





broad textural distinctions between different groups of soll on differences of texture
determined at an intermediate depth, say, between 20 and 50cms. Differences in texture
between these depths undoubtedly influence conditions in the surface horizons and thua
have a strong influence on the suitability of a soil for cocoa. Where practical,
further sub-units of scils may be recognized, on the basis of textural differences above
or below this 'control section' at intermediate depth.

The soil classification developed for the cocoa growing area of Western Nigeria
includes textural distinctions similar to those just described. In the areas surveyed
rainfall is marginzl and the dry season quite severe sc that properties of moisture
retention related to texture are of special importance in selecting soils for cocoa,
Soils with sandy textures (not finer than loamy sand or sand) at depths between 10 and
20 inches (25 to 50 cms.) were classed as 'poor' (Class III) and as 'unsuitable' if
sandy textures continued in borizons below 20 inches. The 'fairly good' seils (Cl-ss
II) had textures of sandy loam or finer in the 'control section' and were usually more
clayey at depth. Texture was alsoc an important consideration for distinguishing
'fairly good' from 'good' soils (Class I) in which the whole profile, including
horizons between 10 and 20 inches, had textures of sandy clay loam or sandy clay
(Smyth and Montgomery, 1962). Surveyors in Western Nigeria were able to show a close
relationship between both the distribution and quality of surviving cocoa, planted
without profesasional advice, and the distribution of soils of different gquality claeses
recognized largely on the basis of the textural differences described (see Table 11).
These criteria will only be appropriate in areas having soil and environmental con-
ditiona similar to those in Western Nigeria but they serve to illustrate the assess-
ment of texture in relation to soil quality classification. In areas of moderately
heavy and well distributed rainfall less weight should be given to textural consider-
ationa in asgessing soil quality for cocoa.

(b) Seil Colour:-

Marked differences in colour should be regarded aa an important criterion in
distinguishing soils at the level of classification regquired to separate soils of
differing potential for cocoa. In the first place soil colour is a valuable guide in
judging the drainage characteristics of a soil, as discussed in Chapter Three. Secondly,
in the absence of exhaustiwve laboratory data, soil colour provides a crude measure of
comparative nutrient status and so is useful in the classification of soils into groups
within which nutrient status is likely to be similar.

Quality classification on the bvasis of drainage has already been discussed. Judge-
ment of quality in relation to nutrient status on the basis of colour can only be tent-

ative and requires the support of observations on the success of aziﬂeing cocQa gg the
soils in question or of laboratory data., Nevertheless, 'good soils' (Class Ij will

usually show strongly developed red or dark brown colours although, over calc-reous
rocks or recent alluvia, they may be dark brownish grey or even black. In the abasence
of other evidence, it is prudent to classify pale red, pale yellowish red and yellowish
brown soils with otherwise good characteristics as only 'fairly good' (Class II).
Similarly, pale yellowish brown and pale yellow soils should provisionally bte classified
as 'poor' (Class III), Very pale colours are usually esasociated with very sandy texturas
and such soils are usually unsuitable for cocoa (class IV),



(c) Soil Consistence and Structurei=-

Marked differences of consistence and structure may also be important criteria
in distinguishing soils which are satisfactory for cocoa (Classes I and II) from those
which are not (Classes III and IV). In some tropical areas, however, no great differ-
ence is observed in the expression of these characteriatics in the more extensiwve soils,

In considering consistence and structure special attention should be pald to their
influence on drainage characteristics and on root penetration. Oood structure is
especially important in areas of high rainfall to ensure adequate aeration. In dry
areas, structure and consistence at depth requires careful study to ensure that the
roots of cocoa will be able to reach deep seated moisture during dry periods.

(d) Other Physical Characteristics:=—

The content of gquartz stones and grawvel, of ironstone concretions and of weather-
ing rock and minerals, provide examples of other criteria which have to be conasldered
in assessing the quality of a soll for cocoa. Depending on their quality and thelr
nature, the presence of such particles may reduce the value of an otherwise sulitable
soil from 'good' to 'fairly good' or even to 'poor'. A soil consisting predominantly
of large inert particles is, of course, 'unsuitable'. A moderate content of weather-
ing rock or rock minerals, at depths potentially within the reach of cocoa roots is
a favourable factor but would rarely justify placing a soil in a higher quality
classification than that suggested by considerations of texture, colour, consistence
and structure.

ASSESSING THE VALIDITY OF A SOIL QUALITY CLASSIFICATION

At some stage in a2 soil survey, preferably as early as possible, it is clearly
desirable to chack the walidity of the aoil quality clasasification which is being
established and at the same time obtain information which may permit refinements to
be made in the choice of criteria for this classification. Yet very little referance
is to be found in soil survey literature on suitable methods for carrying out such
checks, or on results that have been obtained.

