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Editorial 
Global losses of cocoa f r om Phytophthora pod rot (or Black Pod) are 

enormous. In the authoritative work on the disease (*) it is suggested that 
' f rom 20 to 30 per cent of cocoa pods are lost annually f rom this disease'. 
On the basis of wor ld cocoa product ion of 1,524,000 tonnes this represents 
a loss of 300,000 to 450,000 tonnes of cocoa. The yield reduction and 
increased costs of application of control methods are a major factor in the 
prof i tab i l i ty of many cocoa plantings and in some more humid areas of the 
tropics the pathogen can render some areas unsuitable for cocoa product ion 
due to high loss of pods. 

The successful control of the disease would therefore be an important 
breakthrough in improving the product iv i ty of cocoa farms wherever the 
disease is important. With this in mind we have included in this issue of the 
Cocoa Growers' Bulletin, a somewhat speculative article contr ibuted by four 
eminent authors w i th long experience of researching Phytophthora disease on 
cocoa in Nigeria. These authors suggest that the pathogen on cocoa is 
pr imari ly a chronic root pathogen. It may be that the poor product iv i ty of 
many cocoa trees is due to a high level of infection in feeder roots and 
infect ion also probably occurs on mature roots. It appears that 'splash' f rom 
the ground is an important source of inoculum for the in i t iat ion of pod 
infect ion sequences and possibly the use of a surface mulch, perhaps 
comprising a low growing shade tolerant cover crop to break the fall of rain 
drops, would reduce the chance of splash dispersal of spores. They suggest 
that there is also a need for a better understanding of the movement of 
zoospores in various types of soils. Research on these topics might give 
important information for novel control methods which could involve 
planting of specific cover crops or the use of systemic fungicide to reduce 
or control root infections. 

We hope that the publ icat ion of this speculative article wi l l stimulate 
researchers in cocoa growing countries to investigate the role of Phytophthora 
in the soil phase of cocoa plantations. 

R.A. LASS, Editor. 

(*)Opeke, L.K. and Gorenz, A.M. in 'Phytophthora disease of cocoa', ed. 
Dr. P.H. Gregory, Longman, London 1974. 
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Review of Production and Consumption 
M A Y 1 9 8 2 - J U L Y 1984 

S.J. Turner, Cadbury Schweppes, p.I.e. 

REVIEW OF THE M A R K E T 
It is now more than 18 months since the Cocoa Growers' Bulletin included 

a review of production and consumption. I n that time the mark' > has made a 
significant reversal as the surpluses of 1977/8 to 1981/2 gave vvay to two 
years of substantial deficits in the supply and demand equation. 

Furthermore, the production situation has been extremely confusing over 
the last two crop years. Normally, the September or November Gill and 
Duffus report includes a reasonable forecast of the production in that crop 
year. Whereas In September and November 1982 Gill and Duffus were fore-
casting a small surplus for 1982/3, by January they were forecasting a large 
deficit. Again, in October 1983 Gill and Duffus predicted a small surplus 
whereas it now looks likely that a deficit in the region of 130,000 tonnes may 
occur. This confusion in crop prospects has arisen from abnormal weather 
conditions, particularly affecting the West African crops. At the moment the 
weather for the 1984/5 crop looks better but the long term effects of the 
previous two years are difficult to assess. In their latest report Gill and Duffus 
say that it would seem unduly pessimistic at this stage to anticipate anything 
other than a substantial increase in production in the new season. 

P R O D U C T I O N 
Gill and Duffus's latest forecast of 1983/4 production is 1,520,000 tonnes, 

19,000 tonnes less than their latest estimate for 1982/3 of 1,539,000 tonnes, 
and almost 200,000 tonnes less than their.final figure for 1981/2 production 
which has been revised upwards since May 1982 to 1,726,000 tonnes. 

The latest, July 1984, report shows a continued decline in production in 
Ghana over the last five years from 285,000 tonnes in 1979/80 to a forecast 
158,000 tonnes in 1983/4. Lower crops than 1982/3 are expected in Brazil 
and Nigeria, but an improved final outturn is predicted for the Ivory Coast. 

CONSUMPTION 
The latest Gill and Duffus forecast for 1984 world grindings is 1,630,000 

tonnes, compared with an estimate of 1 ,651,000 tonnes for 1983 and a final 
figure of 1,603,000 for 1982 (an upwards revision of 14,000 tonnes since 
May 1982). Grindings in Eastern Europe are expected to decline in 1984, 
whilst remaining fairly static in the United States and Western Europe. 

STOCKS 
Gill and Duffus estimate world stocks at the end of the 1983/4 season will 

fall by 144,000 tonnes to 430 ,000 tonnes, the lowest level since 1979/80. 
The Cocoa Agreement Buffer Stock continues to hold 100,000 tonnes of this. 



WORLD COCOA PRODUCTION AND GRINDINGS DATA 
Reproduced from Gill and Duff us Market Report 

dated May 1984 
(Thousand Metric Tonnes) 

P R O D U C T I O N 1980/1 

Africa 999 
America 528 
West Indies 44 
Asia and Oceania 92 
W O R L D T O T A L 1663 

Principal Countries 
Ghana 258 
Nigeria 155 
Ivory Coast 403 
Cameroun 120 
Equatorial Guinea 8 
Brazil 349 
Ecuador 81 
Donninican Republic 32 
Venezuela 14 
Colonnbia 39 
Mexico 30 
Papua New Guinea 28 
Malaysia 43 

1981/2 

1043 
520 

50 
113 

1726 

225 
181 
457 
122 

8 
314 

85 
40 
17 
42 
41 
30 
60 

1982/3 
(Estimate) 

856 
515 

52 
116 

1539 

178 
156 
355 
106 

10 
336 

55 
40 
18 
40 
42 
28 
65 

1983/4 
(Forecast) 

854 
480 

51 
135 

1520 . 

158 
115 
400 
108 

10 
299 
60 
39 
18 
41 
40 
29 
80 

G R I N D I N G S 

Western Europe 598 
Eastern Europe and USSR . . . 211 
North America 207 
Central and South America . . . 349 
Australia and New Zealand . . . . 16 
Asia 90 
Africa 125 
W O R L D T O T A L 1596 

Principal Countries 
United States 190 
Germany (Federal Republic) . . 167 
Netherlands 141 
United Kingdom 85 
USSR 120 
France 52 

620 
201 
215 
322 

13 
106 
126 

1603 

199 
175 
148 
88 

120 
52 

626 
228 
210 
348 

12 
107 
120 

1651 

194 
180 
157 

77 
137 

53 

623 
214 
210 
341 

12 
105 
125 

1630 

194 
182 
158 
80 

130 
5 0 



PRICES 
Month-end prices for nearby shipment Ghana cocoa have been 

1982 July 
£ 

976/tonne 1983 July 
£ 
1691/tonne 

August 1008/tonne August 1590/tonne 
September 1080/tonne September 1567/tonne 
October l O l V t o n n e October 1502/tonne 
November 1052/tonne November 1710/tonne 
December 1171/tonne December 2097/tonne 

1983 January 1348/tonne 1984 January 1965/tonne 
February 1301/tonne February 1713/tonne 
March 1341/tonne March 1889/tonne 
April 1316/tonne April 1998/tonne 
May 1521/tonne May 2215/tonne 
June 1639/tonne June 1910/tonne 

The market has risen fairly steadily in the light of two successive deficits 
in the supply/demand situation. Gill and Duffus are not yet making any 
forecasts for 1984/5. 

Kew announcement 

ANNOUNCEMENT ON CLOSURE OF 
QUARANTINE FACILITIES AT KEW 

The Director of the Royal Botanic Gardens, Kew has decided that facilities 
for the intermediate quarantine of cocoa at Kew can no longer be provided 
as a routine service, and the maintenance of the collection of cocoa clones 
will be discontinued. It is intended however that existing orders for specific 
clones f rom the collection will be supplied during 1984 as will any other 
niaterial that is available. 

If there is a renewed demand for the intermediate quarantine of cocoa in the 
UK in the future, the RBG will be interested to learn of any economically 
viable proposals and will help in any way possible to establish facilities. 

Enquiries about the supply of cocoa clones should be addressed as soon as 
possible to A .G. Bailey, Royal Botanic Gardens, Kew, Richmond, Surrey, 
TW9 3AB, United Kingdom; Telephone: 01-940 1171; Telex: 296694 
KEWGARG. 



Cocoa Black Pod: a reinterpretation 

by P.H. Gregory*, M.J. Griff in**, A.C. Maddison*** 
and M.R .Ward* * * * 

I N T R O D U C T I O N 
In the main cocoa-producing regions black pod, due to infection by 

Phytophthora, causes loss of yield only during the rainy season. In West 
Africa and in Bahia, Brazil there is usually a period when the trees are free 
from infected pods. 

To adopt the control strategy of attacking a pathogen at the weakest point 
in its life cycle, ^the sources from which infections arise in the rainy season 
must be identified. This was the main recommendation in a report on a 
survey made in 1968 (Gregory, 1969) where it was pointed out that although 
many potential sources are known, it is not clear which of them are 
significant in the epidemic: they cannot all be equally important. 

Following this recommendation, the International Black Pod Research 
Project was started at the Cocoa Research Institute of Nigeria (CRIN) , 
Gambari near Ibadan, in 1973, with a team of scientists financed by the 
International Office of Cocoa and Chocolate ( lOCC), and with laboratory 
accommodation, other staff and all plantation facilities for experiments 
provided by CRIN . 

Our object was to identify and evaluate the significance of potential 
sources of infection, with a view to better control of the disease. 

The project ended in 1980, and its organisation, its indebtedness and its 
findings have been set out in the Team's Final Report edited by Gregory & 
Maddison (1981). This Report provides a wealth of data on sources of 
infection and it is now timely to try to distinguish the important from the 
trivial facts. This paper attempts a critical interpretation of the data. The 
difficulties are considerable because some of the data are ambiguous, partly 
as a result of the array of structures that Phytophthora can produce. 
Ambiguities are clearly stated, followed by a choice of the interpretation 
most consistent with the need of the fungus to survive in a highly competitive 
environment. This biological necessity, following the route of maximum 
plausibility, provides a guiding thread through the labyrinth of ambiguity. 
Alternatives are relegated to a secondary role. 

Present addresses: 
* 11 Topstreet Way, Harpenden, Herts., AL5 SfU, England. 
** 11 Chatsworth Park, Thornbury, Bristol, BS12 1JF, England. 
*** Institute Nacional de investigaciones Agropecuarias (INIAP), 

PichiUngue, Ecuador. Postal address c/o British Embassy, Quito, 
Ecuador. 

**** 19 Cotswoid Close, Loughborough, Leics.. England. 



The invitation from Nigeria to establish the project at Gannbari was 
welcomed by lOCC, partly because CRIN's modern research station is in a 
region with moderate but not overwhelming incidence of black pod. It 
proved a fortunate choice because, in addition to the excellent facilities at 
Gambari, it was discovered early in the research that P. palmivora is of minor 
importance in Nigerian plantations, and that the principal cause of black pod 
is a hitherto undescribed species, P. megakarya (Brasier & Griff in 1979). 
This simplified our task because P. megakarya seldonri becomes systemic in 
flower cushions, unlike P. palmivora in Ghana where a substantial proportion 
of black pods become infected through the peduncle from systemic lesions 
in cushions. 

The International Cocoa Black Pod Research Team investigated the origin 
of inoculum of Phytophthora infecting the pods of cocoa (Theobroma cacao 
L.) with the aim of improving control by sanitation and fungicides. The 
Team's findings were published in a Report edited by Gregory & Maddison 
(1981). The Report and additional unpublished data form the basis of the 
present paper. The Team showed that the epidemic is made up of 'sequences' 
of groups of pods, each started by an 'initiator'; the basic problem was to 
trace the origin of the initiators. When the Report was published the origin 
of 40 per cent of initiators was still unknown. Further examination of the 
data indicated that the vertical gradient of this category of initiators of 
unknown origin was continuous with the gradient of another category which 
had been attributed to splash infection by inoculum from the ground. 

It is believed that the inoculum for the lower part of the vertical gradient 
is carried by what are termed 'ballistic droplets', and for the higher part in 
the canopy by 'aerosol droplets' which are carried by upward convection. 
Circumstantial evidence strongly indicates that the source is not the litter 
layer (which seems largely protective) but the soil beneath the litter. The 
fungus is considered to multiply in the ephemeral feeding roots, possibly 
persisting in the soil as dormant encysted zoospores, which on germination 
swim against gravity to the soil surface where they can be picked up in 
splash droplets. It is suggested that P. megakarya is primarily a root pathogen, 
although its greatest effect is in pod disease. Implications of this hypothesis 
for the health of roots are discussed, and possible control by mulching, 
fungicides and breeding for root resistance are suggested. 

M E T H O D S 

The Infection Gradient Concept 
The search for clues to the location of effective sources at Gambari, 

involved making detailed and frequent, often daily, records of natural 
infections on groups of trees, using the infection gradient concept to indicate 
the most likely source of each infection observed. 

This concept depends on the general observation that the number of 
infections per unit area established by an airborne pathogen tends to decrease 
with increasing distance from the source. The infection gradient is the slope 
of the line obtained by plotting number of lesions against distance from 
source: often conveniently reduced to a straight line by using logarithms. 
The infection gradient usually parallels a spore deposition gradient, and both 
are affected by various factors including the geometry of the source and the 
pathogen's mode of dispersal. 



Conversely, by following the direction indicated by an increasing 
concentration in the field the observer should be led towards the effective 
source. One pitfall must be avoided: the regular change with distance shown 
by some environmental factors, such as shade or humidity, can mislead the 
observer by mimicking an infection gradient. We believe we have avoided this 
error. 

Source Categories 
The infection gradient concept was used to assign a probable origin to each 

Phytophthora lesion observed on the group of trees under observation in the 
various experiments. The criteria used for assigning each infected pod to its 
probable source category are described by Maddison (1981a). Briefly, these 
categories are as follows: 

Contact with, or sptbsh from, an existing black pod. This is perhaps the most 
obvious and least subjective category. Splash of inoculum or contact is the 
commonest mode of infection for all pods. By contrast, few sporangia are 
liberated into dry air. Operating a Hirst volumetric spore trap (Burkard 
model) in a severely affected plantation failed to catch any sporangia, 
although a few were caught when the trap was placed close to a sporulating 
pod. It is known from previous research that the Hirst trap is not suitable for 
catching splash-dispersed spores. 

From soil and Utter by splash and contact. Okaisabor (1971) and Henry 
(1977) attributed the numerous lesions on pods at the base of the trunk, up 
to a height of 70 cm, to rain-splash from the ground. Infected pods from 0 to 
70 cm above ground were assigned to this category. 

Sporulating cankers and infected flower cushions. Contrary to expectation 
when the project started, relatively few sporulating cankers were found, and 
moreover pods infected by P. megakarya from systemic infections in cushions 
via the peduncle were rare in comparison with the number of P. palmivora 
cushion infections reported from Ghana. Evidently 'on-tree' sources are not 
a significant problem in Nigeria. 

Ant tents. Several species of ants 'tend' coccids or aphids, which they 'milk' 
for honey-dew on the peduncles of developing pods. They construct tent-
like structures of soil or plant debris to protect the 'cows' from weather and 
predators. Frequently a black pod lesion occurs close to the tent, especially 
to those tents made of soil. The complex ecology and interactions between 
species of tent-building ants involved in this inoculum-source at Gambari were 
studied by Taylor & Griffin (1981) and by Taylor & Adedoyin (1981). The 
importance of this category varied considerably from year to year, but it is a 
significant one in Nigeria. 

Insect and rodent damage. The edge of a plantation adjoining bush often 
suffers badly from rodents. A gap in the canopy favours mirid damage. Such 
wounds on pods are often sites of black ood lesions. 



'No obvious sources'. This important category includes infections apparently 
'arising out of the blue' , i.e. not near enough to any known source to be 
reasonably attr ibutable to it. This category puzzled us for years and at the 
end of the project we were disappointed to have no solution to offer in the 
Team's Final Report . Recently, whi le re-examining some of the experimental 
data, we found evidence leading to a possible solution. 

M A P P I N G S I T E O B S E R V A T I O N S O F 1 9 7 4 A N D 1 9 7 5 

T o get basic data about the black pod epidemic at Gambari , all pods and 
cherelles on a group of 9 Amelonado trees, were examined closely every 
Monday, Wednesday and Friday throughout the 1 9 7 4 and 1975 seasons. The 
surrounding 16 trees were also examined, but were recorded in less detail. No 
control measures were applied, but healthy ripe pods were harvested every 
three weeks. 

T o reach all parts of these 2 5 trees a f ramework of steel scaffolding was 
erected so that all pods and cherelles f r o m the ground to the top of the 
canopy could be observed. A wealth of detail was recorded and analysed by 
computer (Maddison, 1977; 1 9 8 1 ) . During the two years 9 4 5 P/7j^fop/?fo/-a-
infected pods or cherelles were recorded out of a total of 1690 pods, and 
their probable sources of infection were assessed as shown in Table 1. 

T A B L E 1 

Percentage of black pods assigned to source categories in Mapping Site observations on 
Amelonado cocoa at Gannbari, 1974 and 1975. 

Source Category % Assigned 

Contact with or splash from infected pod 71.8 

From soil or litter by splash or contact 5.0 

Sporulating cankers or infected flower cushions 1.6 

Ant tents 5.8 

Insect or rodent damage 4.9 

No obvious source 10.9 

[Source: Maddison, 1981a]. 

A finding of fundamental importance is that the black pod epidemic is 
made up of a large number of small groups of infected pods derived f rom an 
isolated individual infection. In Maddison's terminology these groups 
constitute ' Infection sequences' each derived f rom an ' ini t iator ' . During the 
two seasons each of the 267 initiators gave rise to an average of 2 .54 
sequence infections. 

Hitherto, th inking on cocoa Phytophthora has been misled by analogy 
w i t h the much better known, but quite d i f ferent , epidemic cycle of P. 
infestans on the annual potato crop in temperate countries, where a few 
early infections per hectare mul t ip ly up to produce the season's blight 
epidemic. By contrast at Gambari approximately one quarter of the black 
pods recorded were initiators. 

R.T 



Initiators function, not merely at the beginning of the season as supposed 
formerly, but continue to arise and set up fresh sequences throughout the 
rainy season. This discovery was a serious set-back to our hopes for 
controlling black pod by plantation hygiene. 

T H E U L T I M A T E H Y G I E N E E X P E R I M E N T 

The 'mapping site' records showed that our task could be re-defined as 
a search for the origins of initiators. A new way of studying initiators was 
needed, without the complication of sequence infections to blur the picture, 
by early depletion of pods which could have become initiators later in the 
epidemic. This need was met by the so-called 'Ultimate Hygiene' experiment, 
which was an ambitious project over a substantial area of plantation where 
the development of sequences was suppressed by removing any infected pods 
during a daily inspection, and before such potential initiators could become 
active. Daily inspections were maintained during the rainy seasons of 1975 
to 1978 inclusive. 

The area used had to be comparatively large because small replicated plots, 
which may be suitable for fertilizer experiments, are inappropriate for 
studying movement of airborne inoculum through a plantation. The 
experimental material consists of a volume of trees 5 or 6 metres high, and 
large plots are essential to allow treatment effects to develop unhindered. 

A block of 560 trees was marked out in a large plantation of Amazon 
hybrid cocoa. All pods were inspected daily from March to November, an 
exacting task demanding conscientious attention and considerable manpower. 
For each infected pod the date, height above ground and probable source 
were recorded. This potential initiator was then removed from the plantation 
before the lesion could sporulate and set up an infection sequence. This block 
will be referred to as the 'daily removal plot'. Ripe pods were harvested from 
the area every three weeks. Thus a picture was built up of the origin of 
potential initiators, uncomplicated by the presence of any sequence 
infections derived from them. During 1975 approximately 9 per cent of the 
total of 15,889 pods on the plot were removed as initiators. 

On each side of the daily removal plot were two control plots each of 285 
trees. Here infected pods were left in position to sporulate until removed at 
the next 3-weekly harvest of ripe pods. These plots will be referred to as the 
'3-weekly removal plots'. On these control plots each initiator gave rise to an 
average of 2.27 sequence infections. 

The results of the four years work on this experiment are summarized by 
Griffin et at. (1981). The proportions of initiators attributed to the sources 
shown in Table 2, are based on records from 36,208 pods, each of which 
while maturing on the trees would have been at risk for approximately 145 
days after pod set (or 170 days from pollination). 

Initiators continued to arise throughout the four years of the experiment, 
though the number fluctuated considerably from year to year. Numbers of 
initiators decreased from 1975 to a minimum in the low rainfall year of 1977, 
but increased greatly again in 1978, mirroring a general increase of black pod 
at Gambari. And, most significantly, in the wetter year of 1978 the 'soil and 
litter' and the 'no obvious source' categories increased simultaneously. The 
decision to continue recording for a fourth year was fortunate, as interpreta-
tion of the data for 1975-1977 alone would have resulted in quite a different 
conclusion. 



T A B L E 2 

Numbers of black pods on the 'ult imate hygiene' experiment, and their attr ibuted 
sources for the years 1975-1978. 

Year 1975 1976 1977 1978 

Rainfall (mm) 1042 1013 852 1199 

Total harvested pods 12,614 7,282 4,852 7,1 78 

Total initiators 1,212 311 39 720 . 
Sources assigned: 
Soil and litter 585 151 26 208 
Ant tents 282 9 2 41 
Rodent damage 4 2 1 2 
Insect damage 16 23 0 47 
Flower cushions & canker 37 3 0 2 
No obvious source 288 123 10 420 

Total sequence infections from initiators 
accidentally overlooked or on adjacent plots 63 107 0 88 

[Source: after Griffin et a!., 1981 with additional data]. 

The numbers of initiators f r o m insect damage also f luctuated f rom year to 
year, whereas initiators f rom cankers and infected f lower cushions became 
very few, confirming the view that delayed removal of black pods favours 
both canker and cushion infection. 

Over the four years of the experiment nearly 4 0 per cent of the initiators 
were placed in the 'no obvious source' category. 

T H E V E R T I C A L I N F E C T I O N G R A D I E N T 

Al though horizontal gradients are evident w i th in sequences, and were 
clearly demonstrated experimental ly on a small scale (Maddison & Gr i f f in , 
1 9 8 1 ) , our attempts to trace them into the daily removal plot f rom the 
contiguous 3-weekly removal plots alongside proved unrewarding and wasted 
much t ime. 

Recently we decided t o concentrate at tent ion on the wel l -known vertical 
gradient in more detail . Working f r o m a computer print-out that gave the 
1 9 7 5 data for di f ferent heights above ground level in the ult imate hygiene 
exper iment , it became obvious that the two categories we had distinguished 
as 'splash f r o m soil and l itter' and 'no obvious source' formed a single 
continuous vertical gradient. This gradient could be expressed graphically as 
a straight line by plott ing the log of the number of lesions against linear 
height above ground, indicating an exponential decrease wi th height above 
ground (Figure 1). No great emphasis should be placed on the exponential 
relationship, however, because the numbers of pods at risk were di f ferent at 
d i f ferent heights. Generally there are few near the ground and most at about 
2 or 3 metres. However, in 1975 tree bases were well furnished w i th pods to 
ground level, making cont inui ty easy to observe. This single gradient points 
to the ground as source. The 'ant ten t ' gradient, where there is no doubt that 
soil is carried up f rom the ground, behaves similarly, 

R.T 



N U M B E R S OF I N I A T O B S 

Figure 1. 
Vertical gradient of initiator source categories: 'splash from soil and litter' 
plus 'no obvious source': from 'Ultimate Hygiene Experiment', Gambari 
1975. Plotted at 10 cm intervals above ground on linear scale, with pod 
numbers on a logarithmic scale. 

The picture becomes clearer when the height of each initiator is plotted 
beside daily rainfall (Figure 2). After a delayed start at the beginning of the 
rainy season, infection from the ground continues almost to the end of the 
rains. The occurrence of Initiators lags 3 or 4 days (often apparently longer 
for pods high in the canopy) after a fall of perhaps 10 mm or more of rain In 
a day. 

. The ground had been suspected as a source earlier (Muller, 1974) while 
Okaisabor (1974) referred to a widespread belief among Nigerian cocoa 
farmers that pod rot comes up from damp soil at the beginning of a new 
season. However, our discovery that this source functions throughout the 
season alters the situation fundamentally. 

Whether sporangia or zoospores are the infective agents carried by the 
splash droplets, needs investigation, but in the absence of facts, we speculate 
that the infective agents are probably not the sporangia themselves, but their 
products, the much smaller zoospores, which are motile in water and perhaps 
20 times as numerous which can swim actively in water, or change into 
resting cysts by developing a resistant cell wall. 

R.T 
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Figure 2. 
Data from Figure 1 plotted daily showing height of individual initiator pods 
above ground, and daily rainfall in mm, Gambari 1975. 
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Splash as a Mechanism for Zoospore Transport 
A vital clue was supplied by Cameron & Carlile (1977) who showed that 

zoospores of Phytophthora tend to swim upwards against gravity (negative 
geotaxis), a tendency that would presumably be overridden in zoospores 
swimming near a rootlet by chemical attraction towards cocoa rootlets 
(positive chemotaxis). Because of this tendency to swim against gravity 
zoospores will accumulate at the soil surface durihg heavy rain. Here they 
will be in a good position to be dispersed by splash in the droplets thrown 
up from the surface fi lm of water by impacting rain drops, or more likely by 
impact of drips from leaves wetted by rain. Such surface concentrations of 
zoospores or zoospore cysts should be looked for by collecting surface water 
during a tropical downpour. 

In a cocoa plantation most rain drops strike leaf surfaces, and the drops 
reaching the ground will be 'drip' from the canopy. On impacting with the 
surface water over saturated soil each drop will form a familiar splash corona 
from whose rays droplets are propelled into the air. Laboratory tests 
(Gregory, Guthrie, & Bunce, 1959) showed that these splash droplets entrain 
spores contained in a surface film. The larger droplets are propelled in a 
trajectory reaching a distance of about 70 cm in still air. These, which we 
propose to refer to as 'ballistic droplets', have attracted attention in the 
context of plant diseases. The corona formed by a single drop of say 5 mm 
diameter falling from a height of 3 m would project about 2 ,000 potentially 
spore-carrying ballistic droplets having a wide range of diameters. 

The field data summarized in Figures 1 and 2 suggest that these laboratory 
tests gave an incomplete picture. It seems that the ballistic droplets constitute 
only part of the splash. There is evidently another component made up of 
still smaller droplets with negligible trajectories and light enough to be carried 
even in feeble air currents: these will be referred to as 'aerosol droplets'. They 
were not detected by the small scale methods used in the laboratory tests 
cited, but did become evident in the plantation at Gambari. Many of them 
may be the small 'satellite droplets' formed by separation of pairs of larger 
droplets. The wisps of mist seen swirling above forest canopy during tropical 
rainstorms are probably composed of these aerosol droplets. 

The ballistic droplets correspond approximately to the 'splash.from soil 
and litter' category, whereas the aerosol droplets correspond to the 'no 
obvious source' category. But the boundary between them will be indistinct, 
partly because the spectrum of ballistic droplet sizes is known to be very 
wide, and the same is probably true of the aerosol droplets. 

Consequences of an Infective Aerosol 
Fortunately the yield of initiators per splash event is extremely small. A 

rough calculation using the Gambari data for 1975 shows that 1,000 mm of 
rain produced an average of only two initiators per tree. Put differently: to 
produce one initiator required 1 x 1 0 ® drops, giving rise to more than 2 x 
10 '^ splash droplets. 

Such an aerosol of zoospores or cysts pervading a plantation could account 
for the findings of Tarjot (1967) in the Ivory Coast where, in a mature 
plantation, P. palmivora was isolated from: soil, old dry cocoa pods, 
blackened cherelles, bark of shade trees and of cocoa trees. 

And while some of the catches of P. megakarya in 'pipe traps' by 
Maddison & Griffin (1981) appear to come from sporulating cankers, others 
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may be monitoring re-distributed zoospores collected f r o m the aerosol by 
the relatively large trapping surface area of the canopy. 

A step-wise climb of black pods as the season progresses has been reported 
in the literature. Figure 2 indicates that for initiators this is a misinterpreta-
t ion. A n y apparent climb is due to the detect ion threshold not being reached 
higher in the canopy until after a great increase of infection lower down. 
Moreover, in the 'ult imate hygiene' exper iment a climb could not be stepwise 
because the 'steps' had been removed. This in turn accounts for lack of 
success in trying to control black pod by removal of pods below 0 .8 m at the 
tree base, as tested on parts of the 'control ' plots adjoining the ult imate 
hygiene plot (Gr i f f in ef a/., 1 9 8 1 ; Adebayo, 1 9 8 3 ) . The infective aerosol does 
not ascend by stairs but goes up in the convective 'elevator'. 

The data indicates the ground to be a massive and consistent source. But 
does the inoculum come f rom the litter layer or f rom the soil below it? So 
far the data are ambiguous, but some answers come f rom another experiment 
described in the Team's Final Report . 

T H E POD E X P O S U R E E X P E R I M E N T 1 9 7 6 

T o assess the amount of splash infection f rom the ground in a well-
established cocoa plantation, batches of healthy pods were exposed to natural 
splash f rom March to August 1976 . Four replicate pods were exposed on 
a lumin ium angle posts at 8 heights, at intervals of 15 cm starting at 15 cm, 
and up to 120 cm above ground level (Maddison and Gr i f f in , 1 9 8 1 ) . T w o 
such sets of posts were set a few metres apart, one set over ground 'wi th its 
normal litter cover of old cocoa leaves, and the other set over bare soil f rom 
which litter had been removed. A f te r rain the exposed pods were removed 
and incubated in the laboratory for a lesion count , whi le fresh pods were 
exposed awaiting further rain, for a total of 2 5 periods in all. 

During the six months of the experiment 1 ,600 pods were exposed. Of 
8 0 0 pods exposed over bare soil 1 9 0 pods became infected, whereas over the 
intact litter only 3 6 out of 8 0 0 became infected (Table 3 ) . Further, on all 
2 5 occasions there were more infections over bare soil. 

T A B L E 3 

Pod exposure experiment, March to August 1976, Gambari. Percentage pods 
infected (mean of 4 replicates) when exposed at 8 heights on 25 rainfall 
occasions (a total of 400 pods over bare soil, and 400 over l i t ter). 

Percentage pods Infected 

0.15 
Height of pods above ground level (m) 

0.3 0.45 0.6 0.75 0.9 1.05 1.2 
%of 
Total 

Ground condit ion: 

Over bare soil 70 53 35 17.5 8.25 5 2 6 23.7 

Over leaf l itter 6 6 7 4 3 4 2 6 4.5 

(Source: after Maddison and Griffin, 1981). 
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These facts suggest that the litter layer, instead of being a source of 
inoculum, is acting physically as a shield preventing rain from splashing 
zoospores up from wet soil to the pods. However, the litter layer is not 
wholly innocuous. In Nigeria, both Onesirosan (1971) and Ward & Griffin 
(1981) obtained Phytophthora from organic debris in the litter layer. But 
the field data from this experiment show that bare soil is the potent source, 
and that by comparison the litter layer acts as a protective mulch. 

Again, the data point to the ground as a massive and consistent source. 
But in what form is P. megakarya present in the soil? In particular, do the 
cocoa Phytophthoras grow on dead organic matter in the soil? The data 
discussed so far are ambiguous. 

THE PHASE BELOW G R O U N D 

Occurrence of Phytophthora in Soil 
Phytophthora was generally regarded solely as a pathogen on aerial parts 

of cocoa trees'urjtil Orellana (1954) and Thorold (1955) baited it out of 
plantation soil using healthy cocoa tissue. Turner & Asomaning (1962) found 
P. palmivora infecting roots of volunteer cocoa seedlings in Ghanaian 
plantations. 

Okaisabor (1970) started systematic studies of Phytophthora soils of 
Nigerian cocoa plantations. On the floor of a plantation he reported 100 per 
cent infection of baits placed at 0 to 6 inches (0 to 15 cm) from trunks, 
decreasing steadily to 51 per cent at 25 or 36 inches (62 or 90 cm). Exploring 
downwards in three different cocoa soils, recovery of the pathogen was 
greatest at the surface, decreasing at 3 and 6 inches (8 and 15 cm) and zero 
at 12 inches (36 cm) depth. In baiting surface soil periodically over the year, 
Okaisabor found that the percentage of baits infected varied greatly with 
season: 

'Throughout the dry season (December to February) no baits were 
infected, but as the early rains began in March and April, the infectivity of 
the pathogen in the soil gradually rose. The number of Phytophthora-
infected baits was very high during the wet months (May to October) but 
declined sharply to zero by December. These results suggest that P. palmi-
vora exists in the soil in a relatively dormant form when adverse conditions 
prevailed in the dry season. As the rain increases in March and April it 
gradually breaks through its dormant phase, and its activity in the soil 
reaches a peak at the height of the rainy season'. (Okaisabor, 1970). 

This seasonal pattern was confirmed for plantations at Gambari and Ikom by 
Ward & Griffin (1981) who commented 'the number of propagules decreased 
very rapidly towards the end of the rains, perhaps more quickly than might 
have been expected from the rainfall pattern'. In the unusually dry year of 
1977 at Gambari, with low rainfall and thus poor cocoa canopies giving severe 
drying out of the soil, very few positive isolations could be made from the 
soil. But isolations were successful again in the wetter season of 1978,-
suggesting that multiplication had occurred in the soil. This supports the 
evidence (Table 2) that Phytophthora not merely survives in the soil of cocoa 
plantations, but actually increases again after being depressed by an unusually 
dry season. 
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Saprophytic Growth in Soil? 
Because chlamydospores of P. megakarya were not found in soil or on 

cocoa trees at Gambari, Ward & Griffin (1981) drew attention to the belief 
that certain species of Phytophthora are able to grow as saprophytes in the 
soil on dead organic matter. 

Zentmyer & Mircetich (1966) placed discs cut from cultures of P. 
cinnamomi on dishes of non-sterile soil in the laboratory. A t intervals from 
4 to 40 days small samples of soil were taken at distances of up to 6 cm from 
the inoculum and assayed for P. cinnamomi. By the 5th to 20th days the 
fungus was found at up to 3 cm distance from the inoculum disc. The 
assumption that this results from invasion of the soil by mycelium has been 
generally accepted. But, in fact, the presence of mycelium joining the 
sampling points seems not to have been demonstrated. An equally plausible 
alternative hypothesis is that zoospores swim out from the inoculum and 
encyst in the soil. 

When Hickman & English (Hickman & Ho, 1966) placed mycelial inocula 
of P. fragariae in non-sterile soil, mycelium failed to grow out f rom the food 
base: instead sporangia were formed around the edge of the inoculum, 
possibly an instance of the phenomenon discovered by Zentmyer (1965) in 
three species of Phytophthora including P. paimivora where soil bacteria 
stimulated production of sporangia. 

Infection by the fungus of living cocoa roots seems more plausible than 
saprophytic growth. The fungus by invading living cocoa tissue unavailable 
to other fungi gains great competitive advantage. For these reasons we 
discount the hypothesis of mycelial growth through soil (Gregory, 1981). 

Phytophthora on Cocoa Roots 
Although Turner & Asomaning (1962) discovered P. paimivora infecting 

roots of volunteer cocoa seedlings in Ghana, no epidemiological significance 
seems to have been attached to this phenomenon at the time, although it was 
developed as a seedling test for resistance. The finding was confirmed by 
Onesirosan (1971) and Okaisabor (1974) in Nigeria on older trees. 

More extensive and systematic examinations of cocoa roots were made 
by the International Research Team at Gambari (Ward & Griffin, 1981). 
Root samples from the top 50 cm of soil were washed, surface sterilized with 
calcium hypochlorite, rinsed in sterile distilled water, cut into small pieces or 
macerated, placed in water in Petri dishes and baited with tissue plugs cut 
from healthy pods. Sporangia were seen on the baits three or four days later. 

Phytophthora was frequently obtained from current and previous year's 
roots, but only rarely from lateral roots. Between June and November 1979 
Phytophthora was found in roots of 18 out of 85 trees sampled at Gambari, 
and 19 out of 38 trees at Ikom in Eastern Nigeria. There were no obvious 
lesions on the roots tested. No Phytophthora was obtained from roots 
collected before June at Gambari, and in November few samples proved 
positive at either Gambari or Ikom. 

That tests on a few grams of feeding root tissues, representing a minute 
fraction of the total feeding root system, revealed the pathogen in 37 out of 
123 trees tested, suggests a very high incidence of P. megaiorya (and some-
times P. paimivora) in roots, possibly a higher incidence than would be 
indicated by similar weights of pod tissue taken at random from the same 
tree. 
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The fungus must be living inside the tissues of the feeding roots, because, 
although the surface sterilization method used was adequate to kill vigorous 
soil saprophytes, the Phytophthora survived. But this reveals another 
ambiguity. Is the fungus temporarily dormant inside the root tissue, invading 
systemically with negligible damage, as it can when invading flower cushions? 
Or is it damaging as in pods? If the latter the chance of observing it would 
be slight? The role of P. megakarya in roots needs investigation. Similar 
questions arise with P. palmivora on coconut roots (Harris et a/., 1984). 

Encystment of Zoospores 
In Ghana, Turner (1963) found that P. palmivora sporangia germinated in 

all the soil and root extracts he tested, but the resulting zoospores were 
inhibited by some factor which held them in a state of suspended animation. 
Growth and movement were inhibited but the zoospores were not killed 
however (i.e. a condition of 'fungistasis'). This fungistasis was easily 
countered by exudates of cocoa leaves, pods and roots. In a crucial 
experiment. Turner (1965^ infested soil with a suspension of P. palmivora 
zoospores that had been passed through filter paper to free it from mycelium 
etc., and he showed that the inoculum remained viable in soils of 
intermediate water content for at least 18 months. Bimpong (1969) found 
that P. palmivora zoospores encysted on coming into contact with soil. 

Survival as encysted zoospores could explain the Nigerian experiments by 
Griffin (Ward & Griffin, 1981) in which fibreglass tissue impregnated with 
cultures of P. megakarya and P. palmivora was buried in cocoa plantations 
and in bush soil, and retrieved for viability tests at intervals. Survival was 
demonstrated for at least 10 to 18 months. How the pathogen survived 
could not be ascertained, but survival as encysted zoospores would be 
consistent with Turner's findings. 

P. megakarya evidently has low competitive saprophytic ability in soil (in 
the sense of Garrett, 1981). If the encysted zoospore survival hypothesis is 
correct, its persistence is better described as survival rather than as 
'saprophytism'. 

For these reasons we discount the hypothesis of mycelial growth through 
soil, in favour of occupation of the soil by motile zoospores which would 
soon encyst in a condition of fungistasis. However it is conceivable that 
zoospores in the soil germinate soon after encystment and survive as dwarf 
mycelia of the type described by Thomson & Allen (1976) for P. parasitica in 
irrigation water, though on biological grounds this seems less likely than the 
reversible induced fungistasis suggested by Turner. 

R E - I N T E R P R E T A T I O N OF COCOA BLACK POD 

The following is suggested for the annual cycle of P. megakarya in Nigeria, 
and with modifications it may well apply to other cocoa Phytophthoras 
elsewhere, and perhaps be relevant to some other Phytophthora diseases. 
Emphasis is placed on the motile zoospores, which are an important character 
of the genus Phytophthora (Figure 3), and on their cysts. 
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Figure 3. 
Multiscale diagram illustrating the hypothetical disease cycle for 
Phytophthora megakarya at Gambari. The primary cycle on evanescent 
feeding roots, leading to infection of pods by inoculum propelled by splash 
during rain is shown. 
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The basic cycle on roots. P. megakarya is to be thought of as primarily a 
pathogen of the ephemeral feeding roots of the cocoa tree, probably not 
causing serious damage under good growing conditions, but becoming 
harmful when too many feeding roots are invaded. 

By analogy with other root-invading Phytophthoras, it is supposed that 
sporangia are produced on the surface of infected roots, liberating motile 
zoospores into the soil water. These zoospores tend to swim upwards towards 
the soil surface unless overridden by chemical attraction towards a cocoa root 
where they will encyst and infect. 

Most of the zoospores fail to reach a root and will encyst, remaining 
dormant for a period until stimulated to germinate, perhaps when the soil 
crumb is explored by a feeding root, as probably occurs several times in a 
season. 

In the dry season the fungus is assumed to survive either as mycelium 
within infected roots or as encysted zoospores under influence of soil 
fungistasis, an ambiguity not yet resolved. Onset of rain after the dry season 
will bring renewed exploration by the transient feeding roots in the upper 
20 cm of soil, and these could become infected when their exudates stimulate 
nearby encysted zoospores to germinate. 

In comparison with this principal cycle on roots, the above-ground activity 
of P. megakarya may well be of secondary importance for survival, though 
important in dissemination, and of course vital to the cocoa farmer, who sells 
beans not roots. I t remains to be seen whether P. palmivora in Ghana, where 
cushion infection looms large with a less severe dry season, also depends on 
the soil cycle. 

The secondary cycle on pods. Some weeks after the start of the rain, with the 
growth of new feeding roots, the zoospore population in the soil is assumed 
to increase. When the soil is saturated, zoospores will concentrate at the soil 
surface (possibly as cysts) where some are picked up by ballistic and aerosol 
droplets and may become initiators of pod infections, which are reinforced 
by initiators from ant tents and other sources. All these initiators give rise to 
sequences of infected pods. All kinds of initiators continue to arise through 
most of the rainy season, setting up sequences until the epidemic stops 
abruptly before the rains end. 

The possibility that P. megakarya is primarily a root pathogen, continually 
re-infecting the ephemeral feeding roots, should be investigated as 
contributing to the notorious difference in yield of trees in the same 
plantation. Root systems of sample trees, both productive and unproductive, 
could be excavated during the rainy season and tested for Phytophthora 
invasion. Local variations in size of soil pores, which could control zoospore 
moti l i ty, should be investigated. 

The 'ultimate hygiene' experiment indicated that any return cycle of 
sporangia, zoospores and old husks which add inoculum to the litter layer was 
of secondary importance compared with the active cycle on the roots. Future 
research effort should concentrate on the subterranean part of the annual 
cycle, both to avoid loss of pods and to correct chronic weakening of the 
trees. Studies are needed on the growth cycle of feeding roots, and on the 
nature of the resting phase of the fungus during the dry season. The possible 
survival as mycelium in old feeding root?, as chlamydospores or as encysted 
zoospores all need to be examined. 
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C O N T R O L : T H E W A Y A H E A D 

The hypothesis suggests why cocoa black pod is so diff icult to control. 
However, even if the pathogen multiplies below ground, and initiators arise 
throughout the season, control by sanitation does not seem hopeless, 
although in areas where conditions favour longer sequences than at Gambari 
the measures might be less rewarding. 

Mulching in its broadest sense should be re-examined wi th the aim of 
preventing splash f rom the ground. The lack of success when Newhall, Dias & 
Salazar (1966) placed a 3-inch (8 cm) layer of 'coffee parchment' around tree 
bases was attributed to inoculum sources f r o m the canopy outweighing 
inoculum from the soil. When the International Team at Gambari covered 
areas of plantation floor with black 'polyethylene' sheeting, the lack of 
effect could have been due to re-splash of zoospores from ponded rainwater 
held on the sheeting. 

Experiments on the effect of mulching should be done on large plots each 
perhaps of 100 trees. The following tests could start the project. 

- Remove leaf litter from some plots and place material removed on other 
plots, to test the protective or infective functioning of litter; 

— Cultivate low-growing plants as ground-cover, choosing species tolerant 
of the low light intensity under the canopy. This should check vertical 
movement of drops and droplets in both directions. Possibly such mulching 
by natural vegetation explains the surprising absence of black pod from an 
abandoned cocoa plantation in French Guiana commented on by Braudeau 
(1962) . 

Mulching can of course act only against splashed initiators and is unlikely 
to deter tent-building ants, which would still need separate control measures. 

Only if very beneficial would mulching remove the need for fungicidal 
treatment of pods and canopy. Renewed attention could be given to applying 
fungicides to the ground, choosing relatively insoluble materials such as 
unwettable oxides of copper, which might be applied as a powder to save 
transport of water. Spraying or dusting the soil as well as the trees seems to 
have been practised in Fernando Po for many years (O.E.K. Laband, pers. 
comm.). From the continual occurrence of initiators throughout the rains, it 
may be deduced that fungicidal application to pods will be beneficial at any 
time. 

Systemic fungicides that will reach the roots, either applied to foliage or 
as a drench to the soil, should be sought to prevent root infection and 
decrease the inoculum at the soil surface. A choice of compounds may be 
needed because the f i igus, being diploid, may be expected to develop 
resistance to systemic fungicides fairly rapidly. 

Plant breeding should aim at stable root resistance to Phytophthora, 
continuing the screening tests for root resistance developed by Turner & 
Asomaning (1962) and by Zentmyer ef a/. (1968) . Screening the cocoa germ-
plasm pool for root resistance should be started forthwith. 
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C O N C L U S I O N S 

The new evidence presented dennands a re-assessment of the role of the 
various species of Phytophthora in cocoa plantations. Much rennains unknown 
or speculative, and research is needed in the dif ferent cocoa producing regions 
to elucidate the epidemiology on roots in relation to the epidemic on pods. 

Field experiments, especially the 'ult imate hygiene'exper iment which ran 
f r o m 1975 to 1978 , formed the most important ef fort of the project and 
gave a strong indication that P. megakarya is primarily a root infector, an 
indication which we cannot af ford to ignore because of the effect of the 
subsequent pod rot on the cocoa farmer. 

This interpretation is speculative but reasonable and is supported by much 
evidence. It is put forward in order to stimulate a broader investigation of the 
role of Phytophthora in the cocoa plantat ion. 
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Flowering of Cocoa 
Paulo de T. Alvim 

Scientific Director, CEPEC-CEPLAC, Itabuna, Bahia, Brazil. 

Cocoa (Theobroma cacao L.) belongs to the family Stercullaceae and Its 
centre of origin is believed to be the headwaters of the Amazon basin, where 
Theobroma and related genera are found in greater proportion than 
elsewhere. From its centre of origin the species spread mostly in two 
directions, resulting in the two primary groups of cultivars known as "criollo" 
and "forastero". 

Cocoa is a typical cauliflorous species, the flowers giving the impression of 
originating directly from the bark of the plant. A cocoa flower is shown in 
Plate 1. Actually they are formed in minute inflorescences with short 
internodes and branchlets, originating from the axil of the leaves. Cocoa has 
two buds in the axils of most of its leaves, a larger one known as the "princi-
pal" bud, visible to the naked eye, and a smaller one, the "subordinate" bud, 
often obscured by the dense indumentum of the stem and located in a 
depression in the stem between the principal bud and the base of the petiole. 
The principal bud only grows as a vegetative branch, while the subordinate 
bud usually forms an inflorescence (Wheat, 1979). Some authors have been 
able to cause a subordinate bud to grow out as a vegetative branch by 
decapitating the shoot and destroying the principal bud. 

The term "flower-cushion" is commonly used to refer to the site where 
the inflorescences appear. Each cushion remains active, i.e. produces flowers 
for many years, apparently only becoming sterile when accidentally injured 
by cuts (as often happens when the fruits are harvested) or because of bark 
diseases (such as Phytophthora canker). 

In young plants the flowers are produced mainly on the trunk, but in 
mature trees they normally appear in the canopy as well and certainly in most 
of the branches thicker than about 1 cm in diameter. As the branches become 
thicker, the flower cushions usually become swollen and the number of 
flower buds per cushion increases. As a rule, no more than 1 or 2 flowers 
open per cushion on the same day, but under favourable conditions for 
flowering it is common to find as many as 5—10 open flowers in old cushions 
and a much greater number of flower buds at different stage of development. 
An adult cocoa plant may produce several thousand flowers per year, some-
times more than 50,000, of which only a small proportion (usually less than 
5 per cent) are pollinated, and an even smaller fraction (0.5—2.0 per cent) 
lead to the final crop. From pollination to harvesting the fruit , which weighs 
from 400 to 800 g and is referred to as "pod", takes from 5 to 6 months to 
mature, depending on the temperature (Alvim, 1977). 

Flower Structure 
The individual flower (Fig. 1) has a thin and relatively long ( 1 - 1 . 5 cm) 

pedicel and a calyx with 3 to 7 (normally 5) sepals measuring 6 to 8 mm long. 
Prior to anthesis these sepals form an oval body, measuring 5 x 3 mm, at the 
tip of the pedicel. The corola has 5 petals about 6 - 8 mm long which are 
divided in two sections: a lower one corresponding to the claw, which is 
strongly veined and in the shape of a hood (cucuHus), normally with two red 
lines, and an upper white blade (lamina) which is flat, flexible, and articulated 
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to the apex of the claw. The androecium has an outer whorl of 5 sterile and 
rather long (5—7 nnm) staminodes, opposite to the sepals, usually with red 
pigmentation, and an inner whorl of 5 fertile and relatively short stamens 
opposite to the petals. The anthers are hidden inside the petal-hoods and have 
two unilocular thecae which open by a longitudinal cleft. The gynoecium has 
an ovoid 5-celled ovary with 40 to 60 ovules (two rows of 8—12 in each cell) 
and five apical stigmas. 

FLOWER B I O L O G Y 

The anthesis of the cocoa flower follows a typical nyctitropic pattern. 
Normally, the process begins late in the afternoon, when the sepals start to 
separate from each other, and is completed early in the morning of the next 
day, usually between 4 and 6 a.m. This pattern has been observed also with 
leafless branches, detached from the plant, supplied with water and exposed 
to different treatments of temperature and photoperiodism. The nyctitropic 
movement remained unalterable under all conditions, suggesting an 
endogenous stimulus for anthesis. 

