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INTENSIVE SURVEY OF THE COCOA PRODUCING
AREAS OF THE GOLD COAST, and
TRENDS IN POTENTIAL PRODUCTION.

PART I. GENERATL.

1« Introduction.

Tele The importance of cocoa in the economy of the Gold
Coast, and the threatened consequences of the, kill-
ing swollen shoot disease, are too well known to require
further description here. These matters were touched upon
in an earlier report (1), when a preliminary investigation
was carried out to see what additional use could be made of
the vast masses of data collected by the Cocoa Division of
the Gold Coast Department of Agriculture during their routine
work of locating and treating outbresks of Swollen Shoot.

s 2 This investigation resulted in a new post being created

for an Agricultural Statistician to work under the
direction of the Government Statistician in consultation with .
the Director of Agriculture; the post was first filled in
June, 1954, First priority was given to the study of future
trends of cocoa production.

1430 Two aspects of cocoa production are treated in this
report. The first is a theoretical study of how pro-—

dustion is affected by different patterns of planting at

different dates, taking into account the drastic decline

in planting which occufred during World War II. The second

is an enalysis of the Cocoa Survey data.

gl For the latter, all Intensive Survey data eollected

since the inauguration of the Cocoa Division was
transferred to the Government Statistician's punch card
system, a process which was a vaster operation than at first
envisaged. Not only did it prove difficult to check the
data punched on the cards, but some of the earlier cocoa
records were very inferior in quelity and required considera-
ble adjustment before they could be transferred to punch
cards. Head Office records were found to be incomplete, and
the delays in obtaining some of the missing data from areas
were such that it could not be included in the final summary
which only covers records actually in Head Office at the end
of September, 1955.

1e5e Inevitably difficulties arise when using data for
purposes other than those for which it was planned.
Cocoa Survey Officers in some areas devoted their entire
attention to locating and treating diseased cocoa, and
omitted to collect or record data on general land ubtili-
sation. It is not possible to estimate for such incom-—
plete data, as it is not consistently confined to definite
localised areas, due to the re-posting of staff each tour.

6 Nevertheless, the mass of data collected is such

that every possible use should be made of it despite
inaccuracies. There is no better source, and no other data
as complete, on land utilisation in the Gold Coast, and the
use of Mechanised Babulation has resulted in a more thoreugh
summary of Intensive Survey data than had previously been
possible. It is hoped in due course to treat Re—survey in
a similar manner.

(1) REPORT ON COCOA IN THE GOLD COAST — THE COCOA SURVEY
AND SWOLLEN SHOOT CAMPAIGN. Tanburn, 1953.
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Vel Estimates were made for areas where survey data

was not available; if it was known that cocoa was
unlikely to be found, such as in Forest Reserves or savannah,
the area wes measured or estimated from a large-scale map
and added to bush or forest; where the outstanding area
was potential cocoa land, it was measured and distributed
among the various categories in the same preportions found
in the available data. <This will result in underestimation
of food farms sdditional to that caused by inferior quality
recordsa.

e This detailed examination of all Intensive Survey

records, together with the estimating for missing
data, added very considerably to the volume of work, and
it was not possiblée to complete it in a single tour.
This report should therefore not be considered as final,
and in due course the results and deductions may require
amendment .

2. General Crop Estimetion.

Eoflis For the benefit of readers who are not accustomed
to the methods of crop estimation, it may be of
assistance to include a few general comments on the subjecte

2.2, Differences in seasonal conditions cause a peak
production for most crops at seme period of the year.

For this reason it is usual to assess production during

a season, rather than during a calendar years.

2n%n Fairly accurate estimates of production can usually
be obtained in retrospect from utilisation or move-
ment figures. This is particularly so in the case of
cash crops which pass through some bottleneck, such as
shipmént, processing plants, or buying centres.
Inaccuracies will result from any incentive to avoid the
bottleneck such as a black market price or illicit use of
the commodity. Difficulties may occur in relating
utilisation figures, which are likely to be for calendar
months, with scasonal production, as there will be a time-lag
between harvesting and the physical movement of the crop,
or the point at which movement is recorded.

2elle For planning and administrative purposcs it is
essential to have a very good idea of seasonal pro-
duction before final retrospective figures become available,
and usuvally before harvesting is completed or even comnenced.
Such crop foreccasts arec usually obtained by assessing the
acreage under the crop, and applying a factor for yield
per acre. This yield is estimated by combhining local
specialised knowledge of the current scasonal effect, and
the yield obtained under "normal! conditions, the latter
being assessed from the final retrospective figurcs of
preceding ycars.

3. Cocoa Production.

3614 Potential cocoa production, defined as the quantity
actually produced on cocoa treces in the Gold Coast,
is dependent on two main factors. The first and most impor-
tant is the acreage of cocoa, with special refcrence to the
age-distribution, since young cocoa acreage may produce
little or no crop. It should be possible to make a reason-
ably close long-term forecast of cocoa acreage since this
will have a distinct trend (see para. 4.3.) o
3424 The second main factor is the seasonal yield, which
will depend on climatic conditions and the incidence
of pests and disease; during each season estimates will be
Eroduced in the light of local specialised knowledge; but
ong-term forecasts of yield will not, of coursc be possible
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except it may become apparent that the introduction of new
varieties of cocoa will eventually result in an improved
yield independent of seasonal effecta

Sindiw Although cocoa theoretically has to be sold to

the Gold Coast Cocoa Marketing Board, the potential
cocoa production will not be the same as the guantity of
cocoa exported, and it is the latter which is the subject
of forecast each season. This will fall short of potential
production by the amount of cocoa which is never harvested,,
either through lack of initiative on the part of growers
who may consider incentives inmsuffieient to increase their
efforts; or because harvesting is too infreguent, and some
pods are allowed to remain on the trees until they become
diseased or are destroyed by pests. This gquantity is
impossible to estimate, but it will account for some of
the difference between yields achieved on experimental
stations, and those of the small-scale producers

Sl Another difference between potential production and

exports will be caused by cocoa which is smuggled
across the border. In years when the controlled Gold Coast
price is lowcr than the open market price realiscd in
neighbouring territoriecs, such smuggling will be from the
Gold Coast into French territory, 1d exports will be lower
than production. But during years where the controlled
Gold Coast price is advantaseous to growers, smuggling will
be the other way, and potential production will be lower than
appears from export figures. It is fairly certain, however,
that the quantity of such smuggled cocoa, though considerable
financially, will be less during any one season than the
difference caused by weather conditions, and will not there-
fore seriously affect the trend of production

G

545 The Gold Coast Cocoa Marketing Board publish the quantity
of their purchases each week, and at the end of each
maincrop and midecrop season a detailed list is compiled of
total purchases for the season at each of their buying centres,
with a summary by area. These records have been available
since 1947/L8 when the Board commenced operations. Prior to
this date figures are availavle from the wartime Control Boards
arranged through the United Kingdom Ministry of Food, and these
figures also arc subdivided by area. In the pre-war days,
cocoa was handled by commercial firms, and total and arca fi-—
gures had to be cstimated Irom what information could be ob-—
tained from them,together with rail, road, river and shipping
figures, Custom figures sumarisé the gquantitics on bill-of-—
ladings during each calendar month, and time-lags are such
that it is difficult to relate these for imdividual months,
though the total for crop years will not be far out,.
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PART IT, THEORETICAL TRENDS.

li. Cocoa Acreage.

L.d. The Gold Coast farmer favours close planting, either

of beans cor seedlings, as the easicst and cheapest
method of establishing a ecocoa fearm, There will be a high
wastage among the young treecs before the farm comes into
bearing, and the larger gaps may be filled. The majority
of farmers do not thin out to a desired spacing once the
canopy has formed, as 1s the practice on Agricultural Stations.
Further thinning out continues after the farm commences to
bear, either through natural deaths ¢r accidents caused by
falling shade trees, wind, pests or disease. Gaps B0 caused
may or may not be filled up by young trees. L

Ie2 e The asreage of cocoa in the Gold Coast alters annually

due to the addition of newly planted acreage and the
death of some of the older plantings. There will also be
losses through the cutting out of diseased acreage, but this
is a special problem mainly affecting the Eastern Region of
the Gold Coast; elsewhere it is trees and not acreage which
are cut outs

e 5 A tree crop such as cocoa, which does not come into
bearing for .some years efter it has been planted,
will not show the same fluctuations in aereage as an annual
erop where plantings are affected by prices, local eonditions,
weather, availability of seed, and other such limiting fac-
tors. Cocoa acreage will show some definite trend.
Loglly The age of a cocoa tree has considerable effect on
its bearing—capacity. Areas of very young cocoa will
not bear any crop at all; other areas will only bear to
partial capacity, It is not sufficient to lmow only the
total aercage under cocoa, the age—-distribution has also to
be taken into account. This is represented diagremetically
in Fig.1, which shows on a relative gscale the ages at which
it is thought acreage commences-to bear, reaches a maximum,
and declines.

Fig 1. Relative bearing-eapacity
of cocoa acreage by age.
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This production curve was produced after consultation with
the most experienced persons in the Gold Coast regarding
cocoa cultivation and has been used in two previous papers
with no adverse criticism (2)sIt should be pointed out,
however, that though the curve may be a satisfactory approxi-
mation in general, it will not necessarily apply in every
arca.

lt.5e The cocoa acreage surveyed by the Gold Coast Department

of Agriculture is recorded in four well-defined age
groups. For convenience these are known as A,B,C, and D, The
A-class group contains all the pre-bearing acreage under eight
years old. The B-class group ecovers the next period from ini-
tial bearing up to maximum capacity at sixtecen years old. The
C-class group is wider and embraces all the next fifteen fully
bearing years. The last group, D-class, takes in all cocoa
from the time peak bearing capacity is passed until the trees
start to die, and the acreage is gradually denuded of cocog;
details may be found in Appendix I.

