
e o e M ^fiz&ias'RS' ^ f L t d s i ^ 

NOT T O BE GIVEN A W A Y 
I P H O t O C O t ' y i N G O N L T ^ 

56R0CS 

COCOA 
6R0WERS 
BULLETIN 
Number 36 September 1985 

Contents: 

1 Editorial 

2 Review of Production and 
Consumption 

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

11 Rehabil itation in Ecuadorian 
Cocoa Farms 

17 Cocoa in Vanuatu 

23 Chemical Control of Phytophthora 
pod rot in Brazil 

39 Announcement — New f rom Longman 
"Cocoa" 4th Edit ion 

G.A.R. Wood & R.A. Lass 

40 Notes on Contributors 

41 Cocoa Abstracts 

Cadbury Schweppes pic 
Bournville 
Birmingham B30 2LU 
England 



Editorial 
Increased production or product iv i ty per unit area of land must present 

cocoa farmers and plantation owners w i th the best prospects of improved 
revenue f rom 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 arid 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 planting in the 
twenty-f irst century. 

As cocoa seed loses its viabi l i ty extremely quickly, its genetic resources 
can only be conserved in a living form in the field. It seems unl ikely that new 
techniques of germplasm storage wi l l be applicable to cocoa for many years 
and so cocoa wi l l 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 wor ld where germplasm 
conservation is an urgent pr ior i ty before the wi ld or semi-wild trees are 
destroyed for all t ime. 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 p i t i fu l ly small. A major ef for t 
by international agencies to conserve, evaluate and uti l ize the genetic 
resources of cocoa to satisfy the requirements of the world's cocoa growers 
f rom 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. 

ISSN 0045-7256 

Cocoa Growers' Bulletin is published twice per annum by Cadbury L td. as an information 
service to cocoa growers, plantation staff, extension officers and research workers. It is 
distributed free with one copy being sent to each name on the current mailing list. Any 
correspondence, including requests for names to be added to mailing list, should be sent 
to R.A. Lass, Cocoa Department, L61, Cadbury Ltd., BournviUe, Birmingham B30 2LU, 
England. 
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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 defici ts in 

1982/3 and 1983/4 have become both more def in i te 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 1984/5 and the consequent recovery in 
product ion in key countries w i l l provide a surplus of product ion over 
consumpt ion 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 def ici ts in 83/4 . For tunate ly the confusing statistical 
s i tuat ion of the last twelve months does f ina l ly appear to have cleared. 

Production 
Gill and Duffus's latest forecast of 1984/5 product ion 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). 

Signif icant improvements are expected in Nigeria (up 35,000 tonnes t o 
150,000 tonnes) and Ecuador (up 30,000 tonnes to 85,000 tonnes). Record 
crops are forecast for the Ivory Coast (530,000 tonnes), Brazil (396,000 
tonnes) and Malaysia (100,000 tonnes). 

Despite an improvement in the crop in Ghana, f rom 159,000 tonnes t o 
170,000 tonnes, the downwards trend in product ion sti l l appears intact at 
the momen t : the higher crop seems to be due only to the kinder weather. 

Consumption 
The latest Gil l and Duffus forecast for 1985 wor ld grindings is 1,716,000' 

tonnes, compared w i t h 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 1984 but increased gr inding in Eastern Europe, Af r ican origins, and 
the Far East, are expected to part ia l ly offset this decline. 

Stocks 
Gil l and Duf fus estimate wor ld stocks at the end of 1983/4 at 356,000 

tonnes, the lowest level since 1976/7. The Cocoa Agreement Buffer Stock 
continues to ho ld 100,000 tonnes of this. 

The surplus of product ion 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 signif icant 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 dol lar 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) 

P R O D U C T I O N 1981/2 1982/3 1983/4 1984 /5 
(Estimate) (Forecast) 

W O R L D T O T A L 1721 1534 1512 1833 

Afr ica 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 
Ivory Coast 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 60 65 80 100 
Papua New Guinea 30 29 28 30 

G R I N D I N G S 1982 1983 1984 1985 
(Estimate) (Forecast) 

W O R L D T O T A L 1608 1649 1728 1716 

Western Europe 620 627 658 644 
Eastern Europe & USSR . . . . 206 226 218 230 
Nor th America 215 210 231 213 
Central & S. America 322 338 352 350 
Austral ia & New Zealand . . . . 13 12 10 6 
Asia 106 107 104 110 
Afr ica 126 129 155 163 

Principal Countries 
Uni ted States 199 194 209 197 
Germany (Federal Republic) . . 175 180 194 185 
Netherlands 148 157 161 155 
USSR 125 140 140 150 
Uni ted Kingdom 88 77 89 95 
France 52 53 52 80 
Brazil 170 
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PRICES 
Month-end prices fo r nearby shipment Ghana cocoa have been:— 

1984 January £1965 Ju ly £1727 
February £1713 August £1907 
IVlarch £1889 September £1918 
Apr i l £1998 October £1999 
May £2215 November £1898 
June £1910 December £1955 

1985 January £2281 
February £2272 
March £2110 
Apr i l £1928 
May £1881 



The International 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 
Breeding programmes for all crop plants rely for their success on the 

avai labi l i ty of genetic variat ion in the base populat ion. Cocoa is no except ion 
to this and the problem has been discussed before (Chalmers, 1972; Bart ley, 
1979; A l len, 1981; Lopez, 1981). These authors have all po inted out the 
importance of genetic conservation and establishment of internat ional 
germplasm collections. 

A col lect ion of germplasm was begun in Tr in idad in the 1930s. This was 
p rompted by the then serious nature of Witches' Broom disease t o which no 
resistance seemed to exist in Tr in idad. The f i rst major col lect ion of material 
was, therefore, made by Pound in Ecuador in 1937 and Peru in 1938. A 
search f o r resistance to Witches' Broom disease was the single purpose of 
col lect ion and it proved to be successful. From this material Scavina 6 and 12 
were f ound to be resistant and were w ide ly distr ibuted. The subsequent 
events serve to i l lustrate the importance of obtaining a large, w ide ly based 
genebank. Due to the existence of d i f fe rent 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 Tr in idad 
too. More sources of resistance must be sought urgent ly. They should ideally 
be polygenic in nature giving hor izontal resistance but not necessarily 
immun i t y . 

There have been t w o fur ther col lect ing expedit ions result ing in the 
in t roduc t ion of valuable germplasm in to Tr in idad. In the 1950s a jo in t Anglo-
Colombian project was executed resulting in a col lect ion of w i l d cocoa, 
Theobroma spp. and Herrania spp. (Baker et al., 1954). More recently 
Chalmers (1968, 1969, 1970) collected material in the Oriente region of 
Ecuador. Sti l l more recently a col lect ion by Al len (1981) has been made in 
Ecuador but this material is stil l await ing d is t r ibut ion. 

This brief historical review of the sources of the germplasm at present 
available in Tr in idad forms the background t o the main substance of this 
paper. It is intended to develop the theme of future ut i l izat ion and develop-
ment of this germplasm at local, regional and internat ional levels. 

The International Cocoa Genebank, Trinidad 
Because of the manner in which collections were made, the germplasm in 

the Internat ional Cocoa Genebank, Tr in idad (ICGT) consists of a series of 
populat ions. Each populat ion is d ist inct and designated by a code relating t o 
the locat ion of col lect ion. The major populat ions are enumerated in Table 1. 
Some of this material has been distr ibuted w ide ly as individual clones, for 
example Sea 6, Sea 12, Na 32, Na 34, Pa 7, IMC 60, IMC 67, ICS 1, ICS 6, 

ICS 8 and ICS 95. The genetic potent ial of the col lect ion has, however, not 
been explo i ted to any extent . 



TABLE 1 

Contents of the Internat ional Cocoa Genebank, Trinidad. The names, count ry 
of origin and size of each major populat ion is given. 

Population Origin No. of Genotypes 

1. Pound Upper Amazon Peru 
IManay (Na) 301 
Parinari (Pa) 129 
Morona (Mo) 23 
Iquitos ( IMC) 53 
Scavina (Sea) 15 

2. Pound Refactarios Ecuador 969 
3. imperial College 

Selections (ICS) Tr in idad 90 
4. Chalmers Oriente Ecuador 85 
5. Grenada 

Selections (GS) Grenada 15 
6. Anglo-Colombian (Spec) Colombia 43 
7. EET Ecuador 8 
8. Pound (P) Peru 21 
9. Brazil ian Clones Brazil 6 

The germplasm col lect ion at the Cocoa Research Un i t is being reorganized. 
The trees are presently dispersed over several f ie ld sites and planted randomly 
w i t h i n sites. A l l material w i l l be repropagated and established on a recently 
acquired f ie ld station (The University Cocoa Research Stat ion). Many of the 
trees to be propagated are now wel l over t h i r t y years old and may present 
major problems in their re-establishment. Where possible the propagation w i l l 
be by hard wood cutt ings taken direct ly f r o m the original tree. In many cases 
it may prove necessary t o f i rst bud the required genotype on to a vigorous 
rootstock in order t o obtain material suitable for cutt ings. The use of budded 
trees in the genebank itself w i l l not be adopted since th is potent ia l ly leads to 
management problems in the prevention of rootstock chupons growing ou t t o 
take over the scion. 

Each popula t ion w i l l be planted as a dist inct b lock, each genotype 
represented by eight trees. Ef for ts w i l l be made to conserve as many geno-
types as possible. This is impor tant since the genebank is t o serve not on ly 
Tr in idad and the Caribbean region b u t the cocoa research commun i t y 
global ly. There are urgent problems that must be conf ronted now in Tr in idad 
and elsewhere by explo i t ing those genotypes that are k n o w n to be of value. 
However, the fu ture w i l l inevitably hold new problems of diseases, pests, 
environment and cul tural practices. A l l o f these are qu i te unpredictable and 
w i l l require novel cocoa genotypes to solve them. The value of any individual 
genotype in the fu ture cannot be predicted by its reaction t o present 
problems. 
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Distribution of Material from ICGT 
Germplasm wi l l be available f r o m the ICGT in t w o forms. First ly, 

budwood of individual clones wi l l be available. These clones may then be 
incorporated in national breeding programmes or put d i rect ly in to selection 
trials. Secondly, and more impor tan t ly in terms of the d is t r ibut ion of genes, 
bulked seed f r o m intercrossing w i t h i n population-; can be distr ibuted t o 
research organizations requesting them. The use of seed f r o m such 
populat ions was tr ied and proved successful when the Upper Amazon Nanay 
and Parinaris o f Pound's col lect ion were transferred f r o m Tr in idad t o Nigeria 
(Opeke, 1972). 

The main funct ion of a genebank is that it allows the genes held in its 
deposits t o be t ransmit ted to the locations where they may be exploi ted. 
Since the germplasm containing those genes must reside in a part icular 
location the expression and evaluation of genotypes is conf i rmed to the 
extent al lowed by the local environment. Resistance to swollen shoot virus 
cannot be assessed in Tr in idad nor can product iv i ty in the environment of 
West Afr ica. It is, therefore, essential tha t transfer o f germplasm ensures that 
suff ic ient var iat ion be embodied in that transfer t o a l low local selection to be 
effective. This argument applies to all characters. Local adaptat ion is very 
important bo th in choice of a genotype as a parent in a breeding programme 
and in selection of material fo r commercial release. The use of seed f rom 
w i t h i n populat ions to transfer germplasm has many advantages. The most 
outstanding advantage is that a sample of genes is transferred simply and 
quick ly . 

The ideal method for seed product ion in a popula t ion based transfer, as 
described, wou ld be to al low random mating w i t h i n each populat ion. This 
could then be fo l lowed by a random sampling of the seeds so produced. The 
impor tant feature of such a method is that it does not include any selection, 
conscious or unconscious, in the pair ing of pollen and seed parents. The 
l imitat ions to the actual method used w i l l inevitably be the practical issue of 
manpower and t ime. It wou ld seem reasonable, however, if each individual is 
represented at least once and that no seed is included that may involve pollen 
f r o m outside the populat ion. 

This method of germplasm d is t r ibut ion w i l l maintain the integr i ty of each 
populat ion in terms of its gene frequencies. It w i l l also provide variat ion for 
the recipient t o subject the ini t ial impor t to adequate selection under local 
environmental condit ions. 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 export ing count ry . 

Quarantine 
A n internat ional genebank must have access to adequate quarantine 

facil it ies in order that material may be moved freely in to and out of the 
col lect ion. A l though the col lect ion of material in Tr in idad 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 nat ional collections in many research 
inst i tut ions f r o m Mexico to Bolivia which should also be consolidated in a 
secure, international col lect ion. 



Col lect ion and consol idat ion on this scale wi l l require a quarantine fac i l i t y 
that is able to process a vast annount of material. In order that this can be 
done at an acceptable cost it is necessary to site this fac i l i t y in a cl imate 
suitable for the open cul t ivat ion of cocoa. For this reason Barbados was 
chosen as the quarantine site. It has no indigenous cocoa industry, air l inks 
are excellent w i t h Tr in idad and most other countr ies, its nearest cocoa-
growing neighbour is Grenada which is 247 km distant and the year long 
prevailing winds are easterly making it impossible t o receive airborne diseases 
in to the quarant ine areas f rom other Caribbean cocoa-growing terr i tor ies. 

Quarantine Conditions 
Material w i l l on ly be brought to Tr in idad f r o m South and Central 

America, never f r o m Afr ica or South East Asia. As far as disease 
considerations are concerned Tr in idad is similar t o South America. The major 
diseases of cocoa in South America are: 

i) Witches' Broom (Crinipellisperniciosa). 
ii) Black Pod (Phytophthora spp). 

i i i ) Mon i l ioph thora pod rot (MoniUophthora roreri). 

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

Of these diseases the most impor tant f r o m the point of view of quarantine 
for movement of material in to Tr in idad are witches' b room and 
Moniliophthora pod rot . Moniliophthora roreri does no t occur in Tr in idad at 
present and the pathotype of Crinipellis perniciosa f ound in Ecuador and 
other Upper Amazon areas is d i f ferent t o that present in Tr in idad. The nature 
of these two diseases makes them relatively simple to quarantine ef fect ively. 
They may be summarized as fo l lows. 

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

ii) Basidiospores are very short lived and hence severely restricted in their 
in fect iv i ty . 

i i i) There is a greatly restricted period of host suscept ib i l i ty ; on l y young 
newly growing tissue is infected (buds or flushes). 

iv) Basidiospores are not produced as a direct result of in fect ion but only 
as a result o f eventual death of infected tissues. 

v) In fect ion leads to easily ident i f iable host reactions in the product ion of 
brooms on fans or cushions or as swelling and hyper t rophy in young 
tissues. 

vi) Living, green brooms never produce sporophores. 
vii) The t ime lag between broom necrosis and sporophore product ion is 

very long (3—4 months m in imum) even in op t imum condit ions. 
vi i i ) Brooms are apparent in the f irst or second f lush after infect ion, 

ix) In fect ion is not systemic. 

Product ion of brooms in quarantine does not therefore pose a threat since 
they are easily spotted and the plant destroyed. A l l infected plants w i l l show 
up in quarant ine w i t h i n one year (2 or more flushes). 
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Moniliophthora pod rot 
i) The on ly susceptible part of the tree is the pod, no other tissues are 

infected. 
ii) No pods wi l l be impor ted into Barbados. 

iii) No pods wi l l be set in quarantine. 
iv) Only vegetative material w i l l enter or leave the quarantine stat ion. 

The fac i l i ty w i l l a l low the rapid col lect ion of material f r om South America 
and its eventual dissemination to South American and Caribbean research 
programmes after evaluation and descript ion in Tr in idad. It is recognized that 
the specialized facil i t ies such as those at Miami w i l l sti l l have a role to play in 
the d is t r ibu t ion of part icular clones t o 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 

descript ion of the col lect ions. Evaluation is to be carried out on ly t o the 
extent o f testing for reaction to specific diseases. This implies the use of 
standardized, meaningful screening methodology for those diseases present in 
Tr inidad. It is one major object ive of the Cocoa Research Uni t to develop 
these screening methods. 

Descript ion w i l l in i t ia l ly be based on the IBPGR Descriptor List and the 
col lect ion of data has already begun. When a large body of data is available 
the descriptors w i l l be evaluated for their usefulness in t w o ways. First it is 
essential t o be able to assess the genetic diversity of populat ions and wh i ch of 
the descriptors represent genetic rather than environmental variation. Second 
it is impor tant t o select a subset of characters that a l low the max imum 
d i f ferent ia t ion between indiv idual genotypes. 

The data once collected w i l l 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 t o one computer or uses non-standard formats must be 
avoided. The DBMS wi l l also be able to provide hard copy of in fo rmat ion as 
requested. 

The Future Role of the Genebank 
The value of the ICGT to fu tu re cocoa research is obvious, in that it can be 

the source of genes that w i l l al low breeding and selection programmes to 
progress. For the fu l l potent ial of the concept of an Internat ional Genebank 
to be realized certain condi t ions, other than keeping the trees, must be 
fu l f i l led. The research programme of the Cocoa Research Uni t w i l l be 
addressed to making the max imum use of the genetic var iat ion w i t h i n the 
genebank. 

The major constraint, at present, to cocoa product ion is probably disease. 
Each producing area has its own particular disease problems. In order that the 
genepool available in the genebank may be exploi ted there must be the 
development of quant i tat ive screening methods to detect resistance genes. 
Much of the available resistance may be polygenic, hence the need fo r 
quant i tat ive methodology. In Tr in idad research is directed towards the 
development of screening methods to select for resistance to witches' b room 
and Phytophthora diseases. 



The breeding programme of CRU is directed no t at the selection of 
varieties to release t o farmers but rather at detect ing the genetic potent ial o f 
the populat ions in the ICGT for improvement. A l l populat ions cannot be 
improved for all characters. There must be the genetic variat ion w i t h i n the 
populat ion. By using a populat ion approach to breeding, in con junct ion w i t h 
newly developed screening methods, the potential for response to selection 
for given populat ions or groups can be assessed. This in fo rmat ion w i l l be of 
value to bo th the Tr in idad breeding programme and t o other users of the 
genebank. 

The work of descriptions and evaluation is a cont inuous process. As the 
genotypes are d is t r ibuted more wide ly then more in format ion is gathered 
and can be added t o the databank for the genebank. This "shar ing" of 
in fo rmat ion must be considered as impor tant since it w i l l al low the genepool 
to be shared even more ef f ic ient ly . 

Final ly there must be a cont inual search for new germplasm to add t o the 
genebank. Col lect ing must be done systematically and w i t h reference to 
where the areas of highest pr ior i ty are. Ini t ia l ly much useful col lect ing may 
be done by simply consolidating material already collected but dispersed in 
various national col lect ions. 

Since the fu tu re of research and development in cocoa must rely on the 
ident i f icat ion 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 col lect ing and holding of genotypes. A genebank supported by a 
research programme can greatly increase the ef f ic iency of the exp lo i ta t ion of 
the genepool, o f ten very expensively acquired. 

REFERENCES 
A L L E N , J. (1981) Collecting Cocoa in its centre of origin. Proc. 8th Int. Cocoa Research 

Conf., Cartagena, Colombia, 1981. 
B A K E R , R.E.D. ; COPE, F.W.; H O L L I D A Y , P.C.; B A R T L E Y , B.G. and T A Y L O R , D.J. 

(1954) Report on Cocoa Research 1953. ICTA, Trinidad. 
B A R T L E Y , B.G.D. (1979) Global Concepts for Genetic Resources and Breeding in 

Cocoa. Proc. 7th Int. Cocoa Research Conf., Douala, Cameroun, 1979. 
CHALIVIERS, W.S. (1968) . Cocoa collecting trip to the Orlente of Ecuador - November 

1968. Departmental Report, Cocoa Research Unit, U.W.I . St. Augustine, Trinidad. 
C H A L M E R S , W.S. (1969) . Report of a cocoa collecting trip to the Oriente of Ecuador 

May 1969. Departmental Report, Cocoa Research Unit, U.W.I . , St. Augustine, 
Trinidad. 

C H A L M E R S , W.S. (1970) . Report on the collection of Theobroma cacao in the Oriente 
region of Ecuador March - May 1970. Departmental Report, Cocoa Research Unit, 
U.W.I . , St. Augustine, Trinidad. 

C H A L M E R S , W.S. (1972) . The Conservation of Wild Cacao Populations: The Plant 
Breeders Most Urgent Task. Proc. IV Int. Cocoa Research Conf St Augustine 
Trinidad, 1972. 

LOPEZ, L. (1981) . IMecesidades de Colectar Poblaciones de Cacao y su Conservacion en 
un Banco International de germpoplasma. Proc. 8th Int. Cocoa Research Conf., 
Cartagena, Colombia, 1981. 

OPEKE, L.K. (1972) . The Trinidad-Nigeria Cocoa Introduction Programme 1 9 6 2 - 1 9 7 0 . 
Proc. IV Int. Cocoa Research Conf., St. Augustine, Trinidad, 1972. 

This paper is produced by kind permission of the Cocoa Producers Alliance, Lagos, 
Nigeria being a paper presented at the 9th International Research Conference held in 
February 1984 in Lome, Togo. The Proceedings for this Conference are available from 
the Cocoa Producers Alliance, Western House, P O Box 1718, Lagos, Nigeria or from 
P O Sox 205, London at a price of US $ 50.00 to participants and US $82.00 to non-
participants plus postage charge of US S 20.00 — to Africa, Asia, North, Central and 
South America, US S 6.00 to Europe and US S 5.00 to United Kingdom. 

10 



Rehabilitation in Ecuadorian Cocoa Farms 
W. Hadfield, INIAP, Estacion Experimental 

Tropical, Pichilingue, P O Box 24, Quevedo, Ecuador 

Present Address: 1 Blackhorse Lane, Swavesey, Cannbridge, Uni ted Kingdom. 

A n y at tempt to discuss cocoa rehabi l i tat ion must f i rst consider what is 
meant by rehabi l i tat ion and if or how it di f fers fron-i renovation, replanting or 
inf i l l ing. In this article rehabi l i tat ion is taken to mean the overall strategy 
involved in increasing the product iv i ty of existing stands of cocoa w i t hou t 
increasing the tota l area occupied by the crop. This may involve some 
inf i l l ing, some replanting and some renovation of existing trees as wel l as a 
variety of other cultural methods. 

In long term perennial crops such as cocoa, tea, coffee and oil palm, etc., 
the t ime/y ie ld curve shows a rapid rise (A), a period of stabi l i ty (B), and a 
general decline (C) as shown in Figure 1. The object ive of rehabi l i tat ion 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 rehabi l i tat ion. 

In Ecuador there are approximately 200,000 hectares of cocoa most of 
which is grown by smallholders. The most dist inct ive feature of cocoa 
growing in Ecuador is the cl imate which is unl ike 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 whi le in the dry season the sky 
is normal ly overcast. The hours of sunshine and amount of radiat ion are 
much lower than in other cocoa-growing countries. Cocoa can f lour ish under 
this cl imate in Ecuador especially where the soil is fer t i le and the water table 
is high, but there are considerable variations in the length of the dry season 
wh ich lead to stress. 

Cocoa in Ecuador stil l suffers severely f rom witches' b room and Moni l ia 
pod rot, t w o diseases which devastated the industry dur ing the 1920s and 
1930s. There is sti l l no contro l fo r these diseases but there has been a 
remarkable resurgence of product ion during the past 20 years wh ich may be 
due in part t o the planting of varieties which escape the periods of heavy 
disease incidence. However yields are usually modest. On the basis of 800 
trees per hectare there are about 160 mi l l ion trees and the to ta l Ecuadorian 
cocoa crop for the period 1 9 8 1 - 8 2 to 1 9 8 3 - 8 4 averaged 80,000 tonnes. 
These figures give an average yield of 400 kg per ha. Wi th current knowledge 
and good extension i t should be possible to improve on this poor yield, 
though it is essential to have an active wel l trained extension service to pass 
recommendations on to farmers. 

Factors Limiting Yield 
1. An impor tant l imi t ing factor is the light cl imate of the coastal plain 

which receives far less radiat ion than any other major cocoa producing 
count ry due to a combinat ion of c loud during the rainy season and hazy 
mist in the dry season. Radiation cannot be increased, but there are ways 
in wh ich the available radiat ion can be ut i l ized to better ef fect than at 
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present by use of suitable shade trees wh ich do not compete too strongly 
w i t h the cocoa trees for l ight, nutr ients and soil moisture. The length and 
severity of the dry season in the coastal plains of Ecuador of ten l imi ts 
cocoa product ion. This means that conservation of moisture is necessary 
for half the year and removal of excess water is necessary dur ing part o f 
the rest of the year. 