Cocoa is a species which is pollinated by insects and thus has a flower 
structure adapted for cross-fertilization. Flowers which are not pollinated 
within the first 8 - 1 0 hours after anthesis will normally fall in the next 
24—28 hours. It is now well established that the most effective and important 
natural pollinators are the tiny midges of the genus Forcipomyia (Diptera: 
Ceratopogonidae) and there are numerous species involved in cocoa 
pollination (Chapman and Soria, 1983; Winder, 1978). A few other small 
insects, such as thrips, ants and aphids, may also pollinate the flowers, but 
Forcipomya, because of their size and shape, are more efficient in collecting 
pollen (when crawling under the petal-hoods which cover the anthers) and 
in transferring pollen to the stigma (when crawling down the staminodes of a 
next flower). This is regarded as a case of "mutual-adaptation" between plant 
and insect. The midges are believed to visit the flowers in search of food 
and/or perfume, but this has not been experimentally demonstrated. Some 
authors suggested that the red pigmentation of the staminodes and petal-
hoods would be a stimulus to attract the insects, but this hypothesis also is 
not generally accepted, as flowers of unpigmented cultivars are equally 
attractive to the midges. 

A considerable amount of research has been done on the biology and 
taxonomy of Forcipomya. Of the various species reported as important cocoa 
pollinators in different regions, the most frequently found belong to the 
subgenus Euprojoannisia, formerly named Proforcipomyia (Saunders, 1959; 
Winder, 1978). 

Cocoa flowers may also be "artificially" pollinated by mechanical means, 
such as, for instance, by agitating the flowers with a hand brush or by 
blowing air directly on to the flowers with a motorized blower. These 
treatments have been reported to increase fruit setting and yield when applied 
to self-compatible cultivars in areas where shortage of natural pollinators is 
a common problem. 
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FACTORS A F F E C T I N G FLOWERING 

Comparative studies on the seasonal flowering pattern in the various cocoa 
growing countries show that flower production is primarily controlled, either 
directly or indirectly, by climatic factors. As a rule, in regions with well 
defined seasonal variability in rainfall and/or temperature, flowering is much 
reduced or may be completely inhibited during excessively dry or relatively 
cold periods (Alvim, 1966; Boyer, 1970; Asomaning et a!., 1971). In places 
with well distributed rainfall and no marked seasonal differences in 
temperature, cocoa usually produces flowers and fruits throughout the year. 
Even in such regions, however, flowering is never uniform during the year 
but varies in intensity under the influence of different factors, some of which 
are not completely understood. Since different factors may simultaneously 
affect the flowering process it is often difficult to establish causal relation-
ships for the variability of flowering. 

In the author's opinion, fluctuations in flowering intensity are linked to 
the growth rhythms of the inflorescences themselves, which apparently 
follow a pattern similar to, but not necessarily synchronous with, the growth 
rhythms or flushing cycles of the vegetative buds of the plant. Both 
phenomena are affected not only by climatic factors but also by internal 
plant factors. Once an inflorescence starts its own "flushing cycle", the young 
flower buds begin to expand in sequence (as in the case of leaf flushes) this 
leading to a "wave" of flowering which may last for several days or weeks. 
The period of fastest growth of the individual buds apparently occurs during 
the last 10—12 days prior to anthesis, when they expand from the size of a 
pin-head to fully grown (Gorrez, 1962). The buds apparently do not have a 
rest period and anthesis occurs as soon as they reach full size (Sale, 1970a). 
An analysis will now be made of internal and external factors controlling the 
flowering of cocoa. Regrettably, because of limited research on flower bud 
initiation in cocoa, it is not always possible to separate the influences of these 
factors on bud differentiation and bud growth. 

Internal factors 
Our knowledge about internal or plant factors is based on studies related 

to the effect of age, girdling, internal correlation, and cambium activity. No 
attempt has been made to identify the chemical nature of flowering stimulus. 

(a) Age — The age at which cocoa starts producing flowers varies greatly 
with cultural practices and genetic origin of the plant. As a rule, high yielding 
varieties under good management start flowering at the age of about 2 years 
in the field, while unselected varieties under traditional cultural practices 
start at the age of 3 to 4 years. Plants growing in nutrient solutions under 
greenhouse conditions may start flowering before one year of age. An 
extreme case of genetically controlled premature flowering has been reported 
for some "criollo" seedlings from Mexico, which began to produce flowers at 
the age of only 3 months. 

In places where there is a marked seasonal fluctuation in flowering it has 
been observed that this fluctuation is much more pronounced in mature 
plants than in young ones. These differences may be due not to age itself, 
but to plant size or to the microclimate around the plants. Smaller plants, 
because of reduced leaf canopy or less self-shading, are more exposed to solar 
radiation than larger plants, and this may be an important factor in the 
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difference in their response to variations in climate. Older plants, on the other 
hand, because of their larger proportion of nonphotosynthetic tissues which 
act as a sink for photosynthates, may also be more readily depleted of flower 
promoting substances than younger plants (Alvim, 1977) . 

(b) Girdling — The removal of a ring of bark from the trunk of mature 
trees has the effect of increasing flowering on the portion of the trunk above 
the ring and decreasing or completely arresting flowering below the ring. 
Approximately forty-five days elapse between girdling and full bloom. Some 
studies suggest the possibility of using ringing as a method to induce out-of-
season flowering or to change the cropping pattern. In Ecuador, where fruit 
losses carried by the diseases "Witches' broom" {Crinipellis perniciosa) and 
"Monil ia pod-rot" Wonilia roreri) are strongly seasonal, the method is 
claimed to be relatively efficient in reducing the disease incidence in some 
regions ( V e r a e f a / . , 1982) . 

(c) Internal correlations — Among some cultivars of cocoa it is common to 
find a few plants which bear no fruit or have a limited crop because of a 
genetically controlled flower sterility or incompatibility. Such plants, which 
are usually referred to as "male trees", invariably show very profuse 
flowering. It has also been observed that in most regions where there is 
pronounced seasonal variation in flowering, the period of low flowering 
invariably occurs when the plants have the highest fruit load. These are clear 
indications of a competitive correlation or a depressing effect of fruits on 
flowering (Hutcheon et a/., 1972) . 

To study interactions between flowering and fruiting an experiment was 
conducted in Brazil in which fruits were manually removed every two weeks 
for a period of two years (Vogel et at., 1982) . Flowering intensity which was 
measured in comparison with untreated plants growing in the same area 
showed marked increases following fruit removal. Partial fruit removal also 
stimulated flowering, although not as markedly as when all fruits were 
removed. The study indicated that fruit size or age appeared to make little 
difference, as flowering intensity increased following the removal of either 
young (between 1 - 6 cm in length) or of nearly mature fruits. In other 
species, this depressing effect of fruits on flowering has been attributed to 
growth substances produced by the seeds of the growing fruits, such as 
gibberelic acid, which is known to inhibit f lower initiation. 

(d) Cambium a^*ivity — With the help of a sensitive liquid displacement 
dendrometer, cambium growth was measured at weekly intervals in Bahia, 
Brazil, f rom 1975 to 1978. Simultaneous studies on the flowering pattern 
of the same plants showed that the period of minimum cambium activity, 
normally f rom July to October, coincided every year with the period of 
minimum flowering. Resumption of cambium growth took place in October 
or mid-November and was followed by a resumption of flowering about 5 to 
6 weeks later. It was concluded that two factors probably contributed to the 
seasonal decrease in flowering and cambium growth in this study: the 
relatively low temperature f rom June to September and the inhibiting effect 
of the heavy load of fruits in the plants as previously discussed. 
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External factors 
The main environmental factors affecting flowering are shading, tempera-

ture and rainfall distribution or moisture availability. Photoperiodism has 
apparently no effect on flowering of cocoa. 

(a) Shading — Because cocoa is usually grown in association with larger 
trees, much attention has been given to research on its response to shading. 
It is now well established that the benefit of shading is not to provide a low 
light intensity considered optimal for growth and yield but mainly to 
counteract unfavourable factors such as moisture stress, nutrient deficiencies, 
wind damage, etc., which are usually more severe when the plants are grown 
without shade (Murray, 1957; Alvim, 1977). When such unfavourable 
conditions are not present or are controlled by methods other than the use of 
overhead shade, yield is usually higher when the plants are grown with little 
or no shade. 

Several studies have demonstrated that plants grown without shade flower 
earlier and more profusely than shaded plants. An experiment in Ghana 
comparing three shade regimes (heavy, light and no shade) showed that 
flowering followed the same seasonal pattern in all regions but the total 
number of flowers produced decreased significantly with increasing shade 
(Asomaning et a!., 1971). Conditions for effective pollination were more 
favourable under light shade than under no shade and fruit set was highest in 
that regime. However, the final yield was higher under no shade because of 
reduced loss of fruits from the physiological disturbance known as "cherelle 
wi l t" . 

Relatively young plants appear to be more sensitive to shade than old 
ones. This vyas found in a study in Brazil comparing 12 and about 50-year-old 
plants, in which shading reduced flowering by two thirds in the former and 
about one half in the latter (Leite and Muller, 1982). 

(b) Temperature — The effect of temperature on flowering has been 
studied both under field conditions and in controlled environment rooms. 
Field studies in Bahia, Brazil, (Alvim, 1977) and in Cameroon (Boyer, 1970) 
suggest that flowering was inhibited when the mean monthly temperature 
dropped below 2 3 ° C and that this effect of low temperature appeared to be 
"indirect" in the sense that it first affected vegetative growth which in turn 
would affect flowering about two months later (Alvim, 1966). This 
"indirect" influence was not supported by research under controlled 
temperature conditions which showed that temperature directly affected the 
process of flower bud differentiation (Sale, 1969). The two months time lag 
observed under field conditions may probably be attributed to the fact that 
flower counts were not based on bud differentiation but on flower dropping. 
As suggested by the work on the effect of girdling on flowering, the time lag 
between differentiation and anthesis appears to be about 45 days. 

The work under controlled temperature conditions also demonstrated that 
flowering was greater at day temperatures of 26 and 3 0 ° C than at 23°C and 
at each level of day temperature, flowering was greater at a night temperature 
of 26 C than at one of 23 or 30°C. The relative effects of temperature were 
similar on numbers of flowering cushions per plant and of flowers per 
cushion. 

Some recent studies carried out in Bahia revealed that low temperature 
alone cannot explain the reduced flowering observed in that region from July 
to October. It has been found that the period of low flowering from July to 

R.T 



August resulted mainly from relatively low temperature but in September-
October the heavy load of fruits on the plants appears to be the main cause 
of low flowering. As mentioned already, fruit removal greatly increased 
flowering during the period of relatively low temperature, although not as 
much as during warmer periods. 

(c) Moisture availability — Among perennial crops grown in the wet 
tropics, cocoa is regarded as one of the most sensitive to moisture stress. 
Changes in soil moisture availability during the year are generally recognised 
as the most important climatic factor controlling the physiological processes 
of the plant, including flowering. In all producing regions variation in yield 
from year to year or changes in the cropping pattern during the year are 
caused primarily by irregularities in the distribution and total volume of 
rainfall. In many cocoa growing areas good crops have long been known to 
be associated with favourable rainfall distribution during the year. 

The effect of moisture availability on flowering of cocoa has been the 
subject of much investigation in several countries. Results from field studies 
in places with a well defined dry season have clearly demonstrated the 
depressing effect of moisture stress on flowering. Research with plants grown 
in containers under controlled soil moisture conditions also demonstrated 
that the flowering rapidly diminishes then ceases altogether when the plants 
are submitted to moisture stress. This research has also shown that when 
stressed plants are rewatered or submitted to a "wet regime" following a 
fairly long (6 months) "dry regime", flowering starts again and becomes 
exceptionally profuse a few weeks later. This has been interpreted as an 
indication that flower initiation had been enhanced during the dry regime 
and only bud development was inhibited by moisture stress (Sale, 1970a). 

s t i q m o 

A N D R r ^ F n i l l M G Y N O E C I U M 

Figure 1. The flower of cacao and its parts 
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Research w i t h pot ted plants under control led atmospheric relative humid i t y 
has also shown that f lower ing of cocoa can be induced by transferr ing 
plants f r o m a low (50 to 60 per cent) or medium (70 to 80 per cent) relative 
hum id i t y to a high one of f r o m 90 to 95 per cent (Sale, 1970b) . 

Results f r om phenological studies in Brazil also demonstrated that 
f lower ing is greatly st imulated when rain fo l lows a period of moisture 
def ic iency. A similar type of response to a t ransi t ion f r o m dry to wet 
condi t ions has been clearly demonstrated In the case of coffee f lower ing, 
bu t here the f lower buds remain in a state of complete rest for as long as the 
plants are f requent ly watered and kept under high atmospheric hum id i t y , 
a " d r y shock" apparently being necessary to break the rest inr period. In the 
case of cocoa this does not appear to be the case, as the f lower buds do not 
go through a rest period imposed by high water potent ial and f lowers are 
produced even under condi t ions of f requent watering or high hum id i t y , 
a l though not as profusely as when watering alternates w i t h dry periods. 
This has been demonstrated in an experiment carried out in a very dry region 
(about 400 mm of annual rainfal l) where cacao was submi t ted to d i f fe rent 
i rr igat ion regimes. Plants which received f requent i rr igat ion so as to avoid 
alternate periods of moisture stress, produced less than half the amount of 
f lowers of periodical ly stressed plants. The di f ference between treatments 
became part icular ly evident about 7 or 8 weeks after the drier plots were 
wet ted either by i rr igat ion or rain (Silva et a!., 1982). I t is w o r t h not ing that 
in cocoa a transi t ion f r o m dry to wet periods has a st imulat ing ef fect not on ly 
on f lower ing but also on the f lushing cycles of vegetative buds. 

Plate 1. A cocoa flower (K. Hardwick) 
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Ninth International 
Cocoa Research Conference 

E. T. Beauchamp, 
Cocoa Chocolate and Confectionery Alliance, 

11 Green Street, London W I Y 3RF 

General 
The organisation of a Conference held about every two years in a different 

location, with differing local arrangements and varying membership of its 
International Organising Committee, seems likely to be fraught with 
difficulty. It is therefore much to the credit of all concerned that the 9th 
International Cocoa Research Conference held in Lome, Togo, from 12th-
18th February proceeded without major difficulties and provided undoubted 
value for the 155 representatives from 26 countries who attended. 

The costs of these Cocoa Research Conferences have been steadily 
escalating for some years and the Cocoa Producers Alliance, in agreeing to 
sponsor the 9th Conference with the Togolese Republic, mandated the 
Conference Organising Committee to curb these costs as far as possible. This 
was done by classifying the papers submitted for presentation into those 
selected for oral presentation and publication in the Proceedings, those 
selected for poster sessions and publication in the Proceedings, and finally 
those selected for publication alone. In addition, there were a small number 
of invited contributions on topics of especial interest which were presented 
and will be published in the Proceedings. Papers were classified by the 
International Organising Committee on the basis of their submitted summary 
according to originality and scientific content. It is to be regretted that some 
summaries were so poorly prepared that misclassification was likely, if not 
inevitable. 

The theme of the Conference was "Priorities for Cocoa Research in the 
Next Decade" and it had been intended that these priorities would be 
indicated from the specially invited papers presented by individual producing 
countries. It is to be regretted, however, that too often these contributions 

• merely reviewed the history of cocoa research, the needs in economic and 
scientific terms of the area concerned and the current research programme. 
A major input to the "priorities" theme from this source was therefore 
lacking. 

Much more input was forthcoming from the activities of specialist 
Working Groups which met during the Conference, dealing with genetics 
and breeding, by-products and bean utilisation, entomology and pathology. 
The Technical Advisory Group to the Witches' Broom International Program 
also met and had discussions about funding of projects within its specific 
area of interest. 

While the benefits of such a Conference to participants reside as much in 
informal, discussions as in the formal presentation of papers, it is to be 
regretted that in many cases the standard of the formal oral presentation 
still leaves room for improvement. Too many participants, when presenting 
papers, ignore the detailed "guidelines" circulated to all participants by the 
organisers, which clearly lay down the time allotted for presentation and give 
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many hints about speed of delivery and visual aids. It must be noted that in 
these two latter aspects the representatives of nearly all countries were at 
fault. If the standard of the oral presentations can be improved then this must 
greatly enhance the value of future International Cocoa Research Conferences 
for all the participants. 

In its final session, the Conference approved an overall resolution drawing 
together the findings of the specialist Working Groups together with a 
number of other points which had been brought forward during the course of 
the Conference. These recommendations will now be a matter for 
consideration by the Cocoa Producers Alliance and also by Governments, 
international agencies, funding bodies, manufacturers, the trade and all others 
who have the welfare of the world cocoa industry at heart. 

Retrospect 
Looking back over the Conference, three clear strands emerge. Firstly, the 

preoccupation of the African producing countries with the effects of the 
droughts of recent years on cropping of cocoa. Attention was drawn to the 
need to find a convenient and reliable test for drought resistance so that such 
a test could then be used to select potentially useful cultivars. This will be a 
formidable task and the chance of achieving success may be doubtful. 

Secondly, one noted the preoccupation of chocolate manufacturers with 
raw cocoa quality in order to be able to continue to give good value to 
consumers in an increasingly competitive food market with ever more tightly 
drawn food regulations. 

And thirdly, there was the preoccupation of all producing countries with 
the need to conserve wild cocoa germplasm as a matter of urgency. The 
theme of "Tomorrow may be too late" was most apparent. 

While the Conference was undoubtedly successful, perhaps its aims were 
in any case impossible of full achievement. To attempt to review the whole 
field of cocoa research in four working days at a Conference of this sort 
involving simultaneous interpretation into three languages is perhaps to 
attempt the impossible and it was apparent that some subjects received far 
less attention than they deserved. This will be hard to rectify, bearing in 
mind that such a Conference can only be organised on the basis of papers 
submitted. The 1984 Cocoa Research Conference in Togo was a workmanlike 
affair and reflected great credit on the organisers. If, as seems likely, the 
Conference Proceedings can be published before the end of the year, those 
responsible will not only earn the gratitude of cocoa scientists at large but 
may also congratulate themselves on a worthy achievement. 

REVIEW OF PAPERS 

Priorities of Cocoa Research in the Next Decade 
The invited papers presented on behalf of the main producing countries 

showed a variety of priority areas. In the fields of genetics and breeding there 
was emphasis on the need for collection and conservation of germplasm and 
also for its evaluation and distribution. Mention was made of the need for 
additional work on tissue culture techniques to aid speedy distribution of 
evaluated material. In the broad field of agronomy, calls were made for 
additional work on such diverse topics as the role and use of mineral 
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nutrients, the use of economic shade and, perhaps more importantly, for 
further studies on pollination which was reckoned to be a major restriction 
on yield in many areas. But, as usual, the major interest in cocoa research was 
in the field of pests and diseases, with emphasis being placed on the 
Importance of black pod disease, witches' broom, capsids and cocoa swollen 
shoot virus, in the latter case particularly the need for work on the host/virus 
interaction. 

In this general field there were important papers presented from USA on 
the quarantine facilities and cocoa collections operated by USDA at Miami, 
Florida, and Mayaguez, Puerto Rico, and an interesting contribution from 
Trinidad on the setting up of the International Cocoa Genebank, Trinidad, 
to act as a repository and an evaluation and distribution centre for cocoa 
germplasm. A paper from Brazil gave interesting details of the preservation 
and utilisation of genetic resources of cocoa in the Brazilian Amazon. 

Agronomy, Physiology, Soils and Nutrition 
The effect of the dry season on the water status of cocoa in Ecuador was 

presented and another paper presented measurements of similar parameters 
from Bahia, Brazil. A paper from the University of Liverpool described work 
testing the theory that the flush cycle is related to plant water status. An 
interesting paper from Brazil explained the basis for new criteria of fertilizer 
recommendations in Bahia, where annual applications of fertilizer are made 
on the basis of soil analysis with a further analysis after 3-5 years to evaluate 
the residual effect. 

Papers presented in a poster session under this heading covered a wide 
field. One paper examined the correlation between some dendometric 
measurements, genetic origin and pod production and found pod production 
is greater when jorquette is between 1.0 and 1.5 m. A further paper from 
Liverpool, illustrated by excellent scanning electron micrographs, detailed 
work aimed to determine the time sequence of leaf primordia formation 
following microsurgery of the apical bud. Control of mosses and lichens 
on cocoa trunks in areas of very high annual rainfall was discussed in a 
paper from Costa Rica, showing that some low concentrations of agro-
chemicals gave good moss control, while high concentrations adversely 
affected flowering. A further paper from Ecuador discussed preliminary 
trials with a chemical growth retardant Paclobutrazol (PP333) for controlling 
vegetative growth which could be applied at times when immature fruits are 
highly susceptible to cherelle wilt or for reducing vegetative growth of trees 
and seedlings during periods of susceptibility to attack from witches' broom. 
Growth retardation and premature development of the jorquette was 
achieved, which may also be useful in control of canopy height and 
formation. Four years' data on the effects of degrees of light and fertilizer 
on the production of cocoa in the Dominican Republic showed that use of 
light shade with fertilizer application was the best way of increasing 
productivity from the current low level of 300 kg/ha. 

Genetics and Breeding 
Papers in this discipline again covered a wide field, with those from Brazil 

and Ivory Coast dealing in the former case with an evaluation of the 
combining ability of cocoa clones and in the latter wi th the origin and 
performance of hybrids, and priority measures and future breeding prospects. 
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This latter paper drew attention to the vast genetic potential remaining 
untapped, particularly through self-incompatibility and chronic under-
pollination, and pointed out that further work on these two aspects was 
necessary. Work in Brazil on the pathogenicity of isolates and evaluation of 
resistance of clones to Crinipellis perniciosa reported on tests of isolates of 
the pathogen from other Theobroma species (T. grand/flora, T. speciosa and 
T. subincanum) and Herrania spp. and their effects on T. cacao. 

Two interesting papers dealt wi th modern electrophoresis techniques, the 
first f rom Togo dealing with the quantification of genetic variability through 
an enzyme analysis method using electrophoresis on starch or acrylamide 
gels. Details were given of an extraction method to eliminate tannins and 
prevent the masking of the enzymes during detection. The second paper, 
f rom Ivory Coast, dealt with the discovery of new genetic markers in T. 
cacao by electrophoresis, with six enzyme systems presenting clearly 
interpretable bands which were thought to give an accurate tool for 
estimating genetic variability in populations. The method employed studied 
migration of the components of extracts f rom young leaves on starch gels. 

Diseases 
With a Conference in a West African setting, it was inevitable that the 

diseases of primary concern in West Africa should receive major attention. 
A number of papers dealt with various aspects of Phytophthora pod rot, 
both in West Africa and the Americas including a Brazilian paper describing 
what has been called the Single Application Technique for control of 
Phytophthora. This showed that a reduced number of sprays can control 
infection provided there is no reduction in the total dose per tree which 
offers savings in labour and machinery while also releasing workers for more 
frequent harvesting, which should itself result in lower pod losses and fewer 
infected beans in diseased pods. The population balances of Phytophthora 
species were dealt with in a further Brazilian paper, showing that P. capsici 
is the most commonly occurring species in the State of Bahia, although 
showing less virulence than the other two species found (P. palmivora and 
P. citrophthora). P. capsici has a greater tolerance to high and low tempera-
tures, with a greater capacity to produce and release zoospores than the pther 
species, particularly at higher temperatures. Work from Ghana was reported 
on the possible use of two soil fungi (Aspergillus niger and Trichoderma 
viride) as biological control agents of P. palmivora and the effect of the 
metabolites on cocoa seedlings. Further work will aim to find out how to 
increase the population of these fungi in the soil sufficient to produce 
metabolites to overwhelm P. palmivora while staying below the threshold 
which causes damage to cocoa roots. A further Ghanaian paper described 
work carried out at Bangor on the reaction to temperature of Phytophthora 
species from Ghana and Brazil. IRCC work in Togo on the development of a 
biological test for the identification of phytoalexine substances in various 
Theobroma species, using the technique of thin layer chromotography, was 
reported and its possible practical application for selection of resistant plant 
material at an early stage of evaluation. 

Population studies were also reported in a paper f rom Cameroun 
describing the composition of Phytophthora populations in the soil. A full 
understanding of these might lead to the development of soil treatments 
around tree bases at the start of the rainy season to reduce a major primary 
source of inoculum. 
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Other papers on Phytophthora reported trials using systemic fungicides in 
isolation or mixed with copper-base fungicides in Brazil. The number of pods 
infected was not reduced by the use of mixtures though they slowed 
development of the lesions thereby reducing the number of beans infected in 
a diseased pod and thus gave an economic advantage. A paper from Cameroun 
reported an in-vitro study of the behaviour of different Phytophthora spp. in 
the presence of Ridomil 25WP on media by measuring mycelial growth, spore 
germination and sporulation. Phytophthora megakarya showed a greater 
sensitivity to Ridomil than P. palmivora and the action of metalaxyl is shown 
to be fungicidal rather than fungistatic on Ph'ytophthora species. The 
differential reactions of various systemic fungicides of the acylalanine 
grouping on three species of Phytophthora demonstrated clearly specific 
differences between Phytophthora palmivora, megakarya and capsici in Togo. 

Cocoa swollen shoot virus was considered in papers from Ghana and Togo, 
the first reporting observations on the purification and detection of CSSV by 
enzyme-linked imunosorbent assay (ELISA) and imunosorbent electron 
microscopy (ISEM). A novel purification method was described, giving higher 
yields of virus particles than previously. The Togo paper dealt with a method 
for purifying the virus by electrophoresis on a gradient of saccharose. 

Work in Ecuador on witches' broom was reported in a paper on the effect 
of the disease on the establishment of cocoa. Plants from which brooms had 
been removed in the nursery showed less growth and formed jorquettes later 
than healthy plants or' those with cankers too small to warrant pruning. 
Prophylactic measures in the nursery would have been of assistance. 

The present recommended control method for witches' broom in Brazil is 
for a single pruning, but epidemiological work in the Brazilian Amazon 
charting the progress of the epidemic on flushes, flower cushions and pods in 
three localities showed that for the further reduction of infection there is a 
need for a second removal of infected tissue in December/February in 
addition to the present August/September pruning. 

The Conference was also reminded that the major diseases are not the only 
maladies affecting cocoa. Climatic factors and periodicity of pink disease 
incidence in Bahia was dealt with in a paper showing a correlation between 
low temperature and vapour tension deficit and in one area there was also a 
correlation between relative atmospheric humidity and incidence of the 
disease. This work also showed that the pathogen can survive dry weather by 
the formation of cankers on diseased branches. 

By-product and Bean Utilisation 
A n important feature of this Conference was the attention given to the 

utilisation of cocoa by-products other than the 10 per cent of pod weight 
represented by beans. Work in Brazil was described, aiming to maximise the 
use of available agricultural potential, producing cacao jelly from pulp with 
added sugar and soft drinks based on pulp juice. IVIention was made of the 
production of alcohol from pulp and the use of fresh pod husks to provide 
bulk in cattle diet. Attempts at methane production from pod husk had 
however not shown good results. Production of alcohol from cocoa sweatings 
and of animal feed and potash from cocoa pod husk at the farm, village and 
commercial scale was dealt with in a paper from Ghana with descriptions of 
appropriate technologies. Other papers on the use of pod husk in feeding of 
finisher pigs showed that cocoa pod husk can safely replace at least 25 per 
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cent of the maize component in rations for such animals, while in the case 
of cattle, papers from Brazil showed that fresh husk is appetising and rapidly 
digested,' with nutritive value only slightly lower than elephant grass. Two 
papers from Ghana dealt with the use of cocoa pod husk in starter diets of 
broiler chickens, showing that at least 10 per cent of pod husk can be safely 
incorporated, and the second paper showed that this can be safely 
incorporated up to 20 per cent in nutritionally balanced broiler starter diets. 
A further Ghana paper evaluating the use of husk as a feed ingredient for 
sheep, using a variety of dried pod husk content in rations and utilising two 
breeds of sheep and both sexes, showed the growth rate was significantly 
affected by ration, sex and breed. 

An interesting paper from Nigeria examined the optimisation of economic 
returns from cocoa cultivation as a whole through the efficient use of cocoa 
by-products, examining in detail how various by-products, including defective 
beans, pod husk and sweatings, can be economically used. The use of 
defective beans for production of cocoa butter and of dried and pulverized 
husk as organic fertilizer, with the extraction of pectin from sweatings, were 
dealt with in detail. 

Entomology (including pests) 
Contributions to the Conference reviewing priorities for cocoa research in 

various areas had touched on the need for further work on pollination and 
this topic was dealt with in a variety of papers from various origins. A 
contribution from Ghana showed that both male and female of 
Ceratopogonid midges are involved in pollination, but ants, psyllids and 
aphids are of little consequence. A Brazilian paper compared species involved 
in cacao pollination in the Reconcavo Basin of Bahia and in the south of the 
State of Bahia. It reported that the identity and relative frequency of 
pollinating insects in two areas were substantially different even though the 
areas are fairly close to each other. Work in Ivory Coast reported seasonal 
variations in pollination and pod production on a cacao smallholding. The 
general conclusions pf this paper were that good pollination results from a 
favourable convergence for brief periods of flowering and the insect 
population, chiefly aphids and ants. An overview paper from USA dealt with 
effects of seasonality on the availability of pollinators in relation to flower 
cycles, giving a description of the pollinator/reward syndrome of cocoa 
flowers and also an evaluation of various kinds of insects (including midges 
and wild bees) as effective natural pollinators. 

Rising interest in the problem of the cocoa pod borer (Acrocercops 
cramerella) was reported in a paper from Malaysia dealing largely with 
behavioural studies. Information was offered from Venezuela where it had 
been shown that a natural entomopathogenic fungus offered a means of 
control through parasitation of larvae. 

Other reports were made on the chemical control of the spittle bug which 
attacks the flower cushion of cocoa, the first time that this has been recorded 
in Bahia, Brazil. Other insect pests dea\t with were Se/enothrips rubrocinctus 
in the Dominican Republic, where a population peak in September/October 
at the time of peak leaf flush was reported, and of Steirastoma breve in the 
Brazilian Amazon where infestation levels up to 47.5 per cent were reported. 
Studies at present are limited to obtaining data for use as a basis of control 
methods, including biology and population fluctuation, with some testing of 
insecticides. 
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A paper from Ghana on the evaluation of synthetic pyrethroids for control 
of cacao mirids showed that the large number of treatments required (more 
than four, and preferably six) combined with the high cost of the material, 
cast doubts on the possible use of these materials to control mirids in Ghana. 

Fermentation, Storage, Marketing and Quality 
Cocoa research Conferences rarely deal in any detail with the end product, 

but a contribution from Colombia reported on an economic and nutritional 
analysis of cocoa as a food substitute and solution to malnutrition in the 
third world. The use of cocoa butter substitutes in the manufacture of milk 
chocolate, reviewing the importance and possible repercussions of such use 
on the world cocoa economy, was also dealt with in a paper from CEPLAC, 
Brazil, and it is perhaps regrettable that this paper on a most important 
subject was not presented and discussed in the Conference itself. 

Manufacturers' concern with quality, depending on efficient fermentation 
and drying, was highlighted by an IRCC paper dealing with the development 
pf phenolic compounds during fermentation and showing that these are of 
considerable economic importance since they have a particular bearing on the 
colour of the bean (anthocyanins) and a partial bearing on taste (tannins). 
Quality was again to the fore in a paper from Ivory Coast reporting on the use 
of novel equipment in cocoa fermentation and drying, with the improvement 
of quality a priority concern to Ivory Coast where the discount of its cocoa 
may be linked with defects caused by poor fermentation and drying. Two-
part plastic fermentation bins (called 'bacs') of 80 litre capacity were shown 
to be capable of giving homogenous bean fermentation, and drying on thick 
black polythene sheeting reduced moisture content to acceptable levels in a 
shorter time than conventional bamboo mats. A small cocoa drier, using 
natural convection and suitable for the small producer, using mainly family 
labour involving minimal cost for purchase of readily available materials, was 
reported from Brazil. Work in Colombia on the use of wooden trays for 
fermentation demonstrated the feasibility of using the Rohan system for 
cocoa smallholdings giving good fermentation of 76-84 per cent of beans and 
efficient drying using the same wooden trays. 

The sorting of commercial parcels of cocoa by an electronic colorometric 
method, involving passage of the beans in front of photoelectric cells which 
accepts or rejects them according to a colour standard, was described by 
IRCC, France. A throughput of 200 kg per hour is quoted, extracting levels 
of black beans up to about 13 per cent. 

Storage in polyethylene bags (four thicknesses) on the farm or in sacks 
covered with plastic sheeting in the exporter's warehouses, with storage for 
up to 12 months without loss of quality using certain thicknesses of 
polyethylene was reported from Brazil. 

Extension 
Reports were made from Colombia and Ghana on extension work, the 

first reporting a survey of methods and techniques used for extension work 
with farmers, noting factors interfering with extension work which were 
considered under six headings. An account was given of methods successfully 
employed and recommendations concerning transfer of technology to the 
farmer. The Ghana paper dealt with rehabilitation of the cocoa industry 
through the Farm Development Programmes, giving a description of a three-
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year rehabilitation prograrnme aimed at stopping the downward trend in 
production, raising farm yields and stabilising production in a selected area 
with a high production capacity. 

The newer cocoa areas were not forgotten and an interesting paper from 
Indonesia dealt with the development of bulk cocoa production. Plans were 
described to improve production from hybrid seed and the development of 
such seeds through cocoa breeding programmes. 

Publication of Proceedings 
The 9th International Cocoa Research Conference was largely funded by 

the Cocoa Producers' Alliance and the CPA will publish the Proceedings as 
soon as possible. 

The Proceedings will be available at the end of 1984, at a price to be 
fixed, from: 

The Secretary-General 
Cocoa Producers Alliance 
P.O. Box 1718 
Lagos, N I G E R I A . 

or 

International Cocoa Research Conference 
P.O. Box 205 
London WC2N 6NB 
U N I T E D K I N G D O M 

This price will include postage by sea-mail. 

Notes on Contributors 

P.H. Gregory 
Born 1907. Received Ph.D. at Imperial College 1931. Mycologist, Canada 

1931-34; Seale Hayne Agricultural College, Devon 1935-40; plant pathologist 
Rothamsted Experimental Station 1940-54; professor of Botany, Imperial 
College 1954-58; head plant pathology Rothamsted 1958-68. F.R.S. Pres. 
British Mycological Soc. 1951. Author of "Microbiology of the Atmosphere" 
and many papers on behavioural studies on pathogenic microbes especially 
air-borne fungi. From 1968-1979 was consultant to the Cocoa, Chocolate and 
Confectionery Alliance on black pod and other diseases. Editor of 
"Phytophthora disease of Cocoa" published by Longman in 1974 and with 
A.C. Maddison of "Epidemiology of Phytophthora on Cocoa in Nigeria", 
published by CMI in 1981. 
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M.J. Griffin 
Born 1944 in England. B.Sc. Botany and Zoology Honours, Hull 

University, 1966. Ph.D. Plant Pathology, Hull University, 1969. 
Plant Pathologist, Agricultural Development and Advisory Service 

(ADAS), Kent, England, 1969-73, specialising in diseases caused by 
Phytophthora species. 

Cocoa Mycologist/Pathologist working as a member of the International 
Black Pod Research Team, based at the Cocoa Research Institute of Nigeria 
(CRIN) , 1973-76. The project was financed by the International Office of 
Cocoa and Chocolate. 

From 1976 until present, working in England as an Advisory Plant 
Pathologist with ADAS at Wye (1976), Leeds (1977-79), and Bristol (1980 
onwards), specialising in fungicide resistance. 

A.C. Maddison 
Born 1945 in England. B.Sc. Honours Botany, Southampton University 

1965. Ph.D. Plant Pathology, Southampton 1968. 
Plant Pathologist with the International Black Pod Research Project at the 

Cocoa Research Institute of Nigeria, Gambari, Ibadan (CRIN), 1973-1979. 
Since 1981 working on a cocoa research project, at the Instituto Nacional 

de Investigaciones Agropecurias ( INIAP) , Pichilingue, Ecuador, under 
contract to Overseas Development Administration as part of British Technical 
Assistance to Ecuador. 

M.R .Ward 
Born 1948 in Uganda. B.Sc. Honours Horticultural Botany, Reading 

University, 1970. Ph.D. Plant Pathology, Hull University, 1975. 
Plant Pathologist with the International Black Pod Research Project at the 

Cocoa Research Institute of Nigeria, 1975-1979. 
Now working on breeding and development of the wheat-rye hybrid, 

Triticale, from 1981-1983 as Triticale Project Manager for Germplasm 
Resources Limited; from 1983 with ARC Seeds Inc. based near 
Loughborough, England, with field trials overseas. 

E.T. Beauchamp 
Born in England in 1927. Joined the Cocoa, Chocolate and Confectionery 

Alliance in 1962 after working in the UK Scientific Civil Service and other 
trade associations. Responsible for administering the Alliance's activities on 
behalf of the UK chocolate industry in cocoa affairs, particularly cocoa 
research. Secretary, Cocoa Research Policy Committee of the International 
Office of Cocoa and Chocolate and also administrator of the Cocoa Research 
Association Ltd., Ghana Cocoa Growing Research Association Ltd. and 
London Cocoa Trade Amazon Project. 

R.T 



Cocoa Abstracts 
Cocoa abstracts are reprinted from ^'Abstracts on Tropica! Agriculture''published by the 
Royal Tropical Institute, Amsterdam. 

F e b r u a r y 1982 

A m e t h o d o f rear ing t he m e a l y b u g P lanococco ides njalensis 
o n cocoa seedlings F I R E M P O N G , S. Cocoa Research Inst , 
o f Ghana , T a f o , Ghana - Revista Theobroma (Brazil) v . 
11(4) p. 2 2 9 - 2 3 2 ; O c t 1981 . 

A m e t h o d o f rear ing the m e a l y b u g P. njalensis o n cocoa 
seedl ings w i t h o u t the presence o f i ts o b l i g a t o r y a t t e n d a n t 
an t is descr ibed. The m e t h o d prevents the h o n e y d e w 
secreted b y the mea lybugs f r o m s t i ck ing o n t o the i r bodies 
a n d thus e l im ina tes the source o f fungat a t tack w h i c h leads 
t o the e x t i n c t i o n o f the m e a l y b u g c o l o n y . The m e t h o d also 
prevents the y o u n g mea lybugs f r o m wander ing . 

( D e v e l o p m e n u in pest ic ide app l i ca t i on ) Perkembangan alat 
ap l i kas i pest is ida M A N G O E N S O E K A R J O . S. Balai 
Pene l i t i an Perkebunan Medan , Medan , Indones ia -
Balai Penelitian Perkebunan Medan (Indonesia) v . 12(2) p. 
4 7 . 5 5 - 6 1 ; J u n 1981. 

D e v e l o p m e n t s in pes t ic ide app l i ca t ions tend towards 
i m p r o v i n g opera t iona l e f f i c i ency t h r o u g h such factors as 
pes t - ta rge t ing , spray v o l u m e r e d u c t i o n and special nozz le 
a p p l i c a t i o n . E x c i t i n g new deve lopmen ts in e l e c t r o d y n a m i c 
C D A p romise prospects n o t o n l y of i m p r o v e d ta rge t ing a n d 
reduced spray d r i f t , b u t also o f se lec t ion o f d rop le ts o f 
u n i f o r m size. The desire fo r i m p r o v e d economics o f pest 
c o n t r o l t h r o u g h reduc t i on in spray v o l u m e and increase in 
speed o f sp ray ing has led to a great deal o f emphasis be ing 
p laced on the use o f u l t r a - l o w v o l u m e ( U L V ) and very l o w 
v o l u m e ( V L V ) techn iques . Sa fe ty and care fo r the env i ron-
m e n t due t o pest ic ide usage may be achieved t h r o u g h 
suppressing d r i f t s t owards non- ta rge t areas, p reven t i ng 
r u n o f f and leaching and m i n i m i z i n g hazards t o the 
opera to rs . 

Bene f i c i a l i n te rac t ions o f coconu t -cacao c rop c o m b i n a t i o n 
V A R G H E S E , P.T. , N E L L I A T , E . V . and 8 A L A K R I S H N A N . 
T . K . D i v i s i on o f A g r o n o m y . Cent ra l P lan ta t i on Crops 
Research Ins t . (CPCRI ) , Kasaragod. Kera la , I nd ia - In: 
Agronomy Soils Physiology and Economics of Plantation 
Crops, PLACROSYM 1. Kottayam, 20 Mar 1978 
P L A C R O S Y M Stand ing C o m m i t t e e , np. ( Ind ia ) p. 3 8 3 - 3 9 2 
1979 . 

A s t u d y o n the a m o u n t o f cacao l i t t e r added t o the soi l 
in a coconuT<acao c r o p m i x was c o n d u c t e d . Shed leaves 
co l l ec ted at f o r t n i g h t l y in terva ls fo r a one year pe r i od 
a m o u n t e d t o 8 1 8 and 1785 kg /ha /yea r (oven d r y ) under 
single and d o u b l e hedge systems -of p l an t i ng , respect ive ly . 
The o rgan ic ca rbon c o n t e n t and the soil f e r t i l i t y i m p r o v e d 
cons ide rab ly unde r the c r o p m i x and was re f lec ted in the 
enhanced y i e l d of c o c o n u t . So i l t empera tu re at 3 0 and 
6 0 c m dep ths was 3 t o 60C l o w e r and the va r i a t i on in the 
mean m o n t h l y soil t empera tu re was least in the m i x e d 
c r o p p i n g sys tem c o m p a r e d t o the m o n o c u l t u r e o f c o c o n u t . 
The y i e l d increase no t i ced in c o c o n u t g r o w n toge ther w i t h 
cacao in a m i x e d c r o p p i n g system is discussed. 

Ca te rp i l l a r and beet le pests o f cocoa in I n d i a K U M A R . T.P. 
and N A I R , C.P.R. Cent ra l P l a n t a t i o n Crops Research Inst . . 
Ca l i cu t . Kera la , Ind ia - Planter (Malaysia) v . 5 8 ( 6 7 0 ) 
p. 3 - 1 3 ; Jan 1982 . 

A survey car r ied o u t to ca ta logue and s tudy the pests 
o c c u r i n g in cocoa showed 16 l ep idop te ran and 14 
co leop te ran pests in the cocoa g r o w i n g areas o f Kera la , 
K a r n a t a k a a n d T a m i l N a d u in S o u t h Ind ia . Lymantria 
obfuscata, Lymantria ampla. Zeuzera coffeae. Adoxophyes 
privatana. Euproctis subnotata, Euproctis guttata were 
observed t o be the ma jo r ca te rp i l l a r pests. T h e i m p o r t a n t 
beet le pests inc lude Popillia complanata, Monolepta 
longitarsus. Sinoxylon sp. and Glenea sp. A br ie f 
desc r i p t i on o f the i r b i o l ogy , na tu re o f damage, seasonal 
occu r rence and a l te rnat ive hosts are given. 

Performance of cacao as mixed crop wi th arecanut B H A T , 
K.S. Reg iona l S ta t i on , Cent ra l P lan ta t i on Crops Research 
Inst. ( C P C R I ) . V i t t a l . K a m a t a k a . Ind ia - In: Agronomy 
Soils Physiology and Economics of Plantation Crops, 
PLACROSYM 1, Kottayam, 20 Mar P L A C R O S Y M 
S t a n d i n g C o m m i t t e e , np . ( Ind ia ) p. 3 7 7 - 3 8 2 1979. 

Cacao, as a m i x e d c r o p w i t h arecanut , d i d n o t a f fec t 
the p e r f o r m a n c e o f areca d u r i n g the f i rs t ten-year p e r i o d 
o f p l a n t a t i o n . In fac t , a benef ic ia l e f f ec t , as i nd i ca ted by 
the h igher y i e l d o f areca in the m i x e d c ropped p l o t ( 5 0 : 5 0 ) 
was o b t a i n e d . 

(Res idua l va lue of f e r t i l i ze rs o n abandoned b lack pepper 
p lan ta t ions ) ' N f v e l a tua i de f e r t i l i dade dos so los de 
p i m e n t a i s decadentes N E V E S , A . D . DE S., P E R E I R A , 
G.C. and M O R A I S , F . I . DE O . D e p a r t a m e n t o Especial 
de A m a z o n i a ( D E P E A ) , Commissao Execu t i ve d o P iano 
da Lavou ra Cacaueira ( C E P L A C ) . Be l^m. Par^, B raz i l -
Boletim T4cnico - Centro de Pesquisas do Cacau (Brazil) 
no. 8 7 . l O p . 1981. 

B lack pepper (Piper nigrum) is an i m p o r t a n t c r o p . i n 
Para S ta te , receiv ing heavy f e r t i l i ze r dressings in the o rde r 
o f 1 0 0 - 1 8 0 kg N . 2 0 0 - 9 0 0 kg P 2 O 5 , 2 0 0 - 2 5 0 kg K 2 0 . 
0 - 7 2 0 kg CaO and 0 - 4 5 0 kg M g O / h a a year . Howeve r , m o s t 
p l a n t a t i o n s have t o be rep laced b y o the r crops l i ke cacao, 
because the pepper p lan t is a t t acked by the fungus 
Fusarium solani f . sp. p iper is a f te r 6 t o 8 years. T h i s a r t i c le 
deals w i t h the residual va lue o f the fer t i l izers w h i c h were 
app l i ed o n these b lack pepper p l an ta t i ons . Ava i lab le P in 
the t o p 2 0 c m was very h igh , s h o w i n g an average o f 3 0 - 5 0 
p p m as c o m p a r e d w i t h 1 t o 5 p p m on soils w i t h o u t P. 
nigrum. 

Inves t iga t ion of the charac ter is t ics o f a t r a d i t i o n a l na tu ra l 
c o n v e c t i o n cocoa d r ye r M C D O N A L D . C .R . and F R E I R E . 
E.S. CommisslTo Execu t i va d o P iano de Lavoura Cacauei ra 
( C E P L A C ) , I tabuna , Bahia. Braz i l - Tropical Agriculture 
(Trinidad and Tobago) v . 59 (1 ) p. 25 -32 ; Jan 1982. 

A p r o d u c t i o n scale, na tu ra l c o n v e c t i o n , w o o d f i r ed 
d r ye r f o r cocoa was tested d u r i n g the six m o n t h p e r i o d o f 
the 1978 cocoa harvest i n the Bahia region. Braz i l . T h e 
ob jec t i ve o f the test sequence was t o de te rm ine and 
invest igate the opera t iona l parameters o f the d r y i n g u n i t 
w i t h a v i e w t o the subsequent d e v e l o p m e n t o f 
i m p r o v e m e n t s w h i c h c o u l d be app l i ed in the f i e l d t o the 
ex i s t i ng 2 5 . 0 0 0 dryers o f th is t ype . The design o f d r y e r 
used was, f o r the m o s t pa r t , t ha t r ecommended b y the 
Ex tens ion D e p a r t m e n t o f C E P L A C , w h i l e care was taken 
t o ensure tha t the ope ra t i ona l p rocedu re was as near as 
possible t o t h a t n o r m a l l y used o n fa rms. The p e r f o r m a n c e 
o f the d r y e r w i t h d i f f e r e n t cocoa and w o o d load ings and 
w i t h v a r y i n g p l e n u m c h a m b e r he ights was invest igated. T h e 
e f f e c t o f a m b i e n t w i n d speed and d i rec t i on was also 
cons idered. 

Ceratopogonid midges (Diptera . Nematocera) collected 
f rom cacao flovrars in Caucagua. Miranda. Venezuela 
S O R I A . S. D E J..' W I R T H . W.W. and S A N C H E Z . P .A . 
Div isao de Z o o l o g i a A g r i c o l a , C e n t r o de Pesquisas d o 
Cacau (CEPEC) , I tabuna , Bah ia , Braz i l - Revista Theo-
broma (Brazil) y. 11(4) p. 2 4 9 - 2 5 0 ; O c t 1981 . 

F r o m t a x o n o m i c d e t e r m i n a t i o n s o f midges co l l ec ted 
in cacao f l owers in M i randa State . Venezue la , f o u r species 
were i d e n t i f i e d . The m o s t c o m m o n species was 
Forcipomyia spatuHfera. F u r t h e r s tud ies on th is species 
are r e c o m m e n d e d in order t o d e t e r m i n e its ro le and 
i m p o r t a n c e as a p o l l i n a t o r o f cacao in the c o u n t r y . 

(Boarmia sp., pest of caceo and Moghamia macrophyl la 
tn the Dell-Serdang District) Hama Boarmia ip . pada 
tanaman coklat dan Moghanis macrophyl la di kabupaten 
Del i Serdang P A R N A T A . Y . . A S I D , M . and S U B A R D J O 
Balai Pene l i t i an Perkebunan Medan , Medan . Indones ia -
Bulletin Balai Penelitian Perkebunan Medan (Indonesia) 
V. 12(2) p. 4 7 . 4 9 - 5 4 ; Jun 1981 . 

Due perhaps t o a long d r y spel l , de layed p r u n i n g o f 
Moghamia macrophylla and the use o f an unsu i tab le 
insect ic ide, an ou tb reak o f loopers (Boarmia sp.) o c c u r r e d 
o n a cacao estate in the Del i -Serdang d i s t r i c t o f N o r t h 
Sumat ra . N o r m a l l y th is insect is n o t a pest , as i ts 
p o p u l a t i o n is kep t in balance b y its parasites and p reda to rs . 

R.T 
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w i t h a select ive one I D i p t e r e x , t r i c h l o r p h o n ) and later w i t h 
Bacillus thuringiensis ( T h u r i c i d e ) . Proper p r u n i n g o f M. 
macrophylla was also car r ied ou t t o co r rec t the 
e n v i r o n m e n t . A d d i t i o n a l notes on the m o r p h o l o g y and 
eco logy o f Boarmia sp. f r o m observat ions in the l a b o r a t o r y 
are g iven here to s u p p l e m e n t ex i s t i ng da ta in the l i t e ra tu re . 

Q u a n t i t a t i v e eva lua t ion o f c l ima te in h u m i d t rop i ca l areas: 
a p p l i c a t i o n t o cocoa E M B R E C H T S . J. and S Y S . C. Eco le 
Na t i ona le Super ieure A g r o n o m i q u e , Univers i te de Y a o u n d e , 
Y a o u n d e , C a m e r o o n -Pedologie (Belgium) v. 31 (1 ) p. 107-
119 1981 . 

A n eva lua t ion o f c l i m a t e fo r land eva lua t ion studies is 
presented. T h e m e t h o d is based o n the i n t e r p r e t a t i o n of 
general c l ima t i c character is t ics as a f u n c t i o n of t he g r o w t h 
requ i rements of a spec i f i c c rop , A c l ima te su i t ab i l i t y m a p 
fo r cacao g r o w i n g in sma l l ho l de r p lan ta t ions in sou the rn 
Cameroon c o u l d be d r a w n . A c l ima t i c index a l lows the 
ca l cu la t i on o f f u n c t i o n a l re la t ions be tween y i e l d and 
c l ima te . Th is has been d o n e fo r cacao in C a m e r o o n . 