L.6. There is a scarcity of data relating to older cocoa,

since the crop was only introduced into the country in
the latter part of the last century, and the scene of the
earlier large-scale plantings was worst affected by the kill--
ing swollen shoot disease; here, the acreage that might
reveal some information on this point has completely dis-—
appeared. The effect of soils on yield is also thought to
have a greater effect as trees pass through the C-class phase
and enter D-cleass.

Ly7. | This decline in acreage yield through the death of

some trees must not be confused with the altogether
different subject of whole acrcage dying out, which is consi-
dered in section 6.

5 Cocoa Yields.

Hele Cocoa yields are usually assessed on an acreage rather

than a tree basis, as the former is more convenient to
estimate than the number of trees, particularly with the Gold
Coast's irregular planting methods. Moreover the proximity
of planting is known to affect the tree-yield. Expgriments
have been conducted to find the most favourable spacing(})
but there is no conclusive evidence to show that results are
the same for all localities and all soils.

Bale Examination of cocoa production fer past years, both

in the Gold Coast and Nigeria, indicates that seasonal
effects can cause the yield to vary by some ten percedt in
either direction. This is substantial when related to a crop
of some quarter of a million tons, particularly in view of the
extremely high price realised by cocoa. But in this instance
it is not proposed to dwell on individual good or bad years.
Normal yields will be assumed for calculating the trends of
potential production.

543 Early reports on cocoa production indicate that crops
used to be obtained at an earlier age than is now
experienced, and this fact is corroborated by persons who
have had connections with Gold Coast cocoa of twenty years
standing or more. It is difficult %o find a convincing
explanation, except maybe in those days there was a greater
choice of land, and the general soil fertility had not then
been impaired by continuous cropping. It is also possible
that in the first instance it was the more diligent farmers
who turned to cocoa production, and their higher standards of
cultivation resulted in earlier and larger cropss

(2) REPORT ON COCOA IN THE GOLD COAST ~ THE COCOA SURVEY AND
SWOLLEN SHOOT CAMPAIGN. Tanburn, 1953.

COCCA IN WESTERN ASHANTI - Interim Analysis of Intensive
Survey Data, and Forecast Producation Trend. Tanburn,1955.

(3) RUSSELL, Imperial Journal of Experimental Agriculture,1953



A convenient method of dealing with the different

ylelds from each of the four age-class groups (see
para.li.5.) is to reduce the acreage which is not bearing

or not fully bearing bto an equivalent in terms of maximum
bearing; or in other words to use the C-clase group as a

common denominauor. The four groups may then be combined

into one “optimum-equivalent! acreage, to which a single

yield may be applied.

BaSn The same theoretical bearing-capacity curve referred
to above in para.l.l., snd represented in Fig.1 has
been used to calculate the average factor for each age-class
_ group, as follows:-

TABLE 1a. Relative becring—capacity of
each age—clacs ocreage.

age— age in { optimmm—
class years | equivelent
I faetor
A ORI 0.00
B 8 - 15 ! 0.L46
C. 16 =130 1.00
D over 30 | 0.78

5ebs When assessing prodictivn in the early years of pro-
duction, the earlier bearing age (para.5.3.) is taken
into aecount by using the adjusted factors in Table 1b.
TABLE 1b. Reclative bearing-capacity
in early years for
younger bearing.

T S T e e T o (e T T R A g - S T |
: year | younger foptlmum—equlvalent factor J
| bearing |____§'|"_"E__7____§—“_7____ﬁ—|
by { class | class| class | class |
= S e f— { ————————— Hm———— -
10 3 years o6 N O 1 o | |
11 OIS HNe A I S |
12 B 05 1 0.gel -t b ! }
13 IO OEIE @IS | 1
1k IESOT SR S 2 S R T -
o e AHOOL 0T E e L__J___G__J
e Mol ceesh s 005 | @680 1 1.00 . & . T -
17 ! 0G5 10,66 11v00 ~ g |
18 ! i 0.02 | 0464 ! 1.00 IR 1
| 19 : IRORO2 0,62 (.00 [ i
: e Looh ‘oo tiwe0 T
721 {1 yoar 110401 1 0.57 | 1.00 | |
[2e Ravels 1ho.55 ISl.o0t !
) L 850 ME= oD s i LoD e ) ;
2l g ! 04,01 ! 0.50 : 1.00 | I
L7 R R T T !
L 26 | - =S UL S Son s I
1 1 I 1 I I 1
[ s N S L e 0 iReis DR lSele) i i
———————————— Ny +

5eTe The condition of cocoa must also be taken into account
when calculating production from acreage. Some
acrecage which should be producing crops may be in such, poor
= condition thet yield is curtailed or even reduced to nothing.
" Data on condition is obtainable from Intensive Survey which
S records the four groups, good, fair, poor and dying. Some
Pl arbitrary method of counverting these classifications to a
o numerical basis is necessary for the calculation of a com—

" bined condition-factor, and it has been assumed that fair
condition of cocoa will produce two-thirds, and poor condi=-
tion one—third, of pood condition cocoa; and that no yield
Will be obmaincd from dying acreage, Intensive Survey data
on' cendition of cocos acrcage hasg heen examined in detail in

tion 13 below,
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5.8.’ By applying a condition factor to the Yoptimum— «

‘ equivalent" cocoa acrcage, an ‘'eguivalent-production'
a@creage can be obtained, which is reedily convertad to
absolute production in terms of tons, or thousand tons, by
epplying e @normal yield which will vary according to locality
and conditions (mpout 200 to L00.Ibs per aepe in -the Gold
Goast. . A lower normal yield will be obtained by the pea-
sant small-holder common in the Gold Coast than that on Agri-
cultural Stations where cultivation is superior, hervesting
more freauent, and wastage reducedto a minimum (sec para.3.3.),

6. Death-rate of cocoa acreage.

)

Glailea Cocoa has not been established long enough in the Gold

Coast (para.l.6.) for a comprehensive study of the
llenghh (of life of elther cocea trees or cocoa acreage, Which
are two distinct matters,

6.20 Individual trees in an area of cocoa may die with no

appreciabile erfect on the area yield 1f the remalining
trees spread their roots and produce a greater individual
yield. With an increasing number of trees dying, the area
yield will eventually decline, and this is taken intec account
in the discussion on age-class yields (Section L).

B Sle In additien to this decline in yield with age, whole

areas of cocoa die out, particularly on inferioer or
unsuibable soils. Not only do trees die from old-age, but
there is also a normal 'accident-rate'; cocoa trecs r
blown down or destroyed by falling shade trees, resulting
inYeondiGions faveurable for a capsid pockebt. A relatively
small patch caused by the accident may spread very rapidly,
and wipe out a considerable area of cocoa.

Galtv Sance it 18 generelily accepted that on
length of life of cocoa trees in the Go
Very greab, future trends of production cannot

without taking the death-rate into account. In
effconerete 'data on the maitter, a study has been ma
efifect of the two alternative death-rates shown in F
subseguent production; comparison is made with an unreal "nil"
death-rate. As with the production curve (para.b.l.), the
opinions of experienced persons was sought so that the rates
gselected should be as realistic as possible; details appear
in Appendix II.

Fig. 2. Pecrcentage of acreage still remaining for
S 2 1

two alter five death-rates, and a 'nil

\ 'nil' death-rate




3a. Planting pattern and optinum-equivalent acreage.
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6.5, Phe selected death—rates were applied to four planting
patterns. (Types 1-L in Appendix III), and from the
aecreage remaining in each year the optimum-egquivalent acreage
was calculated. Comparing results with the "nil" rate, the
log8 attributable to the two death-rate was obtained, as
shown in Pig 3; details are given in Appendix IV. As mi
be anticipated, the loss with time reaches a magnitude
will affeet production, but the difference in optlmum—equiva—
lent acrcage lags behind thyg difference in the rates them—
selves. h
6.6 In subseaguent calculations it was thought advisablé
to make conservative estimates by adopting the higher
4 of the two death-rates, though in the opinion of some persons
this is actually more suitable for the inferior soils.

"
E 6.7 The results for the fourth planting pattern do not

ht

show the same decrease as the first thrce, since the
decline attributable to the war period is less merked and
occurs sooner after the commencement of planting. This mlrht
reflect the position for areas planted since 1930.

7. Theoretical forecasts,.

Tsilve Some of the same calculations made for assessing the
death-rate effect were also used for studying future

trends. The method used was to assume a planting pattern,

apply a death-rate, and calculate for subsequent years the

acreage that would remain in each age—class and the optin

equivalent acreage; this was then converted to an equivalent-
X production acreage by use of condition-factors which decrease
;.9 as the acreage ages as in table 8 on page 27; trends were con-
a4 tinued forward to 1970.

Ts2a For all these calculations the same wartime decline in
planting was taken. Patterns 1,2,3, and 5, as lisved in
Appendix III, relate to- planting commencing in 1920, 1915,
1910 and 1905 respectively with the same pre-wer and post-wer
r planting level; patterns 6,7,8 and 9 assume planting conmenc—
d ed at the same dates, but with post-war plantings only attain-
! ing some two-thirds of their pre-war level; this was to allow
4 for arcas where there is already a concentration of cocoa,

=

Fig.4. OptimgmfeauivalentAgcreage and_equivalent production agreage
for similar planting patierns commencing different dates,
with the higher deatih-rate.
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with consequently restricted availability of suitable land for
expansion. With cocoa obtaining its present high price, it is
unlikely that future plantings will fall off to any further
extent,

Te5e The results of these calculations are shown in Fig.la
and L4b, om page 12 with detalls im Appendix V.