2. The usual spacing is 700—800 trees per ha wh ich is lower than op t imum. 
On average there are about 15 per cent vacancies in mature farmers' cocoa 
w i t h the gaps o f ten in areas w i t h poor drainage or under large dense shade 
trees. This represents a m in imum of 36,000 hectares of complete ly non-
product ive land planted to cocoa and these should be inf i l led at a spacing 
of 3.0 X 3.0m to increase produc t iv i t y of the land planted to cocoa. 
It has been found that on average 25 per cent of exist ing cocoa trees 
produce on ly 5 per cent of the crop and rehabi l i tat ion is the oppor tun i t y 
to. replace these poor trees w i t h vigorous new seedlings. 
A number of trees are part icular ly heavily infected w i t h witches' broom 
and these trees should be removed f rom the farm, perhaps w i t h a compen-
sation payment to the farmer, as they w i l l produce few pods and w i l l 
cont inue to act as a signif icant source of inoculum. 

3. 

4. 

TIME 

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 

Nut r i t i on is not a major problem in most Ecuadorian cocoa soils, al though 
there is l i t t le doub t that the requirements of replanted cocoa wi l l d i f fe r f r om 
those of mature areas where a reasonably balanced nut r ient cycle operates. In 
any event, i t is most un l ike ly that ferti l iser appl icat ion w i l l f o rm part of the 
small farm system in Ecuador in the foreseeable future. 

The cocoa rehabi l i tat ion scheme in Tr in idad was based on a similar 
programme but used rooted cutt ings in place of seedlings. This heavily 
subsidised scheme was not a success and did not halt the decline of Tr inidad's 
product ion. It wou ld be unwise t o draw a close parallel between Tr in idad and 
Ecuador but the Tr in idad experience helps to emphasise the d i f f i cu l t y of 
put t ing in to practice a scheme which is clearly desirable and appears 
technical ly feasible. 
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The Rehabilitation Programme 
The emphasis should be on correct ing the factors known to reduce yield 

by methods w i t h i n the scope of a small farmer w i t h l imi ted faci l i t ies. It must 
be stressed tha t these factors are generally interdependent and the success of 
the operat ion w i l l 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 y ie ld on farmers' cocoa in Ecuador. Where 
shade exists it is usually too dense, because of a large number of shade trees 
per hectare w i t h canopies wh ich are too dense. Many cocoa trees in Ecuador 
are 60 years of age and wh i le the shade may have been ideal at p lant ing 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 reduct ion. 
If the sky is not visible f r o m 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 w i t h the denser canopy should be 
removed. In addi t ion there should be no more than about 45 shade trees per 
hectare, evenly d ist r ibuted through the f ie ld and not clustered together as is 
of ten the case. Fru i t trees, including citrus species wh ich provide very poor 
shade for cocoa, are of ten found in Ecuadorian cocoa farms but farmers are 
most unwi l l ing to remove them. Simi lar ly some Ficus trees are very large w i t h 
dense shade, but are just t oo d i f f i cu l t t o remove. 

2. Shade Planting 
However, a large part of Ecuadorian cocoa is complete ly unshaded and 

consequently suffers f rom nutr ient imbalance and dieback. In unshaded 
areas, especially those w i t h many cocoa vacancies and gaps in the canopy, 
temporary shade in the f o r m of banana/plantain should be established on a 
close planting pattern. A t the same t ime wel l grown seedlings of Inga 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 dur ing the removal of the o ld 

shade trees should be heavily pruned, the cuts treated w i t h fungicidal paste 
and chupons al lowed to grow f r o m the base. Two or three chupons can be 
lef t , the most vigorous of which should be selected t o f o r m the new tree, the 
rest being cut back in due course. 

4. Sanitation 
Old Monil ia infected and witches' broom pods must be removed f r o m all 

trees. This w i l l not be easy as so many Ecuadorian cocoa trees are in excess 
of 10m in height, but their removal is essential in order t o reduce overall 
level of inoculum. However, there is presently no f i rm experimental evidence 
available as to the effects of such practice on an individual farm when the 
neighbouring farms are left untreated. The l ikel ihood is that infect ion by 
disease can be greatly reduced by removal of all pods bearing Moni l ia or 
witches' b room infections throughout the farm dur ing rout ine harvesting 
though this practice must add t o the overall costs of farm maintenance. It is 
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also appropr iate to reduce the height of the tallest trees, if possible, and thus 
assist in fu tu re disease cont ro l . This wou ld also make for more ef f ic ient 
harvesting. 

5. Infilling 
No plant ing of vacancies should be carried out un t i l condi t ions for the 

seedlings are adequate. Temporary shade must be established before inf i l l ing, 
as young plants are extremely susceptible t o even short periods of moisture 
def ic i t . In vacant areas there is almost always a shortage of organic matter in 
the soil because of low soil moisture levels dur ing the d ry season due to lack 
of shade. Lack of shade causes high soil temperatures, increased evaporat ion, 
and destruct ion of organic matter. The level of organic matter can be 
increased in various ways either by applying a th i ck cover of mulch a few 
months before inf i l l ing, 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 unt i l f ie ld condi t ions are suitable, w i t h o u t roo t damage. 

6. Nursery Conditions 
Nurseries should have good overhead shade. Nurseries must be sited as 

close as possible to the area being inf i l led to avoid damage dur ing transporta-
t ion , bu t must provide facil it ies for watering. A combinat ion of heavy shade 
and overwater ing w i l l k i l l o f f many plants and must be avoided. A high 
impermeable roof w i l l protect against rain and also reduce in fect ion of the 
young plants by witches' broom. This is an impor tan t factor in preventing 
in fect ion in the nursery, but may entai l f requent watering to compensate for 
lack of rain. 

7. Planting 
Planting holes should be large and at the t ime of inf i l l ing, 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 effect ive to m ix it w i t h soil 
than to apply on the surface after planting. The breakdown of mulch arising 
f r o m cut t ing d o w n weed g rowth should supply nutr ients t o a young seedling 
dur ing its establishment phase. There is at present insuff ic ient data on wh ich 
to base any other recommendations on fert i l iser appl icat ion. Incorporat ion 
of a persistent insecticide in to the planting hole wi l l prevent cockchafer 
damage which can be a serious problem at this stage. The young Inga shade 
trees should also receive superphosphate at the same level, as legumes usually 
respond well t o phosphate. 

Chemical Disease Control 
There are no chemical methods of cont ro l l ing witches' b room or Moni l ia 

pod rot which are economic for mature cocoa and this is l ike ly t o be the case 
for many years. There is, however, a good case for disease cont ro l in nurseries 
and dur ing the early stages of development after planting. Witches' broom 
disease f requent ly causes stunt ing of plants in the nursery and in some cases 
a high rate of loss. Af ter planting witches' broom can delay jorquet te 
fo rmat ion or cause a weak f i rs t jorquette wh ich can result in excessively ta l l 
trees. Protect ion in the nursery requires on ly a knapsack sprayer and a few 
kilos of fungicide, no expensive maintenance and very l i t t le technical ab i l i ty 
and is therefore t o be encouraged. 
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Implementing the Programme 

To carry out a rehabi l i tat ion 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 vyiH depend both upon the overall strategy to 
be adopted and detailed execut ion at local level. Partial implementat ion is not 
on ly unl ikely to succeed but may actual ly worsen the si tuat ion if expediency 
and short cuts are at tempted midway through the project. It is therefore 
essential t o examine each stage in some detail. 

A 5 year programme evenly spread over the cocoa area is suggested, i.e. 
20 per cent of the to ta l area to be dealt w i t h per year, or 1 hectare per year 
for the smallest farmers. On the basis of a 5 year programme, there are some 
40,000 hectares per year t o deal w i th . As it is logical t o start on the worst 
cocoa the init ial d rop 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 in f i l l 15 per cent vacancies in 40,000 hectares 4,800,000 
seedlings wi l l be required each year of the 5 year programme. If it is decided 
to replace the 25 per cent non-product ive trees as wel l , this f igure rises to 
8,000,000 plants. No source of this number of improved hybrids, w i t h 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 qui te manageable, i.e. 120 plants per hectare for inf i l ls, and up to 
200 plants to completely replace the 25 per cent non-product ive trees, a tota l 
of 320 plants per hectare. If twice the number of seedlings actually required 
are raised, there wi l l 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 inf i l led and bags large enough to ensure adequate root 
g rowth before plant ing out can be used. 

The source of seed is of great importance, as there is l i t t le point in plant ing 
highly susceptible seedlings into an environment w i t h such high levels of 
inoculum. It has been pointed out (Edwards, pers. comm.) that apparent f ield 
resistance to the major diseases can be observed in some trees whi le their 
neighbours show heavy infections. Such trees of ten appear in short rows 
suggesting that they were planted f rom the same pod by the seed at stake 
method. Local farmers are usually well aware of such trees, and it is f rom 
these pods that plants should be raised. The overall result should be an 
increase in horizontal resistance in line w i t h current th ink ing of tree crop 
pathologists and breeders. 

Hand-pol l inat ion is an obvious way of increasing yield and although this 
simple and effective practice has not proved popular w i t h farmers, it must be 
considered as mandatory in a rehabi l i tat ion programme. It is an unfor tunate 
fact that f lower product ion in Ecuador is at its lowest at the t ime of year 
when pol l inat ion wou ld produce pods which wi l l escape the disease period. 
Trials carried out 8 years ago combining hand-pol l inat ion and chemical 
cont ro l , indicated that this could produce economic yield increases. 

Control measures wou ld only be applied to just over a metre of t runk per 
tree, so on ly a small e f fo r t is required, al though rapidly expanding pods wi l l 
require frequent fungicide applications to ensure adequate protect ion, and 
the use of a sticker to aid retent ion of fungicide during the rains. In cocoa 
w i t h a good canopy, direct rainfall is infrequent, and this helps retent ion of 
the fungicide on the pods. 
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I t is obvious that control and supervision of such a scheme is a vital part of 
this programme and must be adequately staffed and planned. T o ensure the 
fu l l co-operat ion of farmers some fo rm of incentive scheme must be intro-
duced which w i l l compensate for any loss of income and an intensive 
propaganda programme to convince farmers of the value of rehabi l i tat ion 
wi l l have to be mounted. 

The suggested programme of operations is given in Table 1 and individual 
years' programmes summarized. There w i l l be differences in the propor t ion of 
each stage between farms; for instance it w i l l not normal ly be necessary to do 
much work on drainage in volcanic soils and some farms w i l l need to plant 
more shade trees than remove them. It is because of the intr insic var iabi l i ty 
of cocoa farms that r igid programmes are impossible to make, but the 
sequence of operations and their integration are impor tant . This re-emphasises 
the need for good supervision of the part ic ipat ing farmers. 

TABLE 1 
Programme of operations for rehabilitation 

PROGRAMME A 

1. Select cocoa trees for seed. 

2. Prepare nursery & plant seed. 

3. Ki l l o f f excess shade trees. 

6. Plant temporary shade 
(plantain/banana). 

7. Cut ou t unproduct ive cocoa 
trees. 

4. Prune back damaged cocoa trees. 8. Remove moni l ia pods and brooms. 

5. Plant Inga seed in shade 
nurseries. 

9. A t ten t i on to drainage where 
needed. 

PROGRAMME B 

4. Spray all young plants and chupons 1. Inf i l l all vacancies. 

2. App ly mulch on any bare soil. 5. Remove moni l ia pods and brooms. 

3. Complete plant ing of permanent 
shade. 

P R O G R A M M E C 

1. Cut ou t temporary shade and 
spread as mulch. 

PROGRAMME D 

1. Remove moni l ia pods during 
rout ine harvesting. 

2. Remove moni l ia pods and brooms. 2. Ar t i f i c ia l po l l inat ion in 
selected trees. 

3. Spray young plants and chupons. 
3. Select trees fo r seed. 

4. Ar t i f i c ia l po l l inat ion on 
? p | p r t p r l t r ( 3 p < ; 
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Cocoa in Vanuatu 
Martin H. Fowler, Ministry of Agriculture, 

Forestry and Fisheries, Republic of Vanuatu 

Introduction 
Cocoa was f irst introduced into Vanuatu (fornnerly the New Hebrides) by 

expatriate planters at the t u r n of the century probably f rom Sri Lanka. A 
report of 1912 states that the Red Ceylon variety, probably a Cr io l lo , was 
preferred by planters. In 1916, two more types of Cr iol lo seed and one 
Forastero type were introduced f rom the Dutch East Indies, now Indonesia. 
The pure Criol lo types qu ick ly disappeared and were succeeded by a hybr id 
cross w i t h the Forastero dominat ing the hybr id. Most cocoa trees now in the 
count ry are derived f rom the Criol lo and Forastero introduced in these early 
years, and therefore largely resemble the intermediate f lavoured hybr id called 
Tr in i tar io . 

Environment 
A y-shaped archipelago made up of 80 widely dispersed islands stretching 

some 800 ki lometres f rom nor th to south in the South West Pacific (see 
figure 1). L i t t le 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 cl imate and soils, is ideal 
for cocoa growing. The islands are mainly mountainous in the interior w i t h 
some high plateaux whi le the coastal strips provide the main areas for 
cul t ivat ion. As most soils are relatively young and of volcanic origin they are 
very fert i le and have suff ic ient nutr ient status to give good growth and yield. 
Many of the islands have th ick beds of limestone and are surrounded by coral 
reefs. 

The cl imate ranges f rom tropical t o wet equatorial (depending on the 
aspect of the island in question) in the nor th of the count ry and semi-tropical 
in the south w i th a high humid i t y and a well distr ibuted rainfall . 

The cocoa trees bear pods f r o m March to November — the main cropping 
season being f rom May to July w i t h a secondary crop dur ing October and 
November. 

History of Production 
Good results f rom the init ial 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 plantat ion sector. By then plantat ion cocoa was estimated t o 
cover 5,000 hectares on some 60 plantations, although some doub t exists as 
to the accuracy of th is f igure. Exports in 1939 were 1,955 tonnes, the 
max imum tonnage ever recorded. 

Product ion has declined ever since - averaging 1,600 tonnes in the 1930s, 
1,200 tonnes in the 1940s, 780 tonnes in the 1950s, 690 tonnes in the 1960s 
and 680 tonnes in the 1970s. This decline is shown in f igure 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 f r o m Vietnam t o wo rk on the plantations. This 
meant reduced maintenance of existing cocoa, inadequate pruning of shade 
trees, increased compet i t ion f r o m weeds and l i t t le a t tent ion to outbreaks of 
disease and consequently lower yields. Wi th the reduct ion in labour 
avai labi l i ty catt le were int roduced into cocoa plantat ions to keep down weed 
g rowth between cocoa trees. This practice fur ther reduced cocoa yields as 
catt le eat all pods w i th in two metres of the ground! The reduct ion in exports 
since the 1950s has been minimised by a considerable increase in smallholder 
p roduc t ion since the Second Wor ld War. 

Cocoa produc t ion is an impor tant expor t industry — providing an average 
of 8 per cent o f the value of domestic exports f rom Vanuatu during the last 
f ive years. A l l cocoa is expor ted as beans since there is no cocoa processing 
fac i l i t y in the count ry . 
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Pests and Diseases 
The earliest plantings were made under planted shade trees, part icular ly 

the indigenous Pterocarpus indicus, Erythrina fusca and Albizia spp, on land 
wh ich had been clear-felled though the practice soon changed to one of 
plant ing in part ia l ly- th inned forest. Spacing was o f ten highly irregular — 
usually very close in order t o suppress weed growth. However, this meant that 
the cocoa was induced to shoot upwards instead of spreading outwards and 
led to a reduct ion of l ight and air c i rculat ion, resulting in a high incidence of 
Phytophthora pod rot . This is by far the most impor tant disease of cocoa in 
Vanuatu. The more recent practice has been to interplant w i t h coconuts at 
4 .5m by 4.5m. UstiUna deusta causing a root disease and termites have been 
reported as being a particular problem among cocoa plantings under part ial ly-
th inned forest shade. Most potent ia l ly harmful insects and diseases of cocoa 
cause damage of on ly minor economic importance in Vanuatu. 

However, Phytophthora diseases (black pod and stem canker) occur 
th roughout the cocoa-growing areas and are believed, by some observers, to 
cause a signif icant reduction in national yields. The Phytophthora fungus is 
encouraged by the high humid i ty levels dur ing the wet season and signif icant 
losses can occur. Prophylact ic spraying is usually considered t o be 
uneconomic. Experience has shown that use of d i f ferent cocoa varieties (the 
existing 'Trinitario' type is known to be susceptible t o Phytophthora pod 
ro t ) , and improved management techniques, do reduce losses f r o m 
Phytophthora. 

Considerable losses are also caused by rats (mainly Rattus rattus) wh ich 
are believed t o be the most impor tant cause of pod losses in most of the 
islands in Vanuatu. Some surveys of neglected plantat ions in the late 1960s 
showed that more than 50 per cent of the pods had been damaged by rats. 
However, w i t h regular harvesting and control measures, losses of less than one 
per cent f r o m this pest can be achieved. Damage of less significance is caused 
by f ly ing-foxes, parakeets (Psittacidaej and large whi te ants (Neotermes spp). 
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Seed 
In 1974 the Department of Agr icu l ture began d is t r ibut ing seed to farmers 

f r om a col lect ion of 17 selected trees of Tr in i ta r io or igin at the Agr icul tural 
Stat ion at Tagabe in Efate. These trees had been careful ly selected over the 
previous decade f r o m an original sample of 1,550. More than 30,000 seedlings 
were thus d is t r ibuted in 1978. 

Small quanti t ies of Amelonado seed were impor ted f r o m the Solomon 
Islands and Malaysia in the late 1970s and planted bo th at Tagabe and at the 
Agr icul tural Stat ion in Espiri tu Santo. They are now bearing and supple-
menting the supply of Tr in i ta r io seed f r om the local selections. However, 
Amelonado is not very vigorous or high-yielding and a locally-developed, 
vigorous, disease-resistant hybr id w i t h large beans is required. Some 
importat ions of Tr in i ta r io f r o m Papua New Guinea have also taken place 
and recent impor tat ions of clonal varieties have widened the national genetic 
base. Hopefu l ly new hybr ids can be developed f r om 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 wel l . The Government 
pol icy now is to recommend GUricidia maculata as the temporary shade unt i l 
the coconuts, planted at 9.0m x 12.0m or 9.0m x 15.0m, are tal l enough to 
provide suff ic ient shade. The cocoa itself is planted at 3.0m x 3.0m in the 
coconut inter-rows. Government encourages farmers to interplant w i th food 
crops before the cocoa seedlings are put in the ground, thus intercropping 
w i t h bananas and papaya provide useful temporary shade for the young cocoa 
seedlings. 

Yields 
The yields on the original plantations were high; probably close to one 

tonne per hectare, and indicated the potential of the count ry for cocoa 
growing. However, due to decreased maintenance and a lack of replanting 
w i th higher yielding varieties, average yields on these plantat ions are now less 
than 500 kg per hectare. This compares w i t h the plantings at Tagabe which , 
under good management, are presently producing the equivalent o f more than 
one tonne per hectare. 

Mode of Production 
Fol lowing the stagnation in cocoa product ion in the plantations wh ich 

began in the 1940s, observers noted a growing interest in plant ing the crop 
among ni-Vanuatu smallholders which was encouraged by the Department of 
Agr icul ture. By the late 1960s, product ion was thought to be equally divided 
between the p lantat ion and smallholder sectors and in recent years small-
holders have consistently produced three-quarters of expor t volumes. Most 
new plantings are now undertaken by smallholders, cur rent ly being assisted 
w i t h project funds f r om the Austral ian Government. 

As a catalyst t o the re-development of the p lantat ion sector which had 
stagnated since before Independence, the Government set up a joint-venture 
company w i t h the Commonweal th Development Corporat ion in 1983 t o 
plant 1,700 hectares of cocoa over a 5 year period. This estate, wh ich is 
located in Malakula, should produce 3,000 tonnes per annum at matur i ty . 
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Research 
The Government is establishing a cocoa and coffee research stat ion in 

Espiritu Santo on 64 hectares of land. The station is being managed by the 
French Inst i tut de Recherches du Cafe et du Cacao. The stat ion w i l l carry 
ou t trials on imported and local cocoa varieties w i t h the aim of developing 
superior plant ing material suitable for Vanuatu. It w i l l also investigate 
management techniques, diseases and insects of cocoa and processing 
technologies in order that agricultural f ie ld staff can have improved 
product ion packages to extend t o farmers. 

Processing and Marketing 
The bulk of the cocoa exports have t rad i t iona l ly gone t o France. In the 

1930s, cocoa f r o m the New Hebrides was highly thought of in Marseilles and 
sold at a premium. However, the si tuat ion 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 f r o m the London market of out r ight refusal t o buy 
cocoa f r o m the coun t ry . Presently discounts averaging 30 per cent are 
reported. 

The extremely variable qua l i ty of the cocoa f rom smallholdings and 
plantations in Vanuatu is the result of irregular harvesting, result ing in over-
ripe and diseased pods. Much of the harvest is poor ly fermented and, due to 
the variety of types of fermentaries used (wood or cement vats, holes in the 
ground, concrete troughs or merely lef t in the col lect ion bag), a un i f o rm 
national product cannot be produced. Furthermore, art i f icial dry ing is o f ten 
employed and is o f ten inadequate which has resulted in Vanuatu cocoa 
having a smoky of f - f lavour . There is also some sundrying. Nevertheless, some 
villages do produce high qua l i ty cocoa. 

Cocoa beans have, in the past, been bought f rom producers by traders and 
co-operatives and shipped to the expor t ports of Port-Vi la and Luganvil le 
where they have been recondit ioned by cleaning and re-drying and then 
blended and bulked. Since the mid-1960s the Department of Agr icu l ture has 
been encouraging centralised processing and the instal lat ion of new, improved 
dryers. Recent assistance f rom the European Development Fund has enabled 
subsidised fermentaries t o be provided to communit ies and co-operatives. 

The Government introduced legislation in 1982, aimed at qua l i ty improve-
ment through regulation of cocoa processing and cocoa dealing, combined 
w i t h the inspection and grading of cocoa prior to export . It is hoped that 
these efforts w i l l improve the current s i tuat ion whereby cocoa is discounted 
by an average of 30 per cent on the wor ld market, compared w i t h the 5—10 
per cent wh ich could be expected if the qual i ty was good. The cost t o 
Vanuatu of this poor qua l i ty is enormous. A fur ther boost should be given by 
the price di f ferent ia l for beans of an acceptable qual i ty wh ich was int roduced 
in late 1984. However, small bean size is a major defect which wi l l on ly be 
corrected by new plantings w i t h an improved variety. 

In 1984 the Vanuatu Commodit ies Market ing (VCM) Board assumed 
responsibi l i ty for cocoa exports in order t o improve returns to the producer 
and t o assist Government in its qual i ty improvement programme by means of 
price di f ferent ials based on qual i ty in addi t ion to other measures. A price 
stabil isation scheme may be introduced at a later date. 
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Conclusion 
The history of cocoa cu l t ivat ion has shown that the crop is.well suited to 

the physical envi ronment in most of Vanuatu and that it grows wel l in 
association w i t h coconuts, the major crop in the count ry . Given the current 
f inancial and technical support now being given t o all aspects of the cocoa 
industry, exports should short ly begin rising again to the levels recorded in 
the 1930s. These w i l l cont r ibu te to the overall g rowth and diversi f icat ion of 
the Vanuatu economy wh ich is current ly excessively rel iant upon the expor t 
o f 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 

I N T R O D U C T I O N 
In Bahia, Brazil, chemical contro l oi Phytophthora pod rot (or black pod) 

must be considered the most impor tan t of all the agricultural practices 
designed to increase cocoa product ion. In the absence of chemical contro l , 
other forms of inputs applied either singly, or as part of an overall recommen-
dat ion, wou ld no t give a positive cost /benef i t return. 

It is d i f f i cu l t to estimate the crop loss due to Phytophthora pod rot as this 
varies f rom year to year and f rom farm to farm. In the southern part of the 
State of Bahia, the region responsible for 95 per cent of Brazil's product ion, 
an average crop loss has been quoted at 30 per cent (Medeiros 1977), but in 
areas where cl imat ic condi t ions favour infect ion, incidence of disease may 
attain 100 per cent level, w i t h the peak of infect ion coinciding w i t h a peak in 
harvest. This was the case in 1984, when in spite of repeated warnings of a 
serious epidemic, growers were lax w i t h their spray programmes. Relatively 
low infect ion levels in 1980-1983 due to severe drought in the nor th 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. Contro l by protect ive sprays is risky if the programme is not 
fo l lowed in fu l l or if one reverts to a normal schedule only after recording a 
progressive increase in disease. 

The need for routine chemical cont ro l was f irst recognised in Bahia in 
1956 (Leil is 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 underplant ing w i th 
mixed hybrids selected fo r increased product iv i ty rather than tolerance to 
disease, must include fungicide sprays in the renovated stands of cocoa. 
However, a t tent ion must be given to other strategies including integrated 
cont ro l for use at farmers' level (Pereira and Cruz 1984). Selection of 
Theobroma cacao resistant t o Phytophthora spp. has received special at tent ion 
(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 w i th d i f fe rent 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 dura t ion of 
survival of the pathogens in husk piles (Figueiredo et a! 1982) and the viru-
lence of each species, more part icular ly its rate of colonizat ion (pod infect ion 
to sporulat ion or complete destruct ion of the f ru i t ) has added fu r ther data 
(Campelo et a! 1982, Lawrence et al 1982) for more precise f ie ld recommen-
dations. Knowledge of these aspects plays a role in reducing inoculum in 
plantations and determining harvesting intervals (Madeiros 1977) leading to 
higher product ion. 
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FIG. 1 - INCREASE IN COST OF FARIVI INPUTS RELATIVE TO COCOA VALUE IN 1978 AND 1983 
(PURCHASING POWER IN kg OF COCOA) 

High cost of farm inputs and labour, coupled w i t h relatively low inter-
nat ional cocoa prices, has led to the use of more advanced technology 
(Figueiredo e t a / 1984) (Figure 1). 

