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E D I T O R I A L 

The po l l i na t ion o f cocoa is an aspect o f cocoa c u l t i v a t i o n of enormous 
impor tance due to i t ' s s i g n i f i c a n t impact on po ten t ia l y i e l d , bu t y e t i t 
is a sub jec t wh i ch has rece ived inadequate a t t en t i on in nea r l y e v e r y 
cocoa g r o w i n g r e g i o n . 

T h e env i r onmen t c l ea r l y has a major impact on the numer ica l 
a v a i l a b i l i t y o f cocoa p o l l i n a t i n g i nsec t s . The p r e f e r r e d b r e e d i n g 
e n v i r o n m e n t is most usua l l y in f ree water in decay ing banana s tems, 
u p t u r n e d cocoa pod h u s k s and s imi lar locat ions where water is h e l d . 
In Ghana the midges f i r s t appear in A p r i l and May and g r a d u a l l y 
inc rease in numbers u n t i l O c t o b e r , the popu la t ion rema in ing h i g h 
u n t i l t he end o f December . The a r r i v a l o f a hot d r y w i n d ( t h e 
ha rma t tan ) in J a n u a r y causes a sudden fa l l in numbers as the 
b r e e d i n g s i tes d r y o u t . By March when f lower numbers r i se s teep ly 
at t he s t a r t o f the f l o w e r i n g season, po l l i na t i on had v i r t u a l l y ceased, 
( a f t e r En tw i s t l e , P .P . (1972) Pests of Cocoa, Longmans) . 

I t is my be l ie f t h a t unde r ce r t a i n c i r cums tances , the a v a i l a b i l i t y o f 
insec ts to po l l ina te cocoa f lowers can be a l im i t ing fac to r to the 
number of f lowers po l l i na ted and t h u s the po ten t ia l y i e l d o f a t ree o r 
a whole f ie ld or f a rm . In Ghana o n l y some 12 per cen t o f f l owers 
are po l l i na ted in the time o f p ro fuse f l o w e r i n g . I t maybe t ha t some 
c u l t u r a l t echn iques m igh t be i d e n t i f i e d t h a t wou ld increase the 
b r e e d i n g s i tes for n a t u r a l po l l i na to rs of cocoa by a mean ing fu l 
amoun t . I t also seems l i ke l y t h a t w idesp read app l i ca t i on o f 
pes t i c ides o f h i gh t o x i c i t y wi l l s u b s t a n t i a l l y reduce t he number o f 
insects avai lab le fo r po l l i na t i on . 

Our knowledge on al l aspects of po l l i na t ion is gene ra l l y v e r y poor 
and shou ld be s u b s t a n t i a l l y i m p r o v e d . In an a t tempt to s t imu la te an 
i n t e r e s t in po l l i na t ion of cocoa th is issue of Cocoa Growers ' Bu l l e t i n 
con ta ins an a r t i c l e en t i t l ed 'Po l l ina t ion of Cocoa' by Dr A l len M 
Young who has w o r k e d on po l l i na t ion o f cocoa fo r many years in 
La t in Amer ica . I t is hoped t ha t the pub l i ca t i on of t h i s a r t i c l e w i l l 
encourage agronomis ts and entomolog is ts to s t u d y po l l i na t ion f u r t h e r 
and t h e r e b y perhaps i n t r o d u c e changes in c u l t i v a t i o n p rac t i ces wh ich 
m igh t s t imu la te the fo rmat ion o f b r e e d i n g s i tes fo r p o l l i n a t i n g midges 
in cocoa farms to ensu re a h i g h e r level o f po l l i na t ion than t ha t wh i ch 
p r e s e n t l y p reva i l s in many cocoa g r o w i n g a reas . 

R . A . LASS, Ed i to r 
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REVIEW OF PRODUCTION AND CONSUMPTION 

May 1985 - J a n u a r y 1986 
S J T u r n e r , C a d b u r y L imi ted 

REVIEW OF THE MARKET 

I t seems tha t ove r the last few yea rs the marke t has los t much of i ts 
feel f o r the t r u e va lue o f cocoa aga ins t a b a c k g r o u n d of w i l d l y 
f l u c t u a t i n g exchange r a t e s . I t appears to be no longer feas ib le to 
compare s u r p l u s e s and d e f i c i t s , s tock pos i t ions and e x p e c t a t i o n s , in 
o rde r to assess the f o r w a r d r i s k s in cocoa p r i ces fo r e i t he r 
p r o d u c e r s or consumers . Consequen t l y the de f i c i t s o f 1982/3 and 
1983/4, wh ich r e d u c e d wo r l d cocoa s tocks to 20% of annua l demand, 
d id no t p r o v o k e t h e steep r ise in p r i ces tha t a s imi lar s i t ua t i on had 
caused in 1976. F u r t h u r m o r e the genera l a l lev ia t ion o f t ha t pos i t ion 
has no t seen a s i g n i f i c a n t eas ing in p r i c e s : t oday ' s n e a r b y Ghana 
cocoa is not much cheaper in actual te rms than mid-1984. 

PRODUCTION 

Gil l and D u f f u s ' s la test r e p o r t (No . 322 , March 1985) inc ludes t h e i r 
1985/6 f o recas ts . P roduc t i on in 1985/6 is fo recas t at 1,885,000 
t o n n e s , a fa l l o f 46,000 tonnes over t he i r r ev i sed 1984/5 est imate of 
1,931 ,000 tonnes . T h e 1984/5 est imate is s i g n i f i c a n t l y h i g h e r t han in 
ou r last rev iew (1 ,833,000 tonnes) due main ly to a la rge I v o r y Coast 
mid c r o p and a v e r y heavy Ecuador ian c r o p . For 1985/6 Gi l l and 
D u f f u s p r e d i c t increases amongst t he major p r o d u c e r s on ly in Ghana 
and Malaysia. The r e c o v e r y of the cocoa i n d u s t r y in Ghana is 
p a r t i c u l a r l y h e a r t e n i n g since i t sugges ts t ha t the many yea rs o f 
dec l ine t he re a re f i na l l y be ing a r r e s t e d . 

CONSUMPTION 

T h e latest Gi l l and D u f f u s fo recas t fo r 1986 G r i n d i n g s is 1,831,000 
t o n n e s , an increase o f 19,000 tonnes on t h e i r la tes t 1985 est imate 
w h i c h i t se l f has been rev i sed u p w a r d s to 1,812,000 tonnes f rom 
1,716,000 tonnes in May 1 985. Demand is expec ted to g row s t r o n g l y 
f rom the second ha l f o f the year fo l l ow ing a b r i e f lu l l in the f i r s t 6 
m o n t h s . 

STOCKS 

Gi l l and D u f f u s now est imate c los ing s tocks f o r 1983/4 at 374,000 
t o n n e s , the lowest level s ince 1976/7 in abso lu te t onnage , and j u s t 
as severe in te rms of the p r o p o r t i o n of demand. They est imate 
s tocks at the end of 1984/5 to be 500,000 tonnes and w i t h a fo recas t 
1985/6 s u r p l u s o f 50,000 tonnes s tocks by September 30th 1986 
shou ld be a r o u n d 550,000 t onnes . 

PRICES 

Pr ices d u r i n g 1985 have been r e f l e c t i n g c u r r e n c y - r a t h e r than cocoa-
f a c t o r s , w i t h n e a r b y Ghana cocoa g r o u n d £2300 at the s t a r t o f the 
yea r (when the pound was at an a l l - t ime low aga ins t the do l l a r ) to 
a r o u n d a y e a r - e n d va lue o f £1897. The weaken ing do l la r has he lped 
p r i ces fal l to £1661 by e n d - F e b r u a r y 1986. 



