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CACAO AS A CROP FOR THE OWNER-MANAGER IN PAPUA
AND NEW GUINEA

F. C. Henderson, B.Sc. (Agr.)*
HE world shortage of raw cocoa has greatly intensified interest in its 

expansion in Papua and New Guinea. This article is for those who 
intend becoming owner-managers of a cacao property in the Territory.
It is based on questions frequently asked of the Department of Agricul­
ture, by intending settlers and planters. Articles of a more technical 
nature by Specialist Officers will appear in future Journals.

Cacao has better long-term market prospects than any other crop 
suitable for Territory conditions. World production of cocoa has not 
increased since the War ; however, the world’s population has, and in the 
West, full employment and rising living standards have increased the 
potential market. The production lag is due to disease in West Africa 
and to economic and political factors in the various producing areas. 
Manufacturers believe that, given reasonably priced cocoa, they could 
place one million tons per year. Since the War, world production has 
varied between 650,000-740,000 tons. There has been no carryover 
from season to season for some time, hence, with no back lag, prices 
respond rapidly to each crop forecast issued from the main producing 
centres.

Cacao is indigenous to Central America 
and occurs naturally as a lower deck tree in 
rain forest regions, growing in clumps in 
creeks in the jungle and along water­
courses. It requires shade throughout its 
life. As will be stressed throughout this 

I article, adequate shade, properly handled 
during the early stages of growth, is the 
crux of successful cacao growing in this 
Territory.

The crop is grown from sea-level to 2,000 
! feet, 20° north and south of the Equator, 

where the annual rainfall is between 55 
I inches and 200 inches.

In this Territory it does best where the 
‘ rainfall is between 80 inches and 120 inches

Iwell distributed throughout the year. It is 
grown successfully here where the precipi­
tation is greater than 200 inches, but under

these conditions losses from black pod 
(Phytophthora) may be troublesome. In 
the dry areas of Southern Papua, the long 
dry South-East season is not favourable. 
Trees cease growing for six months of the 
year, and great care is needed to provide 
wind-breaks and adequate shade without 
undue competition for the limited soil 
moisture. The tree thrives best on a deep, 
well-drained soil, rich in organic matter, 
where the water table is below three feet. 
The best proven soils in New Guinea are 
the deep, well-drained, free-working pumice 
soils of New Britain and adjacent islands.

Clearing.
If tackled properly, the clearing of virgin 

bush for cacao is neither as expensive nor 
as difficult as is commonly believed. With 
experience, local labourers can be organized

* Chief, Division of Plant Industry, Department of Agriculture, Stock and Fisheries 
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into reasonably efficient clearing gangs. 
Undergrowth, vines and brush should be 
cut before felling commences. All trees 
must be cut down as any bush tree left 
standing will cause trouble later.

If the timber is fallen near the end of 
the wet season, it is normally possible to 
put a running fire through it in three to 
four months. Sometimes limbs of large 
trees are lopped after felling to assist the 
fire. A good initial burn can save much 
time and labour, but great care should be 
taken to choose a suitable time. A cutting 
and stacking line should never consist of 
fewer than twenty-five labourers. Smaller 
numbers mean more cutting, as the timber 
cannot be handled. Clearing gangs should 
be issued with full axes. New labourers 
sometimes object to these, but once accus- 
tomed to them will not revert to the three- 
quarter axe commonly used in the Native 
villages. All timber is cut either by axes 
or cross-cut saws into lengths suitable for 
handling and stacking. Attention to stack­
ing may appear time consuming, but in the 
long run saves money. Logs should be 
stacked, where possible, against hardwood 
slumps, or against hardwood logs too large 
to move. Large stacks pay dividends, 
especially when afternoon rains may be 
expected. Each day, before finishing work, 
all fires should be “ pulled ”, that is 
arranged so that half burnt-out logs remain 
in contact with each other and the burn­
ing stump. Many hardwood stumps can 
be burnt out when the stacks are large and 
the fires are given attention each night. 
Once alight, large stacks are not doused 
even by heavy rain.

The degree of stump grubbing necessary 
in establishing a new area is a common 
topic of debate. On virgin land a number 
of root disease fungi occur in the network 
of roots of jungle trees. Some of these will 
infect cacao. In theory complete removal 
of all timber, stumps and roots would 
eliminate all sources of root diseases and 
so give a clean plantation. In practice this 
is not possible. The amount of grubbing 
done is a matter of economics. Root disease 
fungi present in the roots of some jungle 
trees spread to the young cacao by direct 
contact of cacao roots and infected material 
left in the soil. Air borne spore infection 
from above-ground timber is of minor 
importance if it occurs at all. The modern 
idea is to use the growing crop (cacao) as

an indicator of sources of root disease infec­
tion. It is cheaper and more effective to 
thoroughly grub and clear limited areas 
around centres of root rot infection when 
they are located by the growing cacao trees, 
than to attempt to remove all stumps and 
roots during initial clearing operations. 
Hence the bulk of the grubbing is done not 
before planting an area but during the 
early stages of the growth of the crop. 
Labour and effort can then be concentrated 
vhere it is needed, i.e. where root disease 
ictually exists. Stumps not infected are 
left—they do no harm and slowly rot out.

It is frequently asked if mechanical 
clearing of virgin jungle is cheaper than the 
use of Native labour. Although there is 
little experience on which to base an 
opinion under New Guinea conditions, all 
the indications are that bulldozers and 
heavy tractors still cannot compete with 
Native labour efficiently used.

Lining.
After clearing, every effort should be 

made to get shade established quickly to 
protect the soil and keep out weeds and 
grass. Do not clear too large an area 
before commencing to line and establish 
shade. Concentrate labour on an area that 
can be handled quickly, that is one on 
which lining, holing and shade establish­
ment can be completed in four to six weeks. 
The spacing recommended for our condi­
tions is fifteen feet. This distance should 
always be used in the initial planting. Later 
experience may show that local conditions 
permit a closer spacing. Lining may be 
done on the “square" or on the ''triangle". 
The latter is recommended as it gives thir­
teen per cent, more trees to the acre, 
makes more efficient use of the land than 
” square " planting, and is just as easy to 
do, To line on the triangle, a lining wire 
is required. This is made with three iron 
rings about three inches in diameter (bull 
rings may be used) and three lengths of 
non-stretchable wire (piano wire, or light 
aircraft cable). The wire must be light, as 
labourers will not keep heavy wire taut or 
horizontal when working over logs and 
around stumps. To make a lining wire, 
choose a flat piece of ground and drive 
three iron spikes into the ground to form an 
equilateral triangle with sides fifteen feet 
long. Drop a ring over each spike ; attach 
both wires to the ring at the apex (A) of



47Vol. 9, No. 2—October, 1954

LINING WIRE

A

Bull rings Piano wire 15 Ft long

Equilaheral triangle.
Fig. I.

the triangle; the others ends of the wire 
j are attached to the rings at B and C re- 
; spectively. The wire is pulled tight, so that

I ground permanently and used to check the 
wire from time to time. It is a good prac­
tice to instruct labourers to bring the wire 
in each night after work and drop it over 
the spikes, then any stretch or change can 
be immediately detected.

LINING ON

Use of the Wire.
A base line is first marked out by plant­

ing straight sticks four feet long at fifteen 
foot intervals. Lining with the wire com­
mences by holding the rings on the loose 
ends of the wire against adjacent sticks 
(A and B in sketch) in the base line and 
pulling the ring at the apex (Al) taut. This 
marks the position Al for the next plant­
ing stick. The wire is next held at B and 
C and point B1 is marked and so on until
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the next line of sticks is placed in position. 
Three labourers are required, one on each 
ring, and one or two to carry sticks. 
Labourers can line quickly by this method 
if taught to watch the following points :—

(a) Keep the wire taut.
(b) Keep the wire as close to the ground 

as practicable.
(c) Keep both wires horizontal when 

straddling logs and stumps.
(d) See that the lining sticks are vertical 

before moving on.
(e) If using wire above ground level to 

straddle stumps, ensure that the head 
of the stick is not pulled out of align- 
ment.

Errors will creep into lining. They are 
cumulative; hence it is advisable to strike 
a fresh base line whenever crossing a pro­
posed road.

Holing.
Immediately a block has been lined, holes 

should be dug and left open to weather. 
Holes eighteen by eighteen by twenty-four 
inches are recommended. In the lighter 
pumice soils, the size of the holes is not as 
important as on heavy soils. On the latter, 
and when holing to interplant cacao under 
mature coconuts, the size of the hole should 
not be reduced if the young plant is to be 
given a good start. This also applies when 
planting at “ stake ”.

Establishment of Shade.
The provision of ample shade and correct 

shade manipulation cannot be over-stressed. 
It is the secret of successful cacao growing 
in this Territory. Much of the trouble in 
young plantations, such as unthrifty 
growth, infestation by pests and diseases, 
can be put down to faulty shade. If plant­
ers forget about their cacao and concen­
trate on growing a successful shade crop, 
many of their difficulties will vanish. 
Correct shade density cuts establishment 
and maintenance costs.

Shade should be regarded as a protection 
for the seedling cacao, and as a smother 
crop to control weed growth. It is false 
economy to skimp in an attempt to con­
serve seed when planting shade. A few 
extra pounds of seed per acre have only 
to save two or three maintenance cleanings, 
to pay a dividend. Plant shade quickly

after clearing to prevent grass getting into 
a new area—plant it thickly to keep out 
grass and weeds. Correct shade density 
brings cacao into bearing early, whereas 
faulty shade may delay cropping by twelve 
months or more. Poorly shaded areas are 
more liable to attack by leaf and bark 
eating insects—too densely shaded areas are 
liable to borer and disease attack.

