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E D I T O R I A L 

There are many millions of small farmers in West A f r i ca whose 
livelihood depends on the succes s fu l and economic cult ivat ion of 
cocoa. The i r planting material and techniques of cult ivat ion have 
hard ly altered over the last 5 decades and for cocoa to cont inue to 
be an economically competitive c rop for them improvements in 
planting material and technology are essential. On the other hand , 
there are an increas ing number of large plantation companies g row ing 
substantial cocoa in the Far Eas t . Both the technology and the 
planting material for these two d i ve r s e g r o u p s of cocoa g r owe r s are 
different and so research must be directed to the specific problems 
of each g r o u p . The large plantation companies in the Far East are 
now fund ing their own research and developing their own h y b r i d s . 
However, research for the many millions of small g rower s must be 
conducted by governments and these small g r ower s also need an 
efficient extens ion serv ice to inform them of the recommendations 
a r i s ing from the research. Scarce resources in terms of money, 
manpower and equipment will cont inue to p lague many research 
inst itut ions in the countr ies where smallholders g row cocoa. 

A 'network ' system of coordinated research programmes could make 
better use of the scarce resources which are available. One of the 
d isc ip l ines which lends itself best to this ' network ' approach is that 
of the collection, conservat ion , character i sat ion and evaluat ion of 
germplasm. The f i r st three activit ies should be carr ied out by a 
small number of international ly funded centres while the evaluation 
should be carr ied out in a d i ve r s i t y of cocoa g row ing env i ronments 
in all cocoa p roduc ing count r ie s . Logical ly, the international 
centres should be funded by the larger international dono r s with 
some ass i s tance from the host count r y in each case. The evaluation 
programmes would be funded by national governments with ass i s tance 
from the international donor s as appropr iate. 

The international cocoa community should review the histor ic 
situation and the future requirements for germplasm collection, 
conservat ion, character i sat ion and evaluat ion, allocate respons ib i l i t ies 
and a r range for adequate fund ing for this ' ne twork ' . It is somewhat 
ironical that research on a c rop g i v i n g a livelihood to many millions 
of smallholders is not cons idered to be an appropr iate act iv i ty for 
fund ing by most donor s who readi ly g i ve to other research 
inst itutions within the C C I A R system. Is it not now time for this 
policy to be changed? Cocoa cannot be cons idered an industr ia l c rop 
similar to r u b b e r , oil-palm or s u ga r g rown almost exc lus i ve ly by 
large plantation companies. 

ISSN 00'!i5-7256 R.A. LASS, Editor 

Cocoa Growers' Bulletin is published twice per annum by Cadbury 
Schweppes pic 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 
the mailing list, should be sent to R.A. Lass, Cocoa Department, L61, 
Cadbury Ltd., Bournville, Birmingham B30 2LU, England. 
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R E V I E W OF P R O D U C T I O N A N D C O N S U M P T I O N 
January 1986 - Apr i l 1987 

A . B . Cook, C a d b u r y Limited 
P R O D U C T I O N 

Since our last rev iew, based on Gill and D u f f u s ' s March 1986 report , 
the product ion posit ion has changed s ign i f i cant ly . Even at that 
stage they were still underest imat ing by 19,000 tonnes what the 
world 1984/85 product ion had been. In addit ion the forecast that 
the 1985/86 c rop s would be lower than 1981/85 d id not prove to be 
the case, with the I v o r y Coast p rov id ing most of the additional 
tonnage. 

The i r forecast for 1986/87 shows a small decl ine compared with 
1985/86, part ly caused by Niger ia where the pr ivat isat ion of the 
cocoa i ndu s t r y caused some of the early new c rop tonnages to be 
exported in the p rev ious crop yea r . In Braz i l the total tonnage is 
expected to be similar to the p rev i ou s year but this has been made 
up of a record main crop followed b y an extremely d i sappoint ing 
Temporao. Product ion in Malaysia cont inues to expand rap id ly and 
the recovery in Ghana cont inues, with increased product ion for the 
th i rd consecut ive yea r . 

C O N S U M P T I O N 

After the dramatic recovery in consumption in 1984 and 1985, 1986 
was rather d i sappo in t ing , showing a small decline aga ins t 1985 in 
spite of the s ign i f icant ly lower cocoa pr ices from Feb rua r y 1986 
onward s . Gill and Du f fu s have not pub l i shed detailed 
c o u n t r y - b y - c o u n t r y g r i nd i n g estimates for 1987 in their new report 
but they do g ive a global f igure of 1,868,000 tonnes for the 1986/87 
season, an increase of 47,000 tonnes compared with their global 
f i gure for the 1985/86 season, thus showing a delayed response to 
the cheaper cocoa pr ices . 

S T O C K S 

Gill and Du f f u s are now forecast ing that world s tocks at the end of 
September 1987 will be 709,000 tonnes, marg inal ly h igher than the 
September 1982 f i gu re , which will be the h i ghes t level s ince 1965. 
T h u s over the last 5 years we have seen a 2 year drop from 705,000 
tonnes in 1982 to 388,000 tonnes in 1984 and a 3 year recovery back 
to the 1982 level. 

I N T E R N A T I O N A L C O C O A A G R E E M E N T 

A new International Cocoa Agreement was ag reed in outline in Ju ly 
1986 but It was not until March 1987 that the detailed rules which 
would allow its Buf fer Stock mechanism to operate were agreed. 
T h i s I CA d i f fers from the p rev ious ones in that its s uppo r t prices 
are denominated in Special D r aw ing R i gh t s ( S D R ' s ) , a weighted 
basket of the major international cu r renc ie s . In an individual 
c u r r e n c y , therefore, the s uppo r t pr ices v a r y as the cu r r ency rates 
change. The market price at the end of March 1987 was marginally 
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WORLD COCOA PRODUCTION AND GRINDINGS DATA 

Reproduced from Gill and Duffus Market Report 325 

Dated April 1987 
(all figures in thousand metric tonnes) 

Production 1983/4 1984/5 1985/6 
(estimate) 

1986/7 
(forecast) 

WORLD TOTAL 1517 1950 1961 1932 

Africa 
S.America 

861 

463 

1080 
655 

1102 
606 

1065 
582 

W.Indies 52 53 54 50 
Asia & Oceania 141 162 199 235 

PRINCIPAL COUNTRIES 

Cameroon 108 120 118 125 
Ghana 159 175 219 230 
Equatorial Guinea 8 8 6 6 
Ivory Coast 4 U 565 585 570 
Nigeria 115 151 120 80 
Brazil 302 412 376 372 
Colombia 38 41 43 45 
Ecuador 48 121 103 80 
Mexico 35 42 40 40 
Venezuela 16 15 18 18 
Dominican Republic 39 39 40 36 . 
Malaysia 80 93 125 150 
Papua New Guinea 28 31 30 30 

GRINDINGS 1984 1985 1986 1987* 
(estimate) 

WORLD TOTAL 1750 1830 1823 

Western Europe 663 686 683 
Eastern Europe & USSR 894 930 913 
N.America 231 226 223 * forecasi 
Central & S.America 355 394 383 not includei 
Australia & N.Zealand 11 7 6 in Market 

Asia 98 109 140 Report 325 
Africa 161 164 158 

PRINCIPAL COUNTRIES 

United States 209 205 203 
Germany (FR) 194 207 201 

Netherlands 161 167 183 
USSR 150 160 150 
United Kingdom 90 91 89 
France 52 42 40 
Brazil 214 234 215 
Ivory Coast 85 90 
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below the initial s uppo r t level of 1600 S D R ' s and it was anticipated 
that the Buf fer Stock Manager would be ready to start operat ing 
a round the end of A p r i l . 

P R I C E S 

Pr ices fell s ha rp l y from January to June 1986 as it became 
p rog re s s i ve l y clearer that the 1985/86 product ion was s ign i f icant ly 
better than had been anticipated. The re was a rally between July 
and September 1986 on a combination of reaction to the new Cocoa 
Agreement and initial concern about the coming 1986/87 c r op s . S ince 
October pr ices have moved g radua l l y lower as it has become clear 
that the c rop outturn will be similar to the p rev ious year and also 
s ign i f icant ly above the cu r ren t consumption levels. 

Month end pr ices for nea rby report Ghana cocoa have b e e n : -

1986 January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

£1855 
£1661 
£1530 
£1385 
£1421 
£1362 
£1A80 
£1628 
£1587 
£1580 
£1515 
£1480 

1987 January 
February 
March 

£1400 
£1375 
£1350 
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C O C O A B R E E D I N G : P A S T , P R E S E N T A N D F U T U R E 
A . J . K e n n e d y + , C . Locl<wood++, C . M o s s u * , 

N . W . S i m m o n d s * * a n d C . Y . T a n * * * 
I N T R O D U C T I O N 

T h e Cocoa Choco late a n d C o n f e c t i o n e r y A l l i a n ce , in A p r i l 1986, 
b r o u g h t t oge the r a small g r o u p o f r e s e a r c h w o r k e r s c o n c e r n e d w i th 
p lant b r e e d i n g a n d g e n e t i c s in g e n e r a l , b u t w i th a s pec i f i c i n te re s t 
in cocoa . T h e aim of t h i s meet ing was to rev iew the c u r r e n t state o f 
cocoa b r e e d i n g in v a r i o u s c o u n t r i e s a n d to make recommendat i on s on 
a b r o a d f r on t a s to the f u t u r e d i r e c t i on that cocoa b r e e d i n g a n d 
g e r m p l a s m ut i l i sa t ion s h o u l d t ake . 

T h e d i s c u s s i o n g r o u p c o m p r i s e d P r o f . N . W . S immonds ( U n i v e r s i t y o f 
E d i n b u r g h ) ( C h a i r m a n ) , D r . A . J . K e n n e d y (Cocoa R e s e a r c h U n i t , 
U W I , T r i n i d a d ) , D r . C . L o c k w o o d (Commonwea l th Deve lopment 
C o r p o r a t i o n ) , D r . C . M o s s u ( I n s t i t u t de R e c h e r c h e s d u Ca fe et d u 
Cacao , F r a n c e ) a n d D r . C . Y . T a n ( P a p u a New C u i n e a ) . T h e 
meet ing was he ld o v e r two d a y s a n d the fo l lowing p a p e r r e p r e s e n t s 
the v e r s i o n o f the d i s c u s s i o n s r e f l ec t i ng the g e n e r a l v i e w s of the 
g r o u p . T h e initial d r a f t wa s p r e p a r e d b y D r . A . J . K e n n e d y . 

O V E R V I E W A N D H I S T O R I C A L B A C K G R O U N D 

Genet ic R e s o u r c e s a n d C o n s e r v a t i o n 

Cocoa is a c r o p of anc i en t o r i g i n s that h a s become a commodi ty o f 
major impor tance to the economies of many c o u n t r i e s . F r om farmer 
to c o n s u m e r is a c h a i n of u n u s u a l comp lex i t y among a g r i c u l t u r a l 
p r o d u c t s . S t a r t i n g w i th the complex eco l ogy of the cocoa f a rm, some 
d e g r e e o f o n - f a r m p r o c e s s i n g ( f e r m e n t i n g , d r y i n g ) a n d e n d i n g w i th 
the p r o d u c t i o n o f an a r r a y o f c o n s u m a b l e s f rom c o n f e c t i o n e r y to 
co smet i c s . A n a ccoun t o f the total a c t i v i t y a s s o c i a t ed w i th cocoa is 
to be f o u n d in Wood a n d L a s s ( 1986 ) . 

A t t empt s to col lect a n d c o n s e r v e T h e o b r o m a cacao g e r m p l a s m b e g a n 
ea r l y in the twent ieth c e n t u r y . T h e s e ea r l y co l lect ions we re b a s e d 
o n p h e n o t y p i c se lect ion w i t h i n local popu l a t i on s of F o r a s t e r o , C r io l l o 
a n d T r i n i t a r l o g r o u p s a n d can be r e g a r d e d a s ' l a nd v a r i e t y ' 
co l l ec t i ons . T h e w o r k o f V a n Hall (1930) in I n d o n e s i a , P o u n d (1936) 
in T r i n i d a d a n d Po snet te (1913) in G h a n a p r o v i d e e xamp l e s . T h e s e , 
a n d s e ve r a l s imi lar p r o g r a m m e s , led to the accumula t ion of n u m e r o u s 

ie****************************** 

+ Cocoa R e s e a r c h U n i t , U n i v e r s i t y o f the West I n d i e s , S t 
A u g u s t i n e , T r i n i d a d a n d T o b a g o ; 

++ Commonwea l th Deve lopment C o r p o r a t i o n , 33 Hill S t r e e t , L o n d o n , 
W1A 3 A R , U K 

* I R C C , 12 R u e S c h e f f e r , 75116, P a r i s , F r a n c e 
* * T h e E d i n b u r g h S choo l o f A g r i c u l t u r e , West Ma in R o a d , 

E d i n b u r g h , E H 9 3 J G , U K 
* * * P N G Cocoa a n d C o c o n u t R e s e a r c h I n s t i t u t e , P O B o x 1816, 

R a b a u l , Papua New C u i n e a 
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clonal select ions. In the f i r s t instance, s u ch collections were 
national but many have s ince been d i s t r ibuted to d i ve r se s i tes. 
General accounts of the h i s t o r y , botany and breed ing of cocoa can 
be found in Toxopeus (1969) and Cope (1976). 

In the 1920s and 1930s witches ' broom disease became a v e r y ser ious 
problem in T r i n i dad , caus ing widespread devastat ion in the local 
Tr in i ta r io cocoa population. In response to th is s ituation Pound 
mounted the f i r st s ign i f icant collecting expedit ions for cocoa 
germplasm in 1938 and 1943. His only aim at that time was to f ind 
res istance to Cr in ipel l i s pernic iosa, the causal f u n g u s of witches ' 
broom disease (Pound , 1938; Pound, 1943). 

The Pound collection cons i s ted of three d ist inct g r o u p s . From Peru 
he collected the Upper Amazon types cons i s t ing then of about 2500 
seed l ings der i ved from about 250 pods . These seed l ings are g r ouped 
into five populat ions named after their collection s i t e s : - Iquitos 
Mixed Calabacillo ( I M C ) , Morona ( M O ) , Nanay ( N A ) , Par inar i ( P A ) 
and Scav ina ( S C A ) . Pound ' s 1938 report indicates that the Par inar i s 
were two dist inct populat ions. In 1942-43, Pound collected budwood 
from eight of the parental trees of the seedl ing collection and 24 
others which became known as the P (Peru or Pound) c lones. 

The th i rd g r o u p of Pound ' s collections was from Ecuador where he 
selected 80 "Ref racta r io " trees showing apparent res istance to 
witches ' broom d i sease. From these 80, some 320 pods were 
collected. T h e y were all selected on commercial haciendas and each 
s u b g r o u p was named after the estate from which it came. The 
Refractar ios are a h i gh l y heterogeneous population which has 
received scant attention from breeder s . 

Many of the Pound access ions are maintained b y the Cocoa Research 
Unit of the Un i ve r s i t y of the West Ind ies , T r i n i dad . Kennedy (1984) 
lists those that are still extant in the International Cocoa Cenebank , 
T r i n i d a d . 

T r i n i dad is also the source of two other collections from the centre 
of d i ve r s i t y of the c rop . In 1952 , an expedit ion jointly b y the 
Cocoa Research Un i t , T r in idad and the Colombian Government yielded 
the S P E C collection which contained also some wild Theobroma and 
Herrania species. Between 1968 and 1972 Chalmers collected cocoa 
from the Oriente region of Ecuador (Cha lmers , 1 972). V e r y few of 
these two collections s u r v i v e in T r i n idad (or elsewhere) and they 
were never systematical ly d i s t r ibuted. 

A valuable collection of Criollo material is c on se r ved in Costa Rica at 
the Cent ro Agronomico Tropical de Invest igac ion y Ensenanza 
( C A T I E ) , Tu r r i a l ba . Because of the threat that they may become 
ext inct , Cr iol los are cons idered b y I B P G R to be of h ighes t pr ior i ty 
for immediate conservat ion. 

The g reat value of the Pound collection has stimulated fur ther 
collecting in the area cons idered to be the centre of d i ve r s i t y . The 
London Cocoa T rade Amazon Project has collected systematical ly in 
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Eastern Ecuador (Al len and L a s s , 1983). Large scale collecting Is 
also underway in Birazil a nd , recent ly, expedit ions have collected 
samples in Mexico, Colombia and Venezuela. 

I B P C R recognised the threat to wild cocoa posed by wide-scale 
clear ing of forest in South and Central America and , consequent l y , 
des ignated cocoa as a pr ior i ty c rop for conservat ion ( A n o n , 1981). 
It is essential that the now widely based collections of cocoa be 
effectively d i s t r ibuted, evaluated and exploited by b reeder s . To 
this end, I B P G R nominated two "base col lect ions": those at the Cocoa 
Research Unit , Un i ve r s i t y of the West Ind ies , S t . A u g u s t i n e , 
T r i n idad ( CRU/UWI ) and at the Centro Agronomico Tropical de 
Invest igac ion y Ensenanza, Tu r r i a l b a , Costa Rica ( C A T I E ) . 

The mobilisation of this germplasm depends not only on the 
genebank s but also on the existence of suitable plant quarant ine 
facilities. At present , s uch facilities are sad ly lack ing. A l t hough 
the Cocoa Research Un i t , T r i n i dad operates a regional quarant ine 
station in Barbados (for the Amer icas and Ca r i bbean ) , the on ly 
internationally recognised quarant ine is in the facilities maintained b y 
the United States Department of Ag r i cu l tu re and the American Cocoa 
Research Inst itute in Miami, F lor ida, U S A . 

Breed ing 

Tree c rops in general (and cocoa is no except ion) have long 
generat ion times. In cocoa there can be a minimum of 5 yea r s 
between generat ions but , more real ist ical ly, the interval is likely to 
be 8-10 yea r s . P rog re s s i s , therefore, l ikely to be slow and 
response to changes in direction even slower. It is important, then, 
that breeders have clear object ives. Table 1 summarises cocoa 
breeding efforts and resu l t s in the major g row ing areas. 

T A B L E 1 
Cocoa Breed ing Worldwide 

PLACE PRODUCTION BREEDING SEEDLINGS BENEFIT 
BEGUN /CLONES /IMPACT 
(decade) PREFERRED 

Braeil + + + 1950 S little 
Other SA + + 1920 S nil to some 
Caribbean + 1930 C some 
Ghana + + 1930 S some 
Cameroon + 1950 S substantial 
Nigeria + 1930 S little 
Ivory Coast 1 1 1 1 1950 S substantial 
Indonesia + 1920 S some (?much) 
Malaysia + 1950 S & c much 
Papua New Guinea + 1950 s starting 

From this table it is d i sappo int ing ly apparent that breed ing has had, 
b road ly , little impact except in Cameroon, I vo ry Coast and Malays ia. 
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The impact of b reed ing in these countr ies appears to have been 
greatest pe rhap s because they have on ly recently planted the 
greater part of their cocoa areas. Selection work was started in 
I vo ry Coast in 1946 and Cameroon in 1949 by I R C C which led to 
h y b r i d s showing precocity and h igh y ie ld compared to the local 
var iet ies (Mo s s u , 1983). There are many and var ied reasons for the 
weak impact of breed ing but undoubtedly a major factor has been the 
narrow genetic base from which most programmes were developed. 
From Table 1 it can also be seen that cocoa is g r own in two ways : 
as clonal p lant ings and as seedl ings ( de r i ved , in pr inciple if not 
a lways in pract ice, from known pa rent s ) . 

Two programmes serve to i l lustrate the development of the two main 
alternat ive routes . In T r i n idad (and the Car ibbean genera l l y ) clonal 
cocoa predominates. A breed ing programme initiated by the M in i s t ry 
of A g r i c u l t u r e in the 1930s and cont inued ( unb roken ) by W.E. 
Freeman into the 1980s has developed locally adapted T S H clones. 
The method of b reed ing was deliberately to restr ict the genetic base 
to as few as four or iginal parents ( IMC 67, S C A 6, P 18 and I C S 1) 
and then, in succes s i ve generat ions of i n te rbreed ing , select 
out s tand ing indiv idual trees to develop as c lones. The objectives 
were clearly def ined (and few): low pod index, res istance to black 
pod, res i s tance to witches ' broom disease and , to a lesser extent, 
res i s tance to wilt d isease (Ceratocyst i s f imbriata). The yield 
component of pod index was probably the major cr iter ion in the early 
y e a r s , with disease testing becoming more important in later 
generat ions . However , s ince the genetic base was v e r y na r row, 
p r o g r e s s within this population has come to a halt. The cu r ren t 
T S H clones have a potential yield of well over 2 tonnes/ha (in 
T r i n i d a d ) and a pod index of 8-9 pod s/kg of d r y cocoa. A l t hough , 
on the face of it, this was a success fu l programme, there has 
apparent l y been little impact on the T r i n i dad cocoa i n d u s t r y . There 
are many and complex socio-economic reasons for this which are 
beyond the scope of this article. 

In /.nglophone West A f r i ca , cocoa breed ing began a few yea r s later 
than it d id in T r i n idad and with a d i f ferent premise: namely that, 
in the then social, economic and agr icu l tura l c i rcumstances, farmers 
would only plant seed l ings . The f i r st step was phenotypic selection 
of s upe r i o r ind iv idua l s on farms and experimental s tat ions, with 
emphas is on yield and abil ity to withstand the ons laught of cocoa 
swollen shoot disease and attack by mir ids (Distantiella theobroma 
and Sahlberge l la s i n gu l a r i s ) (Posnette, 1943). However, in contrast 
to T r i n i d ad the selections were evaluated as self-poll inated seedling 
p rogen ie s , with a view to eventual d i s t r ibut ion of the best selections 
as clonal seed (Posnette, 1951). Nonetheless, many of the selections 
were propagated by Posnette and tested as clones (C l end inn i ng , 
1964). The p rogeny of one selection showed suff ic ient promise to 
just i fy establ ishment of a block of the clone in order to produce 
seed, but it was never d i s t r ibuted to farmers. 