WORLD COCOA PRODUCTION AND CRINDINCS D A T A 

Reproduced f rom Ci l l and D u f f u s Marke t Repor t 322 

Dated March 1986 
(al l f i g u r e s in t housand metr ic tonnes) 

P roduc t i on 1982/3 1983/4 1984/5 1985/6 
(est imate) ( f o recas t ) 

WORLD T O T A L 1530 1510 1931 1885 

A f r i c a 853 853 1064 1038 
S. Amer ica 505 466 654 603 
W. Ind ies 53 52 53 53 
Asia S Oceania 119 139 160 191 

P R I N I C I P A L COUNTRIES 

Cameroon 106 108 120 115 
Ghana 178 159 175 220 
Equato r ia l Guinea 10 8 8 8 
I v o r y Coast 355 405 552 540 
Niger ia 156 115 151 95 
Braz i l 336 302 412 384 
Colombia 40 41 40 40 
Ecuador 46 48 121 95 
Mexico 42 35 42 40 
Venezuela 17 16 15 18 
Dominican Republ ic 40 39 39 39 
Malaysia 65 80 93 120 
Papua New Guinea 29 28 31 30 

GRINDINGS 1983 1984 1985 1986 
(est imate) ( f o recas t ) 

WORLD T O T A L 1649 1752 1812 1831 

Western Europe 627 661 677 685 
Eas tern Europe & USSR 229 231 244 246 
N. America 210 231 225 225 
Cen t ra l £ S .Amer i ca 334 359 385 384 
Aus t ra l i a 8 N.Zea land 12 11 7 4 
Asia 107 98 109 120 
A f r i c a 130 161 165 167 

PRINCIPAL COUNTRIES 

Un i ted States 194 209 205 205 
Germany (PR) 180 194 207 200 
Nether lands 157 161 167 170 
USSR 145 150 160 160 
Un i ted Kingdom 77 90 91 95 
France 53 52 40 42 
Braz i l 198 214 234 240 
I v o r y Coast 70 85 90 92 



PRICES 

M o n t h - E n d p r i ces fo r nea rby sh ipment Ghana cocoa have b e e n : -

1985 J a n u a r y 2281 
F e b r u a r y 2272 
March 2110 
A p r i l 1928 
May 1881 
June 1860 
J u l y 1778 
A u g u s t 1833 
September 1915 
Oc tober 1831 
November 1778 
December 1897 
J a n u a r y 1855 
F e b r u a r y 1661 



COCOA P O L L I N A T I O N 

A l l en M Young 
I n v e r t e b r a t e Zoology Sec t ion , Mi lwaukee Publ ic Museum 

Mi lwaukee, Wisconsin 53233 LISA 

I N T R O D U C T I O N 

"Po l l i na t i on " is a process by wh i ch pol len g r a i n s , are success fu l l y 
t r a n s f e r r e d to the st igma a n d / o r s t y l e of a f l owe r . E f f ec t i ve 
po l l i na t ion occurs when a s u f f i c i e n t number of v iab le po l len g r a i n s 
are depos i t ed to b r i n g about a fu l l complement o f seeds in a f r u i t . 
In se l f - i ncompa t ib le p lan t spec ies , i n c l u d i n g many va r i e t i es of 
Theobroma cacao, e f f e c t i v e po l l i na t ion r e q u i r e s the c r o s s - t r a n s f e r o f 
v iab le pol len g ra ins between f l owers f rom d i f f e r e n t i n d i v i d u a l t r e e s . 
Winder (1977c) was the last to rev iew the sub jec t o f cocoa po l l i na t ion 
and th i s rev iew incorpora tes research completed s ince t h a t date and 
ind icates p romis ing d i r ec t i ons fo r f u r t h e r r e s e a r c h . 

F i r s t l y i t Is t h o u g h t he lp fu l to ou t l i ne some basic concepts on 
po l l i na t ion and rev iew p resen t knowledge on cocoa p o l l i n a t i o n , 
e x c l u d i n g any cons ide ra t ion o f hand or a r t i f i c i a l po l l i na t i on . A 
t h o r o u g h u n d e r s t a n d i n g of n a t u r a l po l l i na t ion o f cocoa, i n c l u d i n g 
bo th the f l o ra l p r o p e r t i e s re la ted to p o l l i n a t i o n , the b io logy of 
po l l i na to rs and env i ronmen ta l f ac to rs i n f l u e n c i n g po l l i na t i on in 
commercial cocoa f a rms , g ives an u n d e r s t a n d i n g o f the impor tance of 
na tu ra l po l l i na t ion in the de te rm ina t i on of c r o p y i e l d s . Some aspects 
o f n a t u r a l po l l ina t ion in cocoa may e v e n t u a l l y exp la in w h y cocoa 
g r o w e r s are con t i nua l l y p lagued by low rates o f na tu ra l po l l i na t ion 
and ind ica te how cocoa p lan ta t i on management p rac t i ces m igh t be 
changed to increase ra tes o f n a t u r a l po l l i na t ion o f cocoa. 

SOME RELEVANT BASIC CONCEPTS 

Theobroma cacao L innaeus , be longs to the fami l y S te rcu l iaceae, one 
o f f i v e fami l ies r e p r e s e n t i n g the o r d e r Malvales in the New Wor ld . 
The classic monograph of Cuatrecasas (1964) po in ts to the 
t remendous d i v e r s i t y w i t h i n the genus Theobroma whi le much less is 
known abou t Her ran ia w h i c h is v e r y close to Theobroma ( S c h u l t e s , 
1958) and was once c lass i f ied w i t h the l a t t e r . Wi th in the genera 
Theobroma and Her ran ia a d i v e r s i t y o f pol len g r a i n su r faces is 
e v i d e n t ( T a y l o r , 1965). Such d i v e r s i t y of mo rpho logy ind ica tes t he 
use of d i v e r s e pol len vec to r s w i t h i n the g r o u p . S tud ies o f v a r i o u s 
p lan t g r o u p s have demons t ra ted the c ruc ia l ro le of pol len g r a i n 
morpho logy as a de te rm inan t of opt imal po l l i na to rs ( C e r c e a u - L a r r i v a l 
and R o l a n d - H e y d a c k e r , 1976; H e s l o p - H a r r i s o n , 1976, 1979; S k v a r i a 
et a l . , 1978). 

Pol l inat ion b io log is ts examine b o t h f lo ra l p r o p e r t i e s and po l l i na to r 
b io logy to u n d e r s t a n d how in te rac t i ons between p l a n t s and po l l i na to r s 
may have evo lved over long per iods of t ime ( P e r c i v a l , 1965; Kevan 
and B a k e r , 1 9 8 3 ) . The fo l low ing f lo ra l p r o p e r t i e s i n f l uence 
po l l i na t i on : (1) f lower s ize , c o l o u r , f r a g r a n c e , and s t r u c t u r e ; (2) 
locat ion o f f lowers on the p l an t ; (3) numbers of f r e s h l y - o p e n e d 
f lowers p r e s e n t s imu l taneous ly ; (4) occu r rence o f male and female 



sexual o rgans w i t h i n the same f l o w e r , or sepa ra te l y in d i f f e r e n t 
f lowers on the same t ree o r on separa te t r e e s ; (5) o r i e n t a t i o n of 
f lower to the e n v i r o n m e n t ( d i r e c t e d d o w n w a r d s , u p w a r d s , concea led , 
e t c ) ; (6) cau l i f l o rous ( located on t r u n k s and lower b ranches ) o r in 
c r o w n ; (7) t ime of year fo r peak f l owe r i ng or d i f f u s e , even 
f l owe r i ng t h r o u g h o u t the g r o w i n g season; (8) amounts of nec ta r and 
po l len , or o ther p o l l i n a t o r - r e w a r d s , and t h e i r n u t r i t i o n a l va lue 
re la t i ve to o the r f l o ra l sources ava i lab le at the same t ime. 

We know f rom many s tud ies t h a t f l o w e r s , even those w i t h h i g h l y 
spec ia l ised s t r u c t u r e s and re la ted p r o p e r t i e s , a re o f t en v i s i t e d by a 
broad range of animal v i s i t o r s , b u t not al l o f these are necessar i l y 
e f f e c t i v e agents o f po l l i na t i on ( K a l i n - A r r o y o et a l , 1982 ) . Recent 
s tud ies have also revea led the ex i s tence of o the r f l o ra l r e w a r d s fo r 
p o l l i n a t o r s , such as oi ls re leased f rom spec ia l ised f lo ra l g l ands at 
t imes when the f lower is most r e c e p t i v e fo r po l l i na t i on (Simpson and 
N e f f , 1981; Simpson et a ! . , 1983). I t is impo r t an t to u n d e r s t a n d 
tha t the i ncen t i ve a f lower o f f e r s as a r e w a r d fo r po l l i na to rs is o f ten 
spec i f i c to a ce r t a i n set o f po l l i na to r s even t h o u g h the f lower may 
rece ive a la rge number of o the r f l o r a l v i s i t o r s . 