In this article an at tempt is made t o discuss present recommendations to 
growers, more specifically the types and doses of fungicides, t im ing and inter-
vals of applications and f inal ly mode of appl icat ion. In addi t ion, the present 
state of knowledge in research and its impl icat ions in formula t ing fu ture 
recommendations wi l l be analyzed. 

C H E M I C A L C O N T R O L 
Compared w i th other cocoa producing countr ies (pr incipal ly Afr ica) , 

Brazil adopted chemical control measures much later. According to Hislop 
(1964), Von Faber, work ing in the Cameroons, showed a reduct ion of 50 per 
cent black pod losses after appl icat ion of three sprays of Bordeaux mix ture 
in 1907. In Fernando Po, regular sprays of Bordeaux mix tu re were applied in 
the 1930s and soon after in Nigeria (West 1936). In Bahia, Brazil, after the 
ini t ial experiments in 1956 (Leilis and Matta 1956), rout ine fung ic ide appli-
cations made a start in the 1960s, w i t h a progressive increase in sprayed area 
f r o m 10,000 ha in 1970 to 170,000 ha in 1980. Fungicidal cont ro l of pod 
rot is now fu l l y accepted by the growers. 

1. Types and Doses of Fungicides 
Al though the determinat ion of types and doses of fungicides appears to 

result only f rom f ield experiments, other laboratory investigations are 
necessary specially on the mode of action of fungicides on Phytophthora 
spp. Screening of fungicides fo r cont ro l oi Phytophthora, f r o m receipt of 
a candidate product to f ield recommendations, normal ly requires three 
years of investigations. In the f i rst year bio-assay and physical studies of 
the formulat ions are made in the laboratory. The second and th i rd years 
are earmarked for f ie ld experiments. 

The types of fungicides tested to date include those based on copper 
and t in , organic compounds and also some systemics (Figueiredo and Leilis 
1982, Pereira and Leilis 1982), Copper fungicides (and more recently, in a 
small way a t in product) make part of f ie ld recommendat ions, 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 competit ive 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 bui ld up; in addit ion they offer a wide spectrum of control 
w i th low nnammaiian and phyto- toxic i ty and no detrimental effects have 
been noted on the eco-system. 

Al l 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 wi th either copper oxi-
chloride or cupric hydroxide for the same dose of metallic copper. Statis-
tically the difference is not sufficient to just i fy a lower dose in f ield use, 
but cuprous oxide acts as a standard in all fungicide experiments. Al though 
screening formulat ions 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 formulat ion are made. 
Growers have a choice of thirteen products. Within the three compounds 
of copper available there exist three formulations (wettable powder, f low-
able and oi l base) and a range of concentrations (10-50 per cent), supplied 
by seven di f ferent manufacturers. 

The t in base compound (20 per cent fent in acetate) was introduced for 
the first t ime for general f ield use in 1983, in mixture wi th a copper 
fungicide at a proport ion of 1:9. The reason for deciding on this mixture 
of products was a funct ion of the high cost of fent in acetate if used at its 
normal dose, and the normal precautions due to its tox ic i ty (LD 50; acute 
oral, rats 125 mg/kg; acute dermal, rats 500 mg/kg). However results of 
f ield 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 Afr ica in respect to residues in cocoa beans (Massaux 1971) 
served as a base to finalize the recommendation of fent in 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. Ini t ial ly, 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 quanti ty of fungicide applied per ha 
varied w i th 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 
l itt le significance in the f ield because a predetermined concentration of 3 
per cent is never maintained for any duration of t ime due to evaporation 
or d i lut ion. Dosage was measured on 12 farms and was found to range 
between 300g and 14 kg/ha of metallic copper. 

This resulted f rom using concentration as a criteria as shown in Table 1. 
Therefore, the dose of fungicide per tree or per ha was given paramount 
importance. Vir tual ly all experiments conducted during the existence of 



Table 1 - A source of error when concentration is used 

as a criterion in fungicide applications. 

(Copper fungicide: 50% Cu++) 

Concentration Volunne per ha Dosage applied 

(%) ( /ha) (kg/ha) 

3 4 0 0 12.0 

3 3 0 0 9 .0 

3 200 6 .0 

3 ~ 160 4 .8 

3 120 3.6 

3 4 0 1.2 

this Centre for the control of Phytophthora pod rot were sprayed using a 
volume of 160 1/ha. A t this volume, a concentration of 3 per cent pro-
duct would result in applying 4.8 kg commercial product (50 per cent 
Cu++) per ha or 2.4 kg metallic copper. From 1981 applications based on 
dose per ha were tested in the f ield in diverse experiments to conf irm 
precisely the lethal action of this dose rather than the unspecific "concen-
t ra t ion" 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-i-H/tree) 
(Table 2). Having specified metallic copper, the variation in concentration 
of commercially available formulat ions was easily corrected and the dose 
of metallic copper f ixed in f ield use. The volume of water used clearly has 
a direct relation to the type of equipment employed. Af ter calibration, 
the volume per tree or per ha is determined and this quanti ty of water is 
then mixed w i th 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 Volunne/ha Unimportant concentration 
(kg/ha) (800 trees/ha) ( /ha) (%) 

4.8- 3.0 4 0 0 1.2 

4 .8 3.0 3 0 0 1.6 

4 . 8 3 .0 200 2.4 

4 .8 3 .0 160 3 .0 

4 .8 3.0 120 4 .0 

4 .8 3 .0 4 0 12.0 
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In the case of the mix ture of fent in acetate and copper, the dose recom-
mended is 160 g plus 1,400g a.i. respectively per ha, result ing f rom t w o 
years of f ie ld experiments. 

Final ly, appl icat ion of a precise dose per tree or ha is common know-
ledge to researchers and has been quoted in the methodology of Phyto-
phthora f ie ld experiments many years ago (Medeiros 1977); however a 
wide discrepancy existed between available in format ion and its appl icat ion 
in the f ield. 

2. Timing and Intervals of Application 
From the early years of chemical cont ro l , the t im ing of fungicide 

sprays normal ly fo l lowed a calendar schedule dur ing the months of Apr i l 
to August, w i t h applications at month ly intervals (Medeiros 1977). Wi th 
an increase in epidemiological data it has become possible to recommend 
to growers a date for the commencement o f the spray schedule. Another 
impor tant con t r ibu t ion to forecasting was made more recently by inter-
pretat ion of aerial photographs received f rom the CEP LAC Satell ite 
Tracking Stat ion. The daily photographs register c loud movements and 
cold f ronts or iginat ing f rom the south. Wi th these cold f ronts lowering 
of temperature and increase in rainfall may be expected in cocoa plant-
ations leading to condi t ions favouring an epidemic. 

While it is not intended to suggest that a fu l l effective disease fore-
casting system is in operat ion (certainly not comparable to the classic 
forecasting for Phytophthora infestans in Europe), the results obtained 
are well w i th in the objective. In a disease forecasting system, the main 
aim is that the grower is not conf ronted w i t h the unexpected, therefore 
permi t t ing early planning and t imely execut ion of preventative measures. 
F rom about March each year. Extension Department personnel and 
others attached to a special Farmers' Radio Programme prepare growers 
to undertake necessary act ion (purchase of fungicide, servicing of spraying 
equipment etc) fo r an imminent disease outbreak. Commencing even 
earlier, weekly analysis of daily recordings of temperature, rainfal l , relative 
humid i t y , incidence of disease and cropping levels are p lo t ted by the Plant 
Pathology Division. With the onset of w in ter months temperatures nor-
mal ly drop. 

Therefore when levels of disease are registered t o 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 f ron t , a general warning is given through the main systems of comm-
unicat ion. 

Certain d i f f icu l t ies are envisaged between a scientif ic decision to 
commence a spray schedule and its practical execut ion in the f ield. The 
grower invariably has to make on-the-spot-decisions tak ing into con-
sideration operational problems or cost /benef i t relations. For example 
in 1983, after short rain spells early in Apr i l , the growers t ook it upon 
themselves to protect a potent ial crop and init iate appl icat ions early. 
On the other hand, rout ine moni tor ing on experimental sites showed 
that spraying for the cont ro l of Phytophthora pod rot cou ld in fact 
commence later, towards the end of May, the date announced to the 
growers. This resulted in the appl icat ion of up to two addi t ional sprays 
as the epidemic d id not conclude early. However in 1984, the inverse 
occurred as ment ioned earlier. The cropping pattern in that year showed 
poor f lower ing and f ru i t set, as a result it seemed logical t o the growers 
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tha t spray applications were no t necessary or uneconomic. In June 
f lower ing was abundant w i t h every indicat ion of a good f ru i t set; but 
since inoculunn levels were no t kept low by fungicide sprays (during 
condi t ions extremely favourable fo r infect ion) the developing pods were 
exposed and levels of disease were except ional ly high. In 1985 favour-
able condi t ions for infect ion made an early start (1-2 week of Apr i l ) 
and growers immediately heeded the recommendat ion to commence 
spray treatments. 

Dur ing the years of relatively low disease incidence, researchers were 
able to make improvements towards perfect ing a system of short-term 
forecasting but , as epidemiological parameters are sample values for a 
large region, the growers stil l have to make their own f ie ld decisions. 
The necessity o f accepting changes becomes even more impor tant when 
the change may be a question of p ro f i t or loss. As an example, the balance 
of the three species of Phytophthora at the moment is favourable to 
growers. The least v irulent species (P. capsicij is the most predominant 
(95 per cent of sampled populat ion) whereas the most v irulent 
(P. citrophthora) only constitutes a small part o f the disease complex (2-3 
per cent). If this balance undergoes a change, growers w i l l have to adapt 
rapid ly, possibly involving a complete change in t im ing and interval. 

3. Mode of Application 
App l i ca t ion of fungicides in water and therefore in the f o r m of a spray, 

has been the main means of t reatment used in cocoa plantations. Recently 
the use of dust was investigated (Leilis and Figueiredo 1983) and although 
shown to be effective in the contro l of Phytophthora pod rot w i th an 
addi t ional advantage of a high speed operat ion, its special fo rmu la t ion 
(7.5 — 10 per cent Cu-i-f) contains a large propor t ion of inert material 
and its cost is unacceptable. 

Wi th the development of l ight weight two-stroke engines, motor ized 
mistblowers become the most versatile machines for contro l of diseases 
and pests in tree crops in temperate and tropical countries (Clayphon 
1971, Higgins 1964, Matthews 1979). 

Motor ized mistblowers were introduced in Brazil in conjunct ion w i t h 
the start of fungicide spraying for the cont ro l of Phytophthora pod rot 
(Leil is W T., personal communicat ion) . Over the years their benefits 
just i f ied their use although this system does not o f fer any comfo r t t o 
the operator in terms of load (up to 30 kg), v ibrat ion and noise. Each 
un i t consumes between 1-2 1 of pet ro l /o i l m ix tu re /hour which adds to 
the cost of appl icat ion. Simi lar ly , two-st roke motors have a short l i fe 
(about 300 hr) , require constant repairs and a complete overhaul after 
every spraying season. The work ou tpu t under hot , humid condi t ions 
may no t exceed 150 trees/man/hr and f ina l ly one has to accept that 
motor ized mistblowers are fa i r ly sophisticated equipment , at least fo r 
an unspecialised labour force. Therefore, in 1979 an alternative t o the 
motor ized mistblower was investigated. A return t o the simple hose 
and lance seemed to overcome some of the d i f f icu l t ies inherent in the 
motor ized mistb lower. A l though the hose and lance system wou ld have 
been considered a new metht)d of apply ing fungicides in this region, 
it is one of the oldest modes of appl icat ion in the wor ld . In 1885, the 
vineyards of France were sprayed using simple pumps coupled to pr im-
itive nozzles (Horsefall 1956). However as a project the adaptat ion of this 
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system for use today, underwent a sequence of investigations f rom the 
design board to assembling a prototype, evaluating and improving it 
and f inally its operation and implementation in the region (Pereira ef 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 diesel engine (4.5 - 5.5 hp) that powers a piston pump 
(maximum output , 40 1/min at 35 kg/cm2) 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 addit ion, diesel engines have a much longer life compared to a 
two-stroke engine and generally require a minimum of repairs and main-
tenance. Finally, wi th adjustments in hydraulic pressure and a change 
of nozzles, the system may be used for most crop protect ion practices 
including the application of herbicides. A complete economic assessment 
of this system showed, for dif ferent 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 lancos 

system. 

Type of equipment Total cost spraying per Percent participation 
ha/application* (%) 

Motorized mistblower 4 ,570 .99 100.00 

Hose and lances for 
different hose lengths 

- 1 0 0 m 3 ,074 .35 67.26 

- 200 m 2,711.76 59.33 

- 3 0 0 m 2 ,686.15 58.77 

- 4 0 0 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 wi th as l itt le as 20 1/ha were 
shown to control the disease eff iciently (Medeiros 1977). However this 
fo rm 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 di luent increased in cost. 

Volumes per ha are deceptive relative values as shown in Table 4. 
Tradit ionally 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 funct ion of an upper l imit of cover obtained, that is before run-off, but 
purely as a l imitat ion 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. 

Terminology 
/ha 

International* Traditional in the region 

High 1000 160 

Medium 500-1000 120 

Low 200-500 4 0 

Very low 50-200 ? 

Ultra low 50 20 

* Matthews, 1979. 

wou ld on ly treat 65 trees and, after spraying for approximately 22 min, 
the operator wou ld have to refi l l the pesticide tank. Higher volumes 
wou ld increase operat ion cost and make spraying uneconomic. 

In the hose and lance system the operator carries no load and ref i l l ing is 
undertaken using an adaptat ion to the equipment . A force feed line f r o m 
the pump injects w i th in the suction tube, attaining a f lowrate of as much 
as 155 1 /min (depending on the d i f ferent ia l height between pump and 
water source). A max imum of 10 minutes is suf f ic ient to prepare a 
quant i ty of spray l iquid for one ha. The p u m p uni t remains stationary for 
a considerable t ime whi le the surrounding area is treated as, w i th hose 
lengths of 300 m, 28 ha may be treated f r o m a central point . Each of 
these points are selected in relation to a source of water. Considering all 
these facts and after results of f ie ld experiments where the motor ized 
mistb lower was used as a standard, the volume/ha for the hose and lance 
system of spraying was def ined at 300-400 1/ha. 

PRESENT STATE OF RESEARCH A N D F O R M U L A T I O N OF FUTURE 
R E C O M M E N D A T I O N S 

1. Towards reducing cost of application 
In the preceding paragraphs chemical cont ro l 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 w i t h f luctuat ions in the market value of his crop and then 
str ike a delicate balance between this unknown variable and others such as 
in f la t ionary increases in cost of inputs, cropping changes and 
unpredictable weather condit ions. However, it becomes clear that re-
searchers cannot divorce themselves f r o m day-to-day problems of the 
grower. On the contrary being aware of their problems paves the way 
to a fu r ther in f lux of technology. One such example is the need for an 
urgent appl icat ion of a precise dose per tree or ha. If this becomes 
common practice then the next transfer o f in fo rmat ion would be readily 
implanted. 

The theory in the use of protect ive chemicals presupposes that the 
tox icant must be deposited in a th in f i l m over the entire surface of 
susceptible tissue w i thou t in jury t o the tissue; it must adhere tenaciously 
w i t h o u t being eroded; and it must be released in concentrat ion lethal t o 
the pathogen during the in fect ion period (McNew 1959). This has always 
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FIG. 2 - SEPARATE ASPECTS IN THE COMPLEX OF FIELD DISEASE CONTROL OF PHYTOPHTHORA 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 wi th in 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 wi th the aim of visual-
izing a possible interaction that might offer a reduction on the number of 
applications. Item 1, copper fungicide: its behavour and its action on 
fungal pathogens has been studied for about a century. Generally its 
biological efficiency is l imited to 3 weeks in normal concentrations, how-
ever at high concentrations one may expect laminal l iberation f rom 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 condit ions are favourable to infection. Item 4, affinity to water — 
the fungicide, being generally wettable powders, requires water to enter 
for resuspension, redistribution and redeposition. Item 5, water borne — 
the pathogen, is dependent on water to colonize new areas and to extend 
its terr i tory. 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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TableB - Reduction in nunnber of fungicide applications for the control 
of Phytophthora pod rot. (1980, 1981 & 1982) 

T r e a t m e n t s Infection Arc Sin V% 

CODE Total Cu++/tree/vear 
Dose/No sprays 

Interval 
(days) 

1980 1981 1982 

• A 4g X 4 = 16g 3 0 19.19A 18 .81A 12.11A 

B 8g X 2 = 16g 6 0 18.63A 17.66A 13.56A 

C 6g X 2 = 12g 6 0 25 .25AB 20.09A 14.77A 

D (12g x 4 g ) = 16g 9 0 18.53A 17.05A 13.44A 

E 16g X 1 . = 16g - 20.79A 18.81A 13.56A 

* * F 8g X 2 = 16g 6 0 16.95A 17.46A 11.54A 

T . Unsprayed control 37.41 B 27.63 B 29.20 B 

• Standard treatment * * Only treatment without a sticker 

pathogen and in so doing permi t greater oppor tun i t y fo r contact (Pereira 
1974). I tem 6, disease cycle, dur ing the latter half of the four months 
disease cycle, infect ion fo l lows a downward trend. Therefore, a massive 
dose at the start of the epidemic may delay infect ion for a suff ic ient 
period unt i l c l imat ic condi t ions do no t favour infect ion. To test the 
theory , one exper iment was started in 1980 that cont inued for 3 years and 
another in 1981 for a period of 2 years. 

In 1980 the recommended spray schedule was 4 g Cu"'""'" applied in 4 
applications at intervals of 30 days and this was used as the standard 
t reatment. 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+''" each in three sprays at the normal month ly interval (Pereira 
and Leilis 1982) (Table 6). 

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

T r e a t m e n t s Infection Arc Sin V% 

CODE Total Cu++/tree/year 
Dose/No sprays 

Interval 
(days) 

1981 1982 

* A 3g X 3 = 9g 30 21 .64A 21.72A 

B 4.5g X 2 = 9g 4 5 21 .81A 24.50A B 

C 9g X 1 = 9g - 20 .79A 26.85AB 

T Unsprayed control 32 .14 B 32.83 B 

Proposed economic alternative, only treatment with a sticker. 
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The results may be summarized as fol lows: over the 3 year period 2 
applications of 8 g each at 60 days interval was always better, but not 
signif icantly, compared to 4 or 1 application/season (Table 5); however 
the disease curve for monthly means for 3 years showed a single application 
maintained lower 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 CU++) or one massive 
dose (12 g Cu++) fo l lowed 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 wi th or wi thout a sticker were compared the treatment 
w i thout 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 is intended to be low then frequent applications are necessary 
(Figure 7). 
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Mean lor 1980,1981 and 1982 
FIG. 3 - COMPARISONS BETWEEN 1, 2 AND 4 FUNGICIDE SPRAYS/YEAR FOR CONTROL OF COCOA 

POD ROT. 
(T - conlfol; A - 4 sprays x 4g; 8 - 2 sprays x 8g; E - 1 spray x 16g) 

These results have far reaching significance, but probably the main 
conclusion is that progressively higher application doses may provide 
proport ionately 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 af f in i ty to water is used, omit t ing 
stickers results in improved control. Therefore in formulating future 
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recommendations to the grower these results of fer, 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 crit ical period fo r more 
frequent harvesting, causing less diseased f ru i t and fewer infected beans in 
diseased pods. Since disease incidence varies in di f ferent micro-climatic 
areas wi th in the region, this data has to be adjusted to meet these situations. 
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Mean for 1980, 1981 and 1982 
FIG. 4 - COMPARISONS BETWEEN 2 FUNGICIDE SPRAYS/YEAR AT TOTAL DOSE OF 16g AND 12g 

COPPER FOR CONTROL OF COCOA POD ROT. 
(T - control; B - 2 sprays x8g;C - 2 sprays x6g) 

SPRAYS 

T MAY T JUNE T" JULY AUGUST SEPTEMBER 

Mean lor 1980,1981 and 1982 
FIG. 5 - COMPARISONS BETWEEN 16g COPPER APPLIED IN A SINGLE SPRAY OR 2 APPLICATIONS FOR 

CONTROL OF COCOA POD ROT. 
(T - conlrol;D - 12gandafter90days4g; E - 1spraysxl6g) 
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FIG. 6 - COMPARISONS BETWEEN 2 FUNGICIDE SPRAYSnrEAR, WITH OR WITHOUT A STICKER FOR 

CONTROL OF COCOA POD ROT. 
(T - control: 8 - 2 sprays x 8g with sticker; F - 2 sprays x 8g without sliclter) 

1 

z o 
2 0 -

T T T T MAY JUNE JULY AUGUST SEPTEMBER 

Mean for 1981 and 1982 
FIG.? - COMPARISONS BETWEEN 1, 2 AND3 FUNGICIDE SPRAYS/YEAR FOR CONTROL OF COCOA 

POD ROT. 
(T - control: A - 3 sprays x 3g; B - 2 sprays x 4.5g: C - 1 sprays x 9g) 

If under normal circumstances 3 applications of 3 g Cu++/tree is sufficient 
to control the disease, then the total value of 9 g Cu+"'"/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 wou ld be 
applied after 45 days. In some areas up to 6 applications are normal ly 
required therefore the value of the tota l dose (6 x 3 g CU++) should al low 
for t w o applications of 9 g Cu"''+ each. F inal ly , this reduced appl icat ion 
technique may on ly work if growers are fami l iar w i th the means of applying 
a precise dose per tree or per ha. Dur ing the 1985 season, some of the 
more advanced growers are adopt ing this system: progressively its imple-
mentat ion wi l l be wider. 

2. Towards reducing the proportion of diseased beans within diseased pods 
So far agricultural inputs in the f o r m of protective fungicides have been 

examined w i th the object of providing the grower w i t h the possibil i ty of 
using the m in imum amount of fungicide at low appl icat ion cost t o give 
max imum contro l . However, as protective chemicals are used, certain l imi-
tat ions are envisaged after a pod is infected, as there exists no means of 
preventing a progressive loss of beans w i t h i n 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 infect ion wh ich may or may not reflect total 
loss of beans w i th in a diseased pod. On the other hand, in the absence of 
a d i f ferent ia l price for qual i ty there is no advantage in protect ing fu l l y 
developed pods. Diseased beans are of poorer qual i ty (Lopez and Pereira, 
unpubl ished data) and if at present this does not have a monetary signi-
f icance, in t ime it should do so. Over the last 3 years, research has been 
directed to increasing crop return, by using systemic fungicides w i t h the 
potent ia l of less diseased beans in infected pods. In fungicide f ie ld screen-
ing experiments, systemic fungicides are thought t o have l i t t le 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 d id not result in 
higher levels of contro l . However, some experiments have shown a positive 
correlat ion between bean loss w i th in diseased f ru i t and area of lesions 
suggesting that fungicides w i t h systemic act ion may yet of fer positive 
crop return if they contain the growth of a lesion. Systemic fungicides on 
their own have a l imited effect on lesion g rowth , but in combinat ion w i th 
copper (Figure 8) show a synergistic act ion. These studies were made on 
pods art i f ic ia l ly inoculated in the f ield 1,8,18 and 28 days after t reatment 
w i t h fungicides. A f ield experiment, over one year involving three systemic 
products, independently or in association w i t h copper, conf i rmed that the 
use of mixtures of systemic fungicides and copper, whi le not reducing the 

FIG 8 - FUNGICIDE ACTION DIAMFTER OF PHYrOPHFHORA I ESION IN mm ON PODS 
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incidence of disease obtained by copper alone, increased the uti l isat ion of 
beans f r o m infected pods. Therefore it is economic w i t h the addit ional 
benefit of reducing the possibi l i ty of the pathogen developing tolerance t o 
systemic products (Figueiredo ef a/ 1984). 

Therefore in the fo rmula t ion of future recommendat ions systemic 
fungicides in mixtures have a def in i te role, especially as there is every indi-
cat ion 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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Cocoa 
Four th Edi t ion 

G A R Wood and R A Lass 
I he loLirth ed i t i on of this h igh ly regarded b o o k has been co i i i | i le le lv 
rewr i t t en and cons iderab ly e x p a n d e d to cover all aspects o f cocoa 
p r o d u c t i o n in greater detai l t han ever be lo re , I r on i p lan t ing , main tenance 
and diseases, t h r o u g h to harvest ing, ma rke t i ng and manLi lact i i re. 
Since the p u b l i c a t i o n o l the successki l t h i r d e t l i t i on in 1975, the rap id 
increase in the p r i ce o l cocoa has led to new interest in it as a commerc ia l 
c rop , especial ly in Brazi l and Malavsia. Th i s in t t i r n has let! to m u c h new 
k n o w l e d g e about the p lant , and changes in the me thods o l its p r o i l u c t i o n , 
as we l l as some new p rob lems to w h i c h research has been devo le t l . A l l o l 
these changes are ref lected in this latest ed i t i on o l Cocoa, mak ing it ol 
immense use and value to commerc ia l grt)wers, research wo rke rs and 
s tudents of t r op i ca l agr ic t i l t t i re al ike. 