Sources o f f a r m i n f o r m a t i o n a m o n g Niger ian cocoa fa rmers 
M O N U , E.D. and O M O L E , M . M . D e p a r t m e n t o f 
A g r i c u l t u r a l Economics and Rura l Soc io logy , A h m a d u 
Bel lo Un i v . , Samaru, 2a r i a , Niger ia - Agricultural 
Administratior^ (UK} v . 9 ( 2 ) p. 8 1 - 8 9 ; Feb 1982 . 

Th is paper examines the sources o f fa rm i n f o r m a t i o n 
amongst a sample o f c o c o a farmers in the O n d o and O y o 
states o f Niger ia. R a d i o , ag r i cu l tu ra l ex tens ion agents and 
o the r farmers are f o u n d to be the mos t i m p o r t a n t and 
usefu l sources o f fa rm i n f o r m a t i o n . O n l y the state in w h i c h 
the fa rmer resides and his level of f o r m a l e d u c a t i o n are 
re la ted t o the cho ice o f the most usefu l source of 
i n f o r m a t i o n . The po l i cy i m p l i c a t i o n s are no ted . 

Ma rch 1982 

(Ro le of insect c o m m u n i t i e s and water in the d i ssemina t i on 
o f P h y t o p h t h o r a p a l m i v o r a in cacao p lan ta t i ons in the 
I v o r y Coast) Rd le des c o m m u n a u t d s d ' insec ts et de I'eau 
dans la d i ssemina t ion de P h y t o p h t h o r a pa lm ivora dans les 
cacaoyeres de la Cd te d ' l v o i r e B A B A C A U H , K . O . Ecole 
Na t i ona le Sup6r ieure A g r o n o m i q u e . A b i d j a n , I vo ry Coast -
Caf6. Cacao. ThS (France) v. 26 (1 ) p . 31 -36 ; Jan 1982 . 

The ro le of ants-scale insects c o m m u n i t i e s , n o t a b l y the 
assoc ia t ion of Pheidole megacephala and Planococcoides 
njalensis i n t he spread of Phytophthora palmivora is 
exam ined o n t he basis o f observat ions and expe r imen ta l 
da ta . F r o m foc i ins ta l led in ant nests or on trees by 
i n o c u l a t i o n of f r u i t . Pheidole megacephala spreads 
propagules ver t i ca l l y a n d h o r i z o n t a l l y . Th is a c t i v i t y is 
l i nked t o the c o m m u n i t y l i fe w h i c h they lead w i t h the 
scale insects. These are sys temat ica l l y sought o u t and 
p r o t e c t e d b y shelters m a d e o f var ious mater ia ls i n c l u d i n g , 
o n occasions, the propagu les of the parasi te. The 
ep idemio log i ca l i m p a c t o f associat ions of ants and scale 
insects is discussed. 

(Changes in cacao p r o d u c t i o n fac to rs caused b y t he swo l l en 
shoo t v i rus . 1. Reve la t i on o f p r i nc i pa l d is turbances) 
M o d i f i c a t i o n s des f ac teu rs de p r o d u c t i o n du cacaoyer 
p rovoqudes par le v i rus du swo l len shoo t . 1. M ise en 
Evidence des p r inc ipa les pe r t u rba t i ons L U C A S , P. and 
P A R T I O T . M. I ns t i t u t Fran?ais d u Caf6 et d u Cacao 
( I F C C ) . K p a l i m § , T o g o - Caf6; Cacao. Th6 (France) 
V. 26 (1 ) p. 37 -42 ; Jan 1 9 8 2 . 

S w o l l e n shoot disease was f o u n d t o reduce cacao y ie lds 
t h r o u g h its e f fec t o n f e r t i l i t y and po l len v i ab i l i t y in the 
d r y season and the n u m b e r o f ovules per ova ry . T h e la t ter 
f ac to r o f fe rs a s imp le test f o r the ear ly d e t e c t i o n o f the 
disease. 

S tud ies o n the r e a c t i o n o f pods of d i f f e r e n t cocoa 
accessions t o P h y t o p h t h o r a pa lm ivora M O H A N A N , R.C. 
Reg iona l S ta t i on , Cent ra l P lan ta t i on Crops Research Inst . , 
V i t t a l , Ka rna taka , Ind ia - Planter (Malaysia) v . 5 8 ( 6 7 2 ) 
p. 9 9 - 1 0 3 ; Mar 1982 . 

Black p o d caused b y Phytophthora palmivora i n cocoa 
is of great e c o n o m i c i m p o r t a n c e in s o u t h e r n Ind ia . 
Suscep t ib i l i t y o f 19 cocoa progenies was tested o n near ly 
m a t u r e pods b y means o f potato-dext rose-agar discs on 
w h i c h P. palmivora was c u l t u r e d f o r 7 days. A l l progenies 
were suscept ib le b u t the rate of i n f e c t i o n var ied. T h e less 
suscept ib le var iet ies s h o w e d poo r spo ru la t i on on the lesion 
in con t ras t t o the susceot ib le oroaenies. 

A p r i l 1982 

IBPGR W o r k i n g G r o u p o n G e n e t i c Resources o f Cocoa . 
A r l i n g t o n , V i r g i n i a , U S A , 8 - 9 J u t y 1 9 8 0 : repor t In te r -
na t iona l B o a r d f o r Plant Genet i c Resources ( I B P G R ) , F A O . 
R o m e , I ta ly - A G P : I B P G R / 8 0 / 5 6 , 2 8 p. ; M a r 1981. 

A W o r k i n g G r o u p o n Gene t i c Resources of Cocoa 
meet ing was he ld in the U S A o n 8 -9 J u l y 1980 . There i t 
was recogn ized that the genet ic base of h y b r i d parents is 
very l i m i t e d , t ha t there is severe genet ic e ros ion of cacao 
germplasm resources in La t i n A m e r i c a — C r i o l l o types are 
par t i cu la r l y endangered in Cent ra l A m e r i c a , t h a t immed ia te 
a t t e n t i o n shou ld be given to co l lec t ions of o the r species o f 
Theobroma and that progress w i t h c o n t r o l o f ma jo r diseases 
is l i m i t e d b y t he lack o f diverse germp lasm. 

May 1982 

(S tudy o n t h e t r ad i t i ona l t u b u l a r d rye r f r o m the cacao-
g r o w i n g reg ion o f Bahia) Es tudo d o secador t ubu la r 
t rad ic iona l da regiao cacaueira da Bahia M C D O N A L D , C .R. . 
C U N H A , J. and F R E I R E . E.S. Div isao de Tecno log ia e 
Engenharia A g n c o l a s , C e n t r o de Pesquisas d o Cacau 
(CEPEC) , I t abuna , Bahia. Braz i l - Boletim T6cnico -
Centro de Pesquisas do Cacau (Brazil) no . 9 1 , 39 p. 1982. 

T o increase the e f f i c i ency of the t r ad i t i ona l cacao d r y e r 
in Bahia, and to improve the q u a l i t y of the d r i ed cacao, t he 
f o l l o w i n g aspects were s tud ied : l o w t h e r m a l e f f i c iency o f 
the fu rnace , overheat ing of the furnace and heat exchange 
tube , c o n t a m i n a t i o n of t he cacao w i t h smoke , d r y i n g 
a i r f l o w m o v e m e n t , d i s u n i f o r m i t y o f d r y i n g over the area o f 
the d r y i n g f l o o r , and heat t ransfer cons idera t ions . Va r i ous 
r e c o m m e n d a t i o n s are made. 

( P h y t o p h t h o r a p o d ro t o f cacao in t he Sta te of Bah ia , 
Braz i l . 1. V i r u l e n c e of P h y t o p h t h o r a spp.) Podr idao parda 
do cacauei ro no Estado da Bah ia . Brasi l . 1. V i r u M n c i a das 
espdcies de P h y t o p h t h o r a C A M P E L O . A . M . F . L . , L U Z , 
E . D . M . N . a n d R E S N I K . F .C .2 . DE Div isao de F i t o p a i o -
logia. C e n t r o de Pesquisas do Cacau (CEPEC) . I tabuna , 
Bahia, Brazi l - Revista Theobroma (Brazil) v . 12(1) p. 1 -6 ; 
Jan 1982 . 

Pod ro t o f cacao caused by Phytophthora spp. . is a 
ma jo r disease causing losses o f 20 -30 per cent in f r u i t 
y ie lds. T h e relat ive v i ru lence o f e ight isolates o f Phytoph-
thora spp . f r o m d i f f e r e n t sources was evaluated. 
U n w o u n d e d , de tached pods of the cu l t i va r C o m u m were 
i nocu la ted w i t h myce l i a l discs. T w o isolates o f P. 
citrophthora (P16 and P55) were more v i ru len t than the 
o thers , whereas P. palmivora (P26) was i n te rmed ia te in 
v i ru lence. A n isolate of P. capsici (P23) was less v i r u l en t 
than all the o the r isolates tested, 

(Poss ib i l i t y o f t ransp lan t ing cacao p lan ts w i t h bare roots) 
Possib i l idades de t ransp lante do cacaueiro com rai'zes nuas 
A L V I M , R. , L I M A F I L H O . J .M.P . and A F O N S O . C . A . 
Divisao de BotSnica, C e n t r o de Pesquisas d o Cacau 
(CEPEC) , I t abuna , Bahia, Braz i l - Revista Theobroma 
(Brazil)^. 121(1 } p. 17-28; Jan 1982. 

Cacao seedlings were r emoved f r o m the i r p o l y e t h y l e n e 
conta iners and the roo ts were f reed by e i ther gen t l y 
wash ing the soil loose or s imp ly l i f t i n g the plants d i r e c t l y . 
T r a n s p i r a t i o n was c o n t r o l l e d b y app l i ca t i on o f an ant i -
t ransp i ran t (Mob i lea f ) or leaf remova l . Surv iva l rates higher 
than 9 0 per cent were o b t a i n e d f o l l o w i n g t ransp lan t w h e n 
the fo l iage was t reated w i t h a 10 per cent emu ls ion o f the 
an t i t r ansp i ran t or when o n l y the t w o t opmos t f u l l y 
m a t u r e d leaves were le f t o n t he seedlings. A roo t - coa t i ng 
substance (Agr i co l ) capable o f reduc ing r o o t mo is tu re 
losses d i d n o t e f fec t i ve ly increase survival rates, o f bare-
roo t seedlings. Possible advantages of the bare- root 
techn iaue are discussed. 

B u d d e d cocoa f o r Malays ia B Y R N E , P.N. T u n Razak 
A g r i c u l t u r a l Research Cent re , Federal Land Deve lopmen t 
A u t h o r i t y ( F E L D A ) , Sungei T e k a m , Pahang, Malaysia -
In: EMPA Seminar on Cocoa-Coconuts 19^6: proceedings 
East Malays ia Planters Assoc ia t i on , Sandakan, Sabah 
p. 8 4 - 8 9 1977 . 

This ar t ic le deals w i t h vegetat ive vs seedl ing 
p ropaga t i on , fan vs c h u p o n b u d w o o d mater ia l , se lect ion 
and b reed ing f o r vegetat ive p r o p a g a t i o n , se lect ion of 
c lones, se lect ion of r o o t s t o c k s , c lone tes t ing , b u d d i n g 
techn iques , and management o f c lona l cacao. Research 
is r equ i red o n the p r o d u c t i o n o f c h u p o n b u d w o o d . p r u n i n g 
and t r a i n i n g o f fan budd ings , roo ts , po l l en m o v e m e n t 
w i t h i n a cacao p l a n t a t i o n and small-scale f e r m e n t a t i o n 
techn ioues . 

R.T 



A spac ing t r i a l w i t h single and m u l t i p l e - s t e m cocoa 
A R M S T R O N G . K . 8 . B A L Estates Sdn B h d . T a w a u , Sabah, 
Malays ia - In: EMPA Seminar on Cocoa-Coconuts 1976: 
proceedings East Malaysia Planters Assoc ia t ion . Sandakan. 
Sabah p. 9 3 - 1 0 4 1977 . 

Cacao spaced at 4 . 0 x 1.5 m gives h igher y ie lds per 
hectare than at a spacing o( 4 . 0 x 3 .0 m . T h e dense p l an t i ng 
has advantages over w/ider p l an t i ng w h e n l i m i t e d overhead 
shade is used and results in easier managemen t . O p t i m u m 
spacing w i l l change w i t h the age of the trees and t h i n n i n g 
w i l l be requ i red . W i t h seedling cacao the o p p o r t u n i t y exists 
t o e l i m i n a t e poo r producers . The e x p e r i m e n t does n o t 
i nd ica te any bene f i t accruing f r o m the i n d u c t i o n of a 
m u l t i p l e s tem hab i t . 

) rmance of cu tback t iple-stei cacai t he 
f i e l d L E E A I K K I E N T u n Razak A g r i c u l t u r a l Research 
Cent re . Federal Land Deve lopment A u t h o r i t y ( F E L D A ) . 
Sungei T e k a m . Pahang. Malaysia - In: EMPA Seminar 
on Cocoa-Coconuts 1976: proceedings East Malaysia 
Planters Assoc ia t i on . Sandakan. Sabah p. 105-111 1977. 

T e n - m o n t h o l d cacao seedlings were c u t b a c k . 
Subsequen t l y , one , t w o or th ree stems were a l l o w e d to 
deve lop . T h e c o n t r o l consisted o f seedlings of the same 
age w i t h o u t p r u n i n g . Observat ions were taken o n 
es tab l ishment and v igour , c a n o p y , basal s tem d i a m e t e r , 
p lan t and j o r q u e t t e he ight , f l o w e r i n g , harvest ing and 
y ie ld . T h e three-s tem plants y ie lded more d u r i n g the f irst 
f o u r years , w h i c h is p robab ly due t o the i r be t te r vegetat ive 
d e v e l o p m e n t . 

N u t r i t i o n a l d isorders o f cocoa in Sabah L E E , M . T . Cocoa 
Research S t a t i o n , Depa r tmen t o f A g r i c u l t u r e , T a w a u , 
Sabah, Malaysia - In: EMPA Seminar on Cocoa-Coconuts 
1976: proceedings East Malaysia Planters Assoc ia t ion , 
S a n d a k a n , S a b a h p. 1 12-118 1977 . 

The use o f fo l ia r s y m p t o m s a n d leaf analysis has led to 
the d e t e c t i o n o f a n u m b e r of n u t r i t i o n a l d isorders o f cacao 
in Sabah. The s im i l a r i t y in visual s y m p t o m s be tween 
def ic ienc ies o f n i t rogen and s u l p h u r , and i r o n and 
manganese makes chemical analysis necessary. C a l c i u m 
de f i c iency can be con fused w i t h vascular streak d ieback . 
The survey revealed nu t r i t i ona l p rob lems many o f w h i c h 
have no t been repo r t ed prev ious ly . 

Observa t ions o n some pests of cocoa in T a w a u S H A H , S. 
B A L Estates Sdn B h d , Tawau. Sabah, Malaysia - In: 
EMPA Seminar on Cocoa-Coconuts 1976: proceedings 
East Malaysia Planters Assoc ia t ion . Sandakan , Sabah 
p. 1 19 124 1977 . 

Some insects prev ious ly no t k n o w n as serious pests of 
cacao have at var ious t imes p ro l i f e ra ted t o the ex ten t of 
j u s t i f y i n g c o n t r o l measures. Observat ions o n l i fe-cycles 
and a t t e m p t e o c o n t r o l measures are ind ica ted for Buzura 
suppressaria (Geomat r ldae) , Nacaduba normani 
(Lycaen idae) . Clania sp. (Psychidae) , Acrocercops ^s;). 
(Grac i l la r idae) . Hhyparida iridipennis ( E u m o l p i d a e ) , 
Hypomeces sp. (Curcu l ion idae) , ExophoHs hypoleuca 
(Scarabaeidae), Ceroplastodes chiton (Coccidae) and 
parasites. 

Eva lua t i on of a granular sys temic insect ic ide f o r n e w l y 
p lan ted cocoa in Peninsular Malaysia T H O N G . K .C. D u n l o p 
Research Cent re , Batang Melaka, Negr i Semb i l an . Malaysia 
- In: EMPA Seminar on Cocoa-Coconuts 1976: 
proceedings East Malaysia Planters Assoc ia t i on . Sandakan. 
Sabah p. 125 -133 1977 . 

Granu lar a ld icarb 10 per cent a. i . was app l i ed at 2. 4 
and 6 g per y o u n g cacao plant in f ie ld expe r imen t s t o 
c o n t r o l Apogonia and Adoretus leaf damage. Y o u n g p lan ts 
were p r o t e a e d b y 2 g a ld icarb 10 per cent a.i. w h i c h shou ld 
be increased to 4 g per p lant w i t h g r o w t h . A m a x i m u m 
in terva l o f 8 weeks is recommended . A l d i c a r b p rov ided 
be t te r c o n t r o l t han the d ime thoa te / l ead arsenate s tandard. 
Y ie l d records seem to ind icate a h igher cacao bean y i e l d in 
the presence o f a ld ica rb . 

E f f e c t of f o l i a r s p p l i c s t i o n of po tass ium o n cocoa y i e l d 
O J E N I Y I , S.O. and E G B E , N.E. Cocoa Research Inst , o f 
Niger ia, Ibadan, Niger ia - Journal of Horticultural Science 
(UK) v.56{3) p. 2 6 7 - 2 6 9 1981. 

T w o years ' t r ia ls were conduc ted at 3 places in Western 
Niger ia t o exam ine the e f fec t o f fo l i a r app l i ca t i on o f K 
d u r i n g d r o u g h t o n cocoa y ie ld c o m p o n e n t s . Fo l ia r 
app l i ca t i on o f 5 per cent KCI t o m a t u r e A m e l o n a d o trees 
caused apparent increases in wet bean w e i g h t , d r y bean 
w e i g h t , husk we igh t and p o d w e i g h t , b u t the o n l y 
s ign i f i can t e f fec ts were those on d r y bean we igh t at 2 sites. 

( C o n t r o l of t he ma jo r pests and disease of cacao in 
Soconusco) C o n t r o l de las p r inc ipa les plagas y 
en fermedades de l cacao en el Soconusco L E O N E. F. DE 
and F R A Y R E V . G . C a m p o Agn 'co la E x p e r i m e n t a l Rosar io 
Izapa, I N I A / C e n t r o d e Invest igaciones A g n ' c o l a s d e l Sureste 
( C I A S E ) , Tapachu la , Chiapas, M e x i c o - Circular CIASE -
Centro des Investigaciones Agricolas del Sureste {Mexico) 
no . 4 7 . 4 p. ; Ju l 1975 . 

Th is is a concise rev iew o f chemica l c o n t r o l measures 
against some p r i nc ipa l pests and diseases o f cacao. Thr ips. 
aphids and b lack p o d disease, Phytophthora palmivora, are 
cons idered. 

(The Compani 'a Nac iona l de Choco la tes S . A . and t he 
d e v e l o p m e n t o f cacao c u l t i v a t i o n in C o l o m b i a ) La 
C o m p a n i a N a c i o n a l de Choco la tes S . A . y el f o m e n t o del 
c u l t i v o de l cacao en C o l o m b i a M O R E N O P. L.J. 
O e p a r t a m e n t o de F o m e n t o . Compani 'a Nac iona l de 
Choco la tes . M e d e l l m , C o l o m b i a - Cacaotero Colombiano 
(Colombia) no . 19. p. 21 -29 ; Dec 1981 . 

This a r t i c le describes recent deve lopmen ts in C o l o m b i a n 
cacao p r o d u c t i o n , and its research and e x t e n s i o n organi-
za t ions . I n f o r m a t i o n is given abou t on -go ing agronomic 
and c r o p p r o t e c t i o n research and ma jo r r ecommenda t i ons 
a b o u t clones and cu l t u ra l pract ices, 

( i n f l u e n c e o f seedl ing age o n cacao g r o w t h f o l l o w i n g 
t ransp lan t ing) I n f l uenc ia de la edad de la p lan tu la sobre 
el c r e c i m i e n t o de l cacao despu6s del t r ansp lan te S 0 U 2 A . J. 
D E , G A R C I A , J .R . and M U L L E R , M . W . Cen t ro de 
Pesquisas do Cacau ( C E P E O . I t abuna . Bah ia . Brazi l -
Cacaotero Colombiano (Colombia) no . 19 , p . 39-45; 
Dec 1981 . 

Studies were c o n d u c t e d on me thods f o r t ransp lan t ing 
cacao and o p t i m u m seedl ing age at t ransp lan t i ng . Seedling 
survival and g r o w t h was bet ter fo r t ransp lan t ings o f 2 t o 
6 m o n t h o ld seedlings than for o lde r seedl ings or fo r d i rect 

Cocoa c u l t i v a t i o n under c o c o n u t o n t w o estates in 
Peninsular Malays ia S H E P H E R D , R . , G I L B E R T , J .R . and 
C O W L I N G . P.G. Harr isons and Cros f ie ld Sdn Bhd , Kuala 
L u m p u r , Malaysia - In: EMPA Seminar on Cocoa-Coconuts 
1976: proceedings East Malaysia Planters Assoc ia t ion , 
Sandakan, Sabah p. 28 -40 1977. 

A shor t desc r i p t i on of cacao nursery pract ices is 
presented. Land p repara t ion , p l an t i ng sys tem, f ie ld 
p l a n t i n g , upkeep and cu l t i va t i on , pests, diseases, manur ing , 
p r u n i n g , t h i n n i n g and rehab i l i t a t i on of cacao under 
coconu t s as shade t ree are descr ibed. A c o c o n u t rep lant ing 
techn ique be tween cacao is discussed. Harves t ing t ranspor t , 
processing, p re -d ry ing . rest ing and f ina l d r y i n g o f cacao are 
cons idered. I n t e r p l a n t i n g cacao be tween o ld c o c o n u t s d id 
n o t a f fec t the c o c o n u t y ie lds. It is expec ted t h a t 1120 kg 
d r y beans/ha w i l l be ob ta i ned f r o m the cacao. The 
c o m b i n e d copra and cacao revenue is more t h a n tha t of o i l 
pa lms. 

Per fo rmance of cocoa h y b r i d s in t w o ear ly p r o g e n y tr ia ls 
on B A L Estates L I M H O N G K E E , D . B A L Estates Sdn 
B h d , T a w a u , Sabah, Malaysia - In: EMPA Seminar on 
Cocoa-Coconuts 1976: proceedings East Ma lays ia Planters 
Assoc ia t i on , Sandakan, Sabah p. 47 -57 1977 . 

Cacao hyb r ids p roduce about 30 -40 per cent m o r e than 
A m e l o n a d o seedlings under the expe r imen ta l c o n d i t i o n s at 
Sabah. Pa35 x N a 3 2 , Pa7 x Na32 and A m i x Pa7 are best 
su i ted t o B A L c o n d i t i o n s . These progenies p r o d u c e 3.6-3.9 
t o n d r y cacao/ha/year at 11-12 years o f age. The best 
var ie ty is U I T I x N a 3 2 w i t h very large pods and large 
beans. 

N e w p rogeny t r ia ls o n B A L Estates L I M H O N G K E E . D . 
B A L Estates Sdn B h d , Tawau , Sabah. Malays ia - In: 
EMPA Seminar on Cocoa-Coconuts 1976: proceedings 
East Malaysia Planters Assoc ia t ion , Sandakan . Sabah 
p. 58-77 1977 . 

Data o n y ie ld p e r f o r m a n c e of progenies, y i e l d var ia t ion 
w i t h i n progenies and pe r fo rmance o f progenies dur ing 
i m m a t u r i t y are presented fo r cacao tr ia ls unde r B A L 
Estates c o n d i t i o n s . T h e recommended crosses Pa7 x Seal 2. 
Pa35 X Sca7. U I T I x Na34 , Na32 x Sca12, U I T I x Sca12 
p r o d u c e d more than 2 2 4 0 kg d ry cacao/ha /year d u r i n g the 
f i rs t 5 c r o p p i n g years. T r i p l e hyb r ids d i d n o t o u t y i e l d the 
h igh y i e l d i n g F^ h y b r i d s except for ( U I T I x N a 3 2 } x ScaS. 
F2 progenies made b e t w e e n h igh -y ie ld ing trees f r o m early 
p rogeny tr ia ls seem p r o m i s i n g and th is t y p e o f seed cou ld 
be p r o d u c e d in B A L seed gardens. 

R.T 



A review of Series 11 cocoa hybrids C H E E Y A U F A H 
Cocoa Research S t a t i o n , D e p a r t m e n t of A g r i c u l t u r e . 
T a w a u . Sabah, Ma lays ia — In: EMPA Seminar on Cocoa-
Coconuts 1976: proceedings East Malaysia Planters 
Assoc ia t i on . Sandakan , Sabah p. 7 8 - 8 3 1 9 7 7 . 

Series II t r ia ls in cacao have d e m o n s t r a t e d the po ten t i a l 
o f the c o m b i n a t i o n o f U I T and SCA b reed ing mate r ia l . 
U I T mater ia l has g o o d c o m b i n i n g a b i l i t y . T h e SCA mater ia l 
is m o r e h a r d y , m o r e disease resistant to some cacao 
diseases, and tends t o bear more f l o w e r s t h r o u g h o u t t he 
year. The U I T x S C A h y b r i d s in these tr ia ls seem m o r e 
o u t s t a n d i n g t h a n t h e U I T x N A h y b r i d s in ear l ier t r ia ls . 

Vascular-s t reak d i e b a c k o f cocoa in Peninsular Malays ia 
C H A N C H E E L E O N G and S Y E D K A M A R U D D I N B I N 
S Y E D W A Z I R H i l i r Perak S t a t i o n , Malays ian A g r i c u l t u r a l 
Research a n d D e v e l o p m e n t Ins t . ( M A R O I ) . Perak. 
Malaysia - In: EMPA Seminar on Cocoa-Coconuts 1976: 
proceedings East Ma lays ia Planters Assoc ia t i on , Sandakan . 
Sabah p. 134 -144 1 9 7 7 . 

Oncobasidium theobromae is the causal agent of 
vascular-streak d i e b a c k in cacao. S y m p t o m s and 
i d e n t i f i c a t i o n , sever i ty o f the disease, var ie ta l suscep t i b i l i t y , 
fungal g r o w t h in t he cacao p lan t , spread o f the disease and 
c o n t r o l measures are cons idered . E p i d e m i o l o g y and c o n t r o l 
of th is new dfsease need f u r t h e r research. 

Cocoa growing in East Java S O E N A R Y O Balai Pene l i t ian 
Perkebunan Surabaya , Surabaya, East Java, Indonesia -
In: EMPA Seminar on Cocoa-Coconuts 1976: proceedings 
East Malays ia P lanters Assoc ia t i on . Sandakan. Sabah 
p. 149 -150 1 9 7 7 . 

G r o w i n g c o n d i t i o n s f o r cacao in East Java are ind ica ted 
in respect o f t e m p e r a t u r e , ra in fa l l and soil t ypes . A b o u t 
9 3 0 0 ha o f cacao are p l an ted o f w h i c h 3 4 5 9 are m a t u r e . 
A p r o d u c t i o n o f 2 - 3 t o n d r y beans per hectare is a t ta inab le . 
A b o u t 120 i n t e r c l o n a l crosses are be ing tested in East and 
Cent ra l Java. A b o u t 3 0 - 4 0 per cent o f t h e p r o d u c t i o n costs 
go t o pest c o n t r o l . O p e n patches in p lan ta t i ons are 
n o r m a l l y due t o r o o t diseases caused b y Fomes lamaensis 
and Ganoderma pseudoferreum. Phytophthora pod ro t is 
n o t a serious p r o b l e m . 

A n assessment o f t h e d e v e l o p m e n t p o t e n t i a l f o r cocoa in 
Sabah W Y R L E Y B I R C H , E .A . U K M i n i s t r y o f Overseas 
D e v e l o p m e n t , K o t a K i n a b a l u . Sabah. Malaysia - In: EMPA 
Seminar on Cocoa-Coconuts 1976: proceedings East 
Malaysia Planters Assoc ia t i on . S a n d a k a n . Sabah p. 1 5 1 - 1 6 0 
1977 . 

A d e s c r i p t i o n is presented o f the present-day po ten t i a l 
for cacao in Sabah in respect o f land a n d soi l , seed supp l ies , 
diseases, pests, shade suppl ies and c ropp ing systems, 
c o m p e t i t i o n f r o m o t h e r crops, m a n p o w e r , m a r k e t i n g and 
ava i lab i l i t y o f d e v e l o p m e n t f i nance . Sabah has an a lmos t 
u n l i m i t e d p o t e n t i a l f o r cacao as far as land ava i lab i l i t y is 
conce rned . T h e m a i n l i m i t a t i o n s t o r a p i d deve lopmen t are 
management sk i l ls and the p rov is ion o f deve lopmen t f unds . 

Ro le o f estate cocoa f a c t o r y in processing cocoa beans 
H U B B A R D , F .T .P . I n g t o m P lan ta t i ons and Cocoa F a c t o r y 
A d v i s o r y Services, I poh , Perak. Malays ia - In: EMPA 
Seminar on Cocoa-Coconuts 1976: proceedings East 
Malaysia Planters Assoc ia t i on , S a n d a k a n , Sabah p. 1 6 1 - 1 7 2 
1977 . 

Large-scale cacao processing is descr ibed. I m p r o v e d 
f e r m e n t a t i o n b o x design (170 x 2 3 0 x 75 cm) and b y pre-
t r e a t m e n t b e f o r e f e r m e n t a t i o n . Cacao bean d r y i n g is 
f e r m e n t a t i o n b o x design (170 • 2 3 0 x 75 cm) and b / pre-
t r e a t m e n t b e f o r e f e r m e n t a t i o n . Cacao bean d r y i n g is 
descr ibed in respect o f d r y i n g t e m p e r a t u r e , d r y i n g t i m e , 
heat sources, d r y i n g costs, fans, shape o f d r y i n g bed , 
ag i ta t ion and d r y i n g rou t ines . A cons iderab le saving in 
fue l costs can be made b y d r y i n g f i rst for 8 hou rs , 
f o l l o w e d b y 16 hours rest and b u l k i n g beans f r o m 2 d ryers 
d u r i n g the n e x t d r y i n g per iods . B y b u l k i n g beans m o r e 
beans can be d r i e d w i t h the same f a c i l i t y . 

and fe rmentary A N S E L M I , J . A . 
Estate. T a w a u . Sabah, Malays ia — 
7 Cocoa-Coconuts 1976: proceedings 
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New Barico Drier 
Balung River Coco ; 
In: EMPA Seminar 
East Malays ia Plai 
p . 173 -183 1 9 7 7 . 

A d e s c r i p t i o n is presented ( i n c l ud i ng drawings) o f a 
new t y p e o f cacao d r y e r , t he Ba r i co D r y e r , w h i c h can 
fe rmen t and d r y 5 7 5 t o n d r y beans per year . T h e d r y e r 
can ope ra te o n any t y p e o f fue l a n d uses half a t o n o f 
f i r e w o o d to p r o d u c e one t o n o f d r y cacao. The c o m b i n e d 
u n i t can process 4 tons of beans /day w i t h o u t mechan i ca l 

means of a g i t a t i o n . B r o k e n bean percentage w i t h t he 
process is a lmost n i l . A c i d i t y can be reduced t o p H 6 .2 b y 
l o w tempera tu re d r y i n g d u r i n g the f i rst 24 hours . Th is 
a l lows fu r t he r e n z y m a t i c convers ion o f acet ic ac id t o 
ca rbon d i o x i d e and w a t e r . 

Raw cocoa processing: acidity and flavour L I A U . H . T . L . 
A g r i c u l t u r a l Research Cen t re , Tuaran , Sabah, Malaysia -
In: EMPA Seminar on Cocoa-Coconuts 1976: proceedings 
East Malaysia P lanters Assoc ia t i on . Sandakan , Sabah 
p. 184 -196 1 9 7 7 . 

Studies in cacao processing me thods cove r ing c r i te r ia 
fo r successful m a t u r a t i o n (loss of acet ic ac id) such as 
m o i s t u r e , ae ra t ion , t e m p e r a t u r e and t i m e , are descr ibed. 
Sun d r y i n g gives a be t te r m a t u r a t i o n . Large-scale 
m a t u r a t i o n in boxes or d r ye r s is descr ibed . By g o o d 
m a t u r a t i o n i t is poss ib le t o p roduce in Malays ia , beans t h a t 
are comparab le in f l a v o u r t o West A f r i c a n beans. 

Market ing of Sabah cocoa P A R S O N S . J .W. and O N G 
K E A N T E O N G C o m m o n w e a l t h D e v e l o p m e n t . C o r p . . 
S ingapore . S ingapore - In: EMPA Seminar on Cocoa-
Coconuts 1976: ..proceedings East Ma lays ia Planters 
Assoc ia t ion , S a n d a k a n , Sabah p. 197-205 1 9 7 7 . 

The f i rst c o m m e r c i a l p l an t i ng o f cacao in Sabah was in 
1954 . The acreage increased f r o m 2155 ha in 1965 t o 6 7 0 0 
ha in 1975 and e x p o r t s rose f r o m 4 1 8 tons in 1965 to 5 3 3 2 
tons in 1975 . A d e s c r i p t i o n of the ma rke t s , i n t e r n a t i o n a l 
m a r k e t i n g , se l l ing pr ices, processing and pos i t i on of t he 
smal lho lders , is p resen ted . 

(Agricultural t rad i t ion and development: the case of the 
Ivory Coast) T rad i t ion et ddveloppement en agriculture: 
le cas ivoirien S A W A D O G O . A . - Annates de IVniversit^ 
d'Abidjan. S^rie G. G6ographie (Ivory Coast) no . 10 
p. 115 -130 1 9 8 1 . 

The au tho r c o n f i r m s t h a t t r a d i t i o n a l ag r i cu l tu re is n o t 
a marg ina l en te rp r i se , b u t tha t it is cen t ra l t o the rura l 
e c o n o m y . T h e p r o d u c t i o n o f cassava, f o r ins tance, has 
d o u b l e d over t he last 10 years. I ndus t r i a l i za t i on is no t an 
issue as i t i nvo lves t o o p r o f o u n d a t r a n s f o r m a t i o n of 

(The in f l uence o f p r ice i n t e r v e n t i o n o n p r o d u c t i o n in t h e 
p l an ta t i on e c o n o m y of t h e I v o r y Coast) Le d 6 t e r m i n i s m e 
des pr Ix sur les systemes de p r o d u c t i o n en Economy de 
p l an ta t i on I v o l r i e n n e R U F . F. Cent re I vo i r i en de Recherche 
E c o n o m i q u e et Socia le ( O R E S ) , A b i d j a n . I vo ry Coast -
CIRES. Cahiers tvoiriens de Recherche Economique et 
Sociale {Ivory Coast) no . 28 -29 , p. 8 9 - 1 1 4 ; Mar 1981 . 

This s t u d y analyses the imba lance w h i c h exists b e t w e e n 
the y ie lds o f c o f f e e and cacao w i t h the a i m o f p ropos ing a 

• pr ice i n t e r v e n t i o n . The a u t h o r conc ludes t h a t a p r ice 
inc rement f o r b o t h co f fee and f o o d crops w i l l lead smal l -
ho lders t o greater s tab i l i t y and m o d e r n i z a t i o n of t he i r 
p lan ta t ions . 

June 1982 

Short-term tox ic i t y study of irradiated cocoa beans in rats 
T A K Y I , E . E X . and O F O R I M E N S I , N . Ghana A t o m i c 
Energy C o m m i s s i o n , l_egon, Ghana - Journal of the 

•Science of Food and Agriculture (UK) v. 3 2 ( 9 ) p. 9 3 3 - 9 4 0 
1981 . 

Ingest ion s tud ies o f i r rad ia ted cacao beans in rats 
causing haemato log i ca l p rob lems or unaccep tab le changes 
in the i r g r o w t h p a t t e r n we re exp lo red . I t is i n fe r red t h a t the 
ingest ion o f i r r ad ia ted cacao beans at a level o f 3 5 0 g / k g o f 
no rma l d ie t has n o d i f f e r e n t e f fec t f r o m tha t o f non -
i r rad ia ted beans o n rats. 

(Your plantat ion could produce more) Su cultivo puede 
rendir mas M O R E N O P.. L.J. D e p a r t a m e n t o de F o m e n t o , 
Compa f i i a N a c i o n a l de Choco la tes . M e d e l l m , C o l o m b i a -
Cacaotero Colombiano (Colombia) no . 20 , p. 12-14 ; A p r 
1982 . 

Cacao p l a n t a t i o n s are f o u n d in every par t o f C o l o m b i a . 
Yie lds are very l o w , n o t exceed ing 5 0 0 kg/ha o n the 
average. C u l t u r a l pract ices a imed at increas ing p r o d u c t i v i t y , 
such as weed c o n t r o l , p r u n i n g , disease c o n t r o l , dra inage and 
fe r t i l i z i ng , are d iscussed. 

(Cacao bean qual i ty required for manufacturing) Calidad de 
las almendras de cacao: necesidades del fabricante 
P O W E L L . B . D . - Cacaotero Colombiano (Colombia) no . 
2 0 , p. 24 -31 ; A p r 1982 . 

R.T 



The q u a l i t y o f cacao beans is es t ima ted b y manu fac -
turers a c c o r d i n g to the f o l l o w i n g charac ter is t ics : f l avou r , 
hardness o f cacao b u t t e r , p u r i t y and y i e l d . T h e var ious 
aspects o f processing q u a l i t y are rev iewed. De f i c i en t 
storage and sh ipp ing fac i l i t ies can s t rong ly a f f ec t q u a l i t y . 
The ma in tenance o f g o o d bean q u a l i t y is o f p r ime 
i m p o r t a n c e f o r the cacao i n d u s t r y as a w h o l e . 

(Fe r t i l i z i ng o f cacao w i t h c o m p o u n d fe r t i l i ze rs in t he 
banana-g row ing zone of the R i o f r i o region) A b o n a m i e n t o 
de l cacao c o n fe r t i l i zan tes compues tos en el c o r r e g i m i e n t o 
de R i o f r i o . zona bananera Q U I R O Z P.. G.. B O N I L L A IVl. A . 
and D E L G A D O V.. J . L . Facu l t ad de Ingenien'a A g r o n d m i c a . 
Un ivers idad Tecno logtca del Magdalena, Santa Mar ta , 
C o l o m b i a - Cacaotero Colombiano (Colombia) no . 20 . 
p. 33 -37 ; A p r 1982 . 

A f i e ld t r i a l was c o n d u c t e d w i t h r e c o m m e n d e d cacao 
var iet ies a p p l y i n g var ious c o m p o u n d fe r t i l i ze rs . The 
fer t i l i zers i n c l u d e d 13-26-4. 12-6-22-2 . 12-12-17-2 and 
14 .14 .14 -2 a t rates of 350 , 4 0 0 a n d 4 5 0 kg /ha / yea r , app l ied 
in equal doses at 6 - m o n t h in tervals . Highest y i e l d was 
o b t a i n e d w i t h 3 5 0 kg /ha /year o f 13-26-4 f o l l o w e d by 
12-6-22-2 , g i v ing 55 and 4 6 per cent increases, respect ive ly . 

I n i t i a t i o n a n d g r o w t h o f ca l lus a n d cel l suspensions of 
T h e o b r o m a cacao T S A I , C . H . and K I N S E L L A . J .E . -
Anna/s of Botany (UK) no . 4 8 ( 4 ) p. 5 4 9 - 5 5 7 1981 . 

Cal lus a n d suspension cu l tu res o f cacao, i n i t i a t e d f r o m 
i m m a t u r e c o t y l e d o n s o f beans f r o m pods harvested 120-
130 days a f te r p o l l i n a t i o n , were establ ished. A m o d i f i e d 
B-5 o r Murash ige and Skoog agar m e d i u m susta ined g r o w t h 
o f cal lus w i t h o u t loss o f v igour a f te r each sub-cu l tu re and a 
15 - fo l d w e i g h t ingrease occu r red d u r i n g the 4 -week c u l t u r e 
per iods at 3 0 ± 1 C ; c o c o n u t wa te r i m p r o v e d cal lus g r o w t h 
subs tan t i a l l y . T h e o p t i m u m h o r m o n a l concen t ra t i ons fo r 
grovsrth o f t he suspensions were 0 . 5 m g / l 2 ,4 -D and 0 .1 m g / l 
o f k i n e t i n in a Murashige and Skoog basal l i q u i d m e d i u m . 
T h e o p t i m u m tempe ra tu re fo r suspension g r o w t h was 
25-30®. T h e cel l n u m b e r and cel l mass o f suspensions 
increased 2 0 - f o l d in 14 days. N o organogenesis or 
embryogenes is was observed. 

Ju l y 1982 

(P re l im ina ry resul ts o f a c o m p a t i b i l i t y test o n several cacao 
clones in K a l i w i n i n g ) Hasi l pendahu luan suatu pengu j ian 
k o m p a t i b i l i t a s beberapa k l o n coke la t d i K a l i w i n i n g 
S O E D A R S O N O Balai Penel i t ian Perkebunan Bogo r , Bogo r . 
Indonesia - Menara Perkebunan (Indonesia) v. 4 7 ( 6 ) 
p. 173 -179 ; Dec 1 9 7 9 . 

A c o m p a t i b i l i t y test o n 14 clones o f cacao der i ved f r o m 
a p r i m a r y c l ona l test has been ca r r ied o u t at the K a l i w i n i n g 
E x p e r i m e n t a l Garden since 1 9 7 6 . P re l im ina ry results 
showed tha t D R C 2 , D R C 6 . D R C 13. D R C 15,. D R C 16. 
K W C 2 , K W C 5 , K W C 6 and K W C 7 clones had a s t rong 
tendency to be se l f - compa t ib le , w h i l e G C 7 c lone was sel f-
i n c o m p a t i b l e . Resul ts w i t h D R C 9 . GC 1. GC 2 and K W C 1 
clones were s t i l l inconc lus ive . F u r t h e r invest igat ions are s t i l l 
needed t o o b t a i n d e f i n i t e results. 

(B lack p o d disease o f cacao d u e t o P h y t o p h t h o r a sp. in 
T o g o : d e t e r m i n a t i o n o f species responsib le) La p o u r r i t u r e 
b rune des cabosses d u cacaoyer due a P h y t o p h t h o r a sp. au 
T o g o : d e t e r m i n a t i o n des especes responsables D J I E K P O R , 
E .K . , P A R T I O T , M . and L U C A S . P. Cent re de Recherches. 
I ns t i t u t Francais d u Caf^ et d u Cacao ( I F F C ) , K p a l i m g . 
T o g o - Caf6, Cacao. Thi (France) v . 2 6 ( 2 ) p . 9 7 - 1 0 8 ; 
A p r 1982. 

A n in v i t r o s t u d y o f isolates o f Phytophthora o f the 
cacao tree in T o g o was car r ied o u t . Appearance o f co lon ies , 
m o r p h o l o g y o f sporocystes , g r o w t h on pods and o n agar 
med ia , s p o r u l a t t o n in the f ie ld , a sign o f c o m p a t i b i l i t y , and 
observat ions o n the ch romosomes , are r epo r t ed . T w o o f the 
species o f Phyrophthora f o u n d o n cacao are represented in 
T o g o : P. pa/mivora i n no r th -wes te rn and sou the rn K i o t o 
( K i o t o 1) and P. megakarya i n the L i t i m 6 - A d 6 l ^ reg ion and 
the nor th -eas te rn pa r t o f K i o t o ( K i o t o I I ) . 

(Search f o r a f e r m e n t a t i o n index of cacao. 1. D e v e l o p m e n t 
o f t o t a l cacao bean t ann ins and pheno ls) Recherche d ' u n 
ind ice de f e r m e n t a t i o n du cacao. 1. E v o l u t i o n des tan ins 
et des pheno l s t o t a u x de la feve C R O S . E., V I L L E N E U V E , 
F. and V I N C E N T , J .C. Labora to i re de Ch im ie -Techno log ie . 
I ns t i t u t Fran?ais d u Cafe et d u Cacao ( I F F C ) , M o n t p e l l i e r , 
France - Caf4. Cacao, Th6 (France) v . 2 6 ( 2 ) p. 1 0 9 - 1 1 4 ; 
A p r 1982 . 

A s tudy o f t h e deve lopmen t o f p o l y p h e n o l s ( to ta l 
rannlne n n n . t a n n i n e tn ra l nhpnnU) in th(> CacaO bean 

reveated t h a t : (1) there is 
in p h e n o l i c c o m p o u n d s 
cacao as c o m p a r e d w i t h fe 
the decreasing to ta l phen 
comparab le ; (3) pheno l ic 
f e r m e n t a t i o n day 
f 

a decrease o f a b o u t 70 per cent 
e x t r a c t e d f r o m n o n - f e r m e n t e d 
r m e n t e d cacao; (2) the shape o f 
3ls a n d t o t a l t ann ins curves are 

c o m p o u n d con ten t s o n zero 
I the 2 n d day o f 

o.. - . . o m a l y w h i c h c o u l d be du 
abundance o f p u l p s lowing d o w n the d r y i n g rate. 

(Search f o r a f e r m e n t a t i o n i ndex of cacao. 2. E s t i m a t i o n of 
t he red c o l o u r i n g mat te r of cacao beans) Recherche d ' u n 
indice de f e r m e n t a t i o n d u cacao. 2. E s t i m a t i o n de la 
mat ie re co l o ran te rouge des feves de cacao C R O S , E., 
R O U L Y , M . and V I L L E N E U V E , F. Labo ra to i r e de Ch im ie -
Techno log ie . I ns t i t u t Franpais d u Caf6 et d u Cacao ( I P F C ) . 
M o n t p e l l i e r , France - Caf6, Cacao, Th6 (France) v. 26 (2 ) 
p. 115 -122 ; A p r 1982. 

Results o f th is s tudy s h o w e d : (1) the overa l l decrease 
in a n t h o c y a n i n p igments was a b o u t 9 3 per cen t a n d the 
rate o f decrease was at its m a x i m u m be tween the 2 n d and 
3 r d f e r m e n t a t i o n d a y ; (2) the re was an increase in the 
op t i ca l dens i t y (OD) ( 4 6 0 n m ) / 0 . 0 . ( 5 2 5 n m ) r a t i o f r o m the 
2 n d t o the 8 t h f e r m e n t a t i o n d a y ; (3) p r i nc ipa l changes in 
c o l o u r occu r red between the 2 n d and 4 t h f e r m e n t a t i o n 
days and enab led 3 d i s t i nc t f e r m e n t a t i o n stages to be 
charac ter ized : no co lou r change o n the 1st d a y . reversal o f 
the a n t h o c y a n m o n o m e r s / y e l l o w and b r o w n p o l y m e r s ra t i o 
f r o m the 2 n d t o the 4 t h day . l i t t l e o r no c o l o u r deve lop-
m e n t f r o m the 4 t h t o the 8 t h day . 

(Techn ica l r e p o r t 1980) I n f o r m e t dcn i co 1 9 8 0 C e n t r o de 
Pesqulsas d o Cacau (CEPEC) . I t abuna , Bahia, Brazi l -
3 6 4 p . 1982. 

In this annua l repo r t for 1 9 8 0 . t he ac t iv i t ies o f CEPEC's 
12 sect ions, i n c l u d i n g those dea l ing w i t h b o t a n y , so i l 
sc ience, geo logy , p h y t o p a t h o l o g y , a g r o n o m y , c r o p 
d i ve rs i f i ca t i on , genet ics and soc io -economic t o p i c s , are 
rev iewed. In a d d i t i o n research car r ied o u t in the A m a z o n i a n 
reg ion is also rev iewed. As we l l as s tudies o n cacao 
(Theobroma cacao), w o r k d o n e o n b lack pepper [Piper 
nigrum), rubber (Hevea brasiUensis) and o i l pa lm (Elaeis 
guineensis and E. o/eifera). is also discussed. 

F ine - roo t g r o w t h dynamics in cacao K U M M E R O W . J. , 
K U M M E R O W , M . and S I L V A . W.S. D A D e p a r t m e n t o f 
B o t a n y , San D iego State Un i v . , San Diego, C a l i f o r n i a , 
U S A - Plant and Soil (Netherlands) v. 6 5 ( 2 ) p . 193-201 
1982 . 

F ine - roo t dens i t y in a ma tu re cacao p l a n t a t i o n in Bahia 
(Braz i l ) was m o n i t o r e d at week l y in te rva ls . A b o u t 4 0 g / m 
o f f i n e roots (d iame te r < 1 m m ) were f o u n d d u r i n g th is 
p e r i o d . The re la t ive s tab i l i t y o f th is value over the six 
m o n t h s per iod con t ras ted w i t h s ign i f i can t changes in the 
n u m b e r of g r o w i n g r o o t t ips per u n i t o f soi l v o l u m e . A 
s ign i f i can t negat ive co r re la t i on was f o u n d be tween a shoo t 
g r o w t h f lush in January and the ac t i v i t y o f the f i ne - roo t 
sys tem as measured b y the n u m b e r of new r o o t t ips . 

Augus t 1982 

(Cacao y ie lds a n d na tu ra l vege ta t ion : a s tudy of p rac t ica l 
eco logy in t he fo res ts o f Sangha (Congo) and south-eastern 
C a m e r o o n ) Rendemen ts de la cacaocu l tu re et f o r m a t i o n s 
v6gdtales: essai d 'dco log ie p ra t i que des f o rd t s de la Sangha 
(Congo) et du Sud-Est d u C a m e r o u n G U I L L O T . B. 
O R S T O M , Paris. F rance - Cahiers ORSTOM. S6rie Sciences 
Humaines (France) v . 18 (1 ) p. 6 3 - 1 0 6 1981 . 