In arens where cocoa has never been grown before little can be done until the
results of trial plantings are available. In the early years, such plantings will
provide little information on the relative ability of different soils to support
sustained high yields over long periods, which is the ultimate test of soil quality
for cocoa. One cannot wait thirty years, however, to discover whether or not the soil
quality ratings are reasonably reliable and preliminary indications must be based on
the vigour of the trees at an early age. Establishment problems may prove to be
related to undesirable seil characteristics which were previocusly unsuspected and
nutritional deficiency symptoma are often moat clearly rewvealed on young plants.
Experiments in Trinidad (Jones and Maliphant, 1958; Maliphant, 1959) have shown that
a close correlation exists between girth measurements of cocoa trees three and & half
years old and their subsequent yield when six, seven or eight years old. Similar results
have been obtained in other parts of the world. Needless to say, girth increments, and
indeed the whole early wvigour of the cocoa tree, depend on many factors other than the
suitability of the soil. Comparisons averaged from a large number of observations made
on environmentally similar sites will be necessary before any subtle conclusions can
be drawn on the relative suitability of the soils. The point to be emphasized is that
work on assesaing the guality of the soila should not cease upon completion of the
firast draft of a2 quality map based on theoretical principles.



In areas where cocoa is already a firmly established crop wider opportunities for
checking the wvalidity of a soil quality classification exist. The obvious approach,
that of making observations and of checking yields on each of the soil types, is not
always practical, however, and it is wvery difficult to avoid subjective errors if more
than one observer is engaged in such work. Two other methods which have been used
successfully in the field will be described, although each is applicable only in
specific circumstances.

Cocoa Yield Maps

Burridge and Cunningham (1960) have described a successful exercise in mapping
the yield of cocoa within a single large cocoa farm in Ghana and in relsting this to
differences in soil. The method can only be used conveniently where comparatiwvely
large areas are planted with reasonably uniformly spaced cocoa and yield data can be
obtainad for individual trees over at least a two yenr period. The cocoa itselfl must
be of uniform apge and variety and subject to uniform management practices. These con-
ditions severely limit the practicel application of the method but it is useful,
nevertheless, for investigating the influence of individual socil characteristcs.

The investigation in Ghana was carried out as follows:-

(a) The site was divided into small square plots, each including 25 trees)
and the total yield of every four adjacent plots was marked on a plan of

the site at their common corner. Thus, in Figure d4a, the total yield of
rlots a, b, e and f is marked on the Plan at A and that of plots e, f, 1 and
j is marked on the plan at D.

(b) Convenient yield values can then be scaled between the common corners,
Ay By C etc. and connected by lines of equal yield - yield contours. This
is illustrated, using hypothetical wvalues, in Figure 4b. In this way a
yield contour map of the site similar to that shown in Figure 5 can be
constructed.

(u} The exercise should be repeated using data for yield from at least one
more consecutive year and the yield contour maps thus obtained may be
compared to indicate areas of consistently high opr low yield. Alternatively,
the data at each reference point may be averaged to provide a contour map of
average yield., The more years of data, the more significant the map.

(d) Finally the yield contour maps may be compared with detailed soil maps;

or the soile at sites showing especially high or low yields may be investigsated
and compared individually. Analytical data obtained for socils from sites
having consistently high, medium and low yields in the Chana investigation

are shown in Table 1 (Chapter Four).

#  Tnder the conditions of the Chana experiment the yield patterns obtained using
emaller plots with less than 25 trees were too complex, those from 100 tree plots
were oversimplified.
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FIGURES 4a and bi- Diagrams illustrating method of constructing cocoa yield maps
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FIQURE 51— A cocoa yield map prepared by the method described in the text
(from Burridge end Cunningham 1960).

Distribution of Surviwving Cocoa

In several of the main cocoa growing areas of the world, notably in West Africa
and the West Indies, cocoa has been planted extensively by peasant farmers without
professional advice on both suitable and unsuitable soils. The present distribution
of surviving cocoa in these areas thus provides a fairly reliable measure of the
relative suitability of the different soils., Increased bias for the cocoa to be
found on the most suitable soila arises partly through the greater lenpgth of useful
life of cocoa planted on such soils and partly through deliberate selection nof these
soils wherever possible by farmers who have learnt by trial and error. Study of the
present distribution of such cocoa 1s perhaps the only way the scientist can benefit
from thias accumulated experience, for it can rarely be communicated more directly.

Simple comparisons of the acreage of cocoa planted on different soila usually
faila to give a reliable indication of their relative suitability bec~uae there may
be great variation in the quality of the coceoa recorded and great differences in the
total areas occupied by the different soils. Thus, in an extreme case, an idaal s~il
may be entirely devoted to high quality cocoa Lut the total acreage under coco2 on
this soil may be small, simply because there is very little of this soil in the 2re-.
In comparing the distribution of cocoa in relation tc soil type, it is necess-ry,
therefore, to make allowance for the awvailability of each type of coil. A very simrle
method of making these allowances has been demonstrated in relation to the distribu-
tion of cocoa in Western Nigeria (Smyth and Montgomery,1962).