Cj A K WofjJ bifs hdcl (iVL'r yO ynnw c.\pcr/ciu c til on'od ^rtnriii;^ ds u 1 rop/oil 
Auriciihnn- Aili iscr diul us u ('.oam Ctunuhiuit. I Ic irus rd/lar iifC.nc oii (iruircrs' 
Hnlldi}} fn>}}^ its firs! issue in I ? nnlil / 'AVO. lUhl is </ nicDihvy oi the (.oani Adrf\nr\ 
(iroiip Jrir Inddiii'sui 
K A Lass is cuncnflx A^ru ulUtral XUuiii^^cr of C.udhitrx Si hivcpfics /'A ttud cditur o/ 
(.oaui Cifou'cn Hnilc/iu. I Ic r\ involved in iiuin\ intcrndhnndl cticod ycsi'drrh uiu! 
cxtcnsiun prajccis dnd hds hccn cnipltiwd d\ d Cjinsiilldnl h\ diicnt /i-\ inirlJividc 

C ; a s e c l I l l u s t r a t e d I S B N 0 4 6 5 5 2 1 

P u b l i c a t i o n D e c e m b e r 1 9 8 5 P r o b a b K 1 5 2 . 0 0 n e l 

A v a i l a b l e f r o m y m i r b o o k s e l l e r . I n e a s e o l ( . l i l t i c i i k \ , o r l o r l i i n h e r i i i l o r n i a t i o n o n 

t h i s a n d o t h e r A g r i c u l t u r e t i t l e s , p l e a s e w r i t e t o C : i i \ e \ ' < ' e a i h e r l e \ . L o n g m a n ( I r o u p 

I . t d . . [ , o n g n i a n I l o u s e . H u r n i M i l l . I l a r l o w . I ' . s s e s , ( ; M 2 ( ) 2 1 1 . . I ' K . 

Longman ̂  J 
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 f rom University of East Anglia work ing 
at John Innes Institute, 1975. Sugar cane breeder in Barbados unti l 1979; 
Fruit tree rootstock breeder at East Mailing Research Station, Kent unt i l 
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 Uni t 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 nutr i t ion interactions. Appointed physiologist to INIAP Ecuador 
work ing on cocoa at Pichilingue and became leader of the Overseas Develop-
ment Administrat ion's cocoa project in 1980. This project was set up to 
study some of the problems of growing cocoa under the unusual cl imatic 
condit ions existing in Ecuador. 

Mart in 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 f rom 1977—78 as an Agricultural 
Economist in the Planning Unit , Ministry of Agriculture, Maseru, Lesotho; 
then f rom 1 9 7 9 - 8 1 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. 

40 



Cocoa Abstracts 
Cocoa abstracts are reprinted from 'Abstracts on Tropical Agriculture' published by the 
Royal Tropical institute, Amsterdam. 
M A R C H 1983 

(Changes in cocoa p r o d u c t i o n fac tors caused by the swol len 
shoot virus. 2. Quan t i t a t i ve eva luat ion) Mod i f i ca t i ons des 
fac teurs de p r o d u c t i o n du cacaoyer provoquees par le v i rus 
de swo l len shoot. 2. Eva lua t ion quan t i t a t i ve . L U C A S . P. and 
P A R T I O T . M. I ns t i t u t de Recherches d u Cafe et du Cacao. 
Kpa t ime . Togo - Cafe. Cacao, m 26 (4) p. 2 2 7 - 2 3 6 ; 
Oc tober 1982. 

Changes in the number of ovules per ovary w h e n the 
cocoa tree is a t tacked b y swol len shoot disease were s tud ied. 
The ac t i v i t y of the mechanisms induc ing the f o r m a t i o n o f 
ovules appeared to decrease as the concen t ra t ion in available 
part ic les of the Agou 1 virus complex increases. Observat ions 
o n the evo lu t i on o f the number of ovules per ovary in a 
diseased tree are compared w i t h hypo the t i ca l mathemat ica l 
viruses present in a p lan t at a given m o m e n t can be est imated. 

(Compara t ive s tudy o n the pa thogen ic i t y of cocoa in fec t ing 
species o f Phytophthora t o seedlings of T. cacao: analysis of 
the fac tors invo lved in the pa thogen ic i t y of P. palmivora and 
P. megakarya) E tude compar6e du pouvo i r pathogene sur 
semenceaux de T. cacao des especes de Phytophthora 
parasites du cacaoyer : analyse de elements due p o u v o i r 
pathogene de P. palmivora et de P. megakarya. B L A H A . G. 
and L O T O O E . R . I n s t i l u t de Recherches d u Cafe el d u Cacao 
( IRCC) . Mon tpe l l i e r . France - Cafi. Cacao. Th6 26 (4) p. 
2 3 7 - 2 7 2 ; Oc tober 1982. 

The pa thogen ic i t y of the black pod disease causing 
Phytophthora spp. o n cacao at the seedling stage were 
compared and analysed. Since the test methods t o roo ts 
were f o u n d to be unsat is fac to ry , all results were taken f r o m 
the tests o n ep ico ty l s . three pr inc ipa l phases c o u l d be 
d is t inguished on t o w h i c h cer ta in pathogen ic i ty factors were 
super imposed: a f i rst i n fec t i on phase, characterised by its 
ins ta l la t ion capab i l i t y ; a second in fec t ion phase, du r ing w h i c h 
the behaviour of the pathogens can exh ib i t specif ic par t icu-
lari t ies in regard t o the react ions of the p lan t ; and a to lerance 
stage, ref lect ing a lesser or greater pest special izat ion of the 
pathogen. The resistance induced in cocoa was c o n f i r m e d 
and the d i f ferences in the s tab i l i t y of the resistance induced 
is one of the most impo r tan t points revealed dur ing th is 
s tudy t o d i f f e ren t i a te P. palmivora f r o m P. megakarya. 

T h e imb ibed storage of cocoa (T. cacao) seeds. K I N G , M.W. 
and R O B E R T S , E.H. Facu l ty o f Agr icu l tu re and Hor t i -
cu l tu re , Univers i ty o f Reading. Berkshire. U K - Seed Scier^ce 
and Technology (Switzerlarydl 10 (3) p. 5 3 5 - 5 4 0 1 982 . 

Mois t cocoa seeds were s tored under con t ro l l ed relat ive 
h u m i d i t y cond i t ions or in so lu t ions o f po lye thy lene g lyco l 
" 6 0 0 0 " o f k n o w n osmo la r i t y . The best survival. ^A per cent 
a f te r eight mon ths , was achieved by storage at 20 C and 98 
per cent relative h u m i d i t y (40.6 per cent mo is tu re con ten t ) 
in the presence o f T h i r a m fungic ide. 

M A Y 1983 

D i r e c t o r y of germplasm col lect ions. 5. Industr ia l crops. 1. 
Cacao, coconu t , pepper , sugarcane and tea. W I L L I A M S . J.T. 
and D A M A N I A . A .B . In te rna t iona l Board for Plant Genet ic 
Resources ( IBPGR) . F A O , R o m e . I ta ly 53p. December 1981. 

Fo r each o f the crops m e n t i o n e d in the t i t le , ins t i tu tes 
deal ing w i t h genetic co l lect ions are l isted. I n f o r m a t i o n on 
cu ra to r or person in charge, detai ls of samples, geographic 
representat ion, ma in tenance, ava i lab i l i ty , and eva luat ion 
and d o c u m e n t a t i o n is presented as far as this was available. 

E f fec ts of bu rn ing of rubber t i m b e r dur ing land p repara t ion 
o n soil f e r t i l i t y and g r o w t h o f T. cacao and GHricidia 
maculata. L I N G , A . H . and M A I N S T O N E . B.J. Ou \ i l op 
Research Centre. Batang Melaka. Negeri Sembi lan, Malaysia 
- P / a n r e r 55 5 2 - 5 9 ; February 1983. 

T h e land clearing m e t h o d used m replant ing has a 
p r o f o u n d in f luence o n the establ ishment and g r o w t h of 
cocoa and Cliricidia maculata. Burn ing o f rubber t imber 
resul ted in a several fo ld increase in the supply of available P 
and the bases K . Ca and Mg to the soils. O n the o ther hand, 
no t o n l y d i d the u n b u r n t areas no t receive add i t i ona l 
nu t r i en ts f r o m bu rn ing bu t they also suf fered f rom severe 
soi l c o m p a c t i o n as a result of mechanical operat ions du r i ng 
t imber stacking. Results ind icate a need to re-consider the 
appropr iateness o f the cu r ren t cu l tu ra l an ' ' agronomic 
pract ices. It is possible that fer t i l izer inputs m bu rn t areas 
can be reduced du r i ng part of the prehear ing per iod of cocoa 
plant ings. 
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( E c o n o m i c and social aspects of cocoa p u l p ju ice p roduc t i on ) 
Per f i l economic© e social da p roducao de me l de cacau. 
F E R R E I R A . H.I .S. , T R E V I Z A N . S.D.P. and D IAS . I .L . 
Div isao de Ciencias Sociais e Estastica. CEPEC hahuna . 
Bahia, Brazi l Boletim Tecnico - Contro de Pesquisas do 
Cacau N o 97, 38p. 1982. 

This s tudy presents economic and social aspects of the 
p r o d u c t i o n o l a cocoa by -p roduc t , v iz pu lp juice, w i t h 
emphasis on p r o d u c t i o n and p r o d u c t i o n costs, piocessinq 
methods and f ina l ly the wi l l ingness o l cocoa farmers t o 
p roduce cocoa juice fo r sale. The annual avai lab i l i ty of cocoa 
iu ice oscil lates between 53 m i l l i on and 100 m i l h o n l i tres. I i 
was observed that , a l t hough the economics of cocoa juicw is 
o l l i t t l e regional impor tance , there is j large po ten t ia l »o he 
exp lo red . In the year 1978. o n l y 0.4 per cent o l the po ten t ia l 
p r o d u c t i o n was processed w i t h ex t r ac t i on costs vary ing 
among farmers. It is conc luder l that perspectives are good, o n 
the c o n d i t i o n however that a series o l obstacl»<s w i l l he 
removed for b o t h groups, viz farmers and manufacturers . 

( E c o n o m i c assessment of CEPLAC 's act iv i t ies f r o m 1957 to 
1980) Aval iacao economica das at iv idades desenvolvidas pela 
Commissao Execut iva do Piano da Lavoura Cacaueira no 
pe r i odo de 1957 a 1980. M O N T E I R O , A . Divisao rie Ciencias 
Sociais e Estatist ica, CEPEC. I tahuna. Sah.a. Brr.zil 
Boletim Tecnico Centra de Pesquisas do Cacau N o 98 360 
1982. 

The activi t ies of C E P L A C were analysed hy evaiuatinc) 
the y ie ld per formances of cocoa p lan ta t ions in th« State of 
Bahia. before and af ter the i n t r o d u c t i o n of bet ter p lan ta t ion 
techniques. The benef i ts earned by the c o m m u n i t y th rough 
app ly ing the techno logy , produced by research, to planters 
were assessed using the Gri l l iches-Peterson lo rmula . The 
est imated rates of in ternal re turn weru 42 and 57 p e r c e n t , 
the fo rmer when the global expenses of C E P L A C were taken 
i n t o account , and the la t te r when just the amoun t al locaterl 
for suppor t ing research, extension and agr icu l tura l educat ion 
act iv i t ies m the cocoa region o l Bahia. was considered. 

N i t r ogen cyc le of t r op i ca l perennial c rops under shade trees. 
2. Cacao. A R A N G U R E N , J.. E S C A L A N T E . G. and 
H E R R E R A , R. Cent ro de Ecologia. I n s t i t u t o Venezolano de 
Investigaciones Cient i f icas. Caracas, Venezuela - Plant and 
Soil (Netherlands) Nitrogen Cycling in £ cosy stems of Latin 
America and the Caribbean 67 ( 1 - 3 ) p. 259 - 2 6 9 1982. 

A cocoa p lan ta t ion under shade trees was studied in order 
to est imate N stores in the soil and p lan ta t i on trees and N 
f luxes associated w i t h l i t t e r fa l l . decompos i t i on and harvest. 
The cocoa plants con ta ined 302 kg N / h a o l wh i ch woody 
above-ground parts made up 50 per cent and roots and leaves 
c i rca 6 0 kg N. L i t t e r o n the soil surface conta ined on average 
37. kg N /ha . Shade tree leaves made u p 61 per cent of the 
to ta l N in the l i t te r o n the soi l . Minera l soil stores of to ta l 
n i t rogen were 35 t N /ha . 4 0 per cent o f w h i c h was found in 
the f i rst 20 c m dep th . L i l t e r fa l l rates were 20.9 t dry l i t t e r / 
ha/year . The rate o f N transfer w i t h l i t t e r fa l l was 321 kg Nl 
ha /y r . N o u t p u t b y harvest was circa 45 kg N / h a / y r . w i t h 
some 20 kg N / h a / y r re turned t o the f ie ld w i t h pod shells 
a f ter processing. The net harvest o u t p u t can be amp ly 
compensated for by inpu ts o f shade-tree leaf l i t te r , M u c h o f 
this may be f r o m deeper soil hor izons than those exp lo i ted 
by cocoa. 

D y n a m i c s of n i t rogen in a shaded cocoa p lan ta t ion . 
S A N T A N A . M.B .M. and C A B A L A - R O S A N O . P. Centro de 
Pesquisas d o Cacau (CEPEC). I lheus. Sahia, QrazU. Plant and 
Soil (Netherlands) Nitrogen Cycling in B cosy stems of Latin 
America and the Caribbean 67 ( 1 - 3 ) p. 2 7 1 - 2 8 1 1982. 

Min i - lys imeters were instal led at depths of 10. 20 and 4 0 
c m and the leachate was co l lected week l y or after heavy rain. 
Net minera l isa t ion was measured in soil samples taken at 
depths of 0 - 5 and 5 - 1 5 cm and incuba ted for 30 days in 
plast ic bags placed at the site of co l l ec t ion . Leaching was 
cor re la ted w i t h the a m o u n t of ra in fa l l . A m m o n i f i c a t i o n and 
n i t r i f i c a t i o n were b o t h high du r i ng mos t o f the year , 
n i t r i f i c a t i o n was very rapid especially o n the fer t i l ized area. 
Analyses o f Erythrina and cocoa l i t t e r show that these 
c o m p o n e n t s make a considerable c o n t r i b u t i o n t o the N 
recyc led in a cocoa p lan ta t ion . H igh concent ra t ions of to ta l 
N were detected in soil samples taken close to shade trees 
and the soil of shaded areas had more than 4 8 0 mg N / k g 
soi l than soil of non-shaded areas. Remova l of N in harvests 

considerable. I t is advisable t o take ni t rogen-cycle 
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Design and davelopment of small drier for cocoe beans. 
B A B O O . B. Central P lanta t ion Crops Research Ins t i tu te , 
Kasaragod, Kerala, Ind ia , Journal of Plantation Crops 10 
12) p. 1 0 9 - 1 1 3 ; December 1982. 

A t ray type, t h r o u g h - f l o w d r ye r was designed and 
developed fo r d r y i n g u p t o 4 0 kg of f e rmen ted cocoa beans. 
The d rye r can be operated o n e lec t r i c i t y (single phase), 
biogas burner or kerosene w ick stove. D u r i n g the rainy 
season 4 0 kg fe rmented beans were d r ied f r o m an in i t ia l 
mo is tu re con ten t o f 115 per cent (db) t o 8 per cent Idb) 
in 6 0 hours. The d rye r gave a heat u t i i i sa t ion e f f i c iency o f 
53 per cent when operated on e lec t r i c i t y . T h e cost of the 
d rye r w o r k e d ou t t o Rs. 1 0 0 0 / - and d r y i n g cost Rs. 0 .50 
per kg of d r y beans. 

J U N E 1983 
(Determination of the genotypes of incompatibil i ty or 
compatibil i ty in several cultivars of cocoa). Determinacion 
de los genotipos de incompatibilidad o compatibil idad en 
varios cultivares de cocoa. T E R R E R O S , J .R. , C H A V A R R O . 
G. and OCAMPOS. R .F . Faculdad de A g r o n o m i a . Universi-
dad Nac iona l de Co lomb ia , Palmira. Co lomb ia - Revista del 
Instituto Colombiano Agropecuario (Colombia} 17 (3) p. 
9 3 - 9 9 September 1982. 

T o s tudy the f lo ra l genet ic f o rmu la for i n c o m p a t i b i l i t y or 
c o m p a t i b i l i t y . 15 cocoa cu l t ivars were used as parents in the 
p r o d u c t i o n of improved cocoa seed. T w e n t y se l f -po l l inat ions 
in each of the 15 cu l t ivars . besides 20 cross-pol l inators using 
po l len f r o m 6 cul t ivars. the f loral genetic f o r m u l a of w h i c h 
is already k n o w n , were made. The data registered 15 days 
af ter po l l i na t i on were analysed. The genotypes de termined 
are enumerated. 

(CEPEC Technical Report 1981) CEPEC Informe Tecnico 
1981. Cent ro de Pesquisas d o Cacau ICEPEC) , I tabuna. 
Bahia. Brazi l - 350p . 1982. 

This repor t conta ins the research results o f the cocoa, 
cat t le raising and c rop d ivers i f i ca t ion programmes carr ied o u t 
by the var ious divisions of CEPEC in 1981. The results of 
the cocoa research p rogramme of D E P E A (Depar tamen to 
Especial da Amazon ia) are also presented. 

(The cultivation of cocoa) El cultivo del cacao. C A S T I L L O 
S J .L . Revista C a ^ m / e r a - A N A C A F E (Guatemala) No 218 
p. 10, 12. 1 4 - 1 8 , 2 0 - 2 2 May 1982. 

As an al ternat ive t o co f fee g row ing i n f o r m a t i o n is given 
on the cu l t i va t i on o f cocoa. The ecosystem, nurseries, 
p ropagat ion , p lan t ing , cu l t i va t i on practices, pests and diseases 
and the i r c o n t r o l , harvest ing, post-harvest hand l ing , storage 
and in te rna t iona l markets are discussed. 

(Cocoa pod rot (Monilia roreri) and its economic effects for 
Guatemala) La moniliasis del cacao y sus <>fectos economicos 
para Guatemala (Moniliasis o podredumbre acuosa del cacao) 
{Moniliophthora roreri). C A M P O L L O . H. - Revista 
Cafetalera - A N A C A F E {Guatemala] No 218 p. 2 6 - 3 0 May 
1982. 

The danger of M o n i l i a pod rot for an expand ing cocoa 
area is ou t l i ned <n v iew o f the occurrence of th is disease in 
ne ighbour ing countr ies. Descr ibed are s y m p t o m s , resistance, 
l i fe-cyc le, ep idemio logy , con t ro l (sanitary and chemical 
me thods ) and social aspects. Recommenda t ions are given on 
cop ing w i t h the danger o f the deve lopment and spread of 
Moniliophthora roreri 

Studies on the feeding value of agro-industrial by-products 
and the feeding value of cocoa pods for cattle. S M I T H . O.B. 
and A D E G B O L A , A . A . Depar tment of A n i m a l Science, 
Un ivers i t y of I fe, I fe , Niger ia. Tropical Animal Production 
(Mexico) 7 (4) p. 2 9 0 - 2 9 5 1982. 

T w o cat t le studies were carr ied o u t t o de te rm ine the 
m a x i m u m level at w h i c h cocoa-pod, an agr icu l tu ra l by-
p r o d u c t , cou ld replace maize or sorghum in ca t t le fa t ten ing 
d iets. In the f i rst e x p e r i m e n t , 3 groups o f 12 cat t le each 
were fed 3 d iets con ta in ing 0 ,20 and 4 0 per cent cocoa pods 
fo r 112 days, wh i le in a second s tudy . 3 o t he r groups were 
fed d iets con ta in ing 0 ,30 and 60 per cent cocoa-pod fo r 84 
days. A t rend o f increasing feed in take and decreasing weight 
gains w i t h increasing cocoa-pod levels was observed. Never-
theless, di f ferences in weight gains and feed u t i l i z a t i o n on l y 
reached signif icance above the 4 0 per cent d ie ta ry cocoa-pod 
level. Moreover , feed costs were lower fo r all cocoa-pod diets 
compared t o the c o n t r o l . Appa ren t l y , c a t t l e ' c a n p ro f i t ab l y 
u t i l i ze fa t ten ing diets con ta in ing up t o 4 0 per cent cocoa-pod 
in place o f maize o r sorghum. 

(Weeds in a cocoa plantation due to herbicides) Perubahan 
jenis gulma akibat pemakaian herbisida di kebun cokelat. 
B A S U K I . A . , S O E D A R S A N and R U S W A N D I . Balai 
Penelitian Perkebunan Bogor, Bogor, Indonesia. Menara 

Perkebunan (Indonesia) (5) p. 1 3 3 - 1 3 8 Oc tober 1980. 
The impact of con t i nuous app l i ca t ion o f herbicides w i t h 

the same active ingredient in cocoa p l an ta t i on is s tud ied, 
discussed and compared w i t h tha t o f the mechanica l weed 
c o n t r o l . The lat ter d i d n o t resul t in a sh i f t in the species o f 
the regenerated weeds, b u t weed g row th was suppressed fo r 
o n l y 2 months . A p p l i c a t i o n o f paraquat c o n t r o l l e d weed 
g r o w t h fo r 1—2 mon ths and con t i nuous app l ica t ions of 
paraquat led t o the d o m i n a n c e o f broadleaved weeds. The 
m i x t u r e o f paraquat and d i u r o n , however gave bet ter results: 
i t suppressed no t on ly the g r o w t h of nutsedge {Cyperus 
kyllingia) and grasses {Poaceae) b u t also o the r weed species 
propagated w i t h seeds. G lyphosa te app l i ca t i on suppressed 
the g r o w t h of nutsedge and grasses bu t con t i nuous applica-
t i o n o f glyphosate led t o the dominance o f weed species 
propagated w i t h seeds. Better results we re ob ta ined i f 
g typhosate was m i x e d w i t h napropamide. 

J U L Y 1983 

(Possibi l i t ies of b io log ica l c o n t r o l of m o n i l i a pod ro t o f 
cocoa) Posibi l idades de l c o n t r o l b io log ico de la moni l ias is 
{Moniliophthora roreri) de l cacao. B R A V O 0 . , N. and 
V I C T O R I A K . J. I . Un ivers idad Nacional de Co lomb ia , 
Pa lmi ra . Co lomb ia - Acta Agronomica (Colombia) 31 ( 1 - 4 ) 
p. 1 3 3 - 1 4 1 February 1981 . 

The antagonist ic ac t ion o f 23 an t ib io t i cs . 6 bacter ia l 
cu l tures and 6 fungal isolates against Moniliophthora roreri 
was assayed in v i t ro . F u r t h e r m o r e , the antagonist ic capaci ty 
o f t w o selected bacter ia l cu l tures was assayed d u r i n g 
d i f f e r e n t periods o f exposure before and a f te r t ransplant ing 
the fungus. The act ion o f one bacter ia l c u l t u r e against the 
fungus w h e n inocu la ted in cocoa pods was assayed before 
and a f te r the app l ica t ion o f the bacter ial suspension. The 
an t ib io t i cs , 4 of the bacter ia l cu l tures and 6 fungal isolates 
showed no signi f icant i n h i b i t o r y e f fec t on the deve lopment 
of M. roreri in v i t r o . The remain ing 2 bacter ia l isolates 
p roduced a high degree o f i n h i b i t i o n bo th in the in v i t ro and 
the in v i vo assay, especial ly i n p r o p h y l a c t i c t reatments . 

(Structure of populations of Phytophthora spp. parasites of 
cocoa and other perennial crops in Ivory Coast) Structure 
des populations de Phytophthora spp. parasites du cacaoyer 
et autras cultures perennes, en Cote d'lvotre. B A B A C A U H . 
K .O . Ecole Nat ionale Sup^r ieure A g r o n o m i q u e , A b i d j a n . 
I vo ry Coast. Caf4, Cacao, Th6 27 (1) p. 41 - 5 6 January 1983. 

Phytophthora popu la t ions f r o m cocoa, rubber and mango 
rees were studied in I vo ry Coast. The s tudy revealed that the 
:onvent iona l t axonomic c r i te r ia are no t a lways equal ly 
enable. The l eng th /w id th ra t io o f the sporocysts is a c lonal 
narker . The o ther c r i te r ia , i nc lud ing b iochemica l ones, 
jnable the 2 species t o be d is t inguished v iz . , P. palmivora 
;ensu 3ttackif<g b o t h cocoa and mango trees and P. citroph-
'.hora parasit izing rubber , cocoa and mango. 