In t he Sangha reg ion (Cameroon ) , a m a p o f the 
d i s t r i b u t i o n of cacao o u t p u t per p lan te r shows t h a t the 
best y ie lds are o b t a i n e d in eastern Semb6 d i s t r i c t whe re 
soi l s t u d i e s . h a v e revealed the presence o f g o o d soils 
deve loped o n t i l l i t e , l imes tone and a rg i l l i t e . T h e i n v e n t o r y 
made in the Ouesso reg ion by the Fo res t r y D e p a r t m e n t 
also shows that these soils give rise t o we l l deve loped 
na tu ra l vegeta t ion cover . Trees charac te r i s t i c o f these soi l -
vege ta t ion local i t ies m i g h t advantageously be used f o r t he 
i d e n t i f i c a t i o n of g o o d land fo r cacao c u l t i v a t i o n . 

(Genetic improvement for resistance to five cacao diseases) 
Mejoramiento genetico para resistencia a cinco enferme-
dades de cacao E N R I Q U E Z , G. a n d S O R I A V . J . 
D e p a r t a m e n t o de Cu l t i vos y Suelos T rop ica les . C e n t r o 
A g r 6 n 6 m i c o T r o p i c a l de Invest igac i6n y Ensei^anza 
( C A T I E ) . Tu r r i a l ba . Costa Rica - In: 6. International 
Cocoa Research Conference: proceedings. Caracas, 
Venezuela, 6-12 Nov 1977 Cocoa Producers ' A l l i a n c e , 
Laaos D. 41 -56 1981. 
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The m o s t pe r t i nen t aspects of the 5 mos t i m p o r t a n t 
cacao diseases, b lack p o d (Phytophthora palmivora). 
wi t ches ' b r o o m {Crinipelfis perniciosa), m o n i l a pod ro t 
(MonUiophthoro roreri), ceratocyst is {Ceratocystis 
fimbriata) and swo l len shoo t are discussed. Research 
me thodo log ies f o r resistance screening are summar i zed 
and the mos t i m p o r t a n t cacao cu l t lvars m e n t i o n e d in the 
l i t e ra tu re l i s ted . 

The status of genetic resistance in cacao to Crinipeilis 
perniciosa B A R T L E Y , B .G . I n s t i t u t o In te ramer i cano de 
Coope rac i on para la A g r i c u l t u r e ( M C A ) , Tu r r i a lba , Costa 
Rica - In: 6. International Cocoa Research Conference: 
proceedings. Caracas. Venezuela. 6-12 Nov 1977 Cocoa 
Producers" A l l i ance , Lagos p. 57 -69 1931 . 

The h i s to r y of the invest iga t ions on w i tches ' b r o o m 
disease resistance is rev iewed and the results ob ta ined u p 
to the present t ime are analysed. T h e d iscovery o f 
resistance i n the SCA (Scavina) f am i l y s t i m u l a t e d 
invest igat ions o n resistance and i ts c o m b i n a t i o n w i t h 
desirable ag ronom ic characters. The subsequent i n f e c t i o n 
o f F1 progenies o f SCA d e m o n s t r a t e d t he impo r tance of 
a l te rna t ions in the host-parasi te re la t ionsh ips in genet ic 
terms a n d the need to rev iew strategies o f the e x p l o i t a t i o n s 
o f d i f f e r e n t i a l host react ions in re la t i on t o o the r characters, 
based o n present-day concepts of disease resistance and 
know ledge o f the b reed ing behav iour of the host species. 

Viruses and resistance to virus diseases in cocoa 
P O S N E T T E , A . F . East Ma i l i ng Research S t a t i o n . 
Ma ids tone , K e n t , U K - In: 6. International Cocoa Research 
Conference: proceedings. Caracas. Venezuela. 6-12 Nov 
1977 Cocoa Producers ' A l l i ance , Lagos p. 2 6 2 - 2 6 6 1981. 

T w o sero log ica l ly re la ted viruses, swo l len shoo t a n d 
m o t t l e lea f , are k n o w n o n l y f r o m Niger ia and Ghana 
where s w o l l e n shoo t has caused extensive damage t o the 
ma in cu l t i va r West A f r i c a n A m e l o n a d o . Some T r i n i t a r i o 
and U p p e r A m a z o n types are m o r e resistant and to le ran t 
t o i n f e c t i o n . The s t rongest resistance and to le rance has 
been in cer ta in Iqu i t os and Nanay types . These c o u l d be 
used t o p roduce p rogeny in w h i c h the rate of v i rus spread 
and y i e l d depression b y i n f e c t i o n shou ld be cons iderab ly 

Fruit ing pattern of irrigated cocoa in Kerala H A S S A N , 
M . A . , N A I R , R . V . and V I J A Y A G O P A L , P.O. Col lege of 
H o r t i c u l t u r e , V e l l a n i k k a r a , Ke ra la . Ind ia - Indian Cocoa. 
Arecanut & Spices Journal (India) v. 4 (3 ) p. 87 -88 1981 . 

Stud ies were car r ied o u t w i t h 8 -vear -o ld cacao trees 
i r r iga ted d u r i n g the s u m m e r . T h e peak c ropp ing m o n t h s 
were J u l y . Augus t . June and O c t o b e r w h i c h toge ther 
a c c o u n t e d f o r 78 per cent o f t o ta l annual y ie ld . T h e least 
p r o d u c t i v e m o n t h s were Janua ry , December . February 
and March , in tha t o rde r . The t o ta l y ie ld d u r i n g these 
m o n t h s was 3 per cent . A s ign i f icant posi t ive c o r r e l a t i o n 
was observed be tween the n u m b e r of harvested pods and 
mean m o n t h l y m a x i m u m t e m p e r a t u r e , and a s ign i f i can t 
negat ive co r re la t i on w i t h the n u m b e r o f ra iny days. 

(fVlen in search of trees: the cacao tree and the Akposso 
in west central Togo) Oes hommes a la rencontre des 
arbres: le cacaoyer et les Akposso dans le Centre-Ouest 
du Togo A N T H E A U M E , B. O R S T O M . Paris. France -
Cahiers ORSTOM. S4rie Sciences Humaines (France) 
V. 18(1 ) p. 47 -62 1981 . 

Th i s geographica l s tudy presents a desc r i p t i on o f the 
d e v e l o p m e n t o f cacao c u l t i v a t i o n among the A k p o s s o 
t r i b e in west cen t ra l T o g o , pay ing par t i cu la r a t t e n t i o n to 
t he soc io -economic and e n v i r o n m e n t a l impac t o f th is 
c rop . 

C a m e r o o n E M B R E C H T S . J. Eco le Na t iona le Sup6r ieure 
A g r o n o m i q u e , Y a o u n d e . Cameroon - In: 7. International 
Cocoa Research Conference. Proceedings. Douala. 
Cameroon. 4-12 Nov 1979 Cocoa Producers ' A l l i ance , 
Lagos p. 5-11 1981 . 

In sou the rn Cameroon there are h igh and l o w y i e l d i n g 
cacao sma l lho ld ings . In the f i rst t y p e c l imate is the m a j o r , 
and soi l factors the m i n o r , i n f l uence . In the o the r t y p e 
soi l factors d o n o t c o n t r i b u t e t o y i e l d . D i f f e rence in y i e l d 
is essential ly due to soc io -economic fac tors . F ive s u i t a b i l i t y 
classes have been d is t ingu ished : modera te l y su i tab le, 
marg ina l l y su i tab le , c o n d i t i o n a l l y su i tab le , ac tua l l y 
unsu i tab le b u t p o t e n t i a l l y su i tab le , and pe rmanen t l y 
unsu i tab le ; these classes cover 15. 2 6 . 12. 19 and 28 per 
cen t , respect ive ly , o f the area s tud ied . 

( A g r o n o m i c pract ices in C o l o m b i a n cacao p lan ta t ions ) El 
mane jo a g r o n o m i c o en p lan tac iones de cacao en C o l o m b i a 
G U T I E R R E Z C.. H . D e p a r t a m e n t o T ^ c n i c o . Choco la te r i a 
Luke r , Maniza les, C o l o m b i a — In: 7. International Cocoa 
Research Conference. Proceedings. Douala. Cameroon. 4-12 
Nov 1979 Cocoa Producers ' A l l i a n c e . Lagos p. 2 5 - 2 9 1981. 

A f t e r 14 years devo ted t o c l a r i f y h o w t o increase the 
y ie lds o f cacao in C o l o m b i a , the e x p e r i m e n t a l w o r k made 
at the L u k e r F a r m has establ ished a techno log ica l sys tem 
proved e f f i c i e n t t o o b t a i n th ree t imes m o r e cacao per 
hectare as c o m p a r e d w i t h the regular y ie lds o b t a i n e d . Such 
a system is based o n the co r rec t app l i ca t i on of cer ta in 
ag ronomic pract ices. Figures presented on cacao y ie lds in 
several cacao p r o d u c i n g coun t r i es show h o w l o w they are. 
It is possible t o increase these y ie lds by using adequate 
management app l ied t o cacao fa rms. 

The i n te r re la t i onsh ips be tween shade types a n d cocoa pest 
and disease p r o b l e m s in Papua N e w Guinea S M I T H . E.S.C. 
Low lands A g r i c u l t u r a l E x p e r i m e n t S ta t ion . Ke rava t , East 
N e w B r i t a i n Prov ince . Papua N e w Guinea - In: 7. Inter-
national Cocoa Research Conference. Proceedings. Douala, 
Cameroon. 4-12 Nov 1979 Cocoa Producers ' A l l iance . 
Lagos p. 3 7 - 4 3 1981 . 

The b u f f e r i n g e f fec t o n the cacao ecoc l ima te and the 
a l te rnat ive f o o d source p rov ided b y shade trees may have 
a p r o f o u n d e f fec t o n the inc idence of pests and diseases 
in cacao. H o w e v e r , there have been few a t t e m p t s to 
de te rm ine t he in te r re la t i onsh ips be tween these pests and 
diseases and the t y p e o f shade used. Many o f the present-
day p r o b l e m s have arisen f r o m the use o f Leucaena 
leucocephala as a shade t ree. In con t ras t , t he widespread 
pract ice o f i n t e r p l a n t i n g cacao under c o c o n u t has 
considerable e c o n o m i c a n d manager ia l advantages and 
general ly su f fe rs m u c h less f r o m insect and disease at tack 
than sole p lan ted cacao. 

Responses o f 10 year -o ld cacao trees to d i f f e r e n t t h i n n i n g 
and f e r t i l i ze r t r ea tmen ts M O S E S , D . D . and E N R I Q U E Z , 
G . A . - In: 7. International Cocoa Research Conference. 
Proceedings. Douala. Cameroon. 4-12 Nov 1979 Cocoa 
Producers ' A l l i a n c e , Lagos p. 4 5 - 5 0 1981. 

D i f f e r e n t p lan t densi t ies and d i s t r i b u t i o n s as we l l as 
response t o fe r t i l i ze r app l i ca t i ons at rates o f 1 5 0 0 or 2 2 5 0 
kg/ha o f 1 8 : 1 0 : 6 were eva lua ted , based o n w e t cacao y ie ld , 
tree g i r t h , j o r q u e t t e he igh t , n u m b e r and w e i g h t o f chupons 
and the inc idence o f Phytophthora i n f ec t i on . A t a p lan t ing 
d istance o f 2 x 2 m t h i n n i n g o u t o f 50 per cen t o f the weak 
trees p r o d u c e d the highest y i e l d , wh i le at 2 x 3 m no 
t h i n n i n g at al l is best. Genera l l y the lower level o f fer t i l i zer 
a p p l i c a t i o n resul ted in h igher y ie lds o f cacao /ha . Lesser 
p lan t densi t ies and the l owe r fer t i l i zer app l i ca t i on resulted 
in l owe r Phvtoohthora i n f e c t i o n . 

Sep tember 1982 

Charcoa l p o d rox o f cocoa in Kera la V I J A Y A N . M . and 
W I L S O N . K . I . Col lege o f A g r i c u l t u r e , Kerala A g r i c u l t u r a l 
Un i v . , V e l l a y a n i , Kera la . Ind ia - Planter (Malaysia) v . 
5 8 ( 6 7 4 ) p. 2 1 3 - 2 1 6 ; May 1982 . 

A f t e r p resent ing a d e s c r i p t i o n o f charcoal p o d ro t 
caused b y Botryodiplodia theobromae. th is paper proceeds 
w i t h the m o r p h o l o g y o f t he fungus and the c o n t r o l o f the 
disease. Sta t is t ica l analysis o f t he e x p e r i m e n t a l da ta 
revealed tha t Rov ra l ( i p r o d i o n e ) at 2 0 0 0 p p m was 
s ign i f i can t l y super io r t o all the o the r fung ic ides f o r the 
c o n t r o l o f the disease. T h e second best fung ic ide was 
D i f o l a t a n (cap ta fo l ) at 3 0 0 0 p p m . 

T h e influence of ecological and socio-economic factors on 
the yield of smallholder cocoa olantations in South-

Calibrating variates for yield of cocoa, as well as the 
relationships of several cacao features with the environment 
MOSES, D . D . and E N R I Q U E Z . G . A . - In: 7. International 
Cocoa Research Conference. Proceedings. Douala. 
Cameroon. 4-12 Nov 1979 Cocoa Producers ' A l l iance . 
Lagos p. 51 -55 1981. 

Ca l i b ra t i ng variates fo r cacao yields were i den t i f i ed and 
the response o f cacao p lants subjected to d i f f e r e n t t reat-
men ts a n d to va ry ing c l i m a t i c c o n d i t i o n s in te rp re ted . 
Several h i gh l y s ign i f icant cor re la t ions were observed. The 
results i nd ica te tha t the t r u n k d iameter at 0 . 3 m above t he 
soi l can be used in es t ima t ing y ie lds, y ie lds can be pred ic ted 
by the n u m b e r of pods harvested, t empe ra tu re and ra in fa l l 
p lay i m p o r t a n t roles in dec id ing the f ina l y i e l d of cacao, 
and the greater the y i e l d o f cacao the m o r e pods are 
i n fec ted b y Phytophthora and also los t due to the 
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L o n g - t e r m e f fec ts of chemica l and manua l w e e d c o n t r o l in 
cocoa . 1. G i r t h and he ight increments B O N A P A R T E , 
E . E . N . A . Cocoa Research Inst . , T a f o , Ghana - In: 7. 
International Cocoa Research Conference. Proceedings. 
Douala Cameroon, 4-12 Nov 1979 Cocoa Producers ' 
A l l i a n c e , L a g o s p . 9 1 - 9 5 1981 . 

T h e long - te rm e f fec ts of weed c o n t r o l are o f p r ime 
i m p o r t a n c e in perennia l c rops . The f i rs t e x p e r i m e n t 
c o m p a r e d the g i r t h and height inc rements o f f o u r cacao 
cu l t i va rs sub jec ted t o three weed c o n t r o l t r e a t m e n t s , f r o m 
the 6 t h t o the 4 4 t h m o n t h a f te r p lan t ing . Weed c o n t r o l 
w i t h paraquat six t imes a year was cons is ten t ly super io r t o 
t he manua l weed c o n t r o l me thods . Manual w e e d c o n t r o l 
t w i c e a ^ /ear p r o d u c e d non-s ign i f i can t l y h igher g i r th 
i nc remen ts than manua l weed c o n t r o l six t imes a year . 
A m e l o n a d o s h o w e d the least g i r th i n c r e m e n t , and the 
d i f fe rence? among the h y b r i d s were non -s ign i f i can t . The 
he igh t i nc rements f o l l o w e d the same t r e n d . The g i r th 
i nc remen ts d u r i n g the d r y seasons c o n f i r m e d the 
s u p e r i o r i t y of the paraquat t r ea tmen t over the h igh slashing 
m e t h o d s . 

L o n g - t e r m e f fec ts o f chemica l and manua l weed c o n t r o l i n 
cocoa . 2. F lush ing , f l o w e r i n g and ear ly y ie lds 
B O N A P A R T E . E . E . N . A . Cocoa Research Ins t . . T a f o . 
Ghana — In: 7. International Cocoa Research Conference. 
Proceedings, Douala. Cameroon. 4-12 Nov 1979 Cocoa 
Producers ' A l l i ance , Lagos p. 97 -101 1981. 

In t w o expe r imen t s cu l t ivars exh ib i t ed f o u r t o f ive 
f l ush ing peaks d u r i n g the year , i nc lud ing some occasional 
m i n o r peaks, and per iods o f re lat ive ly m i n i m a l f l ush ing . 
T h e seasonal pa t t e rn o f f l ush ing under w e e d c o n t r o l 
t r ea tmen ts showed re la t ive ly l i t t l e year- to-year va r ia t i on 
in the var ious cu l t i va rs . w i t h few dev ia t ions f r o m this 
cons is tency . D i f fe rences among the weed c o n t r o l t reat-
ments were also mani fes t i n the d u r a t i o n t o t he a t t a i n m e n t 
o f 100 par cent f l o w e r i n g o f i nd i v idua l t rees. In the 
h y b r i d s , the paraquat t r ea tmen t (T2) a t ta ined 100 per cent 
f l o w e r i n g af ter 4 0 m o n t h s , and the manual w e e d c o n t r o l 
t r ea tmen ts af ter 5 0 m o n t h s . The T 2 t r ea tmen t o u t y i e l d e d 
the o the r weed c o n t r o l t rea tments in the th ree harvest 
seasons. Thus the in i t i a l super io r g r o w t h and ear ly y ie lds 
o f the T 2 t rea tmen t were s t i l l be ing ma in ta i ned a f te r 6 
years in the f ie ld . 

F lush ing , f l o w e r i n g and pod-se t t ing of h y b r i d cocoa in a 
cocoa shadB/spacing/cu l t ivar e x p e r i m e n t A M P O F O , S.T. 
and B O N A P A R T E . E . E . N . A . Cocoa Research Ins t . . T a f o , 
Ghana - In: 7. International Cocoa Research Conference. 
Proceedings Douala. Cameroon. 412 Nov 1979 Cocoa 
Producers ' A l l i ance . Lagos p. 103 -108 1981 . 

The cacno cu l t i va r T 8 5 / 7 9 9 x S84 tended to f lush 
w i t h a s imi lar p e r i o d i c i t y f r o m year t o year b u t t he per iods 
o f f l ush ing peaks d i f f e r e d s l igh t ly f r o m year t o year . 
I n tens i t y o f f l ush ing also d i f f e r e d f r o m year t o year . There 
were general ly f ive f lush ing peaks in a year . The p a t t e r n o f 
pod-se t t i ng closely f o l l o w e d tha t o f f l ower p r o d u c t i o n . The 
e f f e c t of shade and spacing o n t he p e r i o d i c i t y o f f l ush ing , 
f l o w e r i n g and pod-se t t ing was negl ig ib le b u t the onset of 
f l ush ing was de layed s l igh t ly by shade. Shad ing and close 
spac ing suppressed b o t h f l o w e r i n g and pod-se t t ing . 

(Phys io log ica l react ions o f cacao t o water de f i c i ency in the 
soi l ) Reacoes f i s io log icas d o cacauei ro a def ic iSnc ia de agua 
no so lo M A C H A D O . R .C .R . . A L V I M . P. DE T . and M I L D E . 
L C . E . Cen t ro de Pesquisas do Cacau (CEPEC) , I t a b u n a . 
Bahia Braz i l - In: 7. International Cocoa Research 
Conference. Proceedings. Douala. Cameroon. 4 12 Nov 
1979 Cocoa Producers ' A l l i ance . Lagos p . 121 -127 1981 . 

T h e e f fec t o f wa te r de f i c iency in the soi l o n leaf wa te r 
p o t e n t i a l , s tomata l ape r tu re , t u r g i d i t y o f the c o r t e x , 
f l o w e r i n g in tens i ty and rate of leaf renewal o f seven year 
o l d cacao trees was s tud ied . In the greenhouse, f l o w e r i n g 
i n tens i t y was cons iderab ly reduced and leaf renewal was 
absent in the d r y regime. However , there was in tense fo l ia r 
renewal ou t o f season one week af ter the p lan ts were 
wa te red n o r m a l l y . The c o n t r o l p lants and the p lan ts 
sub jec ted t o the mode ra te regime remained d o r m a n t u n t i l 
t he pe r i od o f m a x i m a l g r o w t h . Unde r f ie ld c o n d i t i o n s 
n o r m a l leaf renewal was observed despi te the wa te r 
de f i c i ency in the soi l t o a d e p t h o f 20 c m b u t w i t h avail-
a b i l i t y be low 30 c m . 

( I m p r o v e m e n t of cacao: deve lopmen t of an ear ly eva lua t i on 
test o f resistance t o d r o u g h t ) A m 6 l i o r a t i o n d u cacaoyer : 
mise au p o i n t d ' u n test d ' dva lua t i on pr^coce de la resistance 
a la sicheresse S E G B O R . A . , D J I E K P O R , E . K . and 
A M E F I A , Y . K . Labo ra to i r e de P h y t o p a t h o l o g i e , I n s t i t u t 

Fran^ais d u Cafe et d u Cacao ( IFCC) . K p a l i m e . Togo -In: 
7. International Cocoa Research Conference. Proceedings. 
Douala. Cameroon. 4-12 Nov 1979 C o c o a Producers ' 
A l l i ance , Lagos p. 131 -133 1981 . 

W i t h a pe r fec ted test i t is possible t o assess even at the 
nursery stage the behav iour o f var ious cacao hybr ids 
r e c o m m e n d e d fo r the i r d r o u g h t resistance and local 
A m e l o n a d o s . I t was f o u n d tha t h y b r i d s d l T 6 5 / 7 and 
d l T 7 / 1 2 w h i c h t ransp i re less than the A m e l o n a d o s and 
d l T 8 6 / 4 5 are m o r e resistant t o d r o u g h t . 

Fo l ia r analysis as a d iagnos t ic t echn ique in cocoa n u t r i t i o n . 
3. S tandard curves and observat ions A H E N K O R A H . Y . and 
H A L M , B.J. Cocoa Research Inst . . T a i o . G h a n a - In: 7. 
International Cocoa Research Conference. Proceedings. 
Douala. Cameroon. 4-12 Nov 1979 C o c o a Producers ' 
A l l i ance . Lagos p. 177 -182 1981. 

The progress made o n fo l ia r analysis as a d iagnost ic 
techn ique fo r cacao n u t r i t i o n in Ghana is p resen ted . Whi ls t 
i t is suggested tha t samp l ing t o de te rm ine the o p t i m u m N, 
P and K c o n c e n t r a t i o n shou ld be done b e t w e e n M a r c h and 
A p r i l , the need f o r f u r t h e r w o r k in Ghana so tha t fo l iar 
analyses can be re la ted t o fe r t i l i ze r a p p l i c a t i o n and c rop 
y i e l d is stressed. 

(Eva lua t i on of cacao phospha te fe r t i l i ze r requ i rements ) 
E s t i m a t i o n des besoins d u cacaoyer en engrais phosphate 
J A D I N , P. I n s t i t u t Francais du Cafe et d u Cacao ( IFCC) , 
A b i d j a n . I vo ry Coast - In: 7. International Cocoa Research 
Conference. Proceedings, Douala. Cameroon. 4-12 Nov 
1979 Cocoa Producers ' A l l i ance , Lagos p. 1 9 9 - 2 0 3 1981. 

It is s tated tha t the use o f a re ference m e t h o d is 
necessary t o m s k e sure tha t the phosphate d e f i c i e n c y o f a 
cacao soi l is co r rec ted w h e n the N /P ra t io i n t h a t so i l is 1.5 
or less. T h e phosphorus k inet ics m e t h o d by d i l u t i o n is used 
fo r this purpose. I t is c o n c l u d e d tha t the m e t h o d may be 
p romis ing , and tha t there is a poss ib i l i t y t o f i n d a chemical 
analysis m e t h o d re lated t o phosphorus k ine t i cs . 

Cocoa diseases of West A f r i c a A D E G B O L A , M . O . K . Cocoa 
Resea rch ' I ns t , o f Niger ia ( C R I N ) , Ibadan, N iger ia - In: 
7. International Cocoa Research Conference. Proceedings. 
Douala. Cameroon. 4-12 Nov 1979 Cocoa Producers ' 
A l l i ance , Lagos (Niger ia) p. 243 -250 1981. 

Black p o d disease, canke r , seedl ing b l i g h t , leaf fa l l and 
c h u p o n w i l t , all caused b y Phytophthora palmivora, p o d ro t 
caused b y Thielaviopsis paradoxa, charcoal p o d r o t caused 
by Botryodiplodia theobromae. and the phys io log i ca l 
disease chere l le w i l t are discussed as we l l as c o n t r o l 
me thods o f these diseases. A lso var ious t r u n k and roo t 
diseases and the p r o b l e m o f ep iphy tes are m e n t i o n e d . 

P re l im ina ry results o f research o n w i t ches ' b r o o m disease 
of cacao (Cr in ipe l l i s pern ic iosa) in the A m a z o n i a n region 
of Braz i l E V A N S , H .C . and B A S T O S , C .N . Commissao 

. Execut iva d o Piano da Lavoura Cacaueira ( C E P L A C ) , 
Belem, Para. Brazi l - In: 7. International Cocoa Research 
Conference. Proceedings, Douala. Cameroon. 4-12 Nov 
1979 Cocoa Producers ' A l l i ance . Lagos p. 2 5 5 - 2 5 6 1981. 

Eco logy , e p i d e m i o l o g y , p h y s i o l o g y , res is tance, and 
cu l t u ra l , chemica l and b io log ica l c o n t r o l m e t h o d s are 
b r i e f l y discussed. 

T h e I n t e r n a t i o n a l B lack Pod Pro jec t : 1 9 7 9 rev iew 
M A O D I S O N , A .C. a n d W A R D , M . R . Cocoa Research 
Ins t , of Niger ia ( C R I N ) , Ibadan, Niger ia - In: 7. Inter-
national Cocoa Research Conference. Proceedings. 
Douala Cameroon, 4-12 Nov 1979 Cocoa Producers ' 
A l l i ance , Lagos p. 2 6 1 - 2 6 6 1981 . 

The a i m o f the p ro j ec t has been t o deepen t h e under-
s tand ing of the e p i d e m i o l o g y o f Phytophthora p o d ro t 
o n cacao and thereby ra t iona l ize and i m p r o v e c o n t r o l 
measures. Th is r epo r t b r i e f l y ou t l i nes f i n d i n g s f r o m 
deta i led observa t ion o f the na tu ra l ep idemic in unsp rayed 
cacao and in cacao sub jec ted t o var ious t r e a t m e n t s l i ke ly 
t o delay or s low disease deve lopmen t . Tree base t r e a t m e n t s 
(basal p o d suppression and insect ic ide a p p l i c a t i o n s t o 
prevent ac t i v i t y o f t e n t - b u i l d i n g ants) reduced disease 
ear ly in the season by b l o c k i n g the ma jo r source - t he so i l , 
b u t la ter , w h e n a c c o m p a n i e d b y f ung i c i de , f a i l ed t o 
prevent o u t b r e a k o f disease in the canopy . S o m e o f the 
reasons f o r th is are discussed, b u t conc lus ions regard ing 
c o n t r o l measures are le f t f o r t he F ina l S u m m a r y R e p o r t 
of the Project w h i c h is in p repa ra t i on . 

Specu la t ions o n P h y t o p h t h o r a as a cocoa r o o t pa thogen 
G R E G O R Y P.M. R o t h a m s t e d Expe r imen ta l S t a t i o n , 
Harpenden H e r t f o r d s h i r e , U K - In: 7. International Cocoa 
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Research Conference. Proceedings, Douala. Cameroon, 4-12 
Nov 1979 Cocoa Producers ' AHiance , Lagos p. 2 6 7 - 2 6 9 
1981. 

In some areas at least, so i l is an i m p o r t a n t source o f 
b lack p o d Phytophthora. Ev idence p o i n t s against passive 
survival o r saprob ic g r o w t h in so i l . I t is suggested tha t t he 
fungus may be a pa thogen o n feed ing roots o f m a t u r e 
trees ( roo ts o f seedl ings are a l ready k n o w n to be 
suscept ib le) . Possible resu l t i ng loss o f y i e l d and rep lan t i ng 
d i f f i c u l t i e s are d iscussed. Need fo r a p i l o t research p ro jec t 
(perhaps w i t h a r o o t observa t ion t u n n e l ) is emphas ized. 

T h e e f fec ts o f t ree base t r e a t m e n t s o n the inc idence of 
P h y t o p h t h o r e p o d r o t W A R D . M . R . Cocoa Research Ins t , 
of Niger ia ( C R I N ) , Ibadan . Niger ia - In: 7. International 
Cocoa Research Conference. Proceedings, Douala, 
Cameroon. 4-12 Nov 1979 Cocoa Producers ' A l l i a n c e . 
Lagos p. 2 7 7 - 2 8 4 1 9 8 1 . 

E f fec ts o f t ree base t rea tmen ts o n the inc idence of b l a c k 
pods are descr ibed . The t r e a t m e n t s were basal p o d 
suppress ion by the removat o f f l owers b e l o w 0 .7 m a n d t he 
a p p l i c a t i o n o f d i e l d r i n t ree base insect ic ide. Basal p o d 
suppress ion gave a smal l r e d u c t i o n in t h e number o f b lack 
pods b u t had no e f f e c t o n percentage disease inc idence d u e 
to a 14 per cent r e d u c t i o n in hea l t hy p o d yie lds. T ree base 
insect ic ide decreased disease inc idence f r o m 12 p e r c e n t t o 
7 per cen t and also s l i gh t l y decreased heal thy p o d y ie lds . 
Knapsack a p p l i c a t i o n of f ung i c i de was more e f fec t i ve in 
c o n t r o l l i n g the disease than m o t o r b l o w app l i ca t i on b u t t he 
d i f f e rence be tween hea l thy p o d y ie lds was smal l . T w o o t h e r 
insect ic ides, p r i m i c i d and p e r m e t h r i n had n o apparen t 
e f fec t o n the disease. T h e fung ic ide C G A A 5 0 5 5 A gave 
good c o n t r o l o f the disease a n d increased hea l thy p o d 
y ie lds b y 4 0 per cent c o m p a r e d w i t h the n o fung i c i de 
c o n t r o l t r e a t m e n t -

(Per fec t ing test m e t h o d s f o r sens i t i v i t y t o P h y t o p h t h o r a 
f o r use o n cacao seedl ings and o n o t h e r d i c o t y l e d o n o u s 
p lan ts w i t h ep igeous deve lopmen t ) Mise au p o i n t de 
m 6 t h o d e s de tests de sens ib i l i t y aux P h y t o p h t h o r a sur 
semenceaux de cacaoyers e t sur autres p lan tes 
d i c o t y l e d o n e s a d d v 6 l o p p e m e n t ep igd 6 L A H A , G . and 
M U L L E R , R . A . Labo ra to i r e de P h y t o p a t h o l o g i e . I n s t i t u t 
Francais d u Caf6 et d u Cacao ( I R C C ) . M o n t p e l l i e r , F rance 
— In: 7. International Cocoa Research Conference. 
Proceedings. Douala, Cameroon, 4-12 Nov 1979 Cocoa 
P r o d u c e r s ' A l l i a n c e , Lagos p . 3 0 3 - 3 1 0 1981. 

In o rde r t o assess the respect ive aggressivity o f var ious 
geographica l isolates o f cacao Phytophthora, sens i t i v i t y 
tests we re made o n very y o u n g A m e l o n a d o p lants a n d also 
o n a range o f p lan ts o r i g i n a t i n g f r o m either t empera te o r 
t r op i ca l coun t r i es . Successive t r ia ls o n very y o u n g cacao 
seedl ings s h o w e d d i f fe rences in pathogenesis b e t w e e n 
isolates and opened the way t o a b reed ing t echn ique in t he 
l a b o r a t o r y and led t o an i m p r o v e m e n t in the i n f e c t i o n 
m e t h o d t h r o u g h its s t a n d a r d i z a t i o n . I f a w h o l e range o f 
d i f f e r e n t p lants is sub jec ted t o i n f e c t i o n , i t is poss ib le t o 
charac ter ize several stra ins in r e l a t i on t o the same p lan t 
and also a s ingle s t ra in in re la t i on t o several p lan ts . T h e 
es tab l i shment o f a range o f d i f f e r e n t i a l hosts and k n o w -
ledge o f pathogenesis in cacao w o u l d , in pa r t i cu l a r , make 
i t possib le t o d e t e r m i n e t he level o f parasi t ic spec ia l i za t ion 
f o r each iso la te . 

V a r i a t i o n s in y i e l d a n d disease pat te rns in a b l a c k p o d 
resistance t r i a l i n Ghana O A K W A . J .T . Cocoa Research 
Ins t . , T a f o , Ghana — In: 7. International Cocoa Research 
Conference. Proceedings, Douala, Cameroon, 4'12 Nov 
1979 Cocoa Producers ' A l l i a n c e . Lagos p. 3 1 1 - 3 2 7 1 9 8 1 . 

Va r i a t i ons in cacao y i e l d and p r o p o r t i o n o f pods 
i n f e c t e d b y Phytophthora palmivora were e x a m i n e d f o r the 
m i n o r ( A p r i l - A u g u s t ) , m a i n (Sep tember -March) and 
e p i p h y t o t i c ( June -November ) per iods . In the f i rs t 7 
c r o p p i n g years, y i e l d o n all p rogenies increased s tead i l y in 
all pe r iods b u t t he rea f t e r y i e l d fe l l at d i f f e r e n t rates, 
A m a z o n x T r i n i t a r i o and A m e l o n a d o crosses a lways 
o u t y i e l d e d T r i n i t a r i o a n d A m e l o n a d o x T r i n i t a r i o crosses: 
crosses f r o m suscept ib le o r suscept ib le x resistant parents 
o u t y i e l d e d those f r o m sel fed resistant o r res is tant x 
res is tant paren ts . In al l pe r i ods , b lack p o d inc idence 
increased f r o m abou t 3 0 per cent in the 5 t h year o f the 
t r i a l t o var ious successive peaks i n later years. Va r i a t i ons 
in disease were cons is ten t l y less in the m a i n a n d June-
N o v e m b e r per iods w h e n i t r a i ned f r e q u e n t l y . Crosses 
f r o m sel fed suscept ib le o r suscept ib le x resistant parents 
w e r e m o r e diseased t h a n those f r o m resistant o r resistant 
x susceot ib le oarents . 

P h y t o p h t h o r a p o d r o t research in Papua N e w Guinea 
since 1971 M C G R E G O R . A . L o w l a n d s A g r i c u l t u r a l 
Expe r imen t S t a t i o n . Kerava t , East New B r i t a i n , Papua 
New Guinea - In: 7. International Cocoa Research 
Conference. Proceedings. Douala, Cameroon. 4-12 Nov 
1979 Cocoa P roduce rs ' A l l i ance , Lagos p. 3 3 9 - 3 4 5 1981 . 

In c lona l cacao remova l o f diseased pods gave a 
considerable y i e l d increase b u t i n open p o l l i n a t e d cacao 
the y i e l d increase was marg ina l and t he t r e a t m e n t 
uneconomic . M o n t h l y sprays o f cup rous o x i d e , at an 
average rate of 2 0 g a. i . copper per t ree , t o i n fec ted trees 
o n l y , reduced t h e average annua l i n f e c t i o n rate o f pods 

• over 4 0 m m in l e n g t h f r o m 20 per cent t o a b o u t 5 per 
cent and resu l ted in a y i e l d increase o f a b o u t 5 0 per cen t . 
In very h igh i nc i dence per iods y ie lds f r o m t rea ted areas 
were cons is ten t l y d o u b l e those f r o m u n t r e a t e d areas. A 
y i e l d d i f f e ren t i a l b e t w e e n p rev ious ly t rea ted and un t rea ted 
areas persisted f o r m o r e t h a n s ix m o n t h s a f te r spray ing 
was t e rm ina ted . O f 2 0 T r i n i t a r i o c lones, K 8 2 and K A 2 - 1 0 6 
demons t ra ted a h i g h degree o f resistance, w h i l e K T 1 4 0 
was classed as m o d e r a t e l y suscept ib le . T h e rema in ing 
seventeen were r a t e d suscept ib le t o e x t r e m e l y suscept ib le. 

( R i d o m i l , a new f u n g i c i d e f o r t h e c o n t r o l o f P h y t o p h t h o r a 
p o d ro t o n cacao) R i d o m i l . u n nouveau f ong i c i de con t re 
la p o u r r i t u r e b r u n e ( P h y t o p h t h o r a spp.) sur cacaoyer 
E B E R L E , J. A g r o D i v . , C iba-Ge igy , Basle, Sw i t ze r l and -
In: 7. International Cocoa Research Conference. 
Proceedings, Douala, Cameroon. 4-12 Nov 1979 Cocoa 
P r o d u c e r s ' A l l i a n c e , Lagos p . 3 6 1 - 3 6 4 1 9 8 1 . 

In Braz i l , f i e l d t r ia ls w i t h t he sys temat i c c o m p o u n d 
R i d o m i l ( m e t a l a x y l ) at a rate o f 2 0 0 g a . i . / lOO I app l ied 
over the en t i re t ree at 5 t o 7 week in terva ls resul ted in g o o d 
c o n t r o l o f cacao b l a c k p o d disease, as d i d 30 -50 g a . i . / lOO I 
sprayed o n pods at 21 day in terva ls in C a m e r o o n . Tests in 
Ghana. I vo ry Coas t . Papua New Gu inea and Niger ia also 
ind ica ted p r o m i s i n g results. N o residues in cacao beans are 
expected a f te r c o r r e c t use of the f ung i c i de . 

(Swol len s h o o t disease: i m p o r t a n c e of hos t p lants) Ma lad ie 
du swol len s h o o t d u cacaoyer : i m p o r t a n c e des p lantes relais 
A M E F I A , Y . K . . B R U N E L , J . and D E L E C O L L E , B. 
Labora to i re de P h y t o p a t h o l o g i e , I n s t i t u t Frangais d u Ca f^ 
et du Cacao ( I F C C ) . K p a l i m e , T o g o - In: 7. International 
Cocoa Research Conference. Proceedings. Douala, 
Cameroon, 4-12 Nov 1979 C o c o a Producers ' A l l i ance , 
Lagos p. 3 8 7 - 3 8 8 1 9 8 1 . 

A c o m p a r a t i v e s tudy o f t he f l o r a associated w i t h 
heal thy and diseased cacao p lan ta t i ons is in progress. Th is 
shou ld m a k e i t possible t o i d e n t i f y those p lants w h i c h are 
l iable t o h a r b o u r t h e virus and t o be t he source o f t he f i rs t 
foc i of i n f e c t i o n . A s tudy car r ied o u t o n C o m m e l i n a , a 
p lan t d i f f i c u l t t o erad ica te , has led t o p l a n n i n g a par t i cu la r 
m e t h o d o f m a n a g e m e n t o f p l an ta t i ons . 

(Tests on cacao seedlings: a p p l i c a t i o n t o t he s t u d y o f an t i -
o o m y c e t a l s y s t e m i c fungic ides) Les tests sur p lan tu les chez 
le cacaoyer : a p p l i c a t i o n a I ' d tude des fong ic ides 
syst6miques a n t i - o o m y c e t e s D A G U E N E T , G. Labo ra to i re 
de P h y t o p a t h o l o g i e , I ns t i t u t Fran^ais d u Caf^ et d u Cacao 
( IFCC) , A b i d j a n . I vo ry Coast - In: 7. International Cocoa 
Research Conference. Proceedings, Douala, Cameroon, 4-12 
Nov 1979 C o c o a Producers ' A l l i a n c e . Lagos p. 3 9 3 - 3 9 7 
1981. 

A m e t h o d o f s t u d y i n g the e f fec t iveness and t ransloca-
t i o n o f sys tem ic fungic ides was used o n A m e l o n a d o cacao. 
The fung ic ides in aqueous suspens ion were i n t r o d u c e d 
ei ther t o t he soi l or t o the leaves o f o n e - m o n t h o l d seedlings 
being g r o w n in sand in l abo ra to r y c o n d i t i o n s . E igh t days 
af ter t r e a t m e n t , the i n o c u l u m o f Phytophthora palmivora 
was depos i t ed o n the s tem a f te r sec t ion jus t above the 
leafstalk i n s e r t i o n o f t he t w o p r i m a r y leaves. The i n tens i t y 
of the a t t a c k b y the parasite was s h o w n b y the e x t e n t o f 
necrosis o n the s tem. In the same w a y , th is measurement 
was c o n f i r m e d b y iso la t ion o f the fungus o n the s ta lk 
f ragments. A p p l i c a t i o n o f f o s e t y l - A I and Curzate , t o b o t h 
soil and leaves, d i d n o t have any e f f ec t o n the deve lopmen t 
of the necros is , no r o n the g r o w t h o f the fungus. T h e 
absence o f necrosis and of P. palmivora a f te r m e t a l a x y l 
app l i ca t i on proves tha t th is f ung i c i de travels inside t he 
p lant in b o t h u p w a r d and d o w n w a r d d i r ec t i ons . 

Cocoa b reed ing in Ghana w i t h re fe rence t o swo l len -shoo t 
disease L O C K W O O D . G. Cocoa Research Ins t . . T a f o . 
Ghana — In: 7. International Cocoa Research Conference. 
Proceedings, Douala, Cameroon. 4-12 Nov 1979 Cocoa 
Producers ' A l l i a n c e . Laaos o. 4 0 7 - 4 1 3 1981 . 

R.T 



The Uppe r A m a z o n x A m a z o n x A m e l o n a d o h y b r i d s 
n o w be ing p lan ted in areas a f fec ted b y swoHen-shoot are 
less resistant t o i n f e c t i o n tha t the best ma te r ia l avai lable 
in the breed ing p r o g r a m m e . In the seed gardens p r o d u c i n g 
these hyb r ids manua l p o l l i n a t i o n p e r m i t s s u b s t i t u t i o n o f 
the A m e l o n a d o p o l l e n parent w i t h m o r e resistant Uppe r 
Amazons . Tr ia ls have been made o f a range o f po l l en 
parents selected f o r greater v i rus resistance. I t takes at 
least 10 years t o test new cacao var iet ies and a f u r t h e r 10 
years t o propagate , p l a n t and b r i ng i n t o bear ing large seed 
p r o d u c t i o n . Such a l o n g de lay in p r o v i d i n g new seed 
gardens is unacceptab le so f ive Uppe r A m a z o n c lones are 
be ing p ropaga ted and p l a n t e d . Three were selected because 
the i r progenies are re la t i ve ly resistant t o v i rus i n f e c t i o n and 
tr ia ls o f possible p o l l e n parents have been establ ished. 

(Pests and diseases o f cacao in A f r i c a ) Les ennemis d u 
cacaoyer en A f r i q u e L A V A B R E , E .M. I n s t i t u t Francais d u 
Cafe et d u Cacao ( I F C C ) , Paris, F rance - In: 7. Inter-
national Cocoa Research Conference. Proceedings. Douala, 
Cameroon, 4-12 Nov 1979 Cocoa Producers ' A l l i ance . 
Lagos p. 4 2 3 ^ 2 7 1981 . 

Many o f the pests and diseases caus ing s ign i f i can t 
damage t o cacao in A f r i c a are discussed. A m o n g these are 
Sahlbergella singularis and Distantiella theobroma o f the 
M i r i dae f a m i l y , Phytophthora palmivora, t he swo l len shoo t 
v i rus and the insects Earias biplaga, Bathycoelia spp. , 
Tyora tessmanni, Selenothrips rubrocinctus and var ious 
borers . C o n t r o l m e t h o d s are m e n t i o n e d . 

Cacao pests in Cen t ra l A m e r i c a S A U N D E R S . J . L . C e n t r o 
A g r o n o m i c o T r o p i c a l de Invest igac i6n y Ensef ianza 
( C A T I E ) , T u r r i a l b a , Costa Rica - In: 7. International 
Cocoa Research Conference. Proceedings. Douala, 
Cameroon, 4-12 Nov 1979 Cocoa Producers ' A l l i ance , 
Lagos (Niger ia) p. 4 2 9 - 4 3 2 1981 . 

A c t u a l o r po ten t i a l pests o f ma jo r e c o n o m i c i m p o r t a n c e 
are: M i r idae - several species o f the genus Monalonion; 
T h r i p i d a e - p r i m a r i l y Selenothrips rubrocinctus; Sco l y t i dae 
- as po ten t i a l t r ansmi t t e rs o f Ceratocystis fimbriata and as 
k i l lers o f y o u n g p lan ts ; F o r m i c i d a e - leaf c u t t i n g ants, 
m o s t l y o f the genus Atta: Pha lon i idae - t he d e f o l i a t i n g 
ca te rp i l l a r Catephoides zuelana: T e r m i t i d a e — te rm i tes o f 
the genus Nasutitermes; A p h i d a e — the a p h i d Toxoptera 
aurantii: Cercopidae — the sp i t t l ebug Clostoptera globosa; 
Pseudococc idae — mea lybugs o f l i t t l e present i m p o r t a n c e 
in the absence of ma jo r v i rus diseases; and T e t r a n y c h i d a e — 
sp ider mi tes. The lack o f s u f f i c i e n t k n o w l e d g e o f b io log ica l 
and eco log ica l i n f o r m a t i o n o n w h i c h t o base the establ ish-
m e n t of sound cacao pest management is emphas ized. 
R e c o m m e n d a t i o n s are made t o f u n d . a n d i n i t i a te long-
range inves t iga t ion p rog rammes . 

( C o n t r o l of cacao pests in S o u t h Amer i ca ) C o n t r o l s de 
pragas d o cacauetro na A m 6 r i c a d o Su l A B R E U , J .M . DE 
and S O R I A V , S.J. Cen t ro de Pesquisas d o Cacau (CEPEC) , 
I t abuna , Bahia, Braz i l — In: 7. International Cocoa 
Research Conference. Proceedings, Douala, Cameroon, 4-12 
Nov 1979 Cocoa Producers ' A l l i ance , Lagos p. 4 3 3 - 4 4 1 
1981 . 

Selenothrips rubrocinctus a n d the m i r i d Monalonion 
spp. are the mos t i m p o r t a n t cacao pests in S o u t h A m e r i c a . 
O the r econom ica l l y i m p o r t a n t pests ar^ Atta Colaspia 
spp.. Xyleborus, Steirastoma breve. Tetranychus mexicanus 
and Eriophyes reyesi. The chemica l c o n t r o l o f these pests 
is discussed. Side-ef fects o f insect ic ides o n p o l l i n a t i n g 
insects were d e t e r m i n e d a n d the mos t i m p o r t a n t pests 
in fes t ing cacao in storage discussed. M e t h o d s t o p ro tec t 
s to red cacao f r o m insect i n f e s t a t i o n are presented. 

(Shade and a n t i - m i r i d cacao t r 
y ie ld ) O m b r a g e et t r a i t e m i 
cacaoyers : leur in f luence sur 
O f f i c e Na t i ona l de la Recherch 
( O N A R E S T ) . Y a o u n d e , Came 

atments t h e i r I n f l uence o n 
I ts , an t i -m i r i des sur les 
\ p r o d u c t i o n O E C A Z Y . B. 
: Sc ien t i f i que et T e c h n i q u e 

In: 7. International 
Cocoa Research Conference. Proceedings, Douala, 
Cameroon. 4-12 Nov 1979 Cocoa Producers ' A l l i ance , 
Lagos (Niger ia) p . 4 4 3 - 4 4 6 1 9 8 1 . 

Seven-year o l d cacao trees were g r o w n e i t he r under 
shade or in f u l l l igh t and in b o t h c o n d i t i o n s e i ther o r no t 
t rea ted against m i r i ds . F o u r years later the a m o u n t of 
c a n o p y o n the trees in f u l l t igh t and le f t u n t r e a t e d was 
s i gn i f i can t l y l owe r than t h a t o f the shaded t rea ted trees. 
T h e c u m u l a t i v e results s h o w tha t the absence o f shade 
increased y i e l d b y 26 per c e n t , t ha t a n t i - m i r i d t r e a t m e n t 
increased y i e l d b y 24 per cent and tha t t rea ted p lo ts in 
fu l l l i gh t had a y i e l d 55 per cent h igher than tha t o f 
un t rea ted shaded p lo ts . 

( E f f e c t o f insect ic ide t r e a t m e n t of cacao against m i r i d s o n 
p o l l i n a t i o n c o n d i t i o n s ) I n f l uence des t r a i t e m e n t s 
Insect ic ides c e n t r e les m i r i des d u cacaoyer sur les 
c o n d i t i o n s de p o l l i n i s a t i o n L U C A S . P. a n d D E C A Z Y . B. 
O f f i c e Na t i ona l de la Recherche Sc ien t i f i que et T e c h n i q u e 
( O N A R E S T ) , Y a o u n d e . Cameroon - In: 7. International 
Cocoa Research Conference. Proceedings, Douala, 
Cameroon, 4-12 Nov 1979 Cocoa Producers ' A l l i a n c e . 
Lagos p. 4 4 7 - 4 5 1 1 9 8 1 . 

L indane was a p p l i e d against m i r i d s e i t he r by t h e r m o -
fogg ing at 3 2 0 g a . i . /ha o r by spray ing at 3 0 0 g a . i . /ha . T h e 
e f fec t o n the p o p u l a t i o n o f p o l l i n a t i n g insects and 
consequen t l y o n p o l l i n a t i o n was negl ig ib le i n t he case o f 
t h e r m o f o g g i n g and o n l y s l i gh t l y more p r o n o u n c e d in the 
case o f spray ing. T h e e n t o m o f a u n a was re-establ ished a f te r 
2 a n d 8 days , respect ive ly . 

M e l o i d o g y n e Incogn i ta i n f e c t i o n of cocoa seedl ings A S A R E 
N Y A K O , A . and O W U S U , G . K . Cocoa Research Ins t . . T a f o , 
Ghana — In: 7. International Cocoa Research Conference. 
Proceedings. Douala, Cameroon, 4-12 Nov 1979 Cocoa 
P r o d u c e r s ' A l l i a n c e , Lagos p . 4 5 7 - 4 6 1 1 9 8 1 . 