Cacao requires shade throughout its life 
but shade is more important in the first 
three to four years than when the trees 
are mature. A permanent shade of tree 
crops may be established, and when suffi­
ciently advanced to give protection, the 
cacao may be planted. However, to save 
time, quick-growing shrubs are usually used 
to give protection for eighteen months to 
two years while the permanent shade trees 
are becoming established. It is essential to 
plant both the temporary and permanent 
shade at the same time. It is also essential 
to wait until the temporary shade is giving 
good cover before putting the cacao in the 
field. Nothing is gained by getting young 
cacao seedlings in the field before adequate 
shade is provided. Without shade they are 
slow growing and maintenance is costly. 
Too early planting of cacao costs, not saves, 
money.

The desirable characteristics sought in a 
permanent shade tree are :—

(1) Leguminous.
(2) Ease of propagation—cheapness of 

seed.
(3) Tall growth habit to clear cacao and 

allow good aeration.
(4) Deep root habit, so as not to com­

pete with cacao for soil nutriment.
(5) Strong wooded, so not liable to wind 

damage.
(6) Resistance to insect and fungal 

attack.
(7) Ability to withstand constant prun­

ing.
(8) Ability to provide light, feathery 

shade.
No tree used in New Guinea fulfils all 

these requirements. Below are listed trees 
commonly used for permanent shade in this 
Territory.

Leucaena glauca approaches the ideal 
closer than any we have yet tried. It is 
leguminous, easy to propagate, relatively 
disease and insect resistant, stands lopping



Vol. 9, No. 2—October, 1954 49

Crotaiaria anagyroides "
Fig. 3.

temporary shade with " Leucaena glauca permanent shade 6-8 weeks.

Fig. 4.
Crotaiaria anagyroides " temporary shade with " Leucaena glauca " permanent shade. Almost

ready for planting cacao.
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Fig. 5.
Mature cacao under " Leucaena " shade.

well, is strong and provides a feathery 
shade. However, it is not tall growing, 
and it does not give sufficient clearance 
over the cacao trees. It seeds prolifically 
and seedlings cause a certain amount of 
annoyance until the cacao canopy meets 
and by shading prevents germination.

Erythrina lithosperma is a large, quick- 
growing tree, readily propagated from cut­
tings ; it is taller than Leucaena, but loses 
its leaves in the dry season when its shade 
is needed most. It is frequently defoliated 
by caterpillars; it is subject to borer attack 
when aged, necessitating its removal after 
twelve to fifteen years. Due to the size of 
the tree, its removal entails considerable 
damage to the surrounding cacao. This is 
not considered a very suitable shade tree.

Erythrina glauca is-a smaller tree- than 
the above species. It does not appear so 
susceptible to borer attack and has a longer 
effective life. However, it sheds its leaves 
in the dry season and is periodically defoli­
ated by caterpillars in some districts in the 
Territory.

It is regarded more highly as a shade for 
cacao than Erythrina lithosperma.

Albizzia sumatrana is a tall-growing tree, 
which towers above the cacao and provides 
a good feathery shade. Its seed is difficult 
to collect, and the seedlings not easy to 
establish in the field. It is brittle and liable 
to wind damage. Not recommended.

Peltophorum inerme is a moderate-sized 
tree, quick growing and easy to establish 
from seed. It is rather brittle, but may 
prove a useful shade in the drier areas of 
Papua.

Albizzia lubek is a hardwood tree, not as 
susceptible to wind damage as other Albiz- 
zias, provides a feathery shade but is rather 
slow growing.

Albizzia stipulata is a quick-growing tree 
with straggly growth habit. It is brittle and 
is. not considered a satisfactory shade tree 
under coastal conditions.

Coconut. The coconut makes an ideal 
permanent shade for cacao. Its disadvantage 
is the long period that has to elapse between 
establishing the coconut and planting the 
cacao. It is not wise to interplant a coco­
nut area until the palms are five years old. 
If planted earlier, temporary shade needed
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by the cacao is detrimental to the coconuts.
It forces them into a long, leggy mode of 
growth.

Temporary Shades.
Desirable characteristics sought in a tem­

porary shade plant :—
(1) Quick growth.
(2) Ease of establishment.
(3) Free seeding habit—seed easy to 

collect.
(4) Ability to last at least eighteen 

months.
(5) Leguminous.
(6) Resistant to pest and disease.
(7) Ease of eradication if need arises.
(8) Resistance to wind damage.
(9) Ability to grow at least six feet high.
Crotalaria anagyroides. The most com­

monly used temporary shade in New 
Guinea ; it is a quick growing shrub, easily 
propagated from seed. It will give satis­
factory temporary shade within three 
months and will persist for eighteen 
months under coastal conditions. It is 
liable to wind damage and is susceptible 
to “pink” disease (Corticium). The seed 
is easy to collect.

Tephrosia Candida is a shrubby plant, 
growing six feet to eight feet high. It is 
more woody than Crotalaria and slower 
growing, but will persist up to three years. 
It can be used alone but for a quick cover 
it is better used in a mixture with Crota- 
laria. It supports the Crotalaria during its 
life and carries on after the Crotalaria has 
died out. Its seed is rather difficult to 
collect and is frequently found to be insect- 
infested in the pod. Where large trees are 
used as permanent shade with a spacing of 
thirty feet and upwards, this is a most use­
ful temporary shade, as it persists suffi­
ciently long to allow the permanent shade 
to establish a canopy.

Tephrosia vogelii is smaller than Teph­
rosia Candida, but is not so tall growing nor 
as long lived. The seed is not so suscep­
tible to insect attack in the field as T. 
Candida; it has limited use.

Cajanus indicus (Pigeon Pea). This is 
the quickest growing of all shade species. 
It gives perfect shade for a short period. It 
is extremely susceptible to insect and Cor­
ticium attack. Hence its use is not recom­
mended.

Fig. 6.
Young cacao tree suffering 

from severe exposure.
Bananas are not recommended for shade 

under any circumstances. In New Guinea 
they are a weed, and once established in a 
cacao area are troublesome for years.

It is recommended that both temporary 
and permanent shade be planted in the 
same lines as the cacao at right angles to 
the base line. With cacao at fifteen feet 
on the triangle this gives shade lines seven 
and a-half feet apart (see figure).

A number of shade combinations and 
planting methods are recommended. In all, 
the first step is for the labourers to prepare 
a seed bed by hoeing a continuous strip 
twelve to eighteen inches wide straight 
across the field over the open cacao holes.

Method 1.
Temporary Shade—Crotalaria anagy­

roides.
Permanent Shade—Leucaena glauca.
Crotalaria seed is dibbled in the prepared 

beds in a continuous line three feet to six 
feet each side of the cacao hole. The
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SHADE ARRANGEMENT

|.7 7 6-.| I | I I I I I | I I

Base Line

Cacao holes
Temporary Shade - Crotalaria 

Permanent Shade - Leucaena

anagyroides (3 Feet each side 
of hole.)

glauca

Fig. 7.

Leucaena seed is planted through the 
remainder of the beds between the holes 
joining up with the Crotalaria.

Method 2.
Temporary Shade—Crotalaria anagy­

roides.
Permanent Shade—Leucaena glauca.
Crotalaria is dibbled in a continuous line 

from cacao hole to cacao hole. Seed of 
Leucaena is planted in with the Crotalaria 
in the mid-section between the holes.

Method 3.
Temporary Shade—Crotalaria anagy­

roides.
Permanent Shade—Leucaena glauca.

Established from rooted seedlings or 
cuttings.

This is the same as Method 2 except that 
the Leucaena is established by planting
three to five rooted seedlings three feet to 
four feet long, of finger thickness, instead 
of seed. Cuttings may also be used but the 
strike from these is uncertain. Leucaena 
seedlings are hardy and can be pulled out 
of the ground, topped with a knife, and 
dropped into holes made with a pointed

stick and the ground firmed around them 
—they will strike easily and readily.

The advantage of Methods 2 and 3 over 
Method 1 is that a quick coverage is i 
obtained over the whole area and so main­
tenance is reduced. However, the method ! 
is applicable only when ample seed supplies ; 
of Crotalaria are available.

Method 4.
Temporary Shade—a mixture of Crota­

laria anagyroides and Tephrosia Can­
dida.

Permanent Shade—Leucaena, A Ibizzia, 
Erythrina or Peltophorum.

This is the same as Method 1 but 25 per 
cent. Tephrosia seed is added to the Crota­
laria. The advantages gained are—

(i) the temporary shade lasts longer as 
the Tephrosia carries • on after the 
Crotalaria dies out;

(ii) Tephrosia, being woody, holds the 
Crotalana and prevents wind fall.

Where larger species of permanent shade 
are used they are spaced 30 feet to 45 feet 
apart, and do not give adequate shade 
for some time. Hence it is essential, where
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these are used, to add Tephrosia to the 
temporary shade mixture to carry on the 
temporary shade until the permanent 
canopy is established.

Method 5.
Temporary Shade—Leucaena glauca.
Permanent Shade—Leucaena glauca.
Leucaena may be used as both a tem­

porary and permanent shade. The seed is 
dibbled in a continuous line from cacao 
hole to cacao hole. It grows as a hedge and 
is continuously reduced until at maturity 
only one to three plants have been allowed 
to persist between cacao holes to form the 
permanent shade.

The planting of cacao is delayed by this 
method as the Leucaena is rarely sufficiently 
advanced in under six months to give 
adequate shade to the seedling. The method 
is used where temporary shade seed is 
difficult to obtain.

