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Editorial

Increased production or productivity per unit area of land must present
cocoa farmers and plantation owners with the best prospects of improved
revenue from their crop in the decades to come. To achieve a major increase
in production new hybrid planting material is required which has character-
istics of early bearing, high yield and low incidence of pest and diseases.
Major programmes of plant breeding and genetic resource conservation must
be substantially enlarged or in some cases be started in order to give the cocoa
farmers and plantation owners new approved hybrids for plantmg in the
twenty-first century.

As cocoa seed loses its viability extremely quickly, its genetic resources
can only be conserved in a living form in the field. It seems unlikely that new
techniques of germplasm storage will be applicable to cocoa for many years
and so cocoa will have a requirement for living collections, or genebanks, for
the foreseeable future. In 1980, the International Board for Plant Genetic
Resources (IBPGR) designated two Universal Collections as being appropriate
for cocoa. These Collections were to be at the Cocoa Research Unit at the
University of the West Indies in Trinidad and at CATIE, Turrialba in Costa
Rica. The work and prospects of the first mentioned Collection which has
been designated the International Cocoa Genebank, Trinidad is described in
the article by Dr. Kennedy in this issue of the Cocoa Growers' Bulletin.

There are many areas of the cocoa-growing world where germplasm
conservation is an urgent priority before the wild or semi-wild trees are
destroyed for all time. However, very great importance must also be attached
to a systematic programme of evaluation of the material already collected and
its incorporation into the breeding programmes.

This task work of evaluation can no longer be ignored but presently
allocated financial resources for this work are pitifully small. A major effort
by international agencies to conserve, evaluate and utilize the genetic
resources of cocoa to satisfy the requirements of the world’s cocoa growers
from the year 2,000 is now needed. Significant resources have been assigned
by such agencies to breeding new varieties of food crops in the recent past.
Should not serious thought now be given to the needs of cash crops on which
so many of the world's small farmers depend for their livelihood?

R.A. LASS, Editor.
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Review of Production and Consumption
July 1984 — May 1985
S.J. Turner, Cadbury Ltd.

Review of the Market

In the twelve months since our last review, the size of the deficits in
1982/3 and 1983/4 have become both more definite and more substantial.

It is now apparent that the abnormal weather of the last two years has
given way to a more typical year in 1984/6 and the consequent recovery in
production in key countries will provide a surplus of production over
consumption in 1984/5.

The market has remained relatively static in the last twelve months. It
would seem that the surplus in 1984/5 has countered the gradual realisation
of the worsening deficits in 83/4. Fortunately the confusing statistical
situation of the last twelve months does finally appear to have cleared.

Production

Gill and Duffus’s latest forecast of 1984/5 production is 1,833,000 tonnes,
which shows an increase of 321,000 tonnes over their revised 1984/4 estimate
of 1,512,000 tonnes {Report Number 318, June 1985).

Significant improvements are expected in Nigeria {up 35,000 tonnes to
150,000 tonnes) and Ecuador {up 30,000 tonnes to 85,000 tonnes). Record
crops are forecast for the Ilvory Coast {630,000 tonnes), Brazil {386,000
tonnes} and Malaysia {100,000 tonnes).

Despite an improvement in the crop in Ghana, from 158,000 tonnes to
170,000 tonnes, the downwards trend in production still appears intact at
the moment: the higher crop seems to be due only to the kinder weather.

Consumption B
The latest Gill and Duffus forecast for 1985 world grindings is 1,716,000
tonnes, compared with an estimate of 1,728,000 tonnes in 1984 and a 1983
level of 1,649,000 tonnes.
Grindings in the major consuming countries are expected to be generally
down on 1884 but increased grinding in Eastern Europe, African origins, and
the Far East, are expected to partially offset this decline.

Stocks

Gill and Duffus estimate world stocks at the end of 1983/4 at 356,000
tonnes, the lowest level since 1976/7. The Cocoa Agreement Buffer Stock
continues to hold 100,000 tonnes of this.

The surplus of production in 1984/5 is forecast at 98,000 tonnes to give
stocks at the end of the year of 454,000 tonnes.

Prices

Prices have remained in a broad range since July, affected by currency
more than cocoa factors.

Currency and technical factors have been especially significant in the
market over the last six months. The price of Ghana cocoa for nearby
shipment rose by over £300 in January as the US dollar strengthened before
retreating by a similar amount in March/May when the pound recovered.
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World Cocoa Production and Grindings Data

Reproduced from Gill and Duffus Market Report 318
Dated June 1985

(Thousand Metric Tonnes)

PRODUCTION 1981/2 1982/3 1983/4 1984/5
{Estimate) (Forecast)

WORLD TOTAL ......... 1721 1534 1512 1833
Africa. .. .............. 1038 852 852 1027 -
S. America . ...,......... 520 514 476 603
West Indies . . ........... 50 51 50 49
Asia and Oceania . ...... .. 113 117 134 154
Principal Countries
Cameroun . .. ........... 122 106 108 120
Ghana . ............... 225 178 159 170
Equatorial Guinea . . .. ... .. 8 10 10 6
lvoryCoast . ............ 457 355 405 530
Nigeria . . ... ........... 181 156 115 150
Brazil . ................ . 314 336 302 396
Colombia . ............. 42 - 40 41 40
Ecuador . .............. 85 55 55 - 85
Mexico . ............... 41 42 40 42
Venezuela ..., .......... 17 17 16 38
Dominican Republic .. ... .. 40 40 39 35
Malaysia . . .......... e - 60 65 80 - 100
Papua New Guinea . ....... 30 29 28 30

GRINDINGS 1982 1983 1984 1985

(Estimate) (Forecast)

WQRLD TOTAL ......... 1608 1649 1728 1716
Western Europe .. ........ 620 627 658 644
Eastern Europe & USSR . . .. 206 226 218 230
North America . .. ........ 215 210 231 213
Central & S. America. . ... .. 322 338 352 350
Australia & New Zealand . . . . 13 12 10 6
Asia . ... ... 106 107 104 110
Africa. . ............... 126 129 155 163
Principal Countries
United States . . . ... ...... 199 194 209 197
Germany (Federal Republic) . . 175 180 194 185
Netherlands . . . ... ..... .. 148 157 161 155
USSR .. ............ ... 125 140 140 150
United Kingdom . . . . ... ... 88 77 89 g5
France ... ............. 52 53 52 80

Brazil ................. 170 198 214 210



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

1984  January £1965 July £1727
February £1713 August £1907
March £1889 September £1918
April £1998 October £1999
May £2215 November £1898
June £1910 December £1955
1985  January £2281
February £2272
March . £2110
April £1928
May £1881



The iInternational Cocoa Genebank, Trinidad:
Its Role in Future Cocoa Research and Development

A.J. Kennedy, Head, Cocoa Research Unit,
University of West Indies, St. Augustine, Trinidad

Introduction

8reeding programmes for all crop plants rely for their success on the
availability of genetic variation in the base population. Cocoa is no exception
to this and the problem has been discussed before {Chalmers, 1972; Bartley,
1979; Allen, 1981; Lopez, 1981). These authors have all pointed out the
importance of genetic conservation and establishment of international
germplasm cotlections.

A collection of germplasm was begun in Trinidad in the 1930s. This was
prompted by the then serious nature of Witches’ Broom disease to which no
resistance seemed to exist in Trinidad. The first major collection of material
was, therefore, made by Pound in Ecuador in 1937 and Peru in 1938. A
search for resistance to Witches' Broom disease was the single purpose of
collection and it proved to be successful. From this material Scavina 6 and 12
were found to be resistant and were widely distributed. The subsequent
events serve to illustrate the importance of obtaining a large, widely based
genebank. Due to the existence of -different strains of the causal fungus
{Crinipellis perniciosa) the Scavina resistance was not effective in some areas
of South America and there are signs that it is breaking down in Trinidad
too. More sources of resistance must be sought urgently. They should ideally
be polygenic in nature giving horizantal resistance but not necessarily
immunity.

There have been two further coliecting expeditions resulting in the
introduction of valuable germplasm into Trinidad. In the 1950s a joint Anglo-
Colombian project was executed resulting in a collection of wild cocoa,
Theobroma spp. and Herrania spp. (Baker et al., 1954). More recently
Chalmers {1968, 1969, 1970} collected material in the Oriente region of
Ecuador. Still more recently a collection by Allen {1981} has been made in
Ecuador but this material is still awaiting distribution.

This brief historical review of the sources of the germplasm at present
available in Trinidad forms the background to the main substance of this
paper. it is intended to develop the theme of future utilization and develop-
ment of this germplasm at local, regional and international levels.

The International Cocoa Genebank, Trinidad

Because of the manner in which collections were made, the germplasm in
the International Cocoa Genebank, Trinidad (ICGT) consists of a series of
populations. Each population is distinct and designated by a code relating to
the location of collection. The major populations are enumerated in Table 1.
Some of this material has been distributed widely as individual clones, for
example Sca 6, Sca 12, Na 32, Na 34, Pa 7, IMC 80, IMC 67, ICS 1, ICS 6,

ICS 8 and ICS 95. The genetic potential of the collection has, however, not
been exploited to any extent.
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TABLE 1

Contents of the International Cocoa Genebank, Trinidad. The names, country
of origin and size of each major population is given.

Population Origin No. of Genotypes
1. Pound Upper Amazon Peru )
Nanay (Na) 301
Parinari (Pa} 129
Morona (Mo} 23
lquitos (IMC) ) 53
Scavina (Sca) 15
2. Pound Refactarios Ecuador 969
3. Imperial College
Selections (1CS) Trinidad 90
4. Chalmers Qriente Ecuador 85
5. Grenada
Selections (GS) Grenada 15
6. Anglo-Colombian {Spec) Colombia - 43
7. EET Ecuador 8
8. Pound (P} Peru 21
9. Brazilian Clones Brazil 6

The germplasm collection at the Cocoa Research Unit is being reorganized.
The trees are presently dispersed over several field sites and planted randomly
within sites. All material will be repropagated and established on a recently
acquired field station {The University Cocoa Research Station). Many of the
trees to be propagated are now well over thirty years old and may present
major problems in their re-establishment. Where possible the propagation will
be by hard wood cuttings taken directly from the original tree. In many cases
it may prove necessary to first bud the required genotype on to a vigorous
rootstock in order to obtain material suitable for cuttings. The use of budded
trees in the genebank itself will not be adopted since this potentially leads to
management problems in the prevention of rootstock chupons growing out to
take over the scion.

Each population will be planted as a distinct block, each genotype
represented by eight trees. Efforts will be made to conserve as many geno-
types as possible. This is important since the genebank is to serve not only
Trinidad and the Caribbean region but the cocoa research community
globally. There are urgent problems that must be confronted now in Trinidad
and elsewhere by exploiting those genotypes that are known to be of value.
However, the future will inevitably hold new problems of diseases, pests,
environment and cultural practices. All of these are quite unpredictable and
will require novel cocoa genotypes to solve them. The value of any individual
genotype in the future cannot be predicted by its reaction to present
problems.
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Distribution of Material from ICGT

Germplasm will be available from the ICGT in two forms. Firstly,
budwood of individual clones will be available. These clones may then be
incorporated in national breeding programmes or put directly into selection
trials. Secondly, and more importantly in terms of the distribution of genes,
bulked seed from intercrossing within population: can be distributed to
research organizations requesting them. The use of seed from such
populations was tried and proved successful when the Upper Amazon Nanay
and Parinaris of Pound’s collection were transferred from Trinidad to Nigeria
{Opeke, 1972).

The main function of a genebank is that it allows the genes held in its
deposits to be transmitted to the locations where they may be exploited.
Since the germplasm containing those genes must reside in a particular
location the expression and evaluation of genotypes is confirmed to the
extent allowed by the local environment. Resistance to swollen shoot virus
cannot be assessed in Trinidad nor can productivity in the environment of
West Africa. It is, therefore, essential that transfer of germplasm ensures that
sufficient variation be embodied in that transfer to allow local selection to be
effective. This argument applies to all characters. Local adaptation is very
important both in choice of a genotype as a parent in a breeding programme
and in selection of material for commercial release. The use of seed from
within populations to transfer germplasm has many advantages. The most
outstanding advantage is that a sample of genes is transferred simply and
quickly.

The ideal method for seed production in a population based transfer, as
described, would be to allow random mating within each population. This
could then be followed by a random sampling of the seeds so produced. The
important feature of such a method is that it does not include any selection,
conscious or unconscious, in the pairing of pollen and seed parents. The
limitations to the actual method used will inevitably be the practical issue of
manpower and time. [t would seem reasonable, however, if each individual is
represented at least once and that no seed is included that may involve pollen
from outside the population.

This method of germplasm distribution will maintain the integrity of each
population in terms of its gene frequencies. 1t will also provide variation for
the recipient to subject the initial import to adequate selection under local
environmental conditions. This may be of major importance in screening for
rare genes for example to disease resistance, particular diseases or pathogenic
strains that do not exist in the exporting country.

Quarantine

An international genebank must have access to adequate quarantine
facilities in order that material may be moved freely into and out of the
collection. Although the collection of material in Trinidad is extensive it must
be enlarged to expand its genetic base. Already the London Cocoa Trade
Amazon Project has collected several hundred clones which are to be
transferred to a genebank. There are national collections in many research
institutions from Mexico to Bolivia which should also be consolidated in a
secure, international collection.




Collection and consolidation on this scale will require a quarantine facility
that is able to process a vast amount of material. In order that this can be
done at an acceptable cost it is necessary to site this facility in a climate
suitable for the open cultivation of cocoa. For this reason Barbados was
chosen as the quarantine site. It has no indigenous cocoa industry, air finks
are excellent with Trinidad and most other countries, its nearest cocoa-
growing neighbour is Grenada which is 247 km distant and the year long
prevailing winds are easterly making it impossible 1o receive airborne diseases
into the quarantine areas from other Caribbean cocoa-growing territories.

Quarantine Conditions

Material will only be brought to Trinidad from South and Central
America, never from Africa or South East Asia. As far as disease
considerations are concerned Trinidad is similar to South America. The major
diseases of cocoa in South America are:

i) Witches’ Broom (Crinipellis perniciosa).
it} Black Pod {Phytophthara spp).
iii} Moniliophthora pod rot {Moniliophthora roreri).

So far there have been no reports of the occurrence of virus diseases in the
Amazon area.

Of these diseases the most important from the point of view of quarantine
for movement of material into Trinidad are witches’ broom and
Moniliophthora pod rot. Moniliophthora roreri does not occur in Trinidad at
present and the pathotype of Crinipellis perniciosa found in Ecuador and
other Upper Amazon areas is different to that present in Trinidad. The nature
of these two diseases makes them relatively simple to quarantine effectively.
They may be summarized as follows.

Witches’ Broom

i) Basidiospores are the early infective stage of Crinipellis perniciosa.

ii} Basidiospores are very short lived and hence severely restricted in their
infectivity. .

iii} There is a greatly restricted period of host susceptibility; only young
newly growing tissue is infected {buds or flushes).

iv) Basidiospores are not produced as a direct result of infection but only
as a result of eventual death of infected tissues.

v} Infection leads to easily identifiable host reactions in the production of
brooms on fans or cushions or as swelling and hypertrophy in young
tissues.

vi} Living, green brooms never produce sporophores.

vii) The time lag between broom necrosis and sporophore production is

very long (3—4 months minimum} even in optimum conditions.

viii) Braoms are apparent in the first or second flush after infection.

ix) Infection is not systemic.

Production of brooms in quarantine does not therefore pose a threat since
they are easily spotted and the plant destroyed. All infected plants will show
up in quarantine within one year {2 or more flushes).
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Moniliophthora pod rot
i) The only susceptible part of the tree is the pod, no other tissues are
infected.
ii} No pods will be imported into Barbados.
iii} No pods will be set in quarantine.
iv) Only vegetative material will enter or leave the guarantine station.

The facility will allow the rapid collection of material from South America
and its eventual dissemination to South American and Caribbean research
programmes after evaluation and description in Trinidad. It is recognized that
the specialized facilities such as those at Miami will still have a role to play in
the distribution of particular clones to countries requesting them where
considerations such as virus indexing may be important.

Description and Evaluation

An essential part of the germplasm project is that of evaluation and
description of the collections. Evaluation is to be carried out only to the
extent of testing for reaction to specific diseases. This implies the use of
standardized, meaningful screening methodology for those diseases present in
Trinidad. It is one major objective of the Cocoa Research Unit to develop
these screening methods.

Description will initially be based on the IBPGR Descriptor List and the
collection of data has already begun. When a large body of data is available
the descriptors will be evaluated for their usefulness in two ways. First it is
essential to be able to assess the genetic diversity of populations and which of
the descriptors represent genetic rather than environmental variation. Second
it is important to select a subset of characters that allow the maximum
differentiation between individual genotypes.

The data once collected will be stored on a computer and handled by an
appropriate data base management system (DBMS). The data base must be
portable and thus readily available to other users. This means that software
that is specific to one computer or uses non-standard formats must be
avoided. The DBMS will also be able to provide hard copy of information as
requested.

The Future Role of the Genebank

The value of the ICGT to future cocoa research is obvious, in that it can be
the source of genes that will allow breeding and selection programmes to
progress. For the full potential of the concept of an International Genebank
to be realized certain conditions, other than keeping the trees, must be
fulfilled. The research programme of the Cocoa Research Unit will be
addressed to making the maximum use of the genetic variation within the
genebank.

The major constraint, at present, to cocoa production is probably disease.
Each producing area has its own particular disease problems. In order that the
genepool available in the genebank may be exploited there must be the
development of quantitative screening methods to detect resistance genes.
Much of the available resistance may be polygenic, hence the need for
quantitative methodology. In Trinidad research is directed towards the
development of screening methods to select for resistance to witches' broom
and Phytophthora diseases.
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The breeding programme of CRU is directed not at the selection of
varieties to release to farmers but rather at detecting the genetic potential of
the populations in the ICGT for improvement. All populations cannot be
improved for all characters. There must be the genetic variation within the
population. By using a population approach to breeding, in conjunction with
newly developed screening methods, the potential for response to selection
for given populations or groups can be assessed. This information will be of
value to both the Trinidad breeding programme and to other users of the
genebank.

The work of descriptions and evaluation is a continuous process. As the
genotypes are distributed more widely then more information is gathered
and can be added to the databank for the genebank. This “sharing’’ of
information must be considered as important since it will allow the genepool
to be shared even more efficiently.

Finally there must be a continual search for new germplasm to add to the
genebank. Collecting must be done systematically and with reference to
where the areas of highest priority are. Initially much useful collecting may
be done by simply consofidating material already collected but dispersed in
various national collections.

Since the future of research and development in cocoa must rely on the
identification of new successful types,the role to be played by a genebank is
central. It is hoped that this paper was able to show that that role goes
beyond mere collecting and holding of genotypes. A genebank supported by a
research programme can greatly increase the efficiency of the exploitation of
the genepool, often very expensively acquired.
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Rehabilitation in Ecuadorian Cocoa Farms

W. Hadfield, INIAP, Estacion Experimental
Tropical, Pichilingue, P O Box 24, Quevedo, Ecuador

Present Address: 1 Blackhorse Lane, Swavesey, Cambridge, United Kingdom.

Any attempt-to discuss cocoa rehabilitation must first consider what is
meant by rehabilitation and if or how it differs from renovation, replanting or
infilling. In this article rehabilitation is taken to mean the overall strategy
involved in increasing the productivity of existing stands of cocoa without
increasing the total area occupied by the crop. This may involve some
infilling, some replanting and some renovation of existing trees as well as a
variety of other cultural methods.

In long term perennial crops such as cocoa, tea, coffee and oil palm, etc.,
the time/yield curve shows a rapid rise (A}, a period of stability (B}, and a
general decline (C) as shown in Figure 1. The objective of rehabilitation is to
arrest the decline (C) and return to the plateau of B, but there are several
good reasons to believe that in Ecuador the plateau could be considerably
higher than before rehabilitation.

In Ecuador there are approximately 200,000 hectares of cocoa most of
which is grown by smallholders. The most distinctive feature of cocoa
growing in Ecuador is the climate which is unlike any other cocoa-growing
country, On average the year is divided equally between a wet and a dry
season but the wet season is relatively sunny while in the dry season the sky
is normally overcast. The hours of sunshine and amount of radiation are
much lower than in other cocoa-growing countries. Cocoa can flourish under
this climate in Ecuador especially where the soil is fertile and the water table
is high, but there are considerable variations in the length of the dry season
which lead to stress.

Cocoa in Ecuador still suffers severely from witches’ broom and Monilia
pod rot, two diseases which devastated the industry during the 1920s and
1930s. There is still no control for these diseases but there has been a
remarkable resurgence of production during the past 20 years which may be
due in part to the planting of varieties which escape the periods of heavy
disease incidence. However vyields are usually modest. On the basis of 800
trees per hectare there are about 160 million trees and the total Ecuadorian
cocoa crop for the period 1981-82 to 1983—84 averaged 80,000 tonnes.
These figures give an average vield of 400 kg per ha. With current knowledge
and good extension it should be possible to improve on this poor yield,
though it is essential to have gn active well trained extension service to pass
recommendations on to farmers.