It is seen that all these production curves reach a high

peak about 1950 to 1955, after which they decline to a lower

limit after a further fifteen or twenty years before tending |

to increase once again. The decline is more marked for the

earlier planted areas and would be considerably reduced had

the lower death-rate been taken.

Teolls There are a variety of reasons why inference should
not immediately be drawn from these calculations that
cocoa production in the Gold Coast may be on the verge of a
decline, Not only the selection of the higher death-rate may
produce an unduly pessimistic picture (para.6.6), but total
equivalent—~production acreage will be the amalgamation of
a number of curves weighted according to the magnitude of
planting at each date, together with additions for newer arecas
planted subsequent to the dates shown in these calculations;
it will be seen later that the Intensive Survey results do in
fact show large areas Where plantings are increasing very
rapidly and this will help to counterbalance areas of decline.
Also with the present countrywide publicity campaigns there -:
should be a marked improveme..t in the condition of cocoa, with
a resultantly higher equivalent~productiom acreage. Lastly,
there is no indication at the moment as to the rate of future
plantings, and instead of continuing at or below the pre-war
level the enormous demand for cocoa and the very favourable
prices now recalised may result in plantings becoming higher
than ever as is now occurring in many parts of the country.
It should also be pointed out that the least favourable of the
curves calculated was for planting commencing 1905, though the
majority of Gold Coast plantings did not occur till after this
date.



DART ITT. INTENSIVE SURVEY DATA
8. Intensive Survey organisation

Bl The Cocoa Division of the Department of Agriculture
is8 systematically surveying all the potentially

cocoa-producing areas of the Gold Coast, primarily with the

object of locating swollen shoot disease so that it may

—be treated before it spreads beyomd control. In due course

all areas are being resurveyed one or more times in order to

meintein the control achieved during Initial Survey.

8.2, A different technigue of surveying is used in the
"devastated areas' of the Bastern Region where swollen

§ shoot has taken such a severe toll, as there it was consi-

dered expedient for treatment to precede survey. This analy-

Bils 18 for initial Intensive Survey only,, and does not

ik inelude any information for the "devastated areas".

B 5 By the end of September 1955, over twelve million

aecres had been initially intensively surveyed, and
nearly three and half million more acres re-surveyed. This
does not include survey which, for one reason or another was
replaced by a subsequent initial survey.

i gl A large number of staff have been engaged-on this
survey work and consequently a considerable admini-
strative organfization was required. The Cocoa Division
= divides the potentially cocoes-producing arcas of the
Gold Coast into four regions, Western, Eastcrn, Ashanti
¥ and Trans-Volta, These Regions each contain a number of
:;_ . Divisions which are further sub-divided into areas.

iy Bebe Tn each area there are gangs of workers collecting the
data in the field under supervision of an hgrlculqural

Survey Officer (A4.S.0.), who is responsible for both survey

and treatment of disecases The latter is bound to take priori-

ty sinee lapge sums:' of money are involved in compensating far—

mers) whose trees are cut out, and malpractice is apt: to

oceur 1f supervision is not adequate.

856a Records are produced in triplicate. Areas submit

their data to Senior Agrlculturgl Survcy Officers
éﬁ b (SRENss00) in DlVlSlons, who pass it on' To the Priacipal
i Agricultural Survey Officers (P.k.S.0.) in the Regional
-3 Office before it is submitted ad Office, Accra.

- The volume of records passiag gh Divisional and
Regllonall Offices is such that a complete check is obviocusly
imposgible,but .glaring inaccuracies ghould be intercepted,
erid a control kept on the flow of work.

85y Bach Rgpion has its own Records Sections which are
) counterparts of Head Office ords Sertlon, so theore—
tically there should be little difficulty in obtaining details
of survey that has been conpleted in Head Office. But despite
records having been prevared in triplicates; some seem to have
- completely disenpeared in the VWestern Division, (see para.
¥ 1.6.), possibly when area offices were being reorganised

e R andSspilit, as the work became too great for one area AlE
Lr i8 mainly in the Western Region that the uJQaulsfactory
= records were found; either because some of the deteils were

o omitted, or because the forms were numerically incorrecte.

Intensive Survey raconds.

e The officicl map ¢f the Survef:® Department divides

the CGold Cozast into Field Snecets by latitude and

itude lines at 15' intervals, each sgquare covering an

a of about 300 sguare miles, Field Shect squares are fur=
vided by the Cocoa Divigion st 3' intervals, into twen= =~
ve grid-scuares of about 7,680 acres L£11 grid

es may thcrefore be 1*‘ntL|¢ed 28 a her refererice,

5 el Uh"L;, rncond to the -
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For physical convenience in surveying, grid-squares
are broken down into blocks with natural or
easily reecognised boundarics, and blocks thus have a
three-numbered“reference. Where a block falls in more
than one grid-sguare it takes its first two reference
= numbers from the square within which the majority of the
blocks lies.

9.3, ' In some parts of the Gold Coast, blocks are divided
after survey by grid-lines. <The first two reference
numbers for all such artificial blocks within a grid sguare
are thus the same, and they should total to approximately
75,680 acres, Where natural blocks are used thé sum of all
blocks bearing the same first two reference numbers may vary
widely from 7,680 acres especially in forest or forest
7 reserve areas, where blocks may be large.

.2,

9.4. During Initial Survey, details of general land usage
_ are recorded in the broad categories of cocoa, food

farms, bush and fores®t, In 1951 an additional category was

added for:sparse cocoa, where the original plantings have

died out to such an extent that the area can no longer be

considered as a cocoa farm. LIt is still necessary to

wateh such unproduciive areas, as they are a potential

danger from swollen shoot disease., The area under cocoa

is recorded in further detail as to the age-class of

the acreage, and the condition of the -cocoa. Also re—

corded for each plot of cocoa, but not summarised in

this present analysis, are the number of swollen shocot

outbreaks (but not the acreage concerned), the variety

of the cocoa grown, the severity of capsid damage, the.

é presence of cola chlamydantha trees, and any other comments

the field staff sec fit to add.

9.5, In addition to these specified categories, informa-
tion may also be given for areas under township and
S cleared land, the latter being either township or land
cleared for planting with food crops.

9.6 Subseguent re-survey, which does not come within the
scope of this report, omits detaills of general land
usage, and the condition of cocoa.

,8 QaTe Records are both visual and numericals The block

) is mapped, and each category shown on the block map is

- measured and recorded on a form. The age—class of cocoa
areas is shown on the map, but condition only appears on the
form, where all cocoa areas are listed with relevant detai

:
9.8. In due course block maps are amalgemated into a grid-

- square map which show the location and age-class of ell
cocoa. These are later reduced in scale and combined into a
Regional age-class mep, but the value of this latter is res-
tricted, since survey for all dates is combined, and the B-
class of today is the A-class of eight years ago, a fact
that cannot be recorded on the map. It does, however, give a
pictorial indication of the direction in which cccoa cultiva-
tion is spreading, and where replanting is teking place.

9.9. Grid-square maps have been used for assessing the
area of Forest Reserves, which in earlier ycars were
not surveyed. Additions have been made to the Intensive
Survey data, as listed in Appendix VI. It is assumed
that the whole of such areas is forest and this mey result
in underestimation of food farms. Poliecy has now changed,
_the Forest Reserves are surveyed in a modified form, some—
times in blocks so large that they oover more than an entire
grid-square.

Bt 0 Survey cannot be egpected to be absolutely accurate.
’ There will be errors both in the physical work and
3 in measuring the areas recorded on the block—traeings.
- It is even found that under tropical conditions the tracing
paper uscd for mapping shrinks and expands sufficiently to
ect the measurement of areas. It was impractical to
adjust for the sparse cocoa which was not recorded before



e
| (AL i N iy
; - - =1 = . - 2
3 205 208 ’ s J R o = e oy
: TUR INTENSIVE OURVETY  JUMMART ] Sa ]
[ e R T
; : ‘;_;.
N7 173 174 77 178 181
132 J 1357 136 139 140 143
[y r i . B
|
LA s HANTI L ‘
T 3
! i 30{ 1 | 33 124 1 A 37. 135 141
0 e 2 faal —— 64 i A &
s
d 60
8 l i 63
<) —
1 5 99 100 103
[ \&3 92 y O@n i 6 62 |
l_}ASHAN'l“I 5T ATk _]m | N B
| ‘ i N 72 | Folb
89 J==iiop EEH 94 | 97 Lseg 1 [ Tror
pot ]
39 71 S
il o ; 5 3
31 log |
62| |

N\ =\ } 5] e 3 i
21 RS S : GOLD COAST
] 132 Department of Agricultu
i CCRA Cocoa Division
g5 ‘ LEGEND.
Regionsl Divisio

& . Boundary ——
5 el

Statistical areas
r
Intensive Survey Summar

A5 N 56 Al / Scale 1:1000,000
[FE] LN iy h-/rF Cape Coast § . : A

YU 30 .Ul T3 = =

25T 26




~ FIc.6. GRrRoOuPs OF AREAS USED FOR STATISTICAL ANALYSIS.
- B = 5"
{ |
98 !
| ’ )
130
|
7 o 222 A
|
! | ;
= T T 9A | 7
! | ;
E i | |
[ | i ‘ :

6 | | i ! T :
o 1 S
! * U 3 |

e 51 A b
| |
& Yo
1 * — €
7A | \
Al ’ =l
34 i ;
i : | lScale 30
\ | . 112,000,000
laagilis 4
R e 2 ) | TG B e D AR e
30 0° 30"

GROUP AREA
CODE CODES
‘O A 0l,08
o8B 02,07,09
ol [Eae=cs
| A 104 11
18 12,13, 14
2A 24
2B dze
BNZic 20
[ 2ip e Bl o
2 E 2526,28 |
53 A0 | Rge s
;%}3 30, 31,34
4A | 42,44
48 | Ao
EROPAT R NSRS
5B || 51355,56
P“G i eo ok
ST TS
7B 70, 7!
e]iCi T2 o
8  |80-284
=8 ANIEDe
[N, orz IRies
9¢ 99

1
-
e

=N}




= 18 =

1951 (para 9.4.) as although the acreage could be roughly
agsessed this would not settle the question as to whether

1t should be deducted from forest, bush, or cocoa, and in
the case of the latter, which age-class cocoa, consequcntly
sparse cocoa 1is underestimated in those areas where the Sl
majority of survey took place before 1952, Other inaccura-
cles are referred to in paragraph 8.7.