The method can be applied toc any form of vegetation but in the case of cocom
consists simply of dividing the percentage of the totazl acrezge of coceoa found to
be growinz on a particular soil type by the percentage of the total ares which is
occupied by that soil tyze. The resulting ratio was referred to in Western Wigeria
as the "distribution ratio™:

Distribution ratio Percentage of total area of cocoa found on a4 single soil tyve
for cocoa Percentage of total area occupied by that soil type

If the distribution of cocoa were to be entirely unrelated to the distribution
of the soils and a sufficiently large area is considered, it can be assumed that the
nercentage distribution of cocoa on each soil type would be essentially the same as
the rercentzge of each soil type in the area. In these circumstances, the distribu-
tion ratic would be wery close to 1. Values for the distribution ratic higher than
1 indicazte thzt cocoa shows preferential surwvival, or planting, on the soile in question,
whilst wvalues lower than 1 indicate a bias agzinst survival or planting. VWhen distri-
btution ratios have been calculated for all soil types the relatiwve bvias for or against
survival will usually be clearly apparent. ZEnvironmental conditions, especizlly with
regard to climate, must be essentizlly similar throughout the area analyzed =znd the
larger the area considered the more reliable are the conclusions likely to be.

One sdvantage of this simple method is that it can be applied to any convenient
grouping of the soils. Thus distribution ratios can be calculated in relation to the
distribution of cocoa on soils belonging to individual soil series (or other mapping
units), or on groups of soil units considered to belonz to a single Class in the soil
gquality classification, or on soils grouped in relstion to their expression of a single
soil charscteristisc. Once the soils of an aren have been mapped in distinet units
having clearly defined characteristics, the units can be grouped in any convenient way
for the purpose of calculating distribution ratios.

A further advantage of the method is that it can be spplied equally well to
situations in which detailed maps of the s0il unii® and of the overall vegetation are
avzilable, or to situations in which information on the distribution of vegetation in
relatizn to 2o0ils is only available on & spot sample besis. In the first case; mupped
information on the distribution of cocoz is superimposed on the soil map, or the soil
quality map, and the percentage distribution on each soil type is then calculated
directly on an area basis: In the second case, each spot sample is taken to be repres—
entative of & specific freotion of the totzl area depending on the density of sampling
and a numerical count of each variety of sample (i.e.:— each type of soil under each
type of vegetation) is then converted into percentages for calculation of the ratio.
The density of spot sampling must be sufficient to ensure that a truly representative
picture of the area as & whole is obtained. A method of carrying cut the reguired
falcu%ationa simply and accurately has been described in detail bWy Smyth and Montgomery

1962).

¥ The simplest method of carrying out thia task is to cut up the map into small pieces
reprasenting each of the soil types, with or without cocoa, and determining the total
weight of each group of pieces. The weights determined are proportional to the area

in each case, if wvariation in the weight of the mapping paper per unit area is neglected.



TABLE 10: Percentage distribution of different kinds of vegetation on each of four
quality classes of soil in the main cocoa=-growing area of Western Nigeria.
The data refers to an area covering over 9,500 s3. miles (Smyth and
Montgomery, 1962).

VEGETATION SOIL QUALITY ALL
food f.good poor V. poor SOILS

Cocoa 25.0% 6. T 25. 5% 12.8% | 100%

Bush Regrowth

and Cultivation 15.3% 28.4% 30. 8% 25,54 | 100

Thicket

(& Grassland) 12.4% 26.6% 34,04 27.0% | 100%

Forest 9.6% 24. 7% 35.1% 30.6% | 1005

A1l Vegetation 14. 4% 28, 1% 32.2% 25.3% | 100%

TABLE 11: The same data shown in TABLE10(with additional data relating to different
gqualities of cocoa) recalculated in the form of "distribution ratios" for
each type of vegetation (see text).

V20ETATION SOIL QUALITY

£00d L.zo0d poor. Y. poor
.Guud cocoa 2.04 1.29 0.73 0.43
Medium cocoa |1.58 1.36 0.83 0.49
Poor cocoa 1.46 1.28 0.85 0.61
A1l Cocoa 1.74 1. 11 0.79 0.51

Bush Regrowth

& Cultivation|1.06 1.01 0.96 1.01
Thicket (&
Grassland) 0.86 0.95 1.06 1,07

Forest 0.67 0.88 1.09 1.21




TABLE 12: Distribution of surviving cocoa and kola planted by peszsant farmers within
an area of detziled soil survey in Western Nigeria (Smyth and Montgomery 1962)

VEGETATION | FACTOR KINDS OF SOIL (see table below) ALL
G and FG P VP W SOILS
Cocoa Arealacres) 193 68 108 78 447 acres
% distrib-
ution 43.28% 12, 2% 24.1% | 17.5% 100%
Distribtution
Ratio 1.64 0. 77 0.60 1.29
Kola Area(acres) 130 40 BT 26 283 acres
7t distrib-
ution 45.9% 14.2% 30. 7% 9.2% 100%
Distribtution
Ratio 1. 74 0.72 Oa?? 0.66
gmm+m=r___
A11 Arealacres) 995 T42 1,511 526 3,774 acres
Vegetation | % distrib-
ution 26. 4% 19. 7% 40.0% | 13,9% 100%

Note on kinds of soil:=

G and FG := Fairly clayey deep soils considered suitable for cocoa.

P 1= Rather sandy soils considered poor for cocoa.