Nematodes associated w i t h cocoa hybrids and clones in 
Bahia. Brasil. S H A R M A . R.O. C e m r o de Pesquisa Agro-
pecuar id dos Cerrados, E M B R A P A . Planal t ina. D.F . , Brazi l 
— PubUcacao - (Sociedade Brasileira de Nematologia: 6 
Reuniao Brasileira de Nematologia) No 6. p. 8 5 - 9 3 1982. 

A p re l im inary survey fo r p lant parasit ic nematodes was 
c o n d u c t e d dur ing 1974. A to ta l of 37 soil and roo t samples 
was co l lec ted f r o m the rhizospheres of 26 cocoa genotypes 
(10 hyb r ids and 16 clones). The %age f requency of occurrence 
of nematode species in the sample was: Helicotylenchus 
dihystera (70.3), Meloidogyne incognita (48 .6) , DoUchodorus 
minor (45.91, Helicotylenchus spp. (35.1) , Rotylenchulus 
reniformis (35.1) , Xiphinema sp. larvae (35 .1 ) , Hemicyclio-
phora loofi (16.2) , Macroposthonia onoensis (10.8) . 
Helicotylenchus multincinctus (8.1) , Peltamigratus 
holdemani (8.1). Hemicriconemoides sp. (2.7) . Longidorus 
sp. (2.1) and Trichodorus sp. (2.1) . H. multicinctus, P. 
holdermani and H. loofi are repo r ted for the f i rs t t ime in 
associat ion w i t h cocoa f r o m the State of Bahia, Brazi l . 

( E f f e c t o f weed c o n t r o l o n t he vegetat ion o f an area at 
CEPEC) E fe i t o do con t ro le de ptantas invasoras sobre u m a 
vegetacao na area do CEPEC. V I N H A , S.G. D A , P E R E I R A , 
R.C. and M U L L E R . M.W. Divisao de Botan ica . CEPEC. 
I tabuna , Bahia. Brazi l - Revista Theobroma 12 (3) p. 1 2 3 -
124 J u l y 1982. 

T h e result of repeated app l ica t ions of herbic ides and 
m o w i n g o f weeds in an area be ing prepared fo r a cocoa 
p l a n t a t i o n at the Cacao Research Centre. I lheus, Sahia, 
Braz i l , was evaluated by c o m p a r i n g the t reated area w i t h an 
adjacent untreated area. Weed c o n t r o l increased the number 
o f p lan t species bu t reduced the to ta l biomass. The 
vegeta t ion of the treated area re ta ined per square metre, 
3 .66g Mg, 8.65g Ca, 7 .42g K and 2 .13p P in its biomass, 
whereas these values were 12 .14 , 27 .01 . 50 .11 and 7.87g 
respect ive ly , in the un t rea ted area. More nu t r ien ts were 
avai lable in the soil in the t reated area than in the un t rea ted 
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area. T h e a b o v e - g r o u n d b iomass in t h e u n t r e a t e d area was 
2 2 6 2 g / m 2 and 9 5 . 2 per cen t o f th i$ p r o v i d e d b y t h e grass 
Braehiaria mutica. I n t h e u n t r e a t e d area t h e a b o v e - g r o u n d 
b i o m a s s w a s 2 1 4 g / m ^ w i t h LudwigianyssopifoUa. 
Torulinium odoratum a n d Commelina nudifiora r e p r e s e n t i n g 
3 1 . 5 . 2 1 . 1 a n d 1 7 . 4 per c e n t o f t h i s t o t a l , r e s p e c t i v e l y . 

W o m e n ' s w o r k i n t h e f o o d e c o n o m y o f t h e c o c o a b e l t : a 
c o m p a r i s o n . G U Y E R . J . i . A f r i c a n S tud ies C e n t e r . B o s t o n 
U n i v e r s i t y . B r o o k l i n e . Massachuset ts . U S A - Working 
Papers No 7. 3 5 p 1 9 7 8 . 
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( E f f e c t o f s o i l end f o l i a r a p p l i c a t i o n o f f e r t i l i z e r s o n t h e 
d e v e l o p m e n t o f cocoa seedl ings) E f e i t o de a d u b a c o e s d o 
s u b s t r a t o a f o l i a r na f o r m a c a o de m u d a s de cacau. 
F A S I A B E N , M . C . R . , C O S T A . J . D . and D E M E T R I O . C . G . B . 
Esco la S u p e r i o r de A g r i c u l t u r a ' L u i r de Q u e i r o z ' 
U n i v e r s i d a d e de Sao Pau lo . P i rac icaba , Sao Pau lo , B raz i l -

de Agricultura 57 (3) p . 1 7 1 - 1 8 1 : N o v e m b e r 1 9 8 2 . 
an o r g a n i c f e r t i l i z e r (H ipe r H u m u s ) at 
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( E v a l u a t i o n o f s y n t h e t i c p y r 
Hoplophorion pertusum G e r m a 
a pest of c o c o a in Bah ia ) A v a l i 
no c o n t r o l e de Hoplophorion pt 
ru iembrac idae l . p raga d o cacau 
DE a n d M I L A N E 2 , J .M . Oiv 
C E P E C . I t a b u n a . Bah ia . B raz i l - Re 
p . 1 4 9 - 1 5 3 : J u l y 1 9 8 2 . 

F i e l d t r i a l s w e r e ca r r i ed ouJ t o ( 
s y n t h e t i c p y r e t h r o i d s i n t h e c o r 
pertusum. a pest o f cocoa p l a n t a i i o 
reci i l tc <hotA/ed t h a t DODu la i i on dpn^ l 

ids t h e o l 
ft/lembracidae) 

icao de p i r e t r o i d e s s i n t e t i c o s 
rtusum G e r m a r ( H o m o p t e r a : 
i r o na Bah ia . A B R E U . J . M . 
isao d e Z o o l o g i a A g r i c o l a . 
- Revista Theobroma 12 (3 ) 

t o eva lua te t h e e f f i c a c y o f 
c o n t r o l o f Hoplophoiion 

i n Bahia, B raz i l . T h e 
ir ipri f r n m t R l In 

tH-JR i s oer F f f i r a r u n f Ho r i e M o r a m o t h r i r 

dosages o f 5 , 7 .5 and 10 g .a . i . / ha w e r e 9 8 , 9 7 a n d 9 0 per cen t 
r e s p e c t i v e l y . 4 8 hou rs a f t e r s p r a y i n g . E f f i c a c y o f Pounce 
( p e r m e t h r i n ) at t h e dosages o f 100 , 1 2 5 a n d 1 5 0 g .a . i . /ha 
we re 9 7 , 9 9 and 9 8 per c e n t respec t i ve l y . 2 4 h o u r s a f t e r 
a p p l i c a t i o n . E f f i c a c y o f B e l m a r k ( fenva lera te) at t h e dosages 
o f 5 0 , 1 0 0 a n d 150 g .a . i . /ha w e r e 9 7 , 97 a n d 9 9 per cent 
r e s p e c t i v e l y . 2 4 h o u r s a f t e r s p r a y i n g . T h e resu l t s o f an 

p e r i m 
p v r e t h r < 
9 8 , 9 8 ( 

l i c h 
Ids s h o w e d t h 
n d 9 6 per cen 

was 
e f f 

u n d e r 
icacy 3f Oe 

V, 24 hours af 

o c o m p a r e t h e 
(5 g .a . i . / ha ) were 

ay ing . 

T h e f o r a g i n g a c t i v i t y o f s o m e Wes t A f r i c a n c o c o a f a r m ants. 
M A J E R . J . D . D e p a r t m e n t o f Z o o l o g y , U n i v e r s i t y o f G h a n a , 
L e g o n . G h a n a - Revisia Theobroma 12 (3 ) p . 1 5 5 - 1 6 2 ; 
J u l y 1 9 8 2 . 

T h e d a i l y f o r a g i n g p a t t e r n o f th ree i m p o r t a n t G h a n a i a n 
c o c o a f a r m an ts was m o n i t o r e d o n three occas ions . T h e 
p a t t e r n o f Tetramorium aculeatum was bas ica l l y u n i m o d a l 
a n d n o c t u r n a l a l t h o u g h f o r a g i n g s o m e t i m e s c o n t i n u e d i n t o 
la te m o r n i n g . Crematogaster depressa a c t i v i t y w a s la rge ly 
d i u r n a l d u r i n g c o o l , d u l l c o n d i t i o n s , b u t b e c a m e m o r e 
n o c t u r n a l d u r i n g w a r m e r pe r i ods . In areas w h e r e these t w o 
species c o - e x i s t e d , the peak o f T. ac 
and f o r a g i n g t i m e was re 
b y t h e p resence o f T. a 
species, Polyrhachis labor 
suggested t h a t in a d d i t i o r 
o f an ts in c o c o a , t h e tree: 
t h r o u g h o u t t h e e n t i r e day 

(Se lec ted e d a p h i c - c l i m a t i c 
East Bah ia . B r a z i l ) Fat( 
z o n e a m e n t o da cacau icu l t 
D E , A L M E I D A , H . A . DE 
C l i m a t o l o g i a . C E P E C 
'•heobroma 12 (3 ) p . 1 6 9 - 1 8 7 ; J u l y 1 9 8 2 . 

j u c e d ; C. depressa was u n a f f e 
:uleatum. T h e a c t i v i t y o f a t 
bsa. was d i u r n a l and b i m o d a l . 
t o t he re b e i n g a p a t c h w o r k mc 
are f o r a g e d b y a success ion of 

f a c t o r s f o r c o c o a z o n i n g i n S o u t h 
)res e d a f o - c l i m a t i c o s se le t i vos ao 
ura n o S u d e s t e de Bahia. S A , D . F . 

and S I L V A , L . F . D A . O iv i sao de 
abuna . Bah ia . Braz i l — Revista 

T h 
of Bah 
c l i m a t i 
I D a r 
a p p r o * 
Bah ia , 
a p p r o * 
c o c o a : 

il f o r coco{ 
s t u d i e d , anah 

. T h r e e m a i o i 

g r o w i n g i 
^g 

t h e S o u t h east r e g i o n 
i tera : t i on pa t 

3 3 , 0 0 0 k m 2 . T h 
c h a r a c t e r i s e d as the m o 

3 0 , 0 0 0 k m 2 cons ide red m o d e r a t e l 
n d (3) an area o f a b o u t 2 5 , 0 0 0 

areas w e r e i n i t i a l l y r ecogn 
)f l and , 4 5 - 4 7 k m w i d e , c o v 
s t h e c o c o a reg ion of S o u t 

t a b l e ; (2) an arc 
a d e o u a t . 

k m 2 . c o r 
f o r 
ed 

ladequate . A n add i t 
one o f t h e g r o w t h 
p l a n t e d w i t h cocoa w i 

ri Ki l l , ^ui>»iueiB> 
3f a b o u t 6 5 0 0 k m 2 . w h e n 

o m p o > w a n o idea l . 

T h e re l a t i ve v i r u l e n c e o f Phytophthora palmivora 
capsici o n c o c o a i n Bah ia , B raz i l . L A W R E N C E , J.S 
E . D . M . N , a n d R E S N I K , F . C . 2 . D E D i v i s a o de F i t opa 
C E P E C , I t a b u n a , Bah ia , Braz i l - Revista Theobromi 
p. 1 8 9 - 1 9 8 : J u l y 1 9 8 2 . 

Phytophthora palmivora was f o u n d t o be cons 
m o r e v i r u l e n t t h a n P. capsici on a t t a c h e d and det 
g e r m i n a t e d seeds a n d seedl ing s tems o f a ranc 
t ypes . S ince P. cepsici is p r o b a b l y 
on cocoa p o d s in Bah ia , i t was Con 
screen ing f o r res is tance shou ld b 
species. A m o n g 2 0 cu l t i va rs scre( 
palmivora a n d P. capsici. S E T 5 9 
s h o w e d m o s t p r o m i s i n g resistance 
cu l t i va rs s h o w e d t h e samt 
species, t h e m o s t n o t a b l e 
was classed as m o d e r a t e l y 
t i b l e t o P. palmivora. 

and P. 
. L U 2 . 

hed p o d s , 
Tis o f a range o f c o c o a 
t h e p r e d o m i n a n t species 
l u d e d t h a t f u t u r e r o u t i n e 
I c a r r i e d o u t w i t h b o t h 
ned f o r resistance t o P 

Scav ina 6 and U F 7 1 3 , 
. t o b o t h species. N o t a l l 

r e a c t i o n t o i n f e c t i o n b y t h e t w o 
j x a m p l e b e i n g cv . C a t o n g o w h i c h 
res is tant t o P. capsici b u t susceo-

(Rasponse o f ' C a t o n g o ' cocoa t o levels o f f e r t i l i ze r s i n 
S o u t h e r n B a h i a , B raz i l ) Respostas de cacaue i ros ' C a t o n g o ' 
a doses de f e r t i l i z a n t e s n o Sul de B a h i a , Bras i l . C A B A L A 
R O S A N O , P. . S A N T A N A , C .J .L . OE a n d M I R A N D A , E . R . 
DE . D iv i sao de Geoc ienc ias , C E P E C , I t a b u n a , Bahia, B raz i l 
- Revista Theobroma 12 (4) p . 2 0 3 - 2 1 6 ; O c t o b e r 1 9 8 2 . 

F ive levels of N , P 2 O 5 and K 2 O w e r e app l i ed o n 8 
p l a n t a t i o n s d u r i n g 1 9 7 1 - 8 0 . Large e f f e c t s of P w e r e 
reco rded , m a i n l y w i t h 9 0 kg P o O s / h a . C o n s i d e r a b l e e f f e c t s 
o f N were a lso f o u n d in t h e f i rs t 3 years. K became i m p o r t a n t 
a f t e r the f i r c f 6 vears at levels o f 1 2 0 kg K o O / h a . L o w 
p r o d u c t i o n levels w e r e reco rded i n 
d e c l i n i n g i n t h e last 2 years. Y ie lds 
o t h e r 4 areas. Leaf samples and soils 
t r e a t m e n t e f f e c t s i n 1 9 8 0 and an inc. 
A l and A l s a t u r a t i o n i n t h e c o m p l e x . T 
M g r e d u c t i o n c o m p a r e d w i t h so i l 
e x p e r i m e n t a l areas. T h e exchangeab le 
increased p rog ress i ve l y w i t h d e p t h , 
n u t r i e n t s w e r e g iea te r i n t h e sur face layv... . 
areas, the A l s a t u r a t i o n , Fe and Cu we re c o i 
t h a n in t hp h i a h v i e l d areas, w h i c h s h o w e d 
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(Aer ia l spray ing fo r the c o n t r o l of cocoa black p o d disease 
in Bahia, Braz i l ) Pulverizacao aerea no con t ro le da p o d r i d a o 
parda do cacaueiro na Bahia. Brasi l . R A M . A . and 
MEOEJROS, A . G . Oivisao de F i i opa jo log ia . CEPF.C, h a b u n a . 
Bahia. Brazi l - Revista Theobromu 12 (4) p. 2 3 1 - 2 3 9 : 
October 1982. 

A n exper iment was conduc ted i 
of aerial spray ing b y hel icopter w i 

/ i n g m o t o r i z e d knapsack 
ed of f ive t reatments w i t h 
nt mun ic ipa l i t ies . B o t h r 
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c o n t r o l . The results suggest that aer 
a l ternat ive t o conven t iona l spray ing 
black p o d in Bnhia. 
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(Chemical c o n t r o l of Corticium sofmonicolor, causal agent 
of p ink disease of cocoa) C o n t r o l e q u i m i c o de Corticium 
salmonicolor agente causal d o mal-rosado d o cacauei ro . 
R A M . A . , BASTOS. S.T.G. and F I G U E I R E O O . J .M. Div isao 

e F i topa to log ia . CEPEC, 
-heobroma 12 (4) p. 2 4 1 - 2 4 7 ; Oc t 
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A U G U S T 1983 

(The reh 
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Ciencias Sociais 
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ahia) Es t ru tu ra fund iar ia e p roduc t i v i dade 
I da Bahia. T R E V I Z A N , S.D.P. Div isao de 
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Cocoa Research Inst. New Tafo-
on Agriculture 12 (2) p. 8 3 - 8 9 ; 

)cod describes s 
nd processing. 
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ice o f f a r m techno logy amongst peasant cocoa 
in Niger ia. M O N U , E.D. Facul ty of A r t s . Brandon 
randon. Man i toba , Canada - Quarterly Journal oi 
onal Agriculture (Germany F.R.I 21 (3) p. 2 5 0 -
• 1982. 
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Conference on Trade and Developmen. 
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( F e r t i l i t y of diagnosis and c 
Amazon ia ) Diagnose nu t r i c i 
represents i t ivos dos polos caci 
A .D . DE S., CAMPOS. A . X . 
Depar tam en to Especial da 
Para, Bra: zil - Boletim Teen 
Cacau N o 102, i S p . 1982. 

Soi l SI j r v e y s were under t ; 
soil un i ts in the new plant inc 
Cocoa se€ idl ings were used as 

present shape, 
js in the p roduc t i on , processing 
f cocoa, cof fee and tea. wh ich 
deve lop ing expor t ing count r ies 
ale for a concer ted approach i; 
nat ional f inancing, in te rna t iona l 
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l ions for better co-operat ion 
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lessed 
hat all the soil 

phic podzo l i c soils 
(V and red latosols 
n and magnesium, 
m p t o m s of z inc 
ided to n i t rogen . 

inventory of areas suitable for cocoa produc-
New Guinea. B L E E K E R . P. and F R E Y N E 
o f Land Use Research, CS IRO, Canberra, 

p. 1981. 

of cocoa and 
Data f r o m a 
in 1 9 8 0 were 

t were u t i l i zed 
re the re la t ion 

and area, the Pearson 
ong negative co r re la t ion (—71) was 

tween farm size and p r o d u c t i v i t y ; the co r re la t i on 
la under cocoa and p roduc t i v i t y (—0.47) was also 
It is conc luded tha t small cocoa growers have 
l ly higher o u t p u t than the larger cocoa farmers. 

p h y of cocoa in Papua New Guinea. S M I T H , E.S.C. 
(Comp) . L A E S . Depar tment of Pr imary I n d u s t r y . Keravat . 
East N e w Br i ta in . Papua New Guinea - Lowlands 
Agricultural Experiment Station, Keravat (Papua New 
Guinea) 3 7 p ; S e p t e m b e r 1982. 

In a number of appendices i n f o rma t i on is presented o n : 
cocoa i n f o r m a t i o n p r in ted and d is t r ibu ted b y L A E S ; general 
texts o n cocoa; pub l i ca t ions o n cocoa f r o m the S o l o m o n 
Islands as we l l as f r o m Ir ian Jaya. Indonesia; miscel laneous 
lub l icat ions concern ing cocoa in Papua New G< 

Thi : 5 p re l im ina ry invei l in and c l imate 
sui tabU i f o r cocoa produ c t i o n shows that tl i t r y has 

<je add i t i ona l area s of land available w h i c h can be 
b rough t i n t o p roduc t i on . A summary of t hese es t ima ied 

:ogether w i t h the percentage areas at presen t under 
. g iven in a tablE ( fo r each of 13 es. The 
rn and West New 1 appear t o have 

la?Je t i -acts of land avail able w h i c h are higf t ly su i t i ib le for 
p roduc t i o n . These are n 9lat ively accessible and w i Ith l o w 
popu la i l i on densit ies. Oth i sr areas w i t h high si ies such 
as No r t h So lomons and West Sepik Provi. ices art 

S E P T E M B E R 1983 

The d iges t i b i l i t y of cocoa husk-based diets fed t o sheep. 
O T C H E R E . E.O., M U S A H , I .A . and B A F I Y E B O A . M. 
Depa r tmen t of An ima l Science, Universi ty of Ghana. Legon, 
Ghana - Tropical Animal Production (Mexico) 8 (1) p. 3 3 -
38. 1983 . 

S ign i f i can t decreases in d r y mat te r , crude p ro te in , ether 
ex t rac t and n i t rogen free ex t rac t d igest ib i l i t ies and to ta l 
d igest ib le nu t r ien ts occur red i 

s level 

Potent is 
R . H . V . 
Selangoi 
p. 2 1 7 -

This 
t r op i ca l 
y ie lds. S( 
i den t i f i ed 
imp roveme 
st i l l be pos 
such crops 
d r y ma t t e r 

con ten ts ir 

o f cocoa husks subst i 

I CI. 
il product 
Bakasawi 

r. Malaysia - E. 
237 . Ju ly 1983. 
paper reviews the 

al C3 spei 

o f t r o p i c a l perennial c 
i> Oi l Palm Research 
: peri mental Agriculti 

ops. C O R L E Y . 
U n i t , Bant ing, 

re (UK) 19 (3) 

ime 
>nd 

y ie ld and p roduc t i 
ies and estimates 1 
:h l im i t p roduc t i v i 

ions have been medi 
ib le increases in p rodu 
he potent ia l energy f 

have beei 

' shou ld 
rate for 

1.2 T J / h a / a n n u m . The 
nt of th is energy varies between species; 
rubber in par t icu lar , have large energy 
espective economic p roduc ts . Ho t leaf 

44 



temperatures appear t o l i m i t p r o d u c t i v i t y some crops, 
wh i le un favourab le pa r t i t i on i ng o f assimilates l imi ts y ie ld 
at the large leaf area indices necessary to maximise d r y 
mat te r p roduc t i on . Resp i ra tory losses are large in these 
crops and select ion fo r smal ler resp i ra t ion rates cou ld lead 
to considerable improvements in the i r p r o d u c t i v i t y . 

1 8 t h A N N U A L R E P O R T 1982 Research Dept . , Un i ted 
Plantat ions Berhad, Te luk Anson, Perak, Malaysia 103p-
February 1983. 

The act iv i t ies of the Un i ted Plantat ions Research 
Depar tment for the year 1982 are descr ibed under the 
headings: (1) o i l pa lm — breeding and select ion, cu l tu ra l 
pract ices, n u t r i t i o n ; (2) coconu ts — breeding and select ion, 
cu l tu ra l pract ices, n u t r i t i o n ; (3) cocoa - breeding and 
select ion, n u t r i t i o n ; and (4) c rop p r o t e c t i o n . 

Cocoa: Breeding and Select ion. Research Dept . , Un i ted 
Plantat ions Berhad. Te luk Anson , Perak. Malaysia - In: 
Annual Report 1982. 

In th is section the fol lovwing act iv i t ies o n cocoa 
breeding and selection are repor ted : <1) germplasm 
i n t r o d u c t i o n s ; (2) c lonal observat ions and evaluat ions tr ia ls; 
(31 Fo X F i <3-wav) p rogeny t r ia ls ; and (4) F x F progeny 
tr ials. Cocoa germplasm in the f o r m of b u d w o o d , impo r ted 
in a jo in t e f f o r t between interested members of the Malaysian 
Cocoa Growers ' Counc i l , compr ised 12 clon3S f r o m 
Mayaguez, Puer to Rico, and another 9 clones w i t h proven 
tolerance to V S D disease f r o m Papua New Guinea. The 
search f o r o r te ts - a t e r m de f i ned as the or ig ina l single 
ancestor o f a d o n e - con t i nuea th roughou t the year w i t h 
the a i m of developing c lona l mater ia l fo r commerc ia l 
e x p l o i t a t i o n . To date, 397 such or te ts have been selected for 
fu r ther test ing. Some ear ly select ions are showing promise, 
par t icu lar ly w i t h respect t o the bean size and pod value. 

Cocoa : n u t r i t i o n . Research Dept . , U n i t e d Plantat ions Berhad, 
Teluk Anson . Perak. Malaysia - In: Annual Report 1982 
p. 8 4 - 8 7 1982. 

The results of the f o l l ow ing cocoa nu t r i t i ona l trials are 
presented in th is sect ion: (1) 32 x 2 NPK t r ia l on mature 
cocoa under o ld dwar f coconu ts ; and (2) source of n i t rogen 
for cocoa t r ia l . The impor tance of app ly ing rock phosphate 
is now suppor ted by the results f r o m the NPK t r ia l , in w h i c h 
a s igni f icant y ie ld response to phosphate was recorded. The 
2 n d t r ia l con f i rms the su i t ab i l i t y o f urea av a n i t rogenous 
fer t i l i zer for cocoa on coastal soils. The s ign i f icant ly lower 
leaf n i t rogen content 5 m o n t h s af ter Sfvpl icat ion, when 
compared to a m m o n i u m n i t ra te and a m m o n i u m sulphate, 
emphasises the impor tance of app l y i ng urea under favourable 
weather cond i t i ons and on t ime . 

(The use of response surface in cocoa fer t i l izer exper iments 
in Bahia, Brazi l ) O emprego da superf ic ie de resposta ne 
in terpre tacao de exper imentos de adubacao na cu l t u re do 
cacau na Bahia. N I C O L E L L A . G. . CAMPOS. H. and 
C A B A L A R O S A N D , P. CEPEC. I tabuna, Bahia, Brazi l -
Revnta Theobroma / J I I ) p. 1 - 1 3 ; January 1983. 