Clalty Since 1954, all forms have been checked against block-—
tracings in Head Office and where there is more than

18% error the data is returned to the area for amendment. Prior

to 1954 all work was supposed to be chacked in Divisional

Offices, bub examination of the older data has shown that

this was not always done. There is, however, such a large

amount of data that aggregate errors will be greatly reduceda

10, Statistical areas, used for analysis.

10414 The three-numbered block reference (para 9.2.) does

not reflect which of the Cocoa Division's areas con-
tains the block., This would in any case have beecn impractieca—
ble as arca boundaries are changed from time to time.(para 8.7.k

10424 It was therefore inconvenient to use the Cocoa Division
areas for the analysis of the Intensive Survey data,
and instead "statistical aress!" have been used, which are com—
pocsed of complete grid-squares coinglding as nearly as possibile
with the Cocoa Division areas. Throughout this ort, 'area'
relates to statistical area except where OUherWis:s stated.

10s3a L code number was given to each of the statistical

areas to assist with the mechanical sorting of the
large number of * punch . cards representing Intensive Survey
data; code, area, and grid-squares contained,-are listed in
Lppendix VII, and the same information is represented on the
map in Flge Hs

1100 L Some of the Cocoa Division areas were .so small that

neighbouring areas were combined when coding for
statistical area, but there still remained some sixty,which
was rather numerous for purposes of estimation. These were
later reduced to twenty—four, by combining areas in the same
vieinity showing similar results according to Intensive Surveys
groups of arcas, with their additional group coding are shown
in Fig.6.

11, fnajysis of Intensive Survey data.

b The summery of all Intensiv

Office at the end of Sep
2. Details for areas, and groups
ViIIa and VIIIb.

TABLE 2. Summary of Intensive Survey
au_end Septenber, 1955.

Survey available in Heead
er 1955 is given in Tehle
arcas appear in Appendices

P e e e e TS il
L _cabegory ____ g lu memes ol PN e s it
| A-class cocoa I T80, 1B T | Bl
| Beclass cocoa | G ) : Sl
C—-class cocoa ! 1;059,590.1 ! 11.8
D—class gocoa § 862,150.8 : Tl {
total cocoa { I re2B6
food ferms 1 ! .8
bush | ggg
forest I I 36.8
Sparse cocoa : : 0.9
= i s e T
total ! 100,0 !
T 4 B IO

Porest includes 274,537.2 acres (2.2% ) for Forest Reserve
Which was not setually surveyed. Bush includes 5;108 acres ~
rucorded os township znd 23,339 acres clearcd land. (sce

APPENDIX X).
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Slile2s For the use of Officers off the Cocoa Division in the

field, analysis was made by grid-square and year of
survey, but the resultant bulk of tables and figures proved
too voluminous to include in this present reports

1l 5s The total aereage surveyed each year, excluding the
additions for unsurveyed Forest Reserve, is shown
in Teble 3, with area details in Appendix VIIIc.

TABLE 3. Summary of Intensive Survey,
by yeer of survey.

PR T B 5 e N (ol R
| year | _ aeres | %
1946 I 176,3U5.5 1 1.5
o7 En87 6860 0 3.2
1948 | 280,603.2 ! 2.3 |
Gieilis) i GRS ERE AT ESE s
1950 | 14432,017.9 | 9.4 |
1B IR G2 B S 45,8
1 1952 | 1,857,461.8 1 45.L
Iics s Nor oo SE IR 6 2o
i 195h | 2,405,683.3 | 19.9 |
1955;51 15,394,892.7 i 11~5_;
total }12,08l,067.7 | 100.0 |

A January to September, 1955 only.

[P/ Since acreage figures are inconvenient for purposes
of eomparison, all data is given in percentage form
in Appendices IXa and IXb for areas and groups of areas.
Group percentages have been arranged in Table L4 to show
where cocoa plantings appear to be increasing and where there
is stlll forest land available for future expansion.
] This is also shown in Pig 7.

TABIE L. Percentage of forecst and cocoa
in Intensive Survey.

%

e B N B |

description | code I'Re= ':BfﬁéfffEF'1"A~f‘B’F'Q'f'D';

i | servej i1 tax SR g P

ielEntingstin-— 1 28, | = 1 75 Vo7 Y4 o4t Lo oad

EEE L el ol MR S (S T R T (R RSB [

:forest land. ! LB S5 R aj [ I 6 82 ! 8 3 s

Ly AR A T RS AR T A 2 TR €

RSOl SERERE RSP AR

% Lo 2iE e S 198 18 (- o (IR o o B G

§088 - 125 0 3% i1 LAk o2

2epilpmtings mot | HAN L = 698 [ 4t o b il 5l g

increasing, ! 8 = ! 50 ! 13 } 2 5 B < O S T

ample forest v BB gl W T e S S S

land. T g o S R e e AT TR o Rl
(2,253 thous- HEA R 288 11550 WLty G

and acres. ) LT i i | i

Seplentings . de— | ofF | 9 [ U3 |35 . 6l40}1ai 8!
creasing, ade- sk SRS Gl Rl ST R G
quate forest s TR S5 e e T DR )
land., e T el R R R TR S
(3,974 thous- ! 5B ! = Be B . SR 1 R
and acfes. ) 2l L SRR IEE e F k2 18 5
Bk SRS 53_5 51 5 '{_23 20
Leplantings de- | 7B | 9 1 13 |53 | 5 819 |21
creasing, inade=! 9A | - | 10 DHe) A TR A BRI
quade forest M S o1 5 | 545 149
land. T S ) 62 1 Ly 6133119
: ?’2’.026 thous- ol S e wG = ek S Ay

. ' . and acres.) 'L J' ] !
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1455 The areca where cocoa plantings are decreasing and

there is -inadeguate forest land available for ex-
pansion lics approximately within a semicircle of seventy
miles radius centered on Accra, with less cocoa in the
eastern half. Here occurred some of the earliest plantings,
when the forest belt was much nearer the coast than at
present, as it is an uncontroversial fact that the forecst
hag been steadily receding during the last forty-five years
or so. Agricultural stations in this aree include Aburi
founded in 1890, Kibi founded in 1912, Peki-Blengo founded
in 1913, and Kpeve which was founded by the Germans at some
unknown date and taken over by the Gold Coast Government in
1921, It may be assumed that the first plantings of cosoa
preceded the founding of a station by a few years, after
which plantings would increase considerably as the local
people became interested and were instructed in methods of
cultivation. 4 station founded at Tarkwa in 1902 was soon
gbandoned as the area proved unsuitable for cocoa production.
More recently founded stations have not been included as
they do not indicete when cocoa plantings commenced.

11464 Although according to the Intensive Survey results
adequate, forest land would appear to be available,
plantings are decreasing in the area westwards along the
coast in which 1ies the station of Asuansi founded in 1907
This 1s also true of the vast area north and northwestwards
towards Kumosi where a station was founded in 1906; and
agein westwards and northwestwards., The north-east of
this area borders on savannah country, and less cocoea is
found there; further south, some of the forest indicated in
the Intensive Survey records lies along the stecp escarp-
ment, and is unsuitable for cocoa cultivation. In most of
this area there is elready & substantial propertion'of cocoa.

1147 In the western half of the Gold Coast there is & bend
between some fifty to eighty miles from the ceoast
where plantings were gpparemtly never very heevy and ore
not now increasing aolthough there is much forest land. The
station of Wiawso founded in 1915 lies within this aren
Posslble causes erc unsuitable soils end lack of population,
ag this area contains the centre of the mining industry of
the Gold Coast, which is a lerge employer of labour.

Tlla g The remainder, which represents over L0% of the total

Intensive Survey crea, lies mainly further west,
northwest, and north, and in the northern part of Trans-Volta,
and here not only eocoa plentings are showing a very definite
incrense, but there is still ample forcst land available for
future expansion.

12 Estimates for total aren.

1241% Survey is more advenced in some parts of the country

than others, particulcrly those least favouroble to
future cocoa prospects, so conclusions should not be drawn
Bolely from theose results included in the above Intensive
Survey summerys Estimates have been made to cover the total
Gecrecge in each arec, as in Table 5, end although this may
involve some error where the available data is still scanty,
it should be prefereble to amalgemating the summarised dcte
a8 it staonds.

TABLE 5. Estimated total acrecge and
recorded agrecage.

oy T R e D B (02 s el
category lestimated recorded
B total acreage | foreage |
| A—class cocoa 1,182 2 780
B-class cocogq 538 i L19
C-class cocod 1,943 ' 1,460
g D-class cocodl 1,067 882
totel cocon L, 730 3,504
food farms 199 588 |
bush 2u2 i
forest ?:Oﬁg ﬁiguu
| Sparse cocon 18 115
‘ | total 18,0u8 125,359
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12424 Where survey was aelready well advenced, the out—
standing acreage was measured from the grid-square
maps, the Forest Reserve segregated, and the balance appor-
tioned between the land usage categories according to the
results of the summarised datas

1i2e 38 Where survey was less advenced or the grid-square
maps not yet available the outstanding acreage

was based on the number of squares in the area, and divided

up in the same menner. The percentage of each area Inten-—

sively Surveyed is indicated in Fig 8, and listed in Appendix

XI. Table 6 shows the estimeted total acreage in each

category for groups of areas.