VP t= Very sandy soils and shallow soile over ironpan, considered
wvery poor for cocoa.

" t— DSoils with water table seasonally within 48" of surface.

As stated, distribution ratios can be calculated for any class of vegetation.
Indeed, a single type of vegetation can be divided into guality subclasses on the
bagis of its wvisual appearance or on the basis of yield and the distribution ratio
for each subclass calculated separately. Theoretically it would be possible to
calculate the distribution ratio on the basis of the percentage of the total yield,
rather than of the total area, on each soil type. This would provide much more
valuable comparative data but, in practice, it is rarely possible to obtain the
required yield information.

Tables10 and 11 show results obtained by the application of the method to apot
sample data obtained during a reconnaissance soil survey of the main cocoa-growing
area of Western Nigeria covering over 9,500 sg. miles. Table 10 shows the data
expressed as simple percentages of each vegetation type on each of four quality
classes of soil. The percentage distribution of "all vegetation" in this table
reveals the relative availability of the soils of each soil quality class. In
Table 11 the same data, augmented by additional data on different quality classes of
cocoa, is presented in the form of 'distribution ratios' for each type of vﬁgptation



in relation to the scil quality classes. The birs for coceoa to be found on the
better quality seoils is clearly apparent in this data. The fact that this bi=zs is
more pronounced in relation to the better qualities of cocoa is especizlly interest-
ing, for in this assessment cocca quality is besed entirely on the wvisual appezrance
of the trees which in the area in guestion is strongly influenced by differant lewvels
of insect and wirus attack., Also of interest is the fact that distribution ratios
for Bush Regrowth (young fallow land) and Cultivetion (arable farmland) are very close
to 1 for each scil quality class, indicating that the fectors which dictate the dis-
tribtution of arable farming are unrelated to those which =2re chosen to decide the
soil quality classes. Very probably, choice of =o0il is not a decisive foctor in the
distribution of arable farmland in this area, in marked contrast to the distribution
of cocoa. The reversed pattern of distribution r=tios for Thicket =nd for Forest
vegetation, both representing stages in long term natural fallow, largely reflect the
reduced availability of the better quality soils as the result of their preferential
use for tree crops.

Table 12 provides an example of distribution ratios calculated directly from
area measurements made on a detailed map which combined information on the distribu-—
tion of different soils and that of both cocoa and keola. In this case a different
grouping of the soils has been used and the distribution ratios serve to demonstrate
that, whereas cocoa shows preferential distribution on the soils of moderately high
water table} this is not the case with the other tree crop, keola.

Table 3 (Chapter Four) shows how the distribution ratio can be applied to soils
grouped on the basis of a single characteristic, in this case soil pH.

* The area surveyed has a marked dry season.



CHAPTER SIX

SURVEY _METHODS

Surveys which hawve, as their primary objective: the location of soils suitable
for cocoa do not differ in basic principle from other kinds of soil survey. It would
be a mistake, in fact, to carry out 2 survey with the sole intention of identifying
soils suitzble for cocoa, or for any other severely restricted purpose. A large part
of the cost of 2 soll survey is often incurred in assembling and locating the soil
survey parties and their equipment in the area of the survey. Once these expenses
have been met, therefore, it is essentizl to obtain as much informztion as possible
so that the resulting secil maps can later be interpreted in a variety of ways and
are adeguite to meet all foreseable needs. The gresatest care must be taken in
selecting criteria to distinguish the indiwvidual soil units and nll charzcteristics
of these units must be closely investigeted 2nd clearly described. If this is not
done, future planning demands may necessitate 2 complete resurvey of the area.

A summary of soil survey methods would be out of place in this publication and
this Chapter 1s ineluded merely to highlight certzin practical preblems which arae
likely to arise in surveys of potenti=1 cocoz-growing areas. These problems are
connected with the detziled nature of the survey retuired to locate suitable planting
sites and with the environmentzl conditions which normally prevail in areas suited to
CoCoa.

The Scale of Mapping

The sensitivity of cocoa to gquite subtle differences in the physical character=
istics of soils h2s been stressed in previous Chapters. In a general purpose soil
survey it is unlikely that 2ll these differences would be recognized in the soil
classification, much less mapped individually, yet this is necessary if a survey is
to demarcate exactly those areas which are most suitable for cocoa. Havord (1955;1957)
in particulsr, has stressed the need for surveys of a very detailed nature for the
selection of planting sites for cocoa. This need is especially pronounced in districts
where the soil pattern is very complex, due to hilly topography or complex geology, or
btoth of these factors. Such conditions are commonly encountered in areas guited to
COCOD&a.

Havord himself (1961) has demonstrated the advantages of a survey carried out
at a very large scale, working on field sheets at a scale of 1:2,400 with subsequent
rublication at a reduced scale of 1:5,000. In Nigeria it was found to be necessary
to examine between 50 and 100 profiles per square mile and to publish maps at a scale
of approximately 1:8,000 in order to indicate the distribution of individual soil
series distinguished with special regard to the requirements of cocoa. Hven at this
level of detail it was not possible to map variations of series based mainly on
differences of colour and texture which, althoush minor, were thought to have signif-
icance in relation to performance of cocoa, (Smyth and Montgomery, 1962).