Shade may be established between the 
cacao lines by any of the above methods or, 
alternatively, temporary shade may be 
planted in the lines and permanent shade 
between the lines of cacao. Neither of the 
above methods is recommended, as plant­
ing both temporary and permanent shade 
in the same lines as the cacao has a number 
of advantages :—

(i) Permits early establishment of cacao 
in the field. The temporary shade 
being right over the hole gives protec­
tion quickly where it is needed.

(ii) Fewer seedlings are damaged by 
maintenance labourers.

(iii) On the better cacao soils competi­
tion between temporary shade and 
cacao is negligible.

Planting Cacao.
Cacao should not go into the field until 

the shade is satisfactory. There are two 
methods of planting :—

(i) At stake;
(ii) Transplanting from a nursery.

Planting at Stake.
This is recommended wherever possible. 

The holes left open to weather after clear­
ing are filled with top soil some days before 
planting and allowed to settle to ground 
level. Two or three cacao seeds are then 
planted to a depth of one inch to two 
inches. If the beans are planted flat side 
down the incidence of malformed and

twisted seedlings is reduced. Before the 
seedlings reach the five-leaf stage the 
strongest one is selected and the rest 
removed.

Fig. 8.
Bench rooting due to bad transplanting.

Planting Out of a Nursery.
The construction of permanent nurseries 

is not recommended. Temporary ones 
sited near the new areas reduce transport 
costs. The sites chosen should be well 
drained and near water. Making use of 
standing timber for nursery shade is not 
favoured. It is better to support a roof of 
coconut fronds or bush material on wooden 
posts for shade. As the roof dries it lets in 
more light and hardens off the seedlings.

Cacao seedlings should never be raised 
in nursery beds. With New Guinea labour 
too much damage is done to such seedlings 
during transplanting. Damage to the tap­
root in cacao is permanent and distorted 
roots fail to develop. The seedlings may 
grow normally in the field but losses by 
wind fall from three to four year old trees 
that have been badly planted can be most
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serious. Cacao seedlings raised in a nur­
sery should always he grown in pots or 
baskets. Giant bamboo is available in some 
districts. This can be made into excellent 
pots by cutting below the node, removing 
the bud, and punching a drainage hole

through the septum forming the bottom of 
the pot. The pot is then filled with loamy 
top-soil or a compost mixture and stood in 
rows upon loosened soil underneath the 
shade house. One cacao seed is planted in 
each pot.

Fig. 9.
Cacao nursery.

If giant bamboo is not available, baskets 
may be woven out of Calamus sp., bamboo, 
or the fronds of coconuts. The latter is not 
very satisfactory as the baskets rot in the 
nursery. Planting tubes may be made from 
sisalkraft or light gauge galvanized iron. 
Sisalkraft tubes should be raised above 
ground level in the nursery as they rot on 
contact with the ground. Iron tubes are 
expensive and must be used several times 
to cut costs.

The day before transfer to the field the 
seedlings should be watered. Seedlings in 
palm-leaf baskets can be- planted -in the 
field without removing the baskets. Bamboo 
pots, sisalkraft and iron tubes must always 
be removed. If left they rot away slowly 
and restrict root development.

When transplanting, care is needed to 
see that the tap root is not damaged and 
the seedling is planted the same depth in 
the field as it stood in the basket or pot.

Whenever possible planting at stake is 
recommended. It is cheaper and produces 
a better-rooted tree. Where giant snails 
(Achatina), rats or ants are troublesome qr 
seed in short supply, it may be necessary 
to make a nursery.

Selection of Seed.
The establishment of cacao from seed 

is still the only practical method in the 
Territory for commercial plantings. The 
Department of Agriculture, Stock and Fish­
eries, has developed a simple method of 
propagating from cuttings, which could be 
used by planters, and is developing clones 
suitable for local conditions. However, 
the high cost of establishing clonal cacao, 
transport difficulties, the need for much 
more testing of clones and clonal mixtures, 
makes the use of cuttings for commercial 
plantings still some years away. An estab­
lished planter, wishing to extend his area.
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may later be able to use clonal material 
but it is doubtful if cuttings will ever be 
used extensively by a new settler establish­
ing his initial living area. The writer 
believes that the production of clonal seed 
is possible and practicable and is the next 
stage in improving planting material for 
commercial use in the Territory. The 
Department of Agriculture, Stock and Fish­
eries is pressing ahead with the production 
of clonal seed but it will be some years 
before it will be available for commercial 
use.

Whenever possible cacao seed should be 
obtained from the Department of Agricul­
ture, Stock and Fisheries. Howrever, due to 
transport difficulties it is frequently more 
convenient to use local seed. Attention 
should be paid to the following points 
when selecting local mother-seed trees :—

1. Select on yield, bean size and vigour 
in that order.

2. Yield can only be assessed by keeping 
yields over a period of years. Selection 
for yield on casual examination can be 
most misleading. Some trees consist­
ently carry a few pods all the year 
around—others have a definite crop­
ping season. Some trees yield heavily 
one year but not other years.

3. Observe the position of the tree—is 
lack of competition giving the tree an 
unfair advantage which shows in yield 
and vigour ?

4. Examine the internal colour of the 
beans—avoid extreme types, i.e. those 
with a very light or very dark “ break ”. 
Avoid trees giving a wide variation in 
“ break ” in individual pods. Too 
wide a variation in type or “ break ” is 
not desirable as it makes satisfactory 
fermentation difficult.

5. Choose moderately sized plump beans 
in preference to large flat ones.

6. New Guinea cacao is hybrid material 
with a high percentage of cross-pollina­
tion, hence select widely and do not 
limit seed collection to a few trees.
Interplanting Mature Coconuts.

The interplanting of mature coconuts 
with cacao is a most successful form of 
double cropping. The two crops are widely 
separated botanically and have few if any 
common pests and diseases. The coconut 
provides ideal shade for cacao and the

cacao is a most profitable smother crop to 
reduce maintenance in the coconut area. 
Some of the oldest interplanted areas in 
the Territory are now over 50 years old. 
There is no evidence whatsoever to indicate 
that coconut yields have been depressed by 
interplanting, in fact, indications are that 
the build-up of leaf litter from the cacao 
more than compensates for the greater drag 
on mineral nutrients from the soil.

Coconuts are normally spaced at thirty 
feet in Papua and New Guinea. This is an 
ideal spacing for interplanting. The cacao 
is lined at fifteen foot intervals between 
the coconut lines and in the coconut lines. 
It is sometimes considered preferable to 
plant only between the lines to permit freer 
access and aeration through the area. 
However, the advantage of greater returns 
and establishment of a complete smother 
:rop through the area more than outweigh 
he advantage of better aeration. The inci­

dence of pod rot on areas planted in and 
between the lines does not appear to differ 
in any way in areas planted between the 
lines only.

In interplanting with cacao it is essential 
to dig large holes to break up the mat of 
coconut roots and grass and give the young 
cacao seedling a good start. The holes 
should be filled with top soil free of roots 
before planting. Temporary shade is neces­
sary for the cacao in its early stages of 
development. Where the fronds form a 
good canopy the construction of temporary 
shade houses from fallen fronds to supple­
ment shade for three to four months may 
be sufficient. Where the coconuts are 
planted at thirty-three feet or where the 
canopy is not tight it is necessary to grow 
Crotalaria or some other temporary shade 
species.

One indication of the need for a living 
emporary shade is given by the growth of 
he Crotalaria itself. If it grows reasonably 

well it is needed—if the shade is such that 
Crotalaria does not grow, temporary shade 
houses are adequate. For interplanting 
with cacao some of the shrubbier Cassia 
species are probably more suitable than 
Crotalaria; they are more tolerant of shade.

The advantages of inter-planting are :—
1. Clearing costs are eliminated.
2. Use can be made of established capital 

buildings and equipment.
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3. Land under coconuts for years is free 
of timber and stumps, and the inci­
dence of root rot is lessened.

4. Maintenance cost on coconuts is 
reduced by the elimination of grass 
cutters.

5. The humus content and physical con­
dition of soil beneath the coconuts is 
improved by the accumulation of leaf 
litter from the cacao.

The damage done to cacao by falling 
fronds and nuts is not great. In coconut 
areas widely spaced or with open areas due 
to war damage or lightning strike it may 
be necessary to provide permanent shade 
additional to the standing coconuts. 
Leucanea can be used for this purpose.

Plairting Grass Land.
Kunai (Imperata arundinacea) is usually 

the dominant species on grass land suitable 
for cacao. Kunai may be suppressed by 
heavy shade. The difficulty is to get shade 
established through it. Two methods are 
recommended :—

(i) The grass is cut and the land 
ploughed and cultivated. The area is 
then lined and holed and Crotalaria 
established quickly and thickly.

(ii) A slower but simpler method is to 
cut the kunai, line and hole for cacao, 
then plant three to five well-developed 
Leucaena seedlings between each cacao 
hole as recommended earlier in this 
article. If the Leucaena seedlings are 
three feet to five feet high when 
planted and get away, they will eventu­
ally form a canopy and shade out the 
grass. It may be necessary to cut the 
kunai two or three times to give the 
Leucaena a good start. It is essential 
to keep fire out of the area so effective 
(Ire breaks are necessary.

Plantation Management.
Efforts spent in cutting traverses across 

virgin country before beginning operations 
is well worthwhile. Only from information 
gained in this way can a planned plantation 
be established. Bad siting of roads, ferment­
ing house, driers and labour quarters can 
affect both the cost of development and 
production, when the property is in bear­
ing. A good layout can reduce transport 
costs, eliminate much carrying and make 
the property more attractive to labourers.