TABLE 6. Total estimated acreage for
groups of areas.

group{%sur-— ‘total‘l :food } :sparse clo cloia :
code |veyed|area !cocoa|farms|bush |forest | cocoal A& | B | O© Dl
1 1 ] il 1 1 L
! 10 87.91 6251 3341 22| 661 211 21 1331 40} 127 341"
0B 3790 2y2o0l 6651 89l (8651 596! 61 247 | 82] 287t 49
oc 79.6:1,499; 368: 191 1201 986: 61 1851 411 120} 22
NG00 52 L6Th 35 1ol 426 SiF2a s T 37
118 100.00 700l ‘2751 49) 189! 1821 Sili i e e
24 95.91 6551 1031 21l 3841 1461 1! 18! 121 53 20!
2B 87.91 3097 54 Gi Al 2Ry 2hi 36 3 40
20 Shicsl el o) S Wl e B e
2D 72.91 7711 1991 231 180: 368 1 11 36: 561 601 47
2E | 88.611,055 5541 581 1991 243 | 1] 591 471 237 =211
s Gl el sl Rl e I SIS o)
3B 99.11 8091 171 A TAgS ARSI o5l 2611 28Il 531 6
ZA eRe; NIqT Sasis ao) s1N 7l 218 Tl G o0
IR A 3Ll i8R el 309 501 34BN AR o oz sYe ki 35
i54 1 52.31 6031 89 SIIRNBIIEE TN Ty oA e OS5
|5B | 55.8] 869\ 200{ 64] 413 160, 32| 29| 10| 86 75
16 IRCTRENEE S oo S o5 156 el L 3l ag I ol sul e
1 TA 1100,01 1561 97 i 241 19 1 alizk] 31 GISOHEN ! 30
NIESSCEOS Thal ho i1l d6h 33 TS a O] (o
7¢ 1 95.01 180! 44 6 S L e e sz 18
8 | 20.111,2251 164 631 3641 615 191 24 71 81 52
g iertc sl o 3l Sl s 1i 16| 14{ 631 28
9B I ¥3. 611! 208 11! 181 207 4! 58! 28! 118 4
9C 1100.0 871 14: 51 65 "3 - -1 - 1 13
! 1
-.tbotall 68.61104814,7301 79915,242 1 7,089 188 11,182 | 5381194311,067

12l The only areas where estimates have had to be
based on insufficient data for reliable results
are Northern Ashanti (0B), and Western Region (4B and 8),
which happen to be three of the largest arecas. Elsewhere
the estimates should be reasonably trustworthy, with the
possible exception of the Cape Coast Division EEA and 5B).

1255 The percentage of forest and cocoa by age-class, as

shown in Table L for Intensive survey results, is
repeated in Table 7 for total estimated area. The approxi-
mate area for each description, and the progress of survey
has also been included.
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TABLE 7. Percentage of forest and socoa,
estimated for total area.

b
T e e S e e e e [ S 3= i
descmiption group | ____forest [ R ONCC U
: 0aE IReaSMothortetal A - B e CrDh
L erve . l: ! E {
1.planting in- 2B - 75 17 12 1 1
creasing, ample ocC - EHE N RE e SO
forest land. LB 7 e ;1$ 2
1l ! I
1;907,000 acvest op | L | Gl S gl 4 gig0!
Bl o5 1 5 59 3 fTo lisiagt o
3 LGB | B ol e 2
2.plantings not | 54 = Gl e el o
increasing, Hss Sl G S 17 A
ample forest 1= Bt R R S e ol 8
land. I 1A 10 L e 22000 S3 e L 0% S
3,566,000 acres] LA 19 2 IR R i
63.2% surveyed ! J ! ! ! !
e e e | TRt (et T Tie R i Falra 1
5 e s 16 Fo ool 5 T e
creasing, ade— 70 29 Foul 2l i i3 Nl I |
quate forest 6 L 250 2l 2 2 G 84
land. 1B 1 ZHRIEN SONIE S o8 S 1B
14,819,000 acres | 5B GRS 25 s T 10 g
82.5% surveyed | 2A (I T O S R 68 R 2 B e
a2 b ¢ 19 B3 6 | Lj23;20
R e e el e e et o e e 1 L 1 ]
li.plantings de- 7B 15 0 131 501 5 1 Y118} 28
creasing, inade- 9A S e ) TR = e R
quate forest N I ORI s IS
land. 1A IR SR L i 61 B3R
2,159,000 acrcs 9c =0 Sal G - E - 2; 14
o | I t
9L.0% surveyed e B [

The difference between the two tables is seen to be relatively
insignificent, .

13. Condition of cocoa acreage.

AFel'a The condition of cocoa acreage, as judged by the field

staff at the time of survey, is recorded in the brocad
groups good, fair, poor, and dying. Although this informatica
is supplied exclusively by junior staff, the aggregate results
prove remarkably consistent.

{5 20 Condition-factors have been calculated as deseribed

in para.5.7. for each arca and sadéh group of areas, by

ascribing the arbitrary values 1.00 to good condition acreage,
0.66 to feir condition, 0.33 to poor condition and 0.00 to
dying acreage. Thlo last is im aceordance with the instrue—
ﬂ}ﬁn issued to the field staff,. The values for the intcrme=
‘dicte,: glassisications are entirely arbitrary, end calcula-—
tions made for alternative values were found to cause a ge—
neral scaling up or down, but with little other effcot on
the general argument. Results for the selected values are
- ineluded in Appendices IXa and IXb, and the factor varies
- between 0.520 and 0.84L.

s Condition—faetor appeared to be lower in the earlier
planted areas, and was. therefore related to the age
he acreage. Condition-factors were calculated for the data
arised by year of survey in each area, and the date ot
planting eommenced in each area was estimated by a
examinetion of the age—class distribution and toking
count any other available information on the subject,
the dates at which cocoa stations were founded, and

i
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|
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officers with the longest experience of Gold
resulis are gi n App and il
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Bl A1l results based on more than 1,000 acres of cocoa
have been plotted on the spot diagram in Fig.10, which
shows the condition-factor by year after the commencement of
planting. Separate diagrams have been made wWhere sparse cocoa
was not separately recorded, or Where it appears not 2 have
been recorded during the entire calendar year, as this may have
affected the econdition recorded., Cslculations based on less
than 1,000 acres were omitted as such small samples showed
excessive variation, A few rather extreme results in an area
of inferior quality data (area 33) have been ringed, and should
be disregarded. :

135 For the rest, there seems but little doubt that con=-

dition does depend on age of cocoa acreage. Data is
sufficient between 30 and 50 years for assessing an empirical
trend, as indicated by the dotted line; this has been conti-
nued in either direction, assuming that in the early years a
constant value of about .850 might occur, and for the later
years a steady decline, though rather above the two isolated
values in the Aburi region, which is no longer within the cocoa
surveying area, and therefore probably not representative of
what may later occur elsewhere,

Table 8, Trend in condition-faétor by
age of eocoa asereage .

e i R O R
years after } condition= {
planting I factor |

o e e e e e s e e b

15 | .850 i
20 ! .8L5 i
25 .80 :
30 «835 i
55 .820 i
Lo <775 !
L5 « 135 I
50 .695 t
55 .650 !
60 .605 i
. 65 .565 |

13.6. At some future date, an analysis might be made of the
condition of acreage within age-classes, but this is {
not currently available, The condition-factors in Table 8 were
used for celculating equivalent production acreage in the
theoretical trends in Section 7, |

14y Trends shown by Intensive Survey.

e « Where survey has extended over a number of years com— i
bined totals are apt to be misleading, as the A-class
cocoe of 1946 compares with the B-class of 1954. Moreover,
prior to 1951 sparse cocoe was distributed amongst the four
age-classes, with some ne doubt with forest or even bush.

1l 20 The data has been examined by year of survey, and
to facilitate comparison the acreage in each age~
class in each group of areas has becn expressed as a percen=
tage of the area surveyed; the additions for unsurveyed Forest Q
Reparves were excludeds Results are given in’Appendix XIT, g
which divides the data according to whether the post-war cocoa
appears to be greater than, equal to or less than the pre-war
level; a fourth section contains areas where data is unsatis-~
factory or insufficient to draw any conclusions regarding the 1
post-war level., A total has been computed for the combined data |
in each section. 5

14,3. Breaking down the data in this menner resulted in |
r a large number of units some of which are rather
small and therefore subject to considersble sampling—error.

RS L s g
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The percentage of survey which took place during efich yesy
indicates which calculations should be disregarded; some of

the more extreme figures, based on very scanty data, werc
omitted,

AL o Ley Variation from the 'true' value occurs through

survey during any one year not necessarily being
representative of the whole arca, as would have been the
case had the survey been planned primarily for statistical
purpdoses; as it is, survey tends to commence where it is
known that there is cocoa which may require disease control
and then moves systoﬁatically according to administrative
convenience throughout the Cocoa Division's area (not the
statistical area or group of areas). Freguently the areas
where little or no cocoa is anticipated are left to the last,
and where Forest Reserve is surveyed the large size of
blocks may unbalance the rest of the data,

1le50 The worst of the irregularities in the combined data
for each section have been smoothed out by redistri-
buting the annual area surveyed in such a manner that the
total of the two older age-classes is constant. In point
of fact this sum is more likely to increase slightly each
year except in the older planted areas, but rather than
estimate a rate of increase the same arbitrary eorrection
was used throughout. The results are summarised in Appendix
XIII, and appear to give a reasongble trend for all four
age—classes,

14,6, Taking into account the size of each group of arcas

and the approximate dates planting is thought to have
ccmmenced, an annual planting pattern was worked out to fit
the Intensive Survey results for the years 1946 to 1955,
allawance being made for both the death-rates used in Section
6. All four patterns show a similer decline during the war
period, as shown in Fig 11a. Extracts from these planting
patterns are included in Appendix XIII.