Surveys of very large areas at scales less than 1:10,000 are both time consum-
ing and expensive and, in the first instance, such surveys are usually restricted to
areas of special interest. Indeed, as a general rule, it is not advisable to embark
upon very detailed surveys until a general picture of soil distribution in the aras
has been obtained from surveys at smaller scales. Unless such information is avail-



able, much time can be wasted during detailed investigations in attempting to dis-
tinguish criteria which will provide & practical basis for soil mapping. Minor
variations in soil character of extremely localized occcurrence tend to obscure the

more significant differences which would provide suitable criteria for mapping - one
cannot "see the wood for the trees". Failure to carry out a preliminary reconnais-
sznce survey has other more serious disadvantages. It is often difficult, for example,
to correlate the soil classifications erected in separate detailed surveys so that
unrelated classifications tend to proliferate in areas where no broad reconnaissance
has been carried out, Furthermore, in the absence of reconnaissance date, it is
impossible to say whether the pattern of the scils examined in detail is representative
of surrounding solls, or whether or not it is likely that more suitable scils are to
te found beyond the boundaries of the detailed survey.

In almost all cases, therefore, it is desirable to carry out 2 rapid recomnais-
sance survey of the area under study before commencing on detailed surveys. It may not
be necessary for the reconnaissance survey to cover an entire region. Preliminary
investigations, existing maps of soils, geology or wegetation, and local knowledge
may indicate that some large areas offer little promise of immediate development, and
these may be temporarily neglected.

The reconnaissance survey should be carried out as rapidly as possible making
maximum use of air phote interpretation and of traverses along roads and other easy
routes of access. The studles should, however, be sufficiently detailed to obtain
& representative picture of the major kinds of scil available, their proportional
distribution and their relationship with wvegetation, topography and other environ-
mental factors. The reconnaissance survey should give rise to soil maps at a scale
of 1:100,000, or possibly 1:250,000, together with an informative supporting text
80 28 to ensure that the data obtained will be awvailable to other workers in the
future. The mapping units used in this survey will doubtless refer to complexes of
soil, associations of soil series or of Oreat Soil Groups, but the more extensive
soils included within these units should be identified and described individually to
provide the required framework for more detailed elassification. Some fairly detailed
studies will almeoat certainly have to be carried out in support of the reconnaissance
survey to obtain information on individuzl kinds of soil and of the broad topographical
and geographiczl relationships between these scils. Very often, government owned farms
or other areas of special interest, provide suitable sites for such studies and the
detailed maps prepared are then of immedinte practical wvalue,

Once reconnaissance information is available nrens can be selected within which
detailed surveys are likely to prove of most value. Deserving of high priority are
surveys for the selection of planting sites for improved cocoa varieties destined to
provide future planting materizl and of sites for field experiments on cocoa. The
selection of sites for experimental work provides an excellent example of the wvalue
of a preliminary reconnaissance survey for, if the experiments are to yield resulis
having wide application, the soils on which they are conducted must be representotive
of a large proportion of the soils in surrounding areas on which cocoaz is likely to bte
grown. The best soils awvailable, although clearly desirable for especially wvaluable
planting material, may not be the most representative and so may not be particularly
suitable for experimental work. In the absence of preliminary reconnaissance data,
neither the best nor the most representative socils of an area can be identified until
the entire area has been surveyed in deteil. Such a delay is rarely acceptable,

The ultimate aim should be to obtain complete coverage by soil surveys at a level
of detail sufficient to indicate suitable planting sites exactly. In most areas
surveys at a scale of 1:10,000 or even larger, will be required for this purpose. It



is wvery doubtful if the expense of such a comprehensive survey could be justified
solely on the grounds of selecting soils for commercizal cocoa plantings but, as basic
documents for the overzll planning of land-use and soil management, the maps produced
would be invaluable.

Until detailed survey data is available selection of sites for commercial cocoa
prlanting must be done on an 'ad hoc' basis. This is not difficult if the identity and
characteristics of the more extensive soils of the arez have been recognized and related
to a soll quality classification during a reconnaissance survey supported by some
detailed mapping. In most cases, factors other than soil, notably ownership, limit
the number of possible sites which can be considered for individual commercial plant-
ztiom8and ezch c2n be studied in considerable detail. YWhere demands for advice on
pPlanting sites are very freguent and the plots concerned are small, which is likely
to be the case in a peasant farming economy, it may be impossible for a soil sclentist
to visit all possible sites. In this case, the soil scientist can usually obtzin
aszsistance from junlor extension workers or from staff trained specifically for the
purpose. Derending on the level of education and intelligence of the staff concerned,
they can be trained, either to pronounce on the suitability of the scils themselves,
er to complete a simple questionnaire on environmental conditions and to collect
representz2tive soil samples from each site on which the soil scientist may pass judg-
ment at his base offica,

Fiegld Methods

In potential cocoa-growing areas the climax of natural vegetation is usually
fairly dense rainforest; topography is rarely flat; local farmers usually practice
'bush-fallow' or 'shifting cultivation' methods rzther than more stable systems of
agriculture; road networks are often inadequate and basic documentation, such as
geologliczl and even topographical maps, is sometimes lacking, These factors combine
to create exceptionally difficult conditions for soil survey. Im particular, they
limit the use which can be made of air photo interpretation and create severe diffi-
culties of access and of accurate mapping.