The f lower conta ins the sex o r g a n ( s ) fo r p l a n t s , and po l l i na to r 
systems have evo lved in response to the b r e e d i n g system o f tha t 
p a r t i c u l a r p lan t spec ies. We must a t t emp t to de te rm ine the po l l i na to r 
system tha t o r i g i n a l l y adap ted t he t ree species to i ts n a t u r a l hab i ta t 
and how the c u l t i v a t i o n process has a l t e r e d , or pe rhaps even 
o b l i t e r a t e d , the o r i g i na l i n t e r a c t i o n between the t ree 's f l owers and 
i ts most e f f ec t i ve p o l l i n a t o r s . T h i s is o f t en t he most d i f f i c u l t aspect 
o f po l l i na t i on b io logy . V i r t u a l l y al l s tud ies o f cocoa po l l i na t i on have 
been conduc ted in f a rms , and no t in the n a t u r a l hab i ta t u s i n g t r u l y 
" w i l d " popu la t ions of cacao. While we may learn much abou t the 
dynamics o f po l l i na t ion of cocoa in a fa rm s i t ua t i on and feel 
comfor tab le w i t h t h i s knowledge because t h a t is what ex i s t s t o d a y , a 
complete u n d e r s t a n d i n g of po l l i na t i on can o n l y be ob ta ined by a 
cons ide ra t i on o f i t in the e v o l u t i o n a r y c o n t e x t as we l l . With f u r t h e r 
s t u d y th i s knowledge migh t ass is t cocoa g r o w e r s to make more 
e f f e c t i v e use o f the farm hab i ta t to enhance n a t u r a l p o l l i n a t i o n . 

SOME H I S T O R I C A L ASPECTS 

Many s tud ies o f cocoa f lowers in bo th the New World and the Old 
Wor ld have shown tha t sma l l -bod ied f l y i n g i n s e c t s , c h i e f l y midges o f 
t he D ip te ra famil ies Cera topogon idae and Cec idomy i idae , are the most 
i m p o r t a n t po l l i na to rs o f cocoa a l t h o u g h no t e x c l u s i v e l y so (Jones , 
1912; Wel lens iek , 1932; Cope, 1939; B i l l e s , 19i(1; Posne t te , 1942, 
1944; S o e t a r d i , 1950; Cnana ra tnam, 1954; Van de r K n a p p , 1955; 
S a u n d e r s , 1959; Walker , 1959; Dessa r t , 1961; G l e n d e n n i n g , 1962; 
H e r n a n d e z , 1965; Sor ia , 1970; Sampayan, 1966; Vel io and Magalhaes, 
1971; E d w a r d s , 1973; de la C r u z and So r i a , 1973; Kau fmann , 1973; 
1974; 1975a ,b ,c ; Amponsah , 1975; W inde r , 1972; 1977a ,b , c ; 1978a,b; 
W i r t h and Waugh, 1976; Y o u n g , 1981; 1982; 1983a; 1984a,b; 
1 9 8 5 a , b , c ) . General aspects o f t he mechanism of cocoa po l l i na t ion b y 
insec ts has been rev iewed at v a r i o u s t imes (W inde r , 1977c; 1978a; 
B y s t r a k and W i r t h , 1978; Y o u n g 1984e). 

Severa l recen t s t u d i e s , have e luc ida ted v a r i o u s aspects of bo th the 



genera l b io logy and popu la t i on dynamics o f ce ra topogon id midges in 
cocoa farms (F i sh and Sor ia , 1978; Sor ia , 1 973; 1976; 1 9 7 7 a , b , c ; 
Soria and A b r e u , 1974; 1976; Soria and W i r t h , 1974; 1979; Chapman 
and Sor ia , 1983; Y o u n g , 1 983; 1984e; 1985a. Y o u n g (1983a) 
demons t ra ted t ha t the l a rva l popu la t ions of some species of 
ce ra topogon id midges can be increased in a Costa Rican cocoa 
p lan ta t i on (F inca Exper imenta l La Lola) by expe r imen ta l 
man ipu la t i ons . Such obse rva t i ons sugges t t ha t at least one cause o f 
low rates o f n a t u r a l po l l i na t ion is a lack o f p o l l i n a t o r s , a l t h o u g h 
c l ea r l y i t is not the on ly fac to r d e t e r m i n i n g f r u i t se t . Y o u n g (1982, 
1983a, 1984b) expe r imen ta l l y increased midge popu la t i ons b y 
i nc reas ing the a v a i l a b i l i t y o f su i tab le o rgan ic s u b s t r a t e s ( c h i e f l y 
r o t t i n g sect ions o f banana t ree t r u n k s and cocoa pod h u s k s ) benea th 
cocoa t rees in per iods of h i g h f l owe r i ng ( Y o u n g , 1984c). 

When cocoa t rees are h a n d - p o l l i n a t e d , g r e a t e r numbe rs o f pods 
mature than when t rees are le f t to na tu ra l po l l i na t ion ( A . M . Y o u n g , 
u n p u b l . da ta ; G. Enr iquez and J . Ca l i ndo , p e r s . c o m m . ) . He re in 
lies one major f r u s t r a t i o n to cocoa g r o w e r s . I t is also o b s e r v e d t h a t 
when cocoa is f i r s t i n t r o d u c e d in to a new r e g i o n , levels o f f r u i t set 
can o f t en be h i g h . I t appears t h e r e f o r e t ha t u n d e r c e r t a i n 
c o n d i t i o n s : fo r example when cocoa t rees are in a h e a l t h y c o n d i t i o n 
o r when cocoa is a r e l a t i v e l y new c r o p in a r e g i o n , t h a t ra tes o f 
na tu ra l po l l i na t ion can be h i g h . T h e r e may be a d i r e c t r e l a t i o n s h i p 
between the abundance o f midges as po l l i na to rs and the level o f 
na tu ra l f r u i t se t . I t can t h e r e f o r e be assumed tha t po l l i na t i on is one 
o f severa l b io log ica l fac to rs l im i t i ng cocoa y ie ld t h r o u g h o u t t he 
w o r l d . 

FIGURE 1: Mature f lo ra l bud and f r e s h l y - o p e n e d f l owers of 
Theobroma cacao L . (S te rcu l i aceae ) . 



MECHANISMS OF P O L L I N A T I O N 

The ac tua l p rocess by wh ich a small insec t po l l ina tes a cocoa f lower 
has been d e s c r i b e d and rev iewed seve ra l t imes ( S o r i a , 1970; 
E n t w i s t l e , 1972; M c G r e g o r , 1976; B y s t r a k and W i r t h , 1978; W inde r , 
1977c; 1978a). I t appears tha t the cocoa f lower is des igned to 
accommodate a sma l l -bod ied ( i . e . , 2-5 mm long) insec t capable o f 
p i c k i n g u p many s t i c k y pol len g r a i n s and e v e n t u a l l y depos i t i ng 
t hese , e i t h e r as smear or ba l l , on the s t igma or s t y l e o f the f l o w e r . 
The cocoa f l ower is pentamerous ( F i g u r e 1 ) . T h e f i v e a n t h e r s are 
l a r g e l y concealed in f i v e peta l pouches t h a t s u r r o u n d the p i s t i l and 
a re sepa ra ted f rom i t by a ' t ube ' a r r a n g e m e n t o f f i v e e longate and 
f i lamentous s taminodes . T h i s basic f l o ra l des ign is p r e s e n t in o the r 
species o f T h e o b r o m a , even t h o u g h t h e r e has been cons ide rab le 
e v o l u t i o n a r y d i v e r g e n c e in the ove ra l l s ize of the f lower and the 
r e l a t i ve s izes (and shapes) o f spec i f i c f l o ra l p a r t s ( F i g u r e 2 ) , 
s u g g e s t i n g some d i v e r g e n c e in po l l i na t ion sys tems as we l l . 

T simiarum 

T spectosum 

FIGURE 2: F lora l des ign in some species of the genus Theobroma. 
Floral p a r t s label led a re : " P L " , peta l l i gu le ; " S E , " sepa l ; " P H , " 
petal hood ( p o u c h ) ; " S T , " s taminode; " B R , " basal r i n g . F lowers 
d r a w n to r e l a t i ve scale; f rom S t r a n d (1984) . 