Factors Limiting Yield

1. An important limiting factor is the light climate of the coastal plain
which receives far less radiation than any other major cocoa producing
country due to a combination of cloud during the rainy season and hazy
mist in the dry season. Radiation cannot be increased, but there are ways
in which the available radiation can be utilized to better effect than at
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YIELD

present by use of suitable shade trees which do not compete too strongly
with the cocoa trees for light, nutrients and soil moisture. The length and
severity of the dry season in the coastal plains of Ecuador often limits
cocoa production. This means that conservation of moisture is necessary
for half the year and removal of excess water is necessary during part of
the rest of the year.

The usual spacing is 700—800 trees per ha which is lower than optimum.
On average there are about 15 per cent vacancies in mature farmers’ cocoa
with the gaps often in areas with poor drainage or under large dense shade
trees. This represents a minimum of 36,000 hectares of completety non-
productive land planted to cocoa and these should be infilled at a spacing
of 3.0 x 3.0m to increase productivity of the land planted to cocoa.

it has been found that on average 25 per cent of existing cocoa trees
produce only 5 per cent of the crop and rehabilitation is the opportunity
to.replace these poor trees with vigorous new seedlings.

A number of trees are particularly heavily infected with witches’ broom
and these trees should be removed from the farm, perhaps with a compen-
sation payment to the farmer, as they will produce few pods and will
continue to act as a significant source of inoculum.
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GENERALISED TIME-YIELD CURVE FOR PLANTATION CROPS AND THEORETICAL
EFFECTS OF REHABILITATION. CURVES 1-3 SHOW VARYING DEGREES OF SUCCESS
AND 4-5 THE POSSIBLE RESULTS OF UNSUCCESSFUL SCHEMES.

Figure 1

Nutrition is not a major problem in most Ecuadorian cocoa soils, although

there is little doubt that the requirements of replanted cocoa will differ from
those of mature areas where a reasonably balanced nutrient cycle operates. In
any event, it is most unlikely that fertiliser application will form part of the
small farm system in Ecuador in the foreseeable future.

The cocoa rehabilitation scheme in Trinidad was based on a similar

programme but used rooted cuttings in place of seedlings. This heavily
subsidised scheme was not a success and did not halt the decline of Trinidad's
production. [t would be unwise to draw a close parallel between Trinidad and
Ecuador but the Trinidad experience helps to emphasise the difficulty of
putting into practice a scheme which is clearly desirable and appears
technically feasible.
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The Rehabilitation Programme

The emphasis should be on correcting the factors known to reduce yield
by methods within the scope of a small farmer with limited facilities. It must
be stressed that these factors are generally interdependent and the success of
the operation will depend on all operations being carried out.

1. Shade Reduction -

The irregular spacing of shade trees and complete lack of shade manage-
ment is a major factor in reducing yield on farmers’ cocoa in Ecuador. Where
shade exists it is usually too dense, because of a large number of shade trees
per hectare with canopies which are too dense. Many cocoa trees in Ecuador
are 60 years of age and while the shade may have been ideal at planting the
shade trees are now 60 years older and where none have been removed the
shade is too dense. A number of criteria should be applied to shade reduction.
I the sky is not visible from beneath the canopy of a shade tree, it is too
dense, and the shade tree should be removed. In Ecuador unsuitable trees for
shade include Persea americana (Avocado), Ficus spp. and Schizolobium spp.
If shade tree canopies overlap, the tree with the denser canopy should be
removed. In addition there should be no more than about 45 shade trees per
hectare, evenly distributed through the field and not clustered together as is
often the case. Fruit trees, including citrus species which provide very poor
shade for cocoa, are often found in Ecuadorian cocoa farms but farmers are
most unwilling to remove them. Similarly some Ficus trees are very large with
dense shade, but are just 100 difficult to remove.

2. Shade Planting

However, a large part of Ecuadorian cocoa is completely unshaded and
consequently suffers from nutrient imbalance and dieback. In unshaded
areas, especially those with many cocoa vacancies and gaps in the canopy,
temporary shade in the form of banana/plantain should be established on a
close planting pattern. At the same time well grown seedlings of /nga species
should be planted at about 15—18 metres apart in a square pattern or as near
to this as gaps permit.

3. Pruning

Cocoa trees which have been badly damaged during the removal of the old
shade trees should be heavily pruned, the cuts treated with fungicidal paste
and chupons allowed to grow from the base. Two or three chupons can be
left, the most vigorous of which should be selected to form the new tree, the
rest being cut back in due course.

4. Sanitation

Old Monilia infected and witches’ broom pods must be removed from all
trees. This will not be easy as so many Ecuadorian cocoa trees are in excess
of 10m in height, but their removal is essential in order to reduce overall
level of inoculum. However, there is presently no firm experimental evidence
available as to the effects of such practice on an individual farm when the
neighbouring farms are left untreated. The likelihood is that infection by
disease can be greatly reduced by removal of all pods bearing Monilia or
witches’ broom infections throughout the farm during routine harvesting
though this practice must add to the overall costs of farm maintenance. It is
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also appropriate to reduce the height of the tallest trees, if possible, and thus
assist in future disease control. This would also make for more efficient
harvesting.

5. Infilling

No planting of vacancies should be carried out until conditions for the
seedlings are adequate. Temporary shade must be established before infilling,
as young plants are extremely susceptible to even short periods of moisture
deficit. In vacant areas there is almost always a shortage of organic matter in
the soil because of low soil moisture levels during the dry season due to lack
of shade. Lack of shade causes high soil temperatures, increased evaporation,
and destruction of organic matter. The level of organic matter can be
increased in various ways either by applying a thick cover of mulch a few
months before infilling, by slashing the weeds and spreading them over the
soil, or by bringing in cut vegetation or by placing banana leaves or cut
banana stems in the bare areas. Plants in large bags can be maintained in
nurseries until field conditions are suitable, without root damage.

6. Nursery Conditions

Nurseries should have good overhead shade. Nurseries must be sited as
close as possible to the area being infilled to avoid damage during transporta-
tion, but must provide facilities for watering. A combination of heavy shade
and overwatering will kill off many plants and must be avoided. A high
impermeable roof will protect against rain and also reduce infection of the
young plants by witches’ broom. This is an important factor in preventing
infection in the nursery, but may entail frequent watering to compensate for
lack of rain.

7. Planting

Planting holes should be large and at the time of infilling, about 200g of
superphosphate per plant should be mixed into the hole. Most cocoa soils in
Ecuador are short of phosphate, and it is more effective to mix it with soil
than to apply on the surface after planting. The breakdown of mulch arising
from cutting down weed growth should supply nutrients to a young seedling
during its establishment phase. There is at present insufficient data on which
to base any other recommendations on fertiliser application. {ncorporation
of a persistent insecticide into the planting hole will prevent cockchafer
damage which can be a serious problem at this stage. The young /nga shade
trees should also receive superphosphate at the same level, as legumes usually
respond well to phosphate.

Chemical Disease Control

There are no chemical methods of controlling witches’ broom or Monilia
pod rot which are economic for mature cocoa and this is likely to be the case
for many years. There is, however, a good case for disease control in nurseries
and during the early stages of development after planting. Witches” broom
disease frequently causes stunting of plants in the nursery and in some cases
a high rate of loss. After planting witches’ broom can delay jorquette
formation or cause a weak first jorquette which can result in excessively tall
trees. Protection in the nursery requires only a knapsack sprayer and a few
kitos of fungicide, no expensive maintenance and very little technical ability
and is therefore to be encouraged.
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Impiementing the Programme

To carry out a rehabilitation programme along the lines described over
more than 200,000 hectares of cocoa as is necessary in Ecuador is an
enormous task and its success will depend both upon the overall strategy to
be adopted and detailed execution at local level. Partial implementation is not
only unlikely 1o succeed but may actually worsen the situation if expediency
and short cuts are attempted midway through the project. It is therefore
essential to examine each stage in some detail.

A 5 year programme evenlty spread over the cocoa area is suggested, i.e.
20 per cent of the total area to be dealt with per year, or 1 hectare per year
for the smallest farmers. On the basis of a b year programme, there are some
40,000 hectares per year to deal with. As it is logical to start on the worst
cocoa the initial drop in crop would be less than 20 per cent and most of this
could well be made up by improved practices in the remaining 80 per cent
of the cocoa. To infill 15 per cent vacancies in 40,000 hectares 4,800,000
seedlings will be required each year of the 5 year programme. If it is decided
to replace the 25 per cent non-productive trees as well, this figure rises to
8,000,000 plants. No source of this number of improved hybrids, with known
resistance to the major diseases, exists and the only reasonable alternative is
for farmers to select their own seed. If this is adopted, the numbers involved
become quite manageable, i.e. 120 plants per hectare for infills, and up to
200 plants to completely replace the 25 per cent non-productive trees, a total
of 320 plants per hectare. If twice the number of seedlings actually required
are raised, there will be ample scope for nursery selection of vigorous plants
and the relatively small numbers of seedlings mean that nurseries can be sited
close to the area to be infilled and bags large enough to ensure adequate root
growth before planting out can be used.

The source of seed is of great importance, as there is little point in planting
highly susceptible seedlings into an environment with such high levels of
inoculum. It has been pointed out (Edwards, pers. comm.) that apparent field
resistance to the major diseases can be observed in some trees while their
neighbours show heavy infections. Such trees often appear in short rows
suggesting that they were planted from the same pod by the seed at stake
method. Local farmers are usually well aware of such trees, and it is from
these pods that plants should be raised. The overall result should be an
increase in horizontal resistance in line with current thinking of tree crop
pathologists and breeders.

Hand-pollination is an obvious way of increasing yield and although this
simple and effective practice has not proved popular with farmers, it must be
considered as mandatory in a rehabilitation programme. it is an unfortunate
fact that flower production in Ecuador is at its lowest at the time of year
when pollination would produce pods which will escape the disease period.
Trials carried out 8 years ago combining hand-pollination and chemical
control, indicated that this could produce economic yield increases.

Control measures would only be applied to just over a metre of trunk per
tree, so only a small effort is required, although rapidly expanding pods will
require frequent fungicide applications to ensure adequate protection, and
the use of a sticker to aid retention of fungicide during the rains. In cocoa
with a good canopy, direct rainfall is infrequent, and this helps retention of
the fungicide on the pods.
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It is obvious that control and supervision of such a scheme is a vital part of
this programme and must be adequately staffed and planned. To ensure the
full co-operation of farmers some form of incentive scheme must be intro-
duced which will compensate for any loss of income and an intensive
propaganda programme to convince farmers of the value of rehabilitation
will have to be mounted.

The suggested programme of operations is given in Table 1 and individual
years’ programmes summarized. There will be differences in the proportion of
each stage between farms; for instance it will not normally be necessary to do
much work on drainage in volcanic soils and some farms will need to plant
more shade trees than remove them. It is because of the intrinsic variability
of cocoa farms that rigid programmes are impossible to make, but the
sequence of operations and their integration are important. This re-emphasises
the need for good supervision of the participating farmers.

TABLE 1
Programme of operations for rehabilitation

PROGRAMME A

1. Select cocoa trees for seed. 6. Ptant temporary shade
{plantain/banana).
2. Prepare nursery & plant seed.

7. Cut out unproductive cocoa

3. Kill off excess shade trees. trees.

4. Prune back damaged cocoa trees. 8. Remove monilia pods and brooms,

5. Plant Inga seed in shade 8. Attention to drainage where
nurseries. needed.

PROGRAMME B
1. Infill all vacancies. 4. Spray all young plants and chupons

2. Apply mulch on any bare soil. 5. Remove monilia pods and brooms.

3. Complete planting of permanent

shade.
PROGRAMME C PROGRAMME D
1. Cut out temporary shade and 1. Remove monilia pods during
spread as mulch. ~ routine harvesting.

2. Remove monilia pods and brooms. 2. Artificial pollination in
selected trees.
3. Spray young plants and chupons.
3. Select trees for seed.
4. Artificial pollination on
selected trees.
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Cocoa in Vanuatu

Martin H. Fowler, Ministry of Agriculture,
Forestry and Fisheries, Republic of Vanuatu

Introduction

Cocoa was first introduced into Vanuatu (formerly the New Hebrides) by
expatriate planters at the turn of the century probably from Sri Lanka. A
report of 1912 states that the Red Ceylon variety, probably a Criollo, was
preferred by planters. In 1916, two more types of Cricllo seed and one
Forastero type were introduced from the Dutch East Indies, now Indonesia.
The pure Criollo types quickly disappeared and were succeeded by a hybrid
cross with the Forastero dominating the hybrid. Most cocoa trees now in the
country are derived from the Criollo and Forastero introduced in these early
years, and therefore largely resemble the intermediate flavoured hybrid called
Trinitario.

Environment

A y-shaped archipelago made up of 80 widely dispersed islands stretching
some 800 kilometres from north to south in the South West Pacific {see
figure 1). Little or no cocoa is grown in the islands south of Efate (17°S) due
to the low temperatures experienced there. The islands of Espiritu Santo,
Malo, Malakula and Aoba provide the bulk of the nation’s exports of cocoa.
The environment on these islands, in terms of the climate and soils, is ideal
for cocoa growing. The islands are mainly mountainous in the interior with
some high plateaux while the coastal strips provide the main areas for
cultivation. As most soils are relatively young and of volcanic origin they are
very fertile and have sufficient nutrient status to give good growth and yield.
Many of the islands have thick beds of limestone and are surrounded by coral
reefs.

The climate ranges from tropical to wet equatorial (depending on the
aspect of the island in question) in the north of the country and semi-tropical
in the south with a high humidity and a well distributed rainfall.

The cocoa trees bear pods from March to November — the main cropping
season being from May to July with a secondary crop during October and
November.

History of Production

Good results from the initial cocoa plantings meant that by 1910 cocoa on
30 plantations covered between 225 and 250 hectares. Between 1918 and
1925 there was further expansion though this was restricted in most islands
by a labour shortage which, by 1940, had caused the cessation of new
plantings in the plantation sector. By then plantation cocos was estimated to
cover 5,000 hectares on some 60 plantations, although some doubt exists as
to the accuracy of this figure. Exports in 1939 were 1,955 tonnes, the
maximum tonnage ever recorded.

Production has declined ever since — averaging 1,600 tonnes in the 1930s,
1,200 tonnes in the 1940s, 780 tonnes in the 1960s, 690 tonnes in the 1960s
and 680 tonnes in the 1970s. This decline is shown in figure 2 and was largely
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Figure 1

caused by the shortage, and therefore high cost, of labour, labourers having
previously been imported from Vietnam to work on the plantations. This
meant reduced maintenance of existing cocoa, inadeguate pruning of shade
trees, increased competition from weeds and little attention to outbreaks of
disease and consequently lower vyields. With the reduction in labour
availability cattle were introduced into cocoa plantations to keep down weed
growth between cocoa trees. This practice further reduced cocoa yields as
cattie eat all pods within two metres of the ground! The reduction in exports
since the 1950s has been minimised by a considerable increase in smallholder
production since the Second World War. ]

Cocoa production is an important export industry — providing an average
of 8 per cent of the value of domestic exports from Vanuatu during the last
five years. All cocoa is exported as beans since there is no cocoa processing
facility in the country.
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Pests and Diseases

The earliest plantings were made under planted shade trees, particularly
the indigenous Pterocarpus indicus, Erythrina fusca and Albizia spp, on land
which had been clear-felled though the practice soon changed to one of
planting in partially-thinned forest. Spacing was often highly irregular —
usually very close in order to suppress weed growth. However, this meant that
the cocoa was induced to shoot upwards instead of spreading outwards and
fed to a reduction of light and air circulation, resulting in a high incidence of
Phytophthora pod rot. This is by far the most important disease of cocoa in
Vanuatu, The more recent practice has been to interplant with coconuts at
4.5m by 4.5m. Ustilina deusta causing a root disease and termites have been
reported as being a particular problem among cocoa plantings under partially-
thinned forest shade. Most potentially harmful insects and diseases of cocoa
cause damage of only minor economic importance in Vanuatu.

However, Phytophthora diseases {black pod and stem canker) occur
throughout the cocoa-growing areas and are believed, by some observers, to
cause a significant reduction in national yields. The Phytophthora fungus is
encouraged by the high humidity levels during the wet season and significant
losses can occur. Prophylactic spraying is usually considered to be
uneconomic. Experience has shown that use of different cocoa varieties (the
existing ‘Trinitario’ type is known to be susceptible to Phytophthora pod
rot}), and improved management techniques, do reduce losses from
Phytophthora.

Considerable losses are also caused by rats (mainly Rattus rattus) which
are believed to be the most important cause of pod losses in most of the
islands in Vanuatu. Some surveys of neglected plantations in the late 1960s
showed that more than 50 per cent of the pods had been damaged by rats.
However, with regular harvesting and control measures, losses of less than one
per cent from this pest can be achieved. Damage of less significance is caused
by flying-foxes, parakeets (Psittacidae) and large white ants (Meotermes spp).
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Seed

In 1974 the Department of Agriculture began distributing seed to farmers
from a collection of 17 selected trees of Trinitario origin at the Agricultural
Station at Tagabe in Efate. These trees had been carefully selected over the
previous decade from an original sample of 1,5650. More than 30,000 seedlings
were thus distributed in 1978.

Small quantities of Amelonado seed were imported from the Solomon
Istands and Malaysia in the late 1970s and planted both at Tagabe and at the
Agricultural Station in Espiritu Santo. They are now bearing and supple-
menting the supply of Trinitario seed from the local selections. However,
Amelonado is not very vigorous or high-yielding and a locally-developed,
vigorous, disease-resistant hybrid with large beans is required. Some
importations of Trinitario from Papua New Guinea have also taken place
and recent importations of clonal varieties have widened the national genetic
base. Hopefully new hybrids can be developed from this material in the
future.

Spacing and Shade

Much of the smallholder cocoa is overshaded and planted under closely
spaced coconuts. As a result, the cocoa does not yield well. The Government
policy now is to recommend G/iricidia maculata as the temporary shade until
the coconuts, planted at 9.0m x 12.0m or 9.0m x 15.0m, are tall enough to
provide sufficient shade. The cocoa itself is planted at 3.0m x 3.0m in the
coconut inter-rows, Government encourages farmers to interplant with food
crops before the cocoa seedlings are put in the ground, thus intercropping
with bananas and papaya provide useful temporary shade for the young cocoa
seedlings.

Yields

The vyields on the original plantations were high; probably close to one
tonne per hectare, and indicated the potential of the country for cocoa
growing. However, due to decreased maintenance and a lack of replanting
with higher yielding varieties, average yields on these plantations are now less
than 500 kg per hectare. This compares with the plantings at Tagabe which,
under good management, are presently producing the equivalent of more than
one tonne per hectare,

Mode of Production

Foliowing the stagnation in cocoa production in the plantations which
began in the 1940s, observers noted a growing interest in planting the crop
among ni-Vanuatu smallholders which was encouraged by the Department of
Agriculture. By the late 1960s, production was thought to be equally divided
between the plantation and smallholder sectors and in recent years small-
holders have consistently produced three-quarters of export volumes, Most
new plantings are now undertaken by smallholders, currently being assisted
with project funds from the Australian Government.

As a catalyst to the re-development of the plantation sector which had
stagnated since before Independence, the Government set up a joint-venture
company with the Commonwealth Development Corporation in 1983 to
plant 1,700 hectares of cocoa over a 5 year period. This estate, which is
located in Malakula, should produce 3,000 tonnes per annum at maturity.
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Research

The Government is establishing a cocoa and coffee research station in
Espiritu Santo on 64 hectares of land. The station is being managed by the
French Institut de Recherches du Cafe et du Cacao. The station will carry
out trials on imported and local cocoa varieties with the aim of developing
superior planting material suitable for Vanuatu. It will also investigate
management techniques, diseases and insects of cocoa and processing
technologies in order that agricultural field staff can have improved
production packages to extend to farmers.

Processing and Marketing

The bulk of the cocoa exports have traditionally gone to France. In the
1930s, cocoa from the New Hebrides was highly thought of in Marseilles and
sold at a premium. However, the situation had changed by the late 1950s
when the exports were disposed of at a discount of up to 10 per cent and
there were even threats from the London market of outright refusal to buy
cocoa from the country. Presently discounts averaging 30 per cent are
reported.

The extremely variable quality of the cocoa from smallholdings and
plantations in Vanuatu is the result of irregular harvesting, resulting in over-
ripe and diseased pods. Much of the harvest is poorly fermented and, due to
the variety of types of fermentaries used (wood or cement vats, holes in the
ground, concrete troughs or merely left in the collection bag}, a uniform
national product cannot be produced. Furthermore, artificial drying is often
employed and is often inadequate which has resulted in Vanuatu cocoa
having a smoky off-flavour. There is also some sundrying. Nevertheless, some
villages do produce high quality cocoa.

Cocoa beans have, in the past, been bought from producers by traders and
co-operatives and shipped to the export ports of Port-Vila and Luganville
where they have been reconditioned by cleaning and re-drying and then
blended and bulked. Since the mid-1960s the Department of Agriculture has
been encouraging centralised processing and the installation of new, improved
dryers. Recent assistance from the European Development Fund has enabled
subsidised fermentaries 1o be provided to communities and co-operatives.