In recent years zir photo interpretation his earned an increasingly important
place amongst soil survey metheods. Under fawourable circumstances use of photo
interpretztion can reduce the time spent on a2 reconnaissance survey by TD% to BU%
of that necessary for a conventional ground survey, without loss of accuracy. This
time saving is achieved mainly by reducing the amount of field work necessary to
establish the btound=riss between soil units. The characteristics of the units them-
selves can only be determined by ex=amination on the ground and it is essential that
the sites exzmin=d for this purposs are located fairly exsctly on the photographs,
This may be difficult to zchieve in areas of high forest vegetation, especinlly if
the pattern of land-use is cocntinually changing as peasant farmers shift the sites
of their arable cultivation. The pattern of such cultivation is often confusing in
itself, for it is rarely cleosely related t- the pattern of the soills, and patches of
forest of uneven height con mask minor changes in topography which may be signifieant
in relztion to soil distritution.

lespite these difficulties, =zir photo interpretztion can be of great value in
reconn:zissance surveys of arezs suited to cocoa. Under a stereoscope the photographs
draw attention to ure .z of differing topography in which different soils may be
anticipated. Prelininary mapping units, bazsed on position in relation to slopes of
differinz shape, can be recognized and these may later be related to differences in
the zoils by ground investigation. The drainage pattern of the area can usually be



mapped in great detail, which is often difficult to do at ground level, In the
absence of more reliable geoclogic:l information, ch-nges in topography and the
general arrangement of hills, escarpments and streams detected on the photographs
provide clues to the pattern of the underlying rocks. Finally, sites which appear
to be representative of individual topographical units, and presumably, theralore,

of individual groups of soils, can be selected for close investigaticn on the ground.
With the aid of photographs the sites chosen for ground investigation can be those
which are most easy of accesa. This last consideration alone can save weeks of
arduous field work.

The more detalled the survey the greater the amount of actual field work
required whether or not air photo interpretation is employed. In addition, in
detailed surveys the location of sample points and boundaries between soil units
requires to be much more accurate. Thus, in detailed surveys of most cocoa—growing
arezs, the assistance provided by air photo interpretztion is very greatly reduced
and cne is forced to rely azlmost entirely on ground survey methods.

In areas of rainforest vegetation, and perhaps of hilly topography, problems of
access and of mapping the position of sample holes and soil boundaries can be wvery
severe. Visibillty within the forest is often only & few metres in each direction
and it is often impossible to obtain a broad view of the district as a whole, much
less locate oneself in relation to natural landmarks. A certain amount of sampling
can be done on roadsides or from footpazths but these are normally routed through
the least steep sections of the topography and so provide an unrepresentative sample
of the area as a whole. TFurthermore, the time recuired to survey the tortuous routes
followed by most footpaths outweighs the advantage of easy access which they offer.

The alternitive is to cut traverses on comp:ss besrings. A par=llel grid of
such traverses, not only provides essy access to the area but enables sample points,
spaced at equal intervals on each traverse, to be located mccurately on bose maps
with a minimum of difficulty. Havord (1961) was unable in Trinidad to cut strazight
compass traverses because of the large amount of cocoa in the area which he surveyed,
This was not the experience in Western Wigeria, where traverses were aligned using
three ranging poles and marked by inserting pegs, cut from thicket vegetation at
intervals of only 66 feet (1 Cunter chain - approximately 20 metres). There it was
found that the amount of damage caused by well-tr=ined traverse cutters when travers—
ing cocoa or even closely planted arable crops was ancceptable, even to the farmer!
Where unavoidable, a rectangular deviation was made in the traverse, to avoid houses,
rock hills, impasseble swamps, etc., but the traverse was returned to its original
course as soon as the obstruction was passed, (Smyth and lontgomery, 1962).

The spacing between traverses and the spacing between sample holes on the
itraverse is adjusted in accordance with the density of sampling required. In recon-
naissance surveys, the number of trawverses required depends very much on the adequacy
of the road network and on the amount of supporting information available from
geological maps or air photographs. YWhere much is already known, only an occasional
traverse is likely to be necessary. The best direction and starting point for
individual traverses of this kind can be decided by inspecting air rhotographs to
enszure that each traverse will crose a representative cross section of the topography.

In detailed surveys a complete grid of traverses is usually neceasary. Unless
the traverses are closely spaced, a considerable z2mount of additional checking between
traverses will be required to establish the exact position of soil boundaries. Such
work is likely to prove more arduous, equally time consuming and less relizble in its
results than additional traverse cutting. As & general guide, a spacing of, at most,
200 metres (or yards) between traverses and a similar spacing of sample holes along



traverses, will te required for surveys intended to locate suitable planting sites
for cocoa exactly.