Where the topography is suitable, twenty 
acre to twenty-five acre blocks are a satis­
factory size. Smaller blocks waste too much 
land in roads. Larger ones increase access 
difficulties. An oblong block twenty chains 
by ten chains is better than a square one of 
the same area—it entails less carrying and 
gives better access for pest control should 
power spraying become necessary at 
maturity.

Roads not required immediately can be 
put under erect shrubby shade or a creep­
ing cover to cut maintenance costs until 
needed. Fermentaries, driers and labour 
quarters should be centrally situated and 
adjacent to water.

Intercropping.
In a young cacao property the practice 

of growing annual or food crops between 
the lines of cacao is not recommended. If 
temporary shade, such as Crotalaria, is 
used as both a shade and smother crop a 
complete cover is obtained in three months 
and weed control is practically eliminated. 
If the shade stand is reduced to permit the 
growth of annual or food crops between the 
cacao lines, both crops suffer, the cacao 
from lack of shade and the annual crop 
from too much shade. It is far better to 
raise annual or food crops on the land 
before putting down shade for cacao. 
Intercropping with cacao is not a success. 
Gains from the annual crop are absorbed 
by increased maintenance in the area after 
their removal and by delayed maturity of 
the cacao. A settler aiming at establish­
ing a cacao property is advised to concen­
trate on cacao until he has established a 
living area. The quicker he gets his per­
manent crop in the ground the sooner will 
he be financially secure.

Shade Manipulation.
Once a good stand of temporary shade 

is established, maintenance consists of 
reducing the cover as the cacao grows. 
Little effort is required for weed control. 
As the seedlings grow the temporary shade 
is progressively cut back from the hole to 
allow in more light. The general appear­
ance of the plant indicates what is required. 
With too much shade a seedling develops 
a “ leggy ” look, growing tall and spindly; 
with too little, growth is checked, leaves 
become harsh and papery to the feel.
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Trimmings from the shade are left on 
the ground to rot. Slashing of Crotalaria 
and Tephrosia is all that is required on the 
coast as neither of these two covers persists. 
Where Leucaena has been used for both 
temporary and permanent shade, reduction 
is more costly. The Leucaena must be 
pulled out or cut out below ground-level. 
With older Leucaena the labourer should 
scrape away the ground at the butt of the 
'ree and cut down below the surface with 
i “ V ” cut.

The stump below the ground will shoot 
but after two or three slashings will die out. 
Most of the prejudice against Leucaena has 
arisen from attempts to control areas over­
grown with Leucaena during the war. 
Efforts were made to control it by cutting 
twelve to eighteen inches above ground- 
level. Such stumps are most persistent but 
even these and self-sown seedlings die out 
once the cacao trees begin to touch and 
form a canopy. By the time a plantation 
is mature only one or two Leucaena trees 
are left between the cacao. The larger 
permanent trees are reduced to a perman­
ent stand of one every thirty feet to forty- 
five feet.

A small shade species like Leucaena is an 
advantage in areas where there is a marked 
wet and dry season. Under these condi­
tions, heavier shade is required in the dry 
season than the wet. This means lopping 
the permanent shade as soon as the wet 
season begins.

Leucaena is easy to handle, stands lop­
ping well, and no damage is done to the 

'cacao by falling limbs. With larger species 
I lopping is more difficult and damage to 
cacao is hard to avoid.

There is little place in a well-handled 
cacao plantation for creeping ground covers. 
In immature plantations temporary shade 
will control weeds. In older plantations 

“ the cacao itself shades out weeds and by 
the time the plantation is five or six years 
old a layer of leaf mould begins building 
up on the surface.

In any case rampant covers like Peuraria 
or Centrosema should never be used. They 
are troublesome climbers and if left 
unchecked for any time may smother many 

! [young trees.
Dolichos hosei or Desmodium scorpiurus, 

[weak or non-climbers are suitable for use

with cacao if a creeping ground cover is 
required. Seed of both is difficult to collect 
and so they must be established from 
runners.

Pruning.
With cacao, pruning is a minor charge 

against plantation maintenance. It is 
neither difficult nor arduous, but consists 
mainly of desuckering. It is necessary to 
understand the habit of growth of cacao to 
prune correctlv. The tree is dimorphous, 
that is it has two growth forms.

From the seed the plant develops a single 
straight stem called a “ chupon This 
generally grows three feet to six feet tall 
before it ramifies, that is, forms a crown 
by putting out three to five lateral branches 
(fanwood). If the tip of a young cacao 
tree is damaged a lower bud will continue 
upward growth. A bud on a chupon 
always produces chupon wood, hence 
height of ramification is not normally con­
trolled by pruning back or topping.

A tendency to ramify high or low is 
inherent in the plant, but may be influenced 
by manipulation of shade density. Heavy 
shade encourages high ramification, light 
shade low ramification. Within limits the 
desirable height of the crown above the 
ground is a matter of personal opinion. Low 
ramification makes picking easy; high rami­
fication improves accessibility.

Pruning largely consists of removing 
sucker shoots from the “ chupon ” to pre­
serve a single-stemmed tree, or water-shoots 
from the crown to preserve a single-decked 
tree. Fanwood may produce a chupon, or a 
sucker from the main stem may grow 
straight up like a shoot from the seed and 
form a second crown three feet to six feet 
above the first, giving a two-layered tree. 
This type of tree is difficult to harvest and 
so should be avoided. The leaves on chupon 
wood are always arranged in a spiral 
fashion around the stem at 90° intervals. 
On fanwood they are spaced opposite at 
180°. Labourers can be taught to recognize 
the two types of growth so that pruning can 
be done early by rubbing off suckers. If 
left until later the suckers should be cut 
off flush with the stem or branch. A sharp 
knife is more suitable for this than seca­
teurs.

Apart from desuckering, pruning consists 
of opening up some trees to let in more
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light. Little advantage is gained by attempt­
ing to shape the crown of a tree. All 
dead and damaged wood is removed from 
the tree during pruning operations. Any 
large wounds are treated with a proprietary 
wound dressing such as treseal.

Rejuvenation.
Trees damaged by falling fronds or shade 

can be rejuvenated by stumping back to 
one foot. A sloping cut is made with a saw, 
the surface trimmed with a sharp knife, 
and then treated with a wound dressing 
or paint. Coal tar is not satisfactory. A 
chupon comes away from the stump and 
will form a new tree. If near the ground 
it will frequently form its own root system, 
and the old stump rots out. When this 
happens the chupon after it forms a crown 
is liable to be blown over before it has time 
to develop a satisfactory root system. With 
trees blown down it is better to leave the 
tree and the chupons will develop along 
the trunk. One may be selected near the 
base and the rest removed. When this 
chupon ramifies and is well developed the 
fallen trunk can then be cut off above the 
chupon. Better wound callousing occurs 
using this method, and the danger of the 
stump rotting out is reduced.

Pests and Diseases.
New Guinea is very fortunate in being 

free of the major cacao diseases. Neither 
Swollen Shoots or Witch’s Broom has ever 
been recorded here. The position with 
insect pests is not so favourable. A large 
variety of insects attack cacao in the Terri­
tory but most of them are of minor import­
ance and are significant only where the 
shade is faulty or the crop is growing under 
unfavourable conditions.

Black Pod Rot (Phytophthora palmi> 
voTü). As in most cacao growing countries 
of the world, this disease is widely spread 
throughout the Territory, and causes greater 
crop losses than any other pest or disease. 
In Central America the disease causes also 
chupon wilt and leaf fall, but there is little 
evidence that it does so in New Guinea. 
Here it is significant as a pod disease only.

The fungus attacks pods at all stages of 
development. A brown spot first appears 
on the pod and progressively extends all 
over it. With age the infected areas turn 
black. If infection occurs when the pods 
are young, they fail to develop, but if 
older pods are attacked it is possible to

harvest some of them before the fungus 
penetrates to the beans. Infected pods do 
not fall but persist on the tree. If left 
hanging the fungus may infect the pod stalk 
and work back into the fruiting pad. Later 
fruits developing from infected pads become 
infected and from there the disease is 
spread by splashing rain. It is possible to 
distinguish pad infection from splash infec­
tion. With the former, discolouration 
starts at the stalk end; with splash infection 
discolouration may begin anywhere on the 
pod. Phytophthora will kill a fruiting pad 
within three years. In time the fungus may 
also grow into a branch and cause cankers. 
A number of these on a branch or twig 
may eventually cause the death of that part 
of the tree. Canker damage in New Guinea 
is generally not serious.

The development and spread of the dis­
ease is favoured by humid conditions. Pod 
rot is always most severe in overshaded 
plantations in wet weather and in areas of 
high rainfall.

The disease can be and is controlled in 
some parts of the world by spraying with 
Bordeaux mixture, but usually control can 
be obtained by regular and frequent har­
vesting if at the same time all diseased, 
over-ripe or damaged pods are removed 
from the tree. Black pods left hanging in 
the trees and infected fruiting pads are thfe 
sources of infection from which the disease 
is carried on from crop to crop. It is dis­
persed in each crop by splash infection. In 
West Africa, seven to ten day regular har­
vesting has reduced the incidence of black 
pod from sixteen per cent, to four per cent, 
on experimental areas.

Although figures are not available for 
this Territory, experience indicates that 
regular harvesting and removal of infected 
pods greatly reduce the incidence of this 
disease. As the disease is spread by rain 
splashing from infected to clean pods, there 
is no need to destroy black pods removed 
from the tree—they can do little harm if 
left lying in the field.