The Government introduced tegisiation in 1982, aimed at quality improve-
ment through regulation of cocoa processing and cocoa dealing, combined
with the inspection and grading of cocoa prior to export. It is hoped that
these efforts will improve the current situation whereby cocoa is discounted
by an average of 30 per cent on the world market, compared with the 5—10
per cent which could be expected if the quality was good. The cost to
Vanuatu of this poor quality is enormous. A further boost should be given by
the price differential for beans of an acceptable quality which was introduced
in late 1984. However, small bean size is a major defect which will only be
corrected by new plantings with an improved variety.

In 1984 the Vanuatu Commodities Marketing (VCM) Board assumed
responsibility for cocoa exports in order to improve returns to the producer
and to assist Government in its quality improvement programme by means of
price differentials based on quality in addition to other measures. A price
stabilisation scheme may be introduced at a later date.
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Conclusion

The history of cocoa cultivation has shown that the crop is.well suited to
the physical environment in most of Vanuatu and that it grows well in
association with coconuts, the major crop in the country. Given the current
financial and technical support now being given to all aspects of the cocoa
industry, exports should shortly begin rising again to the levels recorded in
the 1930s. These will contribute to the overall growth and diversification of
the Vanuatu economy which is currently excessively reliant upon the export
of copra.
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Chemical Control of Phytophthora Pod Rot
of Cocoa in Brazil

J. L. PEREIRA, Head Division of Pathology,
CEPEC, Itabuna Bahia

INTRODUCTION

In Bahia, Brazil, chemical control of Phytophthora pod rot {or black pod)
must be considered the most important of all the agricultural practices
designed to increase cocoa production. |n the absence of chemical control,
other forms of inputs applied either singly, or as part of an overall recommen-
dation, would not give a positive cost/benefit return.

It is difficult to estimate the crop loss due to Phytophthora pod rot as this
varies from year to year and fram farm to farm. In the southern part of the
State of Bahia, the region responsible for 95 per cent of Brazil's production,
an average crop loss has been quoted at 30 per cent (Medeiros 1977}, but in
areas where climatic conditions favour infection, incidence of disease may
attain 100 per cent level, with the peak of infection coinciding with a peak in
harvest. This was the case in 1984, when in spite of repeated warnings of a
serious epidemic, growers were lax with their spray programmes. Relatively
low infection levels in 1880-1983 due to severe drought in the north of the
region had led growers to make economies in chemical control by applying
less sprays and/or reducing the dosage of fungicide or in some cases by relying
solely on crop hygiene practices. While years of low disease incidence do
occur, growers have realised to their cost that these are only temporary
situations. Control by protective sprays is risky if the programme is not
followed in full or if one reverts to a normal schedule only after recording a
progressive increase in disease.

The need for routine chemical control was first recognised in Bahia in
1956 (Lellis and Matta 1956) and is equally true today. The enormous task
undertaken by CEPLAC {(the parent organisation of this Cocoa Research
Centre) of renovating 51,118 ha of old plantations, by underplanting with
mixed hybrids selected for increased productivity rather than tolerance to
disease, must include fungicide sprays in the renovated stands of cocoa.
However, attention must be given to other strategies including integrated
control for use at farmers’ level (Pereira and Cruz 1984). Selection of
Theobroma cacao resistant to Phytophthora spp. has received special attention
{Lawrence 1978). This line of research suffered a setback after it was deter-
mined in 1980 that screening for resistance should take into consideration all
three species of Phytophthora: P. capsici, P.palmivora and P.citrophthora
each with different behaviour in its host/pathogen relationship (Campelo and
Luz 1981}. The importance of crop hygiene was emphasised as early as 1956
(Cruz and Paula 1956). More recently investigations into the duration of
survival of the pathogens in husk piles (Figueiredo et a/ 1982) and the viru-
lence of each species, more particularly its rate of colonization {pod infection
to sporulation or complete destruction of the fruit) has added further data
(Campelo et a/ 1982, Lawrence et a/ 1982) for more precise field recommen-
dations. Knowledge of these aspects plays a role in reducing inoculum in
plantations and determining harvesting intervals {Madeiros 1977) |eading to
higher production.
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High cost of farm inputs and labour, coupled with relatively low inter-
national cocoa prices, has led to the use of more advanced technology
{Figueiredo et a/ 1984) (Figure 1).

In this article an attempt is made to discuss present recommendations to
growers, more specifically the types and doses of fungicides, timing and inter-
vals of applications and finally mode of application. In addition, the present
state of knowledge in research and its implications in formulating future
recommendations will be analyzed.

CHEMICAL CONTROL

Compared with other cocoa producing countries {principally Africa),
Brazil adopted chemical control measures much later. According to Hislop
(1964}, Von Faber, working in the Cameroons, showed a reduction of 50 per
cent black pod losses after application of three sprays of Bordeaux mixture
in 1907. In Fernando Po, regular sprays of Bordeaux mixture were applied in
the 1930s and soon after in Nigeria (West 1836). In Bahia, Brazil, after the
initial experiments in 1956 {Lellis and Matta 1956}, routine fungicide appli-
cations made a start in the 1960s, with a progressive increase in sprayed area
from 10,000 ha in 1970 to 170,000 ha in 1980. Fungicidal control of pod
rot is now fully accepted by the growers.

1. Types and Doses of Fungicides

Although the determination of types and doses of fungicides appears to
result only from field experiments, other laboratory investigations are
necessary specially on the mode of action of fungicides on Phytophthora
spp. Screening of fungicides for control of Phytophthora, from receipt of
a candidate product to field recommendations, normally requires three
years of investigations. In the first year bio-assay and physical studies of
the formulations are made in the laboratory. The second and third years
are earmarked for field experiments. '

The types of fungicides tested to date include those based on copper
and tin, organic compounds and also some systemics {Figueiredo and Lellis
1982, Pereira and Lellis 1982}, Copper fungicides (and more recently, in a
small way a tin product) make part of field recommendations, but depen-
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dency on copper alone may be considered a risk. Therefore, other products
have been tested and are alternatives to be used in the spray schedule, if
and when they become competitive in price to copper. Copper fungicides
have special advantages besides a lower cost of treatment. Their action on
fungi is consistent and resistance by fungi to copper products is not
expected to build up; in addition they offer a wide spectrum of control
with low mammalian and phyto-toxicity and no detrimental effects have
been noted on the eco-system.

All copper fungicides are now manufactured in Brazil and the three
main compounds in use worldwide, cuprous oxide, copper oxichloride and
cupric hydroxide are not only being recommended but also purchased in
bulk by CEPLAC for subsidised resale. Cuprous oxide has invariably
shown slightly superior control when compared with either copper oxi-
chloride or cupric hydroxide for the same dose of metallic copper. Statis-
tically the difference is not sufficient to justify a lower dose in field use,
but cuprous oxide acts asa standard in all fungicide experiments. Although
screening formulations of copper is routine and involves large human and
financial resources, it is considered necessary to safeguard the interests of
the growers, even when relatively small changes in formulation are made.
Growers have a choice of thirteen products. Within the three compounds
of copper available there exist three formulations {wettable powder, flow-
able and oil base) and a range of concentrations {10-50 per cent), supplied
by seven different manufacturers.

The tin base compound {20 per cent fentin acetate) was introduced for
the first time for general field use in 1983, in mixture with a copper
fungicide at a proportion of 1:8. The reason for deciding on this mixture
of products was a function of the high cost of fentin acetate if used at its
normal dose, and the normal precautions due to its toxicity (LD 50: acute
oral, rats 125 mg/kg; acute dermal, rats 500 mg/kg). However results of
field experiments were particularly interesting, as they showed that
reduced quantities of either product in mixtures gave superior control to
either of the two fungicides applied at a standard dose. Finally, the work
undertaken in Africa in respect to residues in cocoa beans {Massaux 1971)
served as a base to finalize the recommendation of fentin acetate.

The dose of copper fungicide applied per spray round was subject to
total revision (Pereira et a/ 1983). Before 1980 fungicide sprays were
undertaken on the basis of concentration in the tank-mix. Initially, this
value was 4 per cent of the product {concentration of the a.i. was not
taken into consideration), but in 1982 this was reduced to 3 per cent for
economic reasons. Therefore, the quantity of fungicide applied per ha
varied with the volume of water. If the volume per ha was reduced the
dose per ha was subject to reduction or conversely, if the volume was
increased at the same concentration of 3 per cent, the resultant dose per
ha was in fact an overdose. Concentration of spray mix as a criteria has
little significance in the field because a predetermined concentration of 3
per cent is never maintained for any duration of time due to evaporation
or dilution. Dosage was measured on 12 farms and was found to range
between 300g and 14 kg/ha of metallic copper.

This resulted from using concentration as a criteria as shown in Table 1.
Therefore, the dose of fungicide per tree or per ha was given paramount
importance. Virtually all experiments conducted during the existence of
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Table 1 - A source of error when concentration is used
as a criterion in fungicide applications.
{Copper fungicide: 50% Cu*t}

Concentration Volume per ha Dosage applied

(%) { /ha} (kg/ha)

3 400 12.0

3 300 9.0

3 200 6.0

3 N 160 4.8

3 120 36
3 40 1.2

this Centre for the control of Phytophthora pod rot were sprayed using a
volume of 160 1/ha. At this volume, a concentration of 3 per cent pro-
duct would result in applying 4.8 kg commercial product {60 per cent
Cu++) per ha or 2.4 kg metallic copper. From 1981 applications based on
dose per ha were tested in the field in diverse experiments to confirm
precisely the lethal action of this dose rather than the unspecific*’concen-
tration’* practice. Since 800 cocoa trees/ha has been considered a mean
population stand, a more practical recommendation would be 3 g
Cu++/tree {i.e. 2,400 g Cu++/ha divided by 800 trees = 3 g Cu++/tree)
(Table 2}. Having specified metallic copper, the variation in concentration
of commercially available formulations was easily corrected and the dose
of metallic copper fixed in field use. The volume of water used clearly has
a direct relation to the type of eguipment employed. After calibration,
the volume per tree or per ha is determined and this quantity of water is
then mixed with the specific amount of fungicide required per tree or ha.

Table 2 - Relation when dosage is used as a criterion
) in fungicide applications.
{Copper fungicide: 50% Cu**}

Dosage applied g Cu++/tree Volume/ha Unimportant concentration
{kg/ha) (800 trees/ha) { /ha) (%)
4.8 3.0 400 1.2
4.8 3.0 300 1.6
4.8 3.0 200 - 24
4.8 - 3.0 160 3.0
4.8 3.0 120 4.0

4.8 3.0 40 12,0
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In the case of the mixture of fentin acetate and copper, the dose recom-
mended is 160 g plus 1,400g a.i. respectively per ha, resulting from two
years of field experiments.

Finally, application of a precise dose per tree or ha is common know-
ledge to researchers and has been quoted in the methodology of Phyto-
phthora field experiments many years ago (Medeiros 1877); however a
wide discrepancy existed between available information and its application
in the field.

. Timing and Intervals of Application

From the early years of chemical control, the timing of fungicide
sprays normally followed a calendar schedule during the months of April
to August, with applications at monthly intervals (Medeiros 1977}, With
an increase in epidemiological data it has become possible to recommend
to growers a date for the commencement of the spray schedule. Another
important contribution to forecasting was made more recently by inter-
pretation of aerial photographs received from the CEPLAC Satellite
Tracking Station. The daily photographs register cloud movements and
cold fronts originating from the south. With these cold fronts lowering
of temperature and increase in rainfall may be expected in cocoa plant-
ations leading to conditions favouring an epidemic.

While it is not intended to suggest that a full effective disease fore-
casting system is in operation {certainly not comparable to the classic
forecasting for Phytophthora infestans in Europe), the results obtained
are well within the objective. [n a disease forecasting system, the main
aim is that the grower is not confronted with the unexpected, therefore
permitting early planning and timely execution of preventative measures.
From about March each year, Extension Department personnel and
others attached to a special Farmers’ Radio Programme prepare growers
to undertake necessary action (purchase of fungicide, servicing of spraying
equipment etc}) for an imminent disease outbreak. Commencing even
earlier, weekly analysis of daily recordings of temperature, rainfall, relative
humidity, incidence of disease and cropping levels are plotted by the Plant
Pathology Division. With the onset of winter months temperatures nor-
mally drop.

Therefore when levels of disease are registered to be progressively
increasing in the early stage of an epidemic (but before a 1 per cent
level of diseased pods), and the satellite photographs show an advancing
cold front, a general warning is given through the main systems of comm-

unication. ) ) R o
Certain difficulties are envisaged between a scientific decision to

commence a spray schedule and its practical execution in the field. The
grower invariably has to make on-the-spot-decisions taking into con-
sideration operational problems or coast/benefit relations. For example
in 1983, after short rain spells early in April, the growers took it upon
themselves to protect a potential crop and initiate applications early.
On the other hand, routine monitoring on experimental sites showed
that spraying for the control of Phytophthora pod rot could in fact
commence later, towards the end of May, the date announced to the
growers. This resulted in the application of up to two additional sprays
as the epidemic did not conclude early. However in 1984, the inverse
occurred as mentioned earlier. The cropping pattern in that year showed
poor flowering and fruit set, as a result it seemed logical to the growers
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that spray applications were not necessary or uneconomic. In June
flowering was abundant with every indication of a good fruit set; but
since inoculum levels were not kept low by fungicide sprays (during
conditions extremely favourable for infection) the developing pods were
exposed and levels of disease were exceptionally high. In 1985 favour-
able conditions for infection made an early start (1-2 week of April)
and growers immediately heeded the recommendation to commence
spray treatments.

During the years of relatively low disease incidence, researchers were
able to make improvements towards perfecting a system of short-term
forecasting but, as epidemiological parameters are sample values for a
large region, the growers still have to make their own field decisions.
The necessity of accepting changes becomes even more important when
the change may be a question of profit or loss. As an example, the balance
of the three species of Phytophthora at the moment is favourable to
growers. The least virulent species (P. capsici) is the most predominant
(95 per cent of sampled population) whereas the most virulent
{P. citrophthors) only constitutes a small part of the disease complex (2-3
per cent). If this balance undergoes a change, growers wiil have to adapt
rapidly, possibly involving a complete change in timing and interval.
. Mode of Application

Application of fungicides in water and therefore in the form of a spray,
has been the main means of treatment used in cocoa plantations. Recently
the use of dust was investigated (Lellis and Figueiredo 1983) and although
shown to be effective in the control of Phytophthora pod rot with an
additional advantage of a high speed operation, its special formulation
(7.6 — 10 per cent Cu++) contains a large proportion of inert material
and its cost is unacceptable.

With the development of light weight two-stroke engines, motorized
mistblowers become the most versatile machines for control of diseases
and pests in tree crops in temperate and tropical countries (Clayphon
1971, Higgins 1964, Matthews 1979).

Motorized mistblowers were introduced in Brazil in conjunction with
the start of fungicide spraying for the control of Phytophthora pod rot
{Lellis W T., personal communication). Over the years their benefits
justified their use afthough this system does not offer any comfort to
the operator in terms of load {up to 30 kg), vibration and naise. Each
unit consumes between 1-2 1 of petrol/oil mixture/hour which adds to
the cost of application. Similarly, two-stroke motors have a short life
{about 300 hr), require constant repairs and a complete overhaul after
every spraying season. The work output under hot, humid conditions
may not exceed 150 trees/man/hr and finally one has to accept that
motorized mistblowers are fairly sophisticated equipment, at least for
an unspecialised labour force. Therefore, in 1979 an alternative to the
motnrized mistblower was investigated. A return to the simple hose
and lance seemed to overcome some of the difficulties inherent in the
motorized mistblower. Although the hose and lance system would have
been considered a new methbd of applying fungicides in this region,
it is one of the oldest modes of application in the world. In 1885, the
vineyards of France were sprayed using simple pumps coupled to prim-
itive nozzles (Horsefall 1956). However as a project the adaptatipon of this
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system for use today, underwent a sequence of investigations from the
design board to assembling a prototype, evaluating and improving it
and finally its operation and implementation in the region (Pereira et a/
1983). .

A larger number of growers have adopted this system every year be-
cause of its advantages. The spray operator does not have to carry any
weight, nor is he exposed to vibration and noise. In terms of fuel con-
sumption, the single diese! engine (4.5 - 5.5 hp) that powers a piston pump
{maximum output, 40 1/min at 35 kg/cm?2} requires one litre of diesel/hr,
operating eight lances simultaneously. For similar work output, 8 motor-
ized mistblowers would be required, consuming 8 to 16 1/hr of petrol oil
mixture. In addition, diesel engines have a much longer life compared to a
two-stroke engine and generally require a minimum of repairs and main-
tenance. Finally, with adjustments in hydraulic pressure and a change
of nozzles, the system may be used for most crop protection practices
including the application of herbicides. A complete economic assessment
of this system showed, for different hose lengths, a total operating cost
which was 58.8 - 67.3 per cent of the cost using motorised mistblowers
{Table 3}.

Table 3 —~ Comparative cost analysis between applications made
with a motorized mistblower and the hose and lanceas

system,
Type of equipment Total cost spraying per Percent participation
halapplication* {%}
Motorized mistblower 4,570.99 100.00
Hose and lances for
different hose lengths
—100m 3,074.35 67.26
—200m 2,711.76 59.33
~ 300 m 2,686.15 58.77
- 400 m 2,724.17 59.60
— 500 m 2,767.47 60.54

* CRS, at value of July 1982.

No doubt, in the technology of application, the volume used per ha or
per tree has always received special importance and led to the miscon-
ception that reduction in volume per ha reflects higher technology and
lower cost. In fact, in the 1970s a number of low volume experiments
were undertaken and applications made with as little as 20 1/ha were
shown to control the disease efficiently (Medeiros 1977). However this
form of application never received acceptance on the part of the growers
and it was felt that low volume did not offer an economic advantage
especially when the diluent increased in cost.

Volumes per ha are deceptive relative values as shown in Table 4.
Traditionally between 120-160 1/ha have been considered as medium to
high volume in Bahia for the control of Phytophthora spp. This was not
a function of an upper limit of cover obtained, that is before run-off, but
purely as a limitation of the machine. In practice, at 160 1/ha a tankful
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Table 4 — Spray volumes per ha for tree crops accepted internationally
and in the cocoa region of Bahia.

. /ha
Terminology
Internationat® Traditional in the region
High 1000 160
Medium 500-1000 120
Low 200-500 40
Very low 50-200 ?
Ultra low 50 20

* Matthews, 1979.

would only treat 65 trees and, after spraying for approximately 22 min,
the operator would have to refill the pesticide tank. Higher volumes
would increase operation cost and make spraying uneconomic.

In the hose and lance system the operator carries no load and refilling is
undertaken using an adaptation to the equipment. A force feed tine from
the pump injects within the suction tube, attaining a flowrate of as much
as 155 1/min {depending on the differential height between pump and
water source). A maximum of 10 minutes is sufficient to prepare a
quantity of spray liquid for one ha. The pump unit remains stationary for
a considerable time while the surrounding area is treated as, with hose
lengths of 300 m, 28 ha iay be treated from a central point. Each of
these points are selected in relation to a source of water. Considering all
these facts and after results of field experiments where the motorized
mistblower was used as a standard, the volume/ha for the hose and lance
system of spraying was defined at 300-400 1/ha.

PRESENT STATE OF RESEARCH AND FORMULATION OF FUTURE
RECOMMENDATIONS
1. Towards reducing cost of application

In the preceding paragraphs chemical control of Phytophthora spp. as
practiced by growers received the main emphasis. Some recommendations
are easily assimilated when the grower sees an immediate benefit. He has
to contend with fluctuations in the market value of his crop and then
strike a delicate balance between this unknown variable and others such as
inflationary increases in cost of inputs, cropping changes and
unpredictable weather conditions. However, it becomes clear that re-
searchers cannot divorce themselves from day-to-day problems of the
grower. On the contrary being aware of their problems paves the way
to a further influx of technology. One such example is the need for an
urgent application of a precise dose. per tree or ha. If this becomes
common practice then the next transfer of information would be readily
implanted.