Y ie ld f igures ove ' 9 years of 5 NPK fert i l izer f ie ld tr ials 
conduc ted w i t h cocoa were used in Brazi l to calculate the 
p o l y n o m i a l regression w i t h and w i t h o u t in teract ions. The 
analysis was carr ied out for each year, for all f ie ld tr ials in 
the same year and fo r each expe r imen t in all years. The 
economic rates o f P2O5 ' o r Agua Sumida and I tabuna soils 
lie be tween 90 and 135 kg per ha. These were calculated 
f r o m a surface sect ion in w h i c h N a n d K were ma in ta ined at 
constant levels. 

(Dus t ing and spray ing in the c o n t r o l of black pod cocoa) 
Po l t f i lhamento e pulver izacao no con t r o l e da podr idao parda 
dos f r u t o s d o cacaueiro. L E L L I S . W.T . and F I G U E I R E D O , 
J.M. DE. Divisao de F i topa to log ia . CEPEC, I tabuna, Bahia, 
Brazil - Revista Theobroma / J (1) p . 4 1 - 4 6 ; January 1983. 

In Bahia. the e f fec t i v i t y o f t he con t ro l of black pod 
disease in cocoa by means of dus t ing and spraying w i t h Cobre 
Sandoz was s tud ied. The f o l l ow ing f o rmu la t i ons were useo: 
Cobre Sandoz W.P. (cuprous ex ide w i t h 50 per cent of 
meta l l i c Cu) and Cobre Sandoz D.P. (cuprous ox ide w i t h 10 
per cent of Meta l l i c Cu) appl ied at the rate of 3 g of a.i . per 
tree per app l i ca t i on . Bo th f o r m u l a t i o n s were f o u n d to be 
e f f i c ien t in c o n t r o l l i n g the disease. Since most p lanta t ions in 
Sou thern Bahia lace cost ly t ranspor t of water , the use of 
Cobre Sandoz O.P. is advantageous. 

Witches' b r o o m disease o f T. cacao i n Braz i l . 1. I nocu la t i on 
o f ungerm ina ted seeds. A N D E B R H A N , T. Depar tamento 
Especial da A m a z o n i a , CEPLAC, I tabuna , Bahia, Brazi l -
Revisia Theobroma 13 (1) p. 4 7 - 4 9 ; January 1983. 

Ungermina ted seeds of cocoa, i n f i l t r a ted under vacuum 
w i t h a spore suspension of the w i t ches ' b r o o m fungus 
Crinipellis perniciosa and then pre-oerminated be fore 

p lant ing, p roduced h y p e r t r o p h i e d hypoco ty l s and developed 
h y p e r t r o p h i e d ax i l la ry buds. Th is i nocu la t ion techn ique 
cou ld be useful in mass-screening of ind iv idua l p lants for 
their react ion to in fec t ion b y C. perniciosa. 

( Inc idence of fung i of the Aspergillus Uavus g roup in stored 
cocoa seeds) Incidencia de fungos do g rupo Aspergillus flavus 
am semantes de cacau a rmazonado . BASTOS. S.T.G. and 
C A M P E L O . A . M . F . L . Div isao de F i topa to log ia CEPEC 
I tabuna. Bahia. Brazil - Revista Theobroma 13 (1) p. 6 3 - 6 5 -
January 1983. 

Stored cocoa f r o m 5 d i f f e r e n t local i t ies was examined for 
the presence of fungi of the Aspergillus Uavus g roup . A. 
flavus was f o u n d to be present in 4 o f the 5 areas, but none 
of the 104 strains produced a f l a tox ins . 

Compara t i ve chemis t ry and m i c r o b i o l o g y of cocoa fermen-
ta t i on in India. B A L A S I M H A . D., B H A T . N .T . and 
B O P A I A H . B.M., Central P lan ta t ion Crops Research Inst. . 
V i t t a l Karnataka. India - Journal of Plantation Crops n (1) 
p. 5 5 - 5 9 ; June 1983. 

A c i d i t y in cocoa beans is a serious defect as i t impar ts a 
ra is in - f ru i t y o f f - f l avour t o the f in i shed chocolate. Indian 
cocoa beans are usual ly acidic due to defect ive harvesting, 
f e rmen ta t i on and d ry ing . A n improved processing m e t h o d 
was developed to overcome the ac id i t y p rob lem. Micro-
b io log ica l and chemical changes tha t occur du r i ng the 
processing o f cocoa beans are compared and discussed. 

Exper imen ts o n the p r o f i t a b i l i t y of chemica l black p o d 
c o n t r o l i n Papua New Guinea. M C G R E G O R , A.J. L A E S , 
Depar tment o f Pr imary Indus t ry , Keravat, East New Br i ta in , 
Papua New Guinea - Tropical Pest Management 29 (2) 
p. 1 2 9 - 1 3 6 ; June 1983. 

Tr ials were conducted on commerc ia l p lanta t ions and at 
the Lowlands Agr icu l tu ra l Exper imen t S ta t ion , Keravat , to 
de termine the effectiveness of me ta laxy l and cuprous ox ide 
fungicides in con t ro l l i ng black p o d disease of cocoa. Spray ing 
costs and p o d yields were recorded to assess the p r o f i t a b i l i t y 
of spraying a i the d i f fe rent sites. O n l y m mature b locks 
p lan ted w i t h selected seed m areas w i t h severe black pod and 
no o ther severe pest or disease prob lems was spray ing 
economica l . Provisional spraying recommendat ions are given 
based on the f indings of these and previous tr ials. 

O C T O B E R 1983 

(Insects in cocoa beans and products) Insecten in cacaobonen 
en cacaoproducten. S C H U L T E N . G .G .M. and R O O R D A , 
F.A. Depar tment of Agr icu l tu ra l Research, Roya l T rop ica l 
Inst., Ams te rdam, Netherlands - 3 3 p ; January 1983. 

In this pub l i ca t ion various data are presented m 
connec t ion w i t h insects on cocoa and products . These 
include the l i fe-cycle of these insects, the i r con t ro l and 
methods to prevent the in festat ion w i t h insects. For the 
iden t i f i ca t ion drawings are avai lable of the most impor tan t 
species. 

(Pre l im ina iy results of a progeny t r ia l on some in terc lona l 
hybr ids of cocoa in central Java) Hasi l pendahu luan 
penguj ian ke tu runan beberapa tanaman coke la t h ib r id antar 
k lon di Jawa tengah. S O E N A R Y O and S O E D A R S O N O Balai 
Penel i t ian Perkebunan Bogor. Bogor. Indonesia - Menara 
Perkebunan 48 <6) p. 1 6 3 - 1 7 0 ; December 1980. 

Eight h y b r i d progenies and open po l l i na ted progenies of 
Ame ionado and Purboyo were tested against DR 2 c lone as 
con t ro l , at four locat ions Central Java. Except the SCA 8 
X DR 2 progenies, al l i . ie hybr ids showed a s ign i f icant ly 
better g r o w t h and precoc i ty and a higher y ie ld dur ing the 
f i rst year than Ame ionado , Purboyo and OR 2. ICS 60 x 
SCA 12, DR 2 X SCA 12 and SCA 6 x ICS 6 consistent ly 
gave the most sat is factory results at all test ing locat ions. 

The producers ' pr ice system and the cofffee and cocoa trade 
village level in West-Afr ica. M U N T J E W E R F F . C.A. A f r i can 

Studies Centre. Leiden. Netherlands Quarterly Journal of 
Internalional Agriculture 22 (2) p. 1 6 3 - 1 7 8 ; A p r i l 1983. 

This pr ice s tudy on purchase of cocoa and cof fee was 
conducted in Nigeria, Ivory Coast. Ghana and 5 regions of 
Cameroon over 2 years. The results show that farmers in 
Nigeria. Ghana and 3 regions in Cameroon received 0.7 
12.7 per cent less than the o f f ic ia l farm-gate pr ice whereas 
m the o ther areas they received 1.3 - 8 .6 per cent more . 
Causes of these di f ferences are discussed. 

The t ranspor t of cocoa and cof fee tn f re ight conta iners: an 
exper imenta l sh ipment f r o m Papua New Guinea to Austra l ia . 
Ju l y /Augus t . 1980. t o investigate. 1. The use o f vent i la ted 
containers t o prevent condensat ion. 2. In-conta iner disinfes-
ta t ion w i t h carbon d iox ide generated f r o m d r y ice. SHARP. 
A .K . and G R E V E . J. V A N S. Div is ion of F o o d Research 
CSIRO N n r i h R\/ri,» New Sourh WalPS Austra l ia _ Tf>rhn!fut 
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Report - Department of Primary Industry (Papua New 
Guinea) N o 8 1 / 3 54p. March 1931. 

The p r o b l e m of condensat ion o n the in ter ior surface o f 
conta iners of co f fee and cocoa, t h a i are shipped i n t o co ld 
regions was invest igated, as we l l as the e f f i c iency of 
d i s i n fec t i on of these p roduc ts w i t h carbon d iox ide d u r i n g 
the j ou rney . There was no evidence of condensat ion in any 
conta iner wh i l e on board the ship. A f t e r discharge f r o m the 
ship condensat ion occurred in n ine o f ten general-purpose 
conta iners and in two of the three 'open-sided' conta iners 
but in none of the six p r o t o t y p e vented containers. In- t ransi t 
d i s i n fec t i on w i t h carbon d i o x i d e generated f r o m dry ice was 
shown t o be ef fect ive w i t h co f fee and cocoa in su i tab ly gas-
l ight conta iners, but very few such containers are in service 
in the Papua New Guinea trade at present . 

tHo rmones and g r o w t h regula tors in cof fee and coco 
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de cafeiers et de cacaoyers. C A M B R O N Y , H . R . and 
S N O E C K , J. Ins t i tu te de Recherches d u Cafe et d u Cacao, 
Paris, France - Cafe. Cocao. The 27 (2) p. 1 1 3 - 1 2 0 ; A p r i l 
1983. 
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A n economic evaluat ion of a c ropp ing system: the case of 
cocoa g rown In comb ina t i on w i t h o i l -pa lm. A F O L A M I , C .A . 
and A J O B O , 0 . Cocoa Research Inst, of Niger ia, Ibadan, 
Niger ia - Cafe. Cncao. The 27 (21 p. 1 2 1 - 1 2 6 ; A p r i l 1983 . 

This s tudy examines whe the r pod loss due to pests and 
diseases in cocoa, g r o w n in c o m b i n a t i o n w i t h o i l pa lm, 
nul l i f ies the increase in p o d y ie ld that arose f r o m the 
c ropp ing system. The expe r imen ta l design is a randomised 
b lock design of six b locks and three t reatments : pure stands 
or c o n t r o l , avenue plant ings and ho l l ow square p lant ings. 
A n n u a l yields of healtrty pods, b lack pods and damaged pods, 
taken for the per iod 1968 /79 were used for analysis. Results 
showed that the absolute n u m b e r of damaged and b lack pods 
was greater on cocoa g rown in c o m b i n a t i o n w i t h o i l pa lm, 
bu t the increase in y ie ld of hea l thy pods in the c r o p p i n g 
system was higher than the p o d loss due to pests and diseases. 

(Cocoa p ro te in f ract ions be fo re and after roast ing: in f luence 
of f e rmen ta t i on ) Les f r a c t i o n s prote iques du cacao avant et 
apres to r re fac t i on : in f luence de la fe rmenta t ion . B A R E L , M., 
G U Y O T , 8. and V I N C E N T , J.C. Laborato i re de Chimie-
techno log ie , Inst i tu t de Recherches du Cafe et d u Cacao. 
MontpeHier , France - Cafe. Cacao. The 27 12) p. 1 ? 7 - 1 4 4 ; 
A p r i l 1983. 

The in f luence o f f e r m e n t a t i o n o n the p ro te i n f r ac t i on in 
cocoa beans was studied. T h e subjects covered w e r e : the 
evo lu t i on o f the p ro te in f rac t ions dur ing f e rmen ta t i on , the 
or ig in o f the a m i n o acids concerned in the f o r m a t i o n of 
a romat i c compounds and the de te rm ina t i on of t he m i n i m u m 
du ra t i on of f e rmen ta t i on . T h e results of th is s t u d y indicate 
tha t the to ta l ex t rac t ib le p r o t e i n content decreases l inear ly 
d u r i n g f e rmen ta t i on ; the m a j o r i t y o f the free a m i n o acids in 
the fermented cocoa comes f r o m f ract ions A and E. F rac t ion 
F, w h i c h is par t i cu la r ly r i ch in g lu tamic ac id, l iberates amino 
acids on the t h i r d day o f fe rmenta t ion . G l u t a m i c acid 
represents a large part of the am ino acids in cocoa. The 
in f luence of f e rmen ta t i on on the pro te in c o m p o s i t i o n of the 
beans af ter roast ing is c lear ly apparent . Fe rmen ta t i on 
d u r a t i o n of f ive days was su f f i c ien t to ob ta in a g o o d qua l i t y 
p roduc t . 

S y m p t o m a t o l o g y of CoHetotrichum disease of cocoa in India. 
M O H A N A N , R.C. and K A V E R I A P P A . K . M . Mangalore 
Univ . . Mangalore. Karna taka . India - / ' / a n f e r 5 5 p. 3 3 3 - 3 3 8 ; 
August 1983. 

Cocoa leaves showing leaf b l i gh t , : ho t ho le or irregular 
leaf spot as we l l as the r o t t i n g of cocoa pods were examined 
and cul tures of Colletotricum spp. f ound were prepared and 
iden t i f ied . Pathogenic i ty o f the isolates was tested o n 
Forestero var ie ty b y a r t i f i c ia l inocu la t ion . In al l cases the 
symp toms of the fungus disease could be rep roduced o n the 
leaves of seedlings. The isolates f r o m pods p roduced o n l y 
leaf b l iqht and shot ho le s y m p t o m s . 
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The w h i t e p lan t -hopper : an occasional pest of cocoa in 
Sabah. M A N J I T S I D H U Research and Adv isory Dept. . Hap 
Seng P lanta t ion Sdn. Bhd. . Tawau, Sabah, Malaysia -
Planter59p. 3 4 4 - 3 5 1 ; August 1983. 

The b io logy and nature of damage in f l i c ted by the w h i t e 
hopper Colobesihes falcata is descr ibed. In areas where 
popu la t ions of the pest were f o u n d to be very h igh , a 
substant ial amoun t of damage to young shoots, f lowers, 
cherelles and mature pods can occu r . Damage to y o u n g 
shoots is related to the egg-laying hab i t o f the pest whereas 
the con t i nuous feeding of b o t h adu l ts and nymphs can lead 
to f lower damage and cherel le fa l l . B ionomics of the w h i t e 
hopper are l i nked to weather cycles and natural c o n t r o l . As 
appreciable numbers of the pest dec l ined on their o w n , a 
FWlicy of non- in te rven t ion was pursued. 

In ter re la t ionsh ips o f damaged cocoa pods t o y ie ld , rat 
popu la t ions and harvesting intervals. K A M A R U D I N , K . A . 
Malaysian Ag r i cu l t u ra l Research and Development Ins t . . 
Kuala L u m p u r . Malaysia - P/anter 59 p. 3 5 2 - 3 5 4 ; Augus t 
1983. 

The in ter re la t ionships be tween number of damaged cocoa 
pods to harvestable (ripe) pods, rat popu la t i on densit ies and 
harvesting intervals were appraised in the fields. There was 
associat ion be tween number of damaged pods to al l three 
variables; however their cor re la t ions were considered weak to 
modera te . In c o m b i n a t i o n , these three factors exp la ined o n l y 
42 per cent of the var iab i l i t y in t o ta l damage to cocoa pods. 

An egg parasite of the cocoa pod borer Acrocerccps 
cramerella recorded in the Philippines. N A G A R A J A , H.. 
E A S A W . P.T. and V A N I A L I N G A M . T. - Planter 59 p. 3 5 5 -
3 5 7 ; August 1983. 

A. cramerella is a serious pest of cocoa in Indonesia, the 
Phi l ippines and recent ly in East Malaysia. Samples of pods 
y ie lded eggs of the pest w h i c h appeared to have been 
parasit ized. Records o f parasite emergence holes and 
hatch ing were taken. Results ind icated that an undescr ibed 
species o f T r i chogrammato idea (Hymenop te ra ) can exer t a 
high level of parasit ism. The parasite is being augmented for 
the b io log ica l con t ro l o f the cocoa p o d borer . 

A survey of cocoa dryers in East New Britain. H A R W O O D , 
C.. H E N D E R S O N , M.F. and H A L D A N E , J .H. - Planter 59 
p. 3 6 2 - 3 6 9 ; August 1983. 

U t i l i z i ng new technologies, so l id fuel (copra by -p roduc ts , 
bush f i r e w o o d , th inn ings o f cocoa shade trees, re jected 
t imber , fue l w o o d p lanta t ions) d r y i n g is now cheap, c lean 
and easily managed. H igh e f f i c i e n c y burners can be in tegra ted 
in to present d ry ing systems. Diesel burners can be le f t fo r 
emergency use in many cases. Average t ime to recoup the 
capi tal expend i tu re is a b o u t 4 to 6 mon ths , depending o n the 
vo lume o f p roduce d r i ed . I t is stated that r e d u c t i o n o f 
p l an ta t i on costs is essential and tha t the new sol id fue l burner 
cost, can c o n t r i b u t e s ign i f i can t l y t o this. 

I n t r o d u c i n g the 'Sabah Dryer ' . S C H W A R T Z , P.B. - Planter 
59 9. 3 7 0 - 3 7 6 ; August 1983. 

Work carr ied ou t o n a large cocoa estate o n a new design 
d rye r un i t is described. This so-called 'Sabah-dryer ' comb ines 
the pr inc ip les of the w o o d b u r n i n g Samoan d rye r w i t h the 
high air volumes w h i c h are necessary for large scale d r y i n g 
o f beans. Except for the diesel engine fan un i t , a l l construc-
t i o n w o r k was done in local workshops. Detai ls o f 
cons t ruc t i on , opera t ion and costs are presented. 

Shoot regeneration f rom callus derived from embryo axis 
cultures of T. cocoa in vitro. E S A N . E.B. Cocoa Research 
Inst, of Nigeria ( C R I N ) , Ibadan. Nigeria - Turrialba (lICA) 
32 (4) p. 3 5 9 - 3 6 4 ; Oc tober 1982. 

Callus was induced f r o m the p lumule regions of ma tu re 
cocoa seeds when the e m b r y o axis was cu l tu red o n a basal 
m e d i u m , composed of Murashige and Skoog salts, ca l c i um 
n i t ra te supp lement , sucrose, bacter io logical pep tone , 
naphtha lene acetic ac id , k i ne t i n and inos i to l . When this 
callus was subcu l tu red a f te r 50, 60, 70, 80 and 90 days 
respect ively on t he basal m e d i u m , m o d i f i e d to con ta in 
iA/hiti>'< u i iAmins arivpnti t inu<i huri« vui>r(> Hi f ferRnt iater i i n 

for the c o n t r o l o f vascular 
>n nursery cocoa p lants . C H U N G 
arch, Agr i -B io Corp . . Batu Tiga, 
nter 59 p. 3 3 9 - 3 4 3 ; August 1983. 
par t icu lar ly the y o u n g seedlings are 

...J fungus Oiicobasidium theobromae 
vascular streak d ieback. Su lphu r , copper 
i d e m o r p h . b e n o m y l , b i t e r t a n o l , ip rod ione . 
i d d i c h l o r b u t r a z o l . appl ied at 7 14 days' 
tested aaainst the disease. O n l v b i te r tano l 

(Resul ts f r o m the tissue cu l tu res of some estate crops) Hasi l 
yang te lah dicapai dengan k u l t u r jaringan beberapa tanaman 
perkebunan. N U R I T A and T O R U A N . Balai Penel i t ian Perke-
b u n a n , Bogor, Bogor , Indonesia - Menara Perkebunan 48 
(6) D. 1 7 1 - 1 7 4 . Decembpf iQRn 
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Gresshof-Dov m e d i u m . CaMus of young shoots of cocoa 
developed we l l a f ter be ing t ransferred i n t o subcu l tu re 
m e d i u m of the same compos t t i on as that of the f irst stage of 
callus i nduc t i on . The m e d i u m used was a m o d i f i e d Murashige 
and Skoog m e d i u m . Coconut embryos can grow i n t o 
seedlings after several stages of cu l t i va t i on m l i qu i d and sol id 
media. 

A n invest igat ion o n the b i o l o g y and c o n t r o l of Indarbela 
disciptaga i n Sabah. M A N J I T S f D H U and C H O W K O K 
POON, Hap Seng P lanta t ion Sdn. Bhd. . Tawau, Sabah, 
Malaysia - P/anrer 5 5 p. 3 5 8 - 3 6 2 ; August 1983. 

I. disciplaga can be recorded as a new borer on cocoa. The 
borers feed on bark at n igh: , sp inn ing character ist ic webs 
composed of b r o i ' s n w o o d part ic les and frass. Dur ing the 
day, the larvae reside under these webs or in tunnels w i t h i n 
the w o o d . As many as 1 5 - 2 0 borers may be found infest ing 
a single tree. Damage to bark , f lowers , f lower cushions and 
under ly ing w o o d can be serious, o f t e n leading to poor f lower 
sett ing and death of branches above the po in t o f en t r y . 
Con t ro l was achieved b y i m p l e m e n t i n g a "search and 
d e s t r o y " strategy emp loy ing b o t h chemical and cu l tu ra l 
means. In areas where levels of borer parasi t ism were f o u n d 
to be h igh, c o n t r o l measures were cal led o f f , m order l o 
ensure that nei ther insecticide spray ing nor the manual 
removal of borers had any de t r imen ta l side-effects on natural 
enemy regulat ion. 

N O V E M B E R 1983 

A systemat ic desc r ip t i on of cocoa clones. 1. The discr imina-
t ive value of quan t i t a t i ve character ist ics. ENGELS. J .M.M. , 
C A T I E , Turr ia lba. Costa Rica - Euphytica 32 (2) p. 3 7 7 -
3 8 5 ; J u n e 1983. 

Data f r o m 25 possible d is t inc t ive quan t i ta t i ve f lower and 
pod characterist ics were co l lec ted f r o m 32 cocoa clones and 
analysed stat is t ica l ly . The d iscr iminat ive value of each of-
t hem was calculated b y using Duncan's new mu l t i p l e range 
test to ob ta in a d i sc r im ina to ry value ' D ' w h i c h was adjusted 
to a l l ow for cor re la t ions w i t h other characterist ics. It is 
conc luded tha i quan t i t a t i ve character ist ics, w h i c h usual ly 
have a higher agronomic interest than qua l i ta t i ve ones, are 
also he lp fu l in character iz ing and i d e n t i f y i n g varieties or 
clones. 

A systemat ic descr ip t ion o f cocoa clones. 2. The discr imina-
t i ve value of quan t i t a t i ve character ist ics and the pract ica l 
c o m p a t i b i l i t y of t he d iscr iminat ive value of quant i ta t i ve and 
qua l i ta t i ve descr iptors. E N G E L S . J .M.M. . C A T I E . Turr ia lba. 
Costa Rica - Euphytica 32 (2) p. 3 8 7 - 3 9 6 ; June 1983. 

A me thod is presented f o r calculat ing the d iscr iminat ive 
value of qua l i ta t i ve descr ip tors, based on the number of taxa 
pairs that a cer ta in descr ip tor can separate and o n the 
a m o u n t of i n f o r m a t i o n t h a i th is descr iptor shares w i t h other 
descr iptors of the same s tudy . T o make this me thod 
compa t i b l e w i t h t he ca lcu la t ion of the d iscr iminat ive power 
of quan t i t a t i ve character ist ics, stat ist ical tests are proposed to 
enable a compar ison be tween b o t h types o f characterist ics. 
The data f r o m 32 cocoa clones are used to demonst ra te the 
m e t h o d o l o g y fo r 15 qua l i ta t i ve character ist ics of leaves, 
f lowers and f ru i t s of the cocoa tree. The comb ined use of 
qua l i ta t i ve and quan t i t a t i ve descr iptors in the ca lcu la t ion of 
the i r respective d i sc r im ina to ry power is also presented. 

(Cocoa d o w n stream industr ies) Indust r i h i l i r k o m o d i t i 
coks lBt . H A R U N . A . - Buletin Balai Penelitian Perkebunan 
Medan (Indonesia) / J ( 1 - 2 ) p. 1 5 - 2 3 ; March 1982. 

In the estates, cocoa processing is c o n f i n e d to the 
p r o d u c t i o n of d r y cocoa beans. The manu fac tu re of 
processed cocoa such as chocolate, cocoa bu t te r , cocoa cake 
or cocoa powder and chocolate sweets has no t ye t been 
started. In order to boost the cocoa indus t ry th rough p roduc t 
d ivers i f i ca t ion and by -p roduc t u t i l i za t i on , the poss ib i l i t y of 
m a n u f a c t u r i n g and expo r t i ng cocoa in the f o r m of processed 
goods should be invest igated. This paper discusses the manu-
fac tu r ing of cocoa powder and the possible u t i l i za t i on of its 
by -p roduc ts . 