Regular harvesting with removal of all 
infected pods is recommended at two to 
three weekly intervals throughout the year, 
including the off-season. In young areas 
attention to regular harvesting even when 
the crop is of little value prevents pad infec­
tion and reduces black pod evidence at 
maturity.
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The lowering of humidity in the cacao 
field by shade reduction minimizes black 
pod attack and spraying with Bordeaux 
mixture is not considered necessary.

Anthracnose Gloeosporium—This is a 
disease of cacao pods. It is common in the 
Territory but not serious. It differs from 
black pod in that it can only gain entry 
to the pod through injury or insect bites. 
It first appears as small discoloured spots 
under the skin of the pod. These spots 
become raised above the surface of the pod 
and the skin cracks forming pustules, giving 
the pod a roughened appearance. The 
spots do not spread laterally to any extent, 
but the fungus may penetrate inside the 
pod and destroy the beans. Generally 
infected pods are still usable. The disease 
is not of economic importance but in the 
early stages may be confused with capsid 
attack. However, capsids cause small 
sunken water-soaked areas, whereas with 
this disease the infected areas are raised 
above the surface of the pod. The fungus 
may follow capsid damage. The only con­
trol necessary is regular harvesting.

Pink Disease—Corticium salmonicolor.— 
This generally is not a serious disease of 
cacao in the Territory, although it is very 
common on a wide variety of crops includ­
ing shade plants such as Crouxlaria, Teph' 
rosia and pigeon pea.

The disease first appears as a pink 
encrustation around branches and twigs of 

I trees. The bark splits and the leaves wither 
and eventually the infected area dies. 
Occasionally the disease affects young seed­
lings. Reduction of shade and lowering of 

■ the humidity rapidly corrects this. On 
I mature trees the infected area should be 

cut out and the shade adjusted to lower 
humidity.

Thread Blight—Corticium sp., M aras- 
mius sp.—This group of fungi form con- 

' spicuous threads which spread over twigs, 
branches a$d leaves of the cacao tree. The 
leaves of the infected area die and 
frequently hang from the tree suspended by 
the threads. It is spread by infected 
material being blown through the planta­
tion. The presence of the disease generally 
indicates poor soil drainage and humid con- 

I ditions. Control methods consist of remov­
ing infected areas and improvement of soil 
drainage and reduction of shade. The dis­
ease affects a large number of trees other

than cacao. It is not serious and indicates 
generally that the environment in which 
the cacao is growing is not suitable.

Root Diseases.
As stated earlier these are present in 

scattered trees in the virgin bush and on 
clearing may spread to the cacao and shade 
trees. The incidence of root disease varies 
considerably from district to district. The 
South Coast of Papua seems relatively free 
of root diseases.

On a new plantation root troubles occur 
in scattered patches and if these are elimin­
ated before the plantation is mature give 
little trouble. If neglected, areas of infec­
tion spread and cause serious loss. A brief 
description of the more important root 
diseases is given below.

White Root Disease (Fomes lignosus).— 
The fungus attacks a wide range of trees 
including cacao and most of the commonly 
used shade species. An infected tree first 
appears unthrifty with yellowing and wilted 
leaves and progressive dieback. Symptoms 
may develop slowly or the tree may wilt 
and become defoliated in a few days. 
When the tap root is infected the tree may 
blow down before any marked symptoms 
show above ground-level. On digging out 
the diseased tree a network of white to 
brown threads of fungal mycelium can be 
seen adhering firmly to the infected roots. 
Although at first superficial, these threads 
or rhizomorphs subsequently penetrate the 
roots and advance towards the butt of the 
tree and eventually kill it. If the dead tree 
is left the fungus may form fruiting bodies 
at ground-level. These are large red-brown 
bracts two to three inches in diameter with 
concentric dark brown lines. The young 
bracts have a bright yellow margin and the 
underside is yellow coloured and pitted. In 
cross section two layers are visible, one 
yellowish-white and fleshy, resting on a 
harder reddish-brown layer composed of 
closely packed tubes.

Brown Root Disease (Fomes noxius).— 
The above-ground symptoms are similar to 
those produced by Fomes lignosus. Below 
ground the characteristic feature of the dis­
ease is the brown encrustation covering the 
surface of the diseased roots. This consists 
of brown mycelium in which soil and even 
small stones are firmly embedded. The 
fungus advances towards the collar of the
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tree and the encrustation may become 
visible at ground-level. In the diseased 
wood, dark lines are visible due to the 
presence of fungal hyphae. The wood 
eventually rots. Sometimes the fungus 
forms fruiting bodies. These are large, 
hard purplish-brown bracts with yellowish- 
white growing margins and concentric 
blackish zones towards the edges.

Wet Rot (Ganoderma sp.).—This fungus 
spreads much more slowly than the two 
species of Fomes mentioned above. It is 
a root disease of older plantations. Symp­
toms do not appear until the trees are 
mature and losses can then be heavy. 
Diseased roots are covered with red rhizo- 
morphs which are at first superficial. The 
wood becomes spongy and free water 
appears when squeezed, hence the name. 
The fruiting bodies may develop at the 
base of the tree. They are bract-like knobs, 
corky or woody, with characteristic light- 
and dark-brown coloured wavy zones. The 
growing margin is white and thin.

Collar Rot [Ustilina deusta (zonata)].— 
This is common in New Guinea and attacks 
both cacao and shade trees. Infection is 
partly by root contact in the soil. The 
mycelium passes along the roots to the base 
of the tree and eventually kills it. In such 
cases the wood shows dark stains due to 
the aggregation and darkening of the fungus 
in the wood tissue.

Fructifications are produced around the 
base of the tree and appear as a more or 
less formless encrustation. This fungus 
differs from other root rots mentioned in 
that it is also a wound parasite infecting 
trunk and branches through mechanical 
injuries. Infection is probably also carried 
by knives, sarifs and hoes of maintenance 
lines in the plantation, as frequently the 
fungus is seen on the trunk at ground-level 
with little sign of diseased roots far from 
the crown. Care should be taken to see 
that cacao and shade trees are not injured 
mechanically during cleaning operations.

Control of Root Disease.
Clean clearing of the original jungle was 

formerly advised in order to remove all 
possible sources of root infection. Con­
scientious adoption of this advice entails 
great expense in grubbing out stumps and 
larger roots, and the best that can be 
expected is a reduction in the degree of

infection. It is impossible in practice to 
remove all timber and roots from a large 
area and the material left behind may be 
infected. With rising labour costs clean 
clearing these days is impossible.

The modern idea is to use the growing 
tree to locate sources of infection. A cacao 
root growing through the soil may come 
in contact with infected material left in 
the soil from a diseased jungle tree. It 
develops the disease and the cacao tree 
dies. This tree is immediately dug out 
and the roots traced through until the 
source of infection is located. Labour is 
then concentrated on the area and all 
roots, stumps and woody materials are dug 
up and burnt in situ with the diseased cacao 
tree. Under no circumstances should any 
material from this infected area be carried 
through the plantation. An isolation trench 
may be dug to a depth of two feet around 
the area to include a number of trees sur­
rounding the infected one. All roots 
exposed by the trench are examined for 
disease. If free they are cut and the 
trench filled in again.

The area enclosed by the trench is dug 
over and all diseased timber, roots and 
stumps are removed. The cacao trees are 
watched closely. The aim with this method 
of control is to locate the disease centres 
and eradicate them before the cacao roots 
form an interlocking network.

If carried out conscientiously, it is effec­
tive and labour saving. Effort is concen­
trated on thoroughly clearing areas where 
root disease is known to exist. Stumps not 
infected do no harm and eventually rot out.

In mature cacao stands, root disease 
control is similar. The trench is dug to 
include more trees in the isolation area as 
the cacao roots have formed a network and 
so more trees are likely to he infected. The 
trench is filled in and reopened and in­
spected every twelve to fifteen months until 
the enclosed area is free of disease. 
Replanting may be carried out six months 
after the last sign of disease appears in the 
enclosed area.

Insect Pests.
Cacao Borers.—Two main types of borers 

are found in the Territory. Both are 
indigenous and have moved off native host 
plants on to cacao.
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The principal borer is a brightly coloured 
iridescent weevil Pantorhytes plutus. The 
adult is about three-quarters of an inch 
long, cannot fly and is quite long lived. 
Some have been known to survive for 
twelve months in an insectary. The adult 
weevil lives most of its life in the tops of 
trees, feeding on the bark of young shoots. 
However, the most serious damage is done 
by the larvae. The adult moves down from 
the top of the tree at certain times of the 
year and lays its eggs in cracks and crevices 
in the bark of the trunk and main branches. 
The larvae hatch from the eggs and bore 
into the sap wood, forming tunnels that 
normally follow the long axis of the trunk 
or branch. Sometimes tunnels may girdle 
a branch, ringbarking it, causing death of 
the section above the injury. If ringbark­
ing does not occur the tree may suffer con­
siderable mechanical injury without any 
marked effect. The presence of the borers 
is indicated by a gummy exudate and frass 
given out by holes bored to the surface at 
intervals along the channel. In vigorous, 
healthy trees this gumming seems effective 
in checking the larvae as a large number 
fail to mature, although few show evidence 
of parasites.

