .498 

- -· -

.265 

.272 

-

.016 

.004 

-
I 

.115 

.087 

) 

, 

l 

1373 205 .560 
I 

.287 

528 285 .477 l
.238

< .001 .035 

-� ! 
.01} 

V, 
V, 

I 

-

3231 623 
.. 

---- -- . . 

Table 12a. Agawtaw aeries, a representative Tropical Orey Earth: major nutrients in lbs per 
acre 1n surface 3 .teet. Detailed analytical data are given in Table 12b. 
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These soils underlie the major grazing areae ot

t he zone, but they are uncultivated, The hardpan both 1mpedee 

drainage and root penetration, ao that ple.nta 4Uffer water­

logg1na 1n the rainy ae11on enc 41'ought at other time u. 

Contenta or organic motter, nitrogen and phoephorua are very 

low, but lower horizons - inacooaa1ble to roota - are well 

provided with mineral beeea, 

Development ot the aoila for agriculture would be 

expensive. It m>uld involve breaking up the hardpan ao u 

to allow deeper rooting, and improving internal drainage to 

leach eOdium from the clay in the hardpan and eod1um aal ta 

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, nnd careful attention would require to be

paid to furrow alignment and field drainage under cultivation. 

There is no indication whet crops might be suitable for the 

so ils it ever developed. Only drought-tolerant millets and 

guineacorn would suit tho soils in their present condition, and 

these would require nitrogen and phosphorus to be added for 

successful growth. Investigatory work on these soils ia 1n 

progress on the University College Agricultural Research 

Station at lfungua. 

Acid Gloisols 

Acid soils developed in alluviwn are mainly found 

along the Volte end in the old 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 sorieg er. 

Figure 15) consist of a grey, humoue, rnthor looso, porous, silty 

topsoil going down into many feet of yellow-brown, mottled 

grey and red, porous, silty light clay, These soils are 

rarely flooded today. On the higher areas, the soils ure 

neo.r-neutral at the surface becoming moderately acid below; 

doTmslope, they become increasingly acid throughout. The 

associated slough oo1ls (Tetle eorios), subject to seasonal 

flooding, comprise mid-groy, mottlod ochre, heavy clnye, 

moderately to highly acid in reaction in the upper part of the 

profile but becoming leas acid with depth. Deep, yellow-brown 

sands (Chichiworo sorioa) occupy the high river banks. 

Around Songau and Keto lagoons, extensive flats 

have grey, stronalY mottled red, compact clays containing 

gypsum at depth, These soils become extremely acid in 
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reaction bolow the aurraco inch or two, with pH valuea of 4.0 

or below. The acidity of the•e eoila 11 attributable to tree 

oulphurio acid, the eoila apparently bavina developed 1n 

former man;t'ove IWOJIIP alluvia in the old delta in 11hich 

drainase haa now improved, 

Over th& acidic gneiss arena o:f the adjoining 

plaina, Tropical Orey Eartha similar to those described above 

are generally developed along valley bottoms. Over the basic 

gneisses, very heavy, black clays occur in depression sitee: 

these are usually moderately to highly acid in the upper layers 

but become less acid with depth. Brown, plastic clays, variouel,­

aoid and alkaline, occur along some valley bottoms on the.bounda­

ries between the Black Eartha and neighbouring soils. Yellow-brown, 

mottled, acid oilty clays similar to those along the Volta border 

the lower half ofA.ne Todze river which crosses tho Ho-Keta plains. 

Small amounts of chewing cane are grown in sloughs 

along the Volta, and subsistence cropping of cassava and 

sometimes groundnuts is widespread on the lighter soils, 

Grazing occurs on the deltaic :flats and locally elsewhere, but 

in general the heavy clays are unused, 

The soils of the Volta alluvial tract and certain 

local stream alluvia offer considerable scope for development. 

They are 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. Drainage control or the lower-lying soils 

would be required: they would then be excellent for rice and 

sugarcane production. Pump-irrigation f'rom the Volta or its 

creeks would benefit the lighter-textured, more-elevated, .&!!Q 

soils: these would be suitable for cereals, groundnuts, 

vegetables and tobacco as well as rice and sugarcane. Imperata 

CYlindrica. 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 it is believed; under proper soil management, 

there need be no danger o:f toxic effects on plants under 

irrigation, 

The very acid deltaic soils appear likely to be 

uneconomic to develop under present conditions. Heavy 

applications of lime 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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o:r a seasonal brackish woter-table: and irrigation would be 

required to supplement the meagre and erratic rainfall. 

Sodium Vloieole 

These eo1le border the �alinc coastal lagoons and 

creeks along the: lo\ter Volta, They compris e black or dark 

grey clays, sticky when wet, and hard and blocky when dry, 

occurring extenoivoly in the lees highly saline areas; and 

mottled sandy loom� and cloys, encrusted with salt crystals 

at the surface, occurring on the nlmoet bare lagoon margins. 

The less saline soils 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 so1la, The aalt nata are 

unJ.ikely 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 so1ls have not been 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 is red and loamy. The soils are u.nfarmed 

and have little agricultural potentiality. 

Reeosola 

The only soils mapped as Regosols are those 

developed on the coastal sand dune on either side of the 

Volta estuary, but similar soils occur locally on lower-

slope sites along the southern edge of the Tertiary deposits. 

The littoral soils (cf. F1gure 16) consist of a few feet of 

yellowish, incoherent, coarse sand, sometimes made greyish 

by humus-staining near the surface, going dorm into yellowish 

coarse sand containing shell rragments and locally, near Keta, 

hard, laminar, calcareous pan. This lower part of the 

pro file 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 ironstDined, and v,i th a brackish 

water-table at a depth of 10 or more feet. 
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The dune sands characteristically support coconut 

plantations with a sparse ground-cover of short grasses. 

Where palms have clied out from Cape St. Paul wilt disease 

near Keta, high grassland occurs and cassava is sometimes 

grown. Under natural conditions, the soils are almost barren 

of nutrients; but, as the coconut palms often conspicuously 

indicate, soils around settlements are considerably enriched 

by the addition of excreta, household ref'use and fish remains. 

Coconuts are sometimes grown on the pale Tertiary sands, but 

cassava is the usual cr0p grown and mangoes are often 

numerous. 

Near Keta, intensive cultivation of shallots and 

maize is practised on artificially built""llp 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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Notes on tho anelytical mt..thogq omplovcd 

(�l-��§�-�£_f!:�£��L-f����1-�2!!_��!!l!�) 

Preparation of tho soil sarnpl9 en� groeg mscoan1cel 
e.r1,ri.lyeis. - Tho g<..ntly ground, eir-<1ry ao11 was paeeud
through a 2 mm. sieve and both tho fre.ct1one pneeing on<1
rotainod by the sieve wero weighed separately. Tho fraction
retained by the sieve wee t'urthor fractionated by sioving
into the followini fractions: stonos, 20 mm.; coarse gravel,
were weighed air-dry and the moisture content of tho fino
earth was determined illlllod1ately upon sieving. Tho moisture
content ot' tho coarser 1'ractions is negligible. ;,11 results
of gross mc.chanicel analysis refer to air-dry material
(do Endrody, 1954a).

Mcchenical analysis ot' the fine cnrth. - The beakor 
met.hod of ae,dirrcntat1on ,,as used, after removal of calcium 
carbonate, orgar.ic matter 'l!ld easily soluble manganese pero­
xide. Fractions w�re separated according to the international 
i,ttcrbcrg scale, 1.e. 2-.625, .625-.2, .2-.02, .02-.002 and 
A! .• 002 nm. The p,...rc<-ntagcs rc.-porte:d refer to oven-dry soil 
(do Endredy, 19540). 