The theory in the use of protective chemicals presupposes that the
toxicant must be deposited in a thin film over the entire surface of
susceptible tissue without injury to the tissue; it must adhere tenaciously
without being eroded; and it must be released in concentration lethal to
the pathogen during the infection period (McNew 1959). This has always
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FIG.2 - SEPARATE ASPECTS IN THE COMPLEX OF FIELD DISEASE CONTROL OF PRYTOPHTHGORA POD ROT
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been interpreted as repeated fungicide applications at relatively short
intervals during a rainy period, directing the spray on selected targets
(susceptible pods) positioned on widely distributed branches within the
- cocoa canopy. However in 1980, separate aspects in the complex of field
disease control of Phytophthora pod rot were considered in Brazil. In
Figure 2 these aspects are considered individually with the aim of visual-
izing a possible interaction that might offer a reduction on the number of
applications. lItem 1, copper fungicide: its behavour and its action on
fungal pathogens has been studied for about a century. Generally its
biological efficiency is limited to 3 weeks in normal concentrations, how-
ever at high concentrations one may expect laminal liberation from con-
centrated deposits, where the inner mass of the deposits is protected,
offering a longer biological efficiency. Item 2, tree crop: the cocoa tree
offers suitable sites as a reservoir for fungicide deposits. Item 3, high
rainfall would permit an erosion of the deposit, liberating fungicide only
when conditions are favourable to infection. ltem 4, affinity to water —
the fungicide, being generally wettable powders, requires water to enter
for resuspension, redistribution and redeposition. ltem 5, water borne —
the pathogen, is dependent on water to colonize new areas and to extend
its territory. Equally important is the necessity of a dynamic state of the
fungicide during rainy periods to coincide with the dynamic state of the
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Table5 - Reduction in number of fungicide applications for the controt
of Phytophthora pod rot. (1980, 1981 & 1982)

Treatments infection Arc Sin V%

CODE Total Cu++/treefyear Interval 1980 1981 1982
Dose/No sprays {days)
*A 4g x4 =169 30 19.19A  18.81A 12.11A
B 83gx2 =16g 60 18.63A 17.66A 13.56A
C 6gx2 =129 60 25.25AB 20.09A 14.77A
a} {12g x 4g) = 169 90 18.53A 17.05A 13.44A
E 16gx 1. =169 - 20.79A 18.81A 13.56A
**E Bgx2 =169 60 16.95A 17.46A 11.54A
T. Unsprayed control - 3741 B 2763 B 2920 B
* Standard treatment ** Only treatment without a sticker

pathogen and in so doing permit greater opportunity for contact {Pereira
1974). ltem 6, disease cycle, during the latter half of the four months
disease cycle, infection follows a downward trend. Therefore, a massive
dose at the start of the epidemic may delay infection for a sufficient
period until climatic conditions do not favour infection. To test the
theory, one experiment was started in 1980 that continued for 3 years and
another in 1981 for a period of 2 years.

In 1980 the recommended spray schedule was 4 g Cutt applied in 4
applications at intervals of 30 days and this was used as the standard
treatment. The experimental treatments and results are shown in Table 5.
In the subsequent year the dose and number of applications were reduced
to 3 g Cu*t each in three sprays at the normal monthly interval (Pereira
and Lellis 1982) {Table 6).

Table 6 - Comparisons between 1, 2 and 3 fungicide sprays/year
at a reduced dose for control of cocoa pod rot.

Treatments Infection Arc Sin V%
CODE Total Cu++/treelyear interval 1981 1982
Dose/No sprays ) (days)
*A 3gx3 =99 30 21.64A 21.72A
B 4.5g x 2 =9g 45 21.81A 24 50AB
C 9g x 1=9g - 20.79A 26.85AB
T Unsprayed control - 32.14 B 3283 B

* Proposed economic alternative, only treatment with a sticker.
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The results may be summarized as follows: over the 3 year period 2
applications of 8 g each at 60 days interval was always better, but not
significantly, compared to 4 or 1 application/season {Table 5); however
the disease curve for monthly means for 3 years showed a single application
maintained tower infection levels {Figure 3); if 2 applications (8 g x 2
sprays) are made per year at 60 day intervals, results are significantly
better during years of higher infection levels, rather than 6 g x 2 sprays
{Figure 4); a massive dose applied once only {16 g Cut?} or one massive
dose (12 g Cu**) followed by a standard dose (4 g Cu**) 90 days later
suggests that the latter is more effective {Table 5, Figure 5}. When two
identical treatments with or without a sticker were compared the treatment
without a sticker was consistently better, suggesting that in the absence of
a sticker, infection levels are quickly lowered and maintained low {Figure
6). In the second set of experiments where number and dose of fungicide
were reduced, significantly better results were only obtained in the second
year when frequent applications were made, suggesting that when the total
dose per year isintended to be low then frequent applications are necessary
(Figure 7).
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FIG.3 - COMPARISONS BETWEEN 1.2 AND 4 FUNGICIOE SPRAYSIYEAR FOR CONTROL OF COCOA
POD ROT.

{T - contiol; A — 4 sprays x 49, B ~ 2sprays x 8g; E -~ 1spray x 16g)

These results have far reaching significance, but probably the main
conclusion is that progressively higher application doses may provide
proportionately prolonged coverage of susceptible tissue or more con-
centrated sprays may have a greater influence on primary pathogenic
inoculum and consequently delay a rise in infection on pods during the
epidemic, or the combined effects of both these control processes. The
important aspect is that in the case of a water-borne pathogen like Phyto-
phthora where a fungicide that has affinity to water is used, omitting
stickers results in improved control. Therefore in formulating future
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recommendations to the grower these results offer, not only a reduction
in inputs in terms of application cost involving labour and machinery, but
also permit the release of farm workers during a critical period for more
frequent harvesting, causing less diseased fruit and fewer infected beans in
diseased pods. Since disease incidence varies in different micro-climatic
areas within the region, this data has to be adjusted to meet these situations.
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(T - control; D — 12g and atter 90 days 4g; E - 1sprays x 16g)
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{T = control: A — 3sprays x 3g; B — 2 sprays x 45g:C — 1sprays x 9g)

If under normal circumstances 3 applications of 3 g Cutt/tree is sufficient
to control the disease, then the total value of 9 g Cut*t/tree/season is
divided into two doses, giving 4.5 Cu**/tree per each of two applications,
using as an interval a similar division of the period when protection is
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required, or if the schedule covers 3 months the second spray would be
applied after 45 days. In some areas up to 6 applications are normally
required therefore the value of the total dose (6 x 3 g Cu**) should allow
for two applications of 9 g Cu** each. Finally, this reduced application
technigue may only work if growers are familiar with the means of applying
a precise dose per tree or per ha. During the 1985 season, some of the
more advanced growers are adopting this system: progressively its imple-
mentation will be wider.
Towards reducing the proportion of diseased beans within diseased pods
So far agricultural inputs in the form of protective fungicides have been
examined with the object of providing the grower with the possibility of
using the minimum amount of fungicide at low application cost to give
maximum control. However, as protective chemicals are used, certain limi-
tations are envisaged after a pod is infected, as there exists no means of
preventing a progressive loss of beans within a diseased pod. Since even in
fungicide treated areas, losses may reach 20 per cent level this is an aspect
of great significance. The actual loss cannot be estimated as disease loss is
expressed as a percentage of infection which may or may not reflect total
loss of beans within a diseased pod. On the other hand, in the absence of
a differential price for quality there is no advantage in protecting fully
developed pods. Diseased beans are of poorer quality {Lopez and Pereira,
unpublished data) and if at present this does not have a monetary signi-
ficance, in time it should do so. Over the last 3 years, research has been
directed to increasing crop return, by using systemic fungicides with the
potential of less diseased beans in infected pods. In fungicide field screen-
ing experiments, systemic fungicides are thought to have little advantage
since the percentage of infected pods was similar to cheaper protective
fungicides. Therefore systemic fungicides as compared to protective
compounds were considered uneconomic since they did not result in
higher levels of control. However, some experiments have shown a positive
correlation between bean loss within diseased fruit and area of lesions
suggesting that fungicides with systemic action may yet offer positive
crop return if they contain the growth of a lesion. Systemic fungicides on
their own have a limited effect on lesion growth, but in combination with
copper {Figure 8) show a synergistic action. These studies were made on
pods artificially inoculated in the field 1,8,18 and 28 days after treatment
with fungicides. A field experiment, over one year involving three systemic
products, independently or in association with copper, confirmed that the
use of mixtures of systemic fungicides and copper, while not reducing the
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incidence of disease obtained by copper alone, increased the utilisation of
beans from infected pods. Therefore it is economic with the additional
benefit of reducing the possibility of the pathogen developing tolerance to
systemic products {Figueiredo et a/ 1984).

Therefore in the formulation of future recommendations systemic
fungicides in mixtures have a definite role, especially as there is every indi-
cation that after four years of abnormal Phytophthora years, the growers
may have to prepare for normal (severe) years. Systemic fungicides have a
part to play under these circumstances.
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Fourth Edition
G A R Woodand R A Lass

The fourth edition of this highly regarded book has been completely
rewritten and considerably expanded to cover all aspects of cocoa
production in greater detail than ever before, from planting, maintenance
and discases, through to harvesting, marketing and manutactur

Since the publication of the successtul third edition in 1975, the rapid
increase in the price of cocoa has led to new interest in it as a commercial
crop, especially in Brazil and Malavsia. This in turn has led to much new
knowledge about the plant. and changes in the methods of its production
as well as some new problems to which rescarch has been devored. All ol
these changes are reflected in this latest edition of Cocoa, making it of
immense use and value to commercial growers, rescarch workers and
students of tropical agriculture alike

1ONCO) aired 74 cinh of the Cocod 2\

Cased  Hlustrated  ISBN 0382 46352 |

Publication December 1985 Probably £32.00 net
Available from vour bookseller. In case of difficulity, or tor further information on

this and other Agriculture tides. please write to Clive Weatherley, Longman Grou,

Lid., Longman House. Burnt Mill, Harlow, Fssex, CM20 211, UK

» M)

Longman ==

39



Notes on Contributors

A.J. Kennedy

Born in 1948 in United Kingdom, obtained BSc Honours in Biological
Sciences at University of East Anglia, 1971. MSc in Applied Genetics,
University of Birmingham, 1973. PhD from University of East Anglia working
at John Innes Institute, 1975. Sugar cane breeder in Barbados until 1979;
Fruit tree rootstock breeder at East Malling Research Station, Kent until
1982. Then joined Cocoa Research Unit, University of West Indies, Trinidad
and has been instrumental in developing the present programme of genetic
conservation in Trinidad building on the range of cocoa germplasm present
on the island. Appointed Head of Unit 1984.

W. Hadfield

Took a BSc degree in botany at Liverpool University in 1957. Worked in
Assam for India Tea Association 1957—74 as botanist/physiologist studying
shade and nutrition interactions. Appointed physiologist to INIAP Ecuador
working on cocoa at Pichilingue and became leader of the Overseas Develop-
ment Administration’s cocoa project in 1980. This project was set up to
study some of the problems of growing cocoa under the unusual climatic
conditions existing in Ecuador.

Martin H. Fowler

Born 1953 in United Kingdom, obtained BA Honours Geography,
University of Durham, 1975. MSc Agricultural Economics, Wye College,
University of London, 1977. Worked from 1977—78 as an Agricultural
Economist in the Planning Unit, Ministry of Agriculture, Maseru, Lesotho;
then from 1979—81 in the Economic Planning and Analysis Section, Ministry
of Agriculture and Co-operatives, Mbabane, Swaziland. In 1981 started as an
Agricultural Economist in the Ministry of Agriculture, Forestry and Fisheries,
Port-Vila, Vanuatu.
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Cocoa Abstracts

Cocoa abstracts are reprinted from ‘Abstracts on Tropical Agricuiture’ published by the

Royal Tropical Institute, Amsterdam.
MARCH 1983

IChangas in cocoa production factors causad by the swollen
shoat virus. 2. Quantitstive evaluation} Madifications des
$ du yer provoquées par o virus
do i ive. LUCAS, P. and
PARTIOT, M. institut de Recherches du Café el du Cacao,
Kpotime, Togo — Café, Cacao, Thé 26 (4) p. 227-236:
Qctoher 1982,

Changes in the number ol ovules per ovary when the
cocoa tree is attacked by swollen shoat disease were studied.
The activity of the mechanisms inducing the formation of
ovules appeared to decrease as the concentration in available
particles of the Agou 1 virus complex increases. Observations
on the evolution of the number ol ovultes per ovary in a
diseased 1ree are compared with hypothetical mathematical
viruses present in a plant at a given moment £an be estimalted.

(Cemparalive study on the ity of cocoa i
species of Phytopmhola 10 ssadlmqs nl T. cacao, snnlysls of
P

|Economic and social aspucts of cocoa pulp juice productian)
Perfil economico o social da praducao de mel de cacou.
FERREIRA, H.1.S., TREVIZAN, S.D.P. and DIAS, I.L,
Divisao de Ciencias Sociais e Estastico, CEPEC IJiahuna,
Bahia, Brazil Boletim Tecnico - Crntro de Pesquisas do
Cacau No 97_ 38p. 1982,

This study presents economic and sacial aspecis of the
production ol a cocoa by-product, viz pulp juice, with
emphasis on production and production costs, processing
rethods and finally the willingness ol cocaa farmers to
produce cocoa juice for sale. The annual availability ol cocoa
iuice oscillates berween 53 million and 100 mulfion liz
was ohserved thal, althaugh the ecanamics ol rncna i
of linle regional imanrtance, there 15 . large poteariat to be
explored. In the year 1978, only 0.4 per cent of the potennial
procluctian was processed with exiraction eosts varying
among farmers. |1 is cancluded that perspectives are gand, on
the candion however that a series of obstach:s will he

the factors i d in the ot @ and
P. megakarya) Ewde &e du pi i & sur
semenceaux de 7. Cacap des espéces de Phywphrhoro

far both groups, viz farmers and enanulacturers,

IEconomic _assessment of cEPLAC‘s acnvmcs from 1957 1o

pacasites du cacacyer: analyse de 8lé due
pathogare da A. pal/mivors at de P. megakarya, BLAHA G.
and LOTODE, A. institut de Recherches du Café e1 du Cacac
(IRCCI, Montpellier, France ~ Café, Cacav, Thé 26 (4) p.
237--272; Gctober 1982,

The pathogenicity of 1he black pod disease causing
Phytophthora spp. an cacao at ihe seedling stage were
compared and analysed. Since the test merhods 10 roois
were lound Lo be unsatislactory, all results were taken from
the tests an epicotyls, three principa! phases could be
distinguished on to which certain pathogenicity Tactors were
superimposed: a first infection phase, characterised hy its
installation capability; a second infection phase, during which
the behaviour of Lhe pathogens can exhibit specific particu:
larities in regard to the reactions of the plant; and s olerance
stage, reflecting 3 lesser or greater pest specialization of 1he
pathogen. The resistance induced in cotoa was confirmed
and the differences in the stability of the resistance induced
is ane of the most importent points revesled during this
study o differentiate P. palmivora from P. megakarya.

The imbibed storage of cocoa (7. cacac) seeds. KING, MW,
and RQBERTS, E.H. Feculty of Agnculiure and Horti-
culture, University of Reading, Berkshire. UK — Seed Science
ond Technology (Switzerlang) 18 {3} p. 535-54D 1982.

Moist cocoa seeds were stored under controlled relative
humidiw conditions or in solutians of polyethylene glycol
“‘6000°* of known osmolarity. The best survival, 24 per cent
after eight months, was achieved by storage at 20 C and 98
per cent relative humidity (40.6 per cent moisture content)
in the presence of Thiram fungicide,

MAY 1983
Directory of germplasm collections. S. Industrial crops. 1.
Cacao, cocanut, pspper, sugarcane and tas, WILLIAMS, J.T.
and DAMANIA, A.B. International Board for Plant Genetic
Resources |I8PGR), FAQ, Rome, tialy 53p. December 1981.
For each ol the crops mentioned in the lille, institules
dealing with genetic collections are listed. informstion on
curator or person in charge, details of samples, geographic
representation, maintenance, availability, and evaluation
and documentation is presented as far as 1his was available.

Effocts of burning of rubber timber during land preperation
on soil fartility and growth of 7. cacao and Gliricidia
macufata. LING, AH. and MAINSTONE, B.J. Dun!op

12801 A das pela
Commissao Executiva do Plano 02 Lavoura Cacaveira no
periodo de 1957 a 1980. MONTEIRO, A. Divisao rle Ciencias
Sociais e Estatistica, CEPEC, luabuna, Baba, Brazil
Bolerim Tecnica Centra de Pesquisas do Cacav No 98, 36p,
1982,

The activines of CEPLAC were analysed hy evaluating
the vield performances of cacod plantations in tive State of
Bahia, belore and afler the introduction of beter plantation
techniques. The benefits earned by the community through
opplying the technology. produced by research, to planters
were  assessecd using the Grilliches-Peigrson formula, The
estimaied rates of internal (etuca were 42 and 57 per cent,
the former when the global expenses of CEPLAC were token
into account, and the (alier when just the amount allocateri
Tor supportug research, extension and agricultural education
activities in the cocoa regran ol Bahia, was considered.

Nivvogen cycle of tropical perannial crops under shada trees.
2. Cacao. ARANGUREN, J., ESCALANTE. G. and
HERRERA, A. Centro de Ecologia, Institulo Venezolano de
Investigaciones Cientificas, Caracas, Venezuels — Plant and
Soil {Netherlonds] Nitragen Cycling in Ecosystems of Latin
America and the Caribbean 67 (1-31 p. 259-269 1982,

A cacoa planiatian under shade trees was studiesl in order
o estimaie N stores in the soil and planiation 1rees and N
{luxes associated with litterlall, decomposition and harvest.
The cocoa plants canltained 302 kg N/ha ol which woorly
above-graund parts made up 50 per cent and rogts and lesves
circa 60 kg N, Litier on the soil surface contdined on average
37 kg NJha, Shade tree leaves made up 61 per cen1 of Lhe
total N in the litter on the soil. Mineral soil s1or2s ol 101al
nitrogen were 35 t N/ha, 40 per cent of which was tound in
the first 20 ¢m depth. Litterfall rates were 20.9  dry litter/
hafyear. The rale ot N transfer with litzerfat was 321 kg N/
halyr. N output by harvest was circa 45 kg N/hatyr, with
some 20 kg N/hal/yr rewrned to 1he field with pod shells
after processing. The net harvest oulput cen be amply
compensated for by inputs of shade-tree leaf litter. Much ol
this may be fram deeper soil horizons than those exploited
by cocoa.

Oynamics of nitrogen in a shoded cocoa plantation,
SANTANA. M.B.M. and CABALA-ROSAND, P. Centro de
Pesquisas do Cacau (CEPEC), itheus. Bahia, Brazil. Plant ant
Soil {Netheriands) Nitrogen Cycling in Ecasystems of Latin
America and rthe Caribbesn §7 (1-=3) p. 2721-28% 1982,

Research Centre, Batang Melaka. Negeriy
— Planter 59 52-59; February 1983.

The land clearing method used in replanting has a
profound influence on the establishment and growth ol
cocoa and Gliricidia macuiata. Burning of rubber 1ymber
resulted in 3 several fold increase in the supply of available P
and the bases K, Ca and Mg to the soils. On the olher hand.
not only did the unburnt areas nol receive additional
nutrignts from burning but they also suffered from severe
soil compaclion as a cesult of mechanical operations during
timber slacking, Fesutts indicale a need o re-consider 1he
appropriateness of the current cultural aac' agronomic
practices. 11 is possible that fertilizer inputs 1n burnt areas
can be reduced during part of the prebearing penod of cocoa
plantings.

Mini-lysi were i at depths of 10, 20 and 40
cm and the leachate was collected weekly or after heavy rgin,
Net mineralisation was measured in soil samples 1aken al
depths of 0—5 and 5—15 cm and incubated for 30 days in
plastic bags glaced at the site of cotlection. Leaching was
correlated with the amount of rainfall. Ammonification and
nitrification were both high during most of the year,
nitrification was very rapid especially on the fertitized area.
Analyses ol Erythsina and cocoa litter show that these
components make a considerable contribution to the N
recycled in a cocoa plantation, High cancentrations of total
N were detected in soil semples taken close to shade irees
and the sdil of shaded areas had more than 480 mg N/kg
$0il than soil of non-shaded areas. Removal of N in harvests
can be considerable. I1 is advisable to take nitrogen-cycle
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data inta account for fertilizer recammendations.

DOesign and dovolopmenmt of small driar for cocoa besns
BABOO, B. Centra! Plantation Crops Research Institute,
Kasaragod, Kersla, India, Journs! of Plentation Crops 10
12} p. 108-113; Decemnber 1982,

A 1tray type, through-flow dryer was designed and
developed for drying up to 40 kg of fermented cocoe beans.
The dryer can be operated on electricity {single phase),
biogas burner ar kerosene wick stove. During the rainy
season 40 kq fermented beans were dried from an initial
moisture conlent of 115 per cent {db) 1o 8 per cent (db)
in 60 hours. The dryer gave a heat utilisation efficiency of
53 per cent when operated on efectricity. The cost of the
dryer worked out to Rs, 1000/- and drying cost Rs, .50
per kg of dry beans.

JUNE 1983

{Doter of the genotypes of i ibility or
eompnltbllutv in meral =ul||vars of cecoal. Datarminacion
de las g de i bilided o ibilided an

varios cultivasas da cocoa. TERREROS, J.A., CHAVARRO,
G. and OCAMPOS. R.F. Faculdad de Agronomia. Universi-
dad t de C lombi Palmnra [ bia — Revista del

A io {Colombis) 17 {3) p.

< 9
93 99 September 1982,
To study 1he florsl genetic formuia for incompati
compatibidity. 1S cocoa cultivars were used as parents in the
production of improved ¢ocoa seed. Twenty self-pollinations
in each of the 15 cultivars, besides 20 cross-pollinators using
gollen from 6 cultivars, the floral genetic formula of which
is already known, were made. The data registered 15 days
after pollination were analysed. The genotypes determined
are enumerated.

(CEPEC Technica) Report 1981) CEPEC Informe Tecnico
1981. Ceatro de Pesquisas do Cacau (CEPEC), labuna,
Bahia, Brazil — 350p. 1982

This report contains the research results of the cocoa,
cattie raising and crop diversification programmes carried out
by the various clivisions of CEPEC in 19B1. The resufts of
the cocoa research programme of DEPEA (Departamento
Especial da Amazonia) are also presented.