Fig.lla. Planting patterns fitted to
Intensive Survey data

§ag increasing areas  -icoeseenns
b) static areas

—

(cg decreasing areas ——
indeterminate areas wsrem—

(a
per
thousand
acres

20

10

0

1960

Al 7 Correctyng the 1954 and 1955 data for the increasing

areas in section (a) to the same proportion of G + P—
class as in the other years resulted in suech an unbelievably
high eurrent planting rate that it is more likely that survey
is moving into the v@ry latcst planted ereas, where the pro—
portion of C 4+ D really is lower. A rather conservative view
was thercfore teken, and the planting pattern for the most
recent ycars for this section was fitted nearer to the un-
corrected data.

14+8. The fitted patterns for the static arcas of section(b)

and the decreasing arecas of section(ec) show a lower
D-class acreage than the corrected data, but this may be
partly ceused by assuming C + D constant instead of slightly
inereasing (see pera. 14.5.). It was rather more &ifficult
to fit a pattern’to the ¥ndeterminate areas in section (4)
which eontains the less satisfactbory data, and showed grczier
irregularity.
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AL The optimum—-equivajent acreages caleulated for tie
fitted patterns for all years from the commencement
of bearing to 1963 are shown in Fig 11b, with details in
Appendix XIV;

Fig 11b, Optimum—equivalent' acreage
for fitted planting patterns.

----------- (2) increasing areas '*":-écg decreesing areas
e ~(b) static areas —wws—(d) indeterminate areas
{
AGD
} low high &
death : (a) death
300 rate - ) rate
(@)
s ) ‘.
(8] -~ T g S
}' /"’ .'_.,;' \(0) (() ~,~\"'>’"\\(V
// J','-‘P""""-"'q—(b) // b O
100 4 - " o ik {5
4 - Shagics
A e
e el
e e = i
1960 1910 1920 - 1940 1960 1900 1920 1940 1960

for the indeterminate areas in section (d) where data was
l inadequate for assessing the curient planting position,
d' 1 figures were not taken yeyond 1955, No attempt has been
; made to carry forward beyond 1963, as this would have meant
| further arbitrary assumptions regarding the future planting
I rate and as it is the final year is only based on nine
months' data, and happens to be a particularly important
year as revealing the recovery from the war-=time decline in

planting,
; - 14.18. Indication of the total optimum—equivalent cocca
i acreage in the Gold Coast has been obtained by
t applying the results given in Appendix XIV to the total.
’ area within each section, as in Fig 12, and Table 9. The
3 3 equivalent-production acreage was obtained by applying the

condition-factors in Table 8.

Fig 12, Trend.in total optimum-eguivalent and

equivalent—production aereages for
high and low death-rates,

optimum equivalent acreage
~ - ==~ poquivalent production acreage

, thou-
sard
agred high
death
300C rate
| 2.1¢
|
| .
L 2000 1/ “
13 1530 1940 1350 1960 1930 1940 1950 1960

These figures will overestimate, as they allow for neither
Forest Reserve areas where there is virtually no cocoa, nor
for the areas of lesser eocoa being surveyed last; “but it
does afford a means of amalgamating the four sections.
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TABLE 9, Trend in optimum—-equivalent and eguivalent
Y production acrecages for planting patterns
fitted to Intensive Survey data.
T R T @
| 1 | | 1
ldescrip- | increas— static: decreas—: indeter—: total
| tion Ling il ing | minate J o
ot AR O 9 T L e s S e
larea, in | ¥,507 5,566 1 51882 IS oIS el
1000 acres ! i i E E
i plemting | 1915 L SHE [ A9eE i e |
! commenced | } ! ] !
e o mmrm— e e T U |
Ldeath—ratei low! high lowihigh lowihigh | low high| low!high |
__________________________________ —i= ==
Eoptimum~eouivalent thgusanéﬁac%es. i i : 5 i
i 1930 {1431 143 1157 1157) 529, 529 387 37311216} 1202
1935 q 3%5} 345 }252 {2521 7;2} 155 L5 | ﬁ12};ﬁ}1:;764
1940 { 6)8: 638 1306 13421 9821 94T | Lho 124151 2337
1945 | 968; 968 [ L28 |L03;1159,1088 | 435 | 38612?90‘28h5
1959 | 122014479 Lyl {u35}121§:1118} LooY 2%2{33;053810 !
1900 41216 1non, Live 157111351 e2g | 2771 256238013043 |
————————— e e BRI RS BEEE SRR R
- 9quivalont1pr05uction thousand acres. ! ! ; |
1930 | 1211 129 1133 1133] Lgt_ﬂ L6m5',323; 311;1025;1310
1935 ER202 N 20O 215 2B 81 6291 3591 339151211473
1910 | 536] 536 |289 {286 805; T77 | 3L8 | 318,{,197851917
1945 I 8091 809 }3;1 1 3301089818 8LZE 552011 28111123778/ 2266
1950 110031 966 | 368 13371 8911 821 12781 235125401 2359 !
1955 11059) 983 351 |320] 822 732 232 1862L6l| 2221 |
s iDeohol st 1038 350 lagaif 7231 603 | ! 1235312087 !
___________ I T A S S e e A e e e e e e e S e (R e s T
] 4 using an approximation for section (d)
}‘ 14.{1. Roughly speaking, it would appear that the newer acrea-
ges are compensating for the decline in the older areas;
but that from 1950 production is likely to commence declining
unless the downward trend in condition-factor cen be halted by

improved me
Will be imp:
arcas prove

thods of cultivetion and maintenance. The position
roved if the conservative trend for the increasing
s to be too low,

15. Summary end conclusions.

15 el a The

production of cocoa in the Gold Coast has been

examined with special reference to the following

factors: -
i)

i1)
i1i)
iv)

v)

The date at which cocoa is thought to have
been introduced into each part of the Gold
Coast;

The annual planting rate from commencement
of planting to the present time;

The age at which cocoa acreage is thought
come into bearing, reach its maximum, and deecliney
The rate at which it is thought that cocoa
acreage dies out (two alternative rates);
The decline in condition with age, end con-
sequent decline in yield.

- The combination of these lest three factors would have the

effect on one hundred acres planted as shown in Fig 13. and

‘Tablg 10.
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Fig 13. Bquivslent=production acreage
3 per rundred acres planted.
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Fig 13 has been based on the figures given in Table 10.

TABLE 10. Combined effect of age, acreage death-—
and conditicn-factor on acreape

production, 3
i T M X el = cn s = ns s i
I | relativel| eondi- | remaining : relative {
% age| acreage | tion dereEze i wEeGUenien. |
| yield | factor \phigh |low | high Ilow |
1 ] ! decath| death | death|death |
! | i rate lrate ! rate lrate |
_____________________ EEeld 28 +
2 e e epit oe ISR
ORISR 0B50 L ookl Aieo | Al b
15 16 .850 Tieley 1 Hilisey IS B R S
20 1.00 .8L5 HOGREIlOD e 851 8p
&l 1.00 «8L.0 99 1 97 | (S357 1Sl
30 1400 +835 sl e i S ST
ag b 1820 o e
S0 STdE) 61 | L5 [ Lo [ sl
L¥5 -78 -735 L|.8 { 32 1 28 [ 18 1
50 .13 +695 Sfs R SRR el
515) 60 i 4650 EE e e s 2
60 L6605 2 S Bt i
s e e e e

! 1562 The subject was first treated as a theoretical problem,
which was later applied to the results of analysing
Intensive Survey data. The cocoa producing areas of the Gold
"Coast were divided into four sections according to whether
cocoa cultivation appeared to be increasing, static, decreas—
A ing, or eould not be determined.

15535 The earliest areas to Le nlanted with cocoa are

= now showing a decline, which has nothing whatever to
do with swollen shoot discase; this latter does not come
within the scope of this present report as a different tech-
“nigue of surveying is used there, and the data is not com—
parable with Intensive Survey data. But as production in the

astated arcas has already dropped from some 60,000 tons a
ar to &bout 15,000 tons, %urther large-scale declines from
6 cause should not occur assuming that the present strict
rol of the disease is maintained.
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1540 Over a large proportion of the Gold Coast cocoa
cultivation is still increasing, and there is no
reason why it should not continue to do so, BuUt in spite
of this the total bearing acreage does not appear likely
to inerease much further; and as the present acreage
ages, production is likely to decline unless a better con—
dition of cocoa can be achieved. The present large-scale
publicity campaigns appear to be very opportune.