I t has been o b s e r v e d ( E n t w i s t l e , 1972) t ha t midges c raw l i n to these 
peta l pouches and i n a d v e r t e n t l y p i c k up po l len g r a i n s f rom 
f r e s h l y - d e h i s c e d an the r sacs, usua l l y in the d a y l i g h t morn ing h o u r s 
(So r i a , 1970). A midge laden w i t h po l len g r a i n s a d h e r i n g to b r i s t l es 
on i ts t h o r a x f l ies o f f to ano ther f l o w e r , th i s t ime c r a w l i n g down the 
na r row space between the p is t i l and s taminode, and in do ing so. 



depos i ts a bal l of pol len g r a i n s a long the w a y . I f t he po l len is 
v i ab le , po l len tubes g r o w f rom the s i te of con tac t of the po l len ba l l , 
down t he p i s t i l and in to the o v a r y . Un l i ke many o t h e r p l a n t s , 
po l l i na t ion in cocoa can success fu l l y occur at most po in ts a long the 
p i s t i l , and not j u s t on t he s t igmat ic su r face i t se l f . T h e s i te of 
compa tab i l i t y res ides in t he o v a r y in cocoa ( E n r i q u e z , 1977; 1982). 
I n tens i ve taxonomic s tud ies have de te rm ined the many gene ra and 
species o f Cera topogon idae associated w i t h the cocoa fa rm h a b i t a t in 
va r i ous p a r t s o f the w o r l d ( W i r t h , 1970; VVirth and Sor ia ,1975; 1979; 
Wi r th and VVaugh, 1976; Azha r and Wahi, 1984). Sma l l -bod ied 
c r a w l i n g insects have also been r e p o r t e d as cocoa po l l i na to r s 
( H a r l a n d , 1925; M u n t z i n g , 1947; E n t w i s t l e , 1972) . 

L i t t l e is k n o w n about the mechanism b y wh ich insects a re a t t r a c t e d 
to cocoa f l o w e r s , or more i m p o r t a n t l y the ' roadmap ' of b io log ica l cues 
g u i d i n g an insect t h r o u g h the l a b y r i n t h of the cocoa f l o w e r . 
Pigmented nec ta r gu ides were once t h o u g h t to o r i e n t midges to the 
peta l pouches , bu t f l o ra l co lour in genera l appears to p l ay no 
apprec iab le ro le in t h i s p rocess (Sor ia et a l . 1982; A l v i m , 1984) . In 
g e n e r a l , ou r knowledge of chemical systems in cocoa f lowers is v e r y 
poor ( M i l l e r , 1 952; Soria et a l . 1980; Young et a l . 1984). Cocoa 
f lowers a re be l ieved to p roduce bo th a f r a g r a n c e and nec ta r 
secre t ion (S te j ska l , 1969) , wh i l e a more recen t s t u d y c o n f i r m s the 
presence o f a chemica l l y -complex f r a g r a n c e in cocoa f lowers ( Y o u n g 
e t a l . in p r e p a r a t i o n ) . 

Sor ia et a l . (1980) cou ld not a t t r a c t midges to v a r i o u s chemical l u res 
in cocoa p lan ta t ions at T u r r i a l b a , Costa Rica b u t , when severa l f r e s h 
cocoa f l owers are enclosed t i g h t l y in a g lass v ia l and the v ia l p laced 
in a warm e n v i r o n m e n t , a v e r y no t i ceab le , m i l d l y - p l e a s a n t , f r a g r a n c e 
is a p p a r e n t when the v ia l is opened. I t seems t h a t an o i l y h y d r o -
c a r b o n , pentadecene, is a major component o f f l o ra l f r a g r a n c e in 
cocoa, and t h a t i ts molecular we igh t r e n d e r s i t a most e f f e c t i v e 
vo la t i l e ( Y o u n g et a l . in p r e p a r a t i o n ) . The deg ree to w h i c h th i s 
s u b s t a n c e , a n d severa l o the r components of f l o ra l f r a g r a n c e , is an 
a t t r a c t a n t to cocoa po l l i na to rs is c u r r e n t l y be ing s t u d i e d . I t is o f t e n 
t he ra t io o f v a r i o u s components w i t h i n a f r a g r a n c e tha t de te rm ines 
the degree to wh ich t h a t f r a g r a n c e w i l l a t t r a c t po l l i na to rs (Wil l iams 
and Wh i t t en , 1983) and such ra t ios may change d r a s t i c a l l y t h r o u g h -
ou t the day w i t h i n a p lan t p o p u l a t i o n , or f rom popu la t ion to 
popu la t i on . Speci f ic ra t ios o f such chemical components ( v o l a t i l e s ) 
may f u n c t i o n as a t t r a c t a n t s f o r po l l i na to rs in one p lan t species and 
as repe l l en ts in o t h e r s . The f r a g r a n c e p ro f i l es fo r cocoa and re l a ted 
species of Theobroma, show marked changes in the rat ios o f major 
components as well as q u a l i t a t i v e d i f f e r e n c e s in o the r components 
w i t h i n the range of vo la t i l e molecular we igh ts ( Y o u n g et a l . , in 
p r e p a r a t i o n ) . A n i n t e r e s t i n g puzz le emerg ing f rom the p resen t w o r k 
is t h a t f l o ra l f r a g r a n c e in cocoa and o t h e r Theobroma spp . bea rs a 
close resemblance to o r c h i d f r a g r a n c e s , wh ich sugges ts t h a t w i l d 
bees may be t he o r ig ina l po l l i na to r s of cocoa. 

Cocoa f lowers gene ra l l y beg in to open in the late a f t e rnoon and a r e 
f u l l y open by 0500-0600 hou rs on the fo l l ow ing day (We l lens iek , 
1932; Young et a l . , 1984, 1986). St igma r e c e p t i v i t y and po l len 
release are bo th h igh in the dawn to p o s t - d a w n morn ing h o u r s 
( Y o u n g et a l . , in p r e p a r a t i o n ) , s u g g e s t i n g a peak po l l i na t i ng p e r i o d 



of abou t 0630 to 1000 h r . Floral f r a g r a n c e is a lso at a h i g h level at 
t h i s t ime, b u t also again in the e a r l y even ing a t 2000 hou rs (Young 
et a l . , in p r e p a r a t i o n ) . Chemica l l y , the f l o ra l f r a g r a n c e is more 
complex in t he morn ing and e v e n i n g t han in late a f t e r n o o n ( Y o u n g et 
a l . , in p r e p a r a t i o n ) . The v iew o f cocoa and a l l ied species ^ 
THeobroma be ing h i g h l y spec ia l ised to a t t r a c t o n l y ce r ta in g r o u p s o f 
po l l i na to rs at spec i f i c per iods o f t he day is emerg ing f rom our 
s t u d i e s . The degree to wh ich these new data are cons i s ten t w i th 
what is g e n e r a l l y he ld to be the p r e v a l e n t v iew o f po l l i na to r a c t i v i t y 
and behav iou r in cocoa remains to be c o n f i r m e d . 

The s t r u c t u r e o f the f lower and t he imprec ise in fo rmat ion ava i lab le 
on f l o ra l p h y s i o l o g y , po in t to i nsec t -med ia ted po l l i na t ion in cocoa. 
Howeve r , the means by wh ich sma l l -bod ied midges e f f e c t i v e l y depos i t 
subs tan t i a l numbe rs o f pol len g r a i n s on the s t y l e at one time in 
o r d e r to p r o d u c e a pod w i t h a f u l l complement of seeds remains a 
m y s t e r y . I t has been o b s e r v e d t h a t ce ra topogon id midges such as 
Eupro joann is ia sp . depos i t po l len 'ba l l s ' c o n s i s t i n g of many pol len 
g r a i n s b u t s^ome b io log is ts c o n t i n u e to v iew t h i s b e h a v i o u r w i t h 
scept ic ism g i v e n the body size o f the insect r e l a t i ve to t he size of 
the " c r i t i c a l mass" of pol len r e q u i r e d for success fu l po l l i na t i on . I t 
wou ld seem u n l i k e l y tha t sma l l -bod ied midges wou ld be able to 
t r a n s p o r t such pol len loads long d is tances w i t h i n a cocoa fa rm. 
Theobroma f l owers appear to have many f e a t u r e s wh i ch sugges t a 
bee -po l l i na t i on s y n d r o m e : the f l owe rs are a t t r a c t i v e l y - c o l o u r e d , emit 
a m i l d l y - p l e a s a n t to v e r y p leasant f r a g r a n c e , p r o d u c t i o n of t he 
f r a g r a n c e is i n tense in s u n n y m o r n i n g h o u r s , and the cocoa t ree has 
a morpho logy i n d i c a t i v e of a spec ia l ised po l l i na t ion mechanism 
( Y o u n g , u n p u b l . d a t a ) . 

From p r e v i o u s research in the New and t he O ld World t r o p i c s , i t is 
c lear t ha t sma l l -bod ied midges p lay a major ro le in po l l i na t ion o f 
cocoa. Research in to t he i r b i o l ogy and t he means by wh ich t he 
popu la t i ons can be i n e x p e n s i v e l y managed in cocoa fa rms shou ld 
c o n t i n u e . 