{The cultivation of cucos) El cultive dal cecao. CASTILLO
S, J.L. Reviste Caletulera—ANACAFE |Guatemala} No 218
p. 10, %2, 14-18, 20-22 May 19B2.

As an alternative to coffee growing information is given
on the cultivation of cocoa. The ecosystem, nurseries,
propagation, plaming, cult-vnnon practices, pests and diseases
and their control, 1-h. st handiing, storage
and internatianal markets are drscussed

{Cocoa pod rot (Monilie roreri] and its sconomic eftects for
Guatomala) La momllasu dsl cacan y sus #fectos ¢CONOMICOS
para acuwosa dsd cacao}
(Moniliophthora roreril. CAMPOLLO H. = Revista
Cafetalera — ANACAFE {Guatemsala) No 218 p. 26 -30 May
1982,

The danger of Monilia pod rot for an expanding cocaa
area is outlined ‘n view of the occurrence of this disease in
neighbouring countries. Oescribed are symptoms, resistance,
life-cycte, epidemiology, control {sanitacy and chemicol
methods} and social aspects. Recommendations are given on
coping with the danger of the development and spread of
Monitiophthora roseri.

Studies on the feeding value of agro-industrial by-products
and ths feeding value of cocoo pods for cattla, SMITH, 8.8,
and ADEGBOLA, A.A. Department of Amma! Scwnce.

Perkebunan {indonesia) 48 (5) p. 133-138 October 1980.

The impact of continuous application of herbicidas with
ihe same aclive ingredient in cocaa plantation is studied,
discussed and compared with that of the mechanical weed
control. The Jatier did not result in 3 shift in the species of
the regenerated weeds, but weed growth was suppressed for
only 2 monihs. Application of paraquat coolrollcd weed
growth for $-2 and conii of
@araquat led to the dominance of broadleaved weeds. The
mixture of paraquat and diuran, however gave better results:
it suppressed not only the growth of nutsedge {Cyperus
kylingia) and grasses (Poscesel but also other weed species
propagated with seads. Glyphosate application suppressed
the growih of nutsedge and grasses bul continuous applica-
tion of glyphosate led to the dominance of weed species
propagated with seeds, Better results were obtained if
glyphosate was mixed with napropamide.

JULY 1983

(Possibilities of biological comrol of moml-a pod rot o'
cocoa} Posibilidades del
{Moniliophthara roreri} del cacao. N. and
VICTORIA K, J.). Universidad Nacional de Colombia,
Palmira, Colombia — Acts Agronamica (Cotombial 31 (1 —4)
P. 133—-141 February 1981.

The aniagonistic action of 23 antibiatics, & bacierial
cultures and 6 fungal isolates against Moniliophrhora roreri
was assayed in vitro, Furthermore, the antagonistic capacity
of two selected bscterial cultures was assayed during
different periods of exposure befare and after transplanting
the fungus. The action of one bacterial culwire agsinst the
fungus when inoculated in cocoa pods was assayed betore
and after the fication of the ial s The
antibiatics, 4 of the bacterial cultures and & fungal |so|ales
showed no significant inhibitory effect on the devetopmem
of M. roreri in vitro, The remaining 2 bacterial isclates
produced a high degree of inhibition both in the in vitro and
he in vivo assay, especially in prophylactic treaiments.

{Structura of papulstians of Phytophthora spp, parasitas of
cocoa and other perennial erops in Ivory Coast) Structure
des p toti de Phytophth <pp. parasitas du cacacyer
et sutras cultures perannas, en Cote d'iveire, BABACAUH,
K.D. Ecote Nationale Supérieure Agronomigue, Abidjan,
Ivory Coast. Café, Cacao, Thd 27 (1) p. 41~56 January 1983.

Phytoghtharg populations from cocoa, rubber and mango
rees were studied in Ivory Coast. The study revesled that the
onventional 18xonomic criteris are nol always equally
eliable. The iength/width ratio of the sporocysis is a clonsl
narker. The other criteria, inciuding biochemicat ones,
inable the 2 species to be distinguished viz., P. paimivora
iensu attacking both cacoa and mango trees ond P. citroph-
thora parasitizing rubber, cocoa 8nd Mango.

Nematodes essociated with cocoa bybrids and clonas in

Bahia, Brasit. SRARMA. R.D. Centro de Pesquisa Agro-
pecusria dos Cerrados, EMBRAPA Planalnna DF araz»l
~ Publicacao ~ (S 8, ." i

R de N No 6 X 85*93 t982

A preliminary survey for nlan( parasitic nematodes was
conducted during 1974, A toial of 37 sail and rop1 samples
was callected from the rhizospheres of 26 cocoa genoiypes
(10 biybrigs and 16 clones). The %age frequency of occurrence
of nematode specnes in the sample was: Helicatylenchus

dihy {70.3), Meloid 8 v {48.6), Dolichodorus

mmor {45.9), Hehcoxyfenchus spp. {35.1), Rorylenchuius

13511 Xiphit sp. larvae (35.1), Hemicyclio-

phora loofi (16.2), Macropostbonia enoensis (10.8),
Helicotylenchus multincinctus {8.1}, Peltamigratus

" hoid i (8.1), # feri ides sp. (2.7}, Langidorus

University of e, Ife, Nigeria, Tropical Animal Pr
(Mexico} 7 14) p. 290295 1982.

Two cattle studies were carried out to determine the
maximum level at which cocoa-pod, an agricuitural by-
product, could replace maize or sorghum in cattle fattening
diets. In the first exnerimgnt, 3 groups of 12 caitle each
were fed 3 diets contamlng 0,20 and 49 per cent cocoa pods
for 112 days, while in a sscond study, 3 other groups were
ied diets containing 0,30 and B0 per cent cocoa-pod for 84
days. A trend of increasing feed intake and decresasing weight
gains with increasing cocoa-pod levels was observed. Never-
theless, differences in weight gains and feed utilization only
reached significance above the 40 per cent dietary cocoa-pod

level. Moreover, feed costs were lower for all cocoa-pod Gigts .

compared 10 the control. Apparently, cattle can profitably
utilize fattening diets containing up to 40 per cent cocoa-pod
in place of maize or sorghum.

{Weeds in a cocoa due 1o
janis gulma skibet pemakaian herbiside di kabun cokelat.
BASUK), A., SOEDARSAN and RUSWANDI. Balai
Penglitian Perkebunan Bogor, Bogor, Indoresia. Mensse
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sp. {2.0} and Trichadorus sp. (2.1). M. multicinctus, P.
holdermani and M. loufi are reported for the first time in
association with cocoa from the State of Bahia, Brazil.

{Effect of waed control on the vegetation of an ares at
CEPEC) Efaito do controle de plantas invasoras sobre uma
vegetacao nc area do CEPEC. VINHA, S.G. DA, PEREIRA,
R.C. and MULLER, M.W. Divisao de Bowanica, CEPEC,
Itabuna, Babia, Brazil — Revista Theabroms 12 {3} p. 123-
124 July 1982,

The result of repeated applications of herbicides and
mowing of weeds in an area being prepared for s cocos
plantatian at the Cacao Research Cenire, llheus, Bahia,
Brazil, wes evaluated by comparing the trealed area with an
adjscent untreated area. Weed control increesed the number
of plant species but reduced the total biomass, The
vegetation of 1he treated area retained per square metre,
3.66g Mg, 8.65g Ca, 7429 X and 2.13p P in its biomass,
whereas these velues were 12.14, 27.01, 50.11 and 7.87g
raspectively, in the untreated area. More nutrienls were
evaitable in the soil in the treated area than in 1he uatreated



area. The sboveground biomass in the untreated area was
2262 g/m< and 95.2 per cent of this provided by the grass
8rachisria mutica. In the untreated area the above-ground
blomass was 214 glm with Ludwng:any:mp:(aha

dosages of 5, 7.5 and 10 g.8.i./ha were 98, 97 and 90 per cens
fespeclwely 48 hours after spraying. Efficacy of Pounce
hrin} at the d of 100, 125 and 15Q g.a.i.fha

were 97, 99 and 98 per cent respeciively, 24 hours atter
tication. Efficacy af Belmark {fenvalerate) a1 the dosages

snd C 'g
31 5 21.1 and 17.4 per cent ol this total, respecuve!v.

Women’s work in the food sconomy of the cocos belt: a
comparison. GUYER, J.). African Studigs Center, Boston
Univarsity, Braokline, Massachusetts, USA Working
Papers No 7, 35p 1978.

This paper |s an empirical nudy of lhe cultura) context
and historical d of the divi of labour by sex
in 2 farming systems of the W. African ¢ocoa beit: the
Yoruba of W, Nigeria and the Beti of 5.C. Cameroun. The
former can be classified ps a male, the latter as 8 femate
farming system. However, in bath cases both sexes contri-
buted 1o agricuftura) Betivities and did produciive work
outside agriculture.

(The cocoa psyllid in the South Central Province of
Cameroon: identification of the psyllid: brief study af tha
morphology of the differant stagas of develapment) Le psylte
du cacaoyar au centre-sud du Camaroun: identification du
psylla morphologie sommaire des differants stades de
developpornan( MESSI, J. Faculie des Sciences, Universite de

Yaounde, C. — Cafe, Cacao, The 27 1N

,57 68 January 1983.

In the South-Ceniral Province af Cameroon, psyilids
(Mesohomotoma tussrrannil are the major pests of cocoa.
This paper presents detailed information on the marphology
of the different development stages of this insect.

Studies on tha demage to young cocoa m;dlmgs by the cocon
psyllid Tyora (A tH Psylltdael
IGBOEKWE, A.D. Cocoa Research lnst of Nigeria (CRINJ,
Ibadan, Nigeria — Cafe, Cacao, The 27 {1) p. 67-70; Jenuary
1983.

Investigations conducted in Nigeria on the nature of
damage caused to young cocoa seedlings by the psyllid are
reporied. Feeding and ovnpos-uon hehit cf the insect cause

to the 2] dles of leaves snd buds.

{Effect of soil and foliar application of fertihizers on the
davelopment of cocons seedlings) Efeito de adubacoes do
substratc o foliar na formacao de mudes de csceu.
FASIABEN, M.C.R., COSTA, 1.D, and DEMETRIQ, C.G.B.
Escola  Superior de Agricultued  ‘Luiz _de Queito?’
Universidade de Sao Paulo, Piracicaba, Sso Psule, Brazil —
Ravista de Agriculturs 57 (3) p. 171-181: November 1982.

Compared were: an orgarl-c fertilizer {Hiper Humush a1
50 kg/m3 of soil, the inorganic lerulnzersasuperphosphate and
poassium chlonde at 2.5 and 0.5 kg/m* of soil respectively,
and a folisr fertilizer (Wuchal, 9-9-7 farmulation) applied
tour times 31 maonthly intervals at a concentration of 2 per
cent. The compsrisons were based an seedling devetopment
characteristics (plant height, stem diameler, stem-root and
total dry matter weight, and stem/rool catiol. The results
shawed that the organic fertilizer inhibited the increase of
root as well as of total dry maiter weight. Foliar applicatian
shawed no effect.

{Waeds in cocoa plantation of different sges in the Ca:ao

of 50, V00 and 150 g.a.i./ha were 97, 97 and 99 per cent
respectively, 24 hours after spraying. The results of an
experimen: which wsas undertaken 1o compare the
pyrethraids showed that efficacy of Decis, {5 g.a.i./ha} were
98, 98 and 96 per cent respectively, 24 hours after spraying.

The foraging activity of some West African cocoa farm ants,
MAJER, J.D. Department of Zoology, University of Ghana,
Legon, Ghana — Revista Theobroma 12 {3} p. 155-162:
July 1882,

The daify foraging pattern of 1hree important Ghanaian
cocoa farm ants was monitored on three accasions. The
pattern of Telramorium aculeatum was basically unimodal
and nocturnat although foraging sometimes continued into
late morning. Crematogastesr depressa activity was largely
diurnal during caol, dull conditions, but became more
nociurnal during warmer periods. In areas where these two
species co-existed, the peak of T. acuwleatum activity shifted
and faraging time was reduced; C. depresss was unaffecied
by the presence of T. aculeatum. The activity of a 1hird
species, Polyrbachis 1aboriosa, was diurnal and bimodal. tis
suggested that in addilian 10 there being a patchwork masaic
of Bmis in ¢cocoa, the trees are foraged by a succession of ants
throughout the entire day.

(Selected edaphic-climatic factors for cocoa zoning in South
East Bahia, Branl! Fatowa adalu-cl:maucos seletivos 8o
de Bahia. SA, D.F.
DE, ALMEIDA H.A. DE and SILVA L.F. DA. Divisso de
Cl:ma:olcg-a CEPEC, Itabuna, Bahia, Brazit Revista
Theobrama 12 (3} p. 169~187, Juiv 1982,

The potential for cocoa growing in 1he South east region
of Bahia was studied, analysing the interaction pattern: soil-
climateplont. Three majar areas were initially recognised:
(1} a relatively nacrgw beh of land, 45-47 km wide, covering
approx. 33,000 km<. This is the cacoa region af Southeast
Bahia, characterised_as the mos sultable (2) an ares of
spprox, 30,000 km ed for
cocog; and (3) en area of about 25,000 km2 considered
madequale An additional area of aboul 6500 km<, where
one of the growth components was nor ideal, l:ould be
planted with cacoa with certain restrictions.

The reletiva virulanca of Phytophthora paimivora and P.
cepsici on cocpe in Bahig, Brazil. LAWRENCE, J.S., LUZ,
E.D.M.N, snd RESNIK, F.C.Z2. DE Oivisao de Fitopatologia,
CEPEC, ltabuna, Bahia, Brezil — Revista Theobroms 12 (3)
©. 189-198: July 1982,

Phytophthora paimivore was found ta e consistently
more virulent than P. capsici on attached and detached pods,
germinated sesds and seedling stems of a range of cocoa
typns. Since P. ¢spgsici is prabably the predominant species
on cocoa pods in Bahia, it was toncluded that future routine
ccraening for rasistance should be carried out with both
species. Among 20 cul(wsrs screened for resistance to P
palmrvora and P. cepmc; EET 59, Scavina 6 and UF 713,

Research Centro, llheus, Bahia, Brazil) Plantas i
om cacauals do idades diferentes na ares do Centra de
Pesquisas do Cacat. (CEPEC), Bahia, Brasil. LISBOA, G. and
VINHA, §.G. DA Divisao de B ica, Centro de P
do Cacay (CEPEC). ftwabuna, Bahia, Brazil
Theobrama 12 (3) p. 135-140; July 1982,
Comparative studies on the herbacious vegetation under
cocoa trees of wo ditferent ages, 1hrough a transect method,
showed that manocots represent nearly 50 per cem of the
soil cover in both areas, Paspalum confugatum was the mast
common species in both areas fotlowerd by Commelina
diffusa in new plantations (i.e. & 3 years old) and Setaria
poiretiana wn the old one li.e. = B0 years old). Diversity
indexes shawed that, in the old p ion, the mast
species were not dominans in relation o the less common
species, while 1he opposiie occurred in the new planianon.

Revista

{E i of sy pyrathroi in the trol of
Hoplogharion pertusum Germar (Homoptera. Membracndael
a pest of cocna in Bahia) Avali e p

na controle de Hoplophosion pertusum Gormar (Homoptera:
Mambracidae), praga do cacaueiro na Bahia. ABREU. J.M,
DE and MILANEZ, JM. Divisao de Zoologia Agricaly,
CEPEC, habuna, Bahia, Brazil — Revisia Theabroma 12 (3]
p. 149—-153: July 1982.

Field trials were carried aut to evaluate the elficacy of
synthetic pyrethraids in the comirol of Hoplaphotion
pertusum, a pest ol cocoa plantations in Bahia, Brazil. The
results showed that population densi varied from 381 10
15626 inseers per tree. Efficacy ol Decis {decomethrin) at the

d most pr 10 both species. Not all
cultivars showed the :sme reaction ta infection by the two
spacies, the most notable examgle being cv. Catonge which
was classed 8s moderately resistant to P. capsici but suscep-
tible to P. paimivora.

{Rosponsa of ‘Catongo’ cocos to levels uf fcruluxeu m
Southsrn Bahia, Brezil) R de
a dotes de fertilizantes no 5ul de Bahia, Brasil. CABALA
ROSAND, P., SANTANA, C.JL. DE and MIRANDA, E.R.
DE. Divisao de Geociencias, CEPEC, |tabuna, Bahia, Brazil
— Reavista Theobroms 12 (4) p. 203—-216; October 1982,
Five levels of N, P2Og and K20 were applied on 8
plentations during 1971-80. Large effects of P were
recorded, mainly with 90 kg PoOs5/ha. Consideratle effects
of N were atso found in the first% years. K became important
sfter the first 6 years at levels of 120 kg KpO/ha. Low
produclion fevels were recorded in 4 1rials with yieids
declining in the last 2 years. Yields remained hlgh in the
other 4 areas. Leaf ples and soils sh d
treatment effects in 1980 and an increase of exchangeaule
Al and Al saturation in ihe complex. There was alsa a Ca and
Mg reductian compared with soil samples from non-
experimenial areas. The exchangeable Al and Al saturation
increased progressively with depth, while most of the
Autrients were greater in the surface layer. In the 4 Jow yielkd
areas, the A! saturation, Fe and Cu were considecabty higher
than in the high yietd areas, which showed higher amounts
of Mn
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(Aerial spraying for the control of cocos black pod disease
in Bahia, Brazil} Putveri: aerea no le da padridao
parda do cacsueire na Bahia, Brxil. RAM, A. and
MEDEIROS. A.G. Divisao de Fniopatolegia, CEPEC, hiabuna,
Bahia, Bracil - Revista Theobroma 12 (4) p. 231-239:
October 1982,

An experiment was conduciett 10 compare lhe ullicnoncy

Adloption of 2 recommended faim practices by some
cocoa [armers from Ondo and Oyo States is examined.
Resolts showed thal while 53 per cent adopted culting of
virus-inlecied trees only, 45.3 per cenl used the knapsack
spraying machine. Moreaver only 10.1 per cent used 1he
recommended wooden irays for fermenting cocoa beans.
Generally [srmers who adopted cutting of VIT had greater

of werigl spraying by helicopier with

emplnymg moiorized knapsack  mistblowers. The |r'~aﬁ
d of five with six repli located in
difleremt  munici Both hods of applicali

1ained 3 dose equivalent 10 4 g of a.i./tree/application of
wo  Jarmulations, copper oxychlaride emulsified in ol
(Kaurito)) and cuprous oxide {Cobre Sandozi. It was shown
thal no significanr difference existed in discose control hy Lhe
1wo sproy syslems 1esied, while these were better 1than the
conicel. The cuprous oxide and copper oxychloside in
different tormulations presented equal efficiency in disease
control, The results suggest that aerial spraying is a viable
alleroative to conventional spraying of cocoa for contral of
black pod in Bahia.

(Chemical cantrol of Corticium saimoenicolor, causal agant
of pink disease ot cacoa) Controle quimico de Corricium
salmonicolor agente causdl do mal-rosado do cacaueiro.
RAM. A., BASTOS. $.T.G. and FIGUEIREDO. ..M. Divisao
de Fitopnialogia. CEPEC, labuna, Bahia, Brazil — Revista
Theobroma 12 {4) p. 241-247; Oclober 1985.

Results are presented from detailed investigations with
Bayleton (iriadimafon}, Plamivax  foxycarboxin)  and
Peprosan (30 per cent copper oxvchlunde + 10 per cent
maneb + 10 per cent zineb). The fi i were ied at

with exlgnsian agenis and exiernal sources of
information. Those who used the KSM were more likely 1o
come fram Ondo state and owned larger farms. Finalty those
who adopted the wooden 1rays for cocoa fermeniation wer2
younger and had greater contacl with extension agents.
Characieristics af these farm practices are examined to
explain  the differential  relationships  belween  the
independent variables and adoption of the 3 praciices.

Cacaa, cuffea and ted: prod per.tion for £l
change. SILVA, L. DE, Reprint Series — United Mations
Conference on Trade and Development No 30, 31p. 1982,

This paper examings the irends over the last 2 ar 3
decades in the world irapical bevenge economy, pravides
some byiet statistical guidance on its present shape, and
Pinpoinis o few saliem (eatures in the production, processing,
marketing and distribution of cocos, collee and tea, which
might be -mpvovcd to benefit developing exporting countries,
In this connection the rauonale tor a conceried approach is
discussed, together with nternational tinancing, |n|ema||ona|
commodily agreemems and Ihe consept of a “strategic”
cammadily. Policy c¢onclusions f{or betier co-operption
between 1ropicsl baveraye exporiing couniries are drawn.

lFemluv ol diagnesis and classification of cocoa soits in
0

three concentrations and two intervals with seven replicates.
Single tree plois were used in which gne infected branch
showing the Jirst or second stage of infection was marked a1
the start of the disease season. Data was recorded fortnightly
and the rate of superlicial mycelial growth of the pathogen
was noted. Peprosan was the most efficient (68.69 per cent),
fallowed by Baylelon (59.70 per cent) and jinally Plantvex
{50.82 per centl. The higher concentrations gave better
results in all gases while the shorter interval of 15 days was
more promising thae that of 30, For Peprosan at its higher
concentration af 1 per ceot a.i. the resulis were similar when
applied at 15 or 30 days intervals, suggesting that for
economic and practical reasons the longer interval was more
advantageous.