Organic matter.- Organic m�tter was determined by the 
method of Walkley-Bleck, assuming o rccov<-ry of 77 per c<..nt 
against theoretical, 1. c. taking one ml. of n potassium dichro­
mate equivalent to 3. 9 mg. c. .'.lthough this recovery 1s 
strictly valid only in tho humous horizons of the forest nnd 

the red savonna soils, the errors in tho lo,·ier hor 1 zone of 
these soils and in the entire profile of the Blnck �arths and 
rcleted eo1la of the .'.ccro plnins are not too serious bccousc 
of the generally low carbon content and can be corr�ct<-d if 
required (do Gndredy, 1954b). Organic matter wao calculat<..d 
by the factor 1. 72 from the carbon d:,to. 

Total ni trci·0n. - Total ni trog<.;n v1os du tc rmin1,d by t ho 
Kjeldahl method, using a selenium catalyst, The cnrbon nitrogen 
ratios were calculated on the basis of carbon values obtained 
by the Walkley-Black m<-thod; cons<..quuntly th<-Y ore; oo,ncwhr-t 
low in tho Black ::erths and related soils (do Endredy 1954a & b). 

Moisture. - L 10 gm. St>.mplo of the air-dry fine earth wan 
dried in on oven at 105°C to constant weight. 1,lthough the 
moisture content of a freshly ground soil sample may decrease 

considerably in the first weeks, once the s rmplc tecomes really 
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air-dry the moisture content remains remarkably constant 

in spite of rather large changes in the relative humidity 

of the air during the year (de Endredy, 1954a), 

.E!i,- The glase electrode was used, employing a soil: 

water ratio of 1:2, Once the sample is air-dry, the pH 

remains practically constant (de Endredy, 1954a), 

Calcium carbonate,- Calcium carbonate was determined by 

the Scheibler-Passon method, using 3 N pcrchloric acid to 

liberate carbon dioxide (de Endredy, 1954a), 

Cation exchange capacity,- L series of experiments has 

proved that the 81Mlonium acetate method may yield unreliable 

results, Using ,5 N barium acetate solution of pH 8,2 and 

removing the excess by washing with 80 per cent alcohol, 

however, remarkably reproducible results are obtained and the 

sum of the separately determined exchangeable cations and 

exchangeable hydrogen agree well with the directly determined 
� exchange capacity. Only in a few soils were positive discre­

pancies o�scrved, i,o. an excess of exchange capacity over the 

sum of exchan2oable cations plus exchangeable hydrogen. Thus 

the barium acetate method has generally been employed, In 

montmorillonitic soils, however, exchange cepacities determined 

by both tho barium acetate and ammonium acetate method show 

a toler3blo agreement (de Endredy, 1954a; de Endredy &

Montgomery, in prop,; Birrell & Gradwell, 1956). 

Exchru15eable cat1one,­
of J;fl = 7 was generally used 

N ammonium acetate solution 

for leaching and, after removal 

of ammonium salts, the calcium and magnesium wore determined 

by the improved vcrsenate method, manganese by photometry, 

potassium and sodium by flame photometry. A technique was 

developed to correct for o.ny calcium carbonate and water­

soluble salts present, In highly calcareous horizons the 

exchangeable calcium was det.ormined by Jlissink' s mothod (de 

X::ndrody, 1957), 

Conduct1vit¥,- The electrical conductivity of a 1:5 

soil suspension was measured and corrected to a temperature 

of 25°c. Conductivity gives a fair indication of the amount 

of soluble salts present (de Endredy, 1954a). 
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Total phosphorus.- A 5 gm. sample of the soil was 
extracted with 70 per cent pcrchloric acid and the phosphorus 
determined in the resulting solution by the molybdo-vanadate 
procedure, using the Spekker photometer with the lll3rcury arc 

"• lamp and the Ilford 601 plus Chance OV 1 filter (Quillan, 

' 

r. 

1955; Nicholas & Pollak, 1950; de Endredy & Quagraine, in prep), 
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Lower depth I 

lfleohanical analysis per cent soil (particle size in nm. ) I 
J 

J
MoiS•=• . 

of boruon In total soil (air dry) 

.in inches.
Stones 

:>20 

1. 4 Nil 
2. 9 Nil 
3. 18 1.1 
4-, 32 0.9 

5. 55 Nil 
6. 94- Nil 
7. 13:; Nil 
8. 168 Nil

-
Lower depth 
of horizon I pH 
in inches 1 

I ,. 4- 7-5
2. 9 7 .1
3. 18 5.9
4. 32 5-7

5- 55 5.6 
6. 94 5.6 
7. 133 5,8 
8. 168 5.1 

Coarse gravel Fine gravel 
20-6.25 6,25-2 

1.0 1.6 
0.4 12.8 
o.8 16.9 
5,0 0.7 .

I 1.6 5.6 

l 1.6 1.9 
I o.6 1.6 

\
0.5 1.4 

1 
' Cation 
I eaco exchange 

per ce� ' capacity 
. 

I 0.072 23,54 
Nil l 6.83I' Nil I 6.66 i Nil 6.53 I 

Nil 6.83 
l Nil 6,96 

Nil 6.39 
Nil

I 
5.06 

Table 1b. Soil group: Forest Ochrosol 

Series: Kumasi 

Profile No.: PKR 299 

I 

!
In fine earth Organic :matter per cent

dry soil I 
(CJ'Jen dry) 

Fine earth 11 S1.lt 
< 2 .02-.002 

' 
97,4 8.51 
86.8 5-.1+6 
81 .2 5,39 
93,4 4-,44 

92,8 6.24 

96.5 10.76 
97.8 12.25 
98,1 17.14-

Cley C N <.002 

20,59 3.86 0.286 
13.21 o. 71 0.073

, 36,36 /· 0,34- 0,037 
1+-1.34-

1
10.27 0.041 

4-7.87 I 0.22 0.027 
40.22 o. 17 , 0.023
30,57 o.oa I 0.025
11.21 0,05 i N,D, 

I 

1 .. 
per cent 

C/N O,M. .• 
• 

11 • 74- 1 6.64 2.56 
9,73 1.22 0,97 
9. 19 l 0.58 1.67 
6.58 I 0.4-6 1, 73 

8. 15 0.38 1,88 
7,39 0.29 2.04 
3.20 0.14- 1.54-

N,D. 0.09 1.12 

Exchange complex m,e,/100 gill. fine earth, oven dry 
, - cgnductivity6 I P (total)

Ca 

14.58 
2.94 
1.52 
1.26 

0.88 
0.48 
0.23 
0.20 

I Mg I Hn K Na Total bases 125 mohs x 10 p.p.m. 
I 

4-,00 0.23 1,35 o.48
o.ao 0.07 0.24 0.20 

1.02 o.06 0.07 0.14
0.86 0.04 0.04 0.16 

o.68 0.04 0.02 0.19 
0.41 0.02 0.02 0.24 
0.42 0.02 0.07 0,23 
0.32 0.02 0.03 0.14 

; 
,.,. - - ,.,. __ ---�-
Survey: K\llnaSi Region 

Locality: Central Agricultural Station, 
Kumasi, Ashanti 

Site: Upper slope/gentle undulation

20.64- i 4.25 
2.81 

I 2.36 

1,81 
1. 17
0,97 
0.71 

N.D. 333 
N.D. 128 
N,D, 126 
N,D, 126 

N.D. 130 
N.D, 133 
N.D. N.D.
N.D. N.D.

Rainfall: 55 incbe.s p.a. 

Altitude: 800-850 feet 

Vegetation: Forb regrowth 

I 

� 
0\
...,.
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LoQr depth 
of horizon 
in inches 

· lleohanic:al-�is per cent soil (particle size in mm.)