15isDla A further danger to cocoa production is that the
fertility of the soll may be steadily impaired by

continuous cropping, and this could cause a future decline
in yields

1550 Finally, all results based on this present analysis

of Intensive Survey data rust be considered as pre=
visional, even though they afford an indication of the future
position., The full extent of the recovery from the wartime
decline in planting will be more evident when all the 1955
and 1956 data is available, and Re-survey data may also shed
further light on the matter,

December, 1955.



m”
m
:
i

=




APPENDIX T
Relative bearing—capacity by year and age-class.
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Assumed percentage
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APPENDIX IIT

Planting patterns used for
death-rate and trend calculations
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Effect of death-rates on optimum-

APPENDIX IV.
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APPENDIX IV (continued)
Bffect of death-rates on optimum—
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* APPEUDIX VII (continued)
Statistical areas

TT (continued)

group area } field grid-sguare reference Inu.mber
code I gheet jof grid
I |square
o et (e o o [ P S e o e e e e e s e B e m e e e
28 Asenanyo b 8l 1=l 6 -9, 11-1k, 19520 i ke
i IS 22 B, 19,22 el e
\ 2D Konongo SO NIENC S 6 = 8E T
| 1o dEaedl Gy T = dl0s 20 2 IS
[ | | 153 il | 1
i : = SR (e | 23
i | S ol i
& ! 173 : !
e e b o
e Mampong 1B S e, S GG [ DR
I e 1520 = s |
IR EoRNE S5 oi0565,520 et
! 167 ! 20, 25 I i
| PGSR RISIE S = oh i Y
gl IS e =res S5 |
I AT s Bl =i S I
| e =2 e |
i, 6=8 i =l Hi6=19, 2= 2l i G S
I8 206 125 e \
________ i i
2E offinso 1 s e
I 127 1 1=10,12-15,19, 20,25
i | el ST 03
! I 465 I L,5,8-10,12-15,18-20,23-2
: IRlEE =3, 659, 71 14,16 -19,21-25
----- ¢ e T
IESPE B R dudsi 1261559, 40, 15,20
| 28l el
i L R RSN R
| sl 2, 6-8; 10-25
! =iz : Gy Al
______________ N e
2D ! Juaso 29 L, 5, 9,10
SoSEEE 25506
| S ey A0, A5, 19,20,2h5'25
! 92 1Al 1618, 2123
1 130 1 5,%,10,13-15, 18-20,23-25
AR e s G S e 6 o
..... RS L e e Y e e R o T8
oF, Konongo South. 1 129 ! 13 =15, 17 - 20, 24, 25
{ e e O R AR R T AR S
(IDA/SWEDRU DIVISION _ v {. |
30 DB | Kade : 50 f= b5 9
' i I 57 e 2
| ¢0 3~5,7-10,12-15,17-20,22~25
A D 15549, 202 8
: 93 1"')4-9 6 9, = 1-’4-’ 16"'19,
i D
! 95 6,11,42, 16-18,21-25
5 RERERT I e L
Bawdua i 57,00 by A@
{5 188 £
! G 155 209, 25
: 94 A by s 2]y 22
{1 Ao 1

o il B A e et Bo A



4||.|"|— llllllll J—mm————— —— g —p——— B e e e e e o e e e e G <. 1 !
L e tademal [ R i i i i e i s A i 3 {1
151 - I ~ (T (VIR (o) IR TQ W IO I £ 1
kel 2 e LD I SRRt A s il g U I Moo ale SnloY M= oM . Ol=l Ol — S
10 & sl _ ! . ! Ol ! i | ~ = IR il = =
_umw =] | | 1 1 1 | 1 " i | d !
12 & ol 1 1 \ | | i ! | I 1 i
IS O @i | | I 1 | fet 1 i i ' i !
e nl 1 e St I et | ] i i “ Lo "
1 | 1 1 I W A T T I N e T et e TR e T S g
e _ O e e s et j s e
10 1 1 = 1 1 Uy (V] AN | - 1 1 [ s A ] | ] \ b
10 I o & | N & 1 A 1 =il o) | oy H 1 S N | I | (o] Y
=) O I 1 1oy (A TRt (18 (] M~ 1A | o i ! ~ Lo e [ q oo
) i e i | M N e ~ gt 1 oo T i [ i o)
1 1 1 (oY IHOYI 1 QL 1 LSS ey I e I 1 | el ) (e} | I | < i |
|0 T e | =0 (0 o [ (e e 0D | — i \ i =& i e ] s
154 | = | = a0 1 O~ I ~ 1 o FE 5 | o~ H S it o ) = “ 0,2 I 1 I A
O [ e Y (Ol e iy [ ol S ) A6 1 o § o= ST e Sl
—~ 15 1 =0 @) IS O ERS TSV T I o & @IE = H o L X LR : ! nd._ — Q)
o i 1o~ o (I el | O~ I o~ I+~ \0 — I = 1 i ) i 0 R Sl
() 10 | 1 0 Y] )] 1 B T s I 1o ] s Ve (- S e e 251 8
=] 15 e o e e i e | O | o ~0 |~ i Qe BRGNS
= | = N et oy | O~ o i s e eV e T I W e o R S S e P
= 13 I~ o — | O ~ |~ = 1 = O T R i e 1 1 e Q- & [ e fa e e i
1 |5 I~ [ e e G i w0 Lo QA |10 i A5 o N A O e R (e a2
& @ SN R (8T e & N i ONI O~ NI S e o R T oy S iy T o0 L0 i S o SR
o 11 IS\~ =iy (I VU e o\ | ~\O | =0 | - aQl WO = O « | F+~q J & | & O O~ I CR — O i EECAR
o ) R I TS NS e ) e s e | o B T b b e S T
5 T (i e TR R TN R0 e I ary IO Iy o e e R oM A R R T s
vl 1% 1 el et L SSRGS T S R R | G5 R e G MG, I s b e s TR e s A S D el
= % “8 “.21282 "221112 IO R AU [SS= = N HFG= s s A = NO S = H e = 1M=L SOy GURe = [ e e e
llllllllllllll I 1 1 I | [ 1 i 1 | JES
gl [ R e e S e e e e e s e e e e e e e e e e e e e e :
T ! el | ] { o el
1 | i H i I ] | 1
BN RMIEANORIT=CO 1= QUIRNEIR= 1 =i I= S = 008l “SHh\OIRSON ST ADIR=ONE ] DG JHON@IN-e0) [ 5= KoY IN\O'== o o | OO | OND s = oy
oo I s T (Vo W T T WY T2 W A VT Vo ¥ Vo W ANTo ¥ NCs ) SR I L A TS S D St i (o) & R8T ? (oo 2ao D& | P~ _u.%ao “.um_,l_ynw"
m .ﬁlu— “fs “ w I 1 1 Rt s i 1 1 bt 1 } 1 1 1 1
: I I I 1!
R | e e e M el Aleccrs RS LT L S ! | | . i | | |
=i T 1 | 1 1 = il e i ==y e I UK e e flEpe A T (R T
By o I | | 1 I I | | - i i |
M +© | 1 I 1 I 1 ] 1 i 1 | i
] ! 1 I ] 1 I I ) | | i 1
i) ] - 1 1 1 1 1 I I i ! ! !
(55} 1 I | 1 1 | i 1 I 1 1 I
1 I 1 1 | i | I i 1 i |
—~ 1 1 1 i 1 I | i 1 | [ |
: | i i \ | I 1 | : | 1 I
L ] ! i | B | i \ | | 1= | i 1
| ) i i | i © 1 1 i ! ! 185 g )
8 I 8 152 I o | i i o | | | o | o |8
5 1 | 1 = 7 | U
Ol © | O (o) (=] 1A | 1 @ ”m () 1 | 1 53 @
= ~A4 O 1 & o I O I & {0 I & (B (= 1) 1o | = e
7 = = 1 S i o = = (8 e L= s &
S i e 3 e e e | e
- 1 I 1 i 1 1
== == i G e B B Fe—————— f oo e = it
- | " L | _ i B
| = 1 i 1 1 | i
.,ume 1 | ol 1 1 | I 1 I i
e = R _ ! s Inm g
- | ® i ! 1
BRG] DS 1 1M W_.ﬂwr _@ _M, “@ _M. = _mv _M. m
=) i i i 1 i i I I ! !
R ] + =l (=l i} J 1 L ]t 1 [}
e o | | Al i 1 I ] ! : g
= m . I Il [} I 1 [ 1 I 1 1
5 o O I I ol i ! i ! ! 2 ; !
e L i Blg | iy ~m i s e
= X ] Ry 4 1 N
et i i SleF\ - g ﬂe e 1 {2 mu. cliaipse ! g
. s | et e Lai el < gk T i T