(E f fec t o f weed c o n t r o l pract ices and nu t r ien ts o n the 
c o m p e t i t i o n between alang-alang (Imperata cylindrica) and 
cocoa seedlings (T. cocoa} var. Ame lonado ) Pengaruh 
beberapa me toda pemberantasan gu lma dan p e m u p u k a n 
terhadap k o m p e t i s i antara alsng-alang dan kecambah 
tanaman coke la t . S U N A R W I D I - Buletin Balai Penelitian 
Perkebunan Medan / J ( 1 - 2 ) p. 2 5 - 3 4 ; March 1982. 

Results of an exper iment o n cocoa in the Phi l ippines 
showed that c o n t r o l of alang-alang can be bet ter achieved by 
ro l l ing than by erad ica t ion by hand or b y chemical means. 
Ro l led alang-alang served as green m u l c h in conserving soil 
moisture. It appeared that alang-alang sheet also served as a 
nurse p lant t o the young cocoa seedHngs. App l i ca t i on of 
fert i l iser increased the compet i t i ve ab i l i t y of alang-alang, bu t 
it d id not do so when the alana-alana sheet also served as 

nurse plant to t he young cocoa seedlings. App l i ca t i on o f 
fert i l iser increased the compe t i t i ve ab i l i t y of alang-alang. 
bu t it d id not d o so when the alang-alang was rol led. On the 
basis of these f ind ings the au tho r advocates the a d o p t i o n of 
this me thod w h e n cont roHing alang-alang in p lan ta t ions . 

(Ef fec t of shade and nu t r ien ts o n the c o m p e t i t i o n ab i l i t y o f 
cocoa seedlings and alang-alang fImperata cylindrical). 
Pengarxih naungan dan p e m u p u k a n terhadap daya saing 
tanaman cokelat d a n alang-alang. S U N A R W i O t - Buletin 
Balai Penelitian Perkebunan Medan (Indonesia) v. 13 ( 1 - 2 ) 
p. 3 5 - 4 3 ; March 1982. 

Results of an exper iment in cocoa in the Phi l ippines 
showed that the g r o w t h of cocoa seedlings and leaf ch loro-
p h y l l content increased w i t h the reduc t ion in l ight in tens i ty 
f r o m 100 per cent (unshaded) to 68 per cent and 33 per cent 
l ight transmission. However the g r o w t h of alang-alang 
decreased w i t h decreasing l ight in tens i t y . W i th decreasing 
l ight in tensi ty the compet i t i ve ab i l i t y of cocoa increases, 
wh i le that of alang-alang decreases. Shade trees in cocoa 
plant ings are thus essential. Fert i l izer app l i ca t ion cou ld not 
e l im ina te the adverse ef fect of sunshine o n cocoa g r o w t h 
per formance. 

(The germinat ion o f cocoa seeds (T. cacao) as in f luenced by 
storage per iod and seed pos i t ion in pods) Pengaruh lama 
peny impanan dan letak b i j i pada p o d terhadap daya 
kecambah benih cokelat (T. cacaoi. L A T I F . S. - Bulctin 
Balai Penelitian Perkebunan Medan 13 ( 1 - 2 ) p. 4 5 - 5 0 ; 
March 1982. 

Results of the exper tn ient showed that mois ture content 
of the cocoa seeds was not a f fec ted b y storage up to 28 
days, bu t the pos i t ion of the seeds in the pod showed a 
s igni f icant d i f fe rence in the mois ture con ten t . The longer the 
seeds were stored, the higher the percentage of damaged 
seeds and not g row ing seeds, and the lower the percentage of 
ge rm ina t i on and plant height . Seeds f r o m the m idd le p a n of 
the p o d showed the best results, i.e. lowest percentage o'. 
damaged and non-growing seeds and highest plant height and 
percentage of germina t ion . 

(Concept , industr ia l design, per fo rmance, f u n c t i o n i n g and 
economics of engine opera ted land sprayers in cocoa) 
Conce i to . desenho indust r ia l , desempenho. operacao em 
campo e economic idade d o sistema de mangueira e lancas 
para t ra tamentos f i tossani tar ios em cacaueiro. P E R E I R A , 
J .L . . O L I V E I R A , C., J. DE and A N D R A D E F I L H O . E.N. 
Divisao de Pi topato log ia , CEPEC. I tabuna, Bahia. Brazi l -
Boletim Tecnico - Centra de PesQuisas do Cacau N o 113, 
59p. 1983. 

Mo to r i sed mis tb lowers. conven t iona l l y used in the c o n t r o l 
of black pod disease of cocoa have been considered to be 
e f f i c ien t in the app l i ca t ion of fungic ides. However, they are 
noisy and use relat ively much fuel . The concept of using a 
diesel engine, coup led to hyd rau l i c p u m p to supply a 
pressurized constant f l o w th rough a predetermined number 
of hoses, connected to lances w i t h nozzles appeared to be a 
func t i ona l and economic so lu t ion . The new system of fers a 
number o f advantages, such as its speed of ope ra t i on w i t h 
c o m f o r t t o the spraying operators and its lower c o m p u t e d 
co5t of app l i ca t ion , result ing in a saving of up to 50 per 
cent on the present method . 

(The agreement on basic p roduc ts : advances and restr ic t ions. 
The cases of the co f fee , cocoa and sugar) Los acuerdos sobre 
p roduc tos basicos: logros y restr icciones. Los casos del cafe, 
cocoa y azucar. V A L L E . S. D E L and S A L A Z A R , R. -
Problemas del Desarrollo (Mexico) 12 ( 4 7 - 4 8 ) p. 1 0 5 - 1 4 9 
1982. 

D i f fe ren t types of trade agreements and treaties 
established b y T h i r d Wor ld count r ies , in defence of the i r 
basic expor t s are analysed, w i t h special reference to co f fee , 
cocoa and sugar. The i r e f f icacy in c o n f r o n t i n g the comp lex 
web of legal res t r ic t ions and economic sanctions imposed by 
the indust r ia l ized nat ions, par t i cu la r ly the US and the 
European C o m m o n Market , is also rev iewed. 

D E C E M B E R 1983 

(Progeny t r ia l o n some cocoa in te rc lona l h y b r i d progenies at 
Ka l tduren estate. 1. The g r o w t h rate and p recoc i ty ) Penguj ian 
beberapa ke tu ranan h ib r id antar k l o n coke la t d i kebun 
ka l iduren. 1. Kecepatan p e r t u m b u h a n dan awai masa 
berbuah. S O E D A R S O N O . Balai Penel i t ian Perkebunan 
Bogor, Bogor. Indonesia - Menara Perkebunan 49 (4) p. 8 7 -
91 ; August 1981. 

A progeny t r ia l was conduc ted on the Ka l iduren estate. 
Four teen cocoa in te rc lona l hyb r i d progenies were tested 
against OR 2 c lone as con t ro l . D R , D R C and GC clones were 
used as female p ' i rents and ICS and SCA clones as male 
parents of the hyb r ids . The g r o w t h rate, p recoc i t y and data 
nf «nmp r o m o o n p n t s of v ie ld were oresented in th is oaoer. 
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( N . B . ' A B S T R A C T S O N T R O P I C A L A G R I C U L T U R E ' W A S 
N O T P U B L I S H E D D U R I N G 1 9 8 4 1 

J A N U A R Y 1 9 8 5 

( E v a l u a t i o n o f w e e d c o n t r o l m e t h o d s in cocoa ) A v a l i a c a o 
t e c n i c o - e c o n o m i c a de d i f f e r e n t e s m e t o d o s de c o n t r o l e de 
p len tas invasoras d o cacaua l . L I M A , L .P. F E R R E I R A , H . I .S . 
e n d M U L L E R , M . W . C e n t r o de Pesquisas d o Cacau, C E P L A C , 
S e l e m , Para, B raz i l - Botetim Tecnico - Centro de Pesquisas 
do Cecau N o 1 1 1 , 21 p . 1 9 8 3 . 

E f f i c i e n c y a n d e c o n o m i c s o f c h e m i c a l w e e d c o n t r o l i n 
cocoa w e r e c o m p a r e d w i t h m e c h a n i c a l a n d h a n d w e e d i n g . 
T h e he rb i c i des a p p l i e d w e r e s i m a z i n e + p a r a q u a t at 3 . 0 kg + 
0 . 2 I a . i . / ha a n d d i u r o n + p a r a q u a t at 2 .4 kg + 0 . 2 I a . i . /ha 
P u t t i n g t h e m e c h a n i c a l w e e d i n g co: 
hand w e e d i n g r a t e d at 9 3 par c e n t 
per cent a n d d i u r o n + p a r a q u a t a t 
w e e d c o n t r o l p r o v e d t o be t h e leasi 
F E B R U A R Y 1 9 8 5 

(Cacao d r y i n g as re la ted t o t h i n l aye r d r y i n g ) Secageni d e 
a m e n d o a s de cacau r e l a c i o n a d a as teo r ias d e secagam e m 
camada de lgada . C U N H A , J. D iv isao de Te 
Engenha r i a A g r i c o l a s , C E P E C , I t a b u n a , Bah ia , 
ftevisra Thaobroma 13 (2) p . 8 7 - 8 1 ; A p r i l 1 9 8 3 . 

T h i n layer d r y i n g tests w i t h i 
in a m u l t i - u n i t d r y e r i n o r d e r t i 
t e m p e r e t u r e s o f 50 , 6 7 . 7 , 6 0 , 70 , 7 4 : 
air f l o w o f 9 . 1 4 m / m i n . T h e resu l t s are i n ag reement w i t h 
ear l ier research, s h o w i n g 3 d i f f e r e n t d r y i n g p e r i o d s , i n c l u d i n g 
a p e r i o d w i t h a c o n s t a n t d r y i n g r a l e and 2 p e r i o d s w i t h 
decreas ing d r y i n g rates. V a l u e s o f t h e e q u i l i b r i u m m o i s t u r e 
c o n t e n t a n d t h e d r y i n g c o n s t a n t w e r e d e t e r m i n e d a n d 
t h e o r e t i c a l d r y i n g curves w e r e c a l c u l a t e d a n d c o m p a r e d w i t h 
e x p e r i m e n t a l l y es tab l i shed cu rves . L inear regress ion 
e q u a t i o n s w e r e d e v e l o p e d , m a k i n g i t poss ib le t o p r e d i c t the 
cou rse o f t h i n layer d r y i n g o f c o c o a beans. 

(S to rage o f cocoa beans i n p l a s t i c bags) A r m a z a n a m e n t o da 
cacau a m sacos p las t i cos . P R A D O , E.P. D O . S A N T O S , S .R . 

log ia e Engen-
iz i l - Revista 

; A p 
a beans w e r e t 

t ab l i sh d r y i n g ( 
i nd 7 5 ° C and £ 

ologiE 
Braz i l 

•r ied o u t 
jrues f o r 

b e a n 
basis 

Super i . 
the p o l v 

r Grade f o 
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•ol o f c o c o a b l ack p o d disease) Oosagens 
icao de f u n g i c i d e s a base de c o b r e « « 
pa rda d o cacau. L E L L I S . W 
D iv 

(Dosage 
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J . M . D E 
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d e F i t o p a t o l o g i a , C E P E C , I t a b u n a , Bah ia , 
Theobroma 13 (2 ) p. 9 9 - 1 0 4 : A p r i l 1 9 8 3 . 
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( A d v a n c e s in t h e c o n t r o l o f c o c o a b l ack p o d disease i n B a h i a , 
B raz i l ) Progressos n o c o n t r o l e q u i m i c o da p o d r i d a o p a r d a d o 
cacaue i ro na B a h i a , B ras i l . L E L L I S , W . T . , F I G U E I R E D O , 
J .M . D E a n d P E R E I R A , J . L . M . D iv isao d e F i t o p a t o l o g i a , 
C E P E C , I t3bu,na, Bah ia , Braz t l - Revista Theobroma 13 (2 ) 
p . 1 0 5 - 1 1 1 ; A p r i l 1 9 8 3 . 

T h e h i s t o r y of t h e c o n t r o l measures aga in 
disease (Phytophthora palmivora} o f cocoa si 
r e v i e w e d . A a r i c u l t u r a l o rac t i ces i n c o m h i 
based sprays o f f ung i c i des , s u c h as Cob re Sand 
a n d K a u r i t o l w e r e r e c o m m e n d e d in those daya. 
o rgan i c f u n g i c i d e s s u c h as M e l p r e x ( d o d e c i l ) , 
( t i a d a z o l l a n d C a p t a n w e r e t r i e d . Research 
f o r m u l a t i o n o f t h e f u n g i c i d e s m a d e i t poss ib le t o 
v o l u m e sp rays ( 2 0 l / h a l us ing m i n e r a l o i l s as car r ie rs . T h e 

• l a c k p o d 
1 9 5 4 , is 

t h c o p p e r 
C u p r o s a n 
La te r o n 
T e r r a z o l e 

o n the 
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use o f hose and b o o m s p r a y i n g e q u i p m e n t resu l t ed i n loiwer 
s p r a y i n g costs per ha as c o m p a r e d w i t h t h e f o r m e r l y m u c h 
used m i s t b l o w e r s . 

(Research a n d c o n t r o l s t ra teg ies o f t h e cocoa p o d b o r e r ) 
S t r e t a g i p a n e l i t i a n d a n p e m b e r a n t a s a n pengaerek b u s h 
c o k e l a t . W A R D O J O , S, Bala i Pene l i t i an P e r k e b u n a n B o g o r , 
B o g o r , I ndones ia - Menara Perkebunan- {Indonesia) 49 (3) 
p . 6 9 - 7 4 ; June 1 9 8 1 . 

T h e cocoa p o d b o r e r tAcrocercops cramerellal is o n e 
of t h e m a j o r species t h a t has a d a p t e d success fu l l y f r o m i ts 

r ig ina l host p lan t t o c o c o a . It is p r i m a r i l y t h e l i f e h a b i t o f 
it<es t h i s pest d i f f i c u l t t o c o n t r o l . 
: h i n g i t bores i n t o t h e p o d a n d rema ins 

n t i l i t reaches t h e p r e p u p a l stage, w h e n i t t u n n e l s o u t 
j t e . Th i s l i f e hab i t enab les t h e larva t o escape f r o m 
scks o f i ts n a t u r a l enemies a n d insec t i c ides , end t o 
I passively over l o n g d is tances . T h i s paper Describes 
o n t r o l s t ra teg ies a n d i nd i ca tes p r i p r i t i e s o f re levan t 

the larva w h i c h 
I m m e d i a t e l y a f te r h. 
t he re i 

t h e 
d i sp 

(Some factors af fect ing the v iabi l i ty of cocoa saed) Beberapa 
f e k t o r yang barpsngaruh terhadap dsya h idup benib cokelat . 
R A H A R D J O , P. Ba la i Pene l i t i an P e r k e b u n a n Bogo r Boqor 
I ndones ia - IHenara Perltebunan 19 (3) p . 6 5 - 6 8 ; June 1981. ' 

T h e m a i n f a c t o r s a f f e c t i n g t h e v i a b i l i t y o f cocoa seed are 
(a l t e m p e r a t u r e , (b) re la t i ve h u m i d i t y , (c) m o i s t u r e c o n t e n t 
(d) a c t i v i t y o f f u n g i a n d (e) a e r a t i o n . Cacao seed can re ta i n 
i ts v i a b i l i t y f o r at least o n e m o n t h if s t o red u n d e r c o n d i t i o n s 
as f o l l o w s : a re la t i ve h u m i d i t y o f c i r ca 1 0 0 per c e n t ; a 
m o i s t u r e c o n t e n t o f t h e seed o f c i rca 5 0 per c e n t ; a tempera -
t u r e range f o r 18 t o 3 0 C a n d f ree f r o m f u n g a l a t t a c k . I t is 
suggested tha t a f a v o u r a b l e a e r a t i o n w i l l p r o l o n g t h e v i a b i l i t y 
f o r m o r e t h a n o n e m o n t h . 

D O S a n d A B R E U , " j ! m . D E . D i v i sao de 
ha r i a A g r i c o l a s , C E P E C , I t a b u o a , Bah ia , I 
Theoboma 13 (2) p . 8 3 - 9 7 ; A p r i l 1 9 8 3 , 

P o l y e t h y l e n e bags o f 0 . 0 5 m m t h i c k , eai 
kg cocoa beans was used t o < tudv the poss ib i 
p e r i o d s o f s torage o n t h e ' ^ r m . J u t e bags a l . u 
kg c o c o a beans served as a s t a n d a r d . T h e c o n t t 
bags was i n fes ted w i t h 2 5 pai rs o f larvae of Ephe. 
a n d 5 0 a d u l t s o f TriboHurrt castaneum. I n t h e p o l y e t h y l e n e 
sacks, d u r i n g 12 m o n t h s of s to rage, n e i t h e r m o u l d d e v e l o p -
m e n t n o r n o t i c e a b l e insec t a t t a c k s o c c u r r e d , w h i l e t h e beans 
s t o r e d in j u t e sacks w e r e a l r e a d y u n f i t f o r e x p o r t a f t e r 8 
m o n t h s o f s to rage. E. cauteila was ab le t o surv ive i n t h e 

s bags. I n t h e f i na l euaf 
an i n i t i a l m o i s t u r e c o n 

average m o i : 
lene bags ar 

l ied w i t h 6 0 
Jf p r o l o n g e d 
j n t a i n i n g 6 0 

b o t h 

of the p r o d u c e t h e 
6 . 6 per cen t ( w e t 

o n t e n i of 7 .1 per 
r c l ass i f i ca t i on as 

( D r y i n g o f c o c o a in a p l a t f o r m t y p 
r e c i r c u l a t i o n o f a i r ) Secagem de 
p l a t f o r m a c o m a sem rec i r cu l acao d 
a n d F R E I R E , E .S . - Soletim Tecni 
do Cacau N o . 118 , 1 9 p . 1 9 8 3 . 

A p p l i c a t i o n o f a r e d u c e d n o n - c i r c u 
e f f i c i enc ies a l least as h igh as w i t h rec i r 
at o r near 6 0 C. A l 7 0 ° C the a p p l i c a 

l i e d i n some increase in e f f i c i e n 
e f f i c i e 
d r y i n g 
degree 
t e m p e r i 
e f f i c i e n 
s h o w e d 
p r e v i o u 
p e r i o d s 
p e r i o d . 

V values 
a i r t e m p e r a t u r e . W i t h 
)f cocoa l o a d i n g a n d t o 
i tu re we re i m p o r t a n 
: y . T h e d r y i n g <•„ 

t h r e e d i s t i n c t 
r iy p u b l i s h e d re 
w e r e l o w e r tha 
t h e usua l e x o o r 

) - recvc le 

r i ods , co r re 
s. D r y i n g ra 
<pected. t h o 
iai fa l l in d r 

in i t w i t h a n d w i t h o u t 
au e m secador t i p o / 
r . M C D O N A L D , C . R . 
- Centro de Pesguisas 

j i a t i o n air f l o w gave 
• c u l a t i o n w h e n d r y i n g 
t i o n of r e c i r c u l a t i o n 
icy . Overa l l t h 
; was i ndepend t 
a t i o n . h o w e v e r , 
e x t e n t the d r y i r 
f e t e r m i n i n g sy 
t h e runs car r ied 
s p o n d i n g w e l l 
les d u r i n g the i . 
ugh d u r i n g t h e 
/ i n g ra te t o o k p 

e r m a i 
in t o f 

M A R C H 1 9 8 5 

T h e e f f e c t s o f s h a d i n g reg imes o n t h e g r o w t h o f c o c o 
seedl ings (T. cacao) H A R U N . R . M . R . a n d K A M A R I A H . H . 
U n i v e r s i t i Pe r tan ian M a l a * 
Pertanika (Malaysia) 6 (3} p . 1 - - 5 ; DececTib 

Cocoa seedl ings w e r e g r o w n u n d e r f u l 
3 0 . 5 5 or 8 0 per c e n t , shade d u r i n g t h e fir 
n u r s e r y . 8 0 per cent shade d u r i n g t h e f 
g r a d u a l l y r e d u c i n g shade a f t e r t h a t gave c 
a c c u m u l a t i o n . Th i s i n t e r a c t i o n b e t w e e n 
reg ime was b r o u g h t a b o u t b y chang 

i rous o x i d e w i t h 
h l o r i d e w i t h 3 5 

— against p o d r o t 
T h e fung i c i des w e r e 

m d 4 per cent f c .p . ) at 
ing Jhe p e r i o d f r o m A p r i l 

» c o m p o u n d s w e r e m o r e 
Rn t ra t i ons o f 2 a n d 4 per 
m 3 / h a 

> response 
o f 

"3 self shad ing 

Serdang. Se langor , Ma lays i : 
ir 1 9 8 3 . 
sun l igh t or u n d e r 

;t 5 m o n t h s in t h e 
rst 3 m o n t h s a n d 
p t i m a l d r y w e i g h t 
age a n d s h a d i n g 
a s s i m i l a t i o n r»rpc 

:apac 

- aged and 
) d u c t i o n i n response l o d i f f e r e n t l i gh t 
u n s h a d e d c o n d i t i o n was d e t r i m e n t a l t o 

ing p rac t i ce has t o take i n t o a c c o u n t t h e 
apac i t y f o r l ea l p r o d u c t i o n and o o t i m a l 

I n t e r a c t i o n s o f s o i l a m e n d m e n t s and c o m p l e x f e r t i l i z e r s . 
2. E f f e c t s o n t h e g r o w t h o f c o c o a seedl ings. S H A H B U D D I n ] 
M . F . and G O H , K . J . U n i v e r s i t i Pe r tan ian Ma lays ia , Se rdang 
Se langor . Ma lays ia - Pertanika (Malaysia) 6 13) p 6 - 1 1 -
D e c e m b e r 1 9 8 3 . 

G r o w t h pa rame te rs - p l a n t he igh t , 
n u m b e r a n d leaf area we re assessed at i n 
u p t o e i g h t e e n w e e k s . T h e d r y m a t t e r 
r o o t and t h e i r s u m we re d e t e r m i n e d 
e x p e r i m e n t . I n d i v i d u a l a p p l i c a t i o n s of 
d i d n o t e n h a n c e growrth o f cocoa 

a r o o r a t i o n o f G M L a n d c o m o l p * fo 
increased p la i 
area. S i m i l a r 
L i m i n g a lon ( 
vege ta t i ve d r y 

ted a r o w 

Stem d i a m e 
tervals o f f o i 
y ie lds o f le; 
at t h e e n d 
the m a t e r i 

seedl ings. I-
i qn 

e r . leaf 
r w e e k s 
f . s t e m , 

o f t h e 
its used 
Owever 
Fican 

u h e i g h t , s t e m d i a m e t e r , leaf n u m b e r a n d leaf 
e f f e c t s we re o b t a i n e d f o r d r y m a t t e r y i e l d s . 
I i m p r o v e d r o o t d e v e l o p m e n t b u t n o t t h e 

m a t t p r i / ip lr i« A g r o s i l t r ea ted seedl inas s h o w e d 
a — " - —Id reduced d r y ••><iiiei y 

) n d i t i o n s w e r e i m p r o v e d b y the a p p l i c a t 
r t i l i ze rs 1 2 ; 1 2 : 1 7 : 2 + T E a n d 1 6 : 1 R : 1 7 «̂  
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Cacao. Revista Cafetalera - A N A C A F E (Guatemala) No 237 
p. 2 8 - 3 2 ; December 1983. 

The ecological growing condi t ions of cocoa are similar l o 
those exist ing in the humid rainforests, i.e. condi t ions w i t h 
part ial shade, high humid i ty and the presence of mi ld humus 
layers. Cl imate, soil and fert i l izer requirements, the 
occurrence of deficiencies, the appl icat ion of leaf fert i l izers, 
the cu l t i va t ion under shade and pruning systems are 
reviewed. A highly eff ic ient system of fer t i l iz ing is to apply a 
mulch consisting of cutt ings of elephant grass (Penn/'seium 
purpureum) or Guinea grass (Panicum maxima ml. wh ich 
received the normal dosage of fert i l izers. 
A P R I L 1985 
Proof of pathogenici ty of Crinipellis pemidosa to T. cacao 
by using basidiospores produced in v i t ro cul ture. PUROY, 
L.H. . TRESE. A.T. and A R A G U N D I , J.A. Department of 
Plant Pathology, University of Flor ida. Gainesville. Florida, 
USA - Revista Theobromav. 13 (3) p. 1 5 7 - 1 6 3 ; J u l y 1983. 

Greenhouse studies, on inoculat ion of adult cocoa plants 
w i t h basidiocarps of CrinipeUis perniciosa, conducted in 
Brazil showed conclusively that this pathogen causes witches' 
b room disease in cacao trees. 