In total soil ( air ary) 
·I 
,, · In fine earth

(oven dry) 

,, 
ii 
,. 
" 

I I 
I - -- ------=-i -- - I ' -,I Stones Coarse gra.vel. Fine gravel / Fine earth · I Silt 

1
• ClAy ;, c 

.1 

.> 20 20-6.25 6.25-2 j (. 2 I .02- .002 (.()()2 j; 

Organic matter per cent 

N C/N 0.M •

Moisture air.:. 
dry soil 
per cent 

.. - -· - - - --- --- --· -------+- ----------
1. 2 Nil Nil Nil 100.0 j ND + ND 16.11 I 0.454 13.46 10.51 
2. 11 Nil ·

, 
3.5 2.6 l 93.9 1 ND I ND 

I:; 
1.28 0.137 9.34 '. 2.20 3- 21 21.4 16.4 20.6 ! ! ND j ND o. 71 0.085 8.35 I 1.22 l 

4.40 
2.30 
2.12 
2.02 4. 33 12. 7 42.0 13.9 I 31.4 I ND I ND 

I 
0.40 . 0.061 6.56 0.69 1 

i 5. 46 N� ! 14:8 6:5 I 78. 7 L ND ! ND 0.31 : 0.069 4.49 0.53 1' 2.07 . 6. 64- Nil : Nil Nil 100.0 1 ! ND I ND 10.28: 0.057 ' 4-91 0.4-8 1.15 I ;_1-_ 79 Nil I_
N� Nil 100.0 l ND j ND

!
0.07' 0.04-7 1� -�

0-�.j •
0.92 

._/ 

\ ; 
I I I I Lower depth 

of horizon 
in inches 

1 · . Cation l Exchange complex m.e../100 gm. fine earth, oven dry 1 � j pH i CaCO I exchange · ,
I .1 

, , ---- Conductivity6 P (total) , $' 

1 • 

I 2. 
3. 
4. 

5. 
6. 

7. 

2 
11 
21 
33 

46 
64 
79 

Table 2b.

i · per I capacity ! Ca ! Mg , Mn \ K · Na Total bases '25° mobs x 10 I p.p.m. ' 

6 .4 
5.1

5.0 
5.1 

4.9 
5.5 
5.4 

0.028 
Nil 
Nil 
Nil 

Nil 
Nil 
Nil 

Soil group: Forest Ochrosol 

Series: Bekwai 

Profile No.: PKR 74 

43.13 
16.00 
13.20 
10.95 

9,99 
6.93 
6.55 

23.74 
1.63 
0.50 
0.46 

0.32 
0.22 
0.29 

7,87
1.24
0.30
0.24

0.33
0.37
0.30

; 0.36 
I 0.05 
I 0.02 
I 0.02

i 0.03 
l 0.01
. 0 01
\ . 

0.30 : o.66 
0.10 : 0.15 

l 0.07 ! 0.19
1 0.07 I 0.22 

0.03 I 0.14 
0.03 I 0.23 

l 0.09 l 0.23

N.n. = No data

Survey: Kuma.si Region 

Locality: Near Manso Nkwanta, Ashanti 

Site: Upper slope/steepzy rolling 

32.93 
3. 1 7
1.08
1.01 

0.85 
o.86

0.92 

N.D.
N.D.
N.D.
N.D.

N.D.
N.D.
N.D.

556 
424 
4-36 
453 

395 
402 
N.D. 

Rainfall: 55-6o inches p.a. 

Altitude: 1,000 feet 

Vegetation: Cocoa 



� 

Mechanical analysis per cent soil (particle size in nm.) 

� 
� 

!I' 

---r-4 -·

...
� 

Lower depth 

of horizon 

in inches 

In total soil (air dry) i i Organic matter per cent l u-• t · inul.s ure aU'-
t In fine earth • 
j (oven dry) 

I 
-

I I , Stones \ Coarse gravel ' Fine gravel Fine earth t Silt 'i Clay 

lr- __ > 20 ; 20-6.25 6.25-2 < 2 j .02-.002 i <.002 
. . I I I 1. 3 N:l 4.0 1.6 94.6 I 7.59 122.17 

l 
2. 7 Nil 2.7 1.7 95.6 q 10.50 ;27.71 
3. 16 2.0 23.2 23.2 51.6 ff 11.72 i41.94 

I 
4. 27 : Nil 4.9 2.2 92.9 � 13.88 )52.68 

� I 

1 
5. 42 N�l 1.7 0.3 98.0 ;

�
• 15 .• 64 !54.57

; 6. 66 Nil 0.8 o. 7 98.5 
1

17 .87 , 47 .82 
I 7. 88 Nil 0.7 o.6 98.7 18.40 !29.71

C 

1 2.47 
� 0.82 
ij 0.67 
8 0.52 

: 0.42 

N 

0.189 
0.081 
0.070 
0.059 

C/N 
1-, 

O • .M. 

13.07 
10.12 

9.57 
8.81 

8.24 
8.00 
6.88 

I 4.25 
1.41 
1.15 
0.89 

dry soil 
per cent 

1.78 
1.52 
2.17 
2.33 

2.20 
2.10 
1 ,.56 

i 8. 114 Nil Nil Nil 100.0 n 11.41 : 21.10 
t _ - 11 - .,..i._..! 

I Lower depth Cation 

0.28 
, 0.22 
!, 0.18 
' 

0.051 
0.035 
0.032 
0.018 10.00 

o. 72 
0.4-8
0.38
0.31 1.34 .=:J 

t of' horizon pH CaCO exchange 
L in inches per ce�t capacity 

I 1.
' 2. 

! 3.
I 4.
I
I _5.
: 6.

I 7. 
' 8 
! •

3 
7 

16 
27 

42 
66 
88 

114 

4.70 

4.78 
5.00 
4.90 

4.95 
5.20 
5.20 
5.28 

Nil 
Nil 
Nil 
Nil 

Nil 
Nil 
Nil 
Nil 

Table 3b. · Soil group: Forest O:xysol 

Series: Boi 

Profile No.: LTB 334 

12.60 
7.31 
7.83 
8.42 

8.47 
7.76 
6.17 
4-93

I Exchange complex m.e./100 gm. fine earth, oven dry ; 
.----�------·- -,.- ---- -1----.---- - 1 cgnductivity6 I P (total) � 
_, ----�- -�----t---Mn -.L. K _ --�- _ Total bases _t2_ mohs x 10 f-Y_:p.m. � 

1.17 0.79 0.03 i 0.22 0.25 2.46 1 N.D. I 174 
0.30 t 0.44 ' 0.01

1 
I 0.07 0.27 1.09 i N.D. ! 123

0.31 
I 

0.3.5 0.01 0.02 0.27 0.96 : N.D. j 140 
0.26 0.31 0.01 1 0.04- 0.16 o. 78 1 N.D. I 140 

0.25 
0.22 
0.19 
0.20 

0.30 
0.25 
0.13 
0.10 

l r 
1<0.005 0.()4 0.13 0. 72 : 
ko.005 0.02 0.15 o.64 r 
l<.0.005 0.02 0.13 0.47 t 
ko.005 a.02 0.22 0.54 1 
i I 

N.D.
N.D.
N.D.
N.D.

j 

112 
107 

76 
68 

N .D. = No data 

Survey: :U:mer- Tano Basin 

Locality: Approximately 10 miles north � 
Esiama, Western Region 

Site: Middle slope/steeply rolling 

Rainfall: 75 inches p.a. 

Altitude: 0.150 feet 

Vegetation: Forb regrowth 



..... ....... ••-----·� -·----_________ ,. ____ -- · -· - -··--------- - --- �- - - -�---- - - r 

I 
Mechanical analysis per cent soil (particle size in nm.) :! 

���h 

of horizon \ · - · · In -t;tal· ;oil ( ili. 
dcy) 

-- - ---- -
-- 77

1
·----i� -fin;-�;;th----�

Organic matter per cent 

I 
Moisture air- � 

1 • 

2. 
3. 