Effective res i stance to the spread of swol len-shoot v i r u s or to mir ids 
was not found fn the Ghanaian cocoa population of the 1930s so 
Posnette (1951) obtained more d iver se material from T r i n i dad . 
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Among this material, s eed l i ng s of Uppe r Amazon o r i g i n p roved to be 
par t i cu la r l y valuable and it is appropr ia te to trace tlieir o r i g i n in 
detai l. P o u n d ' s (1938) seed l ing material was qua ran t i ned in 
B a r b a d o s and t r an s f e r r ed to T r i n i d a d as b u d d e d p lan t s , where it 
was es tab l i shed at Ma rpe r (Marasmius pe rn i c i o su s ) farm, which is 
near l y 65km from Imperial Col lege (now U n i v e r s i t y ) . The P ro fes so r 
of Bo tany at that time, E . E . Cheesman, took a sample of the budded 
plants as a demonstrat ion for s t uden t s and p lanted them at the 
Col lege. When Posnette was obta in ing his ge rmp la sm, travel with in 
T r i n i d ad was rest r ic ted by sho r tage of t y r e s , and he spent much of 
h i s time at the College where he s tud ied compatibi l ity re lat ionsh ips in 
Cheesman ' s sample of the Uppe r Amazon material (Posnette, 1915). 
In th i s way seed pods were obtained from c r o s s e s i nvo l v ing the 
Upper Amazon selections IMC 47, 60 and 76, N A 31 , 32, 33 and 34 
and PA 7 and 35 and these clones s ub sequen t l y became important to 
b reede r s in West A f r i ca and e l sewhere. 

In Ghana , heteros i s was ob se r ved in ou tc ro s se s of Upper Amazon 
pa ren t s (Posnette, 1943) and its genera l occu r rence was later 
conf i rmed in T r i n i dad (Mon t s e r r i n , de Verteui l and Freeman, 1957). 
Explo itat ion of th is heteros i s is s imple, it be ing suf f ic ient to c r o s s 
an Upper Amazon with a T r i n i t a r i o , a Cr iol lo or an unre lated 
Foras te ro . T h i s relat ively simple d i s c o ve r y of s t r o n g 
inter -populat ion heteros i s p r ov i de s the bas i s for almost all modern 
cocoa b reed ing programmes ( e . g . T o x o p e u s , 1972). 

Nowaday s , d i rect selections from the or ig ina l Uppe r Amazon 
populat ions are commonly used for seed p roduc t i on , IMC 67, NA 32, 
N A 33, PA 7, S C A 6 and S C A 12 being par t i cu la r l y important. 
E l sewhere, selection p rocedu re s of v a r y i n g deg rees of sophis t icat ion 
have been adopted. In T r i n i d a d , res i s tance to witches ' broom 
d isease determined the choice of S C A 6 and S C A 12 (Mon t s e r r i n , de 
Verteu i l and Freeman, 1957) and the out s tand ing v i g o u r , precoc i ty 
and y ie ld potential of their h y b r i d s have en su red adopt ion in a wide 
range of env i ronments . IMC 67 was selected for res i s tance to 
Ce ra tocy s t i s wilt. In Ghana , Uppe r Amazon pa ren t s were selected 
with in the F1 seed l ings introduct ion for precoc i ty , h i gh y ie ld , bean 
size and compact g r o w t h habit ( K n i g h t S R o g e r s , 1955a). F 
in t roduct ions are also u sed in Papua New Gu inea, while an F 
int roduct ion from Ghana has been u sed in the I v o r y Coas t . 

T h e second parent is often d r a w n from the local populat ion. In 
T r i n i d a d , I C S 1 and I C S 6 were u sed because of their promise as 
c lones a n d , l ikewise, the United F ru i t Company ( U F ) c lones were 
adopted as parents in Costa R ica. The la rge - seeded and 
self- incompatible T r in i ta r io selection W41 was u sed in Ghana , 
together with selected ind i v idua l s obtained by se l f -pol l inat ion of 
Posnette ' s local se lect ions. The T r i n i t a r i o parent s u sed in Papua 
New Guinea were de r i ved in much the same way. In B raz i l , se l f i ng s 
of Catongo (the S I C 800 and S I C 900 ser ies ) have been u s e d . 
Often the rationale beh ind use of a ' Local ' parent is an expectat ion 
that it will confer res i s tance to locally important pests and d i s ea se s , 
together with sat i s factory bean s ize and qua l i t y , wh ich may be 
deficient in the Upper Amazon material. 
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In all cases , the self- incompatibi l ity of the Upper Amazon parents , 
the genetic bas i s for which has been descr ibed ( Kn i gh t and Roge r s , 
1955b; Cope, 1962; C l end inn ing , 1966), has been used to allow seed 
product ion b y natural pollination in biclonal seed ga rden s 
(C lend inn ing and Edward s , 1961). 

The advance obtained from the f i r st ser ies of Upper Amazon h yb r i d s 
was spectacular and their precocity was of paramount importance in 
new p lant ing s . In West Af r ica they have permitted cont inued 
plant ing of the c rop in areas where the traditional var iety 
(Amelonado) would now be v e r y diff icult to establ i sh. Res istance to 
Ceratocyst i s wilt in T r in idad from IMC 67 has been of part icular 
va lue. 

Many of the varieties in cu r ren t use were selected out of a small 
number of or ig inal c ro s ses . There were nine potential varieties in 
the or ig inal Ghanaian tr ia ls , of which seven were approved for 
commercial use (Lockwood, 1976). In Papua New Guinea, seven 
Upper Amazon and seven Tr in i ta r io parents were evaluated for 
general combining ability for y ie ld , among which three of each were 
selected for product ion of commercial seed ( T a n , 1981). Fur ther 
p r o g r e s s might be expected from more r i go rous selection of parents 
and evaluation of many more h y b r i d s . 

The emphas is of selection has been on correct ion of defects , mostly 
in relation to d isease; but other characters have also been sought , 
notably d r o u g h t resistance in Niger ia and larger beans in Malaysia. 
Many c ro s se s have been made but the new h y b r i d s do not differ 
g reat l y from the earlier ones and , in genera l , fur ther major 
advances in yield and disease res istance remain to be secured. The 
over -emphas i s on disease res istance has often been 
coun te r -p roduc t i ve . Such res istance as is found, because of the 
test ing p rocedu re s , tends to be Vertical Res istance ( V R ) . The 
search for immunity has all too often obscu red from the breeder the 
existence of adequate polygenic. Horizontal Res istance ( H R ) . The 
d a n g e r s of s ing le gene immunity are well known (Van der P lank, 
1981) and need no elaboration here. The insistence on h i gh levels 
of d i sease res i stance leads to the d i s ca rd of genotypes with good 
yield potential long before this has been recogn i sed. Neverthe less , 
d u r i n g the pas t , much local res istance has been identified and 
maintained in breed ing lines. S uch res istance may not be successfu l 
away from its speci f ic, local env i ronment. 

B reed ing Objectives 

All succes s fu l breeding programmes must have v e r y clearly defined 
object ives, t hu s allowing definite s t rateg ies to be developed. The 
severe problems presented b y d i seases in all cocoa g row ing countr ies 
have , in the pas t , had major inf luences on objectives. All too often, 
res i s tance has been so dominant as to become the only objective. 
While the p r e s s u r e to generate res istant var iet ies is unders tandab le , 
the wisdom of s uch over -emphas i s should sure ly be quest ioned. At 
times it seems that disease res istance has become an end in itself 
rather than a means to sus ta in h i gh yield at acceptable product ion 
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cost. Much of the work on res istance breeding has g i ven 
d i sappo int ing resu l t s and it has been stated (Ba r t ley , 1986) that 
p r o g r e s s has been made on ly with swol len-shoot v i r u s . The vertical 
res i s tance to witches ' broom disease has stood up only in T r i n i dad 
but has failed in South America where a d i f ferent pathotype of the 
f u n g u s ex i s t s . However , res istance to wilt disease which may be 
under the control of a s ing le gene (Carde l la , En r iquez and 
S a u n d e r s , 1981), appear s to have stood up over a period of time, 
the exper iment to invest igate this hav ing spanned 14 y e a r s . One 
undoubted cause for poor p r o g r e s s is the lack of sens i t ive and 
reliable methods for s c reen ing large number s of p rogen ies in 
breed ing programmes. There is often concur rent l y an imperfect 
unde r s t and ing of the nature of the interactions between pathogen 
and host and env i ronment. The scale of effort requ i red to app ly 
sc reen ing methods to tree c rops is i l lustrated by the swol len-shoot 
programme which was descr ibed by A . F . Posnette as p robab ly the 
largest scale of sc reen ing ever applied to a tree crop at that time. 
In genera l , resources available to cocoa b reeder s and s uppo r t i n g 
facilities are seldom commensurate with the problems that they face. 

In such c i rcumstances reallocation of resources away from disease 
res i stance would be likely to b r i ng greater reward s . 

From the point of view of the cocoa farmer, the main objective is 
unquest ionab ly a h i gh and stable yield of marketable p roduct . The 
pathway to this y ield may be examined in order to as s i s t the breeder 
in sett ing objectives. Y ie ld is the accumulated end p roduct of the 
interactions between: 

var iety - inc luding bean s ize, shell content, shell 
th ickness etc, ( i .e. inherent potential), specific 
environment ( i .e. s ite, climate), reproduct ive 
efficiency ( i .e. pol l ination), general management, 
specific management 

The inclus ion of specific environment in the list emphas ises the 
location specif ic ity of breed ing programmes. Selection may be even 
more specif ic in its aims so that, even within a s ingle c o u n t r y , 
varieties will be adapted to part icular areas depend ing on such 
factors as rainfal l, alt itude, soil type and d i s t r ibut ion of d i sease. 
There is unl ike ly ever to be a s ingle new 'wonder ' var iety that su i t s 
all locations. 

Part of env i ronment is the management system and here there is a 
general dichotomy between smal l -holders ( S H ) and large estates or 
plantations ( E S ) . The differences between these systems requ i re 
that the breeder develops varieties adapted to the appropr iate 
system. Recognit ion of the importance of Genotype - Env i ronment 
interaction is essential in selection of var iet ies for either S H or ES 
sys tems. S H systems tend towards low input management and , 
usua l ly , to the plant ing of seedl ing var iet ies. Estates are gea red to 
intensive sys tems v/here more technological input is poss ib le (and 
economic), with a grov/ing trend to clonal var iet ies . A n exception to 
this latter general i sat ion is the Car ibbean, where new p lant ings are 
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almost exc lu s i ve ly clonal a l though the bu lk of product ion is by 
smal l -ho lders . 

The breeder needs to define the components of product ion that are 
to be improved. These factors are more or less amenable to 
selection and therefore improvement depends on the degree of 
var iabi l i ty in the breeding populat ion. From the base populat ions 
available to b reeder s the follov/ing components of yield could be 
listed as being of major importance: 

small trees adapted to h i gh dens i ty p lant ing 
enough local disease res istance 
precocity (to maximise economy) 
heavy flowering (mainly on t r u n k ) 
self-compatibil ity (for ease of fruit set t ing) 
h i gh ovule number (to maximise bean product ion) 
large pods (to maximise bean/pod ratio) 
favourable part it ioning between crop and product ion of 

vegetat ive d r y matter 

Qual ity factors are far more uncerta in in def in it ion. F lavour is an 
extremely complex character , hav ing components in va r i e t y , 
fermentation, d r y i n g , roast ing and general env i ronment. Perhaps 
butter fat might be increased (or decreased) by b reed ing ? The 
manufactur ing i ndu s t r y needs to define for itself what, if a n y , 
qual i ty factors need to be changed and , more importantly, the 
quantitat ive bas i s on which this may be done. The uncertaint ies of 
Cocoa definition and estimation of 'qual i ty ' are su re l y a deterrent to 
the breeder of cocoa (as they are in some other c r o p s ) . 

F i gu re 1 summarises the pathways that b reed ing has taken and 
shows a broad prospect for future development. Detailed tactics for 
future s t ra tegy are dealt with in a later section of this paper . Here 
aga in , s t r e s s is put on local programmes explo it ing local genetic 
va r i i t i on . T h e need to widen the genetic base of each local 
b reed ing scheme is ev ident. 

G E N E T I C R E S O U R C E S A N D C O N S E R V A T I O N 

Ex i s t i ng Collections of Genetic Resources 

The two major collections (in Costa Rica and T r i n i dad ) hold a great 
deal of the known genetic re sources . T h e y are, at p resent , 
complementary rather than dupl icat ive. A l though a large 
representat ion of this material has passed t h r ough intermediate 
quarant ine over the y ea r s , rather little has found its way into 
indiv idual wo rk i ng collections. Many work ing collections in South 
Amer ican, A f r i can and As ian countr ies hold material that still has to 
be systematical ly evaluated and exploited. Some national collections 
in South and Central America hold material that has not been 
evaluated, exploited or d i s t r ibuted to the international collections 
and so is not genera l ly available. However much basic descr ipt ion 
the genebank custod ians are able to accumulate, it will a lways remain 
the respons ib i l i ty of each breeder to evaluate genotypes for local 
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adaptation and breeding potential within specif ic local b reed ing 
programmes. A s the I B P C R has often o b s e r v e d , 'character izat ion ' 
and 'evaluat ion ' are quite d ist inct activit ies. 

The international cocoa research community must o rgan i se itself in 
order to best utilise what material is a l ready avai lable. There is 
need to mobilise germplasm which is found only in national collections 
and to add re s s the general problem of international quarant ine for 
germplasm movement if the material already in genebank s is to be 
useful on a global scale. D i s t r ibut ion will, inev i tably, be a 
cont inu ing process and momentum will have to be maintained by a 
concerted and coordinated effort on the part of cocoa breeders and 
genebank managers . 

F U T U R E C O N S E R V A T I O N P R I O R I T I E S 

Future Collections 

The centre of d i ver s i t y of cocoa has been part ly explored but the 
main emphasis has been on the Ecuador ian sector of the area. The 
Peruv ian and Peru/Ecuador border reg ions have so far been 
neglected. In recent y e a r s , extens ive collections have been made 
from the whole of the areas of Braz i l where cocoa g r ows wild. 

The need to g i ve h igh pr ior i ty to Central American and Pacific coast 
land races (mainly CrioMo) has been recognised b y I B P C R ( A n o n , 
1984). Criol lo material i s , on the whole, poor ly con se rved in 
genebank s and is fast d i sappear ing because of changes in land use 
policies in Central America. 

New collection effort must have an emphasis on conservat ion of 
genetic resources rather than collection of material of immediate use 
to b reeder s . T h i s investment in collecting for use in future 
breeding programmes is of crucial importance. 

Cenebank Policy 

The genetic resource centres have a major respons ib i l i ty to 
accumulate, character i se, maintain and d i s t r ibute germplasm in their 
care. Evaluation is the respons ib i l i ty of the b reeder , not of the 
genebank . 

Both the recognised international centres for cocoa germplasm are 
able to offer an important facility for t ra in ing in cocoa genet ic s , 
breeding and germplasm management. Th i s role should not be 
underestimated s ince evaluation and exploitation in local programmes 
relies on knowledge and unde r s tand ing for its s ucce s s . 

Since the genetic d i ver s i t y is readily available only in these cent re s , 
new techniques are appropr iate ly developed there too. ' I sozyme 
analys i s will p robably p rove a valuable tool for descr ip t ion, 
character isat ion and identification. Th i s system is a lready being 
developed in I vo ry Coast and T r i n i d ad , with complementary work \r. 
p r o g r e s s in Eng land and France. 
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The development of efficient micropropagation is a vital need in cocoa 
genetic resource management. The c rop has, so far, p roved to be 
intractable to in v itro techn iques. Only concerted and cont inuous 
effort will overcome the problems. A qu i ck , cheap micropropagat ion 
technique would have great impact on the economics of germplasm 
multiplication and d i s t r ibut ion. 

In v i t ro techniques for collecting cocoa germplasm from the wild will 
also make a major contr ibut ion to genetic conservat ion (Withers 
1983). 

Cocoa Quarant ine 

Following the discontinuation of the serv ice of the Royal Botanic 
Ga rdens , Kew as a quarant ine centre for cocoa, the U S D A centre in 
Miami remains the only effective and recognised serv ice. T h i s leads 
to a severe restr ict ion in the potential movement of cocoa germplasm. 

A small, but internationally yet unrecogn i sed , facility ex i s t s in 
Montpell ier, France. A regional station is also operated b y C R U , 
T r in idad in Ba rbados . A temporary facility has just been initiated 
at the Un iver s i t y of Read ing , U K . These stat ions, as at present 
s t r uc tu red , can have only limited influence on cocoa movement 
worldwide; the Barbados site is v e r y valuable as an Inward station 
for extending the I C C , T . 

Administrat ion of Genetic Resources 

Histor ical ly, there has been no international pol icy for the 
administration and fund ing of international genebank s for cocoa. 
Fund ing has been on an ad hoc bas is and usual ly of a v e r y insecure 
nature. Tree crop genebank s are expens ive to estab l i sh and 
maintain because of the land area they must occupy . 

In the long term, it will be essential to establ ish a stable, fund ing 
source for the genebanks . Managements will then be relatively 
secure from individual government policies or s ing le agency 
interests. Free access to germplasm may then become certa in. The 
establishment of adequate quarant ine facilities that are also secure in 
fund ing and independent in management will be an essential and 
complementary part of this mechanism. The global re sou rces for 
cocoa may then be administered in an efficient manner, with o rder l y 
long term policy p lann ing. 

Biotechnology 

The development of so called 'b iotechnology ' is ga ther ing momentum 
for many crop species. S ince the most recent developments in 
molecular biology and gene (or D N A ) manipulation are expens i ve and 
may be irrelevant to cocoa, any policy to engage in this type of 
research must be cons idered ve r y careful ly. There is a clear 
dist inction between the 'genetic eng ineer ing ' techniques of D N A 
manipulation and the technology of micropropagat ion. 
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S ince cocoa breeding technology in its present state cannot make use 
of the D N A techno logy, little or no emphas is shou ld be placed on 
th i s . All of this advanced laboratory -based technology relies on the 
availabil ity of efficient micropropagat ion/regenerat ion methods. 
These are cu r rent l y totally lacking for cocoa. 

Much more effort and suppo r t should be devoted to the development 
of rout ine rapid micropropagat ion methods. The succes s of these 
will have an immediate impact on genebank management, quarant ine 
operat ions and germplasm d i s t r ibut ion. In the longer term, they will 
enable fu tu re research to use such advanced D N A technology as 
should then be appropr iate. The importance of micropropagation has 
been widely recogn i sed. Unfor tunate ly , most of the work has been 
done in temperate countr ies far d i s tant from both the basic plant 
material and from the people and organ i sat ions who will need to use 
the technique. While recogn i s ing that there are technical reasons 
for th i s , there is clearly a need for substant ia l development in the 
t rop ics , whether in cocoa g e n e b a n k s , b reed ing stations or 
international research inst i tutes. 

I N T O T H E N E X T C E N T U R Y 

General 

There a l ready ex i s t s enough con se rved material to ensure that well 
o rgan i sed breed ing programmes will be able to make s ign i f icant 
p r o g r e s s for many yea r s . However, the material is at present sited 
only in genebank s (Tur r i a lba and T r i n i d a d ) . The f i r st pr ior i ty 
must , therefore , be to enhance the dissemination of these collections 
to local breeding programmes. Local programmes must then utilise 
material in a rational and systematic manner. 

Each breed ing programme will have its own objectives which must 
take into account local socio-economic factors. The se will include the 
choice between clonal or seedl ing p lant ing , specif ic environment and 
management and market ing pract ices. The pr imary focus must be on 
y ie ld, along with the development of d isease res istance adequate for 
local needs. Immunity, if it invo lves {as it usua l ly does) the use of 
vertical res istance ( V R ) is a mistaken objective. Resistance is best 
r ega rded , not as an objective per se, but as an aspect of y ield, a 
protection against loss. 

B reed ing programmes shou ld be de s i gned , f i r s t ly to a s se s s the 
available germplasm efficiently and then to util ise it in a way that 
g i ve s maximum ga in . The a rb i t ra ry bas i s of selection of the parents 
that are of global importance in var iety product ion has been 
d i s cu s s ed already and the same pr inc ip le appl ies to the broader 
choice of the population to be uti l ized. There is no reason to 
suppose that the I M C , M O , N A , PA or S C A populat ions that have 
already been widely used will be the best choices in all 
c i rcumstances. In the sho r t term (one or two genera t i on s ) , 
p r o g r e s s will ensue from evaluation of the much wider range of 
populat ions that are already available to breeders or which can be 
obtained from intermediate quarant ine. It will then be poss ible to 
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uti l i se the better ones more e f f i c ient l y . T h e s e act iv i t ie s mus t be the 
r e spon s i b i l i t y of the local b r e e d e r s ; t hey canno t be u n d e r t a k e n b y 
the c u s t o d i a n s of g e n e b a n k s . T h e major r equ i r ement s a re for the 
a s s e s s m e n t of genera l comb in ing abi l i t ies ( C C A ) of p a r e n t s a n d then 
explo i tat ion of spec i f ic comb in ing ab i l i ty ( S C A ) , a n d local 
g e n o t y p e - e n v i r o n m e n t i n te rac t i on s . 

A scheme that attempts to make bes t u se of the ava i lab le ge rmp la sm 
is out l i ned in F i g u r e 2. T h e natura l s t r u c t u r e of p r e s e n t ge rmp la sm 
col lect ions is one of more or less d i s t i n c t popu l a t i on s . Each 
popu lat ion is of a d i s t i nc t g eog r aph i c a l o r i g i n and sepa ra ted from 
other popu la t ions b y geog r aph i c a l i so lat ion. F u r t h e r , w i th in each 
popu lat ion there is some deg ree of i n b r e e d i n g ( in te rms of common 
de scen t ) because of the i so lat ion. T h e u p p e r por t ion of th i s f i g u r e 
(enc lo sed in a b r o k e n line) encap su l a t e s , to a l a rge e x t en t , the 
p re sen t s i tuat ion. In the West A f r i c a n b r e e d i n g p r og r ammes there 
has been some explo i tat ion of h y b r i d i s a t i o n between se lected pa r en t s 
from the o r i g i na l l y i n t roduced (Amelonado) popu lat ion a n d the much 
later i n t r oduc t i on s of popu la t ions from the U p p e r Amazon . 

The gene r a l i s ed scheme p r e s e n t e d here a l lows f lex ib i l i ty in the 
gene ra t i on of c lones ( C L O ) a n d h y b r i d s ( H Y B ) , while s imu l taneous l y 
Imp rov i ng the populat ion ba se . B y keep ing each popu la t ion as a 
separate b r eed i n g un i t , there is an inev i table deg ree of I n b r eed i n g 
as Improvement by selection takes p lace. H e t e r o z y g o s i t y is r e s to red 
when h y b r i d s are made, e i ther at the clonal level ( A x B . - See 
F i g u r e 2) or b y populat ion c r o s s e s [ P P X ( A x B ) ] . T h e re s to ra t i on of 
h e t e r o z y go s i t y exp lo i t s the he te ro s i s t h u s g e n e r a t e d . New 
popu la t ions must eventua l l y be i n t r oduced into the scheme to p r o v i d e 
for c on t i nu i n g p r o g r e s s b u t , g i v e n the b r ead th of the genet i c base 
that e x i s t s in p r e sen t g e n e b a n k s , s u c h new popu la t i on s would 
p r obab l y be r equ i r ed on ly 20 y e a r s from now. H o w e v e r , the fact 
that they v ^ be needed s e r v e s f u r t he r to emphas ize the need to 
e s tab l i s h a s o u n d base for cocoa genet ic r e s o u r c e management now. 
Twen t y y e a r s Is on ly hal f the p r o d u c t i v e life of many cocoa 
p l a n t i n g s . 