Meloidogyne incognita i n f e c t i o n of cacao seedlings in 
w h i c h there were above -g round h y p o c o t y l swel l ings in 
a d d i t i o n t o large swel l ings o n tap roo ts and smal ler 
swel l ings o n feed ing r oo t s is r epo r ted . The disease, w h i c h 
was f i rst observed o n seedl ings o f T 6 3 / 9 6 7 x Sea 6 in a f i e ld 
nu rse ry , was f o u n d in gauzehouse i n o c u l a t i o n tests t o i n fec t 
th ree o the r types o f cacao s tud ied (Wacri Series I I J , Wacr i 
Series I I D and A m e l o n a d o ) . b u t d i f fe rences in var ie ta l 
suscep t ib i l i t y were d i sce rn ib le . In the gauzehouse tests, 
in ter -ca l la ry and t e r m i n a l swel l ings were p r o d u c e d o n the 
t ap roots and feeder r oo t s o f al l the f o u r t ypes o f cacao 
w h i l e h y p o c o t y l swel l ings we re p r o d u c e d in T 6 3 / 9 6 7 x 
Sea 6 . Series I tJ and A m e l o n a d o . There we re s ign i f i can t 
r educ t i ons in r o o t w e i g h t a n d seedl ing he igh t w h i c h in 
Series 110 were drast ic . 

E f f e c t o f phys ica l e n v i r o n m e n t o f t he abundance o f 
B a t h y c o e l i a thalassina ( H e m l p t e r a : P e n t a t o m l d a e ) . In 
Ghana O W U S U M A N U , E. Cocoa Research Inst . , T a f o . 
Ghana — In: 7. International Cocoa Research Conference. 
Proceedings, Douala. Cameroon, 4-12 Nov 1979 Cocoa 
Producers ' A l l i ance . Lagos p. 4 6 3 - 4 6 8 1981 . 

A m o n g s t the phys ica l e n v i r o n m e n t a l fac tors i n f l u e n c i n g 
the abundance o f the cacao pest B. thalassina in the f i e l d , 
the mos t i m p o r t a n t f a c t o r was ra in fa l l w h i c h m a y cause 
m o r t a l i t y as h igh as 52 per cent f o r ear ly larval instars and 
as l o w as 3 per cent f o r eggs. The m o r t a l i t y o c c u r r e d d u r i n g 
t he ra iny seasons, Ma rch -Ju l y a n d S e p t e m b e r - N o v e m b e r . I t 
was conc luded t h a t m o d e r a t e t empera tu re (25-30OC) 
c o u p l e d w i t h a m e a n ' m o n t h l y ra in fa l l less t h a n 130 m m 
lead t o an increase in the p o p u l a t i o n o f S. thalassina in t he 
f i e l d . 

(Some aspects of damage caused and the b i o l o g y o f t he 
cacao pest Se leno th r ips r u b r o c i n c t u s . a Thysanop te ra ) 
Que lques aspects des d d g i t s e t de la b i o l og ie de 
Se leno th r i ps r u b r o c i n c t u s , T h y s a n o p t e r e ravageur de 
cacaoyer C O U L I B A L Y . N . I n s t i t u t Frangais d u Caf^ et 
d u Cacao ( I F C C ) . A b i d j a n , I vo ry Coast - In: 7. Inter-
national Cocoa Research Conference. Proceedings, Douala, 
Cameroon, 4-12 Nov 1979 Cocoa Producers ' A l l i ance , 
Lagos p. 4 6 9 - 4 7 2 1981 . 

Selenothrips rubrocinctus is regarded as a m i n o r pest 
b u t i ts impo r t ance is g r o w i n g in t he ecosystem o f I vo ry 
Coast cacao p lan ta t i ons . Th i s d e v e l o p m e n t is re la ted t o the 
new c u l t i v a t i o n techn iques w h i c h have been a d o p t e d as 
w e l l as t o un favourab le c l i m a t i c c o n d i t i o n s over t he past 
f e w years. Larvae and adu l t s p ierce the leaves, causing 
c h l o r o t i c stains and d e f o l i a t i o n w h i c h may be t o t a l w h e n 
t he i n f e c t i o n is serious. Pods are n o t free f r o m a t t ack and 
become covered w i t h a layer o f dead cel ls, d a r k b r o w n in 
c o l o u r , w h i c h h inde r or p reven t any es t ima t i on o f the i r 
s tate o f m a t u r i t y . T h e fema le depos i ts eggs i n d i v i d u a l l y 
u n d e r t he sk in o f leaves and pods . I n c u b a t i o n lasted 9 days 
o n average, the d e v e l o p m e n t cyc le o f larvae and pupae 
was 11 days and adul ts l i ved f o r 25 days. 

(Po l l i na t i ng Insects: F o r c i p o m y l a . m e t h o d s o f increasing 
p o l l i n a t i o n and the i r e f f e c t o n p r o d u c t i o n ) Insetos 
po l i n i zado res : F o r c i p o m y i a m 6 t o d o s para aumen ta r a 
p o l i n i z a ^ a o e seuse f fe i t os sobre a p r o d u ^ a o S O R I A . S D E J. 
C e n t r o de Pesquisas d o Cacau (CEPEC) . I t abuna , Bahia, 
Braz i l — In: 7. International Cocoa Research Conference. 
Proceedings, Douala, Cameroon. 4-12 Nov 1979 Cocoa 
Producers ' A l l i ance , Lagos p. 4 9 7 - 5 0 6 1981 . 

R.T 



Water -Stor ing p l a n t s such as Uriesea procera and Musa 
spp . are o f p a r t i c u l a r i m p o r t a n c e i n t h e a g r o - e c o s y s t e m o f 
t h e cacao t ree i n v i e w o f t he i r c a p a c i t y t o r e t a i n w a t e r i n 
t h e i n t e r a x i l l a r y space? o f t h e i r leaves d u r i n g d r y pe r i ods , 
a l l o w i n g r e p r o d u c t i o n o f p o l l i n a t i n g insec ts t o t ake p lace 
w h e n t h e leaf deb r i s d r i es o u t t o the e x t e n t o f caus ing 

o f lese -eedir 
g r o u n d s requ i res n o c a p i t a l o u t l a y a n d c o u l d resu l t in 
e c o n o m i c b e n e f i t s . L a b o r a t o r y research has s h o w n t h a t 
mass b r e e d i n g o f Forcipomyia spp. is p r o m i s i n g o w i n g t o 
t h e fac t t h a t t h e larvae feed o n b a c t e r i a (such as 
Pseudomonas and Xanthomonas) w h i c h car l be c u l t i v a t e d 
o n c h e a p subs t ra tes . 

G l o b a l c o n c e p t s f o r g e n e t i c resources a n d b r e e d i n g in 
cacao B A R T L E Y , B . G . D . C e n t r o de Pesquisas "do Cacau 
( C E P E C ) , I t a b u n a , B a h i a , B raz i l - /n: 7. International 
Cocoa Research Conference. Proceedings. Douala. 
Cameroon, 4-12 Nov 1979 Cocoa P r o d u c e r s ' A l l i a n c e , 
Lagos p . 5 1 9 - 5 2 5 1 9 8 1 . 

Sugges t ions are m a d e fo r i m p r o v i n g t h e e x i s t i n g 
s i t u a t i o n , w h e r e t h e use o f gene t i c m a t e r i a l s i n t h e 
p r o d u c t i o n o f c u l t i v a r s is l i m i t e d i n r e l a t i o n t o t h e 
p o t e n t i a l v a r i a b i l i t y a n d t o es tab l ish c o n t r o l l e d g e r m p l a s m 
cen t res . I n v i e w o f t h e sca rc i t y o f e x p e r i e n c e d m a n p o w e r 
t o m a n a g e t h e gene t i c resources s y s t e m i n r e l a t i o n t o t h e 
p r e d i c t a b l e scale o f v a r i a b i l i t y t o be h a n d l e d a c e n t r a l i z e d 
o p e r a t i o n is necessary t o e f f e c t a d e q u a t e s u p e r v i s i o n o f t h e 
d iverse a c t i v i t i e s a n d t o ach ieve m a x i m u m c o o r d i n a t i o n 
a n d e f f i c i e n c y . 

( R e s u l t s o f Bah ia se lec t i ons and t h e y i e l d s o f h y b r i d s ) 
C o m p o r t a m e n t o das selecoes ba ianas na p r o d u ^ a o de 
h t b r i d o s de cacaue i ros M A R I A N O . A . H . and B A R T L E Y , 
B . C . C e n t r o de Pesquisas d o Cacau { C E P E C ) , I t a b u n a . 
Bah ia , B raz i l - In: 7. International Cocoa Research 
Conference. Proceedings. Douala. Cameroon. 4-12 Nov 
1979 C o c o a P r o d u c e r s ' A l l i a n c e , Lagos p . 5 2 7 - 5 3 3 1 9 8 1 . 

T h e cacao p o p u l a t i o n s in s o u t h e r n Bah ia resu l t f r o m 
t h e r e s t r i c t e d i n t r o d u c t i o n o f o r i g i n s f r o m t h e s o u t h 
A m a z o n s . Th i s e x p l a i n s the r e d u c e d gene t i c v a r i a b i l i t y 
o f these p o p u l a t i o n s . T h e f i r s t w o r k s d i r e c t e d t o t h e 
gene t i c i m p r o v e m e n t o f p l a n t a t i o n s i n Bah ia f o c u s e d o n 
t h e i d e n t i f i c a t i o n o f rep resen ta t i ve s e l e c t i o n s f r o m t h e 
ava i lab le genet i c base. Se lec t ions o f t h e t ypes C o m u m . 
Para a n d M a r a n h a o w e r e f o u n d , as w e l l as several C a t o n g o 
c u l t i v a r c l ones , cha rac te r i s t i c f o r t h e absence o f 
a n t h o c y a n i c p i g m e n t a t i o n in the c o t y l e d o n e s . f l o w e r s a n d 
y o u n g s h o o t s . 

( I n f l u e n c e o f m e t h o d s o f p o l l i n a t i o n o n t h e cacao c r o p ) 
I n f l u e n c e des m o d a l i t 6 s de la p o M i n i s a t i o n sur la r ^ c o l t e d u 
c a c a o y e r ( T h e o b r o m a cacao L.) R E F F Y E , P. O E . 
P A R V A I S , J .P. and M O S S U , G . I n s t i t u t F ran^a is d u Caf6 
e t d u Cacao ( I F C C ) , A b i d j a n , I v o r y Coas t - In: 7. Inter-
national Cocoa Research Conference.- Proceedings. Douala, 
Cameroon, 4-12 Nov 1979 C o c o a P r o d u c e r s ' A l l i a n c e . 
Lagos p. 5 4 5 - 5 5 2 1 9 8 1 . 

E x p e r i m e n t s s h o w t h a t the o n l y v a r i a b l e f a c t o r a f f e c t i n g 
the f o r m o f d i s t r i b u t i o n o f the n u m b e r o f beans per p o d is 
f o u n d t o be t h e l a w o f d i s t r i b u t i o n o f p o l l e n o n the s t y les 
o f t h e f l o w e r s . S ince t h e b i o l o g i c a l d a t a o f a c l o n e are f i x e d 
{ n u m b e r o f ovu les pe r o v a r y , f e r t i l i t y , chere l le w i l t o w i n g 
t o an i n s u f f i c i e n t n u m b e r o f b e a n s ) , i t is poss ib le t o 
d e t e r m i n e m a t h e m a t i c a l l y the d i s t r i b u t i o n o f the n u m b e r 
o f beans per p o d . T h e d i s t r i b u t i o n p a r a m e t e r s are c a l c u l a b l e 
f r o m t h e e x p e r i m e n t a l d a t a , and these m a k e i t poss ib le t o 
use s i m u l a t i o n w h i c h shows a g o o d measu re o f a g r e e m e n t 
w i t h the o b s e r v a t i o n i n ai l t h e cases ana lysed . T h e 
a p p l i c a t i o n o f t h i s t h e o r y makes i t poss ib le t o ca l cu la te 
f r o m t h e obse rved d i s t r i b u t i o n o f n u m b e r o f beans pe r 
p o d , t h e gene t i c cha rac te r i s t i c s o f a g i ven c lone w h i c h are 
i m p o r t a n t c r i t e r i a f o r s e l e c t i o n , as w e l l as s h o w i n g t h e 
p o l l e n e n v i r o n m e n t f r o m w h i c h t h e c r o p has resu l t ed . 

E x p e r i m e n t a l m e t h o d o l o g y i n p r o g e n y t r i a l s w i t h c o c o a 
L O C K W O O O , G . C o c o a Research I ns t . , T a f o , G h a n a -
In: 7. International Cocoa Research Conference. 
Proceedings. Douala, Cameroon, 4-12 Nov 1979 C o c o a 
P r o d u c e r s ' A l l i a n c e . Lagos p. 5 5 3 - 5 5 8 1 9 8 1 . 

A basis is p r o v i d e d f o r the p r o c e d u r e s t o f o l l o w i n t h e 
ear l y stages o f p r o g e n y t r ia ls w i t h m a t e r i a l se lec ted in 
G h a n a f o r res is tance t o s w o l l e n s h o o t disease. As l o n g as 
t h e p rogen ies w i t h i n a t r i a l have a c o m m o n f e m a l e p a r e n t , 
t h e y are u n l i k e l y t o va ry g r e a t l y i n v i g o u r o r h a b i t a n d 
i n t e r n a l g u a r d t rees are n o t necessary . H y b r i d var ie t ies are 
m o r e va r i ab le t h a n A m e l o n a d o so t h e 16 - t ree p l o t s 
p r o p o s e d f o r t h e l a t t e r are p r o b a b l y t o o sma l l a n d square 

2 5 - t r e e p l o t s are r e c o m m e . n d e d . U appears t h a t p r e l i m i n a r y 
tests can be m a d e at s ing le s i tes, b u t p r o m i s i n g m a t e r i a l 
m u s t be e v a l u a t e d u n d e r the f u l l range o f c o n d i t i o n s in 
w h i c h i t m a y be g r o w n b y f a rme rs . 

C o c o a f e r m e n t a t i o n i n G h a n a a n d M a l a y s i a C A R R . J . G . . 
D A V I E S , P . A . and D O U G A N , J . L o n g A s h i o n Research 
S t a t i o n . U n i v e r s i t y o f B r i s t o l , B r i s t o l , U K - In: 7. Inter-
national Cocoa Research Conference. Proceedings. Douala. 
Cameroon, 4-12 Nov 1979 C o c o a P r o d u c e r s ' A l l i a n c e , 
Lagos p. 5 7 3 - 5 7 6 1 9 8 1 . 

M i c r o b i o l o g i c a l m e t h o d s we re des igned t o d e t e c t ac id -
t o l e r a n t a e r o b i c a n d a n a e r o b i c m i c r o o r g a n i s m s . C o u n t s o f 
the t o t a l n u m b e r o f m i c r o o r g a n i s m s p resen t w e r e m a d e 
d a i l y and t h e n u m b e r s o f i n d i v i d u a l spec ies present w e r e 
e s t i m a t e d . T h e o r g a n i s m s f o u n d w e r e v a r i o u s k i n d s o f 
yeas t , b o t h f e r m e n t i n g and n o n - f e r m e n t i n g , l ac t i c ac id 
b a c t e r i a , ace t i c a c i d bac te r i a a n d rep resen ta t i ves o f t h e 
genus Bac i l l us . A l t h o u g h there vs^re s o m e d i f f e r e n c e s in 
m i c r o f l o r a b e t w e e n A f r i c a a n d M a l a y s i a t h e r e was a g o o d 
measure o f s i m i l a r i t y b e t w e e n the t w o . U p p e r A m a z o n 
h y b r i d s w e r e used, a n d i n b o t h c o u n t r i e s a c i d c o c o a was 
p r o d u c e d . A n a l y s i s o f the c u r e d c o c o a f r o m t h e 
e x p e r i m e n t a l f e r m e n t a t i o n s a n d n o n - a c i d i c A m e l o n a d o 
c o c o a s h o w s t h a t the f o r m e r c o n t a i n s h i g h e r levels o f 
ace t i c a n d l ac t i c ac ids a n d s i m i l a r levels o f c i t r i c ac id . 

T h e i n f l u e n c e o f t h e s torage e n v i r o n m e n t o n t h e q u a l i t y 
o f c o m m e r c i a l c o c o a w i t h spec ia l r e f e r e n c e t o m o u l d i n e s s 
o f t h e beans O Y E N I R A N , J . O . N i g e r i a n S t o r e d P r o d u c t s 
Research I ns t . , I b a d a n , N ige r i a - In: 7. International 
Cocoa Research Conference. Proceedings. Douala, 
Cameroon. 4-12 Nov 1979 C o c o a P r o d u c e r s ' A l l i a n c e . 
Lagos p . 5 7 7 - 5 8 2 1 9 8 1 . 

T h e m o i s t u r e c o n t e n t o f cacao beans w i t h an o r i g i n a l 
m o i s t u r e c o n t e n t o f 6 . 9 per c e n t c h a n g e d in t h e cou rse o f 
3 m o n t h s t o 6 . 5 , 7 . 1 , 7 . 4 , 8 . 5 , 9 . 2 . 1 1 . 7 a n d 17 .9 p e r c e n t 
w h e n s t o r e d a t an R H o f 6 5 . 7 1 . 7 5 , 8 1 , 8 4 . 9 0 a n d 9 8 
pe r c e n t . I n t e r n a l m o u t d i n e s s i n t h e beans o c c u r r e d a t an 
R H b e t w e e n 7 5 a n d 9 8 per c e n t . E l e v e n funga l species, 
b o t h x e r o p h y l i c a n d h y d r o p h y l l c , w e r e i so l a ted f r o m the 
m o u l d y beans. Beans w e r e a lso s t o r e d e i t h e r o u t s i d e i n the 
l a b o r a t o r y v e r a n d a o r ins ide t h e l a b o r a t o r y r o o m . Here 
o n l y o n e x e r o p h y l i c f ungus was i s o l a t e d f r o m m o u l d y 
beans. 

(Storage of cocoa in a therma l ly insulated a ir t ight ware-
house) S t o c k a g e ' d u cacao en hangar 1 
t h e r m i q u e m e n t C H A L L O T , F . . P E T N G A . E. a n d R O C H E 
G . O f f i c e N a t i o n a l de la R e c h e r c h e S c i e n t i f i q u e e t 
T e c h n i q u e { O N A R E S T ) . Y a o u n d e . C a m e r o o n - In: 7. 
International Cocoa Research Conference. Proceedings. 
Douala, Cameroon, 4-12 Nov 1979 C o c o a P roduce rs ' 
A l l i a n c e , Lagos p . 5 8 3 - 5 8 9 1 9 8 1 . 

In a spec ia l w a r e h o u s e , t h e r m a l l y i n s u l a t e d and as 
a i r t i g h t as poss ib l e , the h u m i d i t y level o f t h e a i r was k e p t 
b e l o w 7 0 pe r c e n t b y means o f a n a i r d r y e r . Seven teen 
t o n s o f grade 1 cacao w e r e t r e a t e d a n d s t o r e d f o r m o r e 
t h a n 15 m o n t h s . T h e d e v e l o p m e n t o f t h e m o i s t u r e c o n t e n t , 
t h e s t u d y o f c u t tests a n d o r g a n o l e p t i c ana lys is f a i l ed t o 
reveal a n y s i g n i f i c a n t d e t e r i o r a t i o n o f t h e p r o d u c t . A 
re la t i ve s t a b i l i t y o f t h e va r i ous c h e m i c a l e l e m e n t s o f t h e 
cacao d u r i n g s to rage was f o u n d , e x c e p t , i n t h e case o f 
a m m o n i a level w h i c h was r e d u c e d . I nsec t pest p o p u l a t i o n s 
d i d n o t a t t a i n se r i ous levels. 

Cost ing e x p e r i m e n t in cocoa: towards the long run 
A J O B O , O . a n d F O L A R I N , J . O . C o c o a Research I n s t , o f 
N i g e r i a ( C R I N ) , I b a d a n , N i g e r i a - In: 7. International 
Cocoa Research Conference. Proceedings, Douala. 
Cameroon. 4-12 Nov 1979 C o c o a P r o d u c e r s ' A l l i a n c e , 
Lagos p . 6 0 1 - 6 0 4 1 9 8 1 . 

I t is w i d e l y be l i eved t h a t a cacao f a r m e r c a n e x p e c t 
a b o u t 19 years o f p o s i t i v e e c o n o m i c r e t u r n s f r o m his 
p l a n t a t i o n s ince t h e p l a n t a t i o n does n o t reach a p r o f i t a b l e 
stage u n t i l 10 years a f t e r p l a n t i n g . H o w e v e r , t h e p o s s i b i l i t y 
f o r a cacao f a r m e r t o e x p e c t p o s i t i v e gross r e t u r n s f r o m his 
p l a n t a t i o n a f t e r 6 years has been d e m o n s t r a t e d ; t h u s t h e 
f a r m e r c o u l d e x p e c t an ac t i ve 2 4 years o f e c o n o m i c l i f e 
f o r h is p l a n t a t i o n . In t e r m s o f y i e l d m o r e d r y beans a n d 
pods pe r ha w e r e ha rves ted b y c l o s e r spac ing , w h i l e w i d e r 
s p a c i n g h a d less y i e l d pe r ha b u t m o r e p o d s pe r l i v i ng t r e e . 
T h e e c o n o m i c consequences o f t hese p h e n o m e n a are b e i n g 
s t u d i e d . T h e s ta t i s t i ca l ana lys is o f t h e d a t a c o l l e c t e d f r o m 
the 4 t h t o t h e 6 t h year d i d n o t s h o w t h a t a n y o n e o f t h e 
spac ing t r e a t m e n t s t o be s u p e r i o r t o a n y o t h e r i n t e r m s o f 
t h e g r o w t h p a r a m e t e r s s t u d i e d . 

R.T 



G l o b a l problems of cocoa research and extension 
A D E N I K I N J U . S .A . Sc ien t i f i c Research C o m m i t t e e . Cocoa 
Producers ' A l l i a n c e , Lagos. Niger ia - In: 7. International 
Cocoa Research Conference. Proceedings. Oouala. 
Cameroon, 4-72 Nov 1979 Cocoa Producers ' A l l i a n c e . 
Lagos p . 6 3 3 - 6 3 5 1 9 8 1 . 

Some o f t he e f f o r t s be ing made t o m e e t the g loba l 
needs o f cacao research and ex tens ion are dea l t w i t h as 
we l l as the inadequacies o f cu r ren t a t t e m p t s f o r t he 
i d e n t i f i c a t i o n and m e e t i n g o f these needs. T h e b e n e f i t o f 
p o o l i n g toge ther all the resources o f p roduce rs a n d 
consumers is discussed as w e l l as the ro le o f t he In te r -
na t i ona l Cocoa Research Con fe rence a n d tha t o f the 
I n t e r n a t i o n a l Cocoa O r g a n i z a t i o n in p e r f o r m i n g th i s task . 

(Extension methods and techniques: their impact o n the 
promot ion of cacao growing) M^thodes et techniques de 
vulgarisation: leur impact sur ies efforts de promot ion de 
la culture du cacaoyer S A M . P.O. F A O . Rome . I taly -
In: 7. International Cocoa Research Conference. 
Proceedings. Douala. Cameroon. 4-12 Nov 1979 Cocoa 
Producers' All iance. Lagos p. 6 3 7 - 6 4 4 1981 . 

Genera l aspects o f p r o m o t i o n in cacao g r o w i n g are 
o u t l i n e d . Proposed so lu t i ons and resul ts o b t a i n e d , 
cons t ra in t s of o l d m e t h o d s , t ransmiss ion a n d i n t e g r a t i o n 
m e t h o d s , new approaches f o r p r o m o t i o n o f cacao g r o w i n g 
and t he necessi ty o f a p p l y i n g a mass ex tens ion in an 
e x p a n d i n g cacao c u l t u r e are discussed. Examp les o f th is 
sub ject i n C a m e r o o n . E t h i o p i a and Tanzan ia are b r i e f l y 
dea l t w i t h . 

O c t o b e r 1 9 8 2 

(Nutr i t iona l diagnosis and classification of representative 
soils f r o m the cacao-growing areas of Amazonia ) Diagnose 
nutricionai e classif ica^ao de solos representatives dos polos 
cacaueiros da Amazdn ia N E V E S . A . D . D E S.. C A M P O S , 
A . X . D E a n d 8 A R B 0 S A . R . C . M . - In: Proceedings 8th 
International Cocoa Research Conference. Cartagena. 
Colombia. 18-23 Oct 1981 Cocoa Producers' All iance. 
Lagos p. 1 0 5 - 1 2 6 1 9 8 2 . 

Several un i t s o f soi l we re c lassi f ied o n t he basis o f 
de ta i l ed surveys and e x p l o r a t o r y inspec t ion . O f these u n i t s 
2 0 were cons idered su i tab le f o r cacao g r o w i n g because o f 
t he i r deep soils ( > 100 c m ) , m e d i u m to h igh na tu ra l 
f e r t i l i t y , g o o d m o i s t u r e r e t e n t i o n and t he presence o f 
p r i m a r y m inera ls in d e c o m p o s i t i o n . Using samples o f so i l 
f r o m the m a p p e d un i t s , b io log ica l tests we re car r ied o u t 
w i t h cacao p lan ts t o d e t e r m i n e the l i m i t i n g n u t r i e n t s f o r 
th i s c r o p . T h e results s h o w e d tha t al l soi l un i t s s t ud ied are 
de f i c i en t i n phospho rus . Some soi l un i t s d i sp layed 
po tass ium, c a l c i u m and magnes ium def ic ienc ies . I n n o case 
was any response f o u n d f o r n i t r o g e n , s u l p h u r o r b o r o n . 

( M i n e r a l i z a t i o n and t he n i t r o g e n cyc le in a s o u t h e r n Bahia 
cacao p l a n t a t i o n ) M ine ra l i za^ao c ic lagem de n l t r o g d n i o em 
u m a p lan ta?ao de cacau n o sul tia Bah ia S A N T A N A . 
M . B . M . and R O S A N D , P.C. C e n t r o de Pesquisas d o Cacau 
(CEPEC) , I t a b u n a , Bah ia . Braz i l - In: Proceedings 8th 
International Cocoa Research Conference. Cartagena. 
Colombia. 1823 Oct 1981 Cocoa Producers ' A l l i ance . 
Lagos p . 157 -164 1 9 8 2 . 

N i t r o g e n m i n e r a l i z a t i o n , o n a p l a n t a t i o n o f 20 -40 year 
o l d cacao was measured over a pe r i od o f a year b y ac tua l l y 
i n c u b a t i n g so i l samples in t he f ie ld . In the same soi l , the 
c o n t r i b u t i o n o f l i t t e r f r o m shade trees and t he cacao i tse l f 
t o the n i t r o g e n c o n t e n t in the so i l , o n a ten year o l d 
p l a n t a t i o n , w i t h m i x e d shade, was eva luated. M i n e r a l i z a t i o n 
was measured b y the presence a n d absence o f N . P and K 
app l i ed as f e r t i l i z e r , i n soi l samples co l l ec ted at depths o f 
0-5 and 5 - 1 5 c m a n d i n c u b a t e d fo r 3 0 days in p last ic bags 
b u r i e d at the same dep ths . T h e c o n c e n t r a t i o n o f n i t r ogen 
in cacao t ree a n d Erythrina spp. debr is s h o w e d the 
i m p o r t a n t c o n t r i b u t i o n made b y th is mate r ia l in en r i ch i ng 
soi l i n the sys tem s tud ied . B io log ica l f i x a t i o n o f n i t r ogen 
t h r o u g h the n o d u l a r f o r m a t i o n s o f Erythrina spp. and 
f i n a l l y , n i t r ogen gains and losses in t he cacao p l a n t a t i o n 
shaded w i t h th i s legume are discussed. 

(Cacao-growing soils in the Bah ia Reconcavo Basin) Classes 
de solos para cacau no Reconcavo Ba iano S I L V A , L . F . O A 
and L E A O . A . C . C e n t r o de Pesquisas d o Cacau (CEPEC) , 
I t a b u n a , Bahia. Braz i l - In: Proceedings 8th International 
Cocoa Research Conference. Cartagena. Colombia. 18-23 
Oct 1981 Cocoa Producers ' A l l i ance , Lagos p. 179 -184 
1982 . 

The Bahia Reconcavo Basin consists o f a geograph ica l l y 
d i s t i nc t i ve sed imen ta ry region w i t h soi ls o f va ry i ng f e r t i l i t y . 

t e x t u r e and re l i e f , bear ing wi tness t o i ts geolog ica l 
f o r m a t i o n o f c o n t i n e n t a l sed iments w h i c h are ra the r 
d i s c o n t i n u o u s a n d var ied . I m p o r t a n t a m o n g these f o r 
cacao-g row ing are the m e s o t r o p h i c Ver t iso ls and U l t i so l s , 
p a r t i c u l a r l y o n a c c o u n t o f t he i r chem ico -m ine ra log i ca l 
c o m p o s i t i o n w h i c h satisf ies the n u t r i t i o n a l r e q u i r e m e n t 
o f cacao. D e p e n d i n g o n eco log ica l factors and aspects o f 
soil management t he reg ion was d i v i d e d i n t o zones w h i c h 
were var iab ly su i tab le fo r cacao. Emphas is was o n na tu ra l 
f e r t i l i t y and poss ib i l i t ies f o r m e c h a n i z a t i o n , s ince fe r t i l i ze rs 
are expens ive and l abou r is scarce. I t was c o n c l u d e d t h a t 
there are 7 2 , 3 6 0 hectares o f soi l su i tab le fo r cacao, f a l l i ng 
i n t o the categor ies ve ry good , g o o d and fa i r . i .e. 24 per cent 
o f the reg ion su rveyed in th is sed imen ta ry b o w l c o u l d be 
used t o g r o w m o r e cacao. 

In tens ive systems o f f r u i t p r o d u c t i o n and the i r re levance 
t o cocoa P O S N E T T E , A . F . Cocoa , Choco la te and 
C o n f e c t i o n e r y A l l i a n c e , L o n d o n , U K - In: Proceedings 
8th International Cocoa Research Conference. Cartagena. 
Colombia. 18-23 Oct 1981 Cocoa Producers ' A l l i a n c e , 
Lagos p. 3-8 1982 . 

Some recent deve lopmen ts in t ree f r u i t p r o d u c t i o n are 
relevant t o cacao b u t o thers are n o t . A t r a n s i t i o n f r o m 
t r a d i t i o n a l 5 m x 5 m spacing t o dense p l a n t i n g , a b o u t 2 .5 
m x 2 .5 m , has a l ready been made b y West A f r i c a n fa rmers ; 
spacing t r ia ls c o n f i r m e d the m e r i t s o f close spac ing f o r 
A m e l o n a d o cacao in t he ear ly years o f c r o p p i n g . E v i d e n t l y 
research is needed o n m a i n t a i n i n g h igh y ie lds at m a t u r i t y 
o f more v igo rous t ypes w h e n in te r - t ree c o m p e t i t i o n 
d im in ishes p r o d u c t i o n . Repeated p r u n i n g is u n l i k e l y t o be 
cost e f f ec t i ve . G r o w t h - r e g u l a t i n g chemica ls used on f r u i t 
trees s h o u l d be t r i ed o n cacao. The m o s t feasible s o l u t i o n 
is the se lec t ion o f p recoc ious -bear ing c lones w i t h m o d e r a t e 
v igou r , o r d w a r f i n g r o o t s t o c k s . Se lec t ion for to le rance t o 
fu l l sun l igh t is also desi rable since shade managemen t 
presents unso lved p r o b l e m s tha t are accen tua ted in 
intensive systems. 

Vascular streak d ieback o f cocoa In I n d i a A B R A H A M , C.S. 
D i rec to ra te o f Cocoa, A r e c a n u t and Spices D e p t . , C a l i c u t . 
Kera la, I nd ia - Indian Cocoa. Arecanut <S Spices Journal 
V. 4 (4 ) p. 119 -120 1 9 8 1 . 

The h i s t o r y , d i s t r i b u t i o n , s y m p t o m s and e p i d e m i o l o g y 
o f Oncobasidium throbromae are discussed. Due to the 
fa i lure o f fung ic ides t o c o n t r o l th is disease p rac t i ca l 
remedies are r e c o m m e n d e d such as p r u n i n g o f diseased 
cacao branches some 3 0 - 4 0 c m b e l o w the e n d o f v is ib le 
s t reak ing in the w o o d , t he regular p r u n i n g of chupons o n 
the t r u n k , a n d w i t h i n - c a n o p y p r u n i n g t o i m p r o v e ae ra t ion . 

(Storage a n d t r a n s p o r t a t i o n of cacao: a b i b l i o g r a p h i c s t u d y ) 
E t u d e b i b l i o g r a p h l q u e : s tockage et t r anspo r t du cacao 
B O U S S A R D , B. I n s t i t u t Fran?ais d u Caf6 et d u Cacao 
( I F C C ) . Paris, France - CafS, Cacao, Th6 (France) v . 2 6 ( 2 ) 
p. 136 -144 ; A p r 1982 . 

A rev iew o f the fac to rs i nvo l ved in the storage a n d 
t r a n s p o r t a t i o n o f cacao beans. A f t e r discussing the h y g r o -
scopic character is t ics o f t he beans, the a u t h o r goes o n t o 
invest igate the e f fec ts o f var ious t r e a t m e n t s and storage 
me thods o n insect i n f e s t a t i o n and the g r o w t h o f m o u l d s , 
and h o w these can be c o n t r o l l e d . Storage p rob lems in b o t h 
p r o d u c i n g coun t r i es a n d t empe ra te coun t r i es are dea l t w i t h . 

Cocoa p l a n t a t i o n s B R I D G L A N D , L . A . Burns Phi lps 
P lan ta t ions D iv . , Rabau l , Papua New Gu inea — Monograph 
- lASER (Papua New Guinea) (What do we do about 
plantations?) no . 15 . p . 12 -20 1981 . 

The present state o f t he cacao p lan ta t i ons In Papua N e w 
Gu inea is rev iewed in th is a r t i c le . T h e paper inc ludes the 
f o l l o w i n g headings: cacao p r o d u c t i o n , an es t imate o f cacao 
p lan t ings by age g roups , p r o d u c t i o n po ten t i a l f r o m p lanta-
t i o n hectarage, reasons f o r dec l ine o f cacao p l an ta t i ons , 
research and services, f i nance and the cos t p r ice squeeze, 
management and t r a i n i n g and conc lus ions . T h e cacao 
p lan ta t i ons o f Papua N e w Gu inea n o w s tand at the cross-
roads b u t c a n n o t rema in the re . They mus t be fu rn i shed 
w i t h b o t h the incen t i ve a n d the means t o get o n w i t h the 
j o b o f i n jec t ing themselves w i t h new l i fe and v igou r . 

(Es tab l i shmen t of 6 cacao h y b r i d s us ing t he ' T u r r i a l b a " 
r e n o v a t i o n m e t h o d ) E s t a b l e c i m i e n t o de 6 h i 'b r idos de 
cacao po r el m 6 t o d o de ranovac iqon ' T u r r i a l b a " 
E N R I Q U E 2 . G . A . and P A R E D E S , L . A . .Centro A g r o n d -
m i c o T rop i ca l de Inves t igac i6n y Ensef ianza. T u r r i a l b a . 
Costa R ica - In Proceedings 8th International Cocoa 
Research Conference. Cartagena, Colombia. 18-23 Oct 
1981 Cocoa Producers ' A l l i a n c e . Lagos p . 9 - 1 3 1982 . 
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T h e cost o f r enova t i ng a 49-vear o l d p l a n t a t i o n o f 
M a t i n a cacao w i t h i n t e r c l ona l hyb r i ds was s tud ied . The 
i m p r o v e d mater ia l was p lan ted beneath t he shade o f o td 
cacao w h i c h is then r e m o v e d by gradual p r u n i n g as the 
new cacao grows u p . T h e p r o d u c t i o n f r o m th is e x p e r i m e n t 
over the f o l l o w i n g years was examined . Wh i le the new 
cacao is g r o w i n g , the o l d cacao is s t i l l pa r t i a l l y p r o d u c t i v e , 
w h i c h can pay f o r t he cost o f the r enova t i on , pa r t i cu la r l y 
since i t responds f a v o u r a b l y t o the p r u n i n g , c lean ing and 
a p p l i c a t i o n of f e r t i l i ze r w h i c h is car r ied o u t at the t i m e -
o f p l an t i ng . D u r i n g t h e f i r s t three years o f es tab l i shment , 
the o l d cacao p r o d u c e d an average o f m o r e t h a n 3 0 0 0 
kg /ha o f d r y we igh t cacao , w h i l e t he y i e l d f r o m the f i r s t 
year o f t he hyb r i ds exceeded 5 0 0 kg /ha . A f t e r 13 years 
the y i e l d was 2 4 4 2 kg /ha . 

Studies on cocoa seedling transportation f rom the nursery 
and b a r e r o o t transplanting into the f ie ld E S A N , E .B. 
Gambar i E x p e r i m e n t a l S t a t i o n , Cocoa Research Inst , o f 
N iger ia ( C R I N ) , I badan . N iger ia - In Proceedings 8th 
International Cocoa Research Conference, Cartagena. 
Colombia. 1823 Oct 1981 Cocoa Producers ' A l l i a n c e , 
Lagos (Niger ia) p . 15 -20 1 9 8 2 . 

T h e c o n v e n t i o n a l m e t h o d o f t r a n s p o r t i n g cacao 
seedlings f r o m the nursery i n t o the f i e ld w i t h ba l l o f ear th 
in h e a v y - d u t y vehic les has been prac t ised w i t h u t m o s t 
d i f f i c u l t y p r i nc i pa l l y because o f inadequate t r anspo r t 
fac i l i t ies c o u p l e d w i t h t he heavy w e i g h t o f t he p o t t e d 
seedl ings. T h e o b j e c t i v e o f th is inves t iga t ion the re fo re is 
the de ta i l ed reassessment o f t he bai l o f ea r th and the 
ba re - roo t m e t h o d s o f t r anspo r t i ng and t ransp lan t i ng cacao 
seedlings. The t r e a t m e n t consisted o f enve lop ing t he 
seedl ing fo l iage s h o o t in a b a l l o o n of t ransparent 
p o l y e t h y l e n e bag and cover ing o f the roo ts w i t h a d a m p 
t h i c k , abso rben t , paper . The app l i ca t i on o f r o o t i n g 
h o r m o n e at l o w c o n c e n t r a t i o n also enhanced r o o t 
d e v e l o p m e n t . I t was ev iden t t ha t an unassisted fa rmer 
c o u l d c o n v e n i e n t l y t r a n s p o r t over 1 0 0 0 seedlings cheap ly 
f r o m the nursery t o h is f a r m , t ransp lan t his cons ignmen t 
o n t o the f i e ld w i t h i n t w o days, a n d st i l l record over 
9 0 per cen t successful re -es tab l ishment . 

(V iabi l i ty of bare-root cacao transplanting) Possibilidade 
de transplante do cacsueiro com rafzes nuas A L V I l V l , R . . 
L I M A F I L H O , J . M . P . and A F O N S O , C . A . C e n t r o de 
Pesquisas d o Cacau (CEPEC) . I t abuna , Bahia. Braz i l -
In Proceedings 8th International Cocoa Research 
Conference. Cartagena. Colombia. 18-23 Oct 1981 Cocoa 
Producers ' A l l i a n c e , Lagos p. 21 -26 1 9 8 2 . 

T h i s paper descr ibes f ind ings w h i c h demons t ra te the 
v i a b i l i t y o f bare - roo t t r ansp lan t i ng o f cacao separated f r o m 
its ba l l o f ear th e i t he r b y wash ing or d i r e c t e x t r a c t i o n , using 
processes i n v o l v i n g a p p l i c a t i o n o f an an t i t r ansp i r en t 
(Mob i l ea f ) t o t he fo l iage and p rev ious r e d u c t i o n in the 
n u m b e r o f leaves. Mean survival rates o f over 9 0 per cent 
vt/ere o b t a i n e d w h e n a 10 per cent M o b i l e a f e m u l s i o n was 
a p p l i e d t o the fo l iage and the t ransp i ra to ry sur face area 
reduced t o a single pa i r o f f u l l y f o r m e d new leaves. Use o f 
a substance (Ag r i co l ) r e c o m m e n d e d fo r i ts capac i ty t o 
reduce w a t e r loss t h r o u g h the roo t sys tem d i d n o t l ower 
t he m o r t a l i t y ra te o f t h e seedlings a f t e r t ransp lan t ing . T h e 
poss ib le e c o n o m i c bene f i t s o f the bare- roo t . t ransp lan t ing 
m e t h o d are discussed. 

( Improvement of factors influencing cacao production: 
modi f ica t ion of pol l inat ing conditions) Amel iorat ion des 
facteurs de product ion du cacaoyer: modi f icat ion des 
condit ions de poll inisation L U C A S . P. I ns t i t u t Fran^ais 
d u Ca f^ et d u Cacao ( IFCC) , K p a l i m ^ , T o g o - In: 
Proceedings 8th International Cocoa Research Conference. 
Cartagena. Colombia. 18-23 Oct 1981 Cocoa Producers ' 
All iance, Lagos p . 2 7 - 2 9 1982 . 

In T o g o cacao trees are u n d e r - p o l l i n a t e d . Po l l i na t i on 
is essent ia l ly ca r r i ed o u t by O ip te ra . H o m o p t e r a and 
H y m e n o p t e r a . Where ants are l i ke l y t o m a k e an e f fec t i ve 
c o n t r i b u t i o n t o p o l l i n a t i o n , p lac ing nests in t he trees 
p r o d u c e d a s i gn i f i can t i m p r o v e m e n t . Where p o l l i n a t i o n is 
ca r r i ed o u t b y a large n u m b e r o f d i f f e r e n t genera the use 
o f c o l o u r t raps can increase the n u m b e r o f po l l en grains 
d e p o s i t e d o n f l o w e r s ty les. 

(Supplementary pol l inat ion and stem cutt ing as simple 
measures to increase, cacao yields) La polinizacidn suple-
mentaria y cortes en el tallo como practices simples para 
incrementer los rendimientos en cacao V E R A B, J. . 
M O G R O V E J O J. E. a n d M O R E I R A 0 , M . Cocoa T rop i ca l 
E x p e r i m e n t S t a t i o n , I n s t i t u t o Nac iona l de Invest igaciones 
Agropecuar ias ( I N I A P ) , P ich i l ingue, Ecuador - In: 
Proceedinos 8th International Cocoa Research Cnnfsrenpff 

Cartagena, Colombia. 18-23 Oct 1981 Cocoa Producers ' 
A l l i ance . Lagos (Niger ia) p. 3 1 - 3 5 1982 . 

In the p r i n c i p a l cacao g r o w i n g areas in Ecuador peak 
cacao p r o d u c t i o n occurs w i t h t he onset of t he ra iny season, 
w h e n the p r o l i f e r a t i o n o f ce r t a i n endemic diseases causes 
losses as h igh as 6 0 per cen t . S tud ies have s h o w n tha t losses 
caused b y disease can be avo ided i f the recept ive f lowers o n 
the t r u n k are m a n u a l l y p o l l i n a t e d and these pods harvested 
in m o n t h s w h i c h are u n f a v o u r a b l e f o r the d e v e l o p m e n t o f 
fungal diseases. T h e a i m o f t he present s t u d y was to t r y o u t 
cer ta in s imp le management prac t ices at the smal l f a r m level 
w h i c h c o u l d lead to the avo idance o f diseases in the n o r m a l 
harvest cu rve . I t was c o n c l u d e d t h a t b y manua l p o l l i n a t i o n 
p lus remova l o f a r ing o f p h l o e m f r o m r o u n d the t r u n k 15 
c m above the g r o u n d , an increase o f be tween 182 and 4 0 9 
kg o f d r y w e i g h t cocoa can be ach ieved per hectare, 
p a r t i c u l a r l y on sma l lho ld ings . 

(A s t u d y o f t h e e f f ec t o f f l o w e r i n g and p o l l i n a t i o n 
c o n d i t i o n s o n cacao y ie lds) E t u d e des c o n d i t i o n s de 
f l o ra i son et de p o l l i n i s a t i o n sur las r e n d e m e n t s du cacaoyer 
M O S S U , G.. P A U L I N . D . a n d R E F F Y E , P. DE I n s t i t u t 
Fran?ais d u Caf6 et d u Cacao ( I F C C ) , A b i d j a n . I vo ry Coast 
- In: Proceedings 8th International Cocoa Research 
Conference. Cartagena. Colombia. 18-23 Oct 1981 Cocoa 
Producers ' A l l i a n c e , Lagos p . 37 -44 1982 . 

A s t u d y o f the f l o w e r i n g , ovu le c o u n t per ovary and 
analysis o f h is tograms o f bean f r e q u e n c y per harvested p o d 
fo r a given cu l t i va r make i t possib le t o d e t e r m i n e all the 
fac tors govern ing p r o d u c t i o n . Over a 3 0 m o n t h pe r i od the 
w e e k l y f l o w e r i n g d e v e l o p m e n t o f d i f f e r e n t A m e l o n a d o and 
A m a z o n cu l t i va rs was f o l l o w e d . T h e co r re l a t i ons be tween 
the ca l cu la ted data and t he observed da ta are h igh ly 
s ign i f i can t f o r the d i f f e r e n t cu l t i va rs . T h e s imi la r i t ies and 
d i f fe rences observed be tween A m e l o n a d o and A m a z o n 
cu l t i va rs d u r i n g t he course o f the e x p e r i m e n t can be 
exp la i ned p e r f e c t l y sa t i s f ac to r i l y ; t he f i rs t b y the 
remarkab le paral le ls be tween f l o w e r i n g va r ia t i on and 
p o l l i n a t i o n va r i a t i on , the la t ter b y the w a y the data varies 
in accordance w i t h the w i l t p o i n t values o f the d i f f e r e n t 
cu l t i va rs . 

( T o w a r d s in teg ra ted weed c o n t r o l i n cacao p lan ta t ions) 
Hac ia u n c o n t r o l in tegra l de malezas en cacao ta le i R E Y E S 
E, H., R E Y E S , L .C. DE and M A R T I N S K Y . J. Cen t ro de 
Invest igaciones Agropecuar ias ( C E N I A P ) . Caucagua. 
Venezue la - In: Proceedings Sth International Cocoa 
Research Conference. Cartagena. Colombia, 18-23 Oct 
1981 Cocoa Producers ' A l l i a n c e , Lagos p. 4 5 - 4 8 1982 . 

T h i s paper presents t he p r o b l e m o f weed c o n t r o l in 
cacao p lan ta t i ons and the i m p o r t a n c e t h a t , w i t h o u t d o u b t , 
the fac to rs re la ted t o the p l an t , c l i m a t e and soils as regards 
weed d e v e l o p m e n t , represent . A w h o l e series o f studies is 
presented, in w h i c h the character is t ics o f the weeds and 
cacao p lan ta t i ons have been observed as we l l as the e f fec t 
on t h e m o f ag ronom ic , b io log ica l and chemica l aspects of 
t he i r c o n t r o l . A n in teg ra ted s t ra tegy o f management is 
presented w h i c h , re la t ing all these fac to rs , w o u l d m a k e the 
w o r k o f weed c o n t r o l m o r e e f f i c i e n t . 

( D e v e l o p m e n t t r i a l o f a g ra f t i ng m e t h o d f o r cacao) Essai 
de mise au p o i n t d ' u n e m d t h o d o l o g i e de gref fage chez le 
cacaoyer K A D J E , A . and N G A M B I N D J A M A , J .M . 
I n s t i t u t e de la Recherche A g r o n o m i q u e . E b o l o w a , 
C a m e r o o n — In: Proceedings 8th International Cocoa 
Research Conference. Cartagena, Colombia. 18-23 Oct 
1981 Cocoa Producers ' A l l i a n c e . Lagos p. 49 -55 1982. 

A new g ra f t i ng techn ique in w h i c h the g ra f t , c u t In a 
sh ie ld shape, is inser ted in an i nve r t ed T inc is ion made on 
t he r o o t s t o c k b e l o w the c o t y l e d o n , has been deve loped. 
T h e h y p o c o t y l is ben t over i m m e d i a t e l y a f te r the g ra f t i ng 
o p e r a t i o n , f o l l o w e d b y a p e r i o d u n d e r a p o l y t h e n e tube 
u n t i l the g ra f t has taken . W i t h these i nnova t i ons t he success 
rate o f gra f ts c o m p a r e d w i t h the c o n t r o l t r e a t m e n t , where 
u n b e n t gra f ts remain under a c o r r u g a t e d i r o n shed is 
i m p r o v e d . Results f r o m th is p r e l i m i n a r y s tudy ind ica te 
t h a t b e n d i n g encourages leaf bu rs t a n d sc ion deve lopmen t 
a n d tha t in supervis ing the graf ts care needs t o be taken 
as regards l i gh t i ng , h u m i d i t y , e tc . 

( E f f e c t s o f c o n t r o l l e d p o l l i n a t i o n o n cacao) E fec tos de 
p o l i n i z a c i b n c o n t r o l a d a en cacao M A R T I N , E.J. Servic ios 
T6cn icos (Cacao), L i m 6 n , Costa R i ca - In: Proceedings 
8th International Cocoa Research Conference. Cartagena, 
Colombia. 18-23 Oct 1981 Cocoa Producers ' A l l i ance . 
Lagos p. 57 -60 1982 . 

The l o w - y i e l d i n g t rend in in te r -c lona l c o m m e r c i a l 
cacao stands was s tud ied . T r ia ls cons is ted o f a series o f 
cnn t ro l lP r i croccf^fi uuhtrh wArp in l t i a toH h a r k In IQRH 
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check ing the c o m p a t i b i l i t y o f the parent c lones invo lved , 
c o m b i n i n g a b i l i t y and f r u i t set , w i l t i n g of y o u n g f r u i t and 
the n u m b e r o f r ipe f r u i t harvested. Th is e x p e r i m e n t tends 
t o exp la i n t h a t i n te r c l ona l m i x e d stands s h o u l d be 
establ ished techn ica t l y in o rde r to enhance p rope r cross-
p o l l i n a t i o n so as t o secure regular c o m m e r c i a l y i e l ds , 
stressing f r u i t set o f se l f - i ncompa t ib le trees w h i c h requ i re 
fore ign p o l l e n f o r f r u i t i n g . A second e x p e r i m e n t w h i c h 
covered a p e r i o d o f 3 0 m o n t h s showed p recoc i t y o f t w o 
c o n t r o l l e d crosses at a rate o f 6 : 1 . Such f ind ings t e n d t o 
exp la in the l o w - y i e l d i n g t r e n d in u n c o n t r o l l e d seedl ing 
stands thus f avou r i ng the use o f p rope r and selected 
seedl ing mate r ia l o f b i -parenta l s t o c k . 