4. 

l• ( oven dry) 'i 
1.

;-------· ... -,·---�----� f I I I 

diy soil 
per cent 

> 20; 20-6:2s_L 6.25-2 < 2 i[ .02- .002 � < .002 11 C
1 

N r C/N � O.M.
I 

1 I ·
i --+----',r···--·---·-+ rt 

I I 1 
---·--·--

3 Nil Nil t Nil 100.0 i 25.77 ; 22.74 :i6.oo 1 0.527 , 11.39 j 10.32 I 2.98 
5 Nil 3.8 

f 
6.9 89.3 1 21.19 1 18.73 ,:1.86, 0.197 ! 9.41+ : 3.20 I 1.52 

15 42.6 21.2 10.1 I 20.1 :: 21.16 ! 19.69 :10.ao i 0.084 l 9.52 , 1.3a 
I 

1.00 
24 48.0 34.4 I 1.6 1 16.0 11 11.54 i 47.99 :'.0.71 j 0.091 l 7.00 ! 1.22 2.06 

ll I ;i 
• ., I 

'1 

1 5. 33 N�l 33.8 19.5 4£,.7 ;'. 9.31 l 61.85 !:0.66 : 0.090 j 7.33 1 .13

I
2.53 

I 6. 42 Nil 28.3 9.4 62.3 i: 10.22 i 70.91 ,, 0.43 ; 0.077 , 5.58 
l 7. 60 I Nil 27.0 13.8 59.2 !· 15.46 1 66.43 :10.15 1 0.064 ! 2.34-
1 8. 101 1 13.4 23.1 ! 15.2 48.3 ;; 16 .. 81 : 70.30 Jo.13 , 0.064 1 2.03 ,--·---·- .. T___ -·- ! - -, --- ---- ··•----

0.74 2.4-8 
0.26 ' 2.36 
0.22 I 2.36 

l Lower depth!
1 of horizon I
I in inches I

i Cation Exchange complex m.e./100 8}ll• fine earth, oven dry 
, ConductivitJ P (total) 

� 

l ·--
f 1. 

2. 
3. 

4. 

3 -1
5 j 15 

24 

33 
42 
60 

pH CaCO 
per c�t 

5.2 Nil 
4.8 Nil 
5.5 Nil 
5.3 Nil 

I exchange 

I 
capacity 

--·---
' 28.49 i 

I 12.98 
I 

! 8.12 
I I 

l 
I 

t j . , I 
Ca / Mg 

I 
Mn ! K I Na Tbtal bases 

1Ll3T 3.14 0.19 ; o.68 f-0:30 ! 15.44
�-�� I o.83 0.10 . 0.22 · 0.20 i 3.68
2.24 l 0.62 0.03 ; 0.16 Ii 0.18 l 3.23
2.72 , 0.60 0.01 : 0.15 0.21 I 3.69 

I ! I • I 

12. 74
I

5.1 N�l ; 13.Q5 1 .50 i 0.6o . 0.01 i0.12 j 0.21 ! 2.444.95 Nil j 12.03 0.92 I 0.59 I 0.01 : 0.06 1 0. 1 2 ; 1. 70
Nil ' 13.Q5 

I N i l J 12.03 
Nil

I 10.71 

I 0 125 mohs x 10 
I

N.D.
N.D.
N.D.
N.D.

N.D.
N.D.
N.D.

N.D.

O'\ 

p.p.m. r 
428 -, 
257 
189 
238 

259 
230 
N.D.

N.D.
5.0 Nil

I 
10. 71 0.35 I 0.42 1' 0.01 . 0.08 ! 0.09 i 0.95

5.15 Nil 11.23 0.12 0.11 0.01 0.12 ' 0.20 ! 0.56
________ ...___�_;:_..,__ _____ __.:,_ ___ �_...!.,_________________ -'----'----...:...· ----�------'---------

101 I I Nil 11.23 

Table 4b. Soil group: Forest Ochrosol-0:xysol 
intergrade 

Series: Nzima-Boi intergrade 

Profile No.: DKR 61 

N.:O. = No data 

Survey: Kuma.si Region 

Locality: Approximately 9 miles WNW of 
Dunkwa (Ashanti) 

Site: Middle slope/gently rolling 

Rainfall: c. 60 inches p.a. 

Altitude: 450 feet 

Vegetation: Forest thicket 



Lower depth 

of horizon 

in inches 

� 

Mechanical analysis per cent soil (particle size in nm .. ) 

-·- - -- -· --- --- -- --- ·-·---1- - -- _J
In total soil (air dry) !

I
In fine earth ;i 

Organic matter per cent 

O.:M. 

·- i.·

i 
-1

1Moisture air-

dry soil 

per cent 

I -
-

. 1 • 1.5 

-Ston::

1 

CQarse :;avel-:-F�e �awe�TF-ine earth- � Si��

en

r � r c--,,, N f C/N ) 20 I 20-6.25 I 6.25-2 I . < 2 11.02- .002 < .002 1I -- , 
--- Nil 1 - o-:,-�"

99-9 i• N.n. , N.n. p.68/0.497 -� -;,:-431 9-77 1- - 4.21 1 I

l 

' 
1 

' 
I
I 

� 

I I 

I 

L 

2. 
3- 14

4-. 20 

5. 39
6. 55 

3.0 l 1.8 a9.2 : I a.63 , 10. 16 l
r 

o.84 , 0.091 . a.66 I 1.44 1 1.6.3 I • 
12.9 I 55.9 31.2 1j 5.84 I 7.13 II 0.20 1 0.02a , 7.14 l

0.34 I 1.32 
18.5 l 57.1 24.4 i: 5.97 ! 17.27 ll 0.21 

1
0.062 3.39 I 0.36 i 2.54 

7. 72 

Lower depth 

'

1

10.6 I 36.4 53.0 1
1
' 6.39 : 28.891: 0.26 ;0.062 4,.19 I 0.45 

I
'. 4,28 

0.9 , 7.2 92�1 I 12.41 43.25 ; 0.29 1 0.05a I 5.00 0.50 5.40 ------t-, -�·.". ... +. ·--�- _. o;,- ---� �:_ _ � ..:.:_:3.:, C 3:-�2 l. o:.'.: 
1 
o:_°_'.: _ _:, 3-!3 + 0.24 d- 3-78

i 

l 
Cation Exchange complex m.e./100 gm. fine earth, oven dry I I 1;

of horizon 
in inches 

1. 1.5

2. 8
3. 14

4. 20

5. 39
6. 55
7. 72

I pH caco exchange --- -·-----· -----··-·i 1 1 i cgna.uctivity6 � P (total) � 
• per c�t capacity 

_ �-_J_·
Mg -�-+--_K __ J_!�_:_otal bases � mohs x 10 I p.p.m. 

___ 
1

7-54: o.?28 \ 45.06 1 34.12 7.42 I 1.15 '
· 

0.52 lo.75 43.96 : N.D. ! 550 •�7.10 Nil 10.33 . 5.99 1.25 I 0.'18: 0.12 
i0.18 7.72 . N.D. I 341 j6.50 1 Nil 5.82 ! 1.89 I 

o.64 i 0.10
l 

0.10 

1

0.13 2.86 l N.D. : 274 l6.25 
I 

Nil 9.29 ! 2.95 1 1.07 
j 

0.13 0.15 0.18 4.4B I N.D. , 318 I, I ' I 
I I . 

• 
I 

13.55 
19.49 
14.12 

I 3.75 
[ 5. 12 
I 3.97 

I 

I 
I 

2.57 I 0.05 . 0.18 0.19 I 6. 74 I N.D • / 394 
_ -· 0.08 1 0.11 [0.22 I 11.10 ! N.D. i 257 
,.47 ! 0.10 ! 0.07 '0.19 j 8.80 ! N.D. . 225 

5.57 I 

4-1+7 
I I / I__ ------ --- ______ _,

N.D. = No data.