1 1 1
IR e e Sl s o e e e =Tt +
! rm ! ! 1 j | 1 | L_ __. 3 I 1
- I 1 I 1 | |
| O & sl ANNMO M N O+~ NI MO~ ~ OO MANOIOI o | W~ || I ]
" Q wa“ 5= — 5 m S = N 5| an = = IS = 1= ;leIJ_ = oousnwn/_?z 6526& 5“.1.“
; = | | I I | | |
e | | i | I I ) ) i
"l.mulm ﬁ. un 4_. |“\ |“ 1 el —l | [ ) 1 ._, |
lllllllllllllllllllllllllllllllllllllllllllllllll L ] i (TS S I S, ———d
1 i - I I S =y I | L8 ._1 _7 ) A_T
| | (@X I | (V[ ] Il =TI o 1l | | NV |
[B0) & N o I I LI [ QU ] | I L | ’
i) | (o] | I = e (] ) Ne) [ ARGy | | i |
[ | 1 (Y i s (S eV} (Y] (] o | | | oo =) N
[ O | = | I | =R G [ | (] [ I (o [ S 2 7o h
I I (c0] A 6O 1 I A Q[ CE) 1 @ =" g I 3 I (NI (S (eUE | M~
o ja— e | |G S = [P IR A | | R .
(L] | = D o 1 | ~ e [ e QU TSty | (=) ] | I o o | N ] .
[ J) [ S- LY IR | a O\ | I ([ aE=eNE ey e el (e | | N~ =~ | O s .
1o Vo) 1 - I ~ i al @iy Qs i os 1 " e (@) | 1 f| = I | — (R e s S| .
1 | - 0 | | I}y Wy o 11 IR = | @ | 1 I ] Sl .
S I © | = = (f ey | 1 Q| N = 119 (R S Sy | | o deci o R TR .
S [ | = Cime |~ o~ IO | =S W~ | = (G MO | a @ 1 | O~ [ 0 5 (o | .
® | © | oY Nl 2 | = = Al o | N — & | o [IECRCEGNRE SRR S ) l} I — S s .
5 i) | o = (O | O — | & -~ 10O a | OOy (PSSR | | - | sl G
< ([ o) I ~ 1O L ISy TR (<o) S s G 1 ooy S| I | o o | | = KO Fion « b i A
sy I @ I ol =  ald) | a0 o S s oot o[BS G)is— NN O e e BT e O | w0y o | o LENAL) S Sl = ] .
o e I o M= ol ] IOYAlGY QNS Il OO0 Al s | O = | €O GV [ TR e | S S (O N[ | I Y st == e | .
<) I (RO | aa (S = = IR IR (e I iy 1 a1y | | o o1 el .
o [ [0 e ) fANefia s I« Sl ey e i) (e ] NS am RGN o) i1 1 O T | .
S5 LS, e ey S Zem e a0 || &l =0 & | sy WO | I IO | IS R = B | ot 1O W a
e @l 1w “)4.4211522 I s+~ =0~ [ O~ Qs QU “lu..,/_,li e o e (s (| s el “ i (aX [ IRV, S [ e () .
= of | | | I | | j 1
W r_ EEESE e e and o S I e e ) IE b fe At LS o] (PSRN Sl P L Sl e e e S |
©) 1 1 | 1 I | 1 | i I
1 L ige | | | | | | | | | |
= N DR 1 1 e 1 I | | 1 1 1
% IR N D ROSIINOICO I ON s LG [ el G PRy =i = SO s QUGS Tay [t == el | | O=FIND [ MDY ]
A o IAdAg8 1A Al | Funnnnn | A IO NN NNy ] I YRy iy GG
| (S | 1 | I | [ | | |
o i | i ! I 1 | ! !
(oT Sw e S e e e e e | SR i e e >
w0 | 1 ] I I 1 | |
J_w.. “ 1 | | | " ” | |
I 1 I I 1 ! !
w1 I 1 I I I ! [ | =}
i | [ I l I ! | 1 | { o
I | [ I | I I ! ! =
1 I I | I I ! ! ! 1z
| 1 ! | 1 I E
i _ | " " “ ! _ i
| v
1 | 1 [ 1 1 I |1 © | A
I (=S I | I { I (L IS4
I 52 | 5 |8 (e I ) | e o
I © I 1 O 1 | = 1Sy 1 1 g |+ =)
ol e e e | B | hEe T 4
i 1 1 1@ | =
ol © I <q “ By " < n L) " = i ! = “ < @
= 1
wmrE— s e H————————— S B = = Sl E==
=il 1 1 | ! 1 Ol ! 1 ]
=g 1 1 I I 1 =i | i 1
SRl i \ 1 | 0l ! | |
B Bus 1 o 1< )| fua 1@ I <g Hl \O [Re] o) {\e} | \O m
) GF N | &\ [itaY (1S 1\ =1 ! I 1
(=11 Woc I 1 1 I 1 HIi I 1 =
@Dl I ! | | I al | i 1
<5t | e e e e - b= SE e ~+ t
Sl ! | i | 2 ' i i
- Ol Qo | =8
L og |- I |0 10 I~ ! [y I e o U
E-%.Q I 0 10 [ITsY 10 1o =1 0 [\O w | 1882
Al g0 | 1 I e ! I eeas i1y o Ll 2 {5
1 i B i 1 ! | I 2l i =] uu
I I i . I c il e e T 1 - e £
wclv-l“llll\.vl..l"!‘n: llllllllll e - e . e i e i i o N e




=47 -
APPENDIX VII (continued)

Statistical areas
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APPENDIX  ViiIa. o
.drea Summary of Intensive Survey data available in Head Office at end September, 1955.
| area surveyed eocoa foodfarms bush forest sparse "~ A-class B-—ol-e:s‘gl C~olass
fcode cocoa cocoa cocoa cocoa
3 —— - e e =i e, — R }._._ PSR
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| 03 262, 70L.8 Billy 1551 2,011.9 14,7664 163,082.7 1,108.7 [L3,992.4 6,979.7 26,828.L
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: APPENDIX VIIIa (comtinued).
Avea Summeary of Intensive Survey data available in Head Office at end September 1955 |

156, 802.6 !

8,723.7

136, 7717

2.826.0

‘A.. 2;99?—5

area | surveyed cocoa food bush ] forest . aparse £—closs |B-class [C-class D=class
code farms cocoa 1 cacoa cocoa lcocoa cocoa
L0 / 7,595.8 627.6 28li.3 263.9 6,30142 388 | 323.0 5.3 166.2 8l
LA 8,138.7 4,322,1 92.6 1,782.9 L, Al 27 L 7ok L 181.9 LA7,6 18.2
L2 ' 87,4h2.9 | 2h,6L7.1 6,26l.0 3753095 | 18,093.5 | 1,128.8 185 3y 3701 10,609.4 | L,178.4
L3 66,743-5 15,932.3 2,22944 12,796.2 35,6211 1618 1555846 L, 917.6 2,3%29,9
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77;7.3—~v2 13’—’4’/*9 L PR —97 &2 = 1 TSI, 1 60 683 6
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APPENDIX IXa.. (continued)
e summary of Intensive survey data
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APPENDIX X.

Recorded acreage of clecared land and

township included with Bush in

Intensive Survey summary.

cleared

land township Area land towns.
591.6 = 51 187.3
303. 2 - 53 BL -5
247410) - 55 2080, 7645,
LO7. 2 - 56 = 1552
10.1 = 57 250 2.8
5515 =
el 7] = 60 NG -
190. 7 = 61 = =
107.5 = 62 61.0 =
63 - -
2,527.6 - 6L - -
oL3, 2 =
507.8 = 70 = =
255l = 71 5.2 31,6
2, WLTE ) - 72 33.8 Lo, 1
73 5 s
1,260.8 - 2 e
74 5 - 80 = by
5155(0) - 81 = .t
5177 - 82 = et
2,501, 1 = 83 T =
3,820, Iy - 8l = =
u,ggg.u -
. = 90 395.8 285,
252.8 - 91 147.0 gy

23,338.9
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APPENDIX XI.

faetor and estimated yecar planting commenced.

Percentage of area Intensively Surveyed, condi tion~

_______ (i e 2 e T BRI
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_______ g COT s e S S R e
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APPENDIX XIId.
Analysis of Intensive Survey data by year

of survey. Inadequate data for relating
post-war and pre-war plantings level.

e (area estimated at 1,093 acres)
gurioNl o c o die
; T TE 7B 7C 9¢
% of total 1946 0.6 - 12.4 61.7
acres sur- 1947 - - ale) gl 38.3
veyed each 1948 - - = =
year 1949 = = = =
1950 10.6 )5 24.8 23.5 = 15.0
1951 40,1 43.9 22 58.0 = 38.0
1952 18.8 17.8 JonT 18.5 - 16.8
1953 M+9 73 2ok - 5.4
1954 546 448 il | - 3.7
1955 16.4 2.9 0.6 = 8.1
per 100 acres surveyed.
all cocoa 1946 - - 65 el 13.6 2351
1947 - = 35.7 20.7 24,7
1948 - - - - -
1949 - - - - -
1950 T1.3 5546 5644 42.1 = 584
1951 40.9 67.0 62.7 30. - 45.3
1952 3.7 70.1 671 34 = 4447
1953 62.0 64.2 73.6 - 63,0
1954 58.1 1.9 = = 5947
1955 anz 39.4 = = 10.8
o [L1915 D 46 - = 22 e 14,0
LGRS A - - 15 o8 17.5 16.9
i LI D 48 - - - = o)
8 [2918 | D49 £ = il z 2
o |2919 D 50 33.1 21.4 252 20.5 - 25.9
o | 1920 D 51 15.9 23.9 o0l 11.5 - a7z
{ & |1921 D 52 21,2 10.8 26.8 13.9 - 19.0
| et 1) 553 42.5 15.4 5.1 = 34.9
B VilSE g3 ol D 5 20.2 15.2 = = 18.2
R 1924 b5 | 2.7 | 21.8 | - - 3.9
w |.26-30 [ ¢ 46 - - 20.5 0.6 4.4
s {3 | G 4T = - 6 2,8 3,8
moo|18-32 | C 48 = = " g il
g 5119-33 | ¢ 49 = - =
| o 0 20-34 | C 50 285 19.6 179 6.8 - 19.7
SEEEL= 35 S0, Bl 18.3 2523 20,7 1,022 = 20.0
0 e2-36 | ¢ 52 L 47.2 29.8 9.7 5 18.3
! 23-37 | € 53 124 40.2 46.5 = 0 20,1
g | 24-38"| ¢ 52 22,2 52.0 = = 28.7
25-39 | C 55 4.2 16.0 o 4.9
31-38 | B 46 - - 12.3 - QL 2.5
32-39 | B 47 - - = 3 T
S e 33-40 | B 48 = < 3 i
& 34-41 | B 49 - - - - = =
L @ 135-42 | B 50 6.1 i 8.3 5 - 6.7
' & 36-43 [ B 51 4.1 5.2 9.9 5in = 5.0
2 |37-44 | B 52 2.0 8.3 6.5 3 - 3.9
o |[38-45 | B 53 1.8 5.4 13.0 = - 3.0
w | 39746 | B 54 2.1 4ol - - = 2.5
o A 46 - - Bl el - 0.2 RS
S oA 0l 1.5 = - - 0.5
| & A 47 = - 9.6 = 0,1 2.7
‘ 41-48 | A 48 = - = = = i
| o f42-49 | A 49 - - - - =
{ 25 143-50 | & 50 3.6 a5 5.0 9,1, = Sl
e 8 144-51 | A 51 Db 2.6 At 3.6 = 3.0
'a 45~52 A 52 248 3.8 4.0 7.9 L 3.5
46-53 | A 53 5.3 32 9.0 - = 5.0
47-54 | A 54 13.6 0.6 - - - 10.3
48-55 | A 55 1.9 0,1 - - - 145
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