(Effect of defoliation on the phenological behaviour of 
•haded and unshaded cocoa trees) Influencia da ramocao 
foliar sobre a fenologis d« cacaueiros expostos ao sol e a 
sombrs. L E I T E . R.M. DE 0 . and M U L L E R . M . W . Divisao de 
Agronomia e Producao, CEPEC. Itabuna, Bahia, Brazil -
Revista Theobroma 13 (3) p. 2 0 3 - 2 1 0 ; July 1983. 

Studies on the phonological behaviour of shaded and 
unshaded 50 and 12 year o ld cocoa trees w i t h respect to 
de fo l ia t ion , conducted in Bahia show that the intensi ty of 
f lower ing and f lushing, bo th in young and o ld trees, was 
greater in unshaded plants. More cherelle w i l t in old cacao 
trees under shade was probably related to lower photo-
synthet ic ac t iv i ty . Defol iat ion tended to decrease yields in 
young unshaded trees. Light defo l ia t ion apparent ly bene-
f i t t ed yields of shaded and unshaded cocoa trees. 

(Nitrogen raquiramenti in a cocoa •grosyttam) Raqueri-
mantos da nitrogtnio am um agrosiiitama dt cacau. 
S A N T A N A , M.B.M. end C A B A L A ROSAND, P. Divisao de 
Geociencias, CEPEC, Itabuna, Behia, Brazil - Revista 
Theobroma r j (3) p. 2 1 1 - 2 2 1 ; July 1983. 

Studies on the reut i l izat ion of N in the N-cycle of a 17 
year o ld cocoa plantat ion shaded by Erythrina fusca. 
conducted in Behia showed that mdre than 8 tons of plant 
material per hectare fell on the soil w i t h i n one year. This is 
approx imate ly equivalent to 140 kg N/ha representing 6 t o 
8 times the N content in 1000 kg of d r y cocoa beans. Most 
fallen residue had 50 per cent of its d ry matter decomposed 
w i t h i n 6 - 9 months. Data are presented on soil NO3 end 
N H 4 in relat ion t o depth t ime and distance f r o m shade tree 
trunks. 

(Effect of nitrapyrin (N-tarve 24 E) on toil nitrification and 
the growth of cacao plants) Efelto da nitrapirina (N-serve 
24 E) na nitriftcacao do lolo a no desenvolvimento de plantas 
de cacau. S A N T A N A . M.B.M. and EZETA. F.N. Divisao de 
Geociencias. CEPEC, Itabuna, Bahia, Brazil - Revista 
Theobroma / J (3) p. 2 2 3 - 2 3 1 ; July 1983. 

A greenhouse study on the ef fect of n i t rapyr in (2-chloro-
6 ( t r i ch lo romethy l ) pyr idine), conducted in Bahia showed 
that at concentrat ions of 10 ppm n i t rapy r in n i t r i f i ca t ion was 
inhib i ted and g rowth of cocoa plants st imulated whi le nitra-
pyr in at 50 ppm cause phy to tox ic effects to develop. 

Factors associated with cocoa bean acidity and the possibility 
of its reduction by improved fermentation. LOPEZ, A.S.F. 
Divisao de Tecnologia e Engenharia Agricolas. CEPEC, 
Itabuna, Bahia, Brazil - Revista Theobroma 13 (3) p. 2 3 3 -
248; July 1983. 

Studies o n agents causing cocoa bean acid i ty conducted in 
Bahia showed that free acid content , especially acetic acid, 
are related to p H changes dur ing fermentat ion. In fu l ly fer-
mented beans (6 days), volati le acetic acid is the pr incipal 
free acid, w i t h n n-volati le acids less impor tan t . In case of 
only 3 - 5 day fermentat ion a reverse s i tuat ion may occur. 
M A Y 1985 

Studies on cut t ings in cocoa. M O H D IDRIS Z A I N A L 
A B I D I N and A Z M I B A K A R . Facul ty of Agr icul ture, 
Universit i Pertanian Malaysia, Serdang. Selangor. Malaysia -
Planter 60 Q. 1 1 1 - 1 1 2; March 1984. 

This paper reports the results of experiments on cutt ings 
in cocoa. Cut t ings f rom sof twood gave higher percentage 
root ing compared w i t h semi hardwood. Single leaf cutt ings 
gave a higher percentage root ing than two leafed cutt ings. 
Cutt ings wh i ch received wax treatment on their cut po r t ion 
produced higher root ing abi l i ty than the cont ro l . A l though 
cuttings treated w i t h IBA had higher percentage root ing 
when compared w i t h N A A . the di f ference was not 
sianif icant. 

' A study on the cause of die-back in coffee trees) YU . H. 
Agr icul tural Research Inst. Dehong. Yunnan. China -
Chinese Journal of Tropical Crops 5 ( D p . 9 3 - 1 0 4 ; March 
1984. 

The results of a study on the cause of die-back in cof fee 
trees are presented. The main cause of die-back seems to lie 
in carbohydrate def ic iency, arising f r o m the deplet ion of this 
nutr ient due to over-bearing. The root system of the seriously 
affected plant also displayed acute nutr ient def ic iency 
symptoms. The cause of die-back also lies in the coffee trees 
biological features. 

Cocoa nu t r i t i on and manuring on inland toi ls in Peninsular 
Malaysia L I N G . A.H. Duntop Research Centre. Batang 
Malaka, Negri Sembilan. Malaysia - Planter p. 1 2 - 2 4 ; 
January 1984. 

On inland soils of inherent ly low fer t i l i t y , adequate 
fert i l izer appl icat ions to cocoa are essential for rapid g rowth 
and sustained high yields. N.P.K. and Ca are found t o be 
important fo r rapid establishment and early product ion of 
cacao. In matured cocoa the requirement for K appears to 
decline, especially when recycling of pod husks is practised. 
As for N. the needs depend greatly on the environmental 
si tuat ion w i t h rainfel l and shade being the main determining 
factors. There are strong indicat ions that P is cont inuously 
required for sustained g rowth and y ie ld of mature cocoa. 
The requirement for Mg has not been fu l ly established. An 
in ter im integrated approach towards manuring of cacao on 
inland soils is proposed. The approach takes into considera-
t ion factors such as soil type, nu t r ien t uptake in relat ion t o 
tree age, leaf nutr ient level, y ie ld level, type and level of 
shade and other related agronomic factors. 
JUNE 1985 

Chemical compos i t ion and potent ia l uses of processing wastes 
f r o m some Nigerian cash crops A W O L U M A T E , E.C. Cocoa 
Research Inst, of Nigeria (CRIN) . lhadan. Nigeria - Turrialba 
inCAl V. 33(4) p. 3 8 1 - 3 8 6 ; Oct 1983. 

The prox imate composi t ion of crude protein, crude f ibre, 
ash, sodium, potassium, phosphorus and other trace elements 
of coffee pulp and parchment, kola pod husk, kola nut testa, 
cashew-apple pulp, cocoa-bean testa and cocoa pod husk are 
reported. The samples are high in moisture and crude f ibre 
hence they may be of l imi ted use for direct animal feeding 
but ensiling cou ld improve their feeding value. The ashes are 
poor sources of Mn, Cu and 2 n but r ich in Ca, N, K, Na. P, 
Fe and Mg. Therefore, they cou ld be useful in the local soap 
industry or as sources of organic fer t i l izer . Possible uses as 
raw materials for the product ion of pect in, jam and food 
colours are suggested. 

Pink disease of cocoa caused by Cor t i c ium salmonicolor 
Berk, and Br. in Western Samoa SCHNEIDER CHRIST IANS, 
J., FL IEGE, F.H. and SCHLOESSER. E. University of the 
South Pacific. Alafua, Western Samoa - Alafua Agricultural 
Bulletin (mstern Samoa} v. 8(3) p. 9 - 1 9 ; Nov 1983. 

This paper presents the results of 2 f ie ld surveys on the 
occurrence o f p ink disease in cacao due to Cor t ic ium 
salmonicolor conducted in Western Samoa. Sixty- four per 
cent of the cacao plantations were found to be infected. 
Spacing, elevation and shade plant species had no significant 
effect on in fec t ion rate. In fect ion rate on the south coast 
was far less than that on the Nor th-western part of the 
island. 

(Ac id producing fungi isolated dur ing the fermentat ion and 
dry ing of cacao) Fur>gos produtores de acidos isolados 
durante a fermentacao e secagem do cacau A L M E I D A 
R IBE IRO, N.C. DE and LOPEZ, A.S. Divisao de Tecnologia 
e Engenharia Agricolas. Centro de Pesquisas do Cacau 
(CEPEC), I tabuna. Bahia, Brazil - Revista Theobroma 
(Brazil} v. 13(4) p. 2 9 3 - 3 0 1 ; Oct 1983. 

The role of the fungi in the fermentat ion and dry ing of 
cacao w i t h emphasis on acid producing fungi was studied. 
Fungi were found in relatively small numbers during the 
entire period of fermentat ion. Ac id producing strains 
appeared after 24 hours and increased to 5 per cent of the 
fungal popu la t ion at the end of fe rmenta t ion . The growth 
characteristics of Aspergil lus niger in re lat ion t o fermentat ion 
condi t ions were examined and the impor tance of the fungi in 
relat ion to preservation of qual i ty is discussed. 

("Pinhalense" ro tary drier u t i l izat ion as a new opt ion for 
cacao dry ing) Ut i l izacao de sacador ro ta t ivo "Pinhalensa" 
como nova opcao na secagem de cacau C U N H A , J., 
M C D O N A L D . C.R. and FREIRE. E.S. Divisao de Tecnologia 
e Engenharia Agricolas. Centro de Pesquisas do Cacau 
(CEPEC). I tabuna, Bahia, Brazil - Revista Theobroma 
(BraziUv. 13(4) p. 3 0 3 - 3 1 3 ; 0 c t 1983. 

A rotary dryer , type S.T.R. 2700. or ig inal ly used for 
coffee, was mod i f ied and used for cacao dry ing. The dryer 
has a static capacity of 2700 kg of freshly fermented cacao 
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besns and can produce 1350 kg of d r y beans in 3 8 - 4 2 hours 
at a tempera tu re of about 60®C. The heat source is t he w o o d 
tha t is bu rned in a fu rnace and heats the d ry i ng air i n d i r e c t l y , 
e l im ina t ing smoke c o n t a m i n a t i o n - consuming 0 . 8 8 kg of 
w o o d per kg of d r y beans. Cons t ruc t i on , opera t ion and cost 
detai ls are given and l i m i t a t i o n s of use refat ive t o the 

ccessful. In a pod co l lec ted f r o m a 
sail a f fec ted tree, on l y 50 per cen 
>al and hea l thy . The abno rma l bean 
om ica l pecul iar i t ies of k n o b gsHs a 
' p e r a u x i n i t y in gall tissue were inves 

: of the be 
fai led t o ge rm in i 

id b iochemica l bi 
igated. 

o f s 
were 

sou thern Bahia cacao farms 5 ment ioned 

Metodo tog ia para avaliar resistencia de cult ivares e progenies 
h ibr idas de cacau a P h y t o p h t h o r a spp. que causam podr idao-
parda na Bahia L A W R E N C E . J.S. Divisao de F i t opa to log ia . 
Cen t ro de Pesquisas d o Cacau (CEPEC). I tabuna. Bahia, 
Brazi l - Revista Theobroma (Brazil) v. 13(4) p. 3 4 9 - 3 5 9 ; 
Oct 1983. 

On the basis oJ exper ience gained f r o m recent w o r k at 
the Cacao Research Center (CEPEC), Mheus. Bahia, Brazi l , 
me thods are recommended fo r evaluat ing resistance of cacao 
cuh ivars and hyb r i d progenies t o Phy toph tho ra spp. b o t h in 
rou t i ne screening fo r resistance and in studies on the inheri-
tance of resistance. Deta i led descr ip t ions of these techniques 
are p rov ided as a pract ica l gu ide for other workers . 

(The ro le of P h y t o p h t h o r a pa lm ivo ra in the cacao c u l t i v a t i o n 
in the N o r t h Sumatra) Peranan jamur P h y t o p h t h o r a palmi-
vora pada bud idadya tanaman cok la t d i Sumatera Utara 
P A R N A T A , Y . - Buleiin Balai Penelition Perkebunan Medan 
(Indonesia) v. 14(2) p. 5 3 - 5 7 ; Jun 1983. 

P h y t o p h t h o r a pa lm ivo ra exh ib i t s more or less the same 
phenomena in rubber as in cacao in N o r t h Suma t ra , in that 
cer ta in plant ings do escape specif ic appearances of a 
P h y t o p h t h o r a disease. New Phy toph tho ra strains m a y have 
been f o rmed , w h i c h c o u l d a f fec t the to lerance character-
istics of the plant ings. The con t ro l of the P h y t o p h t h o r a 
disease has so far been based on the l i fe character is t ics of 
the fungus and o n in tegrated approach such as b y in tegrated 
sani tary and agronomic measures. 

(A m e t h o d for the eva lua t ion of the p r o d u c t i o n o f fresh 
beans appl icable t o c o m p l e t e l y randomized t r ia ls) Une 
m e t h o d e d 'eva lua t ion de la p r o d u c t i o n de feves fraiches 
appl icable aux essaisent ierement randomises L A U C H E N A U O , 
P. S ta t i on Centra le, Ins t i tu t de Recherches .u Cafe et du 
Cacao. Divo, Ivory Coast - Cafe. Cacao. The (France) v. 
28 (2 ) p. 8 3 - 8 8 ; Ap r 1984. 

A f t e r a br ief desc r ip t i on of the two me thods used at 
present for the eva lua t ion of p roduc t i on , one based on a 
count of pods, the o the r on the weight o f fresh beans, the 
au tho r presents a new m e t h o d based on the we igh t of pods. 
Th is m e t h o d , in w h i c h it is proved that the p r o d u c t i o n of 
fresh beans can be model ised. enables the labour needs on 
comp le te l y randomized p lo ts t o be reduced cons iderab ly 
and valuable i n f o r m a t i o n t o be used in cacao breed ing to be 
ob ta ined . 

(Var ia t ions in the abundance of Pseudococcines. vectors of 
the swo l len shoot disease in Togo) Var ia t ions d 'abondance 
de pseudococcines vectr ices de la maUdie du swol len-shoot 
au Togo N G U Y E N B A N . J. Ins t i tu t de Recherches d u Cafe et 
du Cacao. Yaounde, Cameroon - Cafe. Cacao. The (France) 
V. 28 (2 ) p. 1 0 3 - 1 1 0 ; Ap r 1984. 

The popu la t ions of the two most c o m m o n vectors of 
swo l len shoot disease of cacao in Togo. i.e. Planococcoides 
njalensis and Pseudococcus kenyae were s tud ied at t w o sites. 
On y o u n g p lanta t ions, P. kenyae was f o u n d t o be the 
d o m i n a n t species, and P. njalensis on adu l t p lanta t ions. 
P. njalensis is r i fe in the d r y season whi le P. kenyae popula-
t ions increase in the wet season. The d i s t r i b u t i o n of 
P. njatensis is, because of i ts mode of l i fe, in aggregates whi le 
the more mobi le P. kenyae has a random d i s t r i b u t i o n . 

(Factors de te rm in ing the loca l iza t ion of black p o d disease 
lesions of the cacao t ree (Theobroma cacao) 2. Determin isms 
involved) Facteurs de te rm inan t la local isat ion des lesions de 
p o u r r i t u r e b rune des cabosses du cacaoyer (Theobroma 
cacao). 2. Determin ismes impl tques B A B A C A U H , K .D . Ecole 
Nat iona le Superieure A g r o n o m i q u e , Ab id jan . I v o r y Coast -
Cafe. Cacao. The (France) v . 28 (2 ) p. 1 1 1 - 1 2 2 ; A p r 1984. 

Ana tom ica l , mo rpho log i ca l and physio logical changes in 
space and in t ime largely exp la in w h y b lack p o d disease 
(Phy toph tho ra spp.) invades more readi ly the d is ta l parts of 
y o u n g cacao pods, and the f lanks of older pods. 

Cush ion galls of cocoa in Ind ia C H A N D R A M O H A N A N , R.. 
S U S R A M O N I A N , N. and B A L A S I M H A , D. Regional Sta t ion, 
Centra l P lantat ion Crops Research Inst., V i t t a l , Karnataka, 
Ind ia - Journal of Plantation Crops (India) v . 12 (1 ) p. 2 3 -
2 9 ; Jun 1984. 

Dur ing a survey of cacao gardens in South Ind ia , cu ih i on 
galls were observed in the T r i chur D is t r i c t (Kerala State). 
Based on s y m p t o m a t o l o g y they were i den t i f i ed as fen galls 
and k n o b galls. The e t io logy of these galls is yet to be 
establ ished. A t t e m p t s t o t ransmi t these d isorders ware 

J U L Y 1985 

Phytophthora associated wi th cocoa (Thcobroma cacao L.) 
in South Kanara District, Karnataka, India S R E E N I V A S A N . 
T .N. and M O H A N A N , R.C. Cocoa Research U n i t . Un ivers i t y 
of the West Indies, St. Augus t ine . T r in idad and Tobago -
Tropical Agriculture (Trinidad and Tobago) v . 6 1 ( 3 ) p. 
1 8 6 - 1 8 7 ; Ju l 1984. 

Studies t o i den t i f y the P h y t o p h t h o r a associated w i t h 
cacao in the sou th Kanara D is t r i c t , Karnataka, India, showed 
the presence o f on ly one species o f Phy toph thora . F r o m the 
sporangial m o r p h o l o g y of the var ious isolates it is conc luded 
that P. pa lm ivo ra is the pa thogen associated w i t h cacao in 
sou th Kanara. 

Cocoa d r y i n g : a review M C D O N A L D , C.R. . LASS, R . A . and 
LOPEZ, A .S.F . Centro de Pesquisas do Cacau {CEPEC), 
I tabuna, Bahia, Brazil - Planter (Malaysia) v. 5 9 ( 6 9 3 ) p. 
5 5 7 - 5 9 3 ; Dec 1983. 

This rev iew a t tempts t o prov ide a comple te p ic tu re of 
cocoa d r y i n g theory and e q u i p m e n t and to reconci le the 
o f ten d ivergent views of the b iochemis t and the engineer. The 
theoret ica l aspect of d r y i n g and end-product q u a l i t y are 
covered f i rs t , fo l lowed by a discussion o n the advantages and 
disadvantages of each dr ier t y p e w i t h reference whenever 
necessary, t o the appropr ia te theoret ica l aspects. Some 
i l lus t ra t ions of the var ious types of driers are inc luded. 

Effects of pruning on Amelonado cocoa in Fij i M A R T I N , 
M .P .L .D . and P R A S A D , G. Research Div., Depar tmen t of 
Agr i cu l t u re , Suva, F i j i — Fiji Agricultural Journal (Fiji) 
V. 45 (1 ) p. 7 - 1 2 ; June 1983. 

A p r u n i n g exper iment commenced in 1968 o n h i t h e r t o 
s t r i c t l y p r u n e d lO-year-o ld A m e l o n a d o cacao at Wa imaro , in 
eastern V i t i Levu, F i j i was c o n t i n u e d f r o m 1974 to 1982. 
T h r o u g h o u t this 9-year-per iod d iscre t ionary p run ing , where 
2—3 basal chupons were a l l owed to g row in a d d i t i o n t o the 
main s tem, gave apprec iably greater potent ia l and actual 
y ields than str ic t p run ing , no p run ing and con t i nued vert ical 
grovsnh f r o m the f irst j o r q u e t t e . No prun ing gave a higher 
po ten t i a l y ie ld than str ic t p run ing , though there was no 
d i f fe rence in actual y ie ld . U n p r u n e d cacao had the highest 
% b lack p o d loss, and s t r i c t l y pruned cacao the least. 
D iscre t ionary pruned and unp runed cacao were more 
suscept ible to hurr icane damage, but recovered earlier and 
better t han the more s t r i c t l y p runed cacao. The possible 
reasons f o r these d i f ferences and the advantages of discre-
t ionary p run ing over the o the r methods of p run ing are 
discussed. 

P re l im ina ry investigat ions i n t o the chemical c o n t r o l of the 
cocoa m o t h podborer Ac roce rcops cramerel la Snel len., in 
Sabah S I D H U , M. Hap Seng Plantat ion Sdn Bhd. , Tawau, 
Sabah, Malaysia - Planter (Malaysia) v. 6 0 ( 6 9 9 ) p. 2 2 8 -
242 ; Jun 1984. 

De l t ame th r i n , c y p e r m e t h r i n . fenvalerate, p r o p o x u r and 
8 - B H C , w h e n appl ied to the rest ing and ov ipos i t ing sites of 
the adu l t m o t h , reduced podborer in festat ion and y ie ld 
losses. Par t icu lar ly d e l t a m ^ t h r i n and p r o p o x u r , app l ied in 4 
or 5 consecut ive sprays at intervals of 10—14 days were 
h ighly consistent in pe r fo rmance . Cost effect iveness of the 
t rea tments at various y ie ld levels and p re l im ina ry recom-
menda t i ons o n the use of the techn ique are presented. 

Copp ic ing exper iments o n t he spread and c o n t r o l of cocoa 
swo l len shoot virus in Ghana L E G G , J.T., L O V t . N .K . and 
O L L E N N U . L . A . A . Cocoa Research Inst., New Tafo-Akin> 
Ghana - Crop Protection (UK) v. 3(3) p. 2 8 9 - 3 0 4 ; Sep 
1984. 

In Ghana, a copp ic ing techn ique was used in cacao to 
de te rm ine the inc idence and d i s t r i b u t i o n of latent and missed 
i n fec t i on w i t h swol len shoot v irus in and a round natura l ly 
occu r r i ng outbreaks. When apparent ly heal thy trees were 
copp iced w i t h i n at least 27 m of trees found infested, some 
fa i led t o regenerate. Many o f the regenerat ing shoots 
deve loped stem and /o r leaf symptoms of swol len shoot 
disease w i t h i n 3 years of copp ic ing . These and o the r results 
repor ted emphasize the l i m i t a t i o n s of rou t ine inspect ions and 
w i l l in f luence the e rad ica t ion measures adop ted in Ghana. 

A U G U S T 1985 

(Contribution to the development of the chemical control of 
cocoa black pod disease in Togo: studies on the possibilities 
of using metalaxyl) Contr ibut ion a la mise au point de la 
lutte chimique contre la pourriture brune des cabossas du 
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cacaoyer au T o g o : etude das possibi l i tes d ' e m p l o i du 
meta laxy l D A V O U S . M.P.. D J I E K P O R . E.K. and C I L A S . C. 
Ins t i tu t de Recherches du Cafe et d u Cacao ( I R C O , 
Mon tpe l l l e r . France - Cafe, Cacao. The (France} v . 28(3) ' 
p. 1 9 1 - 2 0 2 ; Ju l 1984. 

Fungic ide tr ia ls carr ied o u t in Togo have demonst ra ted 
the e f f i cacy o f me ta laxy l i R i d o m i l 25) against Phy toph tho ra 

• pa lmivora and P. megakarya. The risk of the deve lopment o f 
resistant strains of the t w o diseases is smaller fo r P. 
megakarya than for P. pa lmivora . Copper in c o m b i n a t i o n 
w i t h me ta laxy l prevents the appearance of resistant strains. 
Meta laxy l at 0 .4 g / l comb ined w i t h copper at 2 g/ l appl ied 
every 21 days p rov ided p ro tec t i on equivalent t o tha t o f fe red 
by 0 .5 g / l . also app l ied at 21-day- intervals. 

(Eleven years o f cacao renovat ion at the Cacao Research 
Centre o f Bahia) Renovacao de cacauais; onze anos de 
observacao da fazende un i tar ia d o Cent ro de Pasquisas do 
Cacau, Bahia F E R R E I R A , H.I .S. , T R E V I 2 A N , S.O.P. and 
S O U Z A , J.P. OE Divisao de Ciencias Sociais e Estat ist ica. 
Comissao Execut ive do Piano da Levoura Cacaueira 
( C E P L A C ) , I tabuna, Bahia. Brazi l — BoletJm Tecnico -
Centra de Pesquisas do Cacau (Brazil) no. 119, 86 p. 1983. 

The econom ic and social aspects of renovat ion of cacao 
p lan ta t ions was examined. The economic evaluat ion 
consisted of 2 types o f me thods : the f irst used the typ ica l 
year (break-even po in t ) and. the second considered the 
evo lu t i on of capi ta l in t ime, w i t h present (d iscounted) value. • 
benef i t -cost ra t io and internal rate o f re turn as cr i ter ia . T w o 
d i f f e ren t methods of renewal were studied fo r 11 years in 5 
renovated areas. The o u t c o m e in "each area ref lects the 
c o n t r i b u t i o n o f the three major factors o f agr icu l tura l 
p r o d u c t i o n — genetics, env i ronment and management . The 
results of the area were analysed according to the cr i ter ia ; 
nei ther m e t h o d was ind icated as superior. The social analysis 
was based o n the use of manpower as wel l as the mainten-
ance of the areas. F r o m these bases useful coe f f i c ien ts were 
calculated for the p lann ing and admin i s t ra t i on of the 
p r o d u c t i o n in a cacao p lan ta t ion . 
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