Table 5b. Soil group: Forest Rubrisol-Oobrosol Survey: West African Cocoa Research 
Station 

Rainfall: 65 inches p.a. 
intergrade 

Series:· Wacri 

Prof'i� No.: DB 174 

Locality: Block O, Wa.cri, New Tafo,
Eastern Region 

Site: Upper slopo/gentzy rolling 

Alt itude: 700 feet 

Vegetation: Cocoa 



"' � 

l{echanical analysis per cent soil (particle size in nm.) !: 

....,, 

I , 
- - - - ·-1 - - -·- -- ---·---- --- ·----.. ---�--·----- - ···--T·---- .. ------ ·••- . -

Lo,,er depth 'j Organic matter per cent , Moisture air-
of horizon In total soil (air dry) : In fine earth l! 

,: (oven dry) 
i1 , in inchel!_ ;I ______ _j 

Stones . Coarse gravel Fine gravel •'. Fine earth -;I Silt \ Clay · i C ; N , C/N -t--·-0 M -i > 20 I 20-6.25 6.25-2 ! � 2 '1' .02-.002 I<: .002 :1 : ' 
.:_:_ ,- . , 

·1 1 i .• 
I 

• • I l I ' 1 1 • 5 N71 i N�l 0.4 
I 99.6 

1 
3. 73 9-02 : 0.80 0.0465 17 .20 , 1.38 

2. 11 N� , N7l 0.8 ! 99.2 ; 3. 73 I 18.94 J 0.68 
1 

0.043 15.81 j 1.17 
3. . 19 Nil t Nil 0.3 I 99. 7 : 3.83 1 40. 75 ·t 0.58 . 0.647 , 12.34 ; 1.00 
4. 30 Nil I Nil 0.4 j 99.6 I 3.98 ! 39.45 l 0.34 ; 0.036 ) 9.44 

j 
0.58 

s. 41 Nil I 6.4 6.1 I 87.5 !l 4.22 1 32.21 i 0.23
1 

0.027 : 8.52 I 0.4!) ! 
6. 50 Nil I 0.3 0.9 I 98.8 

1
1 2.75 

1
12.12 '0.10 , 0.01 2 I 8.33 ! 0.17

7. 58 Nil I Nil Nil 100.0 '. 1.67 2.47 � 0.01 • 0 .. 003 ; 3.33 I 0.02

dry soil 

per. <'.M.t. 

0.82 
1.21 
2.29 
2.16 

1.69 
0.67 
0.16 

I 
I ' ' 

I I I 

-=- ==¼====-==-:-=====F=-=====j 

Lower depth 
of horizon 
in inches 

pH CaCO 
per c�t 

Cation 
exchange 
capacity 

Exchange complex m.e./100 gm. fine earth, oven dry . I l - ---- - --- .-..-L--

� 

___ , 

, , ; . , : cgnductivity 6 , p (totaJ.) 
p.p.m.

• 

�°'
CD 

1. 5
2. 11
3. 19
4. 30

6.10 
5.45 
5.30 
5.90 

l 
Nil 
Nil 

Nil 
Nil 

7.39 
a.15

11.30 
9.96 

j 
Ca i Mg : Mn I K . Na Total bases ;25 moh.s x 10 I 

I , -
l

2.1 0 J 0.92 0.08 . 0.14 0.33 I 3.57 1 N.D. j 
0.92 0.39 l 0.02 j 0.05 0.27 ! 1 .65 .

1

, N.D,
0.91 1' 0.38 I 0.01 i 0.07 0.33 i 1. 70 N.D.
o. 79

, 
0.40 j 0.01 

I 
0.07 0.43 

I 
1. 70 1 N.D.

112
123
199
180

f ' 
I 

s. 41
6. 50

7. 58

5.90 
4.89 
6.40 

Nil 
Nil 

Nil 

Table 6� Soil group: Savanna Ochrosol 

Series: Mimi 

Profile No.: PNB 25 

7.97 
3.33 
0.90 

0.62 
0.21 
N.D.

! 0.,0 0.01 I 0.07 l 0 • .51 t 1, 77 N.D.

i 0.25 : 4 0.00510.03 1• 0.26 ! 0. 75 N.D.
· N.D. 1 N.D. N.D. N.D. ! N.D. N.D.
: I I I 

N.D.
N.D.
N.D.

N.D. = No<lata

Survey: Nasia Bas1n Rainfall: c. 4-5 inches p.a. 

Altitude: c,500 feet 

Vegetation: CUltivation 

Locality: Approx. 25 miles \"/. S. V!. of 
Gambaga. 

Site: Upper slope/gently undulating 



,.,. � • � .. "­- --J
-------,--------------·--. 

-·
I 

Lower depth 

of horizon 
in inches 

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

. I Organ:i.c matter per cem: Moisture air- IIn total soil (air dry) I In fine earth7 
Organic mat-t - .L 

j ( oven dry) dry soil 
- -· -- . - I

Stones Coarse gravel Fine gravel Fine earth I Silt 1 Clay C ! N 
, 

C/N / 0 :M 
per cent I

I I > 20 20-6.25 6.25-2 < 2 1 .02-.002 I � .002 ! I j 
• • I

I 
I 

·,

I I ! I 
I 1. 4 Nil 15.1 5.3 79.6 ,

1 
ND I ND o.84. ! 0.062 ; 13.55 ! 1.44 o.87

j'

1 

2. 11 Nil 49.3 . 14.9 35.8 : ND ND 0.58 I 0.0413 12.08 : 1.00 1.20
3. 20 Nil 59.6 . 36.6 3.8 d ND \ ND I 0.52 1 0.049 i 10.61 : o.89 1.96 

I 4- 32 Nil 57.3 18.5 24.2 '.1 ND ND
I 

0.31 ' 0.036 · 8.61 0.53 2.12 I 
I . 'I I ' l I 
I 

' I I I 5. 41 Nil .50.9 22.1 27.0 lj ND I lID I 0.12 0.014 · 8.57 · 0.21 2.43 J 
1 6. 45 Nil 39.1 18.6 42.3 

fl ND I ND t 0.12 N.D.
1 

N.D. ' 0.21 3.94 j 
7. ��= -� 4� -� 3-- �....--� -�. -. . _, 10.,5 

\ 

26.8 ,' l�,
-

--
�� � , !!_;!:• ,!: D.;, 1!;_;)• __ 

; 
· -

,
- N;:D. =t · = _ �2 

� 

Lower depth 
of horizon 
in inches 

1. 4
2. 11

3. 20 
4. 32

5. 41
6. 45
7. .58

pH 

7.3 
6.2 

6.2 
6.6 I

I 5.7 
4.9 
5.3 

I 
I 

T 
l 

CaCO 
per ce6t

Nil.
Nil 
Nil 
Nil 

Nil 
Ni:l 
Nil 

I Cation ; Exchange complex m.e./100 gm. fine earth, oven dry ) exchange1 : __ . Cgnductivity6 I P (total) 
capacity I Ca I Mg l Mn I K \ Na Total bases '25 mobs x 10 p.p.m.

7.28 
6.58 
N.D.

11.43 

N.D.
21.59 
31.66 

3.73 
2.33 
2.35 
2.83 

2.97 
6.47 

11.49 

I I I 

1 0-:is 0.29 ND i 5.26 ND T 

I 
' 

1.09 
1.09 
1.21 
3.08 

: 3.50 
e.20

'. 13.40 

j 0.19 0.17 ND l 3.78 ND 
,
· 

, 0.21 0.26 ND 4.03 , l-t"DI 0.27 0.32 ND , 6.50 
' ND 

I 1 

I 0..18 0-29 ND : 6.94 

I 0.09 0.38 j ND . 15.14 
0.38 0.27 I ND 25.54 

ND 
ND 
ND 

141 
234 
26o 
193 

290 
173 
N.D.