F U T U R E R E S E A R C H 

Re sea r ch F ramework 

A s o u n d r e sea r ch ba s i s is es sent ia l for the s u c c e s s f u l Implementation 
of deve lopment p rog rammes s u c h as the improvement of a c o u n t r y ' s 
cocoa i n d u s t r y . T h e know ledge and u n d e r s t a n d i n g g a i n e d from 
re sea r ch eventua l l y leads to a cont inua l deve lopment p r o c e s s . The 
re su l t s of r e sea r ch do not a lways have an immediate effect a n d in 
many i n s tance s the impact is felt on l y after an intermediate pha se of 
appl icat ion of p r ima r y r e s u l t s . M a n y of the r e s e a r c h p rog rammes 
c o n c e r n i n g cocoa a re b y na tu re long term, none more so than 
b reed i ng projects . It is for th i s reason that r e s ea r ch p r og r ammes 
must have clear a n d real ist ic object ives a n d , g i v e n limited r e s o u r c e s , 
p r io r i t ie s must be set . A l t h o u g h an attempt is made below to def ine 
genera l a rea s of r e sea r ch p r i o r i t y . In pract ice each in s t i tu te will set 
detai led l i s ts with in its own f ramework of r e s o u r c e s a n d p rob lems . 
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Research Priorit ies 

The bas i s of yield needs to be unders tood in a more fundamental 
way. The yield of any g i v en tree is a complex interaction of several 
components. The potential is related to ovule number and pollination 
eff iciency. Work by I R C C in I v o r y Coast has clearly shown some of 
the relat ionships that ex i s t between these parameters (de Reffye et 
al, 1979; Mos su et al, 1981). The phys iological capabi l i ty of the 
tree, with its o r ig in in the genotype of the tree, is important in the 
ability of the plant to set and hold any g i v en yield capacity. A 
basic knowledge of the phy s i o l ogy of partit ion of re sources within 
the tree, as between vegetat ive g rowth and pod p roduct ion , and 
within the fruit between the va r ious components of the pod and 
beans will be essential for sus ta ined improvement from b reed ing . 

Biometrical knowledge of sy s tems to evaluate breed ing potential is, in 
genera l , poor. The s t udy by quantitat ive genetics of important 
characters is in its infancy and much more research effort must be 
directed to improving this field of knowledge. Experimentation on 
this topic requ i res substant ia l resources since it invo lves large and 
prolonged field tr ia ls . Biochemical methods of character i sat ion, such 
as isozyme t yp i n g , need to be developed into s tandard i sed 
techniques. These will allow evaluation of genetic var iat ion within 
and between populat ions. Much of present descr ipt ion relies entirely 
on g r o s s morphological cha rac te r s , too many of which are 
environmental ly 'p last ic ' . 

The need for and u r g e n c y of rapid micropropagat ion techn iques has 
been s t re s sed earl ier. 

R E S E A R C H O R G A N I S A T I O N 

It has been pointed out above that cocoa breed ing must , of its 
nature, be a h igh ly d i spe r sed operation with many locally suppor ted 
stations s e r v i n g smal l -ho lders , farmers and estates. Appropr i a te 
breeding methods must be used to produce var iet ies ( seedl ing or 
clonal) that meet the needs of their customers. S ince many problems 
are local (eg. environmental s t r e s s e s , d i s ea se s ) , these local breeding 
programmes- will have to maintain at least some associated research 
capabi l i ty, though not at any ve r y fundamental level. Financial ly 
they will have to be locally s uppo r ted , either direct ly by the cocoa 
p roducer s o r , less d i rect ly , by government agencies with some 
respons ib i l i ty for publ ic ly suppor ted research. Clear ly s u ch stations 
are necessary and the work they do is essential. However, they can 
hard ly be expected to attack the fundamental longer term research 
needs mentioned earl ier. 

For long term research, implying substant ia l commitments with few 
vis ib le short - term r e t u r n s , an international organisat ion with secure 
long-term suppo r t is essential. There ex i s t s the nucleus of s u ch a 
system in the T r in idad genebank mentioned several times in the 
preceding sect ions. Op in ions will v a r y widely as to the extent to 
which such a genebank shou ld become a genera l i sed cocoa research 
centre with great ly widened research responsibi l i t ies in crop 
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phys io logy , biometrical genet ics , biochemical taxonomy, biotechnology 
etc (all in addition to its fundamental maintenance, documentation 
and distr ibut ion of germplasm funct ions) . 

Probab ly , there is no 'ideal' s t ructure and what will in practice 
emerge is likely to have substantial economic and historical 
components that are essential ly random in nature. With regard to 
the Tr in idad genebank, it seems clear that, whatever extra research 
responsibi l it ies might be ass igned to it, any ser ious international 
effort must involve something more, namely one or more other 
centres with securely supported long term research programmes, 
( such as poss ib ly the C A T I E centre in Costa R i ca ) . 

Not the least important of the ta sks of the international elements 
(however they may develop) would be to act as communications nodes 
between each other and with the d i spersed local breeding 
programmes. One of the more important developments in tropical 
agr icultural research in the past two decades has been to move away 
from the s ing le ' International Centre' idea towards a system based on 
'network ing ' . The concept behind networking is to generate an 
effective means of coordinating d i spersed research activit ies. Such 
networks of institutes encourage the flow of information and ideas, 
minimise wasteful duplication of effort and coordinate the 
d i sbursement of funds in a controlled and effective manner. A 
possible outline of this s tructure is presented in Figure 3. 

! \ 
[a^a 

R e s e a r c h C e n t r e s 

^pReglonal Stations 

\ ^ Local Station 
V / 

-7 Plow of material and inrormatio 

D . 

I^ ICURE 3: Representation of a research network 

Modern technology and communication make the development of 
research networks feasible; they must increas ing ly become the basic 
s tructure for tropical agr icultural research. For a crop such as 
cocoa the time is overdue when serious consideration has to be g iven 
to effectively util ising resources. 
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C O C O A IN F I J I 

M . P . L . D . Mart in 

M in i s t ry of Pr imary I ndu s t r i e s , Koroniv ia 
Research Stat ion, P O Box 77, Nau so r i , Fiji 

H I S T O R I C A L 

The cocoa i ndu s t r y in Fiji dates back to the 1880's when Criol lo and 
Tr in l tar io types were introduced from T r i n i dad or Cey lon { S r i 
L anka ) . B y 1909 there were 150 hectares of cocoa g r o w i n g and 5 
tonnes of dr ied beans were exported, but thereafter the cult ivat ion 
area and product ion decl ined so that by 1936 there were no export s 
of cocoa from Fiji ( Ve rnon , 1979). After a period of v e r y little 
interest in cocoa cult ivat ion, there was a re su rgence of interest in 
the 1950's and the area under the c rop expanded to over 1000 
hectares by the mid 1960 ' s , with a peak product ion of 61 tonnes in 
1963. Unfor tunate ly , the plant ing material used was the seeds 
collected from the remnant s u r v i v o r s of the 1880 - 1930 Tr in i tar io 
p lant ings and the v e r y h i gh suscept ib i l i ty of this material to stem 
canker and black pod disease caused by Phytophthora palmivora 
almost devasted the cocoa i ndu s t r y until 1965. 

S ince 1965, the Governmental policy has been to plant only 
Amelonado material introduced from Sabah , Malays ia in 1958, mainly 
because of its greater tolerance to stem canke r and black pod. 
Amelonado has adapted well to the agroecological condit ions in Fiji 
and g i ven h i gh susta ined y ie lds of 2 tonnes of d r y beans per 
hectare per year in research condit ions and in trials unde r farmers ' 
field condit ions (Mart in , 1985). 

P R E S E N T I N D U S T R Y 

At present there are 1,375 hectares of mainly A.melonado cocoa 
g row ing in Fiji, of which 1,180 are bear ing ( A n o n , 1985c). The 
location of the cocoa g row ing areas is shown in F igure 1. The total 
product ion for 1985 v/as 225 tonnes of d r y beans which was a d rop 
of nine per cent from the 246 tonnes produced in 1981. T h i s d rop 
in product ion was mainly due to the devastat ing effects of two 
cyc lones , Er ic and Nigel, that s t r uck the main is land of V i t i Levu in 
January 1985, caus ing losses estimated at approximately 100 tonnes 
of d r y beans ( Anon , 1985c). These f i gu re s indicate that the cocoa 
i ndu s t r y is relatively small at p resent , but major developmental 
efforts with a view to expand ing the c rop area to 7,000 hectares to 
produce well over 1000 tonnes per year by 1990, are p lanned for the 
period 1986-1990, under the Government Development Plan 9 ( A n o n , 
1985a). 

Cocoa is g r own under a var iety of management models. T h e most 
common is the 1-3 hectare farm operated by an indiv idual househo ld . 
Of the thousand g rower s covered in a s u r v e y in 1985, a r ound 70 per 
cent were class if ied as smal lholders. A fur ther 10 per cent worked 
in informal co-operat ive g r o u p s . The smallholder sector of the 
i ndu s t r y which is genera l ly character i sed by low yields and minimum 
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s upe r v i s i on accounted for an estimated 82 per cent of the product ion 
in 1984. In recent year s there has been an increas ing interest in 
l a r ge r , h i ghe r input estate un i t s which operate t h r o u g h a loan from 
Government budgeta ry allocation for cocoa development. The f i rst 
s u ch estate of 200 hectares was establ i shed at Matasawalevu in 
Macuata Prov ince in 1979. T h i s involved farmers g r oup i ng together 
to form a s ing le product ion unit as a formal co-operat ive association 
and unde r the supe rv i s i on of a residential Ag r i cu l tu ra l Off icer. The 
other s ign i f icant estate type p lant ings are U iu i sa ivou in Ra P rov ince, 
Waimaro in Ta i levu Prov ince and Lovoni on Ava l au Is land cover ing 
102, 50 and 32 hectares respect ively ( A n o n , 1985b). The 
encou rag ing succes s of the Matasawalevu project has resulted in 
p lans to duplicate this model in a number of locations d u r i n g the 
Development Plan 9 period of 1986-1990 ( Anon , 1985a). 

C L I M A T E A N D S O I L 

Fiji I s l ands ly ing between 16° and 19° latitude appear to be v e r y 
close to the lower limits for profitable cocoa cult ivat ion. However , 
the maritime climate modifies temperatures extremes and makes the 
g r ow ing of cocoa feasible to an elevation of about 250 metres above 
sea level in a fair ly wide area of the Central D i v i s i on , North Eastern 
parts of Western D iv i s i on , and Nor thern D i v i s i on , and larger outer 
i s lands s u ch as Taveun i , Koro , Rotuma, Ova l au , Cau and Kadavu 
(see F i gu re 1) . The total rainfall of the cocoa g row ing areas range 
from about 2H00 mm per year in dr ie r parts of Ta i levu and Naitasir i 
P rov inces . The main limiting factor is the rainfall du r i ng the peak 
pod r ipen ing period of Feb rua ry to Ap r i l , which resu l t s in excess i ve 
black pod losses , which are common in areas like Naitasiri and parts 
of Ta i levu ( Ve rnon , 1976). Recent exper ience in Ra, Macuata and 
Bua P rov inces indicate that moisture s t re s s d u r i n g June to A u g u s t 
may be more of a limiting factor du r i n g the p re -bear ing s tages of 
y o u n g cocoa than prev ious l y env i saged. T h i s cduld however be 
overcome by the use of proper shade for es tab l i sh ing cocoa. 

Cyc lones are a common occurrence in Fiji. In the recent past 
cyc lones Fay (in 1978), Meli (in 1979), Tia ( in 1980), Oscar (in 
1983), E r ic and Nigel ( in 1985) and Mart in ( in 1986) caused 
cons iderable damage to cocoa in va r i ou s parts of the count r y . 

Cocoa g r o w s best on flat to gent ly s loping land where the soil is 
deep, well d ra ined and fertile to moderately fertile, s l i ght to 
moderately acid and l ight textured. The main soi ls on which cocoa 
is g r own in Fiji are Humic latosols and related Colluvial so i l s , recent 
A l l uv ium, Red Yellow Podsolic so i l s , Latosolic so i l s . N igrescent soils 
and Coastal s and s . 

A G R O N O M I C P R A C T I C E S 

Amelonado is the only recommended var iety at present. 
Establ i shment is mainly by selective th inn ing of natural forests and 
to a lesser extent under coconut. Temporary shade crops such as 
banana, taro, cassava and yaqona (Piper methyst icum) are g rown 
part icu lar ly when cocoa is planted under coconut. 
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F i gu re 1 Map of Fiji I s l and s show ing the location of cocoa g r o w i n g 
areas 

Permanent shade t rees , C l i r lc id ia maculate and E r y t h r i n a l i thosperma 
are g r o w n in s i tuat ions where the fores t is e xce s s i ve l y t h i n . The 
pol icy is to depend more on shade and less on fert i l i ser appl icat ion 
as the latter is cost ly and not commonly u sed on cocoa in Fij i. 

P lant ing is d i rect l y into the g r o u n d with three seeds at s t ake and 
th i nn i ng the s t and to two and one plant per s take at th ree months 
and at jorquett ing re spect i ve l y . S pac i n g is 2.5 x 2.5m on the 
s q u a r e sy s tem of p lant ing . The control of weeds in y o u n g cocoa is 
mainly b y manual weed ing , three r o u n d s d u r i n g the f i r s t y ea r and 
two d u r i n g the second and th i rd y e a r s . P r u n i n g method 
recommended is D i s c re t i ona ry p r u n i n g (Mart in and P r a s a d , 1983), 
wh ich is recommended where two to three basal c h u p o n s a re allowed 
to g r ow in addit ion to the main stem while re s t r i c t i ng the tree he ight 
to the f i r s t jorquette. A s most of the of the p l an t i ng s a re newly 
c leared v i r g i n b u s h where the soil is fert i le, no fert i l i ser appl icat ion 
is n e c e s s a r y . However , for cocoa on poorer soi l s and those g r o w n 
u n d e r coconut a 13:13:21 N P K fert i l i ser mixture at the rate of 45,90 
and 180 kg per hectare per year is recommended d u r i n g the f i r s t , 
second and th i rd year and thereafter r e spec t i ve l y . The h a r v e s t i n g 
season s t a r t s from early A p r i l and lasts till m id-December with a 
major peak in May/June and a minor peak in September , these peaks 
v a r y i n g s l i gh t l y with the climatic cond i t ions of the reg ion . 
Ha r ve s t i n g is by s h a r p k n i v e s usua l l y at f o r tn i gh t l y i n te rva l s . 

P E S T S A N D D I S E A S E S 

D u r i n g the past few year s stem bo re r s ( X y l e b o r u s f i j i anus . 
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Pterolophia lateripicta, A raeceru s greenwood!) a n d r i ng bark borer 
(Oops i s b runneocauda tu s l have become s ign i f icant pests of young 
and bear ing cocoa respect ive ly. Stem borers can be controlled by 
the application of Furadan on the soil surface and r ing bark borer 
by paint ing the affected stems with Lannate. 

Black pod caused by P.palmivora is the only major disease of cocoa 
at present . The control measures include removal and b u r y i n g of 
infected p o d s , regu lar harves t ing and field sanitat ion. Low volume 
s p r a y i n g of Perenox at fortn ight ly intervals d u r i n g the c ropp ing 
season is ca r r i ed out in areas where the losses are h i gh . 

P R O C E S S I N G A N D M A R K E T I N G 

Ripe pods are b roken with a wooden mallet and beans are scooped 
out. Fermentation is carr ied out in wooden boxes which are of 
different s izes depend ing on the quant i ty of beans to be fermented, 
but are typical ly 0.9 x 0.9 x 9.8m holding about 0.5 tonnes of wet 
beans. O n the floor of the boxes there are 15 mm holes, 10-15 cm 
apart for d ra inage of sweat ings and entry of a i r . The arrangement 
of boxes is usual ly in a row or in t ier s , the latter facilitating the 
tu rn ing of beans. A typical box fermentation lasts for s ix day s 
du r i n g wh ich the beans are tu rned twice, after two and four day s . 

The most common method of d r y i n g is the use of a wood fired 
Samoan Flue D r y e r . The d r y i n g process lasts for three day s du r i n g 
which the moisture content of the beans is reduced from 55 per cent 
to 6-7 per cent for safe s torage. The first d a y of d r y i n g , du r i n g 
which the temperature is slowly increased from '»5°C to 55°C makes 
the beans s k i n d r y and helps to ensure that the beans are well 
separated and not cluttered together. In the second and th i rd day s 
a constant temperature is maintained to reduce moisture to 7 per 
cent. Between the second and th i rd days the beans are rested 
overn iqht to permit d i f fus ion of the moisture and normalisation of 
moisture in the beans . Heat with the temperature not exceeding 
70°C at any stage is applied the following mo rn i n g . The beans are 
f requent ly raked, u s i ng a paddle, to promote un i form d r y i n g . 

Market ing is the respons ib i l i ty of the National Market ing Autho r i t y 
( N M A ) , which is a Government statutory a g e n c y . NMA purchases 
the d r y beans at f ive g r ad i n g points d i s t r i bu ted in the cocoa 
g rowing reg i on s . Depending on the g rade, farmers receive F$1700, 
100, 625 (US$14t1 , $847, US$530 approx imately) for g rade 1, II and 
I I I respect ive ly . Most of Fiji ' s cocoa product ion has been sold to 
United K ingdom and Europe with a small quant i ty sold to Aus t ra l i a . 

R E S E A R C H A N D E X T E N S I O N 

A cons iderable amount of Fiji ' s agr icultural re search resources over 
the last 20 year s has been devoted to cocoa. At present cocoa 
r ank s th i rd after s u ga r cane and rice in research pr io r i ty . A 
v i go rou s research programme is in p r o g r e s s at three research 
stations and at outstation s i tes. The main emphas i s is on breeding 
var iet ies which are h i gh y ie ld ing and more black pod tolerant than 
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the c u r r e n t l y recommended Ame lonado , a n d on d e r i v i n g optimum 
cu l tu ra l p rac t i ce s s u c h as s p a c i n g , p r u n i n g , fert i l i ser app l i ca t i on , 
weed contro l a n d contro l p rac t i ces for stem a n d r i n g b a r k b o r e r s 
a n d b lack pod . T h i s p rog ramme is be ing implemented b y a team of 
th ree p ro fe s s i ona l a n d s i x technical s t a f f . 

T h e ex ten s i on s e r v i c e s p r o v i d e technical adv i ce to g r o w e r s on 
se lect ion of s i t e s , c r o p h u s b a n d r y a n d p r o c e s s i n g . In estate t ype 
p ro jec t s , d i rec t farm management s e r v i c e s and s u p e r v i s i o n are also 
p r o v i d e d . T h e other Gove rnmen t i ncent i ve s to cocoa f a rmer s i nc lude 
the s u p p l y of f ree seed pod s at the farm ga te , a n d s u b s i d i e s on the 
cos t of c o n s t r u c t i o n of f e r m e n t a r y / d r y e r a n d f e n c i n g , a n d on 
p u r c h a s e of h e r b i c i d e s , in sect ic ides a n d fe r t i l i se r . 

F U T U R E P R O S P E C T S 

De sp i t e the r e s e a r c h a n d ex ten s i on e f fo r t s of the Gove rnmen t the 
nat ional a v e r a g e y ie ld of 198U, a yea r of no d i s a s t r o u s c y c l o n e s , was 
as low as 321 k g per hectare ( A n o n , 1985c). H o w e v e r , recent 
r e s e a r c h a n d ex ten s i on t r ia l s in Fiji have shown that Amelonado 
cou ld y ie ld 2 tonnes of d r y bean s per hectare (Ma r t i n , 1985) . T h e 
lower national a v e r a g e y ie ld cou ld be a t t r ibuted to the faulty 
se lect ion of s i t e s , both cl imatical ly a n d edaph ica l l y a n d the neg lect 
or poor management of the c r op r e su l t i n g in low p r oduc t i on and 
h e a v y losses due to b lack pod . T h e Gove rnmen t is c u r r e n t l y p lac ing 
g r e a t e r emphas i s on p r ope r select ion of new a reas for p l an t i ng and 
on t r a i n i n g the ex ten s i on f ield s ta f f a n d farms on cocoa p roduc t i on 
a n d p r o c e s s i n g wi th the hope of imp rov i ng the s t a n d a r d of c r o p 
management a n d p r o c e s s i n g , t he r eby e s t ab l i s h i n g cocoa as a v iable 
i n d u s t r y in Fiji. 
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S . A . R u d g a r d 
C E P L A C Research Stat ion, Ou ro Preto do Oeste 

Rondonia, 78925, Brazi l 
Present A d d r e s s : Commonwealth Inst i tute of 

Biological Contro l , Si lwood Pa r k , A s c o t , 
Be r k s h i r e , S L 5 7 P Y , U . K . 

Cocoa is a native Amazonian plant attacked by severa l locally endemic 
pa thogens , including Witches' broom. The causal agent , Cr in ipel l i s 
pernic iosa (Stahel) S i n g e r , is d i s t r ibuted over a large area oT 
mainland South America and some i s lands in the Car ibbean. Th i s 
area cove r s a range of climates and alt itudes that produce different 
disease intens it ies, and it has a l ready been noted that Cr in ipel l i s 
causes unusua l l y h i gh pod losses in Rondonia relative to vegetative 
infection ( E v a n s , 1981). The d isease is not yet found in Bah ia , 
B raz i l , and there is concern about the potential losses were the 
d isease to appear there. A s a resu l t of these two problems, the 
Cocoa, Chocolate and Confect ionery Al l iance, London, commissioned 
an intens ive s t udy of the condit ions in Rondonia with the cooperation 
of the Commissao Execut ive do Piano da Lavoura Cacaueira ( C E P L A C ) 
of B raz i l . T h i s article will examine some of the poss ible explanat ions 
for the h i gh pod losses and how the c rop shou ld be managed to 
reduce these losses. 