The second main group of borers are 
Longicorns. The .commonest species belong 
to the genus Glenea. The adults are beetles 
about half an inch long with antennae bent 
back along the body. The adult is a strong 
flier and feeds on leaves and the bark of 
young shoots and chupons. The beetle has 
a habit of eating along the undersurface of 
the midrib of young leaves. The larvae of 
these pests also tunnel through the sapwood 
and cause damage similar to Pantorhytes, 
but the channels are larger and tend to 
girdle and ringbark the tree, so damage is 
more spectacular than with Pantorhytes. 
Glenea appears to be favoured by condi­
tions of heavy shade and neglect in plan­
tations. It was very prevalent immediately 
after the war in old neglected plantations 
but has become of decreasing importance as 
these areas have been cleaned up and 
brought back into normal condition. How­
ever, cleaning up appears to have had little 
effect on Pantorhytes.

Method of Control.
The larvae can be dug out and destroyed 

but it is doubtful if this is worthwhile as 
the labourers do as much damage as the

larvae in this operation. Further, a freely 
gumming tree seems to check and prevent 
a large proportion of larvae from reaching 
maturity. When the adult Pantorhytes 
come down in large numbers from the top 
of the tree to oviposit, hand collection must 
give some measure of control.

In new areas before the cacao branches 
are in contact, Pantorhytes borers could 
possibly be kept out by banding the trees 
in the immediate vicinity of the standing 
bush. D.D.T., added to proprietary band­
ing mixtures, has killed borers walking 
across them nine months after application.

Cacao borers are widespread but their 
importance as a major pest is localized to 
certain districts in New Britain.

Capsids.
A number of indigenous capsids have in 

recent years adapted themselves to cacao. 
Their natural distribution is unknown but 
they have been reported from New Britain 
and a number of localities on the Mainland 
of New Guinea and Papua. They have 
caused economic losses as yet on only a few 
plantations on the Gazelle Peninsula. The 
recorded species to date are :—

1. Parabryocoropsis typicus (Ch. and 
Car.).

2. Parabryocoropsis duni (Ch. and Car.).
3. Parabryocoropsis cheesmani (Ch. and 

Car.).
4. Pseudodoniella pacifica (Ch. and

Car.).
5. Helopeltis clavifer Walk.
These local species attack both pods and 

shoots but they have been pests of economic 
importance only on pods. Shoot damage 
has been insignificant as there appears to 
be no follow-up of capsid damage by a 
pathogen like Colonectria as occurs in West 
Africa.

The adult pests are small plant bugs one- 
quarter inch long, reddish-brown or black 
in colour.

Some are characterized by having a 
marked hump when viewed side on. The 
nymphs are small and active and are 
commonly found on the sheltered side of 
the pod. Both the adults and nymphs suck 
the juice from the pod and in doing so 
inject a chemical which causes local death 
of the tissue. This shows up as small 
brown water-soaked areas on the pod. 
These later turn black.
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When attack is heavy the pod has a 
speckled appearance. If the cherelles or 
young pods are attacked they dry out and 
fail to mature. When a well-advanced pod 
is attacked it may still mature. Capsid pod 
damage is frequently followed by secondary 
pests and fungi.

In West Africa the capsid population is 
concentrated in certain areas called capsid 
pockets in a plantation. From these, under 
favourable climatic conditions, they spread 
out but retreat when the environment 
becomes unsuitable again. A similar 
though not so marked tendency, is evident 
with New Guinea capsids. Control 
measures should be concentrated on these 
pockets when they are static. Although 
we have not had a great deal of experience 
with the pest in New Guinea, spraying or 
dusting appears to be effective and economi­
cal. Spraying the whole tree and pods with 
a 0.2 per cent. D.D.T.-water dispersible 
spray or dusting with B.H.C. proprietary 
preparations have given satisfactory control. 
Spraying gives better and more persistent 
control than dusting but in areas where 
water has to be carted long distances 
through the plantation, dusting, even if 
more frequent, may prove cheaper and 
more convenient. Counts by Szent-Ivany 
indicate that pollination insects rapidly 
repopulate a sprayed area hence pollination 
should not be unduly suppressed by treat­
ment, especially if the plantation is sprayed 
in sections.

Ants.
When planting cacao seed at stake ants 

are sometimes troublesome. They are 
attracted by the mucilage surrounding the 
seed and may destroy the bean before it 
germinates. Spraying the hole after plant­
ing with Chlordane or Dieldrin generally 
gives satisfactory control.

Snail (Achatina fulica Fer.).—In bad 
snail areas planting at stake is impossible. 
Snails, if present in numbers, eat off the 
cacao seedling as it breaks through the 
ground. They will also destroy older seed­
lings by chewing around the stem. Nor­
mally by the time the seedling has put out 
five leaves it is through the snail danger.

If snails are not present in too great a 
number, planting at stake is possible pro­
vided the hole is ringed with a mixture of 
sawdust and metaldehyde in the proportion

of a half-ounce to one pound of sawdust. 
In heavy rains baiting may prove too 
expensive as the cover bait needs to be 
replaced frequently. Where snails are very 
bad a nursery must be established. This 
can be kept free of snails by constant bait­
ing with sawdust and metaldehyde.

Harvesting.
Only mature pods should be removed 

from the tree during harvesting operations. 
The ripeness of the pods is indicated by 
the colour change, but in the hybrid New 
Guinea material there is no standard colour 
change. Experience is the only method of 
becoming familiar with the colour change 
pattern and so the recognition of mature 
pods. The same labour gangs should 
always be kept on harvesting operations. 
Ripe pods have a hollow sound when 
tapped and use can be made of this when 
training labour to recognize mature pods. 
Harvesting should be done regularly every 
two or three weeks and all diseased, wilted 
or damaged pods should be removed from 
the tree each time the gang goes around.

Black pods should never be left hanging 
on the trees (see note in disease section). 
Pods must be cut from the tree, not pulled. 
A knife can be used to harvest the lower 
limbs and trunk, but a cacao hook mounted 
on a long stick is necessary to cut pods 
carried high on the trees.

Preparation for Market.
Processing of Crops.—

Cacao beans develop the characteristics 
of the commercial cocoa only during the 
fermenting and drying processes. Correct 
fermenting and drying are essential if a 
high grade product is to be produced. The 
best cacao material will not survive faulty 
preparation for market.

Fermentation and drying should be 
regarded as parts of one process. Altera­
tions in one necessitate modifications in 
the other if the best results are to be 
obtained. The ferment is a natural one 
brought about by yeasts and other micro- 
flora acting on the sugary mucilage sur­
rounding the beans. During the process the 
following changes occur in the bean :—

1. The temperature is slowly raised until 
germination is halted and the bean 
killed.

2. The.colour, aroma and flavour charac­
teristics of chocolate are produced.
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3. The physical characteristics of the 
bean are altered. The cotyledons open 
and become loose. The skin toughens 
and separates from the cotyledons.

The process is carried out by piling the 
beans in wooden containers for a number 
of days depending upon the type of bean 
being treated.
Fermenting Boxes.—

When a new plantation comes into 
bearing little capital expenditure is needed 
for processing equipment. A simple wooden 
box fifteen feet by four feet by three feet

divided into three compartments by mov­
able partitions will handle 3,000 pounds of 
wet beans every second day. The frame­
work of the box needs to be made of sea­
soned hardwood with four inch by four 
inch posts resting on five inch by four inch 
bearers. The sides are made of six inch 
by one inch planks dowelled or nailed to 
the inside of the posts. If nails are used 
then the heads need to be countersunk 
and the timber burred over them so the 
wet beans do not come in contact with 
metal.

Fig. 10.
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The partitions are movable and consist 
of six inch by one inch planks held in 
position by two inch by one inch slats 
nailed vertically to the sides of the box. 
A number of slats may be fixed at two and 
a-half foot intervals so that the size of 
each compartment can be changed to give 
the correct depth of beans with the vary­
ing quantities handled.

Drainage holes are bored through the 
bottom of the box and aeration holes made 
at intervals along the sides. The box is 
raised off the ground to let the leachings 
get away during fermentation. The box 
is housed in a weatherproof shed which 
protects it from direct wind but • permits 
good aeration. If the floor of the shed is 
cement it should be treated with an acid 
resisting preparation to protect it from the 
corrosive action of the sweatings.

Individual fermenting boxes four feet by 
four feet by three feet may be used in 
batteries of three but the long box with 
movable partitions is considered cheaper 
and more flexible to use. Simple boxes as 
described above will handle quite large 
crops satisfactorily, but when firmly estab­
lished a grower usually wishes to construct 
permanent buildings and fermentary. To 
indicate the number and size of boxes 
required, one cubic foot of wet beans weighs 
fifty pounds.

On sloping land permanent fermenting 
boxes are frequently arranged in three tiers 
so that the receiving box can be loaded 
direct from a truck and during fermenting 
turned into a lower box by removing the 
sides. Little advantage is obtained by this 
system as the beans must still be mixed 
thoroughly and aerated during turning. 
When this operation is made too easy, 
labourers without supervision tend to give 
too little mixing and aeration suffers. On 
flat land it is certainly not worth going to 
the extra expense of building tiered boxes.

A series of horizontal boxes is quite satis­
factory and the extra labour required to 
turn the beans from box to box by hand is 
not significant in the total cost of prepar­
ing the product for market. The fermen­
tary illustrated, designed by the writer, is 
giving satisfactory results.