AUGUST 1983

{The relationship between farm size and productivity in the
cocoa region af Bahia) Estrutura fundiaria o productividade
na rogiao cacaueira da Bahia. TREVIZAN, S.D.P. Divisao de
Ciencias Sociais e Estatistica, CEPEC, Itabuna, Bahia, Brazi)
— Boletim Tecnico — Centro de Pesquises do Cecsu No 103,
20p. 1982,

The relationship betwsen farm si2e, area of cocoa and
production and productivity was analysed. Data from a
survey of 16,780 cocoa plantations in Bahia in 1980 were
utilized. Tabular analysis and Gini cogfficient were utilized
to measure the land distribution. To measure the relalion
between proauctivity and area, the Pearson correlation {r)
was employed. A strong negative correlation (—71) was
abserved between farm size and producttivity; the correlation
Letween area under cocoa and productivity (~0.47) was also
significant. It i3 cancluded that small cocoa growers have
proporiionally higher output than the larger cocos farmers,

Bitliography of cocoa in Papua New Guinea. SMITH, E.S.C.

{Comp). LAES, Department of Primary Industry, Keravat,
East New Britain, Papus New Guinea -— Lowfands
Agricultural  Expegriment Stetian, Keravat (Papua New

Guines) 37p; September 1982.

In a number of appendices informaiion is presented on:
cacoa information printed and distribuied by LAES; general
texts on cocoa; publications on cocoa from 1he Sclomon
tslands as well as from Irian Jays, Indonasia; miscellaneous
publications concerning cocoa in Papua New Guines; visuel
aids on cocoa in Papua New Guinea and Cocoa Acts and
Regulations in Papua New Guinea.

Cocoa, ADOMAKO, D. Cocoa Research Inst. New Tafo-
Akim, Ghana — Outlook on Agricufture 12 {2) p. B3—B9:
1983.

This review article on cocos describes scale and geographi-

cal pattern of cultivation and processing, and the controd of
pests and diseases.
A ot farm h cocoa
farmers in Nigeria. MONU, E D Faculty of Aris, Brandon
Univ,, Brandon, Manitoba, Canada —~ Quarterty Joumal of
lnremali'onal Agriculture {Germany F.R.) 21 (3) p. 250—
26%; July 1882,

¢ nulncnonal e classifiacan de polos

I dos polos da A ia. NEVES,

A.D. DE S, CAMPOS A.X. DE and BARBOSA, R.C.M,

Deparlarnenlo Especial da@ Amazonia, CEPLAC, Belem,

Para, Brazil ~ Botetim Tecnico — Cenrro de Pesquisas do
Cacau No 102, 16p. 1982.

Soil surveys were undertaken to identily and classify
soil units in the new planting areas of Brazilian Amazoma.
Cocos seedlings were used as an index <rop for delermining
nutrient deficiencies. The biotogical assays were assessed
under greenhouse conditians, 1L appeared thet all the soil
types were deficient in phosphorus, Eutrophic podzolic soils
also showed potassium deliciency. Yellow and red latosols
were also deficient in potassium, calcium and magnesium, ~
and cocoa seedlings expressed by symptoms af zing
deficiency. None of Ihese soits responded to nitrogen,
sulphur or boron.,

A p y of areas for cocoa produc-
non in Papua New Guinea. BLEEKER, P. and FREYNE,
D.F. Division of land Use Research, CSIRD, Canberrs,
Austealia — 51p. 1981,

This preliminary inventary of soils, 1errain and climate
suitable for cocoa production shows that the couniry has
exiensive additional areas of land available which can be
brought into production, A summary of these estimated
areas, together with the percentage areas al present under
crop s given in a tshle far each of 13 provinces. The
Northern and West New Britain in particular appear to have
large tracts of Jand available which are highly suitable lor
production. These are relatively accessible and with low
population densities. Other areas with high suitabilities such
as North Solomons and West Sepik Provinces are either
currently used or inaccessible.

SEPTEMEER 1983

Tha digestibility of cacoa husk-based diets fed to shaep.
OTCHERE, E.Q., MUSAH, I.A. sand BAFI YEBOA, M.
Oepartment of Animal Science, University of Ghana, Legon,
Ghana — Tropicol Animal Production fMexicol 8 (3 p. 33—
38. 1983,

Significant decreases in dry matter, crude protein, ether
exteact and nitrogen free extract digestibilities and total
digestible nutrignis occurred in the wethers with increase in
the level of cocoa husks substitution.

P, iel crops. CORLEY,
R H.V. Bska:aw-( Clonei 0-| Palrn Research Unit, Bannng,
E. o (UK) 19 (3}

p. 217237, July \983

This paper reviews the yield and productivity of several
tropical perennial C3 species and estimates their potantial
yields, Some fectors which limit productivity have been
identified and suggestions have been made for further
improvement. Considerable increases in productivity should
still be possible, since the potential energy fixatlion rate for
such crops is estimated to be sbout 1.2 TJ/hafennum. The
dry matter equivalent of this energy varies between species;
the oil crops and rubber in particular, heve large energy
conzents in their respective economic products. Hot lesf
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temperatures appear o it productivity in some crops,
while uniavourable pa ning af assimilaies limits yield
a1 the Jarge leaf area indices necessary 10 maximise dry
matter producnon Respiratory Iosxes are large in these
crops and far smaller r n rates could lead
ta considerable improvements in their productivity.

18th ANNUAL REPORT 1982 Researco Dept., United
Plantations Berhad, Teluk Anson, Perak, Malaysia $103p;
February 1983,

The activities af the United Plantations Research
Department for the year 1982 are described under 1he

headings: {1} oil palm — breeding and selection, culwraf
practices, nutcilion; (2} coconuls — breeding ang seleclion,
cultural practices, auirition; (3) cocoa — breeding and

selection, nulrition; and {4} crop prolection.

Research Deprt., United
Parak, Malaysia — fn:

Cocoa: Breeding and Selectian.
Plantations Berhad. Teluk Anson,
Annual Repore 1982,

In 1his seclion the following aciivities on cocaa
breeding and selection are reporied: (1) germplasm
introductions; (2) clanal observations and evaluatians Irials;
{3) Fo x Fy {3-way) progeny icials; and (4) F x F progeny
1rials. Cacoa germplasm in (he form of budwood, imparted

planting, produced hypertrophied hypocolyts and developed
hypertrophied axillary buds. Thls inoculation technigue
could be useful in 153 g af individual planis for
their reaction to infection by C. perniciosa,

lIncidence of fungi of the Aspergillus Havus group in stared
co¢oa seeds) Incidencia de fungos do grupa Aspergifius Havus
am de cacau BASTOS, S.7.G. axd
CAMPELO, A.M.F.L. Divisao de Fitopatalogia, CEPEC,
habuna, Bahia, Brazil — Revista Theobroma 13 (1) pn. 63-65;
January 1983.

Stared cocoa from 5 different localities was examined fou
the presence of fungi ol 1he Aspwylllus flavus group. A
flgvus was faund 10 be present in 4 of 1he 5 areas, bul none
of the 104 strains praduced aflaroxins,

Comgparati h y and of cocoa fermon.
tation in Indis. BALASIMKA, D. BHAT N.T. and
BOPAIAH, B.M., Central Plantation Crops Research Inst.,
Vital Karnataka, India — Journal of Piantation Crops 11 {1}
p. 55-59; June 1983.

Atldl!y i cocaa beans is 8 serious defect as it imparts a
cgisin-fruity off-flavaur ta the finished chocolate. Indian
cocaa beans ere usudlly ecidic due to defective harvesting,
fevmenranon snd drying. An improved grocessing method

was d d to the acidity prablem. Micro-

in a joint effort between intercsted k at 1he Malay

Cacoa Growers’ Council, comprised 12 gloa?s fiom
Mayaguez, Puerta Rico, and ancther 9 clones with proven
tolerance 10 VSD disease from Papus New Guinea. The
search for orters — a term defined as the original single
ancestor of a clone -~ continuea throughout the year wilth
the aim of developing clonal material for commercial
exploitation. Ta date, 397 such ortets have been selected for
further testing. Some early selections sre showing promise,
particularly with respect to the bean size and pod value,

Cacoa: nutrition, Research Depi., Uniled Plantatons Berhad,
Teluk Ansan, Perak, Malaysia — /0. Annuat Report 1982
p. 84—-87 1582,

The resulis of the {ollowing _cocoa nutritronal irials are
presented in this section: (1} 32 x 2 NPK Iiria) on matwre
cacoa under old dwarf coconuts; and (2] source of nirrogen
for cocoa trial. The imporiance of applying rock phosphate
|s now supported by the resutis from the NPK trial, i which

i vield r 10 ph was cecorded. The
an 1zt confiems the switability of urga as a nitrogenous
fartilizer 10r cocos on coastal saiis. The sigailicantly lower
leat nitrogen content 5 manths after application, when

biological snd chemicsl ch thar accur during the
procassing of cocoa besns are compared and discussed.

Exparimants an tha profitebility of chemical black pod
contrel in Pppua New Guines. MCGREGOR, A.). LAES,
Oepertment af Primary Indusiry, Kersvat, East New 8ritain,
Papua New Guinea - Tropical Pest Managementr 29 (2)
p. 129-136; June 1983.

Trigls were conducted an commercial plantations and at
the Lowisnds Agricuiturel Experiment Station, Keroval, 1o
delecrine the effectiveness of metalaxyl and cuprous oxide
fungicides in canirolting black pod disease af cocoa. Spraying
costs and pod yields were recorded to assess the profitabiliy
of spraying a1 the dilfergnt sites. Only n mawre hlocks
planted with selected seed i areas with severe hilack pod and
no other severe pesl or disease prablems was spraying
econamical. Pr anal spraying recommendations are given
based on 1he findings of these and previous trials,

OCTOBER 1883

{Insects in cacoa beans and products) Insecten in cacagsbonen
en . SCHULTEN, G.G.M. and ROORDA,

compared 10 armunonium nirrate and ammorium sulph
emphasises the importance af applying urea under lavourable
weather canditions and on time.

(The use of response surteca in cocoa fertilizer Bxperiments
in Bal Brazil) O emprego da superh de resposia na
interp de exper de k na cultura do
cacav na Bahia. NICOLELLA. G., CAMPOS. H. and
CABALA ROSAND, P. CEPEC, Itabung, Bahia, Brazil
Rewviita Theobroma 13 {1) p. 1=13; January 1983,

Yield figures aver 9 years of 5 NPK fertilizer field irials
conducied with cacpa were used in Brazil to calculate the
polynomial regression with and wirthaut interactions. The
anatysis was carried out lor each year, for all field 1rials in
the same yesr and far each experiment in all years. The
economic rales af P9Og for Agua Sumida and ltabura sails
lie betwern 90 and 135 kg per ha. These were talcuiated
from a surface section in which N and K were maintained at
constant levels.

(Dusting and spraying in the control of black pad cocoa)
Polvilhamente e pulverizacao na controle da podridao parda
dos frutos do cacausiro. LELLIS, W.T. and FIGUEIREDO,
J.M. DE. Divisao de Filopatologia, CEPEC, ltabuna, Babhia,
Brazil — Revista Theobroma 12 (1) p. 41-46; January 1983,

In Bahia, the effeciivity of the control af black pad
disease in cocoa by means of dusting and spraying with Cobre
Sandoz was studied. The loilawing formulations were usea:
Cobre Sandoz W.P. {cuprous exide with 50 per ceni ol
melallic Cu) and Cobre Sandoz D.P. {cuprous oxide with 10
per cent of Metatlic Cu) applied at the rate of 3 g of a.i. per
wee per application. Both formulations were found 10 be
eflficient in controMing the disease. Sinze most plantations in
Southern Bahia tace cosutly Iransport of water, 1he use of
Cobre Sandoz D.P. is advaniageaus.

Witches’ broom disease of 7, cacao in Brazil. 1. Inoculation
of ungerminated seeds. ANDEBRHAN, T. Depariagmenia
Especisl ds Amazonia, CEPLAC, labuna, Bahia, Brazil ~
Revista Theodrama 13 (1) p. 47 -49: Janvary 1983.
Ungerminated seeds of cacoa, infiltrated under vacuum
with a spore el ot the itches” broom fungus
Crirupeltis  perniciosa and then pregerminaled belore

F.A. Department of Agricultural Research, Royal Tropical
lasc., Amsterdam, Necherlands — 33p; January 1983,

In this publication various data are presented In
connection with insects on cocas and producis. These
include the lifecycle of these insecis. their canirol and
methods 10 prevent the infesiation with insecis. For the
identification drawings are gvaiable of the mosl important
species,

{Preliminacy results of a progeny trial on some inlerclonal
hybrids of cocoa in centeal Java) Hasil pendahuluan
pengujian keturunan beberapa tanaman cokelat hibrid entar
klon di Jawa tengah. SOENARYQ and SOEDAASONO Balai
Penelitian Perkebunan Bogor, Bogor. Indonesia -~ Menara
Peskebunan 48 (6) p. 183-170; December 1980,

Eight hybrig progenies and open pollinated progenies ol
Amelonada and Purbioyo were tested against DR 2 clone as
control, at four localions ‘n Central Javs. Except the SCA 8
x DR 2 pragenies, alt 1ne hybrids showed 3 signilicantly
beuier grawth and precacity and a higher yield duriag the
firsi year than Amelanada, Purboyo and DR 2. 1CS 60 x
SCA 12, DR 2 x SCA 12 and SCA 6 x ICS B consistenily
gave the most satisfaclory results at all testing locarions.

The producers’ price sysiem and the coffee and cocoa trade
o village tevel in Waost-Africa. MUNTIEWERFF, C.A, Aleican
Stwdies Centwre, Leiden, Neiherlands  Quarterty Journal of
tniernutional Agricultwwre 22 12} p. 163-17B; Aprd 1983,

This price siudy on purchase of cocoa and calfee was
conducied 1a Nigeria, lvary Coasi, Ghana and 5 regions of
Cameroen aver 2 years. The resulls show that (armers in
MNigerw, Ghana and 3 regions in Cameroon secewved 0.7
12.7 per cent tess than 1he official farm-gate pnce whereas
n the other areas they recewved 1.3 — 8.6 per cent more.
Causes of these dvilerences are discussed,

The 1ransport of cacaa and coffee an freight cantainers: an
experimental shipment from Papua New Guinea to Australia.
JulyfAugust, 1980, ta inva\igale‘ 1. The use of venlitalted
conlainers to prevent ion. 2. sinfes.
tation with carban dioxide genorated llom dry ica. SHARP,
AK. and GREVE. J. VAN S. Diwvision of Food Research
CS{RQ, Nourth Ryde, New South Wales, Ausiralia ~ Technical
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Report ~ Department of Primary industry (Papua New
Guinea) No B1/3 54p. March 1981,

The problem of condensation an the interiar surface of
conwiners af coffee and cocoa, that are shipped ino cold
regions was investigated, as well as the efficiency of
disintection ol these products with carhon diexide during
the journey. There was no evidence of condensation in any
cuontainer while on board the ship. After discharge Irom 1he
ship condensation occurred in nine of 1en general-purpose
containers and in two of the three ‘open-sided’ containers
but in none of the six prototype vented containers. In-transit
disinfection with carbon dioxide generated fzom dry ice was
shown to be effective with coffee and cocoa in suiably gas-
tight containers, but very few such cantainers are in service
in the Papua New Guinea trade at present.

(Hormanes and growth regulators in coffee and cocoa
cultures) Hormonos ot requlateurs de croissance dans les
de et da yers. CAMBRONY, H.R. and
SNOECK, J. Institute de Recherches du Cafe el du Cacso,
Faria, France — Cafe, Cocao, The 27 12) p. 113120, April
1983,
in & review of hormones and growth regulatars in coffee
snd cocos cultivars, the authors briefly describe various
trisls, for example the propegstion of cocos, forcing of
crown formatian in cocoa, and physiclagical centrol trials
against cocoa tree cherelle wil1.

An aconomic svalustion of 8 cropping system: the case of
cocoa grown in combination with oil-palm. AFOLAMI, C.A,
and AJOBC, O. Cocoa Research Inst, of Nigeria, Ibadan,
Nigeria - Cafe, Cacao, The 27 12) p. 121—126; April 1983.

This siudy examines whether pod loss due to pests and
diseases in cocos, grown in combination with oil palm,
nullifies the increase in pad yield that arose fram the
cropping system, The experimental design is 8 randomised
block desian of six btocks and three treatmenis: pure stands
or control, avenue plantings and hollow square plantings.
Annual yields of healtny pads, black pods and damaged pods,
taken for the period 196B/79 ware used jor analysis. Results
showed that 1he absclute number of damaged and black pods
was greater on ¢ocoa grown in combination with oil palm,
But the increase in yield of healthy pods in the cropping
system was higher than the pod loss due 1o pests and diseases.

{Cocao protein fractions before and after roasting: influence
of farmenta n} Las tractions ptatauqnns du cacao avant at
apros 1orref ! de la § BAREL, M.,
GUYOT, B. and VINCENT, J.C. Laboratoire de Chimic-
techuologie, lnstitut de Recherches du Cafe et du Cacao,
Moantpeliier, France — Cafe, Cacan, The 27 |2} p. 127-144;
April 1983,

The influence of fermentation on the protein fraction in
cocoa beans was studied. The subjeets covered were! 1he
evolution of the protein fraciions during fermentation, the
origin of the amino acids concerned in the forrnauon of
aromatic and the de of the minimum
duration of fermentation. The rasults of this study indicate
that the totsd extracrible protein content decreases lingarly
during fermeniation; the majority of 1he free arnino acids in
the fermented cocoa comes Jrom fractions A and E. Fraction
F, which is particularly rich in glutamic acid, liberates amino
acids on the third day of fermentstion. Glutamic acid
represenis a large part of the amine acids in cocoa. The
influence of fermentation on the protein composition of the
beans after roasiing is clearly apparent. Fermeniation
duration of five days was sufficient to oblain a good quality
product,

Symptomatology af Colietotrichum diseasa of cocaa in India.
MOHANAN, A.C. and KAVERIAPPA, K.M. Mangalore
Univ,, Mangalore, Karnataka, India — Planter 59 p. 333-338;
August 1983.

Cocoa lesves showing leal blight, :hot hole or irregular
teaf spot as well as the rotting of cocea pods were examined
and cultures of Coffetorricum spp. found were prepared and
identified. Pa(hogemc-w of 1he isotates was tested on
Faresiera variety by artifi ineculation. (n all cases the
symptoms ol the fungus disease could be reproduced on the
Ieaves of seedlings, The isolates from pods produced only
leaf blight and shot hole symptoms.

25 per cent wp, sprayed at a concentration of 0.05 per cent
a.i. gave complete protection 81 both intervals tested.

The white plant-hopper: an occasignal pest of cocoa in
Sabah. MANJIT SIDHU Research and Advisory Dep:.. Hep
Seng Piantation Sdn. Bhd., Tawau, Sabah, Malaysia —
Planter 59 p. 344~-351; August 1983,

The biology and nsture of damage inflictad by the white
hopper Calobesthes falcata is described. (n areas where
populations of the pest were found 1a be very high, a
substantial amount of damage to young shoots, flowers,
cherelles and mature pods c¢an occur. Damage to young
shoots s related to the egg-laying habit of the pest whereas
ihe continuaus feeding of both adults and nymphs can lead
10 fower damage and cherelle fatt. Bionomics of the white
hopper are linked {0 weather cycies and natural control, As
appreciable numbers of the pest declined on their own, a
policy of non-intervention was pursued.

Inter hips of d d cocoa pods to yiekl, rat
populations and harvesting intervals. KAMARUDIN, K.A,
Malaysian Agricultural Research and Developmeni Inst.,
Kuala Lumpur, Mataysia — Planter 58 p. 352-354; August
1983.

The interreationships belween number of damaged cocoa
pods to harvestable {ripe) pods, rat populauon densities and
harvesnng lmervals were appraised in the ficlds. There was

ber of damaged pods 10 31l three
variabtes: however their correlations were considered weak 1o
moderate. In combination, these three factors explained only
42 ger ceot of the variability in 1otal damage to cocoa pods.

An egg perasite of lhs cocoa pod borer Acrocercops

i NAGARAJA, H.,
EASAW, P.T. and VAN'ALINGAM T. — Planter 58 p. 355
357; August 1983.

A. crameretfa is 3 serious pest of cacoa in Indonesia, the
Philippines and recently in East Malaysia. Samples of pods
yielded eggs of the pest which appeared to have been
parasitized, Records of parasite emergence holes and
hatching were taken. Results mdmaled that an undescribed
species of Tri a) can exert 8
high levet of pafasmsm The parasue is being augmenied for
the biological controf of the cocoa pod borer.

A survey of cocos dryers in East Naw Britain. HARWOOD,
C., HENDERSON, M.F. and HALDANE, J.H. — Planter 59
p. 362-369; August 1983.