H I S T O R Y 

Rondonia is s ituated in the western Braz i l ian Amazon in the 
transit ional reg ion between h i gh ga l lery forest and the savannahs of 
central B raz i l . Until the end of the 1960 's, this area was dominated 
by extract ion from forest trees ( r ubbe r and Brazi l nu t s ) and mineral 
re sources (gold and tin p ro spec to r s ) . The const ruct ion of the 
Cui ba to Porto Velho road in the early sevent ies changed the 
s ituation by improv ing access to Rondonia for movement of people 
and local p roduce. The population of the state has increased from 
111 ,000 in 1970 to near ly 700,000 in 1983 ( C o y , 1986). The estimate 
for new a r r i va l s in 1985 is close to 200,000. Migrat ion was slower 
until 1978, when several colonisation projects were opened up in new 
areas of forest. Land was d iv ided into lots of 100 or 50 hectares 
which were g i ven to one family. Forests were cleared and a range 
of c r o p s , annua l , perennial and cattle pas tu re , have been planted. 

Perennial c rops s u ch as cocoa, coffee, r ubbe r and black pepper are 
seen by many p lanners as holding great promise for produc ing 
susta inable y ie lds in Amazonia. All four c r op s are affected by 
important d i seases that raise some doubt about their future in 
large-sca le cult ivat ion. However, these cash c rops provide a 
s ign i f icant income for the region and are preferable to annual c rops 
due to better cyc l ing of nut r ient s within agroecosys tems. 

Farmers were encouraged to plant cocoa by a government scheme, 
and loans were available for f inanc ing of 10 or 20 hectare areas. 
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There was a s u r g e in cocoa planting in 1977/78 coincident with the 
peal< in world pr ices ( F i gu re 1) and the area under cocoa increased 
from less than 5,000 hectares in 1976 to more than 30,000 in 1980. 

Seed material was p rov ided of variet ies from Bah ia , some of which 
had had suff ic ient time in Belem and in other countr ies exposed to 
Witches' broom to show their suscept ib i l i ty . A s has already been 
d i s cu s sed ( R u d g a r d , 1986), farmers were not aware of the disease 
potential and were slow to s tar t phytosan i ta ry p r u n i n g if they d id so 
at all. B y 1982 when the world price fell below £900 per metric 
tonne the epidemic was out of control in many plantations leading 
some farmers to abandon their cocoa (Fearns ide , 1985). The re 
followed a s t rugg le to control the infestation, aided by a mass ive 
campaign of publicity and t ra in ing by C E P L A C . Seeds of the more 
suscept ib le varieties ceased to be d i s t r ibuted to farmers from 1981 
onwards when seed g a r den s in Rondonia started to be used. These 
factors combined with increased cocoa pr ices in 1984/85 have enabled 
farmers to p rune p r ope r l y , and product ion from Rondonia cont inues 
to r ise (area 25,000 tonnes in 1985 from about 50,000 hectares ) . 
The outlook for effective control may not be so a s s u red if pr ices 
continue to fall in 1986/87 with sanitation being s u ch a cos t l y , 
labour- ineff ic ient p roces s . 
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75 77 79 81 

Year 
83 85 

F I G U R E 1: Changes in the annual mean price of Ghana cocoa 

C L I M A T E A N D D I S E A S E C Y C L E IN R O N D O N I A 

The average annual rainfall is about 2000 mm (80 inches) sp read 
th rough nine months, September - May . The re is a dist inct d r y 
season when little or no rain falls between the beg inn ing of June and 
the end of A u g u s t . C loud cover is more intense in the wet season. 
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humidity and night-t ime temperatures are h igher and daytime 
temperatures lower. Cocoa re sponds to s u ch a climate by p roduc ing 
one main wet season c rop set a round November and harves ted in 
May/June, and a small unpredictable d r y season crop set in May and 
harves ted in October/November. There are three and sometimes four 
f lushes of shoot g rowth at d ist inct times in the wet season. 

The f u n g u s is perfectly adapted to the climate and g rowth of cocoa 
in Rondonia as could be expected of an endemic pathogen. There is 
only one complete disease cycle per year due to the long incubation 
period and the interval between broom death and product ion of the 
bas id iocarps ( F i gu re 2) . Dead brooms requ i red a cons iderable time 
of apparent ly correct condit ions before they began to fruit at the 
start of the ra in s . T h i s induction period var ied in length, and 
bas id iocarp product ion was induced on different brooms any time 
from October to December. Dead brooms in their f i r st year 
p roduced their f i rst bas id iocarps later than second year brooms. 
The latter were normally less important because brooms tended to fall 
off trees and/or rotted after one season. Up to half of all 
bas id iocarps produced formed on the dead leaves attached to necrotic 
brooms. 
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F I G U R E 2: Annua l cycle of vegetat ive infection of cocoa by witches ' 
broom disease 
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Once f ru i t ing was induced bas id iocarps formed in f lushes t h roughou t 
the wet season, a l though at any one time only a small p roport ion of 
brooms were f ru i t i ng . A n average of up to 20 bas id iocarps per wet 
season were formed on each active broom depending on climatic 
va r ia t ions , and over 80 per cent of necrotic canopy brooms p roduced 
bas id iocarps . Broom act iv i ty was controlled by per iods of wetness 
de r i ved from ra in . Bas id iocarp product ion was nil or ins ign i f icant 
when wetness was less than 4 hou r s or more than 20 hou r s per day . 
A l ternat ing per iods of wet and d r y promoted fructif ication p rov ided 
air temperatures stayed within the range of 20-30°C. Spo re s 
released at n ight from bas id iocarps infected g row ing t i s sues of the 
tree. The re were normally two f lushes of shoot g rowth between 
January and Ap r i l which were exposed to spo res in condit ions 
favourable for infection. Brooms formed in a f lush cycle after shoot 
infection, expanded for 3 weeks and then g radua l l y became brown 
and necrotic. Bas id iocarps were never produced in the same wet 
season in which a broom was formed. 

F I G U R E 3: Compar ison between number of bas id iospores caught b y 
two types of s po re - t r ap s at var ious he ights above the 
g r o u n d in cocoa canopy at 02:00 on 28th Feb rua r y 1986 

D I S E A S E S P R E A D IN T I M E A N D S P A C E 

Few researchers have attempted to t rap bas id iospores , but all report 
a peak of spore release between midnight and 02.00 h o u r s . In 
Rondonia a volumetric suct ion t rap ( B u r k a r d ) placed at canopy 
he ight caught near ly 2,000 spores/m^ of air sampled at 02.00 h o u r s , 
whereas one at 1.5m caught none at all ( F i gu re 3) . Rotorod t raps 
placed at var ious he ights c augh t between 1500 and 4000 s p o r e s / m ' . 
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catching more near the g r o u n d , by sweeping the air with thin 
rotating pa i r s of s t i c ky rods . From these resu l t s it would seem that 
there may have been some lateral movement of s po re s within the 
foliage because B u r k a r d t raps catch only blown spo re s . There can 
have been almost no lateral movement of spo re s below the canopy, 
and most s imply settled out of the still a i r . The time taken for s uch 
spores to sediment out in still air from a height of Um would be 
about 20 minutes ( G r e g o r y , 1961). Germination of spores and 
penetration of the shoot/pod takes approximately 3 hou r s (Khonje, 
1981) and requ i res sur face moisture. On the trees s tud ied pods wet 
by rain after 12.00h on one day s tayed wet until an average of 09.30 
hour s the following morn ing. Definition of the length of a wetness 
period was less important than estab l i sh ing whether bas id iospore 
release and infection could have taken place du r i n g the per iod. With 
an ave rage of 4 d a y s with rain eve ry week in the critical months, 
pods may have been exposed to up to 50 infection per iods in the 
f irst twelve weeks of their development in which they were 
suscept ib le. The two factors control l ing the amount of infection 
were number of spo re s (or bas id iocarps ) and number s of wetness 
periods suitable for infection. Temperature in Rondonia was not 
limiting for most of a normal wet season. 

Shoots are smaller targets and suscept ib le for less time (about 3 
weeks) than pods (12 weeks ) . T h u s , 80 and 95 per cent of pods 
and 15 and 32 per cent of shoots were infected in 1984 and 1985 
respect ive ly . The final fract ion that became infected was the 
cumulative total of g radua l losses over a number of weeks. The 
mean loss per week determines the final total and if infection rates 
are the same per week for pods and shoot s , more pods will be lost 
overall a s they are susceptible for longer ( F i gu re 4 ) . 

% pod infection/wk 
5 10 IS 20 

% flush infection 
/ w k 

F I G U R E 4: Inc reas ing total cumulative infection of g r o u p s of pods 
and f l u sh shoots in relation to mean weekly infection over 
the whole susceptible period of 12 weeks for pods and 3 
weeks for shoots 
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Mean rates of infection were t . 5 and 12.5 per cent per week for 
shoots and 12.5 and 21.0 per cent per week for pods in 1984 and 
1985 re spec t i ve l y . T h u s pods were two or three times more l ikely to 
be infected than shoots on e xpo su r e to the same cond i t ions within a 
specif ied per iod . Se r i ou s pod losses would re su l t from any infection 
rate h i ghe r than 2 per cent per week. 

The epidemic of vegetat ive infection developed ove r severa l y e a r s 
and was d i s t inct from the infection of f ru i t b y each y e a r ' s broom 
populat ion. Necrot ic and often mummified pods seldom p roduced 
bas id ioca rps and ha rd l y cont r ibuted to the reinfect ion of the tree. 
Numbers of new brooms d id not on ly depend on external f ac to r s , as 
f lush intens i ty affected the number of g r o w i n g shoots avai lable for 
infection. In 1984, when bas id iocarp p roduct ion was low, wetness 
per iods few In number , and f l u sh i n g r educed , the d i sease ha rd l y 
p r o g r e s s e d (x - x F i gu re 5 ) . In cont ra s t the climatic cond i t ions 
in 1985 p rov i ded a g reate r number of Infection per iods and increased 
bas id iocarp p roduct ion . F l u s h i n g was more Intense and th i s 
combination of factors resu l ted in a th ree- fo ld Increase in the 
number of vegetat ive brooms (x - x ) . Yet only a th i rd of all 
f lushes were infected even when condi t ions were v e r y much more 
favourab le in 1985. 
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F I G U R E ' 5 : Increase in mean number s of vegetat ive brooms per tree 
from 1983 to 1985 in a re search site in Ou ro Preto, 
Rondonia 
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Disease d i spersa l from a point source was examined u s i ng g row ing 
seed l ings as t rap plants placed at g i ven d istances from a central 
g r o u p of s u spended brooms. The nearest plantation of cocoa was 
500m away t h r ough a belt of forest. A th i rd of all p lants direct ly 
below the brooms became infected ( F i gu re 6 ) . There was almost no 
lateral sp read from the central source, indeed no difference in per 
cent infection between plants 2m away and plants 50m away. 
D i sper sa l of spo res was minimal and the b a c k g r o u n d infection v e r y 
low. The re was enough Infection to cause a few brooms to form that 
would p rov ide secondary inoculum for the following wet season. 
T h u s an infected plantation in Rondonia would probab ly only cause 
some canopy infection in a ne i ghbour ing cocoa farm, from which the 
epidemic would then bui ld up within that new plantation. From work 
in T r i n i d a d , Holl iday (1954) reached a similar conclus ion r ega rd i ng 
s ho r t and long-d i s tance disease d i spersa l . 
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F I G U R E 6: Disease g rad ient on g rowing seed l ings placed at di f ferent 
d i s tances from a point source of inoculum contain ing 1,500 
detached brooms su spended 2m above the g r o u n d 

I N D I R E C T D I S E A S E L O S S E S 

Flower cu sh i on s may themselves become infected. Full symptom 
exp re s s i on d id not occur on all cu sh i on s f ungu s penetrated and in 
some cases the infection died out without invad ing all the t i s sues . 
In tens i ty of f lowering was an important factor determining amounts of 
infection and also appearance of symptoms as has been shown in 
T r i n i dad (Hol l iday, 1956). Symptoms normally occu r red in a 
sequence that terminated in the product ion of one or more brooms. 
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By the last stage of invas ion of the cu sh i on , necros i s often resu l ted 
in the loss of all meristematic t i s sue and no more pods could be 
produced on it. There was a finite population of cu sh ions on a 
mature tree, and most pods were produced on the t r u n k and main 
b ranches to 3m above the g r o u n d in well-formed cocoa. Gradual loss 
of these cush ions by infection and necros i s d iminished reproduct ion 
of the trees by reduc ing f lowerer ing. The dest ruct ion of cu sh i on s 
resulted in indirect losses in p roduct ion . 

Such losses were diff icult to quan t i f y , especially where the cu sh i on 
was not completely killed and some f lowering still o ccu r red . Cocoa 
plantations in Rondonia are not more than 15 yea r s o ld, and most are 
less than nine yea r s old. Cu sh i on infection has on ly become a 
problem where vegetative canopy infection has been allowed to 
increase. Th i s can occur in p lant ings as young as seven years o ld , 
where several hund red cush ions on each tree have produced brooms 
and parthenocarpic fruit called ch i r imoyas. The se brooms 
contr ibuted inoculum to the epidemic, a l though there was some 
evidence that wetness per iods were longer than for h igh canopy 
brooms and fructif ication was less intense. The only infected pods 
associated with infected cush ions were " ch i r imoyas " and " c a r r o t " 
(Dale, 1946) shaped pods. I nvas ion of developing pods by systemic 
growth of mycelium th rough the peduncle seemed un l i ke l y . 

D I S E A S E M A N A G E M E N T IN R O N D O N I A 

Pod losses are the economic effect of this d isease and control 
measures are aimed at reduc ing s u c h losses. Witches ' broom is 
endemic on wild cocoa trees which g row at a v e r y low dens i ty in 
normal forest. Bas id lospore d i sper sa l is likely to be Inefficient in 
the forest, whereas In a plantation It is extremely efficient. Su r face 
wetness on pods was more often the limiting factor than spo re 
concentrat ions in Rondonia once infection was establ i shed in a f ield. 
With 2000 spo res/m ' of air d u r i n g each suitable infection per iod , 
bas ld locarp numbers would need to be greatly reduced before there 
would be insuff ic ient spores to cause ser ious losses . A n ave rage 
rate of pod infection of 5 per cent loss per week would g ive a total 
loss for the season of 10 per cent. 

Since no infection occur red d u r i n g the period May - November the 
inclusion of f ru its harvested In th is period would reduce the 
proport ion of fruit lost to the d i sease. There were some per iods in 
both 1983/84 and 1984/85 when near ly all avai lable pods were 
infected, but mean losses over the whole wet season harves t were 
lower. Weeks with h i gh disease potential were concentrated in 
January - March when the main wet season c rop was developing and 
at Its most vu lnerab le. Th i s may have been part of the explanation 
for s u ch h igh overal l pod losses. In March/Apr i l 1984 and 
January/Februa ry 1985, 50 per cent of the wet season crop became 
infected in five weeks containing 17 and 15 infection per iods 
respect ively. It is not possible to compare Rondonia with other 
cocoa reg ions without precisely comparable information on climate, 
host g rowth etc. However the h i gh losses recorded in Rondonia 
were due to a combination of the following factors: 
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1. Concentrat ion of developing c rop into the mid wet season. 

2. Rainfall in afternoon or ear ly even ing for an average 3 day s 
per week in wet season. 

3. Temperature in ideal range th roughou t wet season (20° - 30°C). 

4. H i gh p roduct i v i ty (bas id iocarps ) of brooms in canopy . 

Broom removal for sanitation of plantations is the only control method 
u sed In Rondonia and it aims to reduce the source of inoculum. 
However , it is essential that phytosanitat ion is s tarted before the 
disease becomes seve re . Data from developing epidemic i o T pod 
disease have shown that the th i rd and four th year s are critical in 
the establ ishment of witches ' broom in Rondonian cocoa ( R u d g a r d , 
1986). T h u s the ear ly initiation of broom removal is necessary if 
costs of d i sease control are to be minimised. However , where 
witches ' broom is a l ready establ i shed the cost-benef i t of p r un i ng has 
been diff icult to estimate without any idea of the relat ionship 
between d i f ferent amounts of p r un i n g and the associated reduction in 
pod loss. From work completed in a heavi ly infected plantation a 
model for estimating pod loss was der ived u s ing numbers of wetness 
per iods and bas id iocarps ( R u d g a r d and But ler , 1987). It was 
poss ib le to extrapolate from this model what effect artificial reduction 
of inoculum would have. In most year s 50 per cent broom removal 
would have hard ly any effect because number of wetness periods 
would still be the factor control l ing infection. Over ' 95 per cent of 
brooms would have to be removed in o rder to reduce bas id iocarp 
product ion to s uch a level that disease incidence on pods would be 
ha lved. A separate topic not within the scope of this 
C E P L A C / I I C A / C C C A Project concerned the effect of tree height on 
p r u n i n g eff ic iency. Th i s has been examined in some detail by 
sc ient i sts in Belem and their resu lts indicated that canopy height 
shou ld be kept below tm ( A n d e b r h a n , 1985). The time taken to 
p rune each tree would be thereby reduced without affecting total 
y ie ld. 

Sanitation was an expens i ve and often unprof itable exerc ise when 
there were large numbers of cush ion brooms, and drast ic p run ing 
was often neces sa ry to recuperate such cocoa ( Rod r i gue s and S i l va , 
1986). However cu sh ion disease was seldom ser ious where canopy 
infection was kept under control. T h u s phytosan i ta ry p run ing of 
vegetat ive brooms is also a means of avo id ing the more ser ious 
long-term increases in cush ion infection. 

P runed brooms cont inued to produce bas id iocarps if left on the 
g r o u n d . The i r p roduct iv i ty was lower than brooms in the canopy 
and their bas id iocarps s u r v i v e d for less time. They were wetted by 
throughfa l l from the canopy d u r i n g ra instorms and were saturated 
with water for longer per iods than brooms still attached in trees. 
Too much water in brooms inhibited fructif ication and sparse 
canopies allowed greater air movement and exposure to sun l i gh t that 
dr ied out brooms in less time. Where canopies were dense , brooms 
in leaf litter on the g r o u n d often d id not d r y out for day s at a time. 
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Management of cocoa canopies should, aim to keep g a p s in foliage as 
small as poss ib le if brooms are to be left on the g r o u n d after 
p r un i n g . It has been claimed that s u c h a practice would increase 
infection of pods by increas ing per iods of sur face wetness caused by 
condensation ( B a r r o s , 1981). Condensat ion is a separate 
phenomenon related to the mass of the pod and r i s i ng air 
temperatures between 06.00 hou r s and 09.30 hou r s ( Bu t l e r , 1980). 
S uch moisture on pods would not be associated with bas id iospore 
release as brooms would be d r y , and its durat ion would ha rd l y be 
affected by canopy dens i t y . 

Once broom numbers fall below a critical level, bas id iocarp 
production would be sporadic because of the patterns in 
fructif ication. Constant efficient p r un i n g keeps down infection of 
pods because spores are only p roduced from the p rev i ou s yea r ' s 
brooms. Relaxation of phytosanitat ion would resu l t in the formation 
of vegetative brooms d u r i n g the f i r s t year , and an Increase in pod 
infection in the following yea r . Exper ience has shown that cultural 
control is poss ib le in Rondonia despite such an efficient pathogen 
system. Fu r the r work needs to be done with the pod loss model in 
order to calculate cost benef its . 

S U M M A R Y O F C U R R E N T R E C O M M E N D A T I O N S F O R D I S E A S E 
M A N A G E M E N T 
(developed b y staff and co-operators of Phytopathology D i v i s i on , 
C E P L A C , Belem) 

1. S t ruc tu re of cocoa canopy 
a. T rees must be kept less than tm tall. 
b. Foliage canopy must be intact with as few g a p s as 

poss ib le; 

2. P run ing of brooms 
a. Phytosan i ta ry p r un i n g must be begun when a plantation is 

not more than 3 yea r s old; 
b. One main p r u n i n g in the d r y season must be completed 

before the f i r s t large wet season f l u sh , removing at least 
95 per cent of all brooms; 

c. A second p r un i n g should be completed by mid-December; 
d . P runed brooms: 

i) may be left on the g r o u n d IF foliage canopy is intact; 
ii) must be covered with leaf litter (or banana leaves) or 

be removed from plantation IF canopy is s p a r s e . 
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help and adv i ce d u r i n g the project. Daniel C u s t a f s o n ( M C A ) and 
E r i c Beauchamp ( C C C A ) hand led the admin i s t rat ion of the project. 
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F O R T Y E I G H T Y E A R S O F C O C O A R E S E A R C H A T T H E 
C O C O A R E S E A R C H I N S T I T U T E OF G H A N A 

Veron ica A . Ma r t i n s on , D . Adomako , and M. Manu 
Cocoa Resea rch Inst i tute of Ghana , P O Box 8, Ta fo , Ghana 

The ser ies of Co ld Coast Department of A g r i c u l t u r e Bu l let ins da t ing 
from 1926 to 1938 contain many repor t s on topics r a n g i n g from y ie ld 
and d i seases to qua l i t y and s to rage of commercial cocoa bean s , b y 
s u c h notable w o r k e r s as H . A . Dade, G . S . Cotterell and R . H . 
B u n t i n g , all of the former B r i t i s h Colonial Research Se r v i ce . T h e 
s tud ie s were ca r r i ed out at the Depar tment ' s s tat ions at A s u a n s i , 
A b u r i , Kpeve and Kumasi where other important c r o p s were also 
s tud ied . The last of these Bu l le t ins (Wr i gh t , 1 938) de sc r i bed the 
estab l i shment of the Cocoa Re sea rch Stat ion at Tafo. In the h i s t o r y 
of cocoa r e sea r ch , the Tafo stat ion was second only to the Cocoa 
Resea rch Scheme of T r i n i d a d . 

B y 1930 Ghana had been the wo r l d ' s la rgest cocoa p roduce r for 20 
y e a r s a l ready and the i n d u s t r y was p lagued by insect pest and 
d i sease prob lems. Product ion was dec l in ing in the Ea s te rn Reg ion 
because of cocoa swollen shoot v i r u s ( C S S V ) . It was aga in s t th i s 
b a c k g r o u n d that the Ag r i c u l t u r a l A d v i s e r to the B r i t i s h Min i s ter of 
State for the Co lon ie s , S i r F r a n k S tockda le , recommended in 1935 the 
sett ing up of the Tafo Re sea rch Stat ion to invest igate problems of 
pest s and d i seases in o rder to maintain p roduct ion in the Ea s te rn 
Reg ion . A similar v i s i t to Ghana and Niger ia b y the Ag r i c u l t u r a l 
A d v i s e r to the Colonial Of f ice, D r . H . A . Tempany in 1943 led to the 
establ i shment at Tafo of the e xpanded West A f r i c an Cocoa Re sea rch 
Inst i tute ( W A C R I ) in 1944, with O . J . Voe lcker as its f i r s t D i rector 
and a s ub - s t a t i on at I badan , N ige r ia . The h i s t o r y and ear ly 
programmes of both the Cocoa Resea rch Stat ion and W A C R I have 
been well documented (Greenwood, 1943; and Voe l c ke r , 1946, 1948a, 
1948b). A s we approach the fiftieth year of its establ i shment it is 
cons ide red nece s s a r y to b r i n g the account up to date. T h i s p a p e r , 
therefore, de s c r i be s the act iv i t ies and achievements of the inst i tute 
from 1938 up to the present time. 