Surveys using a complete grid of traverses are slow and, therefore, expensive.
However, they offer sewveral important advantages over less systematic methods,
Providing the sampling density is adequate and the area sufficiently large, the data
ocbtained from sample points on traverses can be used to estimate the proportion of
different kinds of acil, different kinds of vegetation and the relationship between
kinds of soils and wvegetation in the area surveyed, even if the units considered are
too complex to map individually. If the starting points and bearings of the traverses
are accurately recorded they provide & simple means of relocating areas of good soil
after the survey has been completed. In areas of dense vegetation it is often worth
while to keep some traverses underbrushed and open for this purpose until access
roads have been constructed and planting is actually underway.

Host important, however, is the opportunity which traverse surveys offer for
the employment of semi-skilled assistants. Experience in West Africn has shown that
Junior survey staff of very low acsdemic attainment can be trained to do much of the
field work of such surveys, separate teams being instructed to carry out the cutting
of the traverses, the sampling of the soils, =2nd the simple description of vegetation.
Professional soil scientists are not relieved from 211 field work, of course, but,
having established a2 general understanding of the field relationshipz of the different
soils, the time they spend in the field can be occupied more profitably in the study of
arezs which present special problems. BEach of the junior teams can be trained to
prepare simple records of their work and these, together with samplea representing the
several horizons of complete soil profiles, can be brought into a base office for
study by the soil scientist. In this way, the soil scientist can carry out the
routine examination and classification of samples from a far larger number of sample
holes than he could possibly visit personally in a given time period.

In West Africa the problems of classifying and correlating soil profiles was
found to be greatly facilitated when samples from individual soil horizons, brought
from the field in canvas bags, were laid ocut in wvertical sequence in the hollow of
a piece of bamboo, split lengthwise. Each length of bamboo thus contained samples
representing a single seil profile which, with care, could be preserved for consider-
able periods and carried about for comparison and correlation with other 'profiles'.
Frofiles classified within a single unit can be grouped side by side, thus drawing
immedizte attention to the range in characteristics that hos been permitted within
the unit and to profiles which have been erroneously classified. Since bamboo is
usually available and is inexpensiwve, this tequnique may prove useful in other cocca=
growing areas. Other tequniques appropriate to traverse surveys using large numbers
of semi-skilled staff have been described in some detail by Smyth and Montgomery,(1962).
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APPENDIX

Further Explanation of Chemical Criteris Determined by Soil Annalysis

a) Base exchange capacity

The surfaces of moat tiny mineral and organic particles (colloids) in a smoil

carry negative electric charges. These attract the positively charged particles
(catinns? of nutrient base which are created by the dissociation of the base and acid
radicles of a nutrient salt when it dissoclves in the soil water. The attracted cations
sit on, or near, the surface of the colloid particles, but the bond between them is not
very atrong and exchange takes place between cations on the colleoids and similar, or
different, cations in the soil solution. An equilibrium is established between the
cations in solution and those held on colleid surfaces. In a given soil, the cationms
of & number of different nutrient bases may be serving to balance the charge on the
colloid surfaces and the proportion of each is related to the concentration of each
cation in the soil solution. When plants withdrew nutrient cations from the soil
solution, these are replaced by 'exchangeable cationa' from the colloid surfaces, so
long as they are available, and the system remains in equilibrium. This ability of

the colleidal particles of a soil to 'hold' cations provides a 'storehouse', therefore,
from which nutrients can be released to meet the requirements of plants and "within'
which nutrients are preserved from loss by downward leaching in the drainage waters or
by chemical 'fixation' in forms unavailable to the plant.

Base excha capacity {B.E.G.), alternatively referred to as cation exchange
capacity (C.E.C.), is a measure of the quantityof cations which are required to
balance the negative chargesin a unit volume of soil under & given set of conditions.
The magnitude of this quantity depends on the amount and nature of colloidal material
present in the so0il and on the degree of acldity of the soil at the time the meazsure-
ment is made. DBase axchange capacity is usually expressed in terms of the milli-
equivalents of cations which are required to neutralize 100 grams of soil [m.a.f100
grams soil) at pH7. 1In interpreting laboratory data on base exchange capacity it ia
moat important to know the pH at which this wvalue has been measured since, under more
alkaline conditions than pHT, much higher walues for base exchange capacity will be
recorded. For example, the high wvalues of B.E.C. recorded for soils in Ghana in
Table 6 (Chapter Four) were measured at pH 8,2,

The average base exchange capacity of soil orgznic matter, measured at pH 7, is
near to 200 milliequivalents per 100 grams. That of clay minerals is much lower and
varies widely, depending on their crystal structure. Montmorillonitic clay minerals,
of expanding lattice structure, carry permanent negative chargea equivalent to a base
exchange capacity of 80 to 120 milliequivalents per 100 grzms of clay. Non-expanding
clay minerals of kaolinitic type, which predominate in well drained soils of most
potential cocoa-growing areas, carry permanent charges equivalent to only 1 to 8 milli-
equivalents per 100 grams of clay (Coleman & Mehlich, 1957). In surface soll horizons
the magnitude of base exchange capacity is closely related to the proportion of organie
matter present but, in deeper horizons, where the content of organic matter is usually
very low, valuss for base exchange capacity largely reflect the nature and amount of
clay minerals in the soil.