Utilizing new technalogies, solid fuel (copra by-products,
bush firewood, thinnings of cocoa shade trees, rejected
timber, fuel wood plantations| drying is now cheap, clgan
and easily managed. High efficiency buraers can be integrated
into presant drying systems. Diesel burners can be left for
emergency Use in many casts. Average time 1o recoup the
capitsl expenditure is about 4 to & monihs, depending an the
volume of produce dried. It is stated that reduction of
plantation costs is essential and that the new solid fuel burner
cast can contribute significantly to this.

Introducing the ‘Sabah Dryer’. SCHWARTZ, P.B. — Pianrer
59 p. 370-376; August 1983,

Work carried out on a large cocoa estate on a new design
dryer unit is described. This so-called “Sabah-dryer’ combines
the prmc-ples of the wood burning Samoan dryer with the
high air valumes which are necessary for large scale drying
of beans. Except for the diesel engine fan unit, all canstruc:
tion work was done in local workshaps. Details of
CONstruction, operation and costs are presented.

Shoot regeneration from callus darived from embryo sxis
cultures of T. cocos in vitro. ESAN, E.B. Cacoa Rescarch
Inst, of Nigeria (CRIN}, Ibadan, Nigeria — Turriatba (11CAJ
32 14) p. 359-364; Cciober 1982,

Callugs was induced from the plumule regions of mature
cocoa seeds when the embryo axis was cultured on 3 basal
medium, cocmposed of Murashige and Skoog salts, calciom
nitcate  supplemeni, sucrose, bacleriotogical peptone,
naphthalgne acetic acid, kinetin and inositol. When this
catlus was subcuitured after 50, 60, 70, 80 and 94 duys
respectively on the basal medium, modilied 10 conidin
white's vilamins, adventiticus huds were dilferentiated in
vitro.

Initial g of fur for the of
straak dieback diseasa on nursery cocoa plants, CHUNG
GAIT FEE. Ehor Research, Agri-Bio Corp., Batu Tiga,
Selanyor, Malaysia — Planter 59 p. 333-343; Augusi 1983,
Cocoa nurseries and particutarly 1he young seedlings are
prone 1o infection by the fungus Oncobasidium theobromae
which causes vascular sireak disback. Sulphur, copper
oxychloride, \ridemorph, benomyl, bitertancl, iprodione,
pyracarholid and dichlorbutrazol, applied at 7 - 14 days’
ntervals were tesied against the disease. Only bitertanol

{ from 1ho tissue cultures of some estate crapsl Hasil
yang telah dicapai dengan kultur jaringan beberapa tanaman
perkabunan, NURITA and TORUAN, Balai Penelitian Perke-
bunan, Bogor, Bogor, Indonesia — Menara Perkebunan 48
{6) p. 171174, December 1980.

Root formation on callus from young shoots of clonal
rubber plants ¢an be induced in a modified Nitsch and Nitseh
medium. Callus of young shoots af cotfee formed embryoid
bodies in Li ier and Skoog and developed into
young coffee plants after being iransferred 10 3 modified
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Gresshof-Doy medium. Catlus of young shoots of cocoa
developed well after being 1ransferred into subculture
medium of the same composition as that of the firsi stage of
cailus induction. The medium used was a madified Murashige
and Skoog medivm. Coconul embryos can grow into
seedlings after several stages of cultivation n iquid and sohd
media,

nurse plant 1o the young cocoa seedlings. Application of
fertilisar increased the competitive ahility of alang-alang,
bu it did not do so when the alang-alang was rolled. On the
basis of these findi the author agh 1he adoption of
this method when controHing alang-atang 11 plantations.,

(Etfect of shade and nutrignts on the competition ability of
cocoa seedllws and alang-alang (imperata cylindricall.

An investigation on the biology and canirot of
disciplaga in Sabah, MANHT SIOHL and CHOW KOK
POON, Haep Seng Plantalion Sdn. Bhd., Taowau, Sabah,
Malaysia — Planter 59 p. 358-362; August 1983,

{. disciplaga can be recorded as a new barer on cocoa. The
borers feed on bark a1 nigh:, spinning characterisiic webs
composed of broven wood particles and frass, During the
day, the larvae reside under these webs or in tunnels within

dan tarhadap daya saing
laniman cokelat dan alang-alang. SUNARWIDt — Bufetin
Balai Penelitian Perkebunan Medan findonesial v. 13 (1-2}
p. 35-43; March 1982,

Retults of an experiment in cocoa in the Philippines
showed thot the growth of cocoa seedlings and Jeat ehloro-
phyll content il d with the r ion in light imensity
from 10D per cent {unshaded} to 68 per cent and 33 per cent

the wood. As many as 15-20 borers may be lound i g
a single iree. Damage to bark, ftowers, flower cushions and
underlying wood can be serigus, often teariing 10 paor flower
setting and death of branchys above 1he point of eniry.
Conrol was achieved by implemeniing a8 “‘search and
destroy’™’ sirategy employing both chemucal and culiural
means, In areas where levels of borer parasitism were faund
to be high, control measures were called off, in order 10
ensure that nenher insechmde spraying nor the manual
removat af borers had any detrimemal side-effects on natural
enemy requlauon,

NOVEMBER 1983

A systomatic description of cocoa clones. 1. The discrimina-
tive value of quantitative eharacieristics, ENGELS, 1M.M.,
CATIE, Turrialba, Costa Rica — Euphytica 32 (2) p. 377~
385; June 1983.

Data from 25 p le di itative flower and
pod characteristics were callected ('orn 32 cocos clones and
analysed statistically, The discriminative value of pach of.
them was calculated by using Duncan’s new muliiple range
(est 10 obtain g discriminatory value 'D” which was adjusted

light 1r . However the growih of alang-alang
decreased with decreasing light intensity, With decreasing
light inlensily the competitive ability of cocoa increases,
while that of alang-alang decreases. Shade trees in cocoa
plantings are thus es<ential. Fertdizer application could not
eliminate the adverse effect of sunshine on cacoa growih
pertasmance,

(The gesmination of cocoa seeds {7. cacoo) as influenced by
storage periopd and seed position in pods) Pengaruh tama
penyimpanan dan letgk biji pada pod terhadap daya
kecambah benih cokelst {7. cocaol. LATIF, S. - Bufetin
Balai Penelitian Perkebunan Medan 13 {1-2) p. 45-50;
March 1982

RAesutis of the expersment showed that moisture cantent
of the cocoa seeds was not affected by storage up to 2B
days, but the position of the seeds in the pod showed 3
significant diHerence in the moisture conient. The longer the
seeds were stored, 1he higher the percentage of damaged
seeds and no1 growing seeds, and the tower 1he percentage of
germination énd plant heighi, Seeds fram the middie par of
1he pod showed the besi results, 1.e. lowes) percentage of
d: d and non-growing secds and highest plant height and

to allow for correlations with other istics. I s
concluded that quantiiative characteristics, which usually
have a higher agronomic interest 1han qualitative ones, are
also helptu) in characterizing and identifying varieries or
clones.

A systamatic description of cocoa ctones. 2. The discrimineg-
tive value of quuntllullw characteristics and the pracl:cal
patibility of the discriminative value of q i
qualitative doscnpwu ENGELS, JMM., CATIE Tumalha
Costa Rica — Euphytica 32 (2} p. 387-396; June 1983,
A method is presented for calculating the discriminative
value of qualiiative descriptars, based on the number of 1axa
pairs that 8 certain descripior can separate and on the
amaunt of information thai this descriptor shares with other
descriptors of the same study. To make this methord
compatible with the calculation of the discriminative power
af quantitative characteristics, statistical tesis are proposed 1
enable a comparison between bath types of characteristics.
The data from 32 cacoa clongs are used ta demanstrate the
methogology for 15 quslitative characteristics of leaves,
flowers and fruits of the cocoa iree. The combined use of
quatitative and quantitative descriptors in the calculation of
1heir respective discriminatory power is atso preseated.

[Cacos down stresm industries) Industri hilir komoditi
cokelar. HARUN, A. — Buletin Balai Penelitian Perkebunan
Medan {indonssia) 13 {1=2) p. 15-23; March 1982.

In the estetes, cocoa processing s confined to the
production of dry cocoa beans. The manufacture of
processed €0coa such as chocolate, cocos butter, cocoa cake
or cocoa powder and chocolate sweets has not yet been
started. tn order to boost the cacoa indusiry through product
diversification and by-product utilization, the possibility of
manufacturing and exporting cocoa in the farm of processed
goods should be investigated. This paper discusses the manu-
facturing of cocoa powder and the possible utilization of its
by-praducts.

(Ellect ot weed contral pnelvcas and nutrients on the

ion between al cytindrica) and
{T. cocoa) var. Amelonadol Pengaruh
mber gulma dan pemupukan
lamadap kompet antara alang-alang dan kacambah

cocol snadlmgs

percentage af germination.

{Concept. indusirial design, perfarmance, funciioning and
econamics of engine oparated land sprayars in cocoal
Conceito, dasenho industrial, desempenha, operacaa em

campo ¢ Bconomxcldadn do sl:tema de mangueira a lancas
para 1r 113 iro. PEREIRA,
J.L.. OLIVEIRA, C J. DE and ANDRADE FILRO, E.N.
Dmsao de F|topatclog'a CEPEC, habuna, Bahia, Brazil -
Boletim Yecnico — Centro de Pesguisas do Cacau No 113,
59p. 1983.

Motorised misthlowers, conventionally used in the cantrol
of hlack pod gisease of cocoa have been considered to be
efficienr in the ication of fi H , they are
noisy and use relatively much fuel. The concept of using a
diese! engine, coupled ta hydraulic pump 10 supply a
pressurized canstant {low through a predetermined numher
ol hoses. connected to lances with nozzles appeared 10 be a
functional and economic solution. The new system ollers a
number of advamages, such as i1s speed of operation with
comiart to the spraying operators and its lower computed
cost of application, resulting in a saving of up 10 S0 per
cent an the present method.

{The agreement on basic products: advances and restrictions.
The cases of the coffee, cacoa and suparl Los acuerdos sohre
productos basicos: logros y restricciones. Los casos del cafe,
cocoa y azucer. VALLE, S. DEL and SALAZAR, R. -
P;oblemas dol Desarrnllo (Mexico) 12 {47-48) p. 105149
1982.

Different types of trade agreememis and trealies
established by Third World cauntries, in delence of their
basic exports are analysed, with special reterence 10 coffee,
cocoa and sugar. Their efficacy in confranting the complex
web of legal restrictions and econemic sanclions imposed by
the industrislized nations, particularly the US and the
Euvropean Common Market, is also reviewed.

DECEMBER 1983

(Progany trial on soma cocoa interclonal hybrid progenies at
Kaliduren gstata. 1. The growth rate and precocity} Pangujian
beberapa kelu:anan hibrid antar klon cokelat di kebun
kabid: 1. b dan awai masa

tanaman cokelat. SUNARWIDY — Bulferin Balai f
Parkebunan Medan 13 (1=2} p. 25-34; March 1982,

Aesults of an experiment on cacoa in the Philippines
showed that control of alang-alang can be bezter achieved by
rolling than by eradication by hand or by chemical means.
Rolled alang-alang served as green mulch in conserving soil
moisture. It appeared that alang-alang sheet also served as a
nurse plant to the young cocoa seedlings. Application of
fertiliser increased the competitive ability of alang-atang, but
it did not do so when the alang-alang sheet also served as

barbuah, SOEDAFISONO Bala| Peaelitian  Perkebunan
Bogor, Bogor, Indonesia — Menara Perkebunan 49 (4) p. 87—
91: August 1981,

A progeny trial was conducted an the Kaliduren estate.
Fourteen cocoa interclonal hybrid progenies were 1ested
against DA 2 clone as contral. DR, DRC and GC clones were
used as female parents and (CS and SCA clones as male
parents of the hybrids. The growlh rate, precocity and data
of some components of yield were presented in 1his pager.
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{N.B. "ABSTRACTS ON TROPICAL AGRICULTURE’ WAS
NOT PUBLISHED DURING 1984)

JANUARY 1985

{Evatuation of weed control h in cocoa) A
tecnice-aconomics de differantes metodos de controle da
plantas invasoras do cacausl. LIMA, L.P. FERREIRA, H.1.§.
and MULLER, M.W. Centro de Pesquisss do Cacau, CEPLAC,
Belem, Para, Brazil — Bofatim Tecnico — Cantra de Pesquisas
da Caceu No 111, 21 p. 1983.

Efficiency and econamics of chemical weed control in
cacoa were pared with i and hand i
The herbicides applied were simazine + paraquat at 3.0 kg +
0.2 1 3.i/ha and diuron + paraquat at 2.4 kg + 0.2 | a.i./ha,
Putting the mechanical weeding tost at 100 it was shown that
hand weeding rated at 93 per cent, simazine + paraquat at 63
per cent and diuron + paragust at only 45 per cent. Chemical
weed control proved to be tha least expensive.

FEBRUARY 1985

(Cacso drying as related to thin Isyer drying) Secagam de

d de cacou selaci da as teoriss de secagam em
camade delgada. CUNHA, J. Divisao de Tecnologia e
Engenharia Agricotas, CEPEC, ltabuna, Bahia, Brazil -~
Revists Theobroma 13 12) p. 67—81; April 1983,

Thin layer drying tests with cocoa beans were carried aut
in 8 muiti-unit dryer in order to establish é:lrving curves far
temperatures of 50, 67.7, 60, 70, 74 and 75°C and a constant
air flow of 9.14 m/min. The results are in egreement with
earlier resesrch, showing 3 different drying periads, inciuding
a period with 8 canstant drying rate and 2 periads with
decressing drying rates. Values of the ilib i

use of hose and boom spraying equipment resulted in lower
spreying costs per he #s compared with the tormeely much
used mistblowers.

{Research and control strategies of the cocos pod boyer)
Strategi iti den tesan k bush
cokelat. WAROOJO, S, Bslai Penelitian Perkebunan Bogor,
Begor, tndonesia — M. Perk {Ind ia) 49 (3)
p.68-74; June 1981.

The cocos pod borer {Acrocsrcops cramerelfa) is one
of the major species that has adapted successfully from its
inal host plant to cocos. It is primarily the life habit of

larva whith makes this pest difficult 10 cantral.
Immediately sfter hatching it bores into the pod and remains
there until it reaches the prepupal stage, when it tunnels out
to pupate. This life habit ensblas the larva to escepe from
the sttacks of its natural enemies and insacticides, snd to
disperse pessively over lang distances. This paper aeseribes
same control strategies and indicates priorities of relevant
research,

{Some factors sffecting the visbility of cocos sted) Beberapa
foktor yang berpangaruh terhadap days hidup benib cokalat.
RAHARDJO, P. Bslai Penelitian Parkebunan Bogor, Bogor,
Indonesia — Menara Perksbunan 49 {3) p. 65—68; June 1981,

The main factors affecting the viability of cocoa seed are
(8} temperature, (b) relative humidity, {¢} moisture conteat,
(d) activity of fungi and {e) aeration. Cacao seed can retain
its vigbility for at least one month if stored under canditigns
as fotlows: @ relative humidity of circa 10G per cent; a
moisture content of the seed of circa 50 per ceni; a tempera-
ture range for 18 to 30°C and free fram fungal attack. it is

Q! ium
content and the drying constant were determined and
theoretical drying turves ware calculated and compared with
experimentelly  established curves. Linear regression
equations were developed, making it possible to predict the
course of thin layer drying of cocoa besans.

{Starage of cocoa beans in plastic bagsl Armazanamanto de
cacau em sacos plasticos. PRADO, E.P. DO, SANTOS, S.R.
00S and ABREU, J.M. DE, Divisao de Tecnalogis e Engen-
haria Agricolas, CEPEC, ltabuna, Bahia, Brazil — Revista
Theoboma 13 (2) p. 83—97; April 1983,

Palyethylene bags of 0.05 mm thick, each filled with 60
kg cocaa beans was used ta cwdy the possibility of prolonged
periods of storage on the “,rm, Jute bags also containing 60
kg cocoa beans served as s standard. The contenmt of both
bags was infested with 25 pairs of larvae at Ephestia cautella
and 50 aduits of 7ribofium castaneum. tn 1he polyeihylene

suggested that & favourable aeration will prolong the viability
for more than ene month.

(Drying of cocoa in a piatform type unit with and without

irculati of air) S de cacau em sacador tipo/
ptatforma com b sem recireulacao de ar. MCOONALD, C.R.
and FREtRE, E.S. — Bofetim Tecnico — Centro de Pesquisas
do Cacav No. V18, 19p. 1983.

Apptication of a reduced non-circulation aic flow gove
efficiencies at lgast as high as with recirculation when drying
at or near 60 C. At 7C°C the applicatian of recirculation
resulled in some increase in efficiency. QOverall thermal
efficiency values for the no-recycle runs was independent of
drying air 1t e. With recir ion. h , the
degree of cocoa loading and 10 3 lesser extent the drying air
temperature  were  imMporiant  in  determining  system
elficiency. The drying sste curves of the runs carcied out
h d thr i

sacks, during 12 months of storage, neither mould d -
Ment nor noticeable insect attacks occurred, while the beans
stored in jute sacks were atready unfit lor export afler 8
months ol storage. £. csurefla was able 1o survive in the
polyethylene bags. In the final eveluation of 1he produce the
beans with an initial moisture content of 6.6 per cent {wet
basisl, maintained an average moisture content of 7.1 per
cent in the polyelthylene bags and their classification as
Superior Grade for expart.

ths cantrat 04 cocos black ped gens e S
de aplicacao de fungicidas a base de cobre na controle da
podridao parda do cacau. LELLIS, W.T. and FIGUEIREDO,
J.M. DE. Divisao de Fitopatoiogia, CEPEC, lobuna, Bahia,
Brazil — Revista Theohroma 13 (2] p. 99~104; April 1983,

Two field trials were carried out with the aim ol
comparing 1he effiracy of Cobre Sandoez (cuprous axide with
80 per cens Cul and Kauruol {cuprous oxichloride with 35
per cent Cu as an oil base formulation} against pod rot
{Phyrophthara palmivara) ol cocaa. The fungicides were
sprayed at concentrations ot ¥ and 4 per cenm {cp.) a1
intervals at 3Q, 45 and 60 days during the period fram April
10 July, $t was shown that both compounds were more
efficient when sprayed in the concratrations of 2 and 4 per
cent i.e. at rates of 3200 and 6400 em3/ha.

(Oosage and interval of application of copper fungicides in
B : |

{Advances in the control of cocoa black pod disaase in Bahia,
Brazil) Prop no le quimico de podridao parda do
cacauairo na Bahia, Brasil, LELLIS, W.T., FIGUEIREDO,

ee d periods, correspoading well with
previously published results. Drying rates during the initial
periods were lower than expected. though during the final
period, the usual exponentiol fall in drving rate took place.

MARACH 1885

The effects of shading regimes on the growth of cocaa
seedlings (7. cacao) HARUN. R.M.R. and KAMARIAH, H.I.
Universiti Perianian Malaysis, Serdang. Selangor, Malaysia —
Partanika [Malaysial 6 (3} p. 1-5; December 1983,

Cocoa seedlings were grown under full sunlight ar under
30,55 or 80 per cent, shade during the first 5 manihs in the
nursery. 80 per cent shade during the first 3 months and
gradually reducing shade afier that gave optimal dry weight
accumulation. This inleraction hetween aye and shading
regime was braught about by changes in net assimilation rates
in response 1o sell shading as the plant aged and also to the
elfects of leal oroduction in response (o different light
intensities. Totally unshaded condition was deirimental 10
plant growth. Shading praclice has to 1ake into 3ccount the
balance berwean capacity for leaf production and oprimal
capacity lar assimilglion,

Interactions of soil amandments and camplex fertilizors.
2. Effects on the growth of cacos seedlings. SHAHBUD DIN,
M.F. and GOH, K.J. Universiti Pertanian Malaysio, Serdang,
Selangor, Malaysia — Pertanika {Malaysia) & {3) p. 6-11;
December 1983.