Af ter the independence of Ghana (1 957) and N iger ia (1960) , W A C R I 
was d i s s o l ved , g i v i n g b i r th to the Cocoa Research Inst i tute of Ghana 
( G R I G ) and the Cocoa Re sea rch Inst i tute of N iger ia ( G R I N ) . In 
Ghana , C R I G was adminstered by the National Re sea rch Counc i l , 
later the Ghana Academy of Sc iences and the Counci l for Sc ient i f ic 
and Indus t r ia l Re sea rch ( C S I R ) . It is a character i s t i c feature of the 
In s t i tute ' s cheque red h i s t o r y that when C S I R celebrated its S i l ve r 
Jubilee in 1984 G R I G had a l ready left the C S I R . C R I G was b r o u g h t 
under the admin i s t rat ive contro l of the M in i s t r y of Cocoa A f f a i r s in 
1976 so that it cou ld funct ion effect ively within the cocoa i n d u s t r y . 
S ince 1979 C R I G has been par t of the Ghana Cocoa Ma rke t i ng Boa rd 
(now Ghana Cocoa B o a r d ) , fol lowing the abolition of the M i n i s t r y . 
Bu t despite all these c h a n g e s in the In s t i tu te ' s h i s t o r y it has 
cont inued to fulfil its role in re sea rch a longs ide severa l cocoa 
research cent re s in other pa r t s of the wor ld. 
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S T A F F 

The ear ly research staff were almost exc lus i ve ly expatr iate (B r i t i sh ) 
sc ient i sts s e r v i n g with the Colonial Research Serv i ce or the Gold 
Coast Department of Ag r i cu l t u re ; and a cadre of B r i t i sh sc ient i s t s , 
some of whom are now internationally well known, is the corner stone 
of a long tradit ion spann ing almost f ive decades. Four sc ient i s t s , 
inc lud ing A . F . Posnette and M. Greenwood, of the Central Cocoa 
Research Station at Tafo were absorbed by W A C R I at its Inception. 
I he total number of B r i t i sh research sc ient ists in 1944 was fifteen. 
In o rder to attract A f r i can s with the aptitude for research a 
s cho la r sh ip scheme for t ra in ing at home or abroad was inst ituted. 

R E S E A R C H P R O G R A M M E S , 1938-1962 

In the ear ly y e a r s , research was concentrated on the bionomics of 
the cocoa mi r ids , Sahlbergel la s i ngu la r i s Hag. and Distantiella 
theobroma D i s t . , their predators and food-p lants , and on the cocoa 
swollen shoot v i r u s d i sease, its s t r a i n s , insect vec to r s , alternative 
hosts and control. 

F I G U R E 1: The L i b ra r y Block at C R I G 

C O C O A S W O L L E N S H O O T V I R U S 

The outbreak of C S S V In the Eastern Region of Ghana was f i rst 
reported in 1936. A s far back as 1930 its presence had been 
ev ident , but descr ibed as an ' extens ive d ieback ' d isease which was 
believed to be caused by deteriorated env i ronment, poor soils and 
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d r o u g h t . B u t in 1936 W.F . S teven cons idered it to be an infect ious 
d isease and in t roduced cu t t i ng out as a control measure, u s i n g the 
presence of swe l l ings for d i a gno s i s . D r . A . F . Posnette a r r i v e d in 
the then Co ld Coast in 1937 and became invo lved in the set t ing up of 
the Central Cocoa Re sea rch Stat ion at Tafo in 1938, as its f i r s t plant 
b reede r , to breed for res i s tance to the pest s and d i s ea se s . B y 
g ra f t t ransmi s s i on he soon demonstrated the v i r u s na tu re of the 
' d i e -back ' d i sease . The g r a f t exper iments also p roduced c on sp i c uou s 
mosaic leaf symptoms wh ich were more reliable for field detection of 
the d i sease than stem swe l l i ng s . In a rap id ser ies of e legant 
exper iments . D r . A . F . Posnette made many important d i s cove r i e s 
about the vector and t ran smi s s i on of the v i r u s , as well as the 
s t r a i n s , s ymptoms , host r ange and epidemiology of the d i sease and 
he p ioneered attempts to contro l swollen shoot d i sease b y cut t ing out 
Infected trees (Posnette, 1943). The eradicat ion programme began in 
1943 and has cont inued with i n te r rup t i on s for f i fty y e a r s becoming 
the most ambit ious of its t ype ever unde r t a ken . Fu r t he rmore , in 
col laboration with J . M c A . T o d d , Posnette identif ied res i s tance and 
tolerance of v i r u s infection among b reed ing materials. Posnette 
became better known as a patholog i s t than as a plant b reede r , 
a l though he initiated an important b reed ing and selection programme 
which was to be p u r s u e d more ex tens i ve l y in later y e a r s , as 
d i s c u s s e d below. 

Much attention was devoted to the s t u d y of the host r ange or 
natura l ho s t s of C S S V . In a s t r i n g of publ icat ions on th i s subject 
(Posnette, Rober t son and T o d d , 1950; T o d d , 1951; T i n s l e y and 
Wharton, 1958 postulated that Ceiba pen tand ra . Cola cord i fo l ia , Cola 
ch lamydantha and C . g i g an tea , were the or ig inal hos t s of C S S V and 
that the v i r u s moved into cocoa when the latter was i n t roduced into 
Chana . In a later s t u d y of the pattern of d i s t r i bu t i on of the tree in 
West A f r i c a , howeve r , T i n s l e y (1971) has conc luded that there is no 
conv inc ing ev idence for incr iminat ing the wild I nd i genous trees as 
the or ig inal source of C S S V . He has s u g g e s t e d that C S S V came 
or ig ina l l y from Sou th Amer ica . 

E N T O M O L O G I C A L R E S E A R C H 

Col laborat ive entomological s tud ie s by S t r i c k l and and Cornwel l on the 
insects associated with the C S S V d isease were made ( S t r i c k l a n d , 
1951a, 1951b; Cornwe l l , 1 956, 1958, 1960). The se I n ve s t i g a to r s 
pioneered s tud ie s on the taxonomy, ecology and bionomics of the 
mealybug vec to r s and their attendant ants . The i r s t ud ie s showed 
Planococcoldes njalens is to be the most important vector of C S S V . P. 
njalens is was found to be protected by Crematogas ter ine and 
Oecophyl la ants with the former bu i l d ing protect ive tents over the 
mealybug colonies. A n a g y r u s s p p . and some Cecidomyi id midges 
were found to paras i t i se on mea lybugs ( F i gu re 2b ) . 

The f i r s t entomologists also s tud ied the populat ion d ynam i c s , 
eco logy, b io logy and control of the major mir id pe s t s , Sah lberge l l a 
s i n gu l a r i s ( F i g u r e 2a) and Distantiel la theobroma. M i r i 3 attack on 
both y o u n g and mature cocoa resu l ted in d ie -back of the shoot s . In 
y o u n g shoots the mechanical damage caused by the feed ing , together 
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with release of toxic sa l iva, caused necros i s and death. S . H . 
C r o w d y ( C r o w d y , 1947) showed that mirid damage was usua l ly 
followed by fungal infection, caus ing a chronic d ie-back condit ion. 
It was d i s covered also that when canopies were b roken by fallen 
trees the improved l ight condit ions favoured g rowth of f lush shoots, 
which attracted mir ids . ' Cap s i d pockets ' were more numerous and 
most des t ruct i ve from September to March . 

B y 19til a simple but 
dev i sed for protecting 
one per cent aqueous 
young trees where the 
day ( Anon , 1950). In 
D ie ld r in , g amma-BHC 
with the Department of 

effective chemical control method had been 
young cocoa. It cons i sted of paint ing with 

D D T su spens ion the b ranch i ng points of the 
insects were found to rest in the heat of the 
1956 field control trials with E n d r i n , A l d r i n , 

and Heptachlor were Initiated in conjunction 
Ag r i cu l tu re u s i ng the 'Motoblo ' m i s t - sp raye r . 

In 1956 a large scale mirid control programme based on WACR l 
recommendations u s i ng Gammalin 20, (L indane) was undertaken by 
the M in i s t r y of A g r i c u l t u r e , f inanced by the Cocoa Market ing Board. 
In th is scheme each g ang of five operators was able to cover about 
30 acres a day s p r a y i n g the chemical with motorised mist-b lowers. 
Farms were sp rayed four success i ve months in a yea r , beg inn ing 
from A u g u s t with 280g a. i ./ha for the f i rst two months and 70g 
a . i ./ha for the subsequent two months (Gordon, 1976). In 1960 a 
peak sale to farmers of 1.4 million litres of Gammalin 20 was made. 
There were spectacular increases in y ie ld, and Ghana ' s peak 
product ion in 1965 of 520,000 tonnes was attr ibuted to the ' saturat ion 
s p r a y i n g ' campaign of the early 1960s. 

Control of mealybugs met with no s ucce s s , however. Stud ies on the 
biological control of mealybugs with a few locally found parasitic 
insects and moulds, or with about one million exotic parasit ic insects 
were of no avai l . 

F I G U R E 2a: Cocoa caps id , Sahlbergel la s ingu lar t s 
F I G U R E 2b: Mea l ybug s on cocoa pod. 
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Contact insecticides were found to be ineffective due to the 
protective tents built over the mea lybugs by attendant an t s , whi lst 
systemic insecticides which were found to be effective were too toxic 
for safe use where food c rops s uch as cocoyams were g rown amongst 
the cocoa (Anon , 1950; Hanna, Heather ington and Judenko , 1952; 
Nicol, 1953; Tho ro ld , 1975). 

B L A C K POD D I S E A S E 

The black pod disease caused by Phytophthora palmivora was also 
common in the ear ly days of VVACRI and Feceived cons iderable 
attention in the ear ly 1940s. It was soon confirmed that, as shown 
earl ier by H . A . Dade, disease incidence increased in cool, v e r y 
humid weather; also the disease s p read s from pod sta lks into the 
wood of the tree. A s a contro l , f requent ha rves t i ng of ripe pod s , 
removal of infected pods from the trees and shade manipulation were 
recommended ( A n o n , 1950). 

C O C O A A G R O N O M Y A N D S O I L S 

From the late 1930s onward s , the centre of cocoa product ion was 
sh i f t ing to the A shan t i .and Western Reg ions where new farms were 
being planted to cocoa under shade prov ided by forest t rees. 
Re-establ i shment of cocoa in the Eas tern Region was made diff icult 
by (!) prevalence of mirids which attacked and dest royed y o u n g 
cocoa and (ii) the degenerated environment resu l t ing from food 
farming and loss of shade trees; and (iii) loss of soil fert i l i ty. 
Re-establ ishment of cocoa received immediate attention at W A C R I . 
The use of temporary shade for y o u n g cocoa, permanent shade oh 
older cocoa, shade dens i ty and shade management were s tud ied. So 
also were planting seeds at stake and planting of seedl ings from 
nu r se r i e s . A procedure for p lant ing cocoa under these cond i t ions , 
descr ibed in the Inst itute booklet, ' W A C R I and the Cocoa Farmer ' , 
cons isted of leaving the land to be replanted to fallow in order to 
regenerate the soil, clearing and p repar ing the land for rep lant ing , 
but leaving seed l ings of forest trees for permanent shade; plant ing 
plantain, banana and cocoyam to prov ide temporary shade and 
planting cocoa seeds at stake in s t ra i gh t lines 1.5m apart. Shade 
was prov ided by regenerated b u s h on either s ide of the planted 
rows. Shade reduct ion was then effected so that it was neither too 
much nor too little. It had been establ i shed a l ready that too much 
shade reduced g rowth and y ie ld. It was cons idered better to use 
local forest trees for shade than to use a s ingle species of a tree not 
native to West Af r ica ( A n o n , 1950). 

A method of propagat ion b y rooted cut t ings was succes s fu l l y 
developed in the early stages u s i ng 0.5 per cent Be ta - i ndoy lbuty r i c 
ac id. Th i s enabled good plant parent s to be propagated in large 
numbers from s ingle leaf cu t t i ng s . The 'clonal trees ' bore pods 
several years earlier than seed l ings , and when left untra ined had a 
low spread ing habit. 
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C O C O A P O L L I N A T I O N 

For a long time the agents of cocoa flower polliantion p roved elusive 
because of their small size and the d i f f iculty of t rapp ing them, it is 
now establ i shed that Ceratopogonid midges are the chief agents of 
pol l ination. Ser ious studies on pollination were prompted by 
Voe l cke r ' s (Voe lcker , 1937, 1938) d i s cove r y in T r i n i dad of 
self- incompatibi l i ty in cocoa. In the Cold Coast the presence on 
poll inated flowers of c lusters of pollen g r a i n s and of fine ha i r s or 
b r i s t le s on the s ty le and pollen c lu s te r s se rved as evidence 
implicating Ceratopogonid midges as the agents of pollination 
(Posnette, 1950; Posnette and Entwist le, 1957). 

These were identified as Forcipomyia i ng rant Car te r , F . ashant i i , 
and Lasiohelea l itoraurea. Posnette (Posnette, 1 9 5 0 r u i i d two 
cha rac te r s , albinoism and axil spot , to determine the incidence and 
extent of c r o s s pollination. He showed with both methods that 
c ross -po l l inat ion accounted for 18-43 per cent of the total number of 
pods and that pollen was seldom car r ied more than two rows of 
t rees . These f i nd ing s were in agreement with those of Voelcker 
(Voe lcker , 1937, 1940) and were useful for the de s i gn ing of bi-clonal 
plots for product ion of clonal seed for d i s t r ibut ion to farmers . 

B R E E D I N G A N D S E L E C T I O N 

Until the late 1940s the yellow podded Amelonado cocoa formed about 
95 per cent of the cocoa cult ivated in Ghana. It is a genetically 
uniform Forastero. The rest cons i s ted of trees restr icted to 
Tr in i ta r io or Crioilo o r i g in , often with elongated pods and red 
pigmentation. 

While in T r i n idad in 1943 and 1944, Posnette despatched 121 pods of 
cocoa and its allies with a view to broaden ing the genetic base for 
b reed ing of res istance to swollen shoot disease and the mir ids . Some 
of the pods were obtained by c ro s s i ng seedl ing trees collected by F 
J Pound in the area of the headwaters of the R iver Amazon. After a 
per iod of quarant ine in Acc ra , seed l ings from these pods were 
planted out at VVACRI, Tafo in 1945. B y 1948, the precocity and 
overal l super io r performance of the introduced upper Amazon cocoa 
types were genera l ly acknowledged. 

With this obse rva t ion , the 1948 Commission of Enqu i r y into C S S V 
recommended that the best of the new selections should be multiplied 
by open poll ination. After a careful assessment of v i g ou r , 
precoc i ty , y ield and f lavour, a total of ten of the new types were 
released as 'M ixed Amazons ' in September 1954. Multipl ication plots 
or Seed Gardens of the F generat ion (from open poll ination) were 
set out, for the product ion of F open pollinated seeds for 
d i s t r ibut ion to farmers . 

T H E I M P A C T OF W A C R I IN T H E E A R L Y Y E A R S 

With their early bear ing and h i gh y ie ld ing propert ies , the Mixed 
Amazons qu i ck l y became ve ry popular with farmers, a succe s s story 

Cocoa Grower s ' Bulletin No. 38 May 1987 

44 



which must be counted among the greatest achievements of the 
Inst itute. The Ghanaian peasant has a sh rewd sense of judgement 
and appraisal that is sometimes wit ty , humorous and/or cyn ica l . He 
was qu ick to ch r i s ten the scourge of cocoa farms by mir lds as " Co 
Back To The Oil Palm" ( " S a n konu wo abe " ) . The ear ly - bear ing 
Mixed Amazons were chr i s tened: "Neve r too late for the Aged 
Farmer " . With its far reaching research f i nd i ng s and 
recommendations, and the policy of opening its doors to a flood of 
farmers, teachers and s tudents from both Ghana and N ige r i a , W A C R I 
soon made a g igant ic impact on the farmer and the publ ic as a 
whole, whi lst being sh ie lded by the Government and the Department 
of Ag r i cu l tu re from the effects of the unpopular recommendations of 
cutt ing out cocoa trees affected by C S S V . 

T H E P O S T I N D E P E N D E N C E E R A 

After the political Independence of the B r i t i s h West A f r i can 
terr i tor ies, the d i sso lut ion of W A C R I in October 1962 and the 
formation of C R I C , 12 expatriate research staff r e s i gned , leaving 
only 7 profess ional scientif ic staff and 25 vacanc ies . Of the 7 there 
were 3 Ghanaians and one Canad ian. Canada was the f i rst to 
prov ide technical ass i s tance in 1963 with 2 entomologists and 2 
technicians to work on the mirid problem which had taken on a most 
ser ious dimension. In 1963/64 three Br i t i sh sc ient i sts also a r r i ved 
on technical aid. These expatr iate staff headed the var ious 
scientific d i v i s i on s , but under the f i r s t Ghanaian d i rector , M r . S . T . 
Quansah , who se rved from 1963 to 1965. A slow p roces s of 
recruitment and t ra in ing of Ghanaian staff was then b e g u n . By 
1970, out of the 16 research sc ient i sts on the station 11 were 
Ghanaians and another Ghana ian, D r . E . J . A . A soman ing , was 
D i rector. 

T H E B R I T I S H R E S E A R C H T E A M 

B y the early s ixt ies more than IHO million cocoa trees had been cut 
out under the government C S S V control programme, which had 
begun in 1946. Bu t the v i gou r with which the programme was 
started could not be maintained due to hostil ity from farmers despite 
generous compensation for cutt ing out and rep lant ing. The 
programme was abandoned altogether in 1962 when the Cocoa D iv i s ion 
of the M in i s t r y of Ag r i cu l t u re was d i sbanded. The swollen shoot 
epidemic subsequent l y increased, and in 1967 the Cocoa D iv i s ion was 
re -es tab l i shed. Since then the cutt ing out of d i seased trees has 
been carr ied out on a rather limited scale. T h i s s i tuat ion, coupled 
with the ease of re- infection of small areas of replanted cocoa close 
to infected trees, has made control of the disease by cut t ing out 
ineffective. In 1969 the search for res istant or tolerant types of 
cocoa, which Posnette Initiated in the mid-1940 ' s , was taken up In 
earnest with the establ ishment of a B r i t i sh Research Team, 
sponsored by the B r i t i sh Ove r sea s Development Admin i s t rat ion. 

In 1964 the popular W A C R I Ser ies II or 'Tafo H y b r i d ' cocoa which 
were c ro s se s made by R . Kn i gh t and H . H . Roge r s between selected 
Upper Amazon parents from Posnette ' s 1944 Int roduct ions with 
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Amelonado and local Tr in i tar io selections were released to farmers 
(C lend lnn ing and Mar t in son, 1966; Mart inson and Lockwood, 1974). 
Large scale seed product ion was facilitated by mass hand pollination 
In the seed g a r d e n s ( Edwa rd s , 1973). The Amazon parent s of the 
Ser ies II h y b r i d s together with later Introduct ions were the main 
source of material for selection for resistance to the swollen shoot 
d isease. 

The B r i t i s h Research Team began work by sc reen ing these types of 
cocoa and their c ro s se s for res istance and/or tolerance. The 
screen ing methods were essential ly those developed by Posnette, 
(Posnette, 1947) and consisted of s t a r v i ng mealybug nymphs 
collected from the field, feeding them on cocoa seedl ings infected 
with C S S V (for v i r u s acqu i s i t ion) , then t r an s f e r r i n g them to cocoa 
beans for 21 hou r s before planting the beans In seed boxes . After 
one month had e lapsed. Infection could be readi ly detected In the 
form of mosaic leaf symptoms (Kenten and L e g g , 1970). Seeds of 
many different cocoa h y b r i d s were compared and promis ing materials 
selected. The method was refined by use of manual Inoculation with 
a partial ly pur i f ied preparat ion of C S S V , but inoculum could not be 
produced on a large enough scale. H y b r i d s showing a fair measure 
of res istance have been identified ( Legg and Lockwood, 1981) and 
could be u sed to advantage ( L e g g , 1981). Lockwood (Lockwood, 
1981) has concluded that there Is little or no practical prospect of 
breed ing s t r onge r sources of res i s tance from available genotypes . 
However, in the tolerance tr ia ls , h y b r i d s selected on the basis of 
laboratory tests p roved to be sens i t ive in the field ( L e g g , Kenten 
and Lockwood, 1980). 

The Team Introduced a substant ia l number of cocoa clones from the 
Latin Amer ican and Car ibbean Reg ions and C R I C now has one of the 
most comprehens ive cocoa germplasm collections in the wor ld. 

A f ter the B r i t i s h Research Team's departure more sens i t ive methods 
of detecting C S S V infection were developed as a tool for 
epidemiological s tudies and for fu r ther sc reen ing for res istance and 
tolerance. A new method of extract ion and purif icat ion of the v i r u s 
developed recently has enabled product ion of ant i serum and the 
development of I SEM and E L I S A (Adomako et al. 1983; Saaemann et 
al, 1983). 

T H E I N T E R N A T I O N A L C A P S I D R E S E A R C H T E A M 

Mi r id res i s tance to Lindane was d i scovered in 1961 in the Eastern 
Region and had sp read to A shant i and the Western Region by 1963. 
Th ree expe r t s D r . R . A . E . Galley of Shell C o . , U K . , Prof . A . W . A . 
B r o w n , Un i ve r s i t y of Western Ontar io , and D r . J . Marshal l of Canada 
Department of Ag r i cu l t u re Research Stat ion, Pentlcton, v i s i ted Tafo 
in 1963 and confirmed the occurrence of res i s tance. Following these 
repor t s the International Office of Cocoa and Chocolate ( l O C C ) 
a r r anged a v i s i t by D r . F .P .W. Winteringham in 1964 to s tudy and 
adv i se on the s ituation. He subsequent l y recommended the 
s p o n s o r s h i p of a team of sc ient i sts to s tudy and solve the problem. 
A n International Caps id Research Team consequent ly a r r i v ed at Tafo 
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in 1965 and worked for the next 6 yea r s in Cfiana and in Nigeria 
(Co l l ingwood, 1972). Th i s was funded by members of l O C C which 
g r o u p s together the wor ld ' s manufacturers of cocoa and chocolate. 

Marchart studied alternative insecticides and found p ropoxu r 
( B a y g o n , Unden) and O r t hobux , both carbamate insect ic ides, to be 
effective as replacements for Cammalin. Unfor tunate ly , B a y g o n of 
low pers i s tence because of wash-of f from f requent ra ins and h i gh 
evaporat ion and the residual effect was low (Marchar t , 1970). 
Unden has subsequent ly been used on large scale since 1979. 