b) Percentage base saturation

Percentage base saturation is a measure of the proportion of the total base exchange
capacity of a soll sample that is balanced by basic cations such as calcium, magnesium,
godium and potaseium. In & base saturated soil nearly all the negative charges of the
exchange complex are balanced by these cations, whereas in a base unsaturated soil the
moat abundant exchangeable cations are those of hydrogen and aluminium,



Percentage bese saturation read in conjunction with base exchenge capacity provides
a measure of the totzl guantity of nutrient cations which are held in the exchange com-
rlex of the soil and which are potentially awvailable, therefore, to the plant. If the
s0il is freshly cleared from forest, or =ome other natural fallow, it can be assumed
with some confidence that the balance of indiwvidual nutrients contributing to satura-
tion approximates that required by cocoa, or most cother plants, at least in the upper
borizons of the scil. This may not be true, of course, in soils in which high levels
of base saturation are the result of additions of artificial fertilizer, possibly in
unbalanced and injudiciocus amounta.

Low percenta;es of base saturation are an indication that the so0il heze suffered
rrolonged weathering, severe leaching, intensive cultivation or combinations of these
factors and thus is poorly provided with nutrient bases. Furthermore, in unsaturated
soils the quantity of aluminium ions in equilibrium between the exchange complex and
the scoil solution can reach levels which are toxic to many plants and possibly to
COCOR.

c) »pH

PE is a measure of the acidity or alkalinity of any chemical system, including that
of a soil. pH is, in faot, the logarithm of the reciprocal of the concentrztion of
hydrogen ions in such a system:-

pH = log 1
{concentration of hydrogen ions)

As the concentratiom of hydrogen ions increases, that is to say, as a system
becomes more acid, so the pH value is reduced. A neutral system has pH 7. pH values
btelow T indicate that the syetem is acid. ©pH wvalues above 7 indic=te an alkaline
system.

In soils which are acid to neutral in reaction, including the majority of soils in
potential cocoa growing areas, soil pH is colosely related to the percentage base
saturation of the base exchange complex., The lower the percentage saturation, the
larger is the proportion of the negative charge of the exchange complex which is
balanced by exchangeable hydrogen ions and the more acid is the scil. Reversing tkis
argument, low scil pH wvalues are an indication, therefore, of low concentrations of
nutrient bases in the exchange complex of the soil. In strongly alkaline soils,
having high pH values, a large proportion of the exchange capacity is occcupied by
sodium ions. Quite apart from their nutritional shortcomings, the physical character-
istics, and especially the structure, of scils rich in sodium are usually unsuitable
for cocoa.

In the first section of this Appendix reference was made to the fact that the
magnitude of base exchange capacity itself, is dependant, in part, upon pH. This is
especially true of that part of the exchange capacity provided by organic matter,
which is almost entirely dependant upon pH. Thus the exchange capacity of an acid seoil
is less than that of a neutral soil containing the same percentage of organic matter
and having the same mineral assemblage.

In addition to the nutrient bases held in the exchange complex, nutrient elements
are present in the soll in a variety of other forms, not all of which are equally avail-
able to plants. The degree to which some of these nutrient forms are available depends,
in part, on the acidity or alkalinity of the soil and their awvailatility changes with
change in soil pH. The availability of soil phosphorus, in particul-r, is closely
related to pH. Soil phosphorus is most readily available in neutral scils (pH 6.5 to
7.5) and its availability is reduced if pH rises or falls beyond these wvnlues. HReduced
availatility of phosphorus is especially marked s pH falls below £.5 and, in very acid



goils, wery little phosphorus is likely to be awvailable to plants. Nitrogen, potassium,
sulphur, calcium and magnesium, also show reduced availability as scil acidity increases.

Some other nutrients, notably iron, zinc and manganese, which are reguired for
healthy plant growth although only in emall amounts, decrease in availability as pH
rises into the alkaline range (above about pH 6.5).

As an indicator of the nutritional suitatility of soils for cocoa pH possesses the
outstanding advantage that it can be determined conveniently and with acceptable accuracy
in the field, preferably using a portable electric pH meter.

d) ' Carbton/Nitrogen ratios

Undecomposed organic matter containe, on average, about fifty times as much carbon
as nitrogen, thus it has a carhunfnitrosun ratio of about 50. During the process of
decomposition, much of the carbon is released to the atmosphere as carbon dioxide so
that, with increasing decomposition, the carbon/nitrogen ratic of the soil organic
mztter decreases. The rate of decomposition depends on many factors, but an equili-
brium is eventually established when the rate of decomposition ies balanced by the
supply of fresh organic matter and the ratio between carbon and nitrogem in the surface
soil horizons then becomes fairly stable. Thus the ratic between total carton and
total nitrogen in the horizons rich in organic matter provides a ocrude measure of the
state of decomposition of that organic matter - crude, because, in different scils, we
are uncertain how much of the total carbon and total nitrogen determined in the labora-
tory is directly derived from the decomposing organic matter.