SOME E N V I R O N M E N T A L FACTORS INFLUENCING P O L L I N A T I O N 

T h e degree to wh i ch na tu ra l po l l i na t ion o c c u r s depends on many 
env i r onmen ta l f a c t o r s , wh ich have been r e v i e w e d r e c e n t l y by A l v im 
(1984) . In most c o c o a - g r o w i n g reg ions f l o w e r i n g is not even l y 
d i s t r i b u t e d t h r o u g h o u t the yea r ( Y o u n g , 1984c), b u t fo l lows 
o v e r l a p p i n g and i n t e r a c t i n g r h y t h m s , one o r more o f w h i c h m igh t 
wel l be c o r r e l a t e d w i t h r a i n f a l l , wh i le o t h e r s have l i t t l e re la t ion to 
any obv ious e x t e r n a l t r i g g e r in the e n v i r o n m e n t ( H u t c h e o n , 1981). 
The cha l lenge to the cocoa g r o w e r is to balance t he a s y n c h r o n o u s 
p a t t e r n s o f seasonal f l o w e r i n g v/ i th t he popu la t ion dynamics o f 
po l l i na to rs in p l an ta t i ons . T y p i c a l l y a s t r o n g b u r s t o f i n tense 
f l o w e r i n g o c c u r s at the end o f t he d r y season ( A l v i m , 1984; Y o u n g , 
1984c) in most r e g i o n s , b u t po l l i na to r popu la t ions a re gene ra l l y 
reduced at t h i s t ime (Hewison and A b a b i o , 1930). Since midges 
r e q u i r e a g e n e r a t i o n time of a b o u t 20 d a y s , a sizeable percen tage o f 
f lowers w i l l no t be po l l i na ted at th is t ime. Young (1982; 1 9 8 3 a , b , c ; 
1984b,d) f o u n d t ha t by p l ac ing pi les o f r o t t i n g banana t r u n k 
sect ions or cocoa pod husks in farms b e f o r e the onse t o f the d r y 
season, midges and o the r insects c o n t i n u e d to b r e e d in the d r y 
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season. T h e r e w e r e , - t h e r e f o r e , a g r e a t e r number of midges 
ava i lab le when the f lower b u r s t o c c u r r e d at the end o f d r y season, 
and n a t u r a l po l l i na t i on d u r i n g t h i s c r i t i c a l pe r i od was inc reased . 

T h e maintenance o f an adequate g r o u n d cover o f r o t t i n g o rgan ic 
mater ia ls is a s imple means b y wh i ch the popu la t ion dens i t ies o f 
po l l i na t i ng midges can be enhanced . Ro t t i ng banana t r u n k sect ions 
s u p p o r t severa l genera and species of ce ra topogon id m idges , 
i n c l u d i n g some key po l l i na t i ng species ( Y o u n g 1982, 1983a) and 
d i s t r i b u t i n g pi les o f banana t r u n k sect ions o r pi les o f cocoa pod 
h u s k s at t h ree or f o u r month i n t e r v a l s w i l l augment the numbers o f 
b r e e d i n g s i tes fo r m idges . Winder (1977c) no ted the po ten t ia l o f 
t h i s t e c h n i q u e . 

Cocoa farms w i t h a t h i c k layer o f leaf l i t t e r and o the r dead p lan t 
ma t te r tend to have h i g h e r ra tes o f n a t u r a l po l l i na t ion than farms 
w i t h l i t t l e such c o v e r and a h i g h d e n s i t y o f herbaceous cover 
( Y o u n g , u n p u b l . d a t a ) . Cocoa w i t h t h i n n e d j ung le or shade as 
opposed to a p lan ted shade spec ies , appears to be entomolog ica l ly 
more su i t ed to p o l l i n a t i n g insects ( Y o u n g , 1983a ,b ) . 

D i f f e rences in cocoa farm hab i ta t in the same cocoa -g row ing loca l i ty 
can have cons ide rab le impact on the ra tes of n a t u r a l p o l l i n a t i o n , the 
species r i chness and seasonal abundance of cocoa -po l l i na t i ng midges 
( Y o u n g , 1 982; 1 983a). The u n i f o r m i t y o f the shade c a n o p y , and the 
degree to wh ich the cocoa t rees are s e l f - s h a d i n g , wi l l a l l i n f luence 
the spat ia l d i s t r i b u t i o n of midge b r e e d i n g popu la t ions and the f l i g h t 
a c t i v i t y o f a d u l t midges and o t h e r f l o ra l v i s i t o r s . The s t r u c t u r a l 
he te rogen ie t y of vege ta t i on w i t h i n the farm h a b i t a t may account fo r 
the range of insect fauna p resen t ( Y o u n g , 1983b ,c , 1 9 8 t d ) . In one 
Costa Rican farm fo r example Y o u n g (1985c) f o u n d bees were more 
f r e q u e n t l y associated w i t h f l owers in the sun whi le midges were 
shown to be more a b u n d a n t in the shade. 

The overa l l species r i chness of ce ra topogon id midges in fo res t 
ad jacent to cocoa p lan ta t ions in eas te rn Costa Rica is as g r e a t as i t 
is in the p lan ta t ion hab i t a t i t se l f ( Y o u n g , u n p u b l . d a t a ) , bo th 
hab i ta t s appea r i ng su i tab le fo r the main tenance of midge popu la t i ons . 
A t the p e r i p h e r y of a cocoa p lan ta t i on s u n l i g h t may a t t r a c t g r e a t e r 
numbers o f w i l d bees s ince (1) t rees in s u n l i g h t o f ten have more 
f lowers t h e r e b y p r o v i d i n g more a t t r a c t i o n fo r bees, (2) bees may be 
nes t i ng in ad jacent f o r e s t , and (3) bees may i nco rpo ra te cocoa t rees 
in such places in to a t r a p l i n e f o r a g i n g p a t t e r n (sensu Janzen , 1971) 
i n v o l v i n g severa l o the r f l owe r i ng t r e e species in t he ad jacent f o res t 
h a b i t a t . T h i s sugges ts the impor tance o f ma in ta in ing c o r r i d o r s of 
n a t u r a l vege ta t i on on the per imete rs o f farms wheneve r poss ib le . 

Wild bees of va r i ous taxa may be more p r e v a l e n t in cocoa fa rms than 
was p r e v i o u s l y rea l i sed . Near ly two h u n d r e d eug loss ine bees have 
been co l lec ted in a Costa Rican cocoa fa rm. T h e f r e q u e n c y w i t h 
wh ich w i l d bees ac tua l l y v i s i t cocoa f lowers r e q u i r e s i n t e n s i v e f ie ld 
s t u d y . The sec re t i ve nes t i ng hab i ts o f eug loss ines ( Y o u n g 1985d) 
and t h e i r ex t reme ly r a p i d movements mean t ha t i t is d i f f i c u l t to 
de te rmine the i r exact ro le in cocoa p o l l i n a t i o n , b u t i nves t i ga t i ons in 
Costa Rica are p r e s e n t l y in p r o g r e s s . 
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A n o t h e r po ten t i a l l y s i g n i f i c a n t source o f spat ia l h e t e r o g e n e i t y , is the 
va r i e t a l and c lonal mix in any g i v e n f i e l d . The re is no i n fo rma t i on 
on p re fe rence o f po l l i na t i ng agen ts fo r d i f f e r e n t va r i e t i es of cocoa. 
T h e ev idence on f lo ra l p igmen ta t i on compar ing n a t u r a l po l l i na t i on 
ra tes in a p igment less v a r i e t y such as Catongo w i t h a h i g h l y 
p igmented c l one , UF 613 fo r example , ind icates l i t t l e i n f l uence on 
po l l i na t ion ra tes ( A l v i m , 1984; Sor ia et a l . , 1982). L i t t l e is known 
abou t the way p lan t b r e e d i n g programmes in cocoa have a l t e red o the r 
f l o ra l f ea tu res wh ich may be of g r e a t s i gn i f i cance in the 
f l o w e r / p o l l i n a t o r i n t e r a c t i o n s . 