( I n f l uence o f c l i m a t i c c o n d i t i o n s , we igh t and v o l u m e o f 
seed o n t he d e v e l o p m e n t o f cacao p lan ts in t he nurse ry 
a n d subsequen t l y under f i e l d c o n d i t i o n s ) I n f l udnc ia das 
cond i ^oes , peso e v o l u m e de sementes no desenvo l v lmen to 
de p lantas de cacau em cond ipoes de v ive i ro e pos te r io r -
m e n t e n o c a m p o S 0 U 2 A . J . O E , G A R C I A , J .R . a n d 
M U L L E R , M . W . C e n t r o de Pesquisas d o Cacau (CEPEC) , 
I tabuna , Bahia. Braz i l - In: Proceedings 8th International 
Cocoa fiesearch Conference, Cartagena, Colombia. 18-23 
Oct 1981 Cocoa Producers ' A l l i a n c e . Lagos p . 61 -64 1982 . 

Measurements o f d i ame te r , he igh t and n u m b e r o f leaves, 
t aken w h e n t he seedlings we re 4 m o n t h s o l d . s h o w e d 
pos i t i ve co r re la t i ons w i t h the we igh ts o f seeds b u t n o 
co r re la t i ons we re f o u n d b e t w e e n the v o l u m e a n d t he 
parameters measured. A t 8 m o n t h s — 4 m o n t h s a f t e r 
be ing t ransp lan ted the same p lan ts w h i c h had ach ieved 
be t te r d e v e l o p m e n t in the nursery c o n t i n u e d to p rove 
s ign i f i can t l y super io r , a l t h o u g h the average rate o f s t e m 
increase was l owe r than tha t o f t he t ransp lan ted seedlings 
w h i c h had s h o w e d less d e v e l o p m e n t . T h a t s u p e r i o r i t y 
g radua l ly d i m i n i s h e d w i t h increasing age and b y 12 and 16 
m o n t h s there was a tendency f o r the average g r o w t h rate 
o f s tem to level o u t . The d i f f e rences be tween the m o r e 
v igo rous p lants in those p lan ted o u t i n the f i e ld in a less 
deve loped state gradua l ly became less p r o n o u n c e d . 

(T ransp lan t i ng bare- roo t cacao seedlings) T r a n s p l a n t i o de 
mudas de cacauei ro c o m rai'zes nuas S O U Z A , J. O E , 
G A R C I A , J .R . and M U L L E R . M . W . Cen t ro de Pesquisas d o 
Cacau (CEPEC) , I t abuna , Bahia. Braz i l - In: Proceedings 
8th International Cocoa Research Conference, Cartagena, 
Colombia. 18-23 Oct 1981 Cocoa Producers ' A l l i a n c e . 
Lagos (Niger ia) p. 61 -64 1982 . 

T h e f o l l o w i n g t rea tmen ts were car r ied o u t t o de te rm ine 
the best m e t h o d o f t ransp lan t i ng bare - roo t cacao seedl ings, 
in c o m p a r i s o n w i t h t he m e t h o d t r a d i t i o n a l l y used ( roo ts 
encased in so i l ) : (1) seedlings t r ansp lan ted w i t h a bal l o f 
e a r t h ; (2) seedl ings t ransp lan ted w i t h t w o leaves and bare 
roo ts u n p r u n e d , and w i t h app l i ca t i on of Mob i l ea f (ant i -
t r ansp i r an t ) ; (3) seedlings t r ansp lan ted w i t h t w o leaves, 
bare roo ts p r u n e d , and w i t h app l i ca t i on o f M o b i l e a f ; 
(4) u n p r u n e d ba re - roo ted seedlings, w i t h stems c u t t o 3 0 
c m f r o m the g r o u n d and app l i ca t i on o f Mob i l ea f . T h e s tem 
d i ame te r t a k e n 6 m o n t h s af ter t r ansp lan t i ng , s h o w e d no 
s ign i f i can t d i f fe rences be tween the t r ea tmen ts , w h i l e a f t e r 
12 and 18 m o n t h s t rea tmen ts 1 and 2 showed deve lopmen t 
equal t o each o the r and super ior t o t r ea tmen ts 3 and 4 . T h e 
t r e a t m e n t s s h o w e d the f o l l o w i n g resul ts w i t h respect t o 
percentage surv ival u p t o 6 0 days a f te r t ransp lan t i ng : 1 and 
2 : 9 7 . 5 0 per cen t , 3 : 8 8 . 7 5 per cent a n d 4 : 9 0 . 0 0 per cen t . 

( I n f l u e n c e o f seedl ing age o n t he d e v e l o p m e n t of cacao 
a f te r t ransp lan t i ng ) I n f l udnc ia de idsde da m u d a n o 
desenvo l v imen to d o cacauei ro ap6s o t ransp lan te S O U Z A , 
J . D E , G A R C I A . J .R . and M U L L E R , M . W . Cen t ro de 
Pesquisas d o Cacau (CEPEC) , I t abuna . Bahia, Brazi l - In: 
Proceedings 8th International Cocoa Research Conference, 
Cartagena. Colombia. 18 23 Oct 1981 Cocoa Producers ' 
A l l i a n c e , Lagos p . 6 9 - 7 2 1982 . 

Seven t r e a t m e n t s were used in th is s t udy : pre-
ge rm ina ted seeds p lan ted o u t d i rec t l y i n the f i e ld , seedlings 
o f 2 -6 m o n t h s and seedlings o f 6 m o n t h s t ransp lan ted w i t h 
bare roo ts . T h e results showed tha t t he 2-6 m o n t h o l d 
seedlings p l an ted o u t b y the t r ad i t i ona l m e t h o d used in the 
region ( roo ts encased in so i l ) , s h o w e d l i t t l e va r i a t i on 
amongs t themselves and t u r n e d o u t to be super io r b o t h in 
d e v e l o p m e n t and in percentage survival t o the 6 - m o n t h o l d 
seedl ings, p l a n t e d w i t h bare roo ts , and also t o the seeds 
p l a n t e d d i r ec t l y in the f i e l d . 

( P r o g r a m m i n g cacao fe r t i l i ze r schedules based o n c o r r e c t i o n 
o f an ion i c and ca t i on i c balances in t he so i l and 
c o m p e n s a t i o n f o r d e p l e t i o n s b y the e x p e c t e d harvest) 

P r o g r a m m a t i o n de p lans de f u m u r e du cacaoyer bas^s sur la 
c o r r e c t i o n des equ i l ib res a n i o n i q u e et c a t i o n i q u e dans le 
sol et la c o m p e n s a t i o n des e x p o r t a t i o n s par la rdco l te 
escomptde L O T O D E , R . I n s t i t u t F ran fa is d u Caf6 et d u 
Cacao ( I F C C ) . M o n t p e l l i e r , F rance - In: Proceedings 8th 
International Cocoa Research Conference. Cartagena. 
Colombia. 18-23 Oct 1981 Cocoa Producers ' A l l i a n c e , 
Lagos p. 91 -104 1982 . 

Research i n t o fe r t i l i ze r f o r m u l a t i o n fo r cacao in a given 
soi l is based o n the k n o w l e d g e o f cer ta in a n i o n i c a n d 
ca t i on i c balances p r o m o t i n g g r o w t h and y i e l d . T h e steps 
in a c o m p u t e r p r o g r a m f o r ca l cu la t i ng f e r t i l i ze r requ i re -
ments depend o n the i n i t i a l so i l character is t ics a n d resul t 
i n a p r i n t - o u t w i t h i n f o r m a t i o n o n in i t ia l charac te r i s t i cs ; 
quan t i t i es o f fe r t i l i zer r e q u i r e d t o cor rec t the so i l ; the 
c o m p e n s a t i o n f o r dep le ted e lements of t he t o t a l ; the 
f ina l balance o f t he exchangeab le bases and t he t i m e fo r 
cor rec t app l i ca t i on . C o n s i d e r a t i o n is also given t o the 
n u m b e r and dates o f a p p l i c a t i o n acco rd ing t o the 
e lements ; soi l samp l ing and spec i f i ca t i on ; a n d t he cho ice 
o f fe r t i l i zers t o compensa te f o r dep le t ions o n l y , a f t e r so i l 
c o r r e c t i o n . 

( F l u c t u a t i o n s in t he w a t e r reserve beneath a cacao 
p l a n t a t i o n : re la t i on t o t h e c l i m a t e ) E v o l u t i o n d u s tock 
d 'eau sous une cacaoyere: r e l a t i o n avec le c l i m a t J A R D I N , 
P. and S N O E C K , J . I n s t i t u t Fran^a is d u Caf6 et d u Cacao 
( I F C C ) , A b i d j a n . I vo ry Coast - In: Proceedings 8th Inter-
national Cocoa Research Conference. Cartagena. Colombia. 
18-23 Oct 1981 Cocoa Producers ' AlSiance, Lagos p . 127-
135 1982 . 

Using 3 n e u t r o n p robe a reco rd was k e p t o f t he 
f l u c t u a t i o n s in the wa te r reserve t o a d e p t h o f 1 me t re 
a r o u n d a cacao tree w h i c h was n o t i r r igated o r rece iv ing 
any fe r t i l i ze r . Th is r ep len i shmen t was measured d u r i n g 
d i f f e r e n t d r y i n g o u t per iods b e t w e e n 1978 and 1 9 8 1 . The 
var ia t ions in the wa te r supp ly we re cor re la ted w i t h c l i m a t i c 
f o r m u l a e o f evapo t ransp i ra t i on a n d c l imate fac tors . H i g h l y 
s ign i f i can t co r re la t i ons we re o b t a i n e d , lead ing t o t he 
conc lus i on tha t c l i m a t e exp la ins 9 0 per cent o f wa te r 
var ia t ions in the so i l . A s t u d y has been made o f f a r m 
techn iques ( i r r i ga t i on , f e r t i l i z i ng ) t o assess the i r i n f l u e n c e 
o n the co r re la t i ons o b t a i n e d . T h e es tab l ishment o f these 
re la t ionsh ips opens the w a y t o the i n t r o d u c t i o n o f 
i r r i ga t i on based o n s imp le c l i m a t i c data (Co lo rado t a n k , 
r ad iome te r ) . 

(Cacao reac t ions in s o u t h Bah ia t o increasing doses of 
n i t r o g e n , phospho rus a n d po tass ium) Respostas d o 
cacauei ro n o sul da Bahia a doses crescentes de 
n i t r o g d n i o . f o s f o r o e potassio R O S A N D . P.C.. S A N T A N A . 
C.J .L . DE a n d M I R A N D A , E .R . D E Cen t ro de Pesquisas 
d o Cacau (CEPEC) . I t a b u n a , Bah ia . Brazi l - In: 
Proceedings 8th International Cocoa Research Conference. 
Cartagena. Colombia. 18-23 Oct 1981 Cocoa Producers ' 
A l l i ance , Lagos p. 137-144 1982 . 

T h e e f fec ts o f a p p l y i n g increas ing doses of N . P2O5 
and K j O were eva luated o n 8 p l a n t a t i o n s of C a t o n g o 
cu l t i va r . Da ta fo r the pe r i od 1971 t o 1975 showed , f o r 
add i t i ons of 9 0 t o 180 kg/ha o f P ^ O s , average increases in 
d r y bean p r o d u c t i o n o f a b o u t 3 4 0 t o 3 7 9 kg per hec ta re ; 
increases o f 153 and 2 2 6 kg per hectare were ac t i va ted f o r 
doses of 6 0 and 120 kg/ha o f N . respec t ive ly . A d d i t i o n o f 
6 0 and 120 kg /ha o f K j O reduced p r o d u c t i o n . In the 
p e r i o d 1 9 7 6 t o 1980 , responses t o t he a d d i t i o n o f 
phospho rus c o n t i n u e d the same t r e n d and t o the same 
degree, whereas w i t h N and K j O a d d i t i o n s o n l y s l igh t 
increases in p r o d u c t i o n were o b t a i n e d w i t h doses o f 120 
kg /ha o f each n u t r i e n t . Ana lys is o f t he soi ls a f te r 10 years 
o f u n i n t e r r u p t e d fe r t i l i ze r a p p l i c a t i o n shows a cons iderab le 
residual e f f ec t o f phosphorus and po tass ium. 

( E x p e r i m e n t a l recyc l i ng of o rgan ic m a t t e r o n a cacao f a r m ) 
Essai de recyc lage de la ma t ie re o rgan ique dans u n e 
cacaoyere R I V O I R E , P. I ns t i t u t e de la Recherche A g r o -
n o m i q u e , E b o l o w a . Cameroon - In: Proceedings 8th 
International Cocoa Research Conference. Cartagena, 
Colombia. 18-23 Oct 1981 Cocoa Producers ' A l l i a n c e . 
Lagos p. 145 -150 1982 . 

C o m p o s t has been m a n u f a c t u r e d b y crush ing a n d 
s tack ing r o t t e n pods and salvaged p o d husks. Tempe ra tu re 
readings taken inside the c o m p o s t heap showed tha t the 
heat p r o d u c e d b y f e r m e n t a t i o n was m o r e than su f f i c ien t t o 
des t roy spores o f Phytophthora palmivora b r o u g h t in w n n 
r o t t e n pods. T h e c o m p o s t appears t o be very r ap id l y 
leached, especial ly i ts po tass ium a n d phospho rus c o n t e n t . 
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Three m o n t h o l d c o m p o s t was spread at the f o o t o f y o u n g 
cacao p lan ts w h i c h were one and a hal f years o l d . In 
associat ion w i t h Mimosa invisa as i n t e r r o w shade p l a n t , i t 
decomposed ve ry q u i c k l y . A f t e r one year , there we re 
p rac t i ca l l y n o traces le f t on the g r o u n d . Th is c o m p o s t is 
su i tab le f o r use on any c rop j u s t i f y i n g the app l i ca t i on o f 
large q u a n t i t i e s o f o rgan ic m a t t e r , cacao nurser ies, 
co l l ec t i ons , banana p lan ta t i ons , vegetable p lo ts , e tc . 

(The e f f e c t o f phospho rus o n t h e wa te r status in cacao 
seedlings var . Ca tongo) E f e l t o d o f o s f o r o sobre o es tado 
h i d r i c o e m p lSntu las de cacau var . Catango PASSOS, 
E .E .M. . M A C H A D O . R .C .R . a n d P E B E I R A , R.C. U n i d a d e 
de Execupao de Pesquisas de A m b i t o Estadual ( U E P A E ) . 
Emprf isa Bras i le i ra de Pesquisa Ag ropecua r i a ( E M B R A P A ) . 
A raca ju . B raz i l - In: Proceedings 8th International Cocoa 
Research Conference, Cartagena. Colombia, 18-23 Oct 
1981 Cocoa Producers ' A l l i a n c e , Lagos p. 151 -155 1 9 8 2 . 

A s tudy was c o n d u c t e d t o invest igate the e f fec t o f th ree 
levels o f p h o s p h o r u s {0, 0 . 6 6 and 1.5 m M ) o n the i n t e rna l 
water c o n t e n t o f y o u n g cacao p lan ts , c u l t i v a t e d in washed 
sand. T o eva luate this e f fec t t he leaf wa te r p o t e n t i a l , the 
s tomata l d i f f u s i v e resistance a n d the t r ansp i ra t i on rate 
were measured . There was a great r educ t i on in t he leaf 
water p o t e n t i a l , an increase in t he s tomata l resistance and a 
decrease in the t r ansp i ra t i on rate in the un t rea ted w h e n 
c o m p a r e d w i t h the p lan ts t ha t received phospho rus . A 
smaller expans ion o f the r o o t sys tem was also observed 
in the p lan ts w i t h no p h o s p h o r u s . Th is c o n t r i b u t e d t o a 
decrease in r o o t wa te r a b s o r p t i o n and . as a consequence , 
the i n t e rna l wa te r f l o w in the p lan ts . 

Fe r t i l i ze r use o n cacao r e h a b i l i t a t i o n p ro jec ts in Ghana 
A H E N K O R A H . Y . , H A L M . B.J . and A P P I A H , M . R . Cocoa 
Research Ins t . . N e w T a f o - A k i m , Ghana - In: Proceedings 
8th International Cocoa Research Conference, Cartagena, 
Colombia, 18-23 Oct 1981 Cocoa Producers ' A l l i a n c e . 
Lagos p . 165 -170 1982 . 

D i f f e r e n t sites cove r ing d i f f e r e n t soi l g roups were 
selected t o test the usefulness o f N . P and K fe r t i l i ze rs t o 
the G h a n a / W o r l d Bank Cacao R e h a b i l i t a t i o n Pro jec t A rea . 
The e f f e c t o f N was genera l ly negat ive, caus ing y i e l d 
depress ion ranging f r o m 11-35 per cent at several s i tes; 
tha t o f K was neg l ig ib le ; w h i l e s ign i f i can t pos i t i ve y i e l d 
response w i t h 32 per cen t mean (range 22 -43 per cen t } 
increase was cons is ten t l y associated w i t h P. T o avo id 
increas ing the deb t b u r d e n o n the f a r m e r , i t is 
r e c o m m e n d e d tha t o n l y t r i p l e superphospha te , at least 160 
kg P /ha , shou ld be i n c o r p o r a t e d in the r e h a b i l i t a t i o n 
exercise o n matu re fa rms. E i the r a b u l k or sp l i t a p p l i c a t i o n 
in A p r i l / M a y o r Augus t o f the t r i p l e superphospha te is 
des i rab le . 

R e v i e w o f results o f f e r t i l i z e r t r ia ls o n cocoa in N iger ia 
O J E N I Y I . S.O. Cocoa Research Inst , of N iger ia ( C R I N ) . 
I badan , Niger ia — In: Proceedings 8th International Cocoa 
Research Conference, Cartagena, Colombia, 18-23 Oct 
1981 Cocoa Producers ' A l l i a n c e , Lagos p . 171 -174 1982 . 

Resu l ts f r o m the var ious expe r imen ts s h o w e d tha t 
n i t r o g e n and phospho rus fer t i l i zers cons is ten t ly p r o d u c e d 
apparen t increases in t he y i e l d o f A m e l o n a d o a n d A m a z o n 
cacao var iet ies. O n l y basal app l i ca t i on o f fe r t i l i zers 
c o n t a i n i n g K . Mg a n d Ca is r e c o m m e n d e d . S ign i f i can t 
y i e l d responses t o so i l -app l ied m a c r o n u t r i e n t fe r t i l i zers 
m i g h t take at least 3 years o f fe r t i l i ze r a p p l i c a t i o n t o 
r e f l ec t . Ear ly y i e l d responses were observed in the case o f 
fo l i a r app l i ed K a n d so i l -app l ied b o r o n fer t i l i zers . 
S i g n i f i c a n t response o f A m e l o n a d o cacao to fo l i a r -app l i ed 
K was observed w i t h i n 2 years. W i t h i n 3 years s ign i f i can t 
response t o so i l -app l ied b o r o n was observed. Broadcast of 
area a r o u n d the base o f A m a z o n cacao seedl ing at the rate 
o f 5 - 1 0 g /p lan t fo r 2 years increased g r o w t h rate. Possible 
f e r t i l i z e r rates o f a p p l i c a t i o n fo r cacao trees are 120 -240 
k g / h a / a n n u m N (app l i ed t w i c e ) , 30 -60 k g / h a / a n n u m P. 
6 7 k g / h a / a n n u m K and 6 g b o r o n per tree. 

( T h e use of c o m p o u n d fe r t i l i ze rs f o r cacao in t he d i s t r i c t 
o f R i o f n ' o , a banana g r o w i n g area) A b o n a m i e n t o del cacao 
c o n fe r t i l i zan tes compues tos" en el c o r r e g i m i e n t o de 
R i o f r i o . zona bananera Q U I R 0 2 P, G. , B O N I L L A M , A . 
a n d D E L G A O O V , J . L . Un ivers idad Tecno l6g i ca de l 
Magda lena, Santa M a r t a , C o l o m b i a - In: Proceedings 8th 
International Cocoa Research Conference, Cartagena, 
Colombia, 18-23 Oct 1981 Cocoa Producers ' A l l i ance , 
Lagos p. 175-177 1 9 8 2 . 

A n e x p e r i m e n t was c o n d u c t e d t o o b t a i n data o n 
n u t r i t i o n a n d y i e l d resu l t ing f r o m a p p l i c a t i o n o f c o m p o u n d 
fer t i l i zers o n c o m m e r c i a l cacao p l a n t a t i o n s . T rea tmen ts 
consis ted o f th ree c o m p o u n d fe r t i l i ze rs 13-26-4, 12-6-22-2, 
12-12-17-2 a n d t r i p l e 14 in doses o f 3 5 0 , 4 0 0 and 4 5 0 
kg /ha fo r each a n d a c o n t r o l . T w o equa l app l i ca t ions were 
made in one year w i t h 6 m o n t h i n te rva l at the onset o f each 
ra iny p e r i o d . A p p l i c a t i o n s were ca r r i ed o u t b y hand in a 
c i rcu la r s t r i p 2 0 c m w ide and one m e t r e f r o m the base of 
the t r u n k , w h i c h was then covered w i t h soil and fa l len 
leaves. T h e results showed tha t t he doses o f 3 5 0 kg /ha /year 
gave the h ignest average cacao y i e l d in the case o f all f o u r 
fer t i l i zers used. T h e best y i e l d responses were o b t a i n e d 
us ing the l owes t dose of fe r t i l i ze rs 13-26-4 and 12-6-22-2 , 
w h i c h increased y i e l d by 55 per cent and 4 6 per cen t , 
respec t ive ly , w h e n compared w i t h t he c o n t r o l . 

(Select ive edapho -c l ima t i c f a c t o r s i n t he zon ing of cacao 
g r o w i n g in sou theas te rn Bahia) Fa to res eda fo -c l imd t i cos 
p e r t u s u m ( H o m o p t e r a : M e m b r a c i d a e ) praga d o 
cacauei ro na Bah ia A B R E U , J . M . D E and M I L A N E Z , J .M . 
S I L V A , L . F . D A Cen t ro de Pesquisas d o Cacau (CEPEC) , 
I taWjna , Bah ia . Braz i l - In: Proceedings 8th International 
Cocoa Research Conference, Cartagena, Colombia. 18-23 
Oct 1981 C o c o a Producers ' A l l i a n c e , Lagos p . 185 -197 
1982 . 

Some fa i lu res in cacao p l a n t i n g have been recorded due 
t o poo r cho i ce o f areas - fac to rs re la ted t o soi l or c l ima te 
o r b o t h . T w o factors may act i n i so la t i on , or as in the 
m a j o r i t y o f cases, be in te r - re la ted , so tha t a know ledge o f 
the i n t e r a c t i o n o f c l ima te a n d soi l is essential w h e n 
eva lua t ing the behav iour o f cacao unde r var ious eco log ica l 
c o n d i t i o n s . Aspec ts of the so i l l i n k e d t o agr icu l tu ra l use -
f e r t i l i t y , t e x t u r e , water r e t e n t i o n , d e p t h and p h y s i o g r a p h y , 
and l i n k e d t o c l ima te — mean ai r t e m p e r a t u r e , ex t remes in 
air t e m p e r a t u r e and mean r a i n f a l l , the types o f area o f 
p o t e n t i a l use f o r cacao c u l t i v a t i o n were establ ished, t ak i ng 
i n t o a c c o u n t the i n t e g r a t i o n o f these edapho-c l ima t i c 
fac to rs . 

I n t e r a c t i o n b e t w e e n r o o t a n d shoo t g r o w t h in cacao 
seedl ings H A R D W I C K , K . , S L E I G H , P .A . and C O L L I N . 
H . A . D e p a r t m e n t of B o t a n y , Un ive rs i t y o f L i v e r p o o l , 
L i v e r p o o l , U K - In: Proceedings 8th International Cocoa 
Research Conference, Cartagena. Colombia. 18-23 Oct 
1981 C o c o a Producers ' A l l i a n c e , Lagos p. 209 -214 1982 . 

R o o t g r o w t h in cacao seedl ings was shown to be c lear ly 
r h y t h m i c w i t h per iods o f h igh g r o w t h rate largely 
c o i n c i d e n t w i t h l o w leaf g r o w t h and vice versa. A l t h o u g h 
c a r b o h y d r a t e and p lant w a t e r s ta tus are l i ke l y t o be ma jo r 
fac tors c o n t r o l l i n g g r o w t h o f b o t h roo t and shoo t , deta i ls 
of the m e c h a n i s m are n o t c lear . Nevertheless th is k n o w -
ledge o f the r o o t system b e h a v i o u r c o u l d be o f i m p o r t a n c e 
in t he c u l t i v a t i o n o f cacao i n d i c a t i n g the o p t i m u m par t o f 
the g r o w t h cyc le fo r i r r i g a t i o n , app l i ca t i on of fer t i l izers 
a n d f o r t r ansp lan ta t i on o f seedl ings. 

T h e e f f e c t o f g ibbere l l i c ac id a n d var ious aux ins o n E th re l 
i n d u c e d w i l t of cacao O R C H A R D , J .E. and R E S N I K , M .E . 
D iv isao de Botan ica , C e n t r o de Pesquisas d o Cacau 
(CEPEC) , I tabuna , Bah ia , B raz i l - In: Proceedings 8th 
International Cocoa Research Conference. Cartagena, 
Colombia, 18-23 Oct 1981 Cocoa Producers ' A l l i ance , 
Lagos p . 2 2 3 - 2 2 8 1982 . 

Chere l le can be a r t i f i c a l l y i nduced by the app l i ca t i on 
o f t he e t h y l e n e - p r o d u c i n g substance. E thre l ( e t h e p h o n ) , 
t o the pedicels of y o u n g f r u i t . Th is m e t h o d was used as a 
screening test t o evaluate t he po ten t i a l o f some g r o w t h 
regu la t ing substances t o reduce w i l t . G ibbere l l i c ac id (GA) 
p reven ted the w i l t o f 10 t o 50 -day o ld f ru i t s w h e n app l i ed 
in l a n o l i n paste. A n aqueous spray o f G A o n l y coun te r -
ac ted t he ac t ion o f E th re l o n 10-day o l d f ru i ts . 
N a p h t h a l e n e acetic ac id ( N A A ) o n l y p reven ted w i l t w h e n 
a p p l i e d t o 10-day o l d f r u i t s . T h e app l i ca t i on of 2 ,4 -D , 
2 ,4 ,5 -T and 2 ,4 ,5-TP d i d n o t reduce E th re l - i nduced w i l t 
and even p r o v o k e d w i l t i m m e d i a t e l y f o l l o w i n g the i r 
a p p l i c a t i o n in l ano l i n paste. G A had no e f fec t o n f r u i t 
g r o w t h and d e v e l o p m e n t . N A A appeared t o reduce f r u i t 
g r o w t h a n d al ter seed d e v e l o p m e n t . 

(Measur ing t r a n s p i r a t i o n in cacao 
m o i s t u r e ) R e d i s t r i b u i p i o de agua 
cacaue i ro por var iacao da u m i d a d e nc 
and A L V I M , P. DE T . D iv isao de G' 

b y va r i a t i on in so i l 
e t ransp i ra^ao d o 

C A D I M A 2 , A . 
Cen t ro de 

Pesquisas do Cacau (CEPEC) , I tabuna . Bahia. Br; 
In: Proceedings 8th International Cocoa Research 
Conference. Cartagena. Colombia. 18-23 Oct 1981 Cocoa 
Producers ' A l l i ance , Lagos p. 2 6 5 - 2 6 9 1982 . 

R.T 



In a 10-year o ld cacao 
six cacao trees were seU 
moisture. The vo lume of t 
this variable. The trees we 
w ide and 2 m deep. The gi 
po in t and immed ia te ly < 
prevent evaporat ion. S' 
eight weeks at dept 
distances of 30, 50 

ted fo 
n spiral 

n w i t h 3 X 3 m spacing 
measurement o f soi l 
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ind was watered t o saturat ion 
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the distance 

week water losses were very marked i 
second week this loss was much greate 
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fa l l ing t o 3.4 m m / d a y in the e ighth week. 

( C o n t r i b u t i o n t o data on the natural 
(Xy leborus spp.) , cacao pests in Bahi 
ao conhec imento dos in imigos na 
(Xy leborus spp.) pragas do cacau 
S O R I A , S. DE J. and M A C H A O O , A . B . M . Divisao de 
Zoolog ia , Cent ro de Pesquisas do Cacau (CEPEC), I tabuna, 
tahia, Brazi l - In: Proceedings 8th International Cocoa 

Research Conference, 
1981 Cocoa Producer" 
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Cynacantha bifida. Its 
was proved by examina t i on 
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T dose of 50, 100 and 1 5 0 g £ 
Kspectively. 24 hours £ 

Eva luat ion of f i ve systemic fungicides for c o n t r o l of 
P h y t o p h t h o r a pod r o t of cocoa M C G R E G O R . A . Low lands 
Agr i cu l tu ra l Exper imen t Sta t ion. Depar tment o f Pr imary 
Indust ry Keravat , East New Br i ta in , Papua New Guinea -
in: Proceedings 8th International Cocoa Research 
Conference, Cartagena. Colombia, 18-23 Oct 1981 Cocoa 
Producers' A l l iance. Lagos p. 295-299 1982. 

R i d o m i l (meta laxy l ) and N o r d o x (cupro i 
a substant ia l and s igni f icant reduc t ion in 
in fect ions arising f r o m zoospore inoci 
s ign i f icant ly reduced percentage Phytophtho 
the f ie ld . A l ie t te ( fosety l -AI ) was less 
con t ro l l i ng natural and art i f ic ia l i n f p r t i nn 
R i d o m i l or N o r d o x wh i l s t Curzate CC 
/ captafo l + c y m o x a n i l ) was inpf f 
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and A l ie t te t reatments 
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A p lo t f reshly cleared for cacao p lan t ing was sampled 
t o determine the nematode types and the i r popu la t ion 
level. Samples were taken f r o m seedling rhizosphere three 
mon ths af ter t ransplant ing, and subsequent ly at t w o 
m o n t h 
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second yea 
considerably 

Helico\ 
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and 
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o r t o p lant ing. In the 
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were seasonal f l uc tua t ions in nematode 

Cartagena, Colombia, 18-23 Oct 
Al l iance, Lagos p. 2 8 9 - 2 9 0 1982. 
d ragonf ly in evening swarms was 
ole as a predator of X v / e i o r u i spp. 
t i on o f f o o d remains in its digestive 

: exclusively of f ragments of 
t the species G. bifida meri ts 
ind cacao p lan ta t ions because 

and that i t also mer i ts more 
r knowledge of i ts b io logical 

icts of the b io logy o f Cr in ipe l l l s perniciosa In 
Region (Colombia) ) A lgunos aspectos de la 
CrinipelMs perniciosa, en la region de Uraba 
A R A N Z A Z U H, F. I ns t i t u to Co lombiano 

io ( ICA) , Mede l l in , Co lomb ia - In: Proceedings 
\tional Cocoa Research Conference, Cartagena, 
18-23 Oct 1981 Cocoa Producers ' Al l iance, 

Lagos p. 323-328 1982. 
Witches' b r o o m disease is conside 

(Some aspi 
the Uraba 
bio logia de 
(Colombia) 
Agropecua i 
8 th In term 
Colomb 

sthro ids in the c o n t r o l of 
:ao pest In Bahia) Aval iagao 

OS no cont ro le de H o p l o p h o r i o n 
Membracidae) praga do cacaueiro 

A B R E U . J .M. DE and M I L A N E Z , J .M. 
Pesquisas d o Cacau (CEPEC), I tabuna, Bahia, 

j; Proceedings 8th International Cocoa Research 
Cartagena. Colombia. 18-23 Oct 1981 Cocoa 

A l l iance. Lagos p. 291 -293 1982. 
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lombia . It was f o u n d tha t the b r o o m length 
the year according t o the physio logical state 

lo tree. The average t ime dur ing w h i c h the 
lained in the green state was f ive weeks; the 
2Mod averaged one week. The m i n i m u m t ime 
• the start of basidiocarp p r o d u c t i o n was eleven 
I the t ime the b r o o m w i t he red . M a x i m u m 
of basidiocarps was recorded in the last three 
the rainy season. A m o n g the possible factors, 
e and abundance of saprophyt ic bodies in 

w i t h the C. perniciosa m y c e l i u m at certain 
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Jbtained correspond w i t h the T r i n i d a d reports, 
jsearch carr ied out more than 4 0 years ago. 

(Insect pests of cacao in Amazon ia ) Insetos nocivos ao 
cacaueiro na Amazdn ia G A R C I A , J. DE J. D A and 
M E N D E S , A .C. OE B. Depar tamento Especial da Amazf in ia 
( D E P E A ) , Commissao Execut iva do Piano de Lavoura 
Cacaueira (CEPLAC) . Bel6m, Para, Brazi l - In: Proceedings. 
8th International Cocoa Research Conference, Cartagena. 
Colombia. 18-23 Oct 1981 Cocoa Producers' A l l iance, 
Lagos p. 331-333 1983 
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1980, using manual 
shock ( K n o c k d o w n ) 
ren t H C H . A f t e r ide 

ina of various 
J being the pr i 
onia. These spi 
mic damage a . . . 
IS and local i t ies of thei r highe 

of fa 

Ama 

t imated at some 53 ,000 hectares, 
,. ^ .w- i l ian Amazon ia is now present ing 
3ry problems. Damage caused t o crops by 

ncrease in recent years, especially 
deforesta t ion. T o i d e n t i f y the 
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Changes In nematode types and popu la t i on densi ty in the 
f i rs t t w o years of cocoa establ ishment A F O L A M I . S.O. 
Cocoa Research Inst, of Nigeria (CRIN) , Ibadan, Nigeria -
In: Proceedings 8th International Cocoa Research 
Conference, Cartagena. Colombia. 18 23 Oct 1981 Cocoa 
Prnr iu rPK' A l l iance Laaos D. 301-306 1982. 

(Recent advances In chemical p ro tec t i on of young cacao 
plants f r o m pests and the scale insect vectors of swol len 
shoot in Togo) Progres r i cen t s dans la p ro tec t i on ch lm ique 
des jeunes cacaoyers cen t re les ravageurs et les cocheni l les 
vectrices du "swo l len s h o o t " au Togo N G U Y E N B A N . J. 
Centre de Recherches, Ins t i i u t Fran?ais du Caf6 et du 
Cacao ( IFCC) . Kpa l im6. Togo - I n : Proceedings 8th 
International Cocoa Research Conference, Cartagena. 
Colombia. 18-23 Oct 1981 Cocoa Producers' A l l iance . 
Lagos p. 335-337 1982. 

Fol iar sprays w i t h t r iazophos 40 EC. f o r m o t h i o n 3 3 EC 
and heptenophos 50 EC at the rate of 2.2 g a. i . /ha, 
ef fect ively con t ro l scale insects of the genus Planococcus 
for a 30-50 day per iod (95-100 per cent e f fect ive) . Decis 
18 EC (decamethr in) at 39 .6 g a.i./ha is s l ight ly less 
effect ive than the organophosphorus sprays. A t 1.1 g a. i . /ha 
tr iazophos 40 EC shows the same per formance as at 2 .2 g 
a.i . /ha, wh i l e at the same concent ra t ion f o r m o t h i o n 3 3 EC 
becomes less active af ter 10 days. The response o f Tyora 
rf ivrmani (Pcv/llir<Ap) i n is more variable b o t h as 
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regards i m m e d i a t e e f fec t and pers istence. F o r m o t h i o n 60 
EC at 2 .2 g a . i . / ha and t i azophos at 1.1 g a . i . /ha give t o ta l 
c o n t r o l o f psy l l i ds f o r one m o n t h . Subsequent ly the i r 
persistence is la rge ly dependen t on the vegetat ive state o f 
the cacao. 

F ie ld t r ia ls w i t h insect ic ides and spray ing e q u i p m e n t s t o 
c o n t r o l c o c o a m i r i d Sahlbergel la s ingular is in N iger ia 
O M O L E . M . M . and O J O , A . A . Cocoa Research Inst , o f 
Niger ia ( C R I N ) . Ibadan. N iger ia - In: Proceedings 8th 
International Cocoa Research Conference, Cartagena, 
Colombia. 18-23 Oct 1981 Cocoa Producers ' A l l i ance 
Lagos p. 3 3 9 - 3 4 3 1982 . 

Eleven insect ic ides were eva lua ted in the f i e ld t o c o n t r o l 
the m i r i d Sahlbergella singularis. Me thods o f a p p l i c a t i o n 
i nc luded a t o m i z a t i o n using knapsack or m o t o r i z e d m is t -
b l owe r a n d t h e r m a l fogg ing using t he swingfog mach ine . 
E f fec t i ve c o n t r o l o f the m i r i d was achieved by sp ray ing 
w i t h L i n d e x 2 0 EC { l i ndane) . M I P C ( i soprocarb ) , Caps i tox 
20 EC. P e r f e k t a n 2 0 EC ( l i ndane) , Dursban 4 0 EC (ch lo r -
p y r i f o s ) , S u m i c i d i n ( fenvalerate) and E loc ron 4 0 EC 
(d i oxaca rb ) . the per cent m o r t a l i t y d u r i n g the 3 r d week o f 
a p p l i c a t i o n be ing 9 1 . 3 , 9 3 . 3 , 9 4 . 6 . 97 .5 . 97 .9 , 9 8 . 4 . 1 0 0 
and 100 , respec t ive ly . O t h e r insect ic ides t ike W L 4 3 4 6 7 , 
P e r f e k t h i o n (d ime thoa te ) and f e n i t r o t h i o n were e f f ec t i ve 
d u r i n g t he f i rs t 2 weeks b u t lost the i r e f f i cacy s h o r t l y 
a f t e rwards . In f u r t h e r t r ia ls all t he mi r ic ides eva lua ted, 
e f f ec t i ve l y c o n t r o l l e d m i r i d p o p u l a t i o n 2 weeks a f t e r 
a p p l i c a t i o n . L i ndane 16 per cent and d i az i non 9 0 SCO 
m i x e d w i t h diesel at rates o f 2 I a n d 0 . 5 6 I /ha, respec t ive ly , 
were e f f ec t i ve . 

Ear ly w o r k in t he c o n t r o l o f the cocoa p o d borer ( A c r o c e r -
cops c ramere l la ) in the Ph i l i pp ines V A N I A L I N G A M . 
T H O M A S , E. and M A N A L O , M . U . Cocoa Investors. 
H a g o n o y . Davao de l Sur , Ph i l i pp ines - In: Proceedings 8th 
International Cocoa Research Conference. Cartagena. 
Colombia. 18-23 Oct 1981 Cocoa Producers ' A l l i a n c e . 
Lagos p. 3 4 5 - 3 5 1 1982 . 

R e n e w e d in terest i n t he c o n t r o l o f the p o d bo re r or 
cacao m o t h was i n i t i a t e d in 1979 w i t h a large-scale 
p l a n t i n g p r o g r a m m e o f U p p e r A m a z o n h y b r i d cacao unde r 
coconu t s . Th ree d i f f e r e n t larval stages were i d e n t i f i e d . By 
l oca t i ng the actual res t ing place o f the adu l t d u r i n g the 
day . an e f f ec t i ve t r a p p i n g m e t h o d was devised t o es t ima te 
p o p u l a t i o n s o f the pest w i t h i n an area. Bagging o f pods 
and chem ica l c o n t r o l b y Ag roc i de (26 per cent H C H WP) 
were f o u n d to be m o s t e f f ec t i ve in r educ ing a d u l t 
p o p u l a t i o n s and subsequent p o d damage. Decis {2 .5 per 
cent d e c a m e t h r i n EC) and Lanr.ate (90 per cen t m e t h o m y l 
WSP) were f o u n d t o be e f f ec t i ve as ovic ides. A c o m b i n e d 
reg ime o f Ag roc i de and Decis. used in a heavi ly i n fes ted 
area at a l t e rna te w e e k l y in tervals reduced inc idence b y 
a b o u t 8 0 per cent a f te r t w o m o n t h s . However , p o d bo re r 
i n f e s t a t i o n increased in these b locks s ign i f i can t l y th ree 
m o n t h s f r o m the last a p p l i c a t i o n . B io log ica l c o n t r o l 
approaches are also be ing cons idered . 

(The p r o b l e m o f r o d e n t pests in cacao f a r m i n g in t he I v o r y 
Coast ) Le p rob ldme des rongeurs nuis ib ies a la cacaocu l tu re 
en C d t e d ' l v o i r e C O U L I B A L Y . N . I n s t i t u t Fran^ais d u Ca f^ 
et d u Cacao { I F C O . B ingerv i l le , Ivory Coast - In: 
Proceedings 8th International Cocoa Research Conference 
Cartagena. Colombia, 18-23 Oct 1981 Cocoa Producers ' 
A l l i a n c e , Lagos p. 3 5 3 - 3 5 5 1982 . 

R o d e n t s pose an acute p r o b l e m , p a r t i c u l a r l y in 
c o m m e r c i a l p l an ta t i ons . Na tu re and i m p o r t a n c e o f t he 
damage i n f l i c t e d a n d also the roden t species responsib le 
f o r t ha t damage are descr ibed . G e r m i n a t i n g beans are d u g 
u p a n d eaten o n the spot o r removed. Pod damage takes 
var ious f o rms . Less t h a n three m o n t h s a f te r manua l remova l 
o f al l pods s h o w i n g roden t damage new damage again 
a f f e c t e d 8 3 per cent o f pods. The f i rs t catches revealed the 
f o l l o w i n g species: Hylomyscus spp.. Praomys sp. . 
Crycetomys sp.. Mastomys sp. and Graphiurus sp. K n o w -
ledge o f the p o p u l a t i o n d y n a m i c s , e tho logy , r e p r o d u c t i o n 
a n d feed ing o f the species in ques t ion s h o u l d enable 
p l a n n e d c o n t r o l o f these pests. 

Pa thogen ic races o f Cr in ipe i l i s pern ic losa. W H E E L E R , 
B .E.J , and M E P S T E D . R . Imper ia l Co l t , of Science and 
T e c h n o l o g y , Un i ve rs i t y o f L o n d o n , Asco t , Berks , U K -
In: Proceedings 8th International Cocoa Research 
Conference. Cartagena. Colombia. 18-23 Oct 1981 Cocoa 
Producers ' A l l i ance , Lagos p. 3 6 5 - 3 7 0 1982. 

Dead w i t ches ' b r o o m s were i m p o r t e d f r o m var ious areas 
w i t h i n Braz i l . C o l o m b i a , Ecuado r , T r i n i d a d and Venezue la . 

T h e causal fungus, Crinipeilis perniciosa, was iso la ted f r o m 
m y c e l i u m in these b r o o m s and f r o m bas id iocarps i nduced 
o n t hem. G e r m i n a t e d seeds o f West A f r i c a n A m e l o n a d o and 
Scavina 6 cacao we re i n o c u l a t e d w i t h bas id iospores o f 
selected isolates. Isolates f r o m Ecuador were d is t i ngu ished 
b y the s lower ra te o f A m e l o n a d o seedl ing dea th a n d by 
m a r k e d s tem base swe l l i ng and b r o o m f o r m a t i o n o n Scavina 
6. A n isolate f r o m E c u a d o r also i nduced m o r e rap id b r o o m 
f o r m a t i o n o n y o u n g p lan ts o f A m e l o n a d o , ICS 1, E E T 19 
and EET 4 0 0 t h a n d i d an isolate f r o m Braz i l . T h e data 
suggest t ha t C. perniciosa f r o m Ecuador d i f f e r s f r o m o the r 
isolates and perhaps, also, t h a t w i t h i n these isolates f u r t h e r 
t ypes may be d i s t i ngu i shed . 

(Advances in t h e c h e m i c a l c o n t r o l o f cacao b lack p o d in 
Bah ia , Braz i l ) Progresses no c o n t r o l e q u i m i c o da p o d r i d a o 
parda do cacaueiro. na Bah ia . Brasi l L E L L I S , W . T . , 
F I G U E I R E D O . J . M . D E and P E R E I R A , J . L . D iv isao de 
F i t o p a t o l o g i a . C e n t r o de Pesquisas d o Cacau (CEPEC) , 
I t abuna . Bahia. B raz i l - In: Proceedings 8th International 
Cocoa Research Conference, Cartagena, Colombia, 18-23 
Oct 1981 Cocoa Producers ' A l l i ance , Lagos p. 3 7 1 - 3 7 4 
1982 . 

U n t i l 1979 t he o n l y fung ic ide used f o r t he c o n t r o l o f 
cacao b lack p o d was Coppe r Sandoz (cuprous o x i d e w i t h 
5 0 per cent m e t a l l i c c o p p e r ) . In the last t w o years f ive new 
fungic ides have been i n t r o d u c e d w i t h d i f f e r e n t 
f o r m u l a t i o n s : an o i l -based copper o x y c h l o r i d e f o r m u l a t i o n 
w i t h 35 per cen t me ta l l i c copper v / v ; a wa te r based 
f o r m u l a t i o n w i t h 3 6 per cent me ta l l i c copper v / v ; a n d 
post h u m i d t f i a b l e f o r m u l a t i o n s w h i c h c o n t a i n me ta l l i c 
copper . Some o rgan ic p r o d u c t s show p rom ise , o p e n i n g the 
w a y , shou ld t he need arise, f o r copper fung ic ide subs t i tu tes 
in disease c o n t r o l . T o deve lop new t e c h n o l o g y f o r t he 
c o n t r o l o f b lack p o d , research is be ing c o n d u c t e d i n t o the 
e f fec ts o f a n u m b e r o f fung ic ide app l i ca t i ons , using the 
same q u a n t i t y o f p r o d u c t per t ree t h r o u g h o u t the d i f f e r e n t 
t rea tments in o r d e r t o reduce m a n p o w e r and fue l requ i re -
ments . A hose and nozz le sys tem has been evo lved in the 
deve lopmen t o f chemica l sp ray ing mach ines . 

( D e v e l o p m e n t a n d i m p a c t o f M o n i l i a p o d r o t o f cacao in 
Costa Rica) Oesar ro l l o e i m p a c t o de la mon i l i as is del cacao 
en Costa R i ca E N R I Q U E Z , G . A . , B R E N E S , 0 . and 
D E L G A D O , J .C. C e n t r o A g r o n 6 m i c o T r o p i c a l de 
Invest igac i6n y Ensef ianza. T u r r i a l b a , Costa Rica — In: 
Proceedings 8th International Cocoa Research Conference, 
Cartagena, Colombia, 18-23 Oct 1981 Cocoa Producers ' 
A l l i ance . Lagos p . 3 7 5 - 3 8 0 1982 . 

I t is es t ima ted tha t there are a b o u t 2 5 . 6 1 2 ha p l an ted 
t o cacao in Costa R ica . In December 1978 M o n i l i a p o d ro t 
caused b y t he fungus MoniUophthora roreri was present in 
some 9 0 0 ha o f cacao, bu t . subsequen t inspect ions car r ied 
o u t t owa rds December 1979 establ ished t h a t the a f f e c t e d 
area had spread t o t a l l i n g some 7 1 5 0 ha. A t the end o f 1 9 8 0 
the disease was d iscovered in o t he r cacao g r o w i n g areas of 
the c o u n t r y a f f e c t i n g p lan ta t i ons t o var ious degrees. Deta i ls 
are given o f a series o f measures i m p l e m e n t e d t o c o m b a t 
M o n i l i a p o d r o t b y several i ns t i t u t i ons . 

(Ana lys is o f t he e v o l u t i o n and va r i a t i on in t h e inc idence o f 
w i t ches ' b r o o m disease in the Uraba reg ion ( C o l o m b i a ) ) 
Andl is is de la e v o l u c i 6 n y var iac ibn da la inc idenc ia de 
escoba de b ru ja en la reg ion de Uraba (Co lomb ia ) 
A R A N Z A Z U H , F . I n s t i t u t o C o l o m b i a n o A g r o p e c u a r i o 
( I C A ) . M e d e l t m . C o l o m b i a - In: Proceedings 8th Inter-
national Cocoa Research Conference, Cartagena. Colombia, 
18-23 Oct 1981 Cocoa Producers ' A l l i a n c e . Lagos p . 3 8 7 -
3 9 3 1 9 8 2 . 

W i t ches ' b r o o m disease is o f ma jo r conce rn in C o l o m b i a , 
as i t causes heavy losses in y i e ld . H igh levels o f disease were 
f o u n d in trees over 7 years o f age, b u t the inc idence c o u l d 
be s tab i l i zed a t a to le rab le level by f r e q u e n t l y app l i ed 
c o n t r o l measures a n d t h r o u g h i so la t i on o f the p l a n t a t i o n . 
The m o n t h l y average of b r o o m f o r m a t i o n showed a peak 
in D e c e m b e r and January and a m i n i m u m in May and June , 
i nd i ca t i ng t h a t the disease f o l l o w s a w e l l d e f i n e d annua l 
cyc le , b r o a d l y i n f l uenced by ra in d i s t r i b u t i o n , the 
phys io l og i ca l state o f the t ree and m a x i m u m and m i n i m u m 
per iods o f bas id iocarp f o r m a t i o n . Genera l l y speaking, i t is 
possible t o make a p lan fo r the in teg ra ted c o n t r o l o f th is 
disease us ing se l f - compat ib le mate r ia l w i t h l i m i t e d and 
s y n c h r o n i z e d s h o o t i n g character is t ics , spec i f i c t imes fo r 
the c o l l e c t i o n o f b r o o m s , a p p l y i n g sys temic fung ic ides , 
encou rag ing s a p r o p h y t i c bodies hos t i le t o the C. perniciosa 
m y c e l i u m , a n d p rope r app l i ca t i on o f f a r m i n g pract ices. 

R.T 



T h e re la t i ve v i ru lence of P h y t o p h t h o r a pa lm ivo ra and P. 
capsic i o n cacao in Bah ia , B raz i l L A W R E N C E , J.S.. L U Z , 
E . D . M . N . and R E S N I K , F .C .Z . C e n t r e de Pesquisas d o 
Cacau (CEPEC) . I t abuna , Bah ia . Braz i l - In: Proceedings 
8th International Cocoa Research Conference. Cartagena. 
Colombia. 18-23 Oct 1981 Cocoa Producers ' A l l i ance , 
Lagos p . 3 9 5 - 4 0 0 1982 . 