It consists of batteries of three ferment­
ing boxes each five feet by four feet by 
three feet mounted over “ V ” shaped con­

crete drains. The boxes are sufficiently 
high to be charged from the back of a 
truck. The posts of the boxes fit into holes 
in the cement, the sides and partitions into 
slots in the posts so that the whole box 
and wooden grate over the drains can be 
taken to pieces, dried in the sun, scraped 
and thoroughly cleaned. The concrete 
drain is treated with acid-resisting com­
pounds and can be hosed down to prevent 
undesirable organisms setting up secondary 
ferments in the leachings and possibly con­
taminating the ferment. Cleanliness of the 
box and fermentary is essential for a 
regular standard quality product. The sides 
of the fermentary are enclosed half-way up 
the walls to protect the box from direct 
draught and at the loading end by hinged 
doors. At the discharge end of the box a 
light trolley line runs out to the sun drier. 
A rotary drier and bagging space are also 
housed in the same building.
The Ferment.—

Once the pods have been broken and the 
beans removed they should be loaded into 
the fermenting boxes with the least possible 
delay, care being taken to see that the 
beans do not get wet during breaking opera­
tions and transport to the fermentary. The 
boxes are filled to a depth of two feet to 
three feet and covered with an insulating 
material to reduce the loss of heat during 
fermentation. Banana leaves are ideal for 
this purpose. Too great a depth of beans 
impedes aeration and inhibits fermentation. 
Too shallow a depth causes excess loss of 
heat due to radiation. Adjustable partitions 
in fermenting boxes permit variation in size 
of the box to give the correct depth for 
each quantity of beans being handled. The 
length of fermentation varies with the tyne 
of bean and the method of drying to be 
used later. The paler the break of the 
bean the shorter the ferment needed, hence 
too wide a variation of break in a mass 
of beans means some are over-fermented 
and some are under-fermented, and a good 
product cannot be expected.

The slower the drying process the 
shorter the fermenting period, as fermen­
tation continues for some time on the dry­
ing trays. Much more investigation is 
needed into fermentation and drying 
methods in the Territory but with our 
present knowledge growers are advised to 
commence by using a six-day ferment and
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Fig. 12.
Interior view of fermentary.

adjusting this to meet local conditions, if 
necessary. The ferment is a natural one 
and so may be affected by minor local dif- 
ferences in temperature, humidity and other 
factors we know little about. The aim is 
to raise the temperature of the fermenting 
beans steadily until it reaches a peak of 
about 50° Centigrade on the fourth day. 
Germination processes inside the bean con­
tinue for the first period in the boxes and 
considerable quantities of carbon dioxide 
are given off, The beans are turned from 
one box to another to aerate the beans and 
get rid of the carbon dioxide. Turning 
every second day is recommended. During 
the operations the beans are thoroughly 
mixed to get uniformity and to prevent 
beans sticking together to form lumps. The 
operation should be done as quickly as 
possible to prevent loss of heat but never­
theless mixing should be thorough to ensure 
good aeration. Occasionally, when hand­
ling the off-season crop or when beans 
mature during dry weather, it is difficult 
to get a good ferment as the temperature 
will not rise. Daily turning should then 
be tried but there appears no justification 
for more frequent turning. The dryness of 
the mucilage around the bean may be the

cause of some poor ferments occurring 
under conditions which otherwise appear 
normal. The fermentation process is com­
pleted when the beans show the following 
characteristics :—

1. They are well rounded and plump.
2. Have developed a faint chocolate 

aroma.
3. The skin has become tough and is 

separated from the cotyledons.
4. The cotyledons have developed an 

open texture and will reopen again 
after pressure has been applied.

5. A brownish fluid oozes from the beans 
when cut with a knife.

6. The cotyledons have developed a light 
or brown chocolate colour.

Under-fermented beans are flat, dry, give 
a purple or white break and the skin is still 
attached to the cotyledons. When taken 
from the fermenting boxes they are fre­
quently lumpy. The external colour of the 
bean is dark and in very bad ferments 
almost black with mould on the surface, 
and an unpleasant sour odour.
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Washing of the beans on removal of the 
fermenting box is not recommended. It 
improves the external appearance of the 
beans but there is a loss in weight and the 
skins become brittle and subject to damage 
during drying and shipment to market. 
Manufacturers do not like washed beans.
Driers.—

After fermentation the cocoa may be 
dried in the sun, in hot-air driers or mechan­
ical rotary hot-air driers. The bulk of 
the world's cocoa is dried in the sun and 
a settler in New Guinea may avoid heavy 
capital expenditure when his crop comes 
in by using a simply constructed sun drier. 
As his property reaches maturity he may 
consider it cheaper to put in a hot-air 
drier than to continue extending his sun 
drying facilities. Under New Guinea con­
ditions with ample sun-drying space, large 
crops can be handled, but with our high 
and unreliable rainfall a combination of 
sun and hot-air drying is more convenient 
and permits the production of a more even 
line of cocoa throughout the year.
Sun Driers.—

The simplest and cheapest type consists of 
a long, narrow fixed roof of iron or thatch 
under which are run bamboo or wooden 
trays. Trays are moved in and out of the 
shelter by sliding them on iron or smooth 
wooden rails supported on posts. The sides 
of the building are open and the trays 
from opposite sides are at different levels 
so that one slides under the other into the 
shelter.
Sliding'Roof Sun Drier.—

This is a more expensive drier to build 
but is cheaper to operate as fewer labourers 
are needed during the drying process. It 
consists of a wooden platform over which 
is mounted an iron roof on rails. The roof 
can be pushed clear of the platform during 
drying and back over the floor at night or 
during wet weather. A well constructed 
drier of the type can be handled by one or 
two labourers (see plans and illustrations). 
About 700 square feet of drying space is 
needed per ton of cocoa.
Hot-Air Driers, Kiln Driers. —

The single-bed hot-air copra kiln can be 
used for cocoa drying provided :—

1. It is used to dry cocoa only.
2. The flue pipes and joints are sound

and there are no leaks of smoke or

gases of combustion into the drying 
chamber.

3. Drying is done slowly.
4. The cocoa is constantly turned on the 

bed.
5. Beans are not loaded directly out of 

the fermenting box on to the bed.
Beans should be partly sun dried to get 

rid of excess moisture before going into the 
kiln. Hot-air driers with racks of mov­
able trays are not satisfactory as the beans 
cannot be kept moving. The single bed 
drier consists of a fixed bed of galvanized 
copra wire beneath which pass flue pipes 
carrying hot gases of combustion from a 
furnace at one or both ends of the building. 
The furnaces open outside where they are 
stoked with coconut husks or firewood. 
The air under the bed is heated by the 
flue pipes and rises through the cocoa and 
passes out of ventilators in the roof. Cold 
air enters the drier through galvanized iron 
tubes or pipes running from the sides of 
the building to beneath the flue pipes. The 
movement of hot air through the cocoa is 
controlled by regulating the flow of cold air 
into the drier.

The Hot Floor.—
This is basically a sun and hot-air drier 

combined. The type of sun drier with a 
movable roof described earlier is raised 
above ground-level and enclosed below the 
bed to give a chamber eight feet to ten feet 
high. Through this run flue pipes and a 
furnace similar to a hot-air kiln. The drier 
may be used for sun drying or as a hot-air 
drier according to weather conditions.

The floor of the drier must be made of 
heavier timber than an ordinary sun drier 
as the heat in time weakens the timber 
and makes it brittle. The floor must also 
be made of narrow planks with a gap 
between each one to allow the hot air to 
rise through the floor and cocoa. On all 
types of hot-air driers only high quality 
galvanized iron should be used and this 
needs treatment with acid-resisting com­
pounds. The hot-air after passing through 
drying cocoa is corrosive. Cement-drying 
barbecues are not recommended. Conden­
sation occurs on them at night, giving 
mouldy beans and the wet cocoa rapidly 
pits the surface, making cleaning difficult.
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Mechanical Driers.—
Rotary cocoa driers are on the market. 

These consist of a revolving drum through 
which preheated air is blown. Again they 
are best used in conjunction with sun dry­
ing. After the bulk of the moisture has 
been removed the rotary drier finishes the 
beans off very well. It polishes as well as 
dries and so imparts a good external appear­
ance to the bean.

The Drying Process.—
Wet beans are moved from the ferment­

ing boxes early in the morning and spread 
thinly on the drying floor to dry off excess 
moisture quickly. The depth of the beans 
is increased after a few hours to avoid pro­
ducing flat and shrivelled beans, as even 
the sun drying process can be too rapid. In 
hot, sunny weather the depth of the beans 
is increased in the middle of the day. The 
cocoa on the floor is constantly turned to 
ensure even drying. A labourer with a 
rake keeps moving the beans into lines or 
windrows along the length of the drier, 
exposing in turn part of the floor or drying 
tray to the sun. This keeps the floor dry. 
If neglected the planks become sodden and 
the beans in contact with it develop mould.

Sun drying is normally completed in 
seven to ten days, according to the weather. 
Surface mould may develop on the beans 
during overcast or continued wet weather. 
It may be removed by “ dancing To do 
this successfully beans must be at the right 
stage. If too wet the process flattens the 
beans. If too dry the skins are broken. 
“ Dancing ” is best done on a solid floor. 
The beans are raked into large heaps con­
taining four hundredweight to five hun­
dredweight. Labourers mark time on the 
heaps while the beans are constantly 
shovelled back into the centre. During the 
operation the heaps are lightly sprinkled 
with water slightly coloured with Condys 
crystals. The movement of the beans over 
each other removes the mould and some of 
the mucilage and spreads the rest evenly 
over the bean and imparts a polish. If 
continued too long the sheen becomes dull 
again. After dancing the cocoa is spread 
thinly and drying completed fairly quickly. 
Dancing will remove external mould and 
improve the appearance of badly moulded 
beans.