The International Caps id Research Team also produced a wealth of 
data from detailed studies of specific aspects of the mirid problem, 
such as d i s t r ibut ion and abundance of mea lybugs , integrated 
biological and chemical control of pes t s , as well as res i stance of 
cocoa var iet ies to mirid attack. 

O T H E R E N T O M O L O G I C A L S T U D I E S 

The economic effect, biology and control of Bathycoelia tha lass ina, a 
minor pest of cocoa, were studied in great depth by a number of 
author s (Ge ra rd , 1964, 1965, Lodos, 1967 O w u s u - M a n u , 1975, 1976. 
T .Kau fmann (1973, 1975) conducted extens ive s tudies into the 
pollination of cocoa. The work on the ecology of mea lybugs 
pioneered by A . H . S t r i ck land and P . B . Cornwell was taken up and 
great ly extended by M . B i g g e r and C . A . M . Gampbell of the B r i t i sh 
Research Team ( B i g g e r , 1976, 1981 ; Campbel l, 1983). The later 
work showed tha Planococcus citri had replaced Planococcoides 
njalensis as the dominant mealybug species and that P. citr i together 
with other mobile species may now be the more important vector of 
C S S V . 

I N C O M P A T I B I L I T Y 

The genet ics of incompatibility in Upper Amazon cocoa was worked 
out by R . H . Kn igh t and H . H . Roger s who identified a ser ies of 5 
S-al leles which showed dominance and co-dominance and a 
sporophyt i c incompatibility reaction (Kn i gh t and Roge r s , 1955a, 
1955b). U s i n g Kn ight and Roge r ' s data, G lend inn ing (G lend inn ing , 
1967) was able to demonstrate the occurrence of at least 16 S-a l le les . 

C Y T O L O G I C A L S T U D I E S : P O L Y P L O I D Y A N D I N T E R S P E C I E S 
C R O S S E S 

Attempts to develop tetraploid cocoa were initiated at the Inst itute 
by Kn i gh t ( Kn i gh t , 1957) as a means of improv ing the ferti l ity of 
interspecies h y b r i d s in Theobroma, and pos s ib ly developing the 
result ing polyplo ids as var iet ies. Work on the cyto logy and fertil ity 
of tetraploids was cont inued by Mart inson (Mart inson, 1975), and 
showed that improved fertil ity may be attained th rough careful 
selection of the tetraploid cocoa. 

The h y b r i d between T . cacao and T . g rand i f lo ra ( K n i g h t and 
Roge r s , 1955b; Mar t in son, 1966) was obtained w ^ c h may have 
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potentially useful genes for res istance to C S S V . A l t hough the 
h y b r i d f lowered, there was no fruit set. A succes s fu l F backc ro s s 
onto cocoa was obtained and this is cu r rent l y being a s se s sed for 
d isease ( C S S V ) res i s tance. Flowering trees of the h yb r i d between 
T . cacao and T . angust ifol im were obtained by C .Lockwood but they 
p roved to be steri le. 

B L A C K POD R E S E A R C H 

Ef fort s similar to the C S S V res istance programme have been 
expanded b y J . D . Amponsah and A . A s a r e - N y a k o over the past 15 
y e a r s . These worker s developed methods for selection for res istance 
to Phytophthora palmivora and selected material for field trials 
(Amponsah and A s a r e - N y a k o , 1973). 

Intens ive epidemiological s tud ies have also been conducted ( T u r n e r 
and A soman ing , 1962; A s a r e - N y a k o and Dakwa, 1971; Dakwa, 197i(; 
A soman ing , 1976) whilst the biology of the f u n g u s has received 
cons iderable attention. The importance of invertebrates as vectors 
of the f u n g u s was reported by Evan s ( E v a n s , 1973). Two 
chromosome types have now been identified, the most prevalent one 
in Ghana being the S type. Studies of chemical control have shown 
( A s a r e - N y a k o , 1974) that it is economic to s p r a y with copper . 

S H A D E M A N A G E M E N T , E C O P H Y S I O L O G Y A N D F E R T I L I S E R S T U D I E S 

The quest ion of shade/l ight requirements has been intens ively 
s tud ied s ince the mid-fort ies . In the f i r st shade and manurial 
exper iment in Ghana shade removal was found to t r i gge r much h igher 
yield response in Amelonado cocoa ( by 85%) than application of 
fert i l iser per se (15.5%) (Cunn i ngham and Lamb 1959; Cunn ingham, 
Smith and R u r d , 1961; Cunn ingham and A r n o l d , 1962). In three 
yea r s the combination of shade removal and ferti l iser application 
ra i sed yield to just over 3,461 kg d r y cocoa beans/ha and showed 
for the f i r s t time the h i gh potential y ield of Amelonado cocoa. The 
resu l t s also showed that under no - shade condit ions if yield exceeded 
2,241 kg/ha there was h i gh uptake and a concomitant depletion of 
potass ium. The re was, therefore, need to increase the rate of 
potass ium application when yield exceeded 2,241 kg/ha (Cunn ingham 
and A r n o l d , 1962). 

A f ter this exper ience with Amelonado the d i s cove ry by D K Acquaye , 
R W Smith and R C Locka rd (Acquaye et al, 1965) of potassium 
def ic iency in the precocious Amazon cocoa var iety g rown under no 
shade condit ions came as no s u r p r i s e . Th i s problem has been 
s tud ied on a long-term bas i s by Y . Ahenko rah and co -worke r s 
( A h e n k o r a h , 1966; A h e n k o r a h , Ak ro f i and A d r i , 1974; Ahenko rah 
and A k r o f i , 1977). Potassium is now an important component of 
s tandard ferti l iser formulations for unshaded and/or h i gh y ie ld ing 
cocoa. Phys iological s tud ies on the combined shade management and 
ferti l iser tr ia ls was conf irmed (Greenwood and Posnette, 1950) by the 
f i nd ing that cocoa f lowers and f lushes more f requent ly and 
intens ively under no shade than under shade condit ions ( H u r d and 
Cunn i n gham, 1961; A soman ing , Kwakwa and Hutcheon, 1971; 
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Bonapa r t e , Ampofo and M e n s a h , 1973). Recent s tud ie s of the 
seasonal free s u g a r levels, ( O w u s u , Adomako and Hutcheon , 1978) 
showed that the peaks of f lower ing and f l u s h i n g co inc ided with those 
of free s u g a r levels. T h e y also es tab l i shed a d i rect re lat ionsh ip 
between s u n s h i n e h o u r s and free s u g a r levels. From th i s they have 
conc luded that l i ght is a lways limiting in shaded cocoa and have 
p ropo sed that c a rbohyd ra te s t a tu s Is a t r i g g e r i n g factor in f lower ing 
and f l u s h i n g . 

C O C O A F E R M E N T A T I O N A N D Q U A L I T Y 

Cocoa qua l i ty depend s on the genetic type of the trees and can 
eas i ly be r u i ned b y care less fermentat ion. Resea rch in the field of 
fermentat ion and qua l i ty has y ie lded a most fru it fu l re su l t a n d is one 
of the most important ach ievements of the Inst i tute. A pol icy of low 
cost techno logy has encou raged use of banana a n d plantain leaves 
for fermentation in heaps on the g r o u n d , whi l s t concern for 
un i fo rmly fermented beans led to the d i s c o v e r y that aerat ion must be 
improved b y t u r n i n g larger heaps e ve r y 2 d a y s over the per iod of 6 
d a y s ( K n a p p , 1934). Detailed s tud ies ca r r i ed out b y (Howat, Powell 
and Wood 1957), and b y Rohan and c o - w o r k e r s concerned un i fo rmi ty 
of fermentat ion. Recogn i t ion of the importance of aerat ion led to the 
development of the ' R o h a n T r a y ' method of fermentation. 

The cheapest way of d r y i n g cocoa is in the s u n , and the ex tended 
per iod of 10 to 12 d a y s improves the qual i ty of the final p r o d u c t 
(Adomako , 1983). A ser ies of exper iment s , ( R o h a n , 1958; Rohan 
a n d S tewar t , 1967) e lucidated the formation of chocolate f l a vou r 
p r e c u r s o r s s u c h as amino ac id s , pept ides and s u g a r s d u r i n g 
fermentation and d r y i n g , a n d reaction of these p r e c u r s o r s b y 
Ma i l l a rd - t ype react ions to form aroma compounds d u r i n g r oa s t i n g . 
With dynamic ex tens ion wo rk and good qual i ty control measu re s 
enforced b y go ve rnmen t , G h a n a ' s cocoa, p roces sed in small batches 
on many t h o u s a n d s of ind iv idua l peasant fa rms, soon came to 
symbol i se the best in qua l i t y , and has remained so. 

C O C O A B Y - P R O D U C T S 

In teres t in cocoa b y - p r o d u c t s and wastes uti l isat ion was s hown r i g h t 
from the b e g i n n i n g of the I n s t i tu te ' s h i s t o r y . D u r i n g the wa r , when 
sh ipment of cocoa was held up and supp l i e s of bas ic needs had 
dw ind led , s ho r t cou r se s on the preparat ion of v a r i o u s p r o d u c t s in 
Tafo and Kumas i were o r g an i s ed for 5,000 par t i c ipant s a n d a 
pamphlet was i s sued entit led "Hou seho ld U se s for Cocoa " 
(G reenwood, 1942, 1943). A f te r the war , due to avai labi l i ty of 
a l ternat ive s u p p l i e s , the subject of cocoa b y - p r o d u c t s ut i l i sat ion was 
neg lected. Uti l i sat ion of h u s k and sweat ings for animal feed and 
soap, alcohol, pectin and fert i l i ser p roduct ion has been i nves t i ga ted 
at the laboratory and p i lot-scale levels (Adomako, 1985). 

L I A I S O N W I T H O T H E R O R G A N I S A T I O N S 

From the b e g i n n i n g , the Inst i tute maintained close l i nks with 
ins t i tut ions engaged in cocoa re search in T r i n i d a d , B r a z i l , Cos ta 
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Rica, and Sou th East A s i a . It lias a l so ca r r i ed out col laborat ive 
s tud ie s with the Internat ional Atomic E n e r g y A g e n c y ( I A E A ) in 
pest ic ide re s idues in cocoa and eff icent use of fert i l i ser. A new 
re sea rch project with the Ghana Atomic E n e r g y A g e n c y c once rn s 
mutation b reed i ng . It maintains close contact with the East Mai l ing 
Resea rch Stat ion and the Rothamsted Exper imental S tat ion, from 
where many re sea rch sc ient i s t s have been loaned to the Inst i tute in 
the pas t . Between 1977 a n d 1980 the Inst i tute col laborated with 
H a r r i s o n s and Cros f i e ld S d n B h d . , Ma lays ia and a B r i t i s h sc ient i f ic 
team spon so r ed b y the Cocoa , Chocolate and Confect ionery Al l iance 
in inves t i gat ions into the c au se s of ac id i ty in cocoa beans , and with 
P ro fe s so r Bohle Biehl of the U n i v e r s i t y of B r a u n s c h w e i g , West 
G e r m a n y , on u l t r a - s t r u c t u r a l and biochemical c hange s in cocoa 
d u r i n g fermentat ion. 

P R E S E N T S C O P E O F R E S E A R C H 

A s stated e l sewhere the reason for b r i n g i n g the Cocoa Re sea rch 
Inst i tute under the Ghana Cocoa Boa rd was to facilitate an effect ive 
l ink in the respons ib i l i t ie s . A s i gn i f i cant development in the work of 
the In s t i tu te , there fore , was the b r oaden i ng of the scope of r e sea rch 
to inc lude coffee and kola, both beve rage c r o p s (the former also 
marketed by the B o a r d ) . Fol lowing th i s e x p a n s i o n , in 1975, the 
Inst i tute es tab l i shed a s u b - s t a t i o n at A f o s u in the Eas tern Reg ion . 
At the s u g g e s t i o n of the former D i rec to r , D r E J A A s oman i ng , the 
Boa rd also s u p p o r t e d the idea of C R I G add i ng shea nut and some 
lesser known oil tree c r op s to its s chedu l e , t hu s mak ing C R I G a 
ver i tab le " B E V E R A G E A N D O I L T R E E C R O P S R E S E A R C H 
I N S T I T U T E " . A s ub - s t a t i on was es tab l i shed at Bole in the Nor th in 
1976 solely for shea nut r e sea r ch . 

F I G U R E 3: Shade T r e e s in the S a v a n n a h Belt of Ghana 
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A joint 3 - yea r programme with the V i r u s D i seases Resea rch Inst i tute 
of the Federal Biological Resea rch Cent re for A g r i c u l t u r e and 
F o r e s t r y , B r a u n s c h w e i g (West Ge rmany ) on C S S V has just been 
completed. In Ghana close col laborat ion has been maintained with 
some Re sea r ch Ins t i tutes and the Un i ve r s i t i e s b y p r o v i d i n g par t time 
teaching s ta f f , and in joint re sea rch projects. 

Shea t rees are endemic in the s a v a n n a h belt of Ghana ( F i g u r e 3) and 
the nut s have been collected from the wild t rees and expo r ted for 
the past 50 yea r s . Local ly shea butter is eaten in large quant i t ies 
and u sed as a cosmetic. it is u sed abroad as a cocoa butter 
sub s t i tu te and for the manufacture of marga r ine . A n even more 
h i gh l y va lued fat is that of Pentadesma buty racea (Table 1 ) . The 
tree g r o w s wild in the southermost par t of the S a v a n n a h belt in the 
B r o n g Aha fo Reg ion of Ghana. Its fat resembles cocoa a n d shea 
butter in its phys ica l cha rac te r i s t i c s , a n d Is a lso u sed as a cocoa 
butter subs t i tu te . I nve s t i ga t i on s into the so i l s , a g r onomy , 
e cophy s i o l o g y , b r e e d i n g , insect pes t s a n d d i seases of these c r op s 
have been initiated. 

T A B L E 1: Phys ica l and chemical cha rac te r i s t i c s and fatty acid 
composit ion of tallow (Pentadesma bu ty racea ) fat, shea 
butter and cocoa but te r . 

Characteristics Tallow Fat Shea Butter Cocoa Butter 

Fat content of seeds 50.0 52.1 53.4 
Ash content 2.1 3.2 2.8 
Melting point (complete fusion) (°C) 39.0- 39.5 38.0- 39.5 34.3A 

Slip point (°C) 37.5- 38.2 36.7- 37.4 33.3 - 33.5 
Iodine number 47.3 64.2 36.1 
Acid number 8.3 13.4 1.8 
FFA 6.8 0.9 
Saponification number 188.0-194.0 179.6-190.0 190.6 - 195.0 
Unsaponifiable matter (%) 1.5 - 1.8 7.3- 9.0 0.1 - 0.3 
Solidification point (°C) 27.0 - 28.6 26.5-30.0 28.0 - 28.6 

Component fatty acids (% of total) 

Fats Myri- Palmi- Palmi-
stic tic toleic 

Stearic Oleio Lino Lino 
lenic lenic 

Degree 
of unsa-
turation 

Tallow 
Fat Nil 3.1 0 . 2 45.5 50.5 0.4 Nil 0.51 

Shea 
Butter 

Cocoa 
Butter 

Nil 4.8 Nil 45.9-

36.1 0.2 26.8 0 .3 

[ S ou r ce : Adomako, 1977] 
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C O N C L U S I O N S A N D F U T U R E R E S E A R C H 

The last expatr iate permanent staff on loan from the Royal 
Nether lands Government left the Inst itute in 1982, but rarely is the 
Inst itute to be found without one expatriate g r o u p or another 
work ing on a specif ic project. It has been, and remains, a t ru ly 
international re search centre. 

A s amply shown in the h i s tory of the Inst itute, financial s uppo r t has 
been p rov ided and mult id isc ipl inary teams have been formed to solve 
specif ic problems when they have ar i sen. For example, the 
establ ishment of VVACRI itself to invest igate u rgent l y the swollen 
shoot and cap s i d epidemics, the International Caps id Research Team 
to s tudy mir id res istance and alternative insect ic ides, and the 
B r i t i sh Research Team cha rged with breeding for res istance to 
C S S V . Two condit ions are neces sa ry for succes s in research; 
qualif ied s taf f and funds . When i ndu s t r y shows interest and ability 
to utilise research f i nd ing s a healthy relat ionship ex i s t s between 
i ndu s t r y and research. But there is the danger of i ndu s t r y not 
being able to utilise research or not being able to fund specific 
problem-or iented research. T h i s natural ly leads to decline or failure 
of the i n d u s t r y . It is hoped that the cocoa i ndus t r y at both the 
local and international levels will cont inue to s uppo r t the work of the 
Inst i tute. Espec ia l ly , it is hoped that the resources of Ghana will 
be able to p rov ide necessary f und s and impetus for so lv ing specific 
problems t h r o u g h research, be it on cocoa, coffee, kola or shea nut. 

The causes of the decline of the cocoa i ndu s t r y in Ghana du r i n g the 
past decade have been summarised as: 

1. Inferior p roducer price resu l t ing in a switch by farmers to 
alternat ive more profitable food c rop s ; 

2. Scarc i ty of new p lant ings with a h igh percentage of cocoa tree 
stock be ing too old; 

3. Shor tage of labour due to r u r a l - u r b a n migrat ion; 
4. Lack of suitable incentives to prospect ive young farmers. 

The labour problem may be the most important; and it may be seen 
to have s tar ted with mass education soon after independence. The 
peasant farmer whose labour force used to cons i s t of h i s wife and 
ch i ldren p r o g r e s s i v e l y found himself dest itute, with his ch i ldren 
dr i f t ing to the u rban centres to seek white collar jobs, or tak ing to 
the d i s t r ibut i ve trade which became lucrative in recent yea r s . While 
it can be sa id that answers to product ion problems are forthcoming 
from a va s t store of technical and scientific research information, it 
is less certa in how to solve the problem of decline b rought about by 
s u ch socio-economic factors. 

The cocoa rehabil itation s t rategy of the government for the immediate 
future is to concentrate its efforts (extension se rv i ces , insecticide 
s u p p l y , seed s u p p l y , s p r a y i n g facil ities, etc) on the parts of the 
cocoa belt which are still not badly affected by C S S V . For these 
a reas , the use of cocoa h y b r i d s showing an appreciable level of 
C S S V res i s tance will be beneficial. A s detailed elsewhere 
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(Ma r t i n s on , 1985) , b reed ing and selection for d r o u g h t r e s i s t ance , 
and re sea rch into the estab l i shment of cocoa in e xpo sed and marg ina l 
a reas are among the pr io r i t y a reas for re search in the next decade. 

T h e pract ice of u s i ng forest t rees for permanent shade ach ieved a 
smooth integrat ion of cocoa p roduc t i on and s i l v i cu l tu re ( A d o m a k o , 
1983. Yea r s a g o , when con t i guou s cocoa farms s panned v a s t a r e a s , 
j o u r n e y s a r o u n d the cocoa g r o w i n g reg ions were made t h r o u g h 
ver i tab le fo res t s which were not on ly an important source of t imber 
but s e r v e d to maintain the ecology of the c oun t r y s i de a l so . 
Howeve r , d u r i n g the past decade the loss of farmer interest in cocoa 
has led to neg lect and cut t ing down of cocoa to g row oil palm and 
food c r o p s . T h e s e c rop s do not requ i re shade. 

A s a re su l t many of the forest t rees have been felled and v a s t a reas 
of forest s have been denuded . 

Deforestat ion affects many pa r t s of the Eas tern Reg i on , A s han t i a n d 
B r o n g - A h a f o . B u t the s i tuat ion is par t i cu la r l y se r i ous in B r o n g -
Aha fo and the no r t he rn pa r t s of A s h a n t i which are close to the d r y 
s a v a n n a h belt and are threatened with ac r i d i t y . The sha t te r i ng 
effect of the decl ine of cocoa cult ivat ion on the env i ronment has not 
as yet received the attention it d e s e r v e s , but it demonst rates c lear ly 
some env i ronmenta l and socio-economic benefits of cocoa cu l t i vat ion. 
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MAY 1986 

20th Annual Report 1981. Research 
D e p t . , United Plantations Berhad, 
Te luk Anson, Perak, Malaysia - 126p. ; 
Mar 1985. This annual report gives an 
account of the activities of the United 
Plantation Research Department 
(Malaysia) for the year 1981. The 
research activities are grouped in the 
following fields: (1) oil palm breeding 
and selection, cultural practices, 
nutr i t ion and Pome (Palm Oil Mill 
E f f luent ) ; (2) coconuts, breeding and 
selection, cultural practices, nutr i t ion; 
(3) cacao, breeding and selection, 
cul tural practices, nutr i t ion and crop 
protection. The report also includes a 
chapter on production and advisory 
act ivi t ies. Rainfall and sunshine 
records are presented. 
Record of an egg parasite of cacao 
pod-borer in Indonesia. 

NACARAJA, H . , WORDOJO, S. and 
REYES, T . M . Cocoa Investors, 
Hagonoy, Davao del S u r , Philippines -
Planter (Malaysia) v . 61(715)p . 
169-172; Oct 1985. Trichogrammatoidea 
spp. (Hymenoptera, Tr ichogram-
matidae), egg parasites of the cacao 
podborer (Conopomotjiha cramerella) in 
Indonesia. The Trichogrammatoidea 
sp. from Indonesia (recorded in the 
island of Halmahera) is morphologically 
indistinguishable from T.cojuangcoi 
from the Philippines and Sabah. This 
parasite, which appeared to exer t 
fair ly high parasitism was isolated, 
bred and released against C.cramerella 
at the Christensen farm in Davao d.el 
Sur , Philippines. 

Residiual effects of shade species 
dur ing establishment on the yield of 
cocoa. 
M A R T I N , M . P . L . D . , PRATAP, R. and 
PRASAD, C . Research D i v . , Ministry 
of Primary Industr ies, Suva, Fiji - Fiji 
Agr icul tural Journal (Fi j i ) v . 16(1) p . 
17-20; Jan 1981. A field experiment 
was conducted at the Dobuilevu 
Research Station, Vit i Levu in Fi j i , 
from 1971 to 1982, to study the 
residual effects of the temporary and 
ground shade crops, banana, cassava 
and taro, and a permanent shade tree 
sp. Terminalia ivorensis, dur ing 
establishment on the yield of cacao. 
Cacao shaded by banana gave 

appreciably greater actual and 
potential yield each from bearing unti l 
the termination of the experiment 
(1977-1982). The mean actual and 
potential yields for the 6-year period 
of cacao shaded by banana were 10, 35 
and 32%, and 12, 10 and 31% greater 
than those shaded by terminalia, taro 
and cassava, respectively. The 
reasons for the superior i ty of banana 
as a temporary and ground shade crop 
for young cacao are discussed. 