Z o o s p o r e suspensions f r o m P. palmivora and P. capsici 
were used to i nocu la te f u l l y -deve loped b u t u n r i p e , 
u n w o u n d e d , detached cacao pods. A f t e r 5 days, no 
s ign i f i can t d i f fe rences in v i ru lence were s h o w n b u t lesion 
d iamete rs o f P. palmivora we re t w i c e as large as those of 
P. capsici. Suspensions used t o i nocu la te p re -germina ted 
seeds s h o w e d tha t i n o c u l a t i o n w i t h P. palmivors 
cons i s ten t l y resul ted in l ower seedl ing emergence one 
m o n t h la ter t han w i t h P. capsici. S im i l a r results were 
o b t a i n e d w h e n stems o f seedlings w e r e , i nocu la ted , P. 
palmivora p r o d u c i n g tesion areas th ree t o f o u r t imes 
larger a f t e r 18 days than those o f P. capsici. A l l 
i n o c u l a t i o n tests c lear ly s h o w e d tha t P. palmivora was 
m o r e v i r u l e n t than P. capsici. Howeve r , because P. capsici 
is p r o b a b l y the p r e d o m i n a n t species o n cacao pods in 
Bahia. i t was conc luded tha t f u t u r e r o u t i n e screening 
s h o u l d be ca r r i ed o u t w i t h b o t h species. 

(Advances in t he repression of M o n i l i a p o d r o t i n cacao) 
Avances en la repres i6n de la mon i l i as is de cacao B A R R O S 
N O . O e p a r t a m e n t o de F o m e n t o , Compan i 'a Nac iona l 
de Choco la tes , M e d e l l m , C o l o m b i a - In: Proceedings 8th 
International Cocoa Research Conference. Cartagena, 
Colombia, 18-23 Oct 1981 Cocoa Producers ' A l l i ance . 
Lagos p. 4 0 1 - 4 0 5 1982 . 

R e d u c t i o n s in the annual harvest due t o M o n i l i a p o d 
ro t a m o u n t t o a b o u t one t h i r d o f the c o u n t r y ' s actual 
o u t p u t . H o w e v e r , th is disease can be c o n t r o l l e d 
e c o n o m i c a l l y , since eva lua t ion s tudies o f f a r m i n g c o n t r o l 
m e t h o d s presented in th is paper are e f fec t i ve in all types 
o f p lan ta t i ons . In f i e ld t r ia ls i n t r o d u c i n g measures o f 
g r o w t h i n h i b i t i o n i n t o the sys tem, a r e d u c t i o n in the 
inc idence o f M o n i l i a p o d ro t f r o m 3 0 . 6 t o 8 . 8 per cent 
has been achieved in a t yp i ca l s m a l l h o l d i n g (less t h a n 100 
ha) . Th i s resu l ted in a y i e l d increase f r o m 5 8 8 t o 1050 kg 
per hectare. S i m i l a r l y , on a 2 3 2 hectare f a r m o f the 
p l a n t a t i o n t y p e t he inc idence of M o n i l i a p o d r o t was 
reduced f r o m 52 .8 t o 22.4 per cen t , w i t h a consequent 
increase in y i e l d o f f r o m 390 kg t o 1 1 0 0 kg o f d r y we igh t 
cocoa per hectare. 

( Q u a n t i t a t i v e s tudy o f b r o o m p r o d u c t i o n o n cacao p lan ts 
a f f ec ted b y Cr in ipelMs pern ic iosa and its s ign i f i cance in t he 
management o1 t h e disease) E s t u d i o c u a n t i t a t i v o de la 
p r o d u c c i o n de escobas en p lantas de cacao, a fec tadas por 
Cr in ipe l l i s pern ic iosa y su s ign i f i cado en el m a n e j o de la 
en fe rmedad C I F U E N T E S , C., M A Y O R G A , M . and 
P R I E T O E. Facu l t ad de A g r o n o m i a , Un ivers idad Nac iona l 
de C o l o m b i a , Bogo ta . C o l o m b i a - In: Proceedings 8th 
International Cocoa Research Conference. Cartagena, 
Colombia, 18-23 Oct 1981 Cocoa Producers ' A l l i a n c e . 
Lagos p. 4 0 7 - 4 1 3 1 9 8 2 . 

I n f o r m a t i o n o n t he m o n t h l y d i s t r i b u t i o n o f b r o o m 
f o r m a t i o n and the r e l a t i on of th is t o o the r c l i m a t i c a n d 
a g r o n o m i c fac tors cons t i t u t es an i m p o r t a n t basis u p o n 
w h i c h t o establ ish a p r o g r a m m e o f b r o o m remova l t o he lp 
reduce t he v i ru lence o f w i t ches ' b r o o m disease of cacao. 
B r o o m p r o d u c t i o n records per t ree and per s t r a t u m and 
per year were c o m p l e t e d f o r t n i g h t l y b y c o u n t i n g a n d 
remov ing new i n fec t i ons . There was a progressive increase 
in t he n u m b e r o f b r o o m s p r o d u c e d f r o m January t o 
December , r is ing t o a peak in December and Janua ry . 
Over the year a series o f f l u c t u a t i o n s we re seen in t he 
n u m b e r of b rooms p r o d u c e d . Compara t i ve s tudies o f 
b r o o m p r o d u c t i o n in leaf buds and f l o w e r cushions s h o w e d 
cons iderab le q u a n t i t a t i v e d i f fe rences , a greater n u m b e r o f 
b r o o m s be ing f o u n d in t he la t te r s t r a t u m . 

Wi t ches ' b r o o m disease: w r o n g e x p e r i m e n t r igh t resul ts 
E V A N S H.C. and S O L O R Z A N O , G . R . C o m m o n w e a l t h 
Myco log i ca l Inst . , K e w , S u r r e y , U K - In: Proceedings 8th 
International Cocoa Research Conference, Cartagena, 
Colombia, 18-23 Oct 1981 Cocoa Producers ' A l l i ance , 
Lagos p . 415 -418 1982 . 

I n f o r m a t i o n o n the e p i d e m i o l o g y o f w i t ches ' b r o o m 
disease o f cacao is p resen ted . Dead b r o o m s general ly 
requ i re 3-4 m o n t h s e x p o s u r e t o we t c o n d i t i o n s be fo re 
bas id iocarp p r o d u c t i o n is i n i t i a t ed . Suspended b r o o m s 
p roduce s ign i f i can t l y m o r e ( > 3 t imes) bas id iocarps t h a n 
those o n the g round . B r o o m s o n the g r o u n d , however , s t i l l 
c o n s t i t u t e an i m p o r t a n t sou rce o f i n o c u l u m . Basidiospores 

n o n in the a i r b e t w e e n 2 2 - 0 4 . 0 0 hours f o l l o w i n g 
ase in re la t ive h u m i d i t y ( > 9 5 per cen t ) and a 

in tempera tu re ( < 240C) and p r o b a b l y m o v e 
ons iderable d is tance ( 5 0 - 7 0 k m ) . A l l par ts o f an 
led f lush are suscept ib le t o i n f e c t i o n . 

( D e v e l o p m e n t o f p h y t o a l e x i n s in some species o f t he genus 
T h e o b r o m a as a response t o i n f e c t i o n b y P h y t o p h t h o r a : 
s tudy of var ious cu l t i vars o f cacao and of one in te rspec i f i c 
h y b r i d ) E l a b o r a t i o n de p h y t o a l e x i n e s chez cer ta ines espfices 
du genre T h e o b r o m a en rdponse a I ' i n f e c t i o n par P h y t o -
p h t h o r a ; d tude de divers cu l t i va rs de cacaoyers et d ' u n 
h y b r i d e in te rspdc i f i que . D A G U E N E T , G . and P A R V A I S , 
J.P. Labo ra to i r e de P h y t o p a t h o l o g i e , I n s t i t u t Fran?ais d u 
Caf6 et d u Cacao ( I F C C ) , A b i d j a n , I vo ry Coast - In: 
Proceedings 8th International Cocoa Research Conference, 
Cartagena Colombia. 18-23 Oct 1981 Cocoa Producers ' 
A l l i ance , Lagos p. 4 3 3 - 4 3 8 1982 . 

Phy toa lex ins are cons idered t o be one o f the 
c o m p o n e n t s o f p lant resistance t o diseases. By means o f 
classical b i ochem ica l techn iques , such a substance o f h igh 
f u n g i t o x i c i t y was de tec ted in a n d iso la ted f r o m the stems 
o f T. grandiflorum, T. microcarpum, T. speciosum and in a 
species o f a c losely re lated genus. Herrania. In T. cacao, 
cul t ivars be long ing t o d i f f e r e n t g roups (Forasteros, 
A m e l o n a d o s and Uppe r A m a z o n s , Catongos, Cr io l l os and 
T r i n i t a r i os ) were s tud ied . It was never possib le t o isolate 
the p h y t o a l e x i n present in the o t h e r Theobromaj howsMei. 
a s imi la r substance o f weaker a c t i v i t y , was" de tec ted . T h e 
s tudy of the p r o g e n y o f T. cacao x T. grandiflorum showed 
tha t cer ta in ind iv idua ls had a resistance o f a t y p e 
comparab le t o t h a t o f the male p a r e n t ; in those ind iv idua ls 
the p h y t o a l e x i n character is t ic o f T. grandiflorum c o u l d be 
de tec ted s h o w i n g tha t th is character is t ransmiss ib le t o the 
p rogeny . 

T w o a d d i t i o n a l m e t h o d s fo r i n o c u l a t i o n o f seeds of cocoa 
f o r eva luat ing resistance against P h y t o p h t h o r a p a l m i v o r a 
S R E E N I V A S A N , T . N . and P E R S A D , G.C. Cocoa Research 
U n i t , Un ive rs i t y o f the West Ind ies, S t . A u g u s t i n e , T r i n i d a d , 
and T o b a g o - In: Proceedings 8th International Cocoa 
Research Conference, Cartagena. Colombia, 18-23 Oct 
1981 Cocoa Producers ' A l l i ance , Lagos p . 4 3 9 - 4 4 3 1982 . 

The inocu la used were (a) w h e a t gra in in fes ted w i t h 
P h y t o p h t h o r a and (b) hypha l discs (5 m m d iame te r ) cu t 
o f f f r o m the p e r i p h e r y o f a f ive-day o l d c u l t u r e o f P. 
palmivora g rown o n a p o t a t o dex t rose agar m e d i u m in the 
da rk . In the case o f i n o c u l u m (a) a single in fes ted whea t 
grain was placed in con tac t w i t h o p rege rm ina ted seed and 
covered w i t h f u m i g a t e d ( m e t h y l b r o x i d e ) p o t t i n g m i x t u r e . 
I n o c u l a t i o n w i t h h y p h a l discs was d o n e b y p lac ing a single 
disc o n the surface o f the p rege rm ina ted seed in such a w a y 
tha t the disc was in c o n t a c t w i t h the c o t y l e d o n a n d rad ic le . 
The seed w i t h t he h y p h a l disc was s o w n in f u m i g a t e d 
p o t t i n g m i x t u r e . T h e p o t t i n g m i x t u r e was k e p t mo is t w i t h 
we t newspr in t f o r s ix days. Surv iv ing seedl ings were 
c o u n t e d at week l y in terva ls . Eva luat ions o f these m e t h o d s 
were made toge the r w i t h the t w o o t h e r i n o c u l a t i o n 
me thods (cu l tu re h o m o g e n a t e and zoospore suspension) 
p rev ious ly used. 

Occur rence and d i s t r i b u t i o n o f cacao diseases in s o u t h 
Ind ia M O H A N A N , R .C . and K A V E R I A P P A , K . M . 
D e p a r t m e n t o f B iosc iences. Mangalore U n i v . . Manga lo re . 
Ka rna taka . Ind ia - In: Proceedings 8th International Cocoa 
Research Conference, Cartagena, Colombia. 18-23 Oct 
1981 Cocoa Producers ' A l l i ance . Lagos p . 4 4 5 - 4 4 9 1982 . 

A p p r o x i m a t e l y 1 3 . 0 0 0 ha o f land is unde r c u l t i v a t i o n 
w i t h cacao ma in l y as a m i x e d c r o p in c o c o n u t o r arecanut 
gardens. A de ta i led survey was u n d e r t a k e n d u r i n g t he 
m o n t h o f September i m m e d i a t e l y a f te r t he south-west 
m o n s o o n t o s tudy the occur rence and d i s t r i b u t i o n o f 
var ious diseases a f f e c t i n g th is c rop . M a j o r diseases we re 
b lack p o d [Phytophthora palmivora). charcoa l p o d ro t 
{Botryodiplodia theobromae). Colletotrichum p o d ro t 
and Colletotrichum leaf spot ( b o t h caused b y 
Colletotrichum gloeosporioides). s tem canker (/?. 
palmivora) and zinc d e f i c i e n c y . Black p o d , Colletotrichum 
p o d ro t and Colletotrichum leaf spot were observed in m o r e 
than 5 0 per cent o f t he gardens, w h i l e charcoa l p o d r o t , 
canker and zinc de f i c i ency we re n o t e d in less t h a n 5 0 per 
cent o f the gardens. D i s t r i c t wise, b lack p o d and 
Colletotrichum leaf spot we re present in all the d is t r i c ts . 
Colletotrichum p o d ro t was observed in all e x c e p t one 
d is t r i c t i n Kera la. The d i s t r i b u t i o n of t he o the r diseases 
var ied. 

R.T 



Recen t w o r k o n vascular-streak d ieback disease in Papua 
N e w Gu inea P R I O R . C. D e p a r t m e n t o f B i o l o g y , Un ive rs i t y 
o f Papua N e w Gu inea , Por t M o r e s b y . Papua New Guinea -
In: Proceedings 8th International Cocoa Research 
Conference, Cartagena. Colombia, 18-23 Oct ,1981 Cocoa 
Producers ' A l l i a n c e . Lagos p. 4 5 1 -454 1982 . ' 

T h e a p p l i c a t i o n o f a p rev ious ly r epo r t ed bas id iospore 
i n o c u l a t i o n t e c h n i q u e t o screening fo r resistance has been 
l i m i t e d b y the i n a b i l i t y t o p roduce spores in cu l t u re and 
the e r ra t i c ava i tab i l i t y o f i n o c u l u m f r o m na tu ra l l y o c c u r r i n g 
spo ropho res . Recen t l y t he use o f a dua l c u l t u r e t e c h n i q u e 
has enab led the p r o d u c t i o n o f basid iospores in c u l t u r c . 
Cacao cal lus cu l tu res g r o w n on a s y n t h e t i c agar m e d i u m 
are i n o c u l a t e d w i t h Oncobasidium theobromae m y c e l i u m . 
These c u l t u r e s have been s h o w n t o p roduce m o n i l o i d 
hyphae l i ke those f o u n d in spo rophores , b u t t hey d o no t 
become fe r t i l e under l a b o r a t o r y c o n d i t i o n s . The necessary 
s t i m u l u s fo r bas id iospore f o r m a t i o n may the re fo re be 
p r o v i d e d b y t he phys ica l and b io log ica l e n v i r o n m e n t under 
w h i c h spo ropho res na tu ra l l y f o r m . A system is descr ibed 
w h e r e b y these dua l cu l tu res may be exposed t o na tu ra l 
e n v i r o n m e n t a l c o n d i t i o n s w i t h the resu l t ing p r o d u c t i o n o f 
bas id iospores. The l i m i t a t i o n s and po ten t i a l o f th is system 
are discussed. 

( A e t i o l o g y o f cacao b lack p o d in t he states of Bah ia and 
E s p i r i t o Santo) E t i o log ia da p o d r i d a o parda do cacauei ro 
nos estados da Bahia e E s p i r i t o San to C A M P 6 L 0 , A . 
M . F . L . and L U Z , E . D . M . N . Oiv isao de F i t o p a t o l o g i a , 
C e n t r o de Pesqutsas d o Cacau (CEPEC) , I t abuna , Bah ia ! 
Braz i l - In: Proceedings 8th International Cocoa Research 
Conference, Cartagena. Colombia, 18-23 Oct 1981 Cocoa 
Producers ' A l l i ance , Lagos p. 4 5 5 - 4 5 9 1982 . 

T h e ' f u n g u s Phytophthora palmivora has been he ld 
responsib le f o r cacao b lack p o d in the cacao-growing slates 
o f Bah ia and Espi ' r i to San to in Braz i l . The survey f r o m 
1 9 7 8 t o 1 9 8 0 in these regions s h o w e d a p redom inance o f 
P. capsici (p rev ious ly k n o w n as P. palmivora M F 4 ) o n cacao 
pods in a p p r o x i m a t e l y 95 .0 per cent o f t he iso la t ions 
e f f ec ted . P. palmivora (sensu s t r i c t o P. palmivora M P j ) was 
f o u n d in abou t 3 .0 per cent o f the isolates; its presence was 
also de tec ted in nursery seedlings and i t causes canker in 
m a t u r e p lan ts . The species P. citrophthora, pa thogen ic t o 
pods (2 .0 per cen t ) and t o the stems o f m a t u r e cacao, was 
subsequen t l y recorded . These f ind ings . a l t hough 
i n c o m p l e t e , i nd i ca ted tha t P. capsici is the p r i nc ipa l causal 
agent o f cacao b lack p o d . 

S o m e d i f f e rences in isolates o f t he b lack p o d disease 
o rgan isms f r o m six cocoa g r o w i n g coun t r i es A S A R E 
N Y A K O . A . , M U L L E R , R . A . and B L A H A . G . Cocoa 
Research Inst . . New T a f o - A k i m , Ghana - In: Proceedings 
8th International Cocoa Research Conference. Cartagena, 
Colombia, 18-23 Oct 1981 Cocoa Producers ' A l l i ance , 
Lagos p. 4 6 1 - 4 7 1 1982 . 

Pa thogen i c i t y tests o n p regerm ina ted West A f r i c a n 
A m e l o n a d o seeds s h o w e d tha t v i ru lence o f 34 isolates 
f r o m Sao T o m 6 , C a m e r o o n , T o g o , Ghana. I vo ry Coast and 
Braz i l depended m a i n l y o n the i r ab i l i t y t o p roduce 
sporang ia in darkness. The o n l y P h y t o p h t h o r a drechsler i 
iso late tested p r o d u c e d sporangia in darkness and was also 
h igh l y pa thogen ic . T h e ab i l i t y t o p roduce sporangia in 
darkness was n o t re lated t o m a t i n g t y p e no r t o 
m o r p h o l o g i c a l t ypes . 

(Cacao b lack p o d caused b y P h y t o p h t h o r a sp. in T o g o : 
d e t e r m i n a t i o n o f causal species) La p o u r r i t u r e b rune des 
cabosses d u cacaoyer due a P h y t o p h t h o r a sp. au T o g o : 
d f i t e r m l n a t i o n des especes responsables D J I E K P O R . E .K . 
P A R T I O T , M . and L U C A S , P. Centre de Recherches 
I n s t i t u i Fran?ais d u Caf6 et d u Cacao ( I F C C ) , K p a l i m ^ . 
T o g o - In: Proceedings 8th International Cocoa Research 
Conference, Cartagena, Colombia, 18-23 Oct 1981 Cocoa 
Producers ' A l l i a n c e , Lagos p . 4 7 3 - 4 7 8 1 9 8 2 . 

Black p o d due t o Phytophthora spp. is the cause o f 
severe losses in T o g o . A p h y t o s a n i t a r y survey organ ized in 
t he d i f f e r e n t cacao g r o w i n g regions be tween 1978 and 1980 
showed tha t losses vary f r o m 10 t o 8 0 per cent acco rd ing 
t o the area. T h e L i t i m 6 and Ad6 l6 regions were w o r s t 
a f f ec ted , whereas in the K i o t o reg ion losses d o n o t exceed 
10 per cent o n average, despi te a f e w excep t ions o n t he 
K o u m a Plateau. A n in vitro s t u d y o f t he c o l o n y 
m o r p h o l o g y , t he m o r p h o l o g y o f the sporang ia , ped ice l 
l eng th , e x t e n t o f spo ru l a t i on and c h r o m o s o m e types o f 
isolates revealed the presence o f P. megakarya i n L i t i m 6 
Add l6 and par t o f K i o t o , t o t a l l i n g 8 0 per cent o f the 
Togolese cacao s t o c k , and P. palmivora o n the K o u m a 
Plateau a n d the Tov6 and A g o u d is t r i c t s in the K i o t o 

(S tudy o f i n f e c t i o n a n d s p o r u l a t i o n b y C r i n i pe l l i s 
pern ic iosa. causal agent o f w i t c h e s ' b r o o m disease o f cacao 
in G u a m a l . C o l o m b i a ) E s t u d i o de la i n f e c c i 6 n y 
esporu lac ion de l C r i n i pe l l i s pern ic iosa . agent causal de la 
escoba de b r u j a de l cacao en G u a m a l . C o l o m b i a 
C I F U E N T E S , C.. M A Y O R G A . M. and P R I E T O . E. 
Facu l tad de A g r o n o m i a . Un ive rs idad N a c i o n a l ' de 
C o l o m b i a . Bogo ta . C o l o m b i a - In: Proceedings 8th Inter-
national Cocoa Research Conference, Cartagena, Colombia, 
18-23 Oct 1981 Cocoa Producers ' A l l i ance , Lagos p. 4 8 5 -
4 9 2 1982 . 

Resul ts o f observat ions show t h a t 70 per cent o f t he leaf 
shoot b r o o m s have a green p e r i o d o f be tween 4 and 6 
weeks. H o w e v e r , i t is c lear t ha t some 10 per cent o f the 
b r o o m s have a green p e r i o d o f less than 4 weeks a n d t he 
rema in ing 2 0 per cent one longer than 6 weeks. T h e green 
per iod o f b r o o m s f o r m e d o n f l o w e r cushions, o n branches 
and o n the t r u n k lasts, o n average, be tween 4 and 6 weeks , 
and is i ndependen t o f the t i m e o f year and o f the stage o f 
d e v e l o p m e n t o f the c r o p . T h e m a j o r i t y of b r o o m s measure 
be tween 20 and 35 c m in leng th . T h e f o r m a t i o n o f bas id io-
carps is preceeded b y the h y d r a t i o n and s o f t e n i n g o f the 
d ry b r o o m s . M a x i m u m s p o r u l a t i o n occurs 3-4 weeks a f te r 
m a x i m u m ra in fa l l levels have been reached. M a x i m u m 
s p o r u l a t i o n in the f i rs t six m o n t h s was o b t a i n e d in the 
m o n t h o f June. In the second ha l f o f the year , m a x i m u m 
s p o r u l a t i o n was o b t a i n e d in O c t o b e r . F i na l l y , a b r o o m may 
p roduce bas id iocarps f o r a b o u t 2 years in pe r iods of 
h u m i d i t y and t h e n d ie away c o m p l e t e l y and d isappear . 

(Prospects and p recau t i ons in t he use o f R i d o m i l i n cacao 
c u l t i v a t i o n ) Perspect ivas y precauctones para el uso de 
R i d o m i l en el c u l t i v o de cacao R E Y E S , L .C. D E and 
M A R I N , C. Estac ion E x p e r i m e n t a l . Cen t ro de Invest iga-
c iones Agropecuar ias ( C E N I A P ) , Caucagua. Venezue la -
In: Proceedings 8th International Cocoa Research 
Conference. Cartagena. Colombia, 18-23 Oct 1981 Cocoa 
Producers ' A l l i ance , Lagos p . 5 2 7 - 5 3 0 1982 . 

Phytophthora palmivora is a serious pa thogen in cacao 
p lan ta t i ons and causes severe damage t o var ious organs o f 
the p lan t and cons ide rab le f r u i t loss. Th is w o r k presents 
the poss ib i l i t y o f i ts c o n t r o l b y the sys temic fung ic ide 
R i d o m i l ( m e i a l a x y l ) w h i c h e x h i b i t e d , unde r f i e ld 
c o n d i t i o n s , great e f f i c i e n c y , two -d imens iona l d i s t r i b u t i o n 
and persistence w h e n us ing a leaf dose o f 3 0 0 g c .p . /ha , 
w i t h a single app l i ca t i on per p r o d u c t i o n cyc le . Its use is 
r e c o m m e n d e d , b u t i ts a p p l i c a t i o n shou ld be l i m i t e d t o 
c o m b a t Phytophthora palmivora. since antagon isms were 
f o u n d against f ung i o f the genera Colletotrichum, 
Botryodiplodia and Fusarium i n t reated pods . Th i s jus t i f ies 
ex tens ive t ra in ing o f techn ic ians and farmers in the use o f 
the p r o d u c t . 

C u r r e n t status o f t he d e v e l o p m e n t o f R i d o m i l f o r t he 
c o n t r o l o f P h y t o p h t h o r a p o d ro t of cocoa M A R G O T P 
and W A R N E R Y , J . A g r i c u l t u r a l D iv . , Ciba-Geigy L t d . 
Basle, Sw i t ze r l and - In: Proceedings 8th International 
Cocoa Research Conference. Cartagena. Colombia. 18-23 
Oct 1981 Cocoa Producers ' A l l i ance . Lagos p. 531 -534 
1982 . 

In coun t r i es w h e r e s tandard spray in tervals are 
re la t ive ly l ong ( 30 days) and the disease pressure modera te , 
such as Cent ra l and S o u t h A m e r i c a and t he Far East, 
R i d o m i l ( m e t a l a x y l ) app l i ed at a rate o f 2 5 0 g a . i . /ha in 
spray vo lumes o f 1 2 0 - 1 6 0 I /ha d i r ec ted a t t he pods gives 
be t te r c o n t r o l o f Phytophthora p o d r o t t han can be 
achieved w i t h r e c o m m e n d e d rates o f coppe r fung ic ides. 
In regions whe re the i n f e c t i o n pressure is very h igh and 
s tandard spray in te rva ls are sho r t (14 days) such as West 
A f r i c a , the use of R i d o m i l permi ts an ex tens ion o f the 
spray in tervals t o 21 days. Rates in the region o f 5 0 g a . i . / 
ha app l ied in a spray vo lume o f 100 I /ha show par t i cu la r 
benef i t s over res idual fung ic ides d u r i n g t he p e r i o d o f 
f l o w e r i n g t o y o u n g p o d deve lopmen t . Season- long spray 
p rog rammes w i t h R i d o m i l o f f e r r e d u c t i o n in t he t o ta l 
n u m b e r o f sprays t h a t have to be app l ied . 

( E c o n o m y o f cacao b lack p o d c o n t r o l i n Bah ia . B raz i l : 
aerial versus g r o u n d spray ing) E c o n o m i a d o c o n t r o l e da 
p o d r i d a o parda d o cacauei ro na Bah ia , Bras i l : pu lver iza^ao 
adrea versus pu lve r i za^ao ter rest re D O R A S W A M Y G. and 
A R A U J O , J .B . D E C e n t r o de Pesquisas d o Cacau (CEPEC) , 
I tabuna , Bah ia . Braz i l ~ In: Proceedings 8th Internationa) 
Cocoa Research Conference. Cartagena, Colombia, 18-23 
Oct 1981 Cocoa Producers ' A l l i a n c e . Laoos p. 535 -544 
1982 . 

R.T 



T w o me thods o f f ung i c i de a p p l i c a t i o n (cuprous ox ide 
and coppe r o x y c h l o r i d e l in terms o f tec f in ica l e f f i c i ency 
and degree o f e c o n o m i c p r o f i t a b i l i t y , us ing da ta o n 
p r o d u c t i o n and inc idence o f t f ie disease, arc compared . 
T f ie results showed tha t g r o u n d sp ray ing is techn ica l l y 
m o r e e f f i c i e n t . Howeve r , t he cons iderab le d i f fe rences in 
cost i nd i ca ted tha t aerial sp ray ing was m o r e e c o n o m i c a l l y 
e f f i c i e n t . T h e highest increases in p r o d u c t i o n a t t r i bu tab le 
t o sp ray ing were o b t a i n e d in June and J u l y , w h i l e A p r i l , 
May and Augus t showed the lowes t values o f th is var iab le. 
The fung ic ides p r o d u c e d a p p r o x i m a t e l y equal pract ica l 
e f fec ts b u t f r o m a f inanc ia l p o i n t o f v iew cup rous ox ide 
p r o v e d pre ferab le . 

( E v a l u a t i o n of f o u r sys temic fung ic ides f o r t he c o n t r o l of 
C r i n i pe l l i s pern ic iosa in G u a m a l , C o l o m b i a ) E v a l u a t i o n de 
c u a t r o f ung i c i das s is t f imicos para el c o n t r o l de Cr in ipe l l i s 
pern ic iosa en G u a m a l , C o l o m b i a C I F U E N T E S , C. , P R I E T O , 
E and T O V A R , G . Facu l t ad de A g r o n o m i a , Un ivers idad 
Nac iona l de C o l o m b i a , Bogo ta , C o l o m b i a - In: Proceedings 
8th Internationa! Cocoa Research Conference, Cartagena, 
Colombia. 18-23 Oct 1981 Cocoa Producers ' A l l i ance , 
Lagos p . 5 4 5 - 5 5 0 1 9 8 2 . 

I t is i m p o r t a n t , w i t h i n the c o n c e p t o f i n teg ra ted manage-
m e n t o f the p r o b l e m o f w i t ches ' b r o o m in cacao, t o u t i l i ze 
chemica ls in t he f igh t against t he disease, in the f o r m of 
ce r t a i n sys temic fung ic ides w h i c h , w h e n app l i ed d u r i n g the 
green pe r i od o f the b r o o m , can c i rcu la te and exercise an 
i n h i b i t i n g e f f ec t o n the spo ru la t i ng p o t e n t i a l o f the 
m y c e l i u m . In th i s e x p e r i m e n t f ou r systemic fung ic ides were 
used: b i l o x a z o l , t r i a d i m e f o n , o x y c a r b o x i n and p y r a c a r b o l i d 
in the m a x i m u m , m e d i u m a n d m i n i m u m doses 
r e c o m m e n d e d b y the manu fac tu re r s . These were app l ied in 
t w o d i f f e r e n t w a y s : one app l i ca t i on t o green b r o o m s o f 
f o u r d i f f e r e n t ages f o r m e d o n f l o w e r cushions o f branches, 
and t w o app l i ca t i ons at t w o d i f f e r e n t ages o f the same 
b r o o m . N o n e o f t he t rea tments we re e f fec t i ve d u r i n g the 
n o r m a l course o f t he green per iod o r a f f ec ted g r o w t h o f t he 
b r o o m , w h i c h progressed n o r m a l l y f o l l o w i n g app l i ca t i on o f 
t he fung ic ides . 

( S t u d y of t he chemica l c o n t r o l of w i t c h e s ' b r o o m in cacaol 
E s t u d i o sobre el c o n t r o l q u i m i c o de la escoba de bru ja de l 
cacao M A Y O R G A P, M . and A R A N Z A Z U H , F. EstaciiSn 
E x p e r i m e n t a l Tu lenapa , C h i g o r o d d , C o l o m b i a - In: 
Proceedings 8th International Cocoa Research Conference, 
Cartagena. Colombia, 18-23 Oct 1981 Cocoa Producers ' 
A l l i ance , Lagos p . 5 5 1 - 5 5 5 1982. 

Since the f o r m a t i o n o f basid iocarps o f the fungus 
Crinipellis perniciosa occurs o n l y in decomposed d r y 
b r o o m s , the i n t e n t i o n was to break the cyc le of the disease 
b y res t r i c t ing the m y c e l i u m f o u n d inside the b r o o m s , w h i c h 
shou ld lead to a r e d u c t i o n in bas id iocarp f o r m a t i o n . The 
f o l l o w i n g t rea tmen ts we re used: t r i a d i m e f o n , o x y c a r b o x i n , 
ag r i cu l tu ra l o i l a n d a c o n t r o l , i n t w o m e t h o d s of 
a p p l i c a t i o n , by sp ray ing or immers ion . O x y c a r b o x i n and 
agr i cu l tu ra l o i l show mos t p romise as m y c e l i u m i n h i b i t o r s , 
f o l l o w e d by t r i a d i m e f o n , w h i c h was e f fec t i ve b o t h in green 
and in d r y b r o o m s . In the d r y b r o o m s w h i c h were f r u i t i n g , 
the p r o d u c t had a fung is ta t i c ac t i on , i n h i b i t i n g the f r u i t i n g 
process o f t he b r o o m s f o r a pe r i od of up t o th ree m o n t h s . 
A p p l i c a t i o n o f fung ic ides t o green b r o o m s on the t r ee , 
res t r ic ted bas id ioca rp f o r m a t i o n as c o m p a r e d w i t h the 
c o n t r o l . 

T e c h n o l o g y t rans fer t o cocoa fa rmers in West A f r i c a 
L A R Y E A , A . A . Lars A g r i c u l t u r a l C o n s u l t a n c y , Acc ra , 
Ghana - In: Proceedings 8th International Cocoa Research 
Conference. Cartagena, Colombia, 18-23 Oct 1981 Cocoa 
Producers ' A l l i a n c e , Lagos p. 583 -591 1982 . 

Six stages are recogn ized in t echno logy t rans fe r : 
( I I research ac t i v i t i es , (21 t he need to ensure ce r t a i n t y o f 
t he resul t unde r the va r ied c o n d i t i o n s o f use; (3) t o reduce 
t he p roven t echn ique ( i nnova t i on ) t o the level o f compre -
hens ion and the means o f the f a rmer ; (41 d i f f u s i o n of the 
i n n o v a t i o n t h r o u g h p ropaganda t o make the fa rmer aware; 
d e m o n s t r a t i o n s t o conv ince h i m o f the bene f i t s t o be 
de r i ved f r o m the i n n o v a t i o n to the p o i n t of h is readiness 
t o a d o p t i t : (5) assist ing the fa rmer by t ra in ing and advice 
o n t he m e t h o d o f a p p l i c a t i o n t o o b t a i n the best resu l t ; 
and (6) he lp ing h i m by the t i m e l y p rov i s i on o f the 
necessary i npu ts i n c l u d i n g f i nanc ia l , t o enable h i m to p u t 
the i n n o v a t i o n i n t o p rac t i ce . A t t e m p t is made t o i d e n t i f y 
some o f the c o n d i t i o n s a n d forces tha t serve as cons t ra in ts 
t o successful t rans fe r . Suggest ions are made regarding 
measures to be t a k e n b y G o v e r n m e n t s and t he Cocoa 
C o u n c i l t ha t w o u l d fac i l i ta te the t ransfer t o techno logy t o 
thp hpnp f i t n f the c o c o a i n d u s t r y . 

(The C o m p a n i a IMacional de C h o c o l a t e s S .A . and t he 
p r o m o t i o n of cacao f a r m i n g in C o l o m b i a ) La C o m p a i i f a 
Nac iona l de Choco la tes S - A . y el f o m e n t o del c u l t i v o de l 
cacao en C o l o m b i a IWORENO P, L .J . D e p a r t a m e n t o de 
F o m e n t o , Compai i i ' a Nac iona l de Choco la tes , M e d e l l i n , 
C o l o m b i a - In: Proceedings 8th International Cocoa 
Research Conference. Cartagena. Colombia. 18-23 Oct 
1981 Cocoa Producers ' A l l i ance , Lagos p . 5 9 3 - 5 9 7 1982 . 

Cacao has been g r o w n in C o l o m b i a f o r many years; 
y e t there has been such an increase in cacao c o n s u m p t i o n 
t h a t , a f t e r an e x p o r t i n g per iod i t has been an i m p o r t e r . 
T h e gove rnmen t launched a p r o m o t i o n campa ign to change 
th i s s i t u a t i o n , w i t h a v iew t o regain ing se l f - su f f i c iency and 
l o o k i n g t o become, once m o r e , an e x p o r t e r . T h e Compaf i ra 
Nactona l de Choco la tes echoed th i s c o n c e r n and in 1958 
c rea ted a d e p a r t m e n t fo r the p r o m o t i o n o f cacao g rowing . 
A t its o w n expense i t engaged a n u m b e r o f a g r o n o m i c and 
ag r i cu l tu ra l exper ts t o give d i r ec t techn ica l assistance to 
fa rmers and establ ished new cacao fa rms. W i t h these and 
o the r ac t i v i t ies the C o m p a n y has c o n t r i b u t e d towards the 
g r o w t h o f cacao fa rm ing . N o w C o l o m b i a is reach ing a p o i n t 
o f ba lance be tween p r o d u c t i o n a n d c o n s u m p t i o n . 

Progress r e p o r t o n t he P i l o t Cocoa E x t e n s i o n Pro jec t in t he 
D u n k w a d i s t r i c t of Ghana G Y A M F I , A . A . Cocoa 
P r o d u c t i o n Oiv . , M i n i s t r y o f A g r i c u l t u r e , A c c r a , Ghana -
m: Proceedings 8th International Cocoa Research 
Conference Cartagena. Colombia. 18-23 Oct 1981 Cocoa 
Producers ' A l l i a n c e , Lagos p. 5 9 9 - 6 0 3 1982 . 

I ne f f ec t i ve ex tens ion services have been i d e n t i f i e d as 
one o f t he m a j o r fac tors c o n t r i b u t i n g to the fa l l i n cacao 
p r o d u c t i o n in Ghana. I t t he re fo re became necessary fo r 
cacao ex tens ion services in t he c o u n t r y t o be re-organized 
and managed to be m o r e e f f i c i e n t and e f f ec t i ve . Spec i f ic 
ob jec t ives are discussed. A l t h o u g h several p r o b l e m s l ike 
una t t r ac t i ve p roduce r pr ices, scarc i ty o f l abour a n d o the r 
i npu t s , p o o r state o f roads a n d t r a n s p o r t a t i o n and 
unava i l ab i l i t y o f some basic necessities o f l i fe c o n f r o n t e d 
the fa rmers , the p ro jec t achieved some apprec iab le results. 
There is no d o u b t tha t the p ro jec t has s h o w n that a 
sys temat ic i n f o r m a t i o n campa ign is very e f f ec t i ve in 
i n d u c i n g f a rmer p a r t i c i p a t i o n in i m p r o v e d ag r i cu l t u ra l 
pract ices. 

(Cacao e x t e n s i o n w o r k in A l t o B e n i , Bo l i v ia ) T r a b a j o s de 
ex tens ion ag r i co la cacaotera e n el A l t o B e n i , Bolivi^a 
R O D R I G U E Z R , G. , D I A Z V , C. and R O M A Y M . E. 
Cen t ro A g r o n 6 m i c o T r o p i c a l de Invest igac idn y Ensenanza 
( C A T I E ) , T u r r i a l b a , Costa Rica - In: Proceedings 8th 
International Cocoa Research Conference. Cartagena. 
Colombia. 18-23 Oct 1981 Cocoa Producers ' A l l i a n c e , 
L a g o s p . 6 0 5 - 6 0 8 1982 . 

The present s tudy examines t he act iv i t ies over t he last 
three years o f six ex tens ion agencies. Th is covers the 
deve lopmen t of cacao f a r m i n g s ince p lan t i ng began u n t i l 
1980 the sequence o f ac t iv i t ies , t he p rob lems e n c o u n t e r e d 
and the resul ts ach ieved. T h e agencies are descr ibed, g i v m g 
the pos i t i on and t he n u m b e r o f c o m m u n i t i e s and fa rmers 
in each. The m e t h o d s f o l l o w e d i n rura l t r a i n i ng and g r o u p 
i naugura t i on are descr ibed, and the act iv i t ies of ru ra l 
t ra in ing in scope and impac t ach ieved are o u t l i n e d a n d 
examined . The es tab l i shment o f c o m m u n a l nurseries, t he 
p rob lems and m e t h o d o l o g y i nvo l ved and the ach ievements 
in th is d i r e c t i o n are m e n t i o n e d ; g iv ing the n u m b e r o f 
farmers i nvo lved per agency f o r t he d i f f e r e n t years. A n 
accoun t is given o f the m e t h o d s used fo r the t e c h n o l o g y 
t ransfer p r i nc i pa l l y in c o n n e c t i o n w i t h the c o n t r o l o f 
w i t ches ' b r o o m . The results o f t he p r o g r a m m e are ana lysed 
a n d f u t u re ac t iv i t ies o f cacao ex tens ion are o u t l i n e d . 

(Ex tens ion and t r a i n i n g m e t h o d in cacao f a r m i n g in t h e 
I v o r y Coast) M 6 t h o d e de vu lgar i sa t ion et d ' e n c a d r e m a n t 
de la cu l t u re d u cacao en Cte d ' l v o i r e N I A M K E , J. Soc i# t^ 
d 'Ass is tance T e c h n i q u e pou r la IWodernisat ion A g r i c o l e , 
A b i d j a n , I vo ry Coast - In: Proceedings 8th International 
Cocoa Research Conference. Cartagena. Colombia. 18-23 
Oct 1981 Cocoa Producers ' A l l i a n c e , Lagos p. 6 0 9 - 6 1 3 
1982 . . , , 

A t present , cacao is t he f o r e m o s t c r o p in the agr i cu l tu ra l 
e c o n o m y o f the I vo ry Coast . In o rder t o achieve 
q u a n t i t a t i v e and qua l i t a t i ve ob jec t i ves , t he act iv i t ies o l 
S A T M A C I , a s ta te -con t ro l l ed b o d y in charge o f ex tens ion 
in the sphere o f cacao f a r m i n g have m a i n l y been conce rned 
w i t h : c reat ing new farms us ing selected h igh ly p r o d u c t i v e 
p lan t mater ia l and p r o v e n m o d e r n f a r m i n g techn iques ; 
g radua l ly renova t ing t he en t i re t r a d i t i o n a l p r o d u c t i v e cacao 
e to r k - Ihp c o n t i n u a l t r a i n i ng and pe rmanen t recyc l ing o f a 
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qua l i f i ed and versat i le superv isory s ta f f ; and increas ing ly 
intensive t r a i n i n g o f registered farmers t o he lp t h e m be t te r 
unders tand t he t echn i ca l advice o f f e r e d . 

(E f fec ts of r u r a l e x t e n s i o n in t he c a c a o ^ r o m i n g regions o« 
Bahia and E s p f r i t o San to ) Resu l tados da extensao ru ra l 
nas regioes cacauei ras dos estados da Bah ia a d o E s p f r i t o 
San to C A R V A L H O , A . M . F . D E O e p a r t a m e n t o Extensao 
Comiss ro E x e c u t i v e d o Piano de Lavoura Cacaueira 
I C E P L A C ) . I t a b u n a , Bah ia , Braz i l - In: Proceedings 8th 
International Cocoa Research Conference, Cartagena 
Colombia. 18-23 Oct 1981 Cocoa Producers ' A l l i ance ' 
Lagos p. 6 1 5 - 6 2 0 1 9 8 2 . 

The p r e d o m i n a n t f a r m i n g s t ruc tu re (about 8 5 per cen t ! 
consists o f smal l a n d med ium-s i zed ho ld ings w i t h an area o f 
less than 5 0 hectares.. In terms o f cacao p r o d u c t i o n , more 
than hal f the p r o d u c t i o n is c e n t r e d o n ho ld ings p r o d u c i n g 
up to 45 t o n per a n n u m . The e f fec ts o f ex tens ion o n cacao 
p r o d u c t i o n a n d p r o d u c t i v i t y have been pa r t i cu l a r l y m a r k e d 

p r o d u c t i o n exceeded the 
3 0 0 , 0 0 0 t o n m a r k and is be ing m a i n t a i n e d above th is 
f igure, average p r o d u c t i v i t y at t he present t i m e is a r o u n d 
720 k g / h a / y e a r . D u r i n g 1980 farmers t o o k a c t i o n against 
pests o n m o r e t h a n 4 6 0 , 0 0 0 ha, c o n t r o l l e d diseases o n 
a p p r o x i m a t e l y 1 5 0 , 0 0 0 hectares, app l i ed fe r t i l i ze rs over an 
area exceed ing 2 2 0 , 0 0 0 hectares a n d p lan ted m o r e t h a n 
4 0 , 0 0 0 hectares o f cacao. 

( E c o n o m i c e f f i c i e n c y o f resources in t w o g roups o f cacao-
gro»»ing estates in the d i s t r i c t o« l lhSus, Bahia) Ef ic iSnc ia 
e c o n o m i c a dos recursos e m do i s g rupos de p ropr iedades 
cacaueiras d o m u n i c f p i o de l lhSus, Bahia C O S T A , A . D A 
S.C. and R E I S , A . J . D O S D e p a r t a m e n t o de Ex tensao 
Comissao Execu t i ve d o Piano de Lavoura Cacaueira 
( C E P L A C ) , I t abuna , Bahia, Braz i l - In: Proceedings 8th 
International Cocoa Research Conference, Cartagena 
Colombia, 18-23 Oct 1981 Cocoa Producers ' A l l i ance ' 
Lagos p . 6 2 1 - 6 2 6 1 9 8 2 . 

One g r o u p consists o f estates whe re t he p r o p r i e t o r 
resides o r lives ou t s i de b u t v is i ts at in tervals of no m o r e 
t h a n 8 days : in t he o the r g r o u p the p r o p r i e t o r lives ou t s i de 
and vis i ts less f r e q u e n t l y . T h e purpose o f the s tudy vi/as t o 
es t imate t he re l a t i onsh ip be tween the i n p u t levels 
p r o m o t i n g p r o d u c t i v i t y and t he level o f cacao t ree 
p r o d u c t i v i t y ; the es t ima ted equa t ions fo r t he t w o groups 
were c o m p a r e d a n d t he e c o n o m i c e f f i c i ency of t he cacao-
g r o w i n g enterpr ises in b o t h g roups analysed. The s ta t is t ica l 
test s h o w e d that the re was n o s ign i f i can t d i f fe rences in the 
ad jus ted f unc t i ons o f p r o d u c t i v i t y fo r t w o g roups o f 
estates. Resources are n o t be ing used t o the o p t i m u m level. 
Be t te r resul ts can be e x p e c t e d w i t h be t te r d i s t r i b u t i o n o f 
resources. T h e w a y in w h i c h decis ions were t a k e n d i d n o t 
a f f ec t the e c o n o m i c e f f i c i e n c y o f the estates. 

P roduce r - coun t r i es ' share o f t o t a l bene f i t s f r o m na t i ona l 
i nves tmen ts in cocoa research: a case s t u d y o f N iger ia 
A B I D O G U I M , A . M o o r P l a n t a t i o n , Na t i ona l Cereals 
Research Ins t . , I badan , N iger ia - In: Proceedings 8th 
International Cocoa Research Conference, Cartagena, 
Colombia, 18-23 Oct 1981 Cocoa Producers ' A l l i a n c e , 
Lagos p. 6 2 7 - 6 3 2 1 9 8 2 . 

Based o n t he sh i f t s in t he supp ly curve ar is ing f r o m 
increased p r o d u c t i v i t y due t o research, the present value 
o f t h e f l o w o f p r o d u c e r benef i ts was es t ima ted and 
expressed as a p r o p o r t i o n o f t o ta l benef i ts . T h e p roduce r 
bene f i t s were f o u n d t o be 8 2 per cent o f the t o t a l bene f i t 
f r o m cacao research. A p a r t f r o m the d i s t o r t i o n in resource 
a l l o c a t i o n w h i c h such s i t u a t i o n m i g h t have engendered i t 
raises some ser ious issues o f i n te rna t i ona l e q u i t y . T h u s r i ch 
consumer coun t r i es have been subs id ized over t he years by 
p o o r p roducer coun t r i es . I t is s tated tha t one possible 
app roach t o so lv ing t he p r o b l e m is t o e m b o d y in the 
I n t e rna t i ona l C o c o a A g r e e m e n t prov is ions f o r app rop r i a te 
levels o f c o n t r i b u t i o n b y consumer coun t r i es t o research 
s u p p o r t i n p r o d u c e r coun t r i es . Such p rov is ions also lead to 
be t t e r a l loca t ive e f f i c i e n c y . 

( U t i l i z a t i o n o f phys i o l og i ca l d isorders i n d u c e d b y cocoa 
OTOIIon shoo t v i rus : desc r i p t i on o f a s imp le b io log ica l 
i n d e x i n g test) U t i l i s a t i o n des p e r t u r b a t i o n s phys io log iques 
indu i tes par le v i r us d u swo l l en s h o o t d u cacaover 
(C.S.S.V. ) : d e f i n i t i o n d ' u n test b i o l o g i q u e s imp le 
d ' i n d e x a t i o n P A R T I O T , IM. and L U C A S , P. Cent re de 
Recherches, I n s t i t u t Francais du Caf4 et d u Cacao ( IFCC) , 
K p a l i m 6 , T o g o — In: Proceedings 8th International Cocoa 
Research Conference, Cartagena, Colombia, 18-23 Oct 
1981 Cocoa Producers ' A l l i ance . Laaos p . 6 8 1 - 6 8 3 1982 . 

The average n u m b e r o f ovules per ovary is stable in 
h e a l t h y cacao, does n o t vary accord ing to b io log ica l 
c o n d i t i o n s and is t r a n s m i t t e d c u m u l a t i v e l y . T h a t n u m b e r 
is s ign i f i can t l y reduced w h e n the cacao is diseased. Th i s 
occurs 2 m o n t h s a f t e r a r t i f i c i a l i n f e c t i o n . A s imp le 
b io log ica l i ndex ing test consists o f m o n i t o r i n g t he 
deve lopmen t o f the n u m b e r o f ovules per ova ry and w o u l d 
be very useful in v e r i f y i n g t he state o f hea l th o f co l l ec t i ons 
a n d in q u a r a m i n e s t a t i o n s . 

(Behav iour o f cacao cu l t i va rs w i t h respect t o b i t i ng -suck ing 
insects; poss ib i l i t y o f ear ly se lect ion o f t o l e ran t cacao t rees) ' 
C o m p o r t e m e n t de c u l t i v a r s de cacaoyers a I ' ^ a r d de 
que lques insectes d6pr6da teu rs : p o s s i b i l i t i d ' u n e se lec t ion 
pr6coce des cacaoyers t o l ^ ran t s D E C A Z Y B and 
C O U L I B A L Y , N . I n s t i t u t Francais d u Cafi ! et' d u Cacao 
( I F C C ) , A b i d j a n , I v o r y Coast - In: Proceedings 8th 
International Cocoa Research Conference, Cartagena 
Colombia, 18-23 Oct 1981 Cocoa Producers ' A l l i ance ' 
Lagos p . 6 8 5 - 6 8 8 1 9 8 2 . 