1. Barium acetat�, pH = 8.2, water washing. N.D. = No data 2. Total without sodium

Table 7b. Soil group: Groundwater La.terite 

Series: Kpelesawgu 

Prof'ile No • : DNB 239

Survey: Nasia Basin

Locality: Approximately 10 miles south of 
Bongo Da, Northern Region 

Site: Middle slope/very gently undulating

Rainfall: 40-4-5 inches p.a.

Altitude: 450 feet 

Vegetation: Savanna 
regrowth

°' 

J 



• ...

- --- - - --- ---

• ��

- -------··--- -----,...----

Mechanical analysis per cent soil (particle size in 11m.) ,. 

� " ',
-

---------- ··----- ------ --·--· 

Lower depth 

of horizon 

in inches 

I. 
Organic matter per cent Moisture air­

dry soil 

per cent 

In total soil (air dry) 

------ ----· - -t 
Coarse gravel I Fine gravel t Fine earth 

In fine earth 
(oven dry) 

I ' • 

Silt I Clay I 
I C .02-.002 < .002 N C/N 

---, 

I 
O.M.20-6.25 I 6,25-2 ( < 2 

___ _...______ ' - ' - i --------�---------!-
Stones 

> 20
. 

1.62 1 • 
2. 

3. 
4. 

5. 
6. 
7. 
8. 

5 
12 
30 
44 

72 
92 

104 
116 

Nil Nil 
Nil \ 0.8 
Nil . 10.4 
Nil ' Nil 

Nil I Nil 
Nil i Nil 
Nil Nil 
Nil 25.6 

Nil 100.0 
0.5 98.7 
9.5 ' 80.1 
Nil I 100.0 

' 
Nil 100.0 
Nil 100.0 
Nil 100.0 

12.3 62 .1 

14.19 I 1 .48 I 39.75 i 0.098 15 .10 
I 38.20 , 17.65 . 1.06 · o.088 12.05 I 37 .i..3 12.00 I' 0.28 0.028 10,00 
' 

29,62 24.73 I' 0.12 0.018 6.67 I 

2.55 
1.82 ' 1.87 
o.48 I 1 .00 
0.21 l 1.48

I 

I 34.27 19, 11 0.08 0.027 2.96 
I 25.98 26.84 0.07 0.028 2.50 

30,09 31 ,95 I 0,07 '0,023 3.04 
26.76 41.47 ,:0.07 I 0,023 3.04 

0.14 I 1.76
0.12 2.61 
0.12 I 3. 19
0.12 4,49

_.....:..x:»< == .. .._,."t••-7•_ --��-• • 
' .- -• i,W◄C • C- •- -- -·----- -• 

Lower depth! , ; Cation Exchange complex m.e./100 gm. fine earth, oven dry : 
' 

?f �orizon 1 pH . eaco, exc�e . . _ _ , C�nductivity� p (total) .g.; 
lll inches . per cent capacity , Ca ' MR Mn 
------ --- -- -- -t-----·---�-·-·-

1. 5 6.4 ' Nil I 14.30 4.70 

' K ' N ___ J_ --- ·- - . ---r-
a __

o.63 
I 

;0.281. 91 ·. 0.14 

----- - - - - ·- -· ----
I 

7.66 31.4 239 
199 2. 12 j 6.1 Nil 13. 76 4.31 

3. 30 6.0 , Nil 6.16 1.64 
4. 44 ! 6.2 ' Nil 7.71 2.46 

5, 72 
6. 92
7. 104-
B, 116

-

I
I 

I
I 

· --

6.9 
8,5 
8.1 
7.8 

0.035 
0.022 
0.010 
0,016 

9.59 
13.63 
16.41 
30.14 

Table 8b. Soil group: Grey Neutral Gleisol(?) 

Series: Lima 

PrOfile No.: PNB 225 

3.01 
4,54 
5.44 
9,78 

1.94 0.60 ; 0.13 0.23 
1.07 0.25 10.08 10.17 
2.13 0.19 I 0.15 0.70 

3.55 0.02 0.15 ! 1.19
6.00 0.01 0.22 1.63 
7,53 0.03 0.07 I 1.61 

12.56 0.05 0.23 I 2,33 
---· -· --- ·------

N.D. = No data

Survey: Nasi.a Basin 

7 .21 
3.21 
5.63 

7.92 
12.40 
14.68 
24.,95 

Locality: Approximate:cy 5 miles north of 
Gushiagu, Northern Region 

Site: Bottom/flat 

�27,3 
.:: 27 .3 83 

38.4 55 

30.7 N.D.
47.7 N.D.
40,7 N.D.
60.1 N,D. 

--·--

Rainfall: 40-45 inches p.a. 

Altitude: 520 feet 

Vegetation: MedilDII 
grassland 



._ � .. ' 9! '""r 

------.---- - -- ---- -------------------,,,----------
- ·-�

oal e.na.lysis per 
_
cent soil (particle size in nm.) !j

-- - / - I

l.Olfsr depth 

of' harizon 

in inchea 

r Organic matter per cent 

J
Moisture air-

i..-- -- .
1. 
2. 
3. 
4. 

5. 

In total soil ( air dry) '.i In fine earth :1' dry soil . ( ov-en dry) .- I -·--

Stones 
> 20

Coarse gravel 
20-6.25 

Fine gravel 
6.25-2 

! . ,: 1 • I 
per cent 

O.M.

. .. ·-··-- +-- -· _,.._. ______ -----•---

I F1ne :�h 'I .. o�::�2 I ��2 ; c j N c/N 
l 

I 100.0 -ij-1 ::i---.s.4�;,
1
-0.731---0.054 - -13.52 - - ! --3 

9 
15 
38 

76 

Nil 
Nil 
Nil 
Nil 

Nil 

Nil 
Nil 
Nil 
Nil 

Nil 

Nil 
Nil 
Nil 
Nil 

Nil 

! 100.0 J 1.0 I 6.9 , 0.38 0.031 12.26 . 
I 100.0 :! 0.9 i 12.5 ll 0.38 ! 0.031 12.26 1 

11 100.0 ·1 0.8 I 21.8 i 0.16
1 

0.034 j' 4.71 
11 ! ·. 

I 

100.0 ·I 1.1 ! 29. 7 ;: N.D. I N.D. 1 N.D.

1 .26 
0.65 
o.65
0.28 

N.D.

0.56 
0.52 
o. 71
1 .21

1. 75

I 
----1 

Lower depth 
of horizon 
1n inches 

I I I I 
'· 1 • 1 • p 

Exc�--:::lex m.e./100 gm. fine�:,=�� --�-
-·""'- ="• 1 

Cation 
exchange 
capacity 

1------·------,-----.-------.-----.--·· j Conductivity6 P (total) pH 
Ca j Mg j Mn I K I Na Total bases I 25

° moh.s x 10 

:1. -3-- --r7-9 T 0.02 6.04 r 3.7---;-- ! 1.4£, -r��7 l 0.41 I 0.15 -t---;.8;--T- N.D.

CaCO 
per oe�t P•P•�· 

I I 

2. 9 7.7 N� 4.19 2.25 I 0.88 I 0.04 ! 0.21, 0.11 I 3.49 N.D. 
3. 15 6.8 1 Nil 5.01 1.83 ! 1,18

I 
0.05 · 0.24, 0.17 I 3.47 N.D.

4. 38 .5.5 I Nil 4-.99 1.01 0.95 
I 

0.02 ' 0.22
1 

0.19 . 2.39 I N.D.
I I I I ! 