CURRENT AND FUTURE RESEARCH 

The comprehens ive u n d e r s t a n d i n g of cocoa p o l l i n a t i o n , r e q u i r e s two 
complementary research approaches . F i r s t l y , t h e r e is a need fo r 
f ie ld assessment o f po l l i na to r popu la t i ons t h r o u g h space and t ime, 
i n c l u d i n g the de te rm ina t i on of the env i ronmen ta l r e q u i r e m e n t s fo r the 
s u r v i v a l and con t i nuous b r e e d i n g o f these insects in the cocoa f a rm . 
Second ly , t h e r e is a need for j o in t l abo ra to r y and f i e ld s tud ies on 
those f lo ra l p r o p e r t i e s o f cocoa t h a t de te rmine t he mechanism by 
wh ich the most e f f e c t i v e po l l i na t i ng agents act on cocoa. I t i s , 
h o w e v e r , necessary to know whe the r the sma l l -bod ied midges or the 
w i l d bees a re the opt imal po l l i na to rs and i f the l a t t e r , how t hey 
cou ld be i n t e g r a t e d in to a p rog ram of po l l i na to r management in cocoa 
fa rms . 

I t is impo r tan t to s t u d y al l ied species of Theobroma in terms of t h e i r 
f l o ra l p r o p e r t i e s and po l l i na t ion systems as c e r t a i n f l o ra l f e a t u r e s , 
such as size and co lou r o f t he f l o w e r s , degree and t y p e of f l o ra l 
f r a g r a n c e , and f lo ra l v i s i t o r s , d i f f e r g r e a t l y f rom T . c a c a o . T h r o u g h 
these compara t i ve s t u d i e s , i t is poss ib le to ga in i n s i g h t in to t he 
n a t u r e o f cocoa po l l i na t i on . 

I t has been d i scove red tha t ce r t a i n g l a n d u l a r h a i r s , in much g r e a t e r 
ev idence in species such as T ^ s imiarum and T . speciosum re la t i ve to 
T . cacao, a re the most l i ke l y p r i m a r y source o f the o i l y f r a g r a n c e 
compounds wh ich is responsilDle fo r a t t r a c t i n g p o l l i n a t i n g insects 
( S t r a n d , 1984; Y o u n g et a l . , 1984; in p r e p a r a t i o n ) . These 
s t r u c t u r e s are d i f f e r e n t to those f o u n d in He r ran ia s p p . and the 
chemical compos i t ion o f the f r a g r a n c e is also comple te ly d i f f e r e n t 
( Y o u n g et a[ . in p r e p a r a t i o n ) . D i p t e r a - a t t r a c t i n g compounds are 
p resen t in the He r ran ia f r a g r a n c e , b u t not in t ha t o f Theobroma 
s p p . The major f r a g r a n c e components in Theobroma are i nd i ca t i ve o f 
a bee -po l l i na t i on synd rome ( Y o u n g et a l . , in p r e p a r a t i o n ) , t h o u g h 
the re is t he p o s s i b i l i t y t ha t these f r a g r a n c e components are also 
v e r y a t t r a c t i v e to ce r t opogon id and cec idomy i id m idges . 

Ex tens i ve research in the po l l i na t i on of Cen t ra l and South Amer ican 
o r c h i d s by eug loss ine bees ( B e r g s t r o m , 1978; Holman and 
He imermann, 1973: Williams and V/h i t ten , 1983) ind ica tes a c lear 
assoc ia t ion of f r a g r a n c e c h e m i s t r y w i t h p o l l i n a t o r s , a p a t t e r n wh ich 
may also ex i s t in cocoa and o t h e r Theobroma s p p . as the f l o ra l 
f r a g r a n c e compounds of cocoa are somewhat s imi lar to those of 
o r c h i d s ( Y o u n g et a l . , in p r e p a r a t i o n ) . 

Perhaps we shou ld now be a s k i n g whe the r the s t r u c t u r e of the cocoa 
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f l ower o r i g i n a l l y evo lved in assoc iat ion w i t h a spec i f i c k ind o f w i l d 
bee as a p o l l i n a t o r . I f so , t hen the ev idence o f th i s i n t e r a c t i o n 
shou ld be f o u n d in w i ld s tands o f cocoa in Sou th Amer ica . John 
A l l en ( p e r s . c o m m . ) r e p o r t s t h a t w i ld T .cacao in Ecuador has v e r y 
few f l owers and t h a t most o f t he f lowers were f o u n d in the c r o w n o f 
the t rees in m a r k e d c o n t r a s t to the t y p i c a l l y c a u l i f l o r o u s cond i t i on of 
cocoa t rees in c u l t i v a t e d f a rms . Crown or canopy f o r a g i n g by w i l d 
bees has been r e p o r t e d for cocoa t rees in commercial p lan ta t ions in 
A f r i c a ( K a u f m a n n , 1975c) and It wou ld be i n t e r e s t i n g to de te rmine i f 
a s imi lar p a t t e r n ex i s t s in the w i l d cocoa t rees in South Amer ican 
t r op i ca l ra in f o r e s t . 

S tud ies o f t r op i ca l bees ind ica te t ha t some species e x h i b i t a t r a p - l i n e 
f o r a g i n g p a t t e r n o v e r long d is tances in t rop i ca l f o res t s ( Janzen , 
1971). Such bees , the eug loss ines , v i s i t va r i ous t r e e species fo r 
nec ta r or po l len in a s ing le mo rn i ng and t h i s promotes ou t c ross i ng in 
t ree species in wh i ch se l f - compat ib le i n d i v i d u a l s are sca t t e red in t he 
f o r e s t . Th i s t r a p - l i n i n g po l l i na to r s t r a t e g y wou ld f i t wel l w i t h t he 
c o n s e r v a t i v e r e p r o d u c t i v e sys tem specu la ted for cocoa and i ts 
r e l a t i v e s : the a d u l t t r ee p roduces r e l a t i v e l y few f l owe rs per u n i t o f 
t ime and a small number of pods , more resources be ing al located to 
v e g e t a t i v e g r o w t h f u n c t i o n s . 

FIGURE 3: Exper imen ta l f ie ld s tud ies o f w i ld bees. A b o v e : Field 
cage enc los ing two cocoa t rees (at Finca Exper imen ta l La 
Lola) and c o n t a i n i n g a co lony of s t ing less bees ( T r i g o n a ) 
in a bamboo t u b e suspended beneath the rooT o f the 
s h e l t e r , as p r o t e c t i o n aga ins t r a i n . Below: c loseup view 
o f bamboo t u b e con ta i n i ng nest o f w i ld bees used in f ie ld 
s tud ies . 
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Data on f l o ra l p r o p e r t i e s re la ted to po l l i na t i on (Young et a l . , 1984; 
in p r e p a r a t i o n ) s u g g e s t t ha t the bee po l l i na t i on sys tem is the 
p r i m a r y sys tem fo r Theobroma s p p . evo l ved b y i n t e rac t i on between 
f lowers and po l l inatoFF! Th i s wou ld not necessar i l y ru le o u t the role 
o f midges as f a c u l t a t i v e po l l i na to rs of cocoa. Smal l -bod ied midges 
may have eco log ica l l y replaced w i l d bees as t he p r i n c i p a l po l l i na to rs 
o f cocoa in most cocoa -g row ing reg ions o f t h e w o r l d , because these 
midges are f o u n d t h r o u g h o u t the t rop ica l wet reg ions o f the w o r l d 
t h r i v i n g in dense shade and e x p l o i t i n g cau l i f l o rous f l o w e r s close to 
the g r o u n d . These are cond i t i ons l a r g e l y unsu i tab le to sus ta ined 
bee a c t i v i t y ( Y o u n g , 1985c). 

The deg ree to w h i c h c a u l i f l o r y per se i n f l uences bee po l l ina t ion in 
Theobroma may be a f unc t i on of overa l l s ize of the t r e e . Wild cocoa 
t rees and t rees o f o ther Theobroma spec ies are much la rge r t han 
c u l t i v a t e d cocoa t rees hav ing an app rox ima te he igh t r a n g e o f 10-25m. 
C a u l i f l o r y is wel l deve loped in species s u c h as T . spec iosum and T . 
s im ia rum, and g e n e r a l l y absen t in o the rs such a F T . mamm"osum and 
T . b icoT^r , as wel l as in w i l d cocoa t r e e s . The cuTt iva t ion of cocoa 
has r e s u l t e d in smaller t r e e s , of he igh t o f 2-')m and w i t h c a u l i f l o r y 
j u x t a p o s e d upon the gene ra l l y shaded cond i t i ons of t h e lower s t ra ta 
of cocoa f a r m s . Such a cond i t i on may not be n a t u r a l f rom the 
s t a n d p o i n t o f how c a u l i f l o r y o r i g i n a l l y adap ted Theobroma species to 
na tu ra l po l l i na t i on w i t h i n the t rop ica l r a i n f o res t h a b i t a t . 