Hot-Air Drying.—
Too rapid drying in the first two or three 

days spoils the quality of the cocoa as some 
of the essential internal changes necessary 
to develop the characteristics of chocolate 
continue in the beans during the early 
stages of drying. Hence some initial sun 
drying is necessary to produce good cocoa. 
After this period drying may be completed 
in hot-air or mechanical driers. In a hot­
air kiln the beans are loaded on the bed 
to a depth of four to six inches and a slow 
fire maintained in the furnace. Labourers 
are employed constantly turning the beans 
to get even drying and on a wire bed 
to prevent any beans remaining too long 
in contact with metal. In the drying pro­
cess the water content of the bean is ; 
reduced to six to eight per cent. On com- j 
pletion of the process the beans should be 
crisp, the skin tough but free of the coty­
ledons and the nibs crisp and not leathery. 
Thoroughly dried beans do not mould 
readily nor are they liable to insect attack, j

Marketing.—
Beans should be allowed to cool before j 

bagging. Overseas cocoa is usually market- ; 
ed in single bags of a standard 140 pound \ 
net weight. The bags are slack and easy : 
to handle and stack. The standard weight 
pack is convenient for recording purposes ] 
during shipment and for processing upon ; 
arrival at the factory. New Guinea beans I 
are usually double-bagged and packed 
tightly to no fixed weight. With present j 
high prices double bagging is probably a j 
worthwhile insurance against careless 3 
handling during shipment. On the plan- i 
tation a cocoa store should be weatherproof j 
and well ventilated. Bags of beans should 
be stacked on timber off the floor and clear 
of the walls to permit good ventilation. 
Under no circumstances should cocoa be 
stored with copra, for it absorbs flavours. 
Periodically the walls and floors should be 
thoroughly cleaned and sprayed with 
D.D.T. to keep down insect pests. Well 
dried cocoa stored in weatherproof, well- 
ventilated sheds will keep quite well. 
Nevertheless it is wise to ship produce out 
of the tropics as soon as possible. Bags 
should be numbered and marked clearly 
with the name of the plantation. This is a 
trade mark and if known favourably is 
worth much to the owner.
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Disregarding inherent flavour qualities of 
cocoa the desirable features sought by 
manufacturers are :—

1. Large plump beans less than 400 to 
the pound.

2. Unbroken shell crisp and tough, more 
or less free of the cotyledons.

3. Clean pleasant odour, free of taints 
such as smoke or fungus.

4. Taste, fatty and nutty, not bitter or 
astringent.

5. When cut longitudinally the bean 
should be open grained.

6. Colour brown, dark brown, cinnamon, 
but not slate or violet coloured.

To indicate trade standards to growers 
and so assist them to assess their own pro­
duct, the following minimum requirements 
for Accra No. 1 grade cocoa are 
quoted : Grade 1 cocoa which is thor­
oughly dry, free of foreign matter and con­
tains not more than five per cent, of 
mouldy, weevily, decayed, flat or germin­
ated beans and not more than five per cent, 
slaty beans.

New Guinea cocoa inherently has a 
good flavour. The defects commonly com­
plained about by Australian manufacturers 
are due to faulty processing and preparation 
for market. They can be readily corrected 
by the grower paying more attention to pro-

(cessing and storage on the plantation. The 
chief defects of New Guinea beans listed 
by Australian manufacturers are :—
1. Mould Infection.—

This may be either internal or external. 
External mould is not serious but may 

I precede internal mould, gaining entry 
through any break in the shell.

Internal mould is a most serious defect 
as it imparts an off-flavour to the finished 
manufactured article. Consignments with 
more than five per cent, mouldy beans are 
usually rejected.

External mould developed (a) during 
drying, can be removed by dancing the 
beans. This not only improves appearance 
but lessens the danger of internal mould 
developing; (b) during storage and ship­
ment, can be avoided by thorough drying 
and storage in weatherproof, well-ventilated 
sheds.

2. Insect Infestation.—
Thorough drying, good storage conditions 

and marketing in new bags give control.
3. Malformed Beans.—

Included in this category are twin or 
multiple beans, flat, shrivelled, hard, flinty 
and broken beans. Multiple beans are 
simply two or more beans which have 
become stuck together during processing 
due to insufficient mixing when turning the 
ferment or insufficient raking in the early 
stages of drying.

They can be completely eliminated by 
attention to these two points.

Flat, hard, shrivelled and broken beans 
can be reduced to negligible proportions by 
harvesting only ripe pods and fermenting 
and drying them carefully.

4. Shell Thickness.—
New Guinea shell percentage is usually 

greater than Accra cocoa. This is mainly 
due to the amount of mucilage around New 
Guinea beans. Remedy—dancing or use of 
rotary drier as previously advised.

5. Improperly Fermented Beans.—
Being of hybrid stock some variation in 

bean type is normal in New Guinea cocoa, 
so careful fermentation and thorough mix­
ing are especially important in this Terri­
tory.
6. Germinated Beans.—

Always have broken skins and so are 
subject to internal mould. Proper training 
and supervision of breaking gangs will 
eliminate these before they reach the fer­
menting boxes.
7. Off Flavours.—

This refers to flavours absorbed by the 
cocoa. A hammy flavour is the worst of 
these as it persists in the manufactured 
product. It is due to smoke contamination 
from leaky flue pipes in hot-air driers or to 
smoke drifting across beans on sun driers. 
The copra taint is due to storing cocoa and 
copra in the same store or drying them in 
the same drier.
8. Dirt and Foreign Material.—

Supervision of breaking gangs, regular 
thorough cleaning of fermenting boxes, 
driers and packing sheds after each ferment 
will reduce this to a minimum.



72 Papua and New Guinea Agricultural Journal

Costs.
The intending cacao planter is most inter­

ested in the capital requirements of his 
venture.

Establishment costs depend on many fac­
tors, such as :—

1. Availability of labour.
2. Rate of development.
3. Size of plantation.
4. Standard of living settler is prepared 

to accept during the development 
phase.

5. Accessibility and transport costs.
6. Type of country to be developed.
The cost of subsistence and capital instal­

lations such as housing, stores, transport and 
processing equipment varies little for a 50, 
150 or 250 acre property. Hence the cost 
of development per acre decreases rapidly 
with increasing size of property.

The rate of development is a most 
important cost factor. It is uneconomic 
for a settler to supervise fifteen to twenty 
labourers. A European should be able to 
handle up to 100 labourers without loss of 
efficiency. The nearer he approaches this

figure the lower the supervision cost per 
labourer, and the cheaper the cost of 
development. For example a settler living 
at the rate of £1,000 per year supervising 
twenty Natives is spending approximately 
£4 per labourer per month on supervision. 
With 60 labourers this drops to £1 6s. 8d. 
per head. The writer believes it is 
uneconomic for a settler to commence 
operations with fewer than 50 labourers.

The optimum cacao area for an owner- 
manager is considered to be between 250 
and 300 acres. A settler should aim at 
ultimately establishing this area. He will 
probably not have the initial capital 
resources to do this immediately but will be 
forced to establish a smaller area and from 
the production of this area increase his 
acreage later to the optimum. However, 
the larger the area established • in the 
initial planting the cheaper the cost per 
acre. The planting of 150 acres in the 
first two years is probably a satisfactory 
compromise between the minimum and 
optimum area to aim at in the initial plant­
ing.

A budget for 150 acres is given below 
as an indication of capital requirement.

CAPITALIZATION.

Years 1 2 . .3 . 4

£ £ £ £
Labour ............... 4,125 2,475 2,475 2,475
(Based on 1 labour unit 
@ 6s. ; 100 units clear
1 acre; 25 units plant
1 acre)

Living Expenses 1,000 1,000 1,000 1,000
House 1,800 — — —
Furniture ............... 400 — — —

Buildings—
Labour quarters .... 750 . ___ _
Stores 100 300 50 —

Drier/Fermentary .... — — 400 —
Tools 400 50 50 50
Transport :...' . . . 1>5CG

Rent .... ............... 50 50 50 50
Insurance ............... 100 100 100 100
Transport Expenses .. 200 200 200 2 00

£10,425 £4,175 £4,325 £3,875
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£
Total ............;......................... 22,800
Less Production 4th Year .... 1,500

21,300

Plus 44 per cent. Interest 4 years 
added to Capital .... .... 1,917

Total indebtedness end 4th Year 23,217

RUNNING EXPENSES—FULL BEARING.

Labour (Based on 1 unit at 6s., 93 units per ton cocoa in store) ....
Supervision .... .... .... .... .... ..............
Transport Expenses .... ........................... ..........................
Building Maintenance .... .... .... .... ..............
Stores/Supplies (Bags, insecticides, etc) ......................................
Tools
Administration .... .... .... .... .... ..............
Insurance ....

Plus Amortisation 
Interest at 44 per cent......

Total Running Expenses

£

3,300
1,500

500
300

1,000
200

50
100

£6,950
2,321

522

£9,793

RETURNS.
Returns at £300 per ton in* Plantation Store............ .........................
Returns at £250 per ton in Plantation Store......................................

NOTES ON BUDGET.
1st year .... Clearing and planting 100 acres ....
2nd year .... Clearing and planting 50 acres and maintenance

of first year’s planting......................................
3rd year .... Maintenance, completion of buildings, prepara­

tion of roads
4th year .... Harvesting, maintenance .... ..........................
Full Bearing .... Supervision allowance increased to £1,500 per 

year ..............................................................

£
.............  15,000
.............  12,250

50 labourers

30 labourers

30 labourers 
30 labourers

40 labourers

To the end of the fourth year, interest charges added to capital.
Fifth year—Interest charges paid only.
Sixth year—From end of sixth year, amortisation and interest paid in ten equal instal­

ments.
Full debt amortised fifteen years from commencement of scheme. Cocoa price quoted 

for value of produce in store on plantation.
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