5. 76 I 5.6 I Nil 5.66 
I 

1.62 0.98 j 0.02 I 0.10 0.30 ; 3.02 ; N.D.
t -. - --�- ' 

N.D. = No data

188 
156 
19() 
202 

N.D.

Table 9b. Soil group: Savanna Ochrosol 

Series: Toje 

Survey: Accra Plains 

Locality: ½ mile west of "Tema., 
Eastern Region 

Rainf'all: 25-30 inches p.a. 

Altitude: c. 100 feet 

Profile No.: APA 405 Site: Sunmit/gently undulating Vegetation: Savanna. 
regrowth 



Lower depth 

of horizon 

in inches 

.. � ----------,r--.. -·- _________ .. _ -----� 'T 
.Mechanical analysis per cent soil (particle size in nm. ) I 

··---------------------------,, --------.!

-- -----·----. 
l 
r 

In total soil (air dry) 
l 

In fine earth 
l�en. d.I:r) 

Organic matter per cent Moisture air- 1 

-Stone-=l Coarse gravel
> 20 I 20-6.25 C 

j 

l 

·---·

N C/N 

I 
I 

-- -7 

O.M. j
l 

dry soil 

per cent 

,., ______ 

' 
I 

. -- .. _ - 'I I " 

Fine gravel 1· Fine earth
I 

Silt 'r' Clay « 
6.25-2 1C: 2 l .02-.002 £ .002 !l 

I 
·-·i

l 

! 

I 

' 

' 

1 • 5 Nil Nil Nil 
2. 10 Nil Nil Nil 
3- 20 Nil Nil Nil 
4. 28 Nil Nil Nil 

5. 39 Nil 12.3 6.o
6. Nil 

100.0 j 2.57 4.11 o. 74
I 

0.044 
0.021 100.0 1

1 
2.01 3.84 0.29

100.0 1.88 5.26 11 0.20 l...... · 0.018 
. 0.041 100.0 11 1.39 130-39 11 0.45 ! 

16.82 
13.81 
11.11 
10.98 

I 
1.27 . 
0.50 l 
0.34 ' 

o·.n ; ' 
I I 

o. 71
0.47
0.76 
4.26 

54 
1. 74 Nil 
8. 97 4.5 

14.1 
4. 2

13. 1

e1. 1 11 2. 16 2a.04- ll 0.14
1

0.024 ! s.a3 0.24 ! 4.43
76.3 I 4.19 31.84 � 0.22 0.021 ; 10.48 0.38 , 4.98

_ _ 1 _ fil_� -�J�.t--+- g:6� .L t� 
1 I 

9.6
4.2 
5.2 

I 
Lower depth Cation 
oi' horizon 

in inches 

pH I CaOO 
per ceit 

exchange 
capacity--

1. 5 6.40 Nil 5.23 
2. 10 5.95 Nil 3.24, 
3- 20 6.05 Nil 3.54 
4. 28 6.00 0.024- 16.22 

5. 39 7.35 .0.011 18.31 
6. 54
7. 74
8. 97

8.8 

! 
,1.391 

8.5 0.078 

I 8.7 t 0.072 

N.D.
20.59 
19.94 

Tab1e 10b. Soil group: Regosolic Groundwater 
Laterite (?) 

Series: Ziwai 

Profile No.: HK 315 

I • 

Exchange complex m.e./100 gm. fine earth, oven dry I . : � 
- I l 

J
, cgnductivity6 ! P (total) � 

2.1,4. 
1.11 
1.09 
5.07 

7.22 
5.96 
7.4£ 
8.12 

l 

Na Total bases 25 mohs x 10 
I I 

___ ,.. - ,-· 
1.61 1 0.16 0.09 0.07 4.07 I -<27.8 i 
0.90 0.04 0.04 0.05 2.14 .:::: 27.8 i 
0.90 0.03 0.13 0.19 2.34 31.6 l 
4.63 0.02 0.09 1.1s 11.s6 35.1 l 

6.42 0.10 2.95 I fo.005 
I 11 .21 I 0.12 

I 6.61 0.01 
0.13 4.49 
o.08 4.30 

16.69 
21 .91 
18.46 
19.05 

95.2 
297.6 
124.2 
136.0 7 .11 0.02 0.08 3.72 

N.D. = No data

p.p.m.
---- .... 

63
45
45
89

55
58

N.D. 
N.D. 

Suzvey: Ho-Keta Plains Rainfall: 35-40 inches p.a. 

Locality: Approximately 5 miles north of 
Sogalcope, Tra.ns•Volta-'l'ogo­
land Region 

Site: Middle slope/gently undulating 

Altitude: 130 feet 

Vegetation: Tall grassland. with 
'Borassus palms 



·- -
- '\

.. -- - - . ·-· - - ·---· -- . 
Meoh.e.nioal analyei.8 per cent soil (particle size in mm.) 

- -�-------

-
.. ·-

I 

............ - --- ·- -·-·-···- .... -
-� 

�-··--· ... _,._ • ·-· .. - ...... 
·,o·•---- - . _.., __ 

I 

Organic matter per ce nt 
Lower depth I.n total soil (air dry) 

Moisture air-

of horizon 
- - -· -�---··- . -

1n inchee �---

Stones Coarse gravel Fine gravel 
.> 20 20-6.25 6.25-2 

- ·-

1 • 5.5 Nil Nil Nil I 

2. 15 Nil 0.1 0.4 
,. 2lt- Nil 0.5 3.5 
4,. 30 2.4 1.0 3.8 

5- 41 30.6 18.9 3.5 
6. l+B 1.7 12.4 2.8 
1. 57 Nil 1 .1 o.s

r 8. 72 16.1 1.4 0.5 
I 

\ Lower depth I Cation 
, of horizon pH CaCO exchange1I in in.ohee per ce� capacity 
.-----

; 1 • s.s 6.4 0.05 39.80 
I 2. 15 7 .o 0.09 39.21 
: 3. � 8.2 2.20 41. 70 
I 4. 30 8.3 5.00 42.90 

I 

1 5. 41 8.4- 18.80 40.46 
, 

6. 48 8.4 12.10 41.89 
I 7. 57 

I
8.4 2.00 34.00 

; 8. 72 8.6 0.65 l
22.15

·-- ----·--·--

In fine earth 
(oven dry) 

-·· 
Fine earth Silt c� 

<2 02-.002 < .002 

100.0 7.3 32.2 
9·9.5 7.0 36.8 
96.0 a.9 42.0 
92.8 9.0 46.1 

47.0 7.6 39.7 
83.1 10.6 40.9 
98.1 11.0 27.2 
82.0 10.4 13.8 

C 

1.74 
0.84 
o.63
0.45 

0.17 
0.09 
N.D.

11 
N.D.

--· 

N 

0.103 
0.058 
0.044 
0.032 

0.014 
N.I>.
N.D.
N.D.

-

·-··-----·--

C/N 

16.89 
14.4-8 
14.32 
14.06 

12.14-
�.n. 

N.D. 
N.D.

� ............ AW 

Exe� comolel'_ m-�--�g?_S!!!•_r��-ear!:h.._ovjn g.:or __________

Ca Mg Mn K Na Total bases 

21.49 12.66 0.13 0.21 0.60 35.09 
20.80 11.40 N.D. 0.17 1.00 33.37 
26.20 13.10 N.D. 0.20 2.20 41. 70
26.09 16.9() N.D. 0.21 3.10 46.30 

22.80 12.6o N.D. I 0.13 3.10 38.63 
22.10 15.00 N.D. 0.20 3.20 40.50 
19.6o 14.00 N.D. 0.20 2.80 36.60 
11.88 I 10.27 N.D. 0.17 1.71 24.03 

-- ---

O.M.