A d u l t midges may f i n d some su i tab le resources in cocoa f l owe rs , 
t h o u g h i t is no t known whe the r midges ac tua l l y feed on pol len and 
o the r subs tances in f lowers (Downes , 1955). T h e shaded g r o u n d 
cover o f fa rms p rov ides su i tab le c o n d i t i o n s for many species of 
ce ra topogon id midges to b reed and a d u l t s o f these species are l i ke l y 
to be assoc ia ted w i t h cocoa f l owers . H o w e v e r , the v e r y low ra te of 
n a t u r a l po l l i na t i on in most farms p e r h a p s re f l ec t s the fact t ha t 
midges may o n l y be s e c o n d a r i l y - a d a p t e d po l l i na t ing agents of cocoa, 
wh i le the a l leged p r i nc i pa l o r o b l i g a t o r y p o l l i n a t o r s , ( pe rhaps c e r t a i n 
w i l d bees y e t to be i d e n t i f i e d ) , a re absent f r om these hab i t a t s . 
A l t e r n a t i v e l y , w i l d bees respons ib le f o r po l l i na t i ng cocoa may be 
ac t i ve at t imes of the day (or n i g h t ) when few obse rva t i ons have 
been made. In Costa Rican cocoa f a r m s , w i l d bees such as D ia l i c tus 
and T r i g o n a , v i s i t the f l owers of cocoa arid o ther Theobroma species. 

Expe r imen ts are now u n d e r w a y in Costa Rica to examine the 
b e h a v i o u r o f va r i ous species of endemic wi ld bees when induced to 
v i s i t cocoa f l owers on t rees enclosed in large cages ( F i g u r e 3) and 
hence to e x p l o r e the po ten t ia l o f w i l d bees as e f f i c i e n t , managed 
po l l i na to rs o f cocoa. 

We need to u n d e r s t a n d t he degree to wh ich cocoa f lower f r a g r a n c e 
p ro f i l es f u n c t i o n as po ten t a t t r a c t a n t s to midges and bees and a f i e ld 
e x p e r i m e n t has been p lanned to t e s t the a t t r a c t i v e n e s s o f va r i ous 
ra t ios o f t he impor tan t components o f cocoa f lower f r a g r a n c e to these 
i nsec ts . T h i s wi l l s t u d y the vo la t i l e components d i scove red t h r o u g h 
steam d i s t i l l a t i o n of essent ia l oi ls f r om f r esh cocoa f lowers (Young et 
a | . , in p r e p a r a t i o n ) . 

T h o u g h cocoa f lowers possess nec ta r i es ( S t e j s k a l , 1969; Young et 
a l . , 1984) , t he re is no ev idence t h a t Theobroma f lowers normal ly 
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p roduce s u f f i c i e n t q u a n t i t i e s o f nectar to p r o v i d e a f lo ra l r e w a r d to 
p o l l i n a t o r s . Examinat ion of Theobroma f l o w e r s by e l e c t r o n 
mic roscopy combined w i t h f r a g r a n c e s tud ies ( Y o u n g et a l . , 1984; in 
p r e p a r a t i o n ) ind icates t h a t t hey o f f e r f l o ra l r e w a r d in the form o f an 
o i l y sec re t i on . Such secre t ions migh t be o f n u t r i t i v e v a l u e to 
p o l l i n a t o r s , or m igh t be used as nest c o n s t r u c t i o n or are p e r h a p s 
pheromone mate r ia l s . P re l im ina ry s tud ies ( Y o u n g et , 1984; in 
p r e p a r a t i o n ; u n p u b l i s h e d data) ind ica te t h a t g l a n d u l a r t r i chomes and 
specia l ised cel ls found on the o v a r y , sepa ls , and in the 'basal r i n g ' 
between the peta ls and sepa ls , are the p r i m a r y s i tes fo r the re lease 
of o i l y vo la t i les respons ib le fo r f l o ra l f r a g r a n c e s in Theobroma 
spec ies , i n c l u d i n g cocoa. The basal r i n g s t r u c t u r e (see F igu re 2) is 
fa r more p rom inen t in some o the r Theobroma species than in cocoa 
( Y o u n g et a l . , 1984; S t r a n d , 1984) and th is may account fo r the 
p ronounced f r a g r a n c e in o t h e r Theobroma species. 

Bees in the t r o p i c s o f ten e x h i b i t r e g u l a r , p red i c t ab l e f l o r a l - v i s i t a t i o n 
p a t t e r n s ( Janzen , 1971) as a r esu l t of t h e i r r e q u i r e m e n t s to o b t a i n 
n u t r i e n t - r i c h resources f o r the r e a r i n g o f b r o o d , a need absent in 
most , i f no t a l l , D rp te ra . The re is t h e r e f o r e the poss ib i l i t y t h a t 
w i ld bees in the t r op i cs cou ld be managed ag ronomica l l y as cocoa 
p o l l i n a t o r s . Many t rop i ca l bees, cou ld be rea red in a r t i f i c i a l n e s t s , 
rep l i ca ted w i t h i n a p lan ta t i on h a b i t a t , once the i r n e s t i n g hab i ts a n d 
genera l b io logy has been es tab l i shed . We are p r e s e n t l y s t u d y i n g t he 
f l o ra l b io logy o f cocoa and making f i e ld obse rva t i ons on the spec ies 
of w i l d bees v i s i t i n g the f lowers to see i f any spec ies cou ld be 
use fu l to the g r o w e r for po l l i na t i on . 

In the La Lola cocoa p lan ta t i on in Costa R ica , the l a r g e eug loss ine 
bee Eulaema meriana v i s i t s bo th cocoa f lowers a n d those o f 
T . s i m i a r u m . These ea r l y morn ing v i s i t s (0500 to 0700 h o u r s ) 
i n vo l ved th i s l a rge -bod ied bee s imp ly bump ing in to the f l o w e r s , 
wh i ch sugges ts t ha t la rge bees may ac tua l l y po l l i na te cocoa. In 
o the r p l a n t s , l a r g e - b o d i e d bees q u i t e o f t en jos t le small f l owers 
s u f f i c i e n t l y to cause po l l i na t i on . Bo th sma l l -bod ied a n d l a rge -bod ied 
bees c a r r y l a rge r pol len loads on t h e i r bodies than small m idges , 
i nc reas ing the chance fo r l a rge q u a n t i t i t e s of pol len be i ng depos i ted 
on the st igma and s ty le d u r i n g f l o ra l v i s i t a t i o n s . Much more 
i n fo rma t i on on the associat ion o f w i l d bees w i t h cocoa f lowers is 
needed be fo re species can be i n s t a l l e d , as co lon ies , in cocoa 
p lan ta t i ons fo r po l l i na t ion p u r p o s e s . 

One impo r tan t avenue of f u t u r e research on cocoa po l l i na t i on is the 
r e c o n s t r u c t i o n o f the o r i g i na l p o l l i n a t o r - f l o w e r assoc iat ion in the w i ld 
fo r cocoa and i ts near re la t i ves in the genus Theob roma , because 
t h i s cou ld i d e n t i f y the insect species wh ich are the most e f f i c i en t 
cocoa p o l l i n a t o r s . T h i s wou ld i nvo l ve l abo ra to r y s t ud i es of f lo ra l 
f r a g r a n c e and i ts in f luence on po l l i na to r behav iou r o f midges and 
bees , f ie ld s tud ies of c u l t i v a t e d and w i l d cocoa to document f lo ra l 
v i s i t o r s by day and n i g h t and f ie ld assays to test f l o ra l f r a g r a n c e 
components at d i f f e r e n t t imes of the day and n i g h t as lu res fo r 
e f f e c t i v e , n a t u r a l po l l i na t i ng agen ts . I t is also necessary to v iew 
midges as the most p reva len t f acu l t a t i ve po l l i na to rs of cocoa and to 
examine the env i ronmen ta l parameters p romo t i ng t h e i r a c t i v i t y in 
cocoa fa rms . I t w o u l d , for example , be use fu l to compare levels of 
n a t u r a l po l l i na t i on b y midges and r e s u l t i n g levels of f r u i t - s e t , in 