JUNE 1986 

[ Inf luence of cacao fermentation time 
on the production of pyrazines in 
chocolate) Influence du temps de 
fermentation du cacao sur la 
production des pyrazines du chocolat. 
BAREL, M . , LEON, D. and V I N C E N T , 
J . C . Inst i tut de Recherches du Cafe et 
du Cacao ( I R C C ) , Montpell ier, France 
- Cafe, Cacao, The (France) v . 29(1) 
p. 277-286; Oct 1985. The free amino 
acids, monosaccharides and other 
aroma precursors of pyraz ines, which 
represent 25% of the compounds in the 
aromatic fraction of chocolate, are 
produced dur ing fermentation. The 
effect of fermentation time on the 
presence of pyrazines, f i r s t , on green 
cacao and then on roasted cacao was 
studied. The UPA x Amelonado 
hybrids used for this s tudy came from 
Bingervil le in the Ivory Coast. The 
concentration of tetramethylpyrazine in 
green cacao reached its maximum on 
the 7th day of fermentation. In the 
case of roasted cacao, the changes in 
the 9 principal nitrogenous basic 
compounds (including 5 pyrazines) 
revealed show the link between the 
production of pyrazines by roasting 
and fermentation time. For the Ivory 
Coast hybrids investigated, the 
fermentation time giving the maximum 
concentration of pyrazines was 
obtained on the 6th day. 

[Some data on the in v i t ro vegetative 
propagation of cult ivated trees 
Quelques donnees sur la multiplication 
vegetative in v i t ro des cacaoyers 
cult ives. 
DUFOUR, N. and D U B L I N , P. C I R A D , 
Montpell ier, France - Cafe , Cacao, The 
(France) v . 29(1) p . 235-211; Oct 
1985. The influence of physical and 
chemical factors on in v i t ro production 
of stems of primary explants taken 
from 1 to 5 cm long orthotropous 
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fragments ( including 1 of 2 nodes) of 
8 to 10 month old Amelonado cacao was 
studied. In addit ion, rooting tests on 
f i rst generation stems, separated from 
or with their pr imary explants were 
studied. Results show that it is 
possible to obtain rooted microcuttings 
from orthotropous stem fragments and 
that , after t ransfer to normal 
cultivation conditions, these produce 
well-developed seedlings suitable for 
planting out in the f ie ld. 

[The soil diagnosis method to calculate 
the fert i l izer requirements of the cocoa 
tree] La methode du diagnostic sol 
pour calculer les besoins en engrais 
des cacaoyers. 
JADIN , P. and SNOECK, J . Agronomy 
D e p t . , Inst i tut de Recherches du Cafe 
et du Cacao ( I R C C ) , Montpell ier, 
France - Cafe, Cacao, The (France) 
V. 29(1|) p. 255-272; Oct 1985. A soil 
diagnosis method, developed by IRCC's 
Ivory Coast agronomic research 
stations is presented. The method is 
based on analyses of d i f ferent types of 
soils in which nut r ient balances, 
nutr ient levels and soil pH were 
correlated with vigor and yield of 
cacao plantations. The assumptions 
made from these analyses were tested 
in pot and field t r ia ls . This method 
has made it possible to estimate the 
fert i l izer needs of a plantation. 
Calculations were made with a computer 
programme. Some examples of 
fert i l izer rates and application times 
are presented. 

[ In tegra l util ization of wastes from 
cacao enterpr ises] Aproveitamento 
integral dos recursos da empresa 
cacaueira. Commisssao Executiva do 
Piano de Lavoura Cacaueira ( C E P L A C ) , 
I tabuna, Bahia, Brazil - 18 p. 
1981. The cacao f ru i t can have many 
uses in smallholders' households. 
Af ter field processing of the f r u i t , 
that is the separation of the beans 
from the pods, the husks or empty 
pods are fed to cat t le , thus furnishing 
milk or meat and manure, which in 
t u r n furnishes, through bio-digestion, 
sludge and biogas. The beans are 
surrounded with a sweet pulp , which 
is used for making jel l ies, v inegar , 
alcohol and juices. In this way 30 000 
kg fresh beans could give 2800 1 of 
je l ly , 2800 1 of v inegar , 300 1 of 
alcohol, 5100 1 of juice and 10 200 1 of 
nectar . The d i f fe rent processing 
methods, accompanied with appropripte 
drawings, are discussed. 

JUNE 1986 
Combination of cacao with other 

plantation crops: an agroforestry 
system in Southeast Bahia, Brazi l . 
A L V I M , R. and Na i r , P . K . R . CEPEC, 
I tabuna, Brazil - Agroforestry Systems 
(Netherlands) v . H(1) p . 3-15 1986. 
Brazil accounts for about 20% of the 
world production of cacao, and about 
95% of cacao produced in Brazil is from 
the southeastern par t of Bahia State. 
Tradi t ional ly , cacao is grown in 
monoculture ( though under the shade 
of various other species). But various 
crop combinations involving cacao have 
recently been undertaken by the 
farmers with encouragement from 
Brazil ian government. As a part of 
the crop diversif ication programme in 
the traditional cacao growing areas and 
their surroundings, extensive areas 
are being planted to other plantation 
crops, mainly clove, Eugenia 
caryophyllata (Syzygium aromaticum), 
and rubber a n d , to some extend, 
coconut too. Crop combinations have 
been adopted in some of these new 
plantings and cacao is an important 
component of most of such combina-
tions. Whereas several other crops 
are combined with clove t rees, cacao is 
usually the only species grown with 
mature rubber t rees. Young rubber 
trees are , however, interplanted with 
a number of other species. Productive 
coconut areas are found mostly in 
sandy soils along the coast so that 
there is little intercropping. However, 
scattered farms are found where 
coconuts are underplanted with 
guarana, black pepper , cacao, cashew, 
etc. as done commonly in other parts 
of Northeast Brazi l . The paper 
presents some data on the performance 
of some of the combinations involving 
cacao and other plantation crops based 
on field survey , and discusses the 
potentials and constraints of extending 
the system to more areas in the 
region. 

Cocoa. WOOD, C . A . R . and LASS, 
R . A . - Longman, New York (USA) 
e d . , 639 p . 1985. ISBN 
0-582-16352-1 . The t th edition of this 
book has been completely re -wr i t ten 
and considerably enlarged to cover all 
aspects of cacao production in greater 
detail than before. In 17 chapters, 
aspects like h is tory , botany and 
environment; crop planting, 
propagation and establishment; shading 
and nutr i t ion, maintenance and 
rehabil i tation; labour use; diseases and 
pests; post-harvest operations and 
qual i ty and market ing, production and 
consumption are dealt wi th. 

Study on suitabil i ty of cocoa soil in 
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relation to root density of cocoa. 
JAKRO, A . A . Institute of Agr icu l tu re , 
T imbank, Sabah, Malaysia - Planter 
(Malaysia) v . 62(718) p . 3 -8 ; Jan 
1986. The effects of physical and 
chemical properties of the soil at 
Timbang, Menggaris, Sabah, Malaysia, 
on root distr ibution of cacao were 
studied. The root density increased 
with soil depth. The top layer (0 - 20 
cm) contained 66% of the total roots. 
Lower soil depths (40-60 , 60-80 and 
80-100 cm) were found to have an 
inferior aeration and poor dra inage. 
Soil p H , exchangeable K and Mg, 
cation exchange capacity and base 
saturation were considered good, while 
organic matter content and 
exchangeable Ca were below the 
satisfactory level. 

AUGUST 1986 

Aspects of woodpecker damage to cacao 
in the Dominican Republic. 
M ITCHELL , B. and BRUCCERS, R . L . 
San Francisco de Macoris, Dominican 
Republic - Tropical Pest Management 
(UK) V . 31(2) p . 1118-152: Apr 1985. 
The Hispaniolan woodpecker, 
Melanerpes st r ia tus , damages cacao by 
piercing the pod and eating the pulp 
surrounding the developing seeds. 
Piercing of the pod permits invasion 
by insects and micro-organisms. Pod 
damage was assessed at 3.7% in 1981 
and 3.5% in 1982, close to the 4% 
estimate of the Ministry of Agr icul ture 
of the Dominican Republic. 
Preliminary attempts to protect cacao 
pods using chemical repellents and 
colour cues were inconclusive. None 
the less, additional crop protection 
work , as well as changes in 
agricultural production practices, may 
ultimately provide sufficient aid to 
offset losses. 

[Effects of cult ivation practices on the 
production of the cacao tree in the 
lowlands of Amazonia). Eifeitos de 
praticas culturais sobre a producao de 
cacaueiros em varzea amazonica. 
NASCIMENTO, J . C . , ALMEIDA, L . C . 
de and A L V I M , P. de T . Empresa 
Brasileira de Pesquisa. Revista 
Theobroma (Braz i l ) v . 14(3) p . 
175-180; Jul 1984. The influence of 
cultural practices, such as clump 
th inn ing, maintenance p run ing , and 
elimination of excessive shade on the 
product iv i ty of the subspontaneous 
cacao in the higher lowlands on the 
margin of the Amazon River in the 
State of Amazonas, was measured. At 
the same time the effect of rainfall and 

the water table level on the 
physiological process of leaf fall and 
flushing of the trees was studied. 
The results show that leaf fall and 
flushing reach a peak in August when 
the flooding subsides, uncovering the 
lowlands. T h e r e was an increase of 
83% in production due to improved 
cultural practices. 

[Compatibility in d i f ferent pollination 
systems of cocoa] Kompatibilitas dalam 
sistem perkawinan yang berbeda pada 
coklat. 
CAPITUPULU, L . A . - Buletin Balai 
Penelitian Perkebunan Medan 
(Indonesia) v . 15(1) p. 3 , 5 -12; Mar 
1984. To study the self- incompati-
bi l i ty and cross-compatibil ity in cacao 
the rate of the f ru i t sett ing was 
measured af ter self-pollination and 
related and unrelated cross-poll ination. 
Art i f icial pollination was carr ied out on 
mature, 1 and a half to 2 and a half 
year old t rees. As compared with 
cross-poll ination, self pollination 
resulted in lower f ru i t setting rates 
and a higher "cherelle wi l t" . Self 
pollination of secondary clones in a 
polyclonal garden (144 clones) showed 
that nearly 10% of the clones were 
self-compatible. Ten primary clones of 
IMC, Pa, Pound, and UF selections 
were self-compatible and cross-
compatible with unrelated populations. 
Cross-pollination in related parents 
resulted in low f ru i t setting or 
compatibil ity; some combinations were 
cross-incompatible. Reciprocal crosses 
showed differences between clones 
used as male or as female parents for 
f ru i t sett ing. The lower f ru i t setting 
in related parent crosses, suggested 
that a mixture of hybr id varieties 
would produce higher setting and pod 
production than a monohybrid stand. 

[Limitation of the "cut test" in 
assuring the flavour qual i ty of 
exported cacao beans] Limitacao da 
"prova de corte" no controle de 
qualidade do cacau comercial. 
LOPEZ, A . S . CEPEC, I tabuna, Bahia, 
Brazil - Revista Theobroma (Braz i l ) v . 
14(3) p . 199-207; Jul 1984. The role 
of the "cut test" in the determination 
of the cacao qual i ty and its limitation 
are discussed. This procedure, 
recommended by FAO and adopted by 
many countries is to assure, among 
other factors, that fermentation has 
been adequate. Results obtained from 
classified cacao fermented by seven 
di f ferent methods were analysed. 
Suggestions for improving the test are 
given and their effects on the qual i ty 
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of Brazilian cacao, especially v/ith 
respect to its acidi ty , are discussed. 

[Laboratory and field evaluation of 
fungicides against cacao moniliasisi 
Evaluacion en laboratorio y campo de 
fungicidas para el combate de la 
moniliasis del cacao. 
MURILLO, D. and GONZALEZ, L . C . 

. Agronomia Costarricense (Costa Rica) 
V. 8(2 p. 83-89; Sep 198i|. The 
efficacy of 20 fungicides for the 
control of Phytophthora palmivora or 
Monilia rorer i and other Monilia i p p . 
were tested in v i t ro. Measurements 
were made in the inhibition of M. 
rorer i conidia on water agar by each 
fungicide at 1 and 10 ppm. Readings 
at 1 ppm were errat ic . At 10 ppm the 
most active fungicides were captafol, 
Omadine. (1 - h y d r o x y - 1 - H - p y r id ine-2-
thione) copper , Omadine zinc, Omadine 
sodium and chlorothalonil; the latter 
showed no significant difference 
(P<0.05) with t r iphenyl- t in-acetate 
( T T A , fentin acetate), dichlozoline, 
carbendazim, mancozeb, cuprous oxide, 
propoconazole, methylthiophanate and 
oxycarboxin. Captafol, clorothalonil, 
T T A and cuprous oxide were chosen 
for the field test. Field tests were 
run on the highly susceptible cacao 
clone "UF-29" . All fungicides 
significantly reduced incidence of 
moniliasis with regard to controls 
(which reached 93% incidence); 
chlorothalonil treatment showed a 31% 
incidence; cuprous oxide 12%; TTA 
51%, and captafol 71%. Persistence on 
the pods, af ter 2 weeks and 63.1 mm 
rainfal l , was estimated as zero, 36, 55 
and 92% captafol, chlorothalonil, TTA 
cuprous oxide, respectively. 

[Indices to evaluate reactions of cacao 
cult ivars to Phytophthora spp . ) 
Indices para availiar a Feacao de 
cultivares de cacau a Phytophthora 
spp. 
LUZ, E . D . M . N , and YAMADA, M.M. 
CEPEC, I tabuna, Bahia, Brazil -
Revista Theobroma (Brazi l ) - v . 11(3) 
p. 181-188; Jul 1981. A grading 
system is proposed to measure the 
reaction of cultivars and hybrid 
progenies of cacao when inoculated 
with Phytophthora spp. The indices 
vary for each species according to its 
virulence to the cacao plant. The 
diameter of the lesions caused by 
P.capsici are one half and one third of 
those caused by P.palmivora and P. 
citrophthora respectively. The index 
scale complies with the proportions 
which are obtained generally when 
pods are inoculated and has to be 

applied to the mean of the diameters of 
the lesions obtained 9 days after the 
inoculation. In all tests highly 
susceptible cult ivars were included as 
standards. 

[Chemical control of Selenothrips 
rubrocinctus, pest of cacio [ri t h i 
Altamira region. Para, Brazi l ] Controle 
quimico de Selenothrips rubrocinctus 
praga do cacaueiro na regiao de 
Altamira, Para, Brasil . 
MENDES, A . C . de B . , B ICELLI , 
C . R . L . and S ILVA, C . J . de J. 
CEPLAC, Belem, Para, Brazil - Revista 
Theobroma (Brazi l ) v . 11(3) p . 
189-192; Jul 1981. The cacao thrips 
Selenothrips rubrocinctus is a major 
pest of cacao in Para, Brazi l . The 
insecticides Unden (propoxur) at 160 g 
a . i . / h a , gamma HCH at 210 g a . i . / h a , 
Folithion ( feni t rothion) , Malix 
(endolsufan) at 210g a . i . / h a , carbaryl 
(Carv in) at 1 200 g /ha and trichlcrphon 
(Dipterex) were tested on the nymphal 
population of the cacao thr ips . All the 
insecticides tested, with the exception 
of fenitrothion and trichlorphon showed 
an efficiency of more than 90% for the 
period of I I days. Carbary l , 
endosulfan and gamma HCH had a 
residual effect up to 21 days after 
application. 

[Occurrence of Halisdota sp. 
(Lepidoptera; Arctidae) and its 
parasites on cacao trees in Southern 
Bahia, Brazil and evaluation of 
insecticides for their control) 
Ocurrencia de Halisdota sp. 
(Lepidoptera: Arctidae) e seus 
parasitoides em cacauals do Sul da 
Bahia e avaliacao de inseticidas para o 
seu controle. 
FERRAZ, E . C . A . , and ABREU, J .M. 
de CEPEC, I tabuna, Bahia, Brazil -
Revista Theobroma (Brazi l ) v . 11(3) 
p. 193-197 Jul 1981. Outbreaks of 
Halisdota sp. on cacao trees, grown 
under the shade of Trema micrantha, 
are recorded for the first time. Field 
trials were carr ied out to evaluate the 
efficacy of carbaryl (at 360g and 510 g 
a . i . / h a ) and trichlorphon (250, 500 
and 750 g a . i / h a ) , sprayed at 80 1/ha 
of spray l iquid, with the addition of a 
sticking agent. Provisionally 
trichlorphon (Dipterex 50 ec) can be 
recommended for application at the rate 
of 500 ml a . i . / h a . The presence of 2 
parasites of Halisidota s p . , viz 
Leschenaultia leucophrys and Lespesia 
affinis was observed in the field. 

[A pseudo pest in the Mariendal cacao 
estate in North Sumatra! Hama semu 
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pada tanaman coklat kebun Mariendal 
di Sumatera Utara. 
P A R N A T A , Y . - Buletin Balai 
Penelitian Perkebunan Medan 
( Indonesia) v . 15(3) p. 83-8a, 93-96 
198'4.Severe damage of the exocarp of 
cacao pods caused by the membracid 
insect Leptocentrus vicarius was 
reported from a cacao estate in North 
Sumatra. The symptoms resembled 
canker lesions. Close observations 
showed that this bug was tended by 
the ant Anaplolepis longipes usually on 
the Cliricidia shade t ree. At a sudden 
change in this environment, depr iv ing 
them of much of their food, the bugs 
were lodged on cacao pods. The 
damage gradual ly decreased 
corresponding to the re turn to the 
naturaF" balance. Because the seeds 
were not affected active control was 
not carr ied out. 

(Test ing of bulk cacao varieties in 
North Sumatra for growth vigour and 
earliness of f ru i t ing ] Pengujian 
beberapa varitas coklat lindak di 
Sumatera Utara ditinjau dar i segi 
pertumbuhan dan kecepatan 
pembuahan. 
ANWAR, S. and S U R T I Y A T A , S. 
Buletin Balai Penelitian Perkebunan 
Medan (Indonesia) v . 15(2) p. i(3, 
15-52; Jun 1981. In 1973 bulk cacao 
varieties (Upper Amazon Hybr ids) were 
introduced in North Sumatra. When 
adapted to . local agro-ecological 
conditions bulk cacao is a vast and 
easy growing, early and highly 
productive crop. Six newly evolved 
Indonesian varieties have been tested 
on these qualities. Initial observations 
showed that PTP Vi Sintetik No 2 and 
PTP V I Improved F , had more vigour 
and greater percentage of flowering 
and frui t ing than the other tested 
variet ies which were: PTP Vi Sintetik 
No 1 and No 3, F Eks Jember and 
PTP Improved F3. 

[The effect of l iming, based on soil 
exchangeable aluminium, on the growth 
of cacao seedlings) Pengaruh 
pemberian kapur berdasarkan 
aluminium tukar tanah terhadap 
pertumbuhan bibit tanaman coklat. 
SUCIJONO and PANJAITAN, A . -
Buletin Balai Penelitian Perkebunan 
Medan (Indonesia) v . 15(2) p . 13, 
53-62 1981. An experiment was 
conducted to test the effects of liming 
on the growth of cacao seedlings. It 
was carr ied out under greenhouse 
conditions, using a yellow podzolic 
soil. The experiment indicated that 
liming treatment caused a significant 

increase on the plant growth and the 
dry matter production. The 
significant effect was due to improved 
chemical properties of the soil 
especially the soil exchangeable A1 
which is neutralised to a level nontoxic 
for the plant growth; the increased 
soil p H , and the increased Ca content . 
The optimum dosage of liming for the 
growth of the cacao seedlings was 1.5 
X me exchangeable AL/100 g soil which 
was equivalent to 22.5 g CaCO- /10 kg 
soil. The addition of lime Tn that 
dosage increased root weight and plant 
crown d r y matter production to 231% 
and 169% respectively over the control . 

(Qual i ty requirements of cacao beans 
for the manufacture of consumption 
chocolate] Mutu biji coklat dan 
persyaratan yang dikehendak 
pabr ikan. 
H A R U N , A . and ALAMSYAH, T . S . -
Buletin Balai Penelitian Perkebunan 
Medan (Indonesia) v . 15(1) p . 1 , 
19-30; Mar 1981. For the production 
of good quality consumption chocolate, 
manufacturers seek d r y and good 
quality cacao beans with the abil i ty to 
develop a good strong chocolate 
flavour after processing, free from 
of f - f l avours , part icular ly smoke, mould 
and excessive acid i ty , bitterness and 
astr ingency. The average weight of 
cacao beans should be at least 1.0 
gram, well fermented and thoroughly 
dr ied , with a moisture content between 
6-7%, free from harmful bacter ia , 
insect damage, foreign matters and 
pesticide residues. 

SEPTEMBER 1986 

[The influence of seed weight on 
development and vigour of cacao 
seedlings] Influencia do peso da 
semente no desenvolvimento e vigor de 
mudas de cacau. 
F R A Z A O , , D . A . C . , C O S T A , J . D . and 
Coral, F . J . The influence of the 
weight of cacao seed on seedling 
development and vigour was studied 
under nursery conditions. Seeds were 
classified into 3 groups, v i z . l ight 
(0 .9 to 1.3g) medium ( 1 . 1 - 1 .8g) 6 
heavy (1 .9 - 2 . 3 g ) . It was shown 
that heavy seeds gave stronger 
seedlings. 

Competition between Corcyra 
cephalonica and Ephestia cuatella 
in cocoa beans. 
A L L O T E Y , J. and KUMAR, R. Dept . 
of Zoology, Universi ty of Ghana, 
Legon, Ghana - Insect Science and its 
Application (Kenya) v . 6 (5 ) p.627-632 
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1985. Competition between Corcyra 
cephalonica and Ephestia cautella was 
studied TrT brol<en cacao beans using 
the 2 species alone, introduced af ter 
each other or together. Both species 
of moths cannot co-exist for an 
extended period and in competition 
E.cautella becomes ext inct . The 
results offer an explanation of recent 
evidence that C.cephalonica is rapidly 
becoming the most important pest of 
stored cacao beans in Ghana today. 

Cocoa production: present constraints 
and priori t ies for research. 
LASS, R . A . and WOOD, C . A . R . 
(Eds) . World Bank Technical Paper 
(USA) No.39 , 103 p.1985. This 
technical paper reviews the more 
important biological factors in cacao 
production and takes a pragmatic view 
of how necessary improvements may be 
realised in the world's major cacao 
producing area with emphasis on 
problems that have, or may be 
expected to have, a major impact on 
production at the farm level. Subjects 
are presented in 10 chapters; (1) 
introduction; (2) cult ivation; (3) 
agronomy and physiology; (1) selection 
and breeding; (5) propagation; (6) 
diseases; (7) insect 6 other pests; (8) 
pesticide application; (9) fermentation, 
d ry ing £ quality £ (10) labour 
requirements. 