2.99 
1.44 
1.08 
0.77 

0.29 
0.15 

N.D.
N.D.

cgna.uctivi ty 625 mobs X 10 

56 
53 

195 
222 

246 
246 
229 
170 

dxy soil 

per cent 

5.95 
6.59 
7.43 
7.99 

7.27 
7.,35 
5.92 
3 .. 82 

Hllm'W ............... 

p (total)
p.p •. m •

306 
257 
264 
283 

409 
880 

1535 
1508 

1. Horizons 1 and 2, barium acetate, pH 8.2; horizons 5 and 6, soditm1 acetate, pH 8.2, water washing; remaining horizons,
amnonium acetate, pH 7.0 N.D. = No data

Table 11b. Soil group: Tropical Black Eartha 

Series: .Akuse 

Profile No.: APA 370

Survey: Kpong Pilot Area, Accra 
Plains 

Locality: Traverse 28/32 chains, Kpong 
Pilot Area, Eastern Region 

Site: Middle slope/very gently 'lllldula ting

Rainfall: c. 45 inohes p.a. 

Altitude: 60 feet 

Vegetation: Savanna 

I 

-

� 

·1



, Leifer depth 

of barlzon 

, in inohes 

• � ., ' . -·
-. 

Mechanical. �sis per cent soil (particle size in nm.) 

-------·---····--····--·· 
-·-,

------
In total soil (air dry) 

Stones 
> 20

Coarse gravel 
20-6.25

Fine gravel 
6.25-2 

Fine earth 
<2 

In fine earth 
Organic matter per cent Moisture air-

( oven dry) 
-------.-

-- ___ 
I

dry soil 

,---------

11---'t'---------,-------.-------+<::.-
S

-
i
_
l
_
t
--+-

C
-

ley
--+1----

l
--

I 

I 
·-
1

per cent 

.02-.002 <:..002 I C ' N 1----��-- O.M.
---

2.52 3.17 0.4-3 !0.031 I 13.87 o. 74 / 0.57 1. 2
2. 12

: 3. 21

I 4. 6o

5. 74

Nil 
Nil 
Nil 
Nil 

Nil 

Nil
Nil
Nil

0.1

2.7 

Nil 
Nil 
0.1 
o.a

o .. 6

100.0 
100.0 

99.9 
99.1 

II 

1.91 4.23 0.34 10.027
1 

12.59 0.58 
I 

0.54 
2.62 33.68 o.4-8 

1
0.04-3 \ 11.16 0.83 5.27 

7.15 1 31.39 0.07 p.010 I 7.00 0.12
1 

5,41 

I I I 96. 7 !! .. =- I I . =I- .q::::.: ---
hc�e compl:�: ... �:�

1

:'.• ;�:= ���-we�-�:�·-=t=

0
'.�

7
. ��-��"'=•

7
Lower depth 
of' horizon 

' in inches 

.-------
1. 2
2. 12

; 3. 21
t 4-. 60

i 5. 74

I pH 

6.1 
6.2 
6.5 
7.6 

8.1 

Cation 
CaCO exohange1 1 2 Conductivity6 per c�t capacity Ca Mg Mn K Na Total bases 2.5° mobs x 10 I 

0.025 2.53 o. 77 o.67 0.04 0.29 0.41 2.1 s 70. 7
Nil 2.56 1.32 0. 72 0.01 0.23 0.37 2.65 ,52.8
Nil 17.91 10.42 5.34- <0.01 0.65 2.19 18.6o 282.9 
Nil 20.73 12.16 6.08 0.01 0.32 6.94 25.51 754.4 

1.48 21.01 9.42 7.42 0.01 I 0.34 3. oo I 20 .19 I 713. a

1 • .Amnonium acetate, pH 7 .O 2. Corrected for sulphates but not for .chlorides N.D. = No data

P ( total) 
0\ p.p.m. "-..._,

-------- � 
32 \ 
32 
64 
54 

N.D.

Table 12b. Soil group: Tropical Grey Ea:rth 

Series: Aga.wtaw 

Suzvey: Accra Plains

Locality: ½ mile south of Ashaiman, mile 16!., 

Accra-Ada road, Eastern Region 

Rainfall: 25-30 inches p.a. 

Altitude: 100 feet 

Profile No.: APA .509 Site: Lower slope/gently undulating Vegetation: Savanna 



" • - • �

-.--------- -·---- --------------------------..----------------------,--------:
I 

Lawer depth

of horizon 

in inches 

Mechanical ana�sis per cent soil (particle size in mm.) 
I 

I 

In total soil (air dr,y) 
Organic matter per cent 

I Moistu:r a· _ I
In fine earth l e ir 

( oven dry) 
I 

dry soil i 
er cent ' Stones Coarse gravel Fine gravel Fine earth Silt Clay /N O M 

p 
I 

>20 20-6.25 6.25-2 <. 2 .02-.002 <-002 C N C 
' • 1 I 

1, 2 I Nil Nil Nil 100.0 N,D, N.D. 2.02 0,085 23, 76 3,47 I 0.34 i
2. 8 Nil Nil Nil 100.0 N.D. N,D. 0.27 0.012 22.50 0.4b I 0.02 . 
3. 23 i Nil Nil 

I 

Nil 100.0 N.D. N.D. 0.08 . 0.006 13.33 0.14 
I
' o.o6 I 

4, 31 I Nil Nil Nil 100.0 
I 

N.D. N.D. 3, 10 I o. 113 27 ,43 5 ,33 . 1,95
i 

5. 47 l
l 

Nil Nil 
I 

Nil 100.0 t N.D. N.D. 3 ,58 10.088 40.68 6. 1 6 
,
' 3. 74 i 

6. 61 Nil Nil . Nil 100.0 11 N.D. N.D. 
j 

0.13 , 0.006 21.67 0.22 0.06 t , _ _,.,..._., __ . .,. __ = . I w """'"'--+=- -
�

--..,,,,.,..._., I; �==:--...J.. . I = 
'""" . 

• t 

Lower depth \ ' Cation Exchange complex m.e./100 gm. fme earth, oven dry I l !
of horizon

\ 
pH CaCO exchange 1 ....___ -1-------- 1 • I Conductivity6: P (total) 1 

� inches , per c�t capacity I Ca ! Mg j Mn K I Na Tptal bases 
l 

25° mobs x 10 ' p.p.m. �

1 • 

2. 

3. 
4. 

I 5.
I 6.
I. 

2 
8 

23 
31 

47 
61 

Table 13. 

5.25 
5.65 
5.so 1
4.as I

4.85
5.90

Nil 
Nil 
Nil 
Nil 

Nil 
Nil 

I
I I I I I u,

3.4-7 l 0.50 0.31 <0.005 0.05 1 0.11 0.97 N.D. i 52 1 

I 0.87 0,18 i�0.01 \.::0.005 0.05 10.14 0.37 N.D. l 43
\ • I , 

I 0.82 0.15 j..:::.0.01 
1
<0.005 0.02 l 0,04 0.21 N.D. i 38 

I 25.64 0.35 : 0.24 .:::.0.005 0.04 
! 
0.09 0.72 N.D. I 73 

I ' ' I I 
. 6 i 

. I 6 I Qr. I 0.1 ,< 0.005 0.02 ; 0.07 0.5 N .D. i u+ 
j' 

41.28 
1.25 

0.31
0.15 I 1 l I . I 4 t< o.o ·<0.005 0.02 1 0.03 ! 0.20

I 
N.D. 1 

I ' I 
I I l 

1. Horizons 1-3 and 6, ammonium acetate, pH 7 .O N.D. = No data

Soil group: G-rotmdwater Pod.sol 

Series; Atuabo 

Prof'ile No.: IIl'B 443 

Survey: Lower Ta.no Basin 

Locality: Atuabo, Western Nzima, 
Western Region 

Site: Flat bottom 

Rainfall: c. 85 inches p.a.

Altitude: c. 5-10 feet 

Vegetation: Short grass 
Savanna 