15 



op t ima l l y main ta ined cocoa and s u b - o p t i m a l l y main ta ined cocoa in the 
same loca t ion . In t h i s c o n t e x t opt imal main tenance wou ld be de f ined 
as do ing e v e r y t h i n g agronomica i l y possib le to mainta in h e a l t h y cocoa 
t r e e s , w i t h a r e g u l a r , cons i s ten t p rogramme of pest and disease 
c o n t r o l , f e r t i l i z e r app l i ca t i on and maintenance o f an a p p r o p r i a t e level 
o f shade c o v e r . The p roposed expe r imen t would be to assess 
w h e t h e r hea l th ie r cocoa t rees are i n t r i n s i c a l l y more a t t r a c t i v e to 
po l l i na to rs than less hea l t hy t rees unde r t h e same g e n e r a l c l imat ic 
c o n d i t i o n s . A t t r a c t i v e n e s s o f cocoa t r e e s to p o l l i n a t i n g agents 
i nvo l ves parameters such as increased n u m b e r of f l owers per t r ee 
per u n i t t ime, more f r a g r a n t f l o w e r s , adequa te g r o u n d - c o v e r l i t t e r 
beneath the t r e e s , fewer f l o ra l h e r b i v o r e s , adequate shade to p r o t e c t 
midges f rom d r y i n g ou t and u n d o u b t e d l y many o t h e r f a c t o r s . 
Hea l thy cocoa t rees cou ld have an enhanced capac i t y to a t t r a c t 
po l l i na to r s and success fu l l y set f r u i t and t h u s mature more pods per 
h a r v e s t . Na tu ra l po l l i na t ion per se cou ld become less o f a l im i t i ng 
fac to r unde r opt imal agronomic cond i t i ons . Under s u c h c o n d i t i o n s , 
the ecological capac i t y o f t he cocoa t r e e to y i e ld mature pods 
approx ima tes to the phys io log i ca l capac i t y o f the t r ee to rep roduce 
i t s e l f . Such an e x p e r i m e n t , i f r u n o v e r severa l success ive yea rs 
cou ld demons t ra te whe the r n a t u r a l po l l i na t i on is more o f a l im i t i ng 
fac to r in cocoa p lan ta t i ons w i t h less than opt imal agronomic 
p r a c t i c e s . 

The techn iques and d i scove r ies p resen t l y be ing made on cocoa f lower 
f r a g r a n c e and o the r f l o ra l p r o p e r t i e s i n f l u e n c i n g i nsec t behav iou r 
( such as p a t t e r n s of a b s o r p t i o n / r e f l e c t a n c e of u l t r a - v i o l e t l i g h t ) 
d u r i n g ou r s tud ies in Costa Rica wi l l p r o v i d e a use fu l d iagnos t i c tool 
fo r eva lua t i ng the e f f ec t i veness of the same f lora l p r o p e r t i e s on the 
a t t r a c t i o n o f po l l i na t i ng insec ts for many d i f f e r e n t cocoa c u l t i v a r s 
t h r o u g h o u t the w o r l d . These techn iques wi l l allow us to assess the 
i n t r i n s i c ' po ten t i a l ' fo r n a t u r a l po l l i na t i on in d i f f e r e n t c u l t i v a r s , 
s ince we an t i c i pa te t ha t t he se lect ive b r e e d i n g of cocoa for t r a i t s 
o t h e r than those re la ted to f lo ra l p r o p e r t i e s , as done over many 
y e a r s , has essent ia l l y i g n o r e d how such b reed ing in f l uences na tu ra l 
po l l i na t i on . 

IMPL ICATIONS FOR COCOA FARM MANAGEMENT 

Research on cocoa po l l i na t i on could p r o v i d e a sol id bas is for a d v i s i n g 
the cocoa g r o w e r how to enhance leve ls of n a t u r a l po l l ina t ion in 
cocoa. A number of key concepts a re emerg ing f r om the increased 
u n d e r s t a n d i n g of cocoa po l l i na t i on . Amongs t them a re the fo l low ing 
(no t in o r d e r of i m p o r t a n c e ) : 

1. Cocoa farms w i t h b o r d e r s or c o r r i d o r s of n a t u r a l f o r e s t , or 
those u s i n g t h i n n e d na tu ra l f o r e s t shade have an increased 
l i ke l ihood tha t po ten t i a l po l l i na to rs wi l l be ava i lab le t h r o u g h o u t 
the y e a r ; 

2. Adequa te shade w i t h a well deve loped g r o u n d - c o v e r o f leaf 
l i t t e r enhances the b r e e d i n g of po l l i na t i ng m idges ; 

3. The prec ise f eed ing habi ts o f adu l t midges remains la rge ly 
u n k n o w n , b u t h e a l t h y cocoa f lowers p r o d u c e a complex of 
essent ia l oi ls not u n i f o r m l y p r e s e n t at all t imes o f the day and 
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n i g h t . These vo la t i les may be i nvo l ved in a t t r a c t i n g midges 
and o the r insects to cocoa f lowers and may or may not be a 
n u t r i t i v e source fo r p o l l i n a t o r s . Such subs tances may be most 
e f f e c t i v e in hea l thy cocoa t rees not unde r s t r e s s ; 

I . P lan t ing a m i x t u r e of va r i e t i es w i t h i n a fa rm is an a p p r o p r i a t e 
s t r a t e g y fo r enhanc ing the f low of v iab le pol len between 
se l f - compat ib le and se l f - i ncompa t i b l e cocoa t y p e s ; 

5. Occasional p l a n t i n g s o f o the r species o f Theobroma in cocoa 
farms may enhance env i ronmen ta l s igna ls wh i ch a t t r a c t f l y i n g 
insects p a r t i c u l a r l y w i l d bees to the v i c i n i t y o f cocoa t r e e s . 
Theobroma s imiarum and T .spec iosum have excep t i ona l l y s t r o n g 
f lo ra l f r ag rances and showy f lo ra l co lours as we l l . I f s ca t t e red 
w i t h i n p lan ta t ions such t rees may lu re po ten t i a l po l l i na to rs in to 
cocoa fa rms ; 

6. Insect ic ides and f u n g i c i d e s shou ld be t a r g e t e d spec i f i ca l l y to 
ce r ta i n t rees or areas where the pest or disease p r e v a i l s , 
t h e r e b y lower ing the r i s k of r e d u c i n g po l l i na to r popu la t i ons ; 

7. The a d d i t i o n of p i les o f r o t t i n g banana t r u n k sect ions and cocoa 
pod h u s k s at e v e r y f o u r t h t ree w i t h i n a row at 3-4 month 
i n t e r va l s may increase the number o f cocoa po l l i na t i ng m idges . 
In cocoa -g row ing reg ions w i t h marg ina l r a i n f a l l the p lac ing o f 
such mater ia ls shou ld be c a r r i e d ou t in the month p r e c e d i n g the 
onset o f the d r y season and i t is most e f f e c t i v e u n d e r 
cond i t i ons of adequate shade c o v e r . 

8. Whenever t ime and resources a l low, cocoa g r o w e r s cou ld 
perhaps enhance levels o f na tu ra l po l l i na t ion b y op t im i s i ng the 
hea l th iness of t h e i r cocoa t r e e s , t h r o u g h r e g u l a r , c o n s i s t e n t 
agronomic p rogrammes. Th is con ten t i on is based upon t he 
p r e d i c t i o n ( l i ke l y to be con f i rmed e x p e r i m e n t a l l y ) t ha t hea l t hy 
cocoa t rees are more a t t r a c t i v e to agents of n a t u r a l po l l i na t i on ; 

9. Cocoa g r o w e r s shou ld avo id d e s t r o y i n g nests o f w i l d bees w i t h i n 
and near t h e i r p l an ta t i ons ; 

10. The deve lopment and maintenance of an e v e r g r e e n shade cover 
where cocoa is g r o w n u n d e r marg ina l r a in fa l l cond i t i ons is a 
v e r y e f f e c t i v e means o f ma in ta in ing adequate po l l i na to r midge 
popu la t ions t h r o u g h o u t the y e a r ; 

I I . The poss ib le use of i nexpens i ve t ime-re lease l u res to a t t r a c t 
po l l i na t i ng insects to the v i c i n i t y o f cocoa t rees w i t h o u t 
i n t e r f e r i n g w i t h the o r i e n t a t i o n of these insec ts w i t h cocoa 
f lowers o f f e r s cons iderab le promise for the f u t u r e . 
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THE BIOLOGY AND A P P L I C A T I O N NEEDS OF PHYTOPHTHORA 
POD ROT OF COCOA 
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C o n s u l t a n t , 2 A l be rmar l e A v e n u e , Pot ters Bar 
H e r t f o r d s h i r e , EN6 1TD, Eng land 

I N T R O D U C T I O N 

The cocoa t r e e (Theobroma cacao) is suscep t i b l e to a v a r i e t y o f 
diseases of the pods , fo l iage and wood b u t on ly P h y t o p h t h o r a pod 
ro t w a r