OCTOBER 1986 

The influence of harvest ing , 
fermentation and dry ing on cocoa 
f lavour qual i ty . 
LEWIS, J . F . and LEE, M . T . Planter 
(Malaysia) v . 62(721 ) p.13i ) -1 i t l ; Apr 
1985. The flavour of Malaysian cacao 
can be made to resemble that of cacao 
from Ghana by changes in harvesting 
and processing, l ike: (1) allowing the 
pods to r ipen before harvest ing; (2) 
storing pods for about 10 days before 
spl i t t ing; (3) using a shallow bean 
depth (38 cm) dur ing fermentation and 
(4) shorter fermentation periods (5 
days) with fewer "turns" (one af ter 
18h) . [Malaysian cocoa standard and 
its implication on Sabah cocoa qual i ty . 
LEE, M . T . Cocoa Research Stat ion, 
Department of Agr icu l tu re , Quoin Hi l l , 
Sabah, Malaysia - Planter (Malaysia) 
v . 6 2 ( 7 2 ) p .142-153; Apr 1986. The 
specifications for Standard Malaysian 
Cacao (SMC) beans, the procedures of 
grading and the possible effect on the 
physical qual i ty of Sabah cacao beans 
are highl ighted. SMC is classified into 
6 grades according to the level of 
defective beans, insect dainage and 

germinated beans. The best grade is 
S M C - I - A . The general quality of 
Sabah beans is good, but a 
considerable improvement of shell 
content , bean size uniformity of shell 
content is needed. The latter 2 
parameters can be achieved by 
grad ing . 

Determination of cadmium, lead, copper 
and arsenic in raw cocoa, 
semi-finished and finished chocolate 
products. 
LEE, C . K . and LOW, K . S . Chemistry 
D e p t . , Universit i Pertanian Malaysia, 
Serdang, Selangor, Malaysia 
Pertanika (Malaysia) v . 8 (2 ) 
p .243-248; Aug 1985. The levels of 
Cd, Pb, Cu and As were determined in 
2 batches of raw cacao and 
semi-finished and finished chocolate 
products. The suitabil i ty of the 
method of d r y ashing followed by 
analaysis by inductively coupled plasma 
emission spectrometry of these metals 
is also evaluated. It appeared that 
the analysis method used in the 
present study was suitable. The 
levels of Cd, Pb, Cu and As in raw 
cacao appeared h igh. Metal contents 
of locally produced chocolates are 
within acceptable levels, except for As 
which bordered on the limit. No 
contamination of metals during the 
manufacturing process was observed. 

NOVEMBER 1986 

[Chemical characterisation of cacao 
beans with a 'smokey' taste] 
Caracterisation chimique des feves a 
gout de 'fume'. 
G U Y O T , B . , GUEULE, D. and 
MORCRETTE, I . I R C C , Montpell ier, 
France - Cafe, Cacao, The (France) 
V. 30(2) p .113-120; Apr 1986. The 
'smokey' taste of cacao beans is a 
defect which may have 2 origins: 
dry ing and storage. The development 
of an analyt ical , non-subjective method 
based on the qualitative and 
quanti tat ive determination of phenolic 
compounds was undertaken to 
supplement the organoleptic tests used 
until then for the settlement of 
commercial disputes. Two types of 
bean samples were used: experimental 
samples, 'smoked' under control and 
commercial samples taken from 
contaminated batches. The samples 
were subjected to organoleptic tests 
and to analytical methods in which the 
volatile compounds of the beans were 
steam extracted. The phenolic 
compounds were identified by 
combination of gas chromatography and 

1 n 



mass spectrometry. Among the 7 
additional phenolic compounds detected 
in the cacao with a 'smokey' taste 
3 -e thy l phenol and 3,4-dimethy phenol 
together accounted for 99% of the 
intensity of the 'smokey' taste. 

[Various farmers' reactions to the 
project for the renovation of coffee 
and cacao plantations in Togo) La 
diversite de reponses paysannes au 
projet de renovation de la cafeiere et 
de la cacaoyere Togolaises. 
RUF, T . Cahiers de la Recherche-
Developpement (France) no.8 , p .SS-tS; 
Oct 1985.The process of retrospective 
evaluation of a development project 
should be broader than a simple 
economic comparison between a 
reference point and a post-project 
situation. The process here proposed 
for the renovation of the coffee and 
cacao plantations exemplifies the 
intention of car ry ing out studies in 
order to understand the farmers' 
various answers to outside 
intervent ion. This implies considering 
successively how the plantation 
economy has s t ructured the rural 
society before the project; how the 
project plan of action has been set up; 
and what results have been obtained, 
and interpreted by those in charge of 
the project . 

[Heterogenous farmer structures: 
reactions to price changes. The case 
of rice and cacao in Ivory Coast) 
Structres paysannes heterogenes: 
reponses aux pr ix diversi f ies. Cas du 
riz et du cacao en Cote d ' lvo i re . 
RUF, F. I R A T , C I R A D , Montpel l ier , 
France - Cahiers de la Recherche-
Developpement (France) no.8 p . 6 - 9 ; 
Oct 1985. In Ivory Coast, coffee 
production is declining whereas cacao 
plantations are expanding. Rice 
output is decreasing since 1980. All 
this is due to the impact of producer 
prices upon the producers' economic 
choices and decisions as to production 
systems. Long term growth rate of 
cacao demand is estimated at 2% per 
annum while supply levels increase by 
1 to 6%. Low producer prices for rice 
and import subsidies cause an artif icial 
change in consumption patterns. 

Studies on the feeding value of 
agro- industr ia l by -products . 3/ 
Digestibil ity of cocoa-pod and 
cocoa-pod-based diets by ruminants. 

S M I T H , , O . B . and ADEGBOLA, A . A . 
Universi ty of I fe , I fe , Nigeria - Animal 
Feed Science and Technology 

(Netherlands) v . 13(3- 'Op.2i|9-25'4; 
Dec 1985.Digestion studies with catt le 
and sheep were carr ied out to 
determine the effect of graded d ie ta ry 
cacao pod levels of 0,20,10% in cat t le , 
and 0 ,15 ,30 ,15 ,60 and 75% in sheep, 
on nutr ient digestibi l i t ies. Sheep 
digested only 23% d r y matter (DM) and 
51% crude protein (CP) of the pod. 
For ether extract ( E E ) , digest ibi l i ty 
was similar (P>0.05) across treatments. 
Pod d ietary levels of 30% and above 
depressed (P<0.05) nut r ien t 
digestibil i t ies. At the lowest d ie ta ry 
level of 15%, however, nu t r ien t 
digestibil it ies were similar (P>0.05) to 
those of the control diet . A similar 
t rend was observed in cattle in which 
test animals fed on diets containing 20 
and 10% pod digested less (P<0.05) 
DM, CP and acid detergent f ib re 
(ADF) than the controls. Highly 
negative correlations (P<0.05) were 
obtained between nu t r i en t 
digestibilities and dietary levels of 
pod. The latter explained over 90% of 
the variations observed in nut r ien t 
digestibi l i t ies, except for EE for which 
an R ' value of 0.18 was obtained. 
The results indicate that the addit ion 
of pod to grain-based ruminant diets 
at levels of 30% and above, may 
significantly depress diet d igest ib i l i ty . 
Low level performance may, however , 
be obtained in ruminants fed such 
diets containing up to 15% pod, since 
at this level, more than 50% of 
essential nutr ients were digested. 

DECEMBER 1986 

Witches' broom disease of cocoa in 
Rondonia, Brazi l : pod losses. 
RUDCARD, S . A . Tropical Pest 
Management (UK) v . 32(1) p . 2 1 - 2 6 ; 
Jan 1986. Pod losses caused by 
Witches' broom disease, Crinipel l is 
perniciosa, passed 50% in cacao 
plantings in their 6th year in 
Rondonia, Brazil where no control was 
applied. It is recommended that 
pruning should be initiated in the 1th 
year af ter plant ing. Recovery of 
fermentable seeds from diseased f ru i ts 
was minimal, and pod losses could be 
used to estimate yield loss. Monthly 
losses had to be calculated by 
comparing actual harvests wi th 
predictions based on previous f r u i t 
set. Manipulation of harvest time by 
manual pollination may create 
difficulties with pod weight/size and 
unpredictabil i ty of f ru i t wi l t . 

21st Annual Report 1985. Research 
D e p t . , United Plantations Berhad, 
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Teluk In tan , Malaysia - 116p. 1986. 
In the annual report of the Research 
Department of United Plantations 
Berhad over the year 1985, 
experiments are reported in oil palm, 
coconut and cacao. For each crop , 
field experiments were conducted 
concerning breeding and selection, 
cultural practices and nutr i t ion. The 
weed Nephrolepis bisserata did not 
have any significarTt effect on the 
performance of oil palms on peat. 
Naphthalene balls inserted into the 
frond axi ls , gave outstanding 
protection to coconut heavily infested 
with the rhinoceros beetle (Oryctes 
rhinoceros) . Plantvax (oxycarboxin) 
reduced white thread bl ight 
(Marasmium scandens) incidence in 
cacao By 60.3%. VTtavax (carboxin) 
appeared to be effect ive for long term 
control of pink disease (Corticium 
salmonicolor) in cacao. 

[CEPLAC report on cacao research 
1983) CEPLAC Informe de pesquisas de 
1983. CEPLAC, l lheus, Bahia, Brazil 
- t97 p. 1985. The research report for 
1983 of the "Comissao Executiva do 
Piano da Lavoura Cacaueira" (CEPLAC) 
is presented. Activit ies dur ing that 
period were devoted, amongst o thers , 
to breed ing , developing plant 
protection measures, quality aspects, 
production systems, soil conservation, 
research of the natural resources, 
crop diversi f icat ion, including r u b b e r , 
pastures, f ru i t plants and spices, such 
as pepper , and development of methods 
for the control of Witches' broom 
disease caused by Crinipell is 
perniciosa (syn . Marasmiu perniciosa) . 

JANUARY 1987 

[Tolerance of cacao hybr ids to 
aluminium). Tolerancia de cult ivares 
hibridas de cacau a aluminio. 
S A N T A N A , M . B . M . , YAMADA, M . M . 6 
S A N T A N A , C . J . L . de Divisao de 
Ceociencias, Centro CEPEC, I tabuna, 
Bahia, Brazil - Revista Theobroma 
(Braz i l ) v 15(1) p. 9-18 Jan 1985. 
The tolerance of 5 cult ivars of cacao to 
A1 was tested using nutr ient solutions 
with d i f fe rent A; levels. Solutions 
were replaced every 2 weeks and their 
pH was adjusted to 1 . 0 - 4 . 2 . The 
plants were collected at 110 days and 
their foliar area , d r y matter 
production and P, K , Ca, Mg and Al 
contents of roots and aerial parts were 
measured. Cul t ivar SIC 831 x Sea 6 
followed by SIC 831 x IMC 67 showed 
highest tolerance. 
Chemical plant growth regulators in 

tropical plantation crops. 
S E T H , A . K . ( A S P A C / F F T C ) no.23i), 15 
p; Mar 1986. Three examples of 
present and fu ture use of growth 
regulators in tropical plantation crops 
are reviewed. In tropical plantation 
crops ethephon is in common use 
stimulating latex flow in rubber trees; 
there is potential for the use of auxins 
on palm oil trees delaying f ru i t 
abscission to increase oil y ie ld , and 
growth retardants have a wide 
application in limiting vegetative shoot 
growth giving effect ive chemical 
p r u n i n g . In nursery management, 
plant growth regulators will have an 
important role in controlling seedling 
size and seedling response to water 
stress. 

A note on the qualitat ive damage 
caused to cocoa pods by Sahlbergella 
s ingular is . 
OTO; T T C R I N , Ibadan, Nigeria -
Tur r ia lba ( l I C A ) v 35(1 )p .87 -88 ; Jan 
1985. The damage caused to cacao 
pods by the mirid Sahlbergella 
sinqularis was studied. Pod weiglit 
ana husk weight were significantly 
reduced at damage levels (0 , 25, 50 
and 100% of the pod surface covered 
by mir id lesions) for bean weight , pod 
length, pod width , total bean 
number/pod and deformed bean 
number /pod. 

Cocoa waste and its uti l ization. 
NAMBUDIR1 ,E .S . S SHIVASHANKAR, 
S. Centra l Food Technological Research 
I n s t . , Mysore, Karnataka, India 
Indian Cocoa, Arecanut 6 Spices 
Journal ( India) v . 8 (3 ) p .78-80; Jan 
1985. Composition of raw cacao 
material and possible products from 
wastes are tabulated and discussed. 
These wastes are pod husk , mucilage, 
bean shell and germ. 

(Ef fect of d i f ferent levels of 
supplementation on weight gain of 
confined young bulls fed with fresh 
cacao pod husks] Efeito de diferentes 
niveis de suplementacao sobre o ganho 
de peso de novilhos confinados 
alimentados com casca fresca do f ruto 
do cacaueiro. 

LLAMOSAS, C . A . , PEREIRA, J . M . 6 
SCARES, M . S . CEPEC, I tabuna, 
Bahia, Brazil - Revista Theobroma 
(Braz i l ) V. 15(1) p .27 -34 ; Jan 1985. 
The effect of the supplementary 
feeding of a mixture of concentrates on 
the l ive weight gain of young bulls fed 
with fresh cacao pod husks was 
studied. Three levels of the mixture 
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were added to the husks, fed ad 
libitum to 21 young bulls confined for 
finishing. The average dry matter 
consumption from the bulk fraction did 
not differ among treatments. The bulk 
portions in the rations of treatments 1, 
2 and 3 were 82 .0 , 77.6 and 71.1 per 
cent of dry matter respectively. 
There was no significant difference 
between treatments of live weight gain. 
The tendency of this parameter shows 
treatment 2 to be the most efficient. 

FEBRUARY 1987 

Incidence of cocoa black pod disease in 
Dakshina Kannada District 
(Karnataka) , a major cocoa growing 
area in India. 
MOHANAN, R . C . Regional Station, 
Central Plantation Crops Research 
Inst , Vit tal , Karnataka, India - Indian 
Cocao, Arecanut 6 Spices Journal 
( India) v . (H) p.91-92; Apr 1 9 8 ^ 
Black pod disease of cacao, caused by 
Phytophthora palmivora is the most 
important cacao disease in India. A 
preliminary study has been undertaken 
to evaluate the incidence of this 
disease in 5 cacao-arecanut mixed 
gardens in Dakshina Kannada distr ict , 
Karnataka. The lowest disease 
incidence recorded was 12.93% and the 
highest 29.78%. Incidence varied 
significantly from garden to garden. 
Disease incidence on nearly mature 
pods was 22.83% to il0.8it%. It is 
concluded that losses from black pod 
must be very high and need more 
attention. 

Standardisation of seed propagation in 
cocoa. 
KESHAVACHANDRAN, R. and NAIR, 
P . C . S . Kerala Agricultural Un iv . , 
T r i c h u r , Kerala, India - Indian COMO, 
Arecanut and Spices Journal ( India) v . 
9(1) p .1 -1 ; Jul 1985. Large, medium 
and small sized mature Forastero cacao 
pods collected monthly from Dec-Apr 
were cut into 3 equal portions 
(pedical, middle and distal) . Sound 
seeds from each group were sown in 
polythene bags of 3 sizes (23 x 15, 25 
X 18 or 30 X 20 cm) filled with potting 
mixture of soil, sand and farmyard 
manure of the ratio 1:1:1 or 1:1:2. 
Characters of pods in different 
months, vegetative growth, root 
growth and seedlings dry weight at 
30, 60 or 90 day intervals are 
discussed as well as shoot and root 
growth of seedlings in bags and filling 
mixture. It is indicated that large and 
medium sized pods weighing > 350g 
with not less than 409 cc volume and 

harvestea during Feb-Apr were 
desirable for raising seedlings in the 
nursery . The largest bags and 1:1:2 
potting mixture were most suitable for 
raising seedlings. 

The control of cocoa swollen shoot 
disease in Ghana: an evaluation of 
eradication procedures. 
THRESH, J.M. and OWUSU, O . K . East 
Mailing Research Station, Maidstone, 
Kent, UK - Crop Protection (UK) v . 
5(1) p.1)1-5T; FeE T986^ The 
effectiveness of the eradication 
measures that have been, or could be 
used to control cacao swollen shoot 
virus in Ghana is discussed. 
Removing only trees found with 
symptoms is shown to be an inefficient 
method of control unless outbreaks are 
very small. It is more effective to 
remove not only those trees with 
symptoms but also all apparently 
healthy trees adjacent to them. More 
drastic measures are justified in 
dealing with large outbreaks, and 
where these are numerous, the most 
effective procedure is to clear whole 
areas and replant in large compact 
blocks. There is little evidence to 
justify coppicing trees around treated 
outbreaks; routine eradication 
measures could be made more effective 
if a suitable insecticide was introduced 
for controlling mealybug vectors. 
More information is required on the 
performance of resistant varieties and 
other aspects before definite 
recommendations can be made on the 
most appropriate treatment and 
replanting practices in the different 
areas. 

MARCH 1987 

Effect of palm oil sludge cake on early 
growth of newly planted oil palm, 
rubber and cocoa in the f ield. 
TECH, K . C . , CHAN, W.H. and 0 0 1 , 
L . H . Agronomic Research Uni t , 
Applied Agricultural Research, Buloh, 
Selangor, Malaysia - Planter (Malaysia) 
V. 62(726) p.368-382; Sep 1986. TFe 
properties of palm oil sludge cake 
indicate that it could be beneficial for 
promoting growth of immature oil palm, 
rubber and cacao in the field. 
Experiments were started at the end of 
1982 to study surface application of 
the sludge cake as well as 
incorporating it into planting holes at 
the time of field planting. The results 
indicate that the sludge cake can be 
used as a supplement to inorganic 
ferti l izers to improve early growth for 
cacao, oil palms and rubber . High 
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rates of application should be avoided; 
the suggested rates of sludge cake for 
the crops are : rubber and oil palm, 
1-2 kg /p lan t ing hole; cacao, 0 . 2 5 - 0 . 5 
kg /p lann ing hole. As the effect of 
sludge cake was mainly nutr i t ional , its 
use as a surface dressing will probably 
be limited to poor areas where 
nutr i t ion is a problem and areas where 
f requent application with inorganic 
fer t i l i zers Is necessary. 

Modelling agroforest ry systems of cacao 
with laurel (Cordia al l iodra) and poro 
( E r y t h r i n a poeppigiana) in Costa Rica. 
Inventory of organic matter and 
nut r ien ts . 
A L P I Z A R , L . , FASSBENDER, H .W. and 
HEUVELDOP, J. Universi ty of Costa 
Rica, San Jose, Costa Rica 
Agroforest ry Systems (Nether lands) v . ftgroforestry Sys 
ift3T p . 175-189 m e : Based on 
research conducted in Costa Rica, 
models have been developed for 
agroforest ry systems of cacao under 
laurel and under poro, grown on a 
clay loam soil. Organic matter and 
nutr ients ( N , P, K , Ca and Mg) were 
analysed in soil, l i t ter and plant parts 
( leaves, branches, t runks and roots) . 
The model for the organic matter and 
nut r ien t cycles for both systems is 
discussed. A considerable par t of the 
elements retained by E.poeppigiana in 
branches and leaves are put in 
circulation by p run ing . Cacao in both 
systems presents no notable 
di f ferences in N , P and Ca 
accumulation. Cacao accumulates more 
K and Mg under C.all iodora than 
under E.poeppigiana. In both systems 
the elements are accumulated in the 
following o rder : N > Ca > K > Mg > P. 
E.poeppigiana only sl ightly exceeds 
C.al l iodora in reserves of N and Ca. 

APRIL 1987 

No abstracts . 

MAY 1987 

Twenty years' results from a shade 
and fert i l iser tr ial on Amazon cocoa 
(Theobroma cacao) in Ghana. 
AHENKORAH, Y . , HALM, B . J . 6 
A P P I A H , M . R . Cocoa Research Ins t , of 
Ghana, New Ta fo -Ak im, Ghana 
Experimental Agr icu l ture ( U K ) v . 2 3 ( 1 ) 

The effects of 3 shade densit ies, NPK 
fert i l izers and fer t i l i zer -pest /d isease 
relationship on Amazon cacao in Ghana 
over a 20-year period are repor ted . 
Yie lds, equivalent to the mean yield 
from the unfert i l ized plots, were 

achieved in about 3, 1 and 6 years in 
fert i l ized plots under the no-shade 
(S ) , medium-shade ( S , ) and 
h e i v y - s h a d e ( S , ) t reatments, 
respect ively . There were 3 growth 
phases, each characterised by a 
d i f fe rent yield t r e n d . No appreciable 
changes in the exchangeable Ca and 
Mg were observed dur ing the 
exper iments, but K dropped to 68% 
from its initial value while the available 
P of the unfer t i l ized plots and the S 
plots fell by 38%. Ferti l ize? 
rffcommendations for P and K should 
take account of overhead shade. The 
effect of N application was often 
negative. No direct relationship was 
observed between fer t i l izer treatment 
and the incidence of 
pest /blackpod/swollen shoot v i rus 
(SSV) disease of cacao. SSV infection 
was greatest under S . Cacao farms 
in Ghana cannot maintain high yields 
(above 1000 kg d r y cacao/ha) beyond 
15 years of intensive cropping. 

[Ef fect of the size of explants and 
growth regulators on the development 
of the tissues of Theobroma cacao L. 
var .amelonado, cult ivated in v i t ro ] 
Influence de la taille des explantats et 
des reulateurs de croissance sur le 
developpement des tissues de 
Theobroma cacao L . , v a r . amelonado 
cult ives in v i t r o . 
LEGRAND, B . and MISSISSO, E. Ecole 
des Sciences, Universite du Benin, 
Lome, Togo - Cafe, Cacao, The 
(France) v . 3 0 ( t ) p .239-246. 
"A technique for sterl izing explants 
taken from othrotropous suckers of 
cacao (va r . Amelonado) is described. 
Explants require a minimum size below 
which growth regulators are necessary 
to induce rooting and bud burs t ing . 
In the medium used, no callus 
formation occurred except when seatin 
was present . Zeatin promotes a 
spectacular elongation of buds. lAA 
(indole acetic acid) only sl ight ly 
promoted leaf development, while these 
leaves rapidly dropped. IBA (Indole 
butyr ic acid) alone or together with 
lAA substantial ly promoted leaf 
development. However, bud growth 
was not continuous. This dormancy 
could not be d isrupted . 
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