A n u m b e r o f s tud ies such as insect coun ts and observa-
t i o n o f the danger they have caused o n clones and h y b r i d s , 
y o u n g cacao a n d m a t u r e cacao trees in the Ivory Coast 
and Cameroon , have s h o w n tha t trees suscept ib le w h e n 
y o u n g t o a t tack b y b o l l w o r m s and psy l l ids rema in so f o r 
the i r who le l i fe . In a d d i t i o n , trees suscept ib le t o i n f es ta t i on 
b y psyl l ids and t h r i p s are equa l ly suscept ib le t o m i r i d 
a t t ack . Converse ly , cacao trees to le ran t t o psy l l ids a n d 
th r i ps are also t o l e r a n t t o m i r i ds . Behav iour s tudies o f 
y o u n g cacao trees u n d e r a t tack f r o m psy l l i ds , b o l l w o r m s 
and th r ips g ive very clear i nd i ca t i ons regarding the i r 
suscep t ib i l i t y t o m i r i d s . I t is the re fo re possible t o make 
ear ly se lect ion o f cacao cu l t ivars to le ran t t o m i r i d 

(Compara t i ve s t u d y o f 6 cacao h y b r i d s in the U raba reg ion 
o f C o l o m b i a ) E s t u d i o c o m p a r a t i v o de seis h f b r i d o s de 
cacao en la z o n a de U raba . C o l o m b i a M E J I A P, V . E . and 
R O N D O N C, J .G. EstaciSn E x p e r i m e n t a l Tu lenapa , 
Ch igo rod6 , C o l o m b i a - In: Proceedings 8th International 
Cocoa Research Conference, Cartagena, Colombia 18-23 
Oct 1981 Cocoa Producers ' A l l i ance , Lagos p 6 8 9 - 6 9 3 
1982. 

Since 1 9 7 4 , research has b e e n ' in progress i n t o the 
behav iour o f the h y b r i d s SCA 6 x ICS 3 9 ; S C A 12 x ICS 6 ; 
PA 4 6 X I M C 6 7 ; P 7 X ICS 6 ; E E T 9 5 x SCA 6 and SCA 6 
x IMC 6 7 , in o rder t o i d e n t i f y t he best at local level based 
on p r o d u c t i o n a n d to le rance to w i t c h e s ' b r o o m a n d M o n i l i a 
p o d r o t . T h e results o b t a i n e d so far i nd ica te the h y b r i d 
PA 4 6 X I M C 67 as t he best in te rms o f p r o d u c t i o n and 
disease' t o l e rance . A n o t h e r h y b r i d w i t h be t te r p r o d u c t i o n 
b u t l owe r disease to le rance is P 7 x ICS 6. T h e h y b r i d s w i t h 
Scavina genes such as SCA 6 x ICS 39 and SCA 6 x I M C 67 
have so fa r y i e l d e d lowes t . W i t h respect t o v igorous g r o w t h , 
the h y b r i d s compa red in the s tudy show s im i la r behav iour 
f o r t r u n k d i a m e t e r and c r o w n he igh t . A l t h o u g h the c r o w n 
height appears t o have become stable, the d i ame te r o f the 
t r u n k s t i l l con t i nues t o increase. 

I nhe r i t ance o f c lona l resistance t o Cera tocys t i s f i m b r i a t e 
in cacao h y b r i d s G A R D E L L A , D.S. , E N R I Q U E Z , G . A . and 
S A U N D E R S , J .L . Cen t ro A g r o n A m i c o T r o p i c a l de 
Invest igac i6n y Enser\anza ( C A T I E ) , T u r r i a l b a , Costa R ica 
- In: Proceedings 8th International Cocoa Research 
Conference, Cartagena, Colombia, 18-23 Oct 1981 Cocoa 
Producers ' A l l i ance , Lagos p. 6 9 5 - 7 0 2 1982 . 

G e n e t i c analysis o f a hal f d ia l le l cross demonst ra tes 
e f fec ts o f general c o m b i n i n g ab i l i t ies o f c lones a n d special 
c o m b i n i n g ab i l i t ies on crosses. These measurements shou ld 
be used f o r se lect ing c lones and h y b r i d s t o increase 
resistance. Clones w i t h d o m i n a n t genes p lus genes w i t h an 
a d d i t i v e e f f ec t shou ld be used t o i m p r o v e the resistance o f 
cacao to C. fimbriata. P h e n o t y p i c var iance f o r survival o f 
10 cacao hyb r i ds was 3 8 . 0 6 per cent d u e t o add i t i ve gene 
e f f ec t s , 3 0 . 5 2 per c e n t due t o e n v i r o n m e n t a l e f fec ts . 
Clones I M C - 6 7 and SPA-9 p r o b a b l y have d o m i n a n t genes 
f o r resistance to C. fimbriata, ICS-45 p r o b a b l y has a 
he te rozygous d o m i n a n t gene f o r suscep t i b i l i t y . U F - 6 1 3 
a p p a r e n t l y has more pa te rna l t han ma te rna l e f fec t o n 
resistance o f its p r o g e n y , 

(Assessment o f t he p r o d u c t i v e capac i t y o f 6 cacao hyb r i ds 
i n t h e D o m i n i c a n Repub l i c ) Eva luac i6n de la capacidad 
p r o d u c t i v e de 6 h i b r i d c s de cacao e n Repub l i ca 
D o m i n i c a n a B A T I S T A , L.J . Estac idn E x p e r i m e n t a l de l 
Cacao, Estado de A g r i c u l t u r e , Mata larga, San Francisco de 
Macor i s , D o m i n i c a n R e p u b l i c - In:- Proceedings 8th 
International Cocoa Research Conference, Cartagena 
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Colombia. 18-23 Oct 1981 Cocoa Producers ' A l l i ance , 
Lagos p. 713 -717 1982 . 

T h e variables s tud ied we re : n u m b e r o f pods and seeds, 
w e t and d r y we igh t o f the beans, height and g i r t h o f s tem 
a n d signs of ear ly m a t u r i t y . A t the same l i m e de te rm ina -
t i ons o f the presence a n d f r equency o f Phytophthora 
pa/mivora were made . The h y b r i d w i t h the h ighest average 
d r y w e i g h t y i e l d was SHB 3 w i t h 1 3 5 6 kg /ha . P r o d u c t i o n 
da ta showed tha t 47 per cent o f t he trees have m e d i u m 
y ie lds , p r o d u c i n g be tween 31 and 6 0 pods : 2 3 per cent are 
h i gh l y p r o d u c t i v e w i t h 61 -90 pods per t ree ; 19 per cent 
have l o w p r o d u c t i o n w i t h 1 -30 pods : and 3 per cent came 
w i t h i n the ca tegory o f u n p r o d u c t i v e trees. O n l y 8 p e r c e n t 
s h o w e d excep t i ona l p r o d u c t i o n in excess o f 9 0 pods. The 
h y b r i d s came i n t o p r o d u c t i o n at b e t w e e n 18 and 24 
m o n t h s . The f inal result shows t h a t the m a j o r i t y o f the 
trees s tud ied are m e d i u m and h igh ly p r o d u c t i v e trees, 
a l t h o u g h the average bean we igh t o f some h y b r i d s was less 
t h a n 1.0 g. P. pa/mivora was f o u n d to be present o n 
b e t w e e n 1 a n d 0 pods per t ree. 

( I m p l i c a t i o n s of tests t o detec t resistance t o Cera tocys t i s 
f i m b r i a t e in cacao) Imp l i cac iones de las p ruebas para 
de tec ta r resistencia a Cera tocys t i s f i m b r i a t a e n cacao 
G A R O E L L A , 0 . and E N R I Q U E Z , G . A . Cen t ro A g r o n d -
m i c r o T r o p i c a l de Inves t igac i6n y Ensef lanza ( C A T I E ) , 
T u r r i a l b a , Costa Rica - tn: Proceedings 8th International 
Cocoa Research Conference, Cartagena, Colombia, 18-23 
Oct 1981 Cocoa Producers ' A l l i a n c e , Lagos p. 719 -724 
1 9 8 2 . 

In some cases, ob jec t i ons have been raised against the 
m e t h o d used to de tec t resistance in cacao trees y e t in 
o t h e r cases i t has been used ex tens ive ly t o de tec t resistant 
geno types . A s tudy was made o f the e f fec t o f chang ing the 
test o r i g i na l l y p roposed , and compar i sons o f the results 
were ana lysed. A t t e m p t s were also 'made t o d iscover some 
reasons f o r these d i f fe rences . Tests were car r ied o u t t o 
detec t d i f f e r i n g p a t h o g e n i c i t y in d i f f e r e n t isolates, and a 
s t u d y was made o f the e f fec t of t empera tu re and i n o c u l u m 
c o n c e n t r a t i o n . It was f o u n d tha t t empera tu re had a m a r k e d 
e f fec t o n per i thec ia l p r o d u c t i o n and g r o w t h o f m y c e l i u m . 
L igh t had very l i t t l e e f fec t on t he behav iou r o f funga l 
g r o w t h , no r d i d the i n o c u l u m c o n c e n t r a t i o n have any very 
no t i ceab le e f fec t o n g r o w t h . N o d i f fe rences were f o u n d in 
the g r o w t h o f var ious isolates o f t he fungus o n d i f f e r e n t 
cacao c lones. The response of several species o f Theobroma 
t o the g r o w t h o f the fungus was eva luated. 

(Genetic improvement for resistance to Ceratocystis 
f imbriata in cacao) Mejoramiento gendtico para resistencia 
a Ceratocystis f imbriata en cacao O C A M P O R . F . . M A F L A 
B . G. and V I C T O R I A K , J . I . Cen t ro Na t i ona l de Invest i -
gaciones Agropecuar ias ( C N I A ) . I n s t i t u t o C o t o m b i a n o 
A g r o p e c u a r i o ( I C A ) . Pa lmi ra . C o l o m b i a - In: Proceedings 
8th International Cocoa Research Conference, Cartagena. 
Colombia. 18-23 Oct 1981 Cocoa Producers ' A l l i ance , 
Lagos p. 7 2 5 - 7 3 0 1982 . 

In the f i rs t six years o f the tree's l i fe the inc idence o f 
the disease was 0 .9 per cent and increased w i t h age o f t he 
t ree. The progeny o f the h y b r i d PA 4 6 x IMC 67 has n o t 
become in fec ted and a h igh level o f to le rance is d i sp layed 
by the p rogeny o f T S A 6 4 4 x PA 4 6 and ICS 6 x. I M C 67 . 
Tree deaths occu r red d u r i n g d r y per iods . In o rde r t o 
evaluate h y b r i d resistance t o the pa thogen the f o l l o w i n g 
m e t h o d s were c o m p a r e d : ba rk and w o o d , c o l o r i m e t r i c a n d 
p u n c h i n g . T h e p u n c h m e t h o d , w h i c h consists o f rep lac ing a 
disc o f ba rk w i t h a disc o f c u l t u r e m e d i u m c o n t a i n i n g t he 
fungus w i t h per i thec ia , was the mos t cons is tent and , using 
th is m e t h o d , the f o l l o w i n g h y b r i d s were i d e n t i f i e d as be ing 
m o d e r a t e l y resistant ICS 6 x PA 121. ICS 6 x I M C 67 and 
T S A 6 4 4 x PA 46 . 

Breeding for disease resistance to vascular-streak dieback, 
canker, and black pod in hybr id cocoa T A N , G . V . 
L o w l a n d s A g r i c u l t u r a l E x p e r i m e n t S t a t i o n . D e p a r t m e n t o f 
P r imary I n d u s t r y , Ke rava t , East N e w B r i t a i n , Papua N e w 
Gu inea - In: Proceedings 8th International Cocoa Research 
Conference. Cartagena. Colombia. 18-23 Oct 1981 Cocoa 
Producers ' A l l i ance , Lagos p. 7 3 1 - 7 3 4 1982 . 

A w i d e range o f va r i ab i l i t y was f o u n d f o r y i e l d and 
resistance t o vascular streak d ieback (caused by Onco-
basidium theobroma) and canker {Phytophthora 
palmivora) a m o n g progenies o f T r i n i t a r i o x A m a z o n i a n 
and T r i n i t a r i o crosses, b u t no s ign i f i can t d i f f e rence a m o n g 
progenies was f o u n d fo r b lack p o d disease (also caused by 
P. palmivora). H y b r i d progenies were general ly h igher 
y i e l d i n g and more resistant t o V S D and canker than the 
T r i n i t a r i o crosses. Resul ts d e m o n s t r a t e d tha t the characters 

o f resistance t o V S O and canker diseases are genet ica l ly 
c o n t r o l l e d , and can be t r a n s m i t t e d f r o m the parents t o 
the i r progenies. Crosses be tween t w o disease resistant 
parents w o u l d p r o d u c e h igh l y resistant progenies. More-
over , i t shou ld be possible t o c o m b i n e h igh y i e l d a n d 
resistance t o m u l t i p l e diseases in cacao h y b r i d progenies. 

Suscep t i b i l i t y o f c l ona l cocoa t o a t t ack b y t w o insect 
pests in Papua N e w Gu inea S M I T H . E.S.C. and M O L E S . 
O.J . Low lands A g r i c u l t u r a l E x p e r i m e n t S ta t i on , 
D e p a r t m e n t o f P r imary I n d u s t r y , Ke rava t , East New 
B r i t a i n . Papua N e w Gu inea - In: Proceedings 8th 
International Cocoa Research Conference. Cartagena. 
Colombia. J8-23 Oct 1981 Cocoa Producers ' A l l i ance , 
Lagos p. 735 -739 1 9 8 2 . 

S ix teen clones o f T r i n i t a r i o cacao we re assessed f o r 
t he i r suscept ib i l i t y t o a t t ack by the larvae o f Clenea 
aluensis (Co leoptera : Cerambyc idae) a n d t he m i r i d 
Pseudodoniella typica (He te rop te ra : M i r i d a e ) . H igh l y 
s ign i f i can t d i f fe rences in the c lona l suscep t i b i l i t y t o a t tack 
b y b o t h insects we re s h o w n a n d the c lones we re ranked 
i n t o f ive categories ranging f r o m resistant t o very 
suscept ib le . There was no c o r r e l a t i o n b e t w e e n the 
suscep t ib i l i t y o f c lones based o n these assessments or 
b e t w e e n the i r suscept ib i l i t ies t o ba rk canke r , and e i ther 
o f t he t w o pests. H o w e v e r , co r re la t i ons we re s h o w n 
b e t w e e n their suscep t i b i l i t y t o Phytophthora p o d ro t 
i n f e c t i o n and b o t h m i r i d a t tack and G. aluensis i n fes ta t i on . 
T h e s ign i f icance o f these f ind ings is discussed in re la t ion t o 
the cu r ren t breed ing and c lonal d i s t r i b u t i o n p r o g r a m m e s in 
Papua N e w Guinea. 

M i t i g a t i o n of cocoa a c i d i t y in Peninsular Ma lays ia C H I C K . 
W . H . . M A I N S T O N E , B.J . and W A I . S .T . D u n l o p Research 
Cen t re , Batang Me laka , Negr i Semb i l an , Ma lays ia - In: 
Proceedings 8th International Cocoa Research Conference, 
Cartagena. Colombia. 18-23 Oct 1981 Cocoa Producers ' 
A l l i a n c e , Lagos p. 7 5 9 - 7 6 4 1982 . 

Malays ian cu red cacao beans have been c r i t i c i zed 
because o f excessive residual ac i d i t y and weak choco la te 
f l avou r . A d hoc w o r k has given l i m i t e d ins ight f o r q u a l i t y 
i m p r o v e m e n t . A c c o r d i n g l y an e x p e r i m e n t was i n i t i a t e d t o 
invest igate commerc ia l f e r m e n t a t i o n techn iques . F ind ings 
show q u i c k pH d e t e r m i n a t i o n o f no value in assessing cu red 
cacao beans. T rea tmen ts , however , acted i n d e p e n d e n t l y and 
in v a r y i n g ways a f f ec ted vo la t i l e and non -vo la t i l e ac i d i t y 
in cu red beans. Yeast i n o c u l a t i o n boos ted vo la t i l e a c i d i t y b y 
27 per cen t wh i l e p u l p r e d u c t i o n reduced i t by 10 per cen t . 
Us ing a h a l l dep th f e r m e n t reduced non-vo la t i l e a c i d i t y b y 
31 per cent and yeast i n o c u l a t i o n by 21 per c e n t . N o n -
vo la t i l e ac i d i t y was s h o w n t o be re la ted t o taste de tec ted 
a c i d i t y and l o w values gave be t te r choco la te f l a v o u r . 

S tud ies o n the poss ib i l i t y o f us ing a c o m b i n a t i o n o f m o i s t 
heat and rad ia t i on t o c o n t r o l mou ld iness in d r i e d cocoa 
beans A P P I A H , V . , O D A M T T E N , G . T . and L A N G E R A K , 
D . I . D e p a r t m e n t o f B i o l o g y , F o o d and A g r i c u l t u r e , Ghana 
A t o m i c Energy C o m m i s s i o n , Legon , Ghana — In: 
Proceedings 8th International Cocoa Research Conference, 
Cartagena. Colombia. 18-23 Oct 1981 Cocoa Producers ' 
A l l i ance . Lagos p . 7 6 9 - 7 7 6 1982 . 

D r i e d cacao beans i n o c u l a t e d w i t h A. flavus we re 
t reated w i t h a c o m b i n a t i o n o f mo is t heat app l ied at 8 0 0 C 
and l o w o r h igh h u m i d i t y in a special ly des igned heat 
t r ea tmen t chamber f o r 3 0 m i n . f o l l o w e d by g a m m a 
i r rad ia t i on . Conc lus ions are tha t mo is t heat . 80OC app l i ed 
fo r 3 0 m i n under h igh h u m i d i t y ( > 8 5 per cent R H ) 
c o n d i t i o n s was be t te r t han the same t r e a t m e n t unde r l o w 
h u m i d i t y ( < 40 per cent R H ) cond'- t ions. The c o m b i n a t i o n 
o f hea t ing at 80OC fo r 3 0 m i n under h igh h u m i d i t y 
c o n d i t i o n s p r i o r t o gamma i r r ad ia t i on w i t h 4 . 0 k G y gave 
the mos t e f fec t i ve c o n t r o l o f A. flavus. Th is c o m b i n a t i o n 
can t he re fo re be used t o p reven t mou ld iness o f cacao 
beans b u t the ef fect iveness o f th is t r e a t m e n t is a u g m e n t e d 
by good storage management pract ices. For e f f ec t i ve 
c o n t r o l the beans have t o be s to red a f te r t he p rescr ibed 
t r ea tmen t at less t h a n 8 0 per cen t re lat ive h u m i d i t y . 

T h e eva lua t ion o f some q u a l i t y parameters o f cocoa a f t e r 
t he c o m b i n a t i o n t r e a t m e n t o f heat and rad ia t i on A P P I A H , 
v . . O D A M T T E N , G .T . and L A N G E R A K , D . I . D e p a r t m e n t 
o f B i o l o g y , F o o d and A g r i c u l t u r e , Ghana A t o m i c Energy 
Commiss ion , Legon , Ghana - In: Proceedings 8th Inter-
national Cocoa Research Conference, Cartagena. Colombia. 
18-23 Oct 1981 Cocoa Producers ' A l l i ance , Lagos p . 7 7 7 -
7 8 1 1982 . 

Hea l thy d r i ed cacao beans we re heated at 80OC in a 
special ly designed heat t r e a t m e n t chamber at e i ther l o w 
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{ < 40 per cen t ) or h igh h u m i d i t y ( > 8 5 per cent ) f o r 3 0 phoma sp. occu r red in a few be 
m inu tes f o l l o w e d b y g a m m a i r r a d i a t i o n w i t h 4 . 0 k G y . 
T h e s o l i d i f y i n g curves o f the cocoa b u t t e r f r o m the t rea ted 
beans were c o m p a r e d t o t he c o n t r o l . T h e c o m b i n a t i o n 
t r ea tmen t d i d no t cause any change in t he q u a l i t y o f t he 
cocoa b u t t e r f r o m the beans. T h e c o m b i n a t i o n t r e a t m e n t 
o f heat app l i ed fo r 3 0 m i n u t e s at SO^C h igh h u m i d i t y p r i o r 
t o gamma rad ia t i on w i t h 4 . 0 k G y has been f o u n d t o c o n t r o l 
mou ld iness i n cacao beans and since the prescr ibed t reat -
m e n t has n o adverse e f fec t on the q u a l i t y o f the beans, 
th is m e t h o d o f preservat ion can be app l i ed t o cacao beans 
and t h e y w i l l s t i l l r ema in acceptab le t o the consumer . 

(Cocoa storage in p las t ic bags) A r m a z e n a m e n t o de cacau 
em sacos p last icos P R A O O , 6.P. , S E R O D I O , R.S. a n d 
A B R E U . J . M . Cen t ro de Pesqulsas d o Cacau (CEPEC) , 
I tabuna . Bahia, Braz i l — /n: Proceedings 8th International 
Cocoa Research Conference. Cartagena, Colombia. 18-23 
Oct 1981 Cocoa Producers ' A l l i a n c e . Lagos p. 7 8 3 - 7 9 0 
1982 . 

Clear p o l y e t h y l e n e bags, 0 .1 m m t h i c k and w i t h a 
capac i ty o f 6 0 kg we re used t o test the poss ib i l i t y o f 
increasing the storage l i fe o f cocoa beans o n the f a r m . I t 
was f o u n d tha t d u r i n g t he wa rehous ing pe r i od storage in 
plast ic bags presented no p rob lems w i t h respect t o funga l 
d e v e l o p m e n t o r insect i n f es ta t i on , t he p r o d u c t b e i n g 
classi f ied as Super io r at the close o f the e x p e r i m e n t ( 16 
m o n t h s ) . Th is t ype o f bagging c o u l d be used t o s to re 
cocoa o n the fa rm, p r o v i d e d tha t t he beans are bagged in 
p rope r p h y t o s a n i t a r y c o n d i t i o n s and w i t h a m o i s t u r e 
c o n t e n t n o higher t h a n 7 . 5 per cen t (mo is tu re base). 

T h e c o n d i t i o n of cocoa o n ar r iva l at t he ma jo r d e p o t in 
• Niger ia M E J U L E , P .O. N iger ian S t o r e d Products Research 

Inst . . Lagos, N iger ia - In: Proceedings 8th International 
Cocoa Research Conference, Cartagena. Colombia, 18-23 
Oct 1981 Cocoa Producers ' A l l i a n c e , Lagos p. 7 9 1 - 7 9 5 
1982 . 

C o m p a r i s o n o f the q u a l i t y o f cacao beans received 
f r o m O y o , O g u n a n d O n d o States were made. T h e level 
o f insect i n f e s t a t i o n was made us ing the sieving m e t h o d . 
Ahasverus advens, Carpophilus spp . , Lasioderma serricorne. 
Cryptolestes sp.. Tribolium castaneum a n d Araecerus 
fasiculatus were a m o n g the m a j o r insects reco rded in the 
o rde r o f numbers . T h e average n u m b e r o f insects f o u n d 
per bag was 18. T h e average percentage m o i s t u r e c o n t e n t 
was 7 per cen t and the average we igh t o f debr is was 2 3 8 g. 
C o m p a r i s o n o f cacao f r o m the th ree states revealed t h a t the 
bags o f beans f r o m O n d o Sta te had the lowest m o i s t u r e 
c o n t e n t , l owes t n u m b e r o f insects and lowes t w e i g h t of 
debr i s . T h e percentage m o i s t u r e c o n t e n t o f cacao was 
d e t e r m i n e d b y the ven t i l a ted oven m e t h o d . 

(Storage o f cocoa and der iva t ives in the sou th o f Bah ia 
(B raz i l ) : p r e l i m i n a r y results) A r m a z e n a m e n t o de cacau e 
d e r i v a d o s . n a regiao sul da Bahia. (Bras i l ) : p r i m e i r o s 
resu l tados S E R O I O . R.S. a n d P R A D O , E.P. C e n t r o de 
Pesquisas d o Cacau (CEPEC) , Uabuna , Bahia. Braz i l -
in: Proceedings 8th International Cocoa Research 
Conference. Cartagena. Colombia, 18-23 Oct 1981 Cocoa 
Producers ' A l l i ance , Lagos p. 7 9 7 - 8 1 1 1982 . 

In January 1 9 7 9 a m u l t i d i s c i p l i n a r y and far reach ing 
p r o j e c t was i n i t i a t ed . T h e p r o j e c t was s u b d i v i d e d as 
f o l l o w s : (1) es tab l i shment o f storage c o n d i t i o n s of cocoa 
a n d der iva t ives ; (2) basic research i n t o t he p r o d u c t -
e n v i r o n m e n t re la t i onsh ip in s torage; (3) p r o p h y l a c t i c 
and cons t ruc t i ve measures f o r s h o r t - t e r m reg ional s torage; 
(4) new m e t h o d s of l o n g - t e r m storage fo r t he reg ion ; 
(5) storage c o n d i t i o n s in n e i g h b o u r i n g regions w i t h a m o r e 
su i tab le c l i m a t e ; and (6) l ong t e r m storage o f cocoa 
der iva t i ves in the cacao g r o w i n g area o f S o u t h Bahia. 
T h e resul ts and conc lus ions a l ready o b t a i n e d w i l l enable 
techn ica l s tandards t o be pub l i shed , regional d e v e l o p m e n t 
p ro jec t s t o be carr ied o u t and cu r ren t research t o receive 
greater s u p p o r t . 

T h e e f f e c t o f pre-harvest f unga l i n f e c t i o n o f cocoa pods o n 
mou ld iness o f prepared beans O Y E N I R A N , J .O . N iger ian 
S to red Produc ts Research Ins t . , Lagos. N iger ia - In: 
Proceedings 8th International Cocoa Research Conference. 
Cartagena, Colombia. 18-23 Oct 1981 Cocoa Producers ' 
A l l i ance . Lagos p. 8 2 9 - 8 3 3 1982 . 

R i p e cacao pods bear ing pre-harvest i n f e c t i o n were 
co l l ec ted a n d the beans e x a m i n e d . T h e beans we re f o u n d to 
be e i ther b l a c k , b r o w n o r w h i t e . O u t o f t he b lack beans as 
m a n y as 63 .1 per cent were in te rna l l y m o u l d y ; i n the 
b r o w n beans. 34 .4 per cent were m o u l d y . T h e m o u l d s 
iso la ted f r o m the diseased beans were m a i n l y p r o d u c t i o n o f cocoa b u t t e r f r o m d iscarded bei 
Botryodiplodia theobromae; Fusarium sofani and Macro- e x t r a c t e d beans as cat t le feed, and app l i ca t i on 

. I f t he t e m p e r a t u r e o f 
f e r m e n t a t i o n is n o t h i g h enough , in te rna l mou ld iness by 
pre-harvest mou lds w o u l d s t i l l r ema in v iab le and deve lop 
f u r t h e r . I f h igh , the m y c e l i u m w i l l be k i l l e d . I t was f o u n d 
t h a t i f all the beans w i t h dead m y c e l i u m and those w i t h 8 . 
theobromae and s im i l a r species arose f r o m pre-harvest 
i n f e c t i o n , this f ac to r a lone poss ib ly c o n t r i b u t e s near ly a 
t h i r d o f the i n te rna l mou ld iness o f c o m m e r c i a l cacao in 
Niger ia . 

A n n u a l r epo r t f o r 1 9 8 0 / 8 1 In te rna t i ona l Cocoa Organiza-
t i o n . L o n d o n . U K - 2 6 p. 1982 . 

Th is annua l r epo r t discusses the I n te rna t i ona l Cocoa 
Ag reemen t f o r 1980 , ou t l i nes the managemen t o f b u f f e r 
s tocks and t he I n t e r n a t i o n a l Cocoa Organ iza t ion ' s 
admin i s t ra t i ve f i n a n c i n g , and reviews t he w o r l d cacao 
s i t u a t i o n ( p r o d u c t i o n , gr ind ings. pr ices, expo r t s ) f o r 
1 9 8 0 / 8 1 . 

T h e econom ics o f p l a n t a t i o n r ep l an t i ng L A M , N . V . 
I ns t i t u t e o f A p p l i e d Social and E c o n o m i c Research, 
B o r o k o . Papua N e w Guinea - Monograph - lASER 
(Papua New Guinea) (What do we do about plantations?) 
n o . 1 5 . p . 2 1 - 2 4 1981 . 

W i t h the e x c e p t i o n o f co f f ee and p a l m o i l . the o u t p u t 
and e x p o r t q u a n t i t i e s o f o t he r ag r i cu l tu ra l c o m m o d i t i e s , 
i nc lud ing coconu t s and cacao have been e i ther s tagnant or 
dec l i n i ng over t he past several years. Th i s is due largely t o 
i nsu f f i c ien t r ep l an t i ng o f the va luab le t ree c rops . T h e 
p lan ta t i ons are n o t able t o generate su f f i c i en t cash a n d 
earnings t o f i nance t he necessary t ree renewal . C o m m e r c i a l 
banks general ly t e n d t o be in terested p r i m a r i l y in sho r t -
t e r m f i nanc ing . G o v e r n m e n t f i nanc ia l i nves tmen t , or 
assistance in agr icu l tu ra l rep lan t i ng , appears the re fo re 
unavo idab le . Such a po l i c y i n i t i a t i ve is n o t o n l y feasible 
f i nanc ia l l y , i t is also j us t i f i ab le by b o t h i n s t i t u t i o n a l a n d 
h is tor ica l p recedents . The present lack o f t ra ined ex tens ion 
and superv isory personnel may p rove t o be a s ign i f i can t 
barr ier t o any large-scale tree r ep l an t i ng p r o g r a m m e . 
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Cocoa: g l o o m y o u t l o o k f o r f o r m e r cash-crop k i n g - New 
African (UK) no . 179 , p. 5 4 , 6 1 ; A u g 1982 . 

Cacao was f o r a l ong t i m e Niger ia 's ma in e x p o r t cash 
c rop . Be tween 1 9 5 1 - 1 9 5 6 Niger ia p r o d u c e d 11 per cent o f 
the w o r l d cacao c rop increasing t o 15 per cent in 1 9 6 6 and 
dec l i n i ng t o 11 per cent i n 1979 . A c t u a l p r o d u c t i o n was 
on ly 1 8 0 , 0 0 0 t In 1979 . Fore ign compan ies d o m i n a t e d the 
cacao b u y i n g in the past. A f t e r w a r d s state m a r k e t i n g boards 
were o f t e n g iven the sole r ight t o b u y the c rop . H o w e v e r , 
they t o o k advantage o f t he p o o r and re lat ive ly power less 
farmers b y o f f e r i n g l o w b u y i n g pr ices w h e n this was n o t 
necessitated by l o w w o r l d m a r k e t pr ices. O v e r - p r o d u c t i o n 
and fa l l i ng w o r l d pr ices have made t he c r o p u n e c o n o m i c 
and t he g o v e r n m e n t has had t o subs id ize p roducers . 

Conse rva t i on o f cacao seed M U M F O R O . P.M. and B R E T T . 
A .C . D e p a r t m e n t o f Plant B i o l o g y , Un i ve rs i t y o f 
B i r m i n g h a m , B i r m i n g h a m , U K — Tropical Agriculture 
(Trinidad and Tobago) v . 5 9 ( 4 ) p . 3 0 6 - 3 1 0 ; O c t 1982 . 

Th is paper reports results of expe r imen ts c o n d u c t e d t o 
invest igate t he to lerance o f Theobromae cacao seed t o 
des icca t ion and t o s tudy the e f fec t o n seeds o f 
u n f a v o u r a b l e storage c o n d i t i o n s . Seeds surv ived several 
m o n t h s s to red in the p o d at 150C b u t showed reduced 
v igour . A f t e r removal f r o m the p o d , des icca t ion b e l o w 
20 per cen t mo is tu re (fresh we igh t basis) k i l l ed seeds, as 
d id l o w t e m p e r a t u r e , 4 0 C . G e r m i n a t i o n was i n h i b i t e d b y 
many o f the substances tested b u t a f te r p r o l o n g e d storage 
n o r m a l g r o w t h cou ld o n l y be o b t a i n e d f r o m seeds s to red 
in p o l y e t h y l e n e g l yco l . Seeds were successful ly s to red in 
p o l y e t h y l e n e g lyco l for 25 weeks . T h e g r o w t h o f the 
e m b r y o n i c axes of cacao seeds was exp lo red o n d i f f e r e n t 
med ia a n d under a range of e n v i r o n m e n t a l c o n d i t i o n s . A t 
2 5 0 C w i t h a 12 h p h o t o p e r i o d smal l seedlings deve loped 
w h i c h t h e n remained d o r m a n t f o r at least 18 m o n t h s . The 
poss ib i l i t y o f e x p l o i t i n g arrested g r o w t h in c u l t u r e f o r the 
s torage o f genet ic resources is discussed. 

Cocoa b y - p r o d u c t s and the i r uses M E N O N , M . A . Regiona l 
S t a t i o n , Cent ra l P lan ta t ion Crops Research Ins t . . V i t t a l 
K a r n a t a k a . Ind ia - Planter (Malaysia) v. 5 8 ( 6 7 6 ) p . 286 -
2 9 5 ; Ju l 1982 . 

A rev iew is presented o n waste p roduc ts in cacao 
p r o d u c t i o n . A t t e n t i o n is pa id t o cacao p o d husks w i t h 
l o w t h e o b r o m i n e con ten t as ca t t le feed, cacao shells as a 
source o f ca t t le feed and t h e o b r o m i n e e x t r a c t i o n . 
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as m a n u r e . D a t a are p r e s e n t e d o n c o n t e n t s i n c o c o a 
b y - p r o d u c t s . 

D e c e m b e r 1 9 8 2 

F i n e r o o t s i n m i x e d p l a n t a t i o n s o f Hevea a n d c a c a o ' 
K U M M E R O W , J. a n d R I B E I R O , S . L . C e n t r o de Pesquisas 
d o Cacau ( C E P E C ) , J t a b u n a , B a h i a , B r a z i l - Revista 
Theobroma (Brazil) v . 1 2 { 2 ) p . 1 0 1 - 1 0 5 ; A p r 1 9 8 2 . 

R o o t l e t d i s t r i b u t i o n i n m i x e d p l a n t a t i o n s o f Hevea 
r u b b e r {Hevea brasiUensis) a n d cacao [Theobroma cacao) 
w a s a n a l y s e d . F i n e r o o t s o f b o t h species o c c u p y p r e f e r e n -
t i a l l y t h e u p p e r 15 c m o f t h e s o i l . T w o t o n i n e l i m e s m o r e 
Hevea t h a n cacao r o o t l e t s w e r e f o u n d in al l so i l s a m p l e s . 
Hevea r o o t l e t s are t h r e e l i m e s t h i c k e r ( 0 . 7 3 m m ) t h a n 
c a c a o r o o t l e t s { 0 . 2 2 m m } . T h u s . 1 g d r y w e i g h t o f cacao 
r o o t l e t s e x t e n d s o v e r 3 6 m vs. 6 . 7 m o f Hevea r o o t l e t s . 
N e v e r t h e l e s s , t h e r o o t l e t s u r f a c e area o f Hevea r e a c h e d 
1 m 2 / m 2 vs . 0 . 5 m 2 / m 2 i n cacao . T h e s e o b s e r v a t i o n s 
suggest t h a t f e r t i l i z i n g i n m i x e d Hevea -cacao p l a n t a t i o n s o f 
t h e c o n v e n t i o n a l 7 x 3 m s p a c i n g w o u l d b e n e f i t p r e f e r e n t i -
a l l y t h e Hevea t rees . T h i s w o u l d resu l t i n h i g h e r leaf area 
i n d i c e s o f Hevea a n d c o n s e q u e n t l y p r o d u c e l i g h t l i m i t a t i o n s 
f o r t h e s h a d e d c a c a o t rees . 

(Use o f cacao h u s k s i n s t e a d o f s o r g h u m g r a i n s i n f e e d 
r a t i o n s f o r g r a z i n g c a t t l e ) U t i l i z a c i o n d e la cascara d e cacao 
e n s u s t i t u c i d n d e s o r g o , p a r a la s u p l e m e n t a c i o n d e b o v i n o s 
e n p a s t o r e o C O U T I N O A , J . L . a n d R l Q U E L M E V . E. 
U n i v e r s i d a d A u t 6 n o m a C h a p i n g o , C h a p i n g o . M e x i c o -
Chapingo Nueva Epoca (Mexico) n o . 3 1 - 3 2 p . 7 4 - 7 8 ; S e p 
1 9 8 1 . 

F e e d i n g t r i a l s c o n d u c t e d w i t h 2 0 H o l s t e i n calves o f 
1 2 0 k g average l i ve w e i g h t i n M e x i c o s h o w e d t h e r e w e r e 
n o s i g n i f i c a n t d i f f e r e n c e s i n d a i l y w e i g h t g a i n b e t w e e n 
c o n t i n u o u s g r a z i n g t r e a t m e n t a n d r e s t r i c t e d g r a z i n g (7 h) 
w i t h o u t s u p p l e m e n t a l f e e d i n g . S u p p l e m e n t i n g s o r g h u m 
gra ins o r s o r g h u m p l u s c a c a o h u s k m e a l s i g n i f i c a n t l y 
i nc reased d a i l y w e i g h t g a i n s . 

( T r a n s p i r a t i o n o f cacao t rees m e a s u r e d b y c h a n g e s i n t h e 
s o i l m o i s t u r e ) A v a l i a p a o d a t r a n s p i r a p a o d o c a c a u e i r o 
a t r a v d s de var ia9oes na u n i d a d e d o s o l o C A O I M A Z , A . a n d 
A L V I M , P. D E T . D i v i s a o d e G e o c i ^ n c i a s . C e n t r o d e 
Pesquisas d o Cacau I C E P E C ) . I t a b u n a , B a h i a . B r a z i l -
Revista Theobroma (BrazH) v . 1212) p . 4 3 - 4 8 ; A p r 1 9 8 2 . 

T h e s o i l o f a p l o t c o n t a i n i n g s ix 1 0 - y e a r o l d cacao 
{Theobroma cacao) t rees w a s s a t u r a t e d w i t h w a t e r a n d 
c o v e r e d w i t h b l a c k p o l y e t h y l e n e sheets . S o i l s a m p l e s f o r 
m o i s t u r e c o n t e n t w e r e t a k e n at 3 0 , 5 0 a n d 1 0 0 c m f r o m 
e a c h t r u n k a t d e p t h s o f 0 - 3 0 c m , 3 0 - 6 0 c m a n d 6 0 - 9 0 c m . 
T h e f i r s t samp les w e r e t a k e n 2 days a f t e r s a t u r a t i o n a n d 
s u b s e q u e n t samp les w e r e t a k e n w e e k l y f o r 8 w e e k s . I n t h e 
f i r s t w e e k losses o f w a t e r b y t r a n s p i r a t i o n w e r e s u b s t a n t i a l 
at a l l d i s t ances a n d d e p t h s . T h e w a t e r t r a n s p i r e d i n t h e 
f i r s t w e e k c o r r e s p o n d e d t o a w a t e r l a y e r o f 4 5 . 9 m m / d a y . 
b u t b y t h e e i g h t h w e e k t h i s l a y e r m e a s u r e d o n l y 3 . 8 m m / 
d a y . 

P r e l i m i n a r y tes t o f a s i m p l e a n d i n e x p e n s i v e s y s t e m f o r t h e 
m e c h a n i c a l a e r a t i o n o f b o x - t y p e cacao f e r m e n t a t i o n 
L O P E Z . A . S . a n d M C D O N A L D . C . R . D i v i s a o d e T e c n o l o g i a 
e E n g e n h a r i a A g n ' c o l a , C e n t r o d e Pesquisas d o Cacau 
( C E P E C ) . I t a b u n a , B a h i a . B r a z i l - Revista Theobroma 
(Brazil) V. 1 2 ( 2 ) p . 5 7 - 8 3 ; A p r 1 9 8 2 . 

A s i m p l e s y s t e m f o r t h e m e c h a n i c a l v e n t i l a t i o n o f c a c a o 
d u r i n g b o x t y p e f e r m e n t a t i o n is d e s c r i b e d a n d i ts o p e r a t i o n 
t h r o u g h o u t a s e q u e n c e o f 1 0 tes ts is o u t l i n e d . V a r i o u s 
m o d i f i c a t i o n s w e r e t es ted a n d t h e q u a l i t y o f t h e r e s u l t a n t 
c h o c o l a t e w a s assessed o r g a n o l e p t i c a l l y aga ins t s a m p l e s 
f e r m e n t e d in t h e n o r m a l w a y . I m p r o v e m e n t s i n 
e n d - p r o d u c t a c i d i t y w e r e n o t e d i n a l m o s t a l l cases t h o u g h 
t h i s w a s o f t e n a c c o m p a n i e d b y i nc reased levels o f o f f -
f l a v o u r s . F o r a l l tests t h e t r e a t e d s a m p l e s p r o v e d t o be a t 
least as g o o d as, a n d u s u a l l y b e t t e r t h a n , t h e c o n t r o l . 
T e m p e r a t u r e p r o f i l e s w e r e used t o assess p e r f o r m a n c e 
a n d t o e x t r a c t i n f o r m a t i o n r e g a r d i n g t h e a i r - f l o w p a t t e r n s 
w i t h i n t h e cacao . T h e t e n d e n c y is f o r a i r t o pass i n t o t h e 
b o x near t h e w a l l s b e f o r e t u r n i n g i n t o t h e b u l k o f t h e 
c a c a o . 

S t u d i e s o n b e a n s w e a t i n g s o f f i v e c o c o a v a r i e t i e s 
A D O M A K O , D . . K U M A R A N , K . a n d N A I R , R . V . C o c o a 
Resea rch I ns t . , N e w T a f o - A k i m , G h a n a - South Indian 
Horticulture (India) v. 3 0 ( 2 ) p . 1 0 4 - 1 0 6 ; A p r 1 9 8 2 . 

F r e s h cacao beans , w h e n k e p t f o r f e r m e n t a t i o n , s w e a t 
a n d g ive o u t s m a l l q u a n t i t i e s o f a s w e e t j u i c e . A s t u d y w a s 
i i n r i p r t a k p n w i t h t h e a i m o f e v a t u a t i n a 5 o r o m i s i n a c a c a o 

J f o r q u o f s w e a t i n g s p r o d u c e d , t h e q u n t i f 
o f d r y m a t t e r a n d sugar f o r c o n v e r s i o n i n t o a l c o h o l o r 
ace t i c a c i d , a n d t h e p H o f t h e s w e a t i n g s . V a r i e t i e s d i f f e r e d 
w i d e l y i n respect o f y i e l d o f beans p e r 1 0 0 p o d s a n d t h e 
y i e l d o f s w e a t i n g s , b o t h c h a r a c t e r s b e i n g a l m o s t 
i n d e p e n d e n t i n e x p r e s s i o n . T h e p H r a n g e d f r o m 3 . 3 9 
t o 4 . 3 0 , w h i l e p e r c e n t d r y m a t t e r a n d sugar c o n t e n t 
ranged f r o m 1 1 . 2 2 t o 1 8 . 6 7 a n d f r o m 7 . 2 t o 1 4 . 0 0 
r e s p e c t i v e l y . A n i nve rse r e l a t i o n s h i p b e t w e e n v o l u m e o f 

ings a n d d r y m a t i It w a s o b s e r v e d . 

T h e d e c l i n i n g G h a n a c o c o a i n d u s t r y : a n a r u l y s i s o f s o m e 
f u n d a m e n t a l p r o b l e m s N Y A N T E N G , V . K . I n s t i t u t e o f 
S t a t i s t i c a l , Soc ia l a n d E c o n o m i c R e s e a r c h . U n i v e r s i t y o f 
G h a n a . L e g o n , G h a n a — Technical Publication Series — 
Inst, of Statistical, Social and Economic Res., Univ. Ghana 
(Ghana) n o . 4 0 . 1 3 5 p . 1 9 8 0 . 

T h e bas ic o b j e c t i v e o f t h i s s t u d y is t o a n a l y s e t h e 
f u n d a m e n t a l a n d c o n t r o l l a b l e p r o b l e m s t h a t a f f e c t t h e 
c a c a o i n d u s t r y , b y a n a l y s i n g : t h e d e m a n d , s u p p l y a n d 
d i s t r i b u t i o n o f i n p u t s i n t h e i n d u s t r y ; t h e r o l e o f t h e 
p r o d u c e r p r i c e ; t h e re l a t i ve i m p a c t o f an i n c r e a s e d p r o d u c e r 
p r i c e versus i n p u t p r i c e s u b s i d y o n o u t p u t o f t h e i n d u s t r y ; 
a n d t h e f u t u r e o f t h e G h a n a cacao i n d u s t r y . T h e 
i m p o r t a n c e o f s u f f i c i e n t i n c e n t i v e s f o r f a r m e r s t o i nc rease 
p r o d u c t i o n is d i scussed . 

J a n u a r y 1 9 8 3 

( T h e cacao b e e t l e is t h r e a t e n i n g t h e c u l t i v a t i o n o f cacao) 
M a n h o s o rep resen ta a m e a c a pa ra a c a c a u i c u l t u r a D i v i s a b d e 
Z o o l o g i a , C e n t r o d e Pesquisas d o Cacau ( C E P E C ) , I t a b u n a , 
B a h i a , B raz i l - Journal do Cacauicultor (Brazil) v . 1 0 ( 1 0 9 ) 
p . 4 ; O c t 1 9 8 2 . 

T h e cacao b e e t l e Steirastoma breve has b e e n o b s e r v e d 
r e c e n t l y i n t h e c a c a o [Theobroma cacao) p l a n t a t i o n s i n t h e 
A m a z o n reg ion . T h e average pest i n c i d e n c e i n B raz i l is o f 
t h e o r d e r o f 3 0 p e r c e n t . L i f e h i s t o r y a n d c o n t r o l measu res , 
i n c l u d i n g t h e p l a n t a t i o n o f res i s tan t s h a d e t rees are 
r e v i e w e d . 

L a b o r a t o r y sc reen ing o f c o c o a g e n o t y p e s f o r d r o u g h t 
t o l e r a n c e R A V I N D R A N , P . N . a n d M E N O N , M . A . R e g i o n a l 
S t a t i o n , C e n t r a l P l a n t a t i o n C r o p s Resea rch I ns t . , C a l i c u t . 
K e r a l a , I n d i a - Planter (Malaysia) v . 5 8 ( 6 7 7 ) p . 3 3 4 - 3 3 9 ; 
A u g 1 9 8 2 . 

In t h i s p a p e r , resu l t s o f s c r e e n i n g o f c o c o a g e r m p l a s m 
f o r d r o u g h t t o l e r a n c e / r e s i s t a n c e u s i n g t h r e e tests are 
p r e s e n t e d . T h e p a r a m e t e r s u s e d are h e a t s t a b i l i t y o f 
c h l o r o p h y l l , p r o l i n e a c c u m u l a t i o n a b i l i t y a n d g e r m i n a t i o n 
o f seeds u n d e r l o w o s m o t i c p o t e n t i a l . T h e resu l t s i n d i c a t e 
t h a t c e r t a i n g e n o t y p e s are m o r e t o l e r a n t t o hea t 
d e g r a d a t i o n o f c h l o r o p h y l l , a c c u m u l a t e m o r e p r o l i n e 
u n d e r i n d u c e d stress a n d g ive h i g h e r g e r m i n a t i o n p e r c e n t a g e 
u n d e r l o w O P . S u c h t y p e s c a n b e s e l e c t e d f o r f u r t h e r 
t e s t i n g f o r f i e l d p e r f o r m a n c e . 

T h e c o n t r o l o f c o c o a pes ts a n d diseases i n N o r t h S u m a t r a 
P A R N A T A , Y . Bala i P e n i l i t i a n P e r k e b u n a n M e d a n , M e d a n . 
I n d o n e s i a - Bulletin Balai Penilitian Perkebunan Medan 
(Indonesia) v . 1 2 ( 4 ) p . 1 2 7 . 1 2 9 - 1 3 6 ; D e c 1 9 8 1 . 

Pests a n d diseases o f c o c o a a n d t h e i r c o n t r o l i n 
I n d o n e s i a a re r e v i e w e d . A t t e n t i o n is p a i d t o p l a n t m a t e r i a l s , 

disease agen t s , inter alia, c o c o a s w o l l e n s h o o t v i r u s a n d 
r e d r o o t d isease, Fusarium a n d Botryodiplodia theobromae, 
p i n k d isease, a n d r a r e l y vascu la r s t r e a k d i e - b a c k ; a n d t o 
insec t agen ts , inter alia. Helopeltis, b o r e r s , m e a l y b u g s , 
a n d l o o p e r s . C o n t r o l m e t h o d s are b r i e f l y p r e s e n t e d . 
E m p h a s i s is p l a c e d o n se lec t i ve use o f p e s t i c i d e s a n d 
s t i m u l a t i o n o f oaras i tes a n d p r e d a t o r s a n d c u l t u r a l 

F e b r u a r y 1 9 8 3 

L o s i n g g r o u n d : processes o f l a n d c o n c e n t r a t i o n i n t h e 
c o c o a r e g i o n o f s o u t h e r n B a h i a ( B r a z i l ) K L E I N P E N N I N G , 
J . M . G . - Boletin de Estudios Latinoamericanos y del 
Caribe (Netherlands) (The struggle for space) n o . 3 3 
(spec ia l issue) p . 5 9 - 8 3 ; D e c 1 9 8 2 . 

I n t h i s p a p e r a s k e t c h is f i r s t g i v e n o f t h e c o u r s e o f t h e 
c o l o n i z a t i o n p rocess i n t h e reg ion u n d e r s t u d y d u r i n g t h e 
1 9 t h c e n t u r y . S u b s e q u e n t l y , m o r e a t t e n t i o n is p a i d t o t h e 
processes w h i c h have led t o a n i n c r e a s i n g c o n c e n t r a t i o n o f 
l a n d o w n e r s h i p a n d , l a s t l y , a p i c t u r e is g i v e n o f t h e p resen t 
o w n e r s h i p a n d o c c u p a t i o n r e l a t i o n s h i p s r e s u l t i n g f r o m 
these processes. I n c o n c l u s i o n an a t t e m p t is m a d e t o 
e x p l a i n t h e d e v e l o p m e n t s o b s e n / e d i n B r a z i l i n gene ra l , 
a n d i n t h e cacao rea ions i n p a r t i c u l a r . 
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