Growth parameters — plant height, stem diameter, leaf
number and leaf area were assessed a8l intervals ol four weeks

JLM. DE and PEREIRA, J.L.M. Divisao de Fitopatalogia,
CEPEC, habunu, Bahia, Brazil — Rgvista Theobroma 13 (2}
£ 105-111; April 1983,

The listory of the control messures against black pod
disease (Phytophthora palmivora)l ol cocoa since 1954, is

iewed. Agricultural practices in bination with copper
based sprays of fungicides, such as Cabre Sandoz, Cuprosan
and Kauritol were recommended in those days. Later an
arganic fungicides such as Melprex (dodecil), Terrazate
{tiadazoll and Caplen were Ttried. Reseacch on the
farmulation of the fungicides made it possible 10 apaly fow
volume sprays (20 Ifha) using mineral oils as carriers. The

up %o eigh weeks. The dry matter yields of leaf, stem,
root and their sum were determined a1 the end ol 1he
experimen. Individual applications of the materidls used
did not enhance growth aof cocea seedlings. However,
incorporation of GML and complex fertilizers significantly
increased plant heighi, stem diarmeter, leaf number and leal
area. Similar effects were obtained for dry matier vields.
Liming alone improved root development but not the
vegetative dry matter yields. Agrosil treated seedlings showed
stunted growth and reduced dry maiter yields. The ahove
conditions were improved by the spplications of complex
tertilizers 12:12:17:2 + TE and 16:18:12:5 + TE.
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Cacao. Revista Caferatera — ANACAFE {Guatemala) No 237
p. 28—32; December 1983,

The ecological growing conditions of cocoa are similar 10
thase existing in the humid rainforests, i.e. conditions with
partial shade, high humidity and the presence of mild humus
layars. Climate, soil and fertitizer requirements, the
occurrence of deficiencies, the application of leaf fertilizers.
the cultivation under shade and pruning sysiems are
reviewed. A highly efficient sysiem of fertilizing is to apnlv a

A study on the csuse of dis-back in coffee trees) YU, H.
Agricultural Aesearch Inst. Dehong, Yunnan, China —
Chinese Journal of Tropicol Crops 5 {1) p. 93—104; March
1984,

The results of a study on the cause of die-back in cofiee
trees are presented. The main cause of die-back seems to
in carbohydrate deficiency, arising from the depletien of this
nutrient due 1o over-bearing. The root system of the seriously
affected plant alse displayed acute nutrient deficiency

grass {

purpureumn) or Guinea grass fPanicum maximum!, which

received the normal dosage of fertilizers,

APRIL 1985

Praof of hi ity of Crinip P to 7. cacao

by using basidiosporses producad in vitre culture, PURDY,

L.H., TRESE, AT. and ARAGUNDI, J.A. Department of

Plant Pathology, University of Florida, Gainesville, Florida,

USA — Revista Theobromav. 13 {3) p. 157—1863; July 1983.
Greer\hnuse studies, on moculanon ol adult cocoa plams

with basi ps of

Beazil showed conclusively lhal this parhogen causes wm:he:

broom disease in cacao trees.

(Eftact of dofalistion on the phenological behaviour of
shaded and unshaded cocos uaw Influencia ds remocao
foliar sabre a f de eD 30l @ B
sombrs. LEITE, R.M, DE 0. and MULLER M.W. Divisao de
Agronomia e Producso, CEPEC, ltabuna, Bahia, Brazil -
Raevista Theobroma 13 {3) p, 203-210; Julv 1983.

Studies on the phenological bghaviour of shaded and
unshaded 50 end 12 year old cocos trees with respect to
defalistion, conducted in Bahie show that the intensity of
flowsring and flushing, both in young and old trees, was
grester in unshaded plants. More cheralle wilt in old cacso
traas undar shada wes probably reiated to lower photo-
syntheric activity. Dsfolietion tended to deceaase yialds in
young unsheded trees. Light defolistion appsrently bene-
fitted yields of shaded snd unshaded cocga trges.

muich consisting of cuitings of [ {Pe

{Nitrogen uquinm.nu in a coeoo sgrosystem| Raequari-

de de cacau,
SANTANA, M.B.M, snd CABALA ROSAND, P. Divisao de
Geociencigs, CEPEC, Itabuna, Bahis, szd —  Revists
Thaobroma 13 (3) p. 211-221; Jely 1983,

Studiss on the reutitization of N in tha N-cycle of 58 17
year old cocoa plentstion sheded by Erythring fuscs,
conuucted in Bahis showed thst mdre than B tans of plant
meterial per hactare fa)) on the soil within one year. This is
approximately equivalent to 140 kg N/ha reprasenting 6 to
8 times the N content in 1000 kg of dry cocoa beans. Most
fallen residue had 50 per cent of jts dry matter decomposed
within 8—9 inmonths. Data ere presented an soil NO3 and
NHg4 in retation to depth time end distance from shade tree
trunks,

(Effact of nitrapyrin (N-sarve 24 E) on sait nit:
the growth of cacao planta) Efaito da nitrapirins (N-serve
24 E) no nitrificecao do 1ola a no desenvolvimento db plantas
de cacsu. SANTANA, M.B.M. and EZETA, F.N. Divisao de
Geociencins, CEPEC, fabuns, Bshis, Brezil — Rswists
Theabroma 13 (3) p. 223—-231; July 19B3

A greenhouse study on the effect of nitrapyrin {2-chloro-
6 {trichloromethyl) pyridinel, conducted in Bahia showed
that at concentrations of 0 ppm nitrapyrin aitritication was
inhibited and growth of cocoa piants stimulated while nitra-
pyrin at 50 ppm cause phylotoxic effects 1o develop.

The cause ot die-back also lies in the cotfee trees
b:olog-cal festures.

Cocos nutrition and menuring an inland soils in Peninsular
Malsysis LING, A.H. Ounlop Research Ceatre. Batang
Malaks, Negri Sembilan, Malaysia ~ Planter p. 12-24;
Jdanuary 1984.

On inland soils of inherently low fertility, adequate
fertitizer applications to cocoa ere essential for rapid growth
and susteined high yields. N.P.K. and Ca are found to be
important for rapid establishment and early production af
cecan. tn metured cocos the requirement for K eapears 10
dacline, especislly when recycling of pod husks is practised.
As for N, the needs depend greatly on tha environments!
situstion with rainfall and shade being the main determining
factars. There are strang indications thet P is cantinvausly
required far sustsined growth and yieid of mature cocoa.
The reguirement for Mg hss not been tully established. An
interim lmegrated approach towards mnnunng of cacao on
iniand soils is proposed. The Bpproach takes into considera-
tion faectors such as soil type, nutrient uptake in relation to
tree nge, leaf nutriant tavel, yigld level, type and leved of
shade and other relatad agronomic factors.

JUNE 1985
Chemical composition and potantial uses of processing wastes
fram some Nigerian cash crops AWOLUMATE, E.C. Cocoa
Reseaech inst. of Nigeria {CRINY), Ibadan, Nigeria ~ Turriatbs
{11CA) v, 3314) p. 381-386: Oct 1983

The proximate compasition af crude protein, crude fibre,
ash, sodium, potassium, phosphorus and other 1r3ce elements
of cofiee pulp and parchment, kola pod husk, kala nut testa.
cashew-apple pulp, tocoa-bean testa and cocoa pod husk are
reporied. The samples are high in moisture and crude fibre
hence they may be of limited use for direct animal feeding
but ensifing could improve their feedmg vefue. The ashes are
poor sources of Mn, Cu and Zn but rich in Ca, N, K, Na, P,
Fe and Mg. Therefore, they could be useful in the Iocal soap
industry or Bs sources of organic fertilizer. Possible uses as
raw maierisls for the produciion of peciin, jam and food
colours are suggested.

Pink dissase of cocos caused by Corticium salmonicolor
Berk. and Br. in Western $amoa SCHNEIDER CHRISTIANS,
J.. FLIEGE, F.H. and SCHLOESSER, E. University af the
South Pacitie, Alajua, Western Samoa — A/afua Agricuitural
ultetin (Wastern samoa) v. 8(3) p. 9—19; Nov 1983.

This paper presents the resulis of 2 field surveys on the
occurrence of pink disease in cacao due to Corticium
salmonicalor conducted in Western Samoa. Sixty-four per
cent of the cacao plantations were found to be infected.
Spacing, elevation and shade ptant species had no significant
effect on infection rate. Infection rate om 1he south coast
|'NI” dfar less than that on the Narth-western part of the
island,

{Acid ducing fungi isolated during the for and
drvmg of cncanl Fungos produtores de ecidos isolados
do cacau ALMEIDA

Factars associatad with ¢cocoa bean acidity end the
of its reduction by improved fermentation. LOPEZ, A, F
Divisao de Tecnologia e Engenharia Agricalas, CEPEC,
labuna, Bahia, Brazil — Revista Theobroma 13 (3} p. 233—
248; July 1983,

Studies on agents causing cocoa bean acidity conducted in
Bahia showed that iree acid content, especialty acetic acid,
are related to pH changes during fermentation. In fully fer.
mented beens (6 days}, volavile acetic acid is the principal
free acid, with n n.volatile acids less important. In case of
only 3-5 day fermentation a reverse situgiion may occur,

MAY 1985

Studies on cuttings in cocoa, MOHD IDRIS ZAINAL
ABIDIN and AZMI BAKAR. Facully of Agncnnure.

RIBEIRO N C DE and LOPEZ "A.5. Divisso de Tecnologie
e Engenharia Agricolas, Centro de Pesquisas do Cacau
{(CEPEC), Itsbuna, Bahia, Brazil — Asvista Thaobroms
(8razif) v. 1314} p. 293-301; Oc1 1983.

The role of the fungi in the fermem:atlon and drying of
cacac with phesis an acid p g fungi was studied.
Fungi werg found in relauvelv smalt numbers during the
antire period of fermentation. Acid producing strains
appeared after 24 hours and increased to 5 per cent of the
funpal population ai the end of fermentation. The growth
characteristics of Aspergillus niger in retation ta fermentation
conditions were examined and the impartance of the fungi in
relation 10 preservation of quality is discussed.

{*Pi

Universiti Pertanian Malaysia, Serdang. S gar, ysia —
Planter 60 p. 111-112; March 1984,

This paper reports the results of experiments on cuttings
in cocoa. Cuttings from softwood gave higher percentage
rooting compared with semi hardwood. Single leaf cuttings
gave a higher percentage rooting than two leafed cuttings.
Cuttings which received wax treatment on their cul portion
praduced higher rooting ability than the control. Although
cutlings treated with IBA had higher percentage rooting
when compared with NAA, the difference was not
significant,

“ sotary dries utilization as s new option for
cecao drying) Utilizacao de sacador rotative ‘‘Pinhalense’”
cOmo nova Opcen no sacagem de ecacsu CUNHA, J.,
MCDONALD, C.R. and FREIRE. E.S. Divisao de Tecnologia
e Engenharia Agricolas, Centro de Pesquises do Cacau
{CEPEC), ntabuna, Bahis, Brazil — ARevista Theobroms
{Brazifiv. 13(4) p, I03-313; Oct 1983.

A rowasy dryer, type S.T.R. 2700. originally used for
coffee, was modified and used for caceo drying. The dryer
has a staric capacity of 2700 kg of freshly fermented cacao
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beans and can produce 1350 kg of dry beans in 38—42 hours
at a temperaivre of about 60°C. The heat source is the wood
1ha1 is burned in a furnace and heats the drying air indirectly,
eliminating smake contamination — consuming (.88 kg of
wood per kg of dry beans. Construction, operation and cost
details are given and limitations of use refative 14 the
southern Bahia cacao farms are also mentioned.

unsuccessful. tn a pod tollected fram a normal ¢ushion of &
fan gall affected 1ree, only 50 per cent of the beant werg
normal and healthy, The abnormal beans failed to garminate.
Anatomical peculigrities of knpb galls and biochemical basis
of hyperauxinity in gall tissug ware investigated.

JULY 1985

Phytoph

Msetodotogia para avaliar resistencia de cultivaras a progans
hibridas de cacau a Phytophthora spp. que ¢causam podridao.
parda na Bahia LAWRENCE, J.5. Divisao de Fitopatologia.
Centro de Pesquisas do Cacau (CEPEC), ltabuna, Bahia,
Brazil —~ Revista Theobroma (Brazit) v. 13(4) p. 349-359;
Qct 1983.

On the basis ol gxperience gained from recem work at
the Cacao RAesearch Center (CEPEC), )iheus, Bahia, 8razil,
methods are recommended for evaluating resistance of cacao
cultivars and hybrid pragenies to Phyiaphihora spp. both in
routing screening for resistance and in studies on the inheri.
tance ol resistance. Detailed descriptions of these 1echniques
are provided as a practical guide for o1her workers,

{The role of Phytaphthora palmivora in tha cacao cultivation
in the North Sumatra) Peranan jamur Phytophthora palmi-
vors pada budidadya tanaman coklat di Sumatera Utara
PARNATA, Y. — Buietin Baisi Penelitian Perkebunan Medan
findonesio) v. 1412) p. 53-57: Jun 1983

Phytoph 3 pal ibits more or less the same
phenomena in cubber as in cacao in North Sumaira, in that
certain  planiings do escape specific appearances of a
Phytophthara disease. New Phytophthara strains may have
been formed, which could affect the tolerance character-
istics of the plantings, The contral of the Phytaphthara
disease has so far been Lased on the life characteristics of
the fungus and on integrated approach such as by integrated
sanitary and agronomic measures.,

{A hod tor tha of the p of fresh
beans licable to P ty randomized trials) Une
melhods d’eval de la prod de feves fraiches

aux essais enti LAICHENAUD,

P. Station Cenirale, lnsmuu de Recherches .u Cafe €1 du
Cacao, Divo, lvory Coast — Cafe, Cacae, The (France) v.
2B(2) p. 83-88; Apr 1984.

After a briet description of the two methods used a1
present for the evaluation of production, one based an a
count of pods, the gther on the weight of fresh beans, 1he
authsr presents a new method based on the weight of pads.
This method, in which it is proved that the production of
fresh beans can be modelised, enables the labour needs on
completely randomized plots 10 be reduced coasiderably
and valuable information to be used in ¢acao breeding 10 be
otained.

{Variati in 1the abund, of P , vectars ot
the swollen shoat disease in Tago| Variations d’abondance
de pseudocaccines vectrices da la maladie du swollan-shooy
au Togo NGUYEN BAN, J. Institut de Recherches du Cafe et
du Cacao, Yaounde, Cameroon — Cafe, Cacac, The (France)
v. 2812} p. 103-110; Apr 1984,

The populations of the two mast commeon vectors of
swollen shoot disease of cacao in Tago Planococcoides
njalensis and Pseudococcus kenyae were siudicd at two sites.
On young plantations, P. kenyae was found to be 1he

dominant species, and P, on Jdult
P. njalensis is rife in the dry season while P. kenyae popula-
tions increase in the wet season. The distribution of

P. njalensis is, because of its mode of life, in aggregates while
the mare mobile P, kenyae has a random distribution.

(Factars determining the focalization of black pod d-sease

d with cocoa (Theobroms cacac L.)
in South Ksnara Disteict, Karnataka, India SREENIVASAN,
T.N. and MOHANAN, R.C. Cocoa Research Unit, University
of the West Indies, St. Augustine, Trinidad and Tobago —
Tropico! Agricutture {(Trinidad snd Tobago) v. 63(3) p.
186-187; Jul 1984,

Studies to identify the Phytophthora associated with
cacac in the south Kanass District, Karnataka, India, showed
the presence af anly one species of thtophthors. From the
sporangial morpho?ogv of the various bsolates it is concluded
1hat P. is 1he hog d with ¢acao in
south Kar\araA

Cocoa drying: a review MCDONALD, C.R., LASS, R.A, and
LOPEZ, A.S.F. Centro de Pesquisas do Cacau {CEPEC],
ltabuna, Bahia, Brazil — Pianter (Mataysia) v. 59(693) p.
557—593; Dec 1983.

This review attempts to provide a complete picture of
cacea drying theory and equipment and 10 reconcile the
often divergent views of the biachemist and 1he engineer. The
thearerical aspect o drying and end-product quality are
covered first, followed by a discussion on the advantages and
disadvantages of each drier type with reterence whenever
necessary, to the appropriate 1heoretical aspects. Some
illustrations of the various types of driers are included.

Effects of pruning on Amelonado cocoa in Fiji MARTIN,
M.P.L.D. and FRASAD, G. Research Div., Department of
Agriculture, Suva, Fiji — Fifi Agm:ulmral Jouraal (Fiji)
v, 45{1) p. 7-12; June 1983,

A pruning experiment commenced in 1968 on hitherto
steictly pruned 10-year-old Amelonado cacso at Waimaro, in
eastern Viti Levu, Fiji was continued from 1974 10 1982,
Throughout this 9-year-period discrerionary pruning, where
2-3 basal chupans were allowed 10 grow in addition 10 the
main stem, gave sppreciably greatsr potential and actuat
vields than sirict pruning, no pruning and continued verticsl
growth from the first jorquetie. No pruning gave a higher
poiential yield than strict pruning, though there was no
difference in actual yield, Unpruned cacac had the highest
% black pod loss, and strictly pruned cacao the leasl.
Disciationary pruned and unpruned cacao were more
susceptible to hurricane damage, but recovered earlier and
better than the more strictly pruned cacac. The possible
reasons for these differences and the advantages of discre-
tionary pruning over the other methods of pruning are
discussed,

Preliminary investigations into the chamical control of the
cocpa moth podhorer Acrocercops cramerelts Smelten., in
Sabah SIDHU, M. Hap Seng Plantation Sdn Bhd., Tawau,
Sabah, Malaysie — Plenier {Melaysie) v. 601699} p. 228
242;Jun 1984,

Dettamethrin, cypermethrin, f{envalerate, propoxur and
8-BHC, when applied to the resting and ovipositing sites of
the adult moth, reduced podborer infestation and yield
losses. Particularty deltamethrin and propoxur, applied in 4
oc B consecutive sprays at intervals of 10—14 days were
highly consisient in performance. Cos1 effectiveness of the
wreaiments at various yield levels and prefiminary recom-
mendations on the usg of 1he technigue sre presented.

Coppicing experiments on the spread and control of cocoa

Ieslnr\s of the cecao treo (Theob cacoa) 2. D
) Facteurs la ian das lesions de
pourritura brune des cabosses du cacaoyer (Theobromas
cacao). 2. Determinismes impliques BABACAUM, K.D. Ecole
Nationale Superieure Agronomique, Abidjan, tvory Coast —
Cafz Cacao. The {Francel v, 2862! p. 111-322; Apr 1984.
. morpt gical and pl changes in
space and in time largely explain why black pod disease
{Phytophthora spp.) invades mare readily the distal parts of
young cacac pods, and the flanks of older pods.

Cushion galls of cocos in india CHANDRA MOMANAN, R.,
SUBRAMONIAN, N. and BALASIMMA, D. Regional Station,
Central Plantation Crops Research Inst., Vinal, Karnataka,
India — Journat af Plantation Crops {india} v. 1211} p. 23~
29; Jun 1984.

During a survey of cacad gardens in South Indis, cushian
galls were observed in the Trichur District (Karala Statal.
8ased on symptomatalogy they wera identifiad es fan galls
and knob galls. The stiology of thete galls is yet to bs
established. Attempts to transmit these disorders wers

shoot virus in Ghana LEGG, J.T., LOVI, N.K. and
OLLENNU, L.A.A. Cocoa Research Inst., New Tafo-Akim,
?Bh;na — Crop Protection {UK) v. 313) p. 289-304; Sep

In Ghana, a coppicing techaique was used in cacao to
determine the incidence and distribution of laten: and missed
infection with swollen shoot virus in and sround naturally
occurring outbreaks., When apparently healthy trees were
coppiced within at least 27 m of irees found infested, some
failed to regensrate. Many of the regenerating shoats
developed stem and/or leaf symptoms of swolten shoot
disease within 3 years of coppicing. These and other results
reported emphasize the limitations of routine inspections and

will influence 1he er measures ad in Ghana,
AUGUST 1885
{Contribution to the d of the control of

cocoa black pod dissase in Togo: studies on tha possibilities
of using metalaxyl) Contribution @ la mise su point de |a
lutte chimique cantre la pourriture brune des cabossas du
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cacaoyer mu Togo: stude des possibilites dod'smploi du
metalaxyl DAVOUS, M.P., DJIIEKPOR, E.K. and CILAS, C.
Institut de Recherches du Cafe et du Cacao {IRCCI,
Montpellier, France — Cafe, Cacac, The (France) v. 2813)
p. 193-202; Jul 1984,

Fungicide 1rials carsied out in Tago have demonstrated
the efticacy of metalaxyl {Ridomit 25) against Phytaphthora
patmivors and P. megakarya. The risk of the development af
cesistant strains of the twa diseases is smaller for P.
megakarys 1hen for P. palmivara. Copper in combination
with metalaxy! prevents the sppearance of resistant strgins.
M yl at 0.4 gfl bi with copper at 2 g/l applied
every 21 days praovided protection squivalent to that offered
by 0.5 g/l, atso applied at 21-day-intervals.

(Eleven ysars of cacao rangvation at tha Cecao Research
Centre of Bahia} Ranovaceo de cacausis; onze anos da
ohservacao de fazenda unitaria do Centro ds Pesguisas do
Cacsu, Bahia FERAEIRA, H.1.S., TREVIZAN, $.0.P. and
SQUZA, JP, DE Divisao de Ciencias Sociais e Estaiistica,
Comissso  Executive do Plano ds Lavoura Cacsueira
(CEPLAC|, ltabyna, Bahia, Brazil — Boferim Tecnica —
Centro de Pesquisas do Cecau (8razit) no. 119, B6 p. 1983,
The scanomic and social aspects of renavation of cacao

i was ined. The economic evaluation
consisted of 2 types of methods: the first used the typical
year (bresk-even paini) and, the second considered the

evalution of capital in time, with present (discounted) value, -

benefit-cost ratio end internal rate of return as criteria. Two
different methods of rengwal were studied for 31 years in 5
renovated areas. The outcome in ‘esch area reflects the
contribution of the three majar feciors of agricultural
praduction — geaetics, enviranment and managemenl. The
results of the grea were analysed accarding to the criteria;
neither method was indicated as superior. The social analysis
was based an the use of manpower as well as the mainten-
ance of the areas. From these bases useful coe
I for the planning and admini
preduciion in a cacao plantation.

51



NOTES

52



Printed by Haines Clark & Co. Ltd., Gooch Street, Birmingharh B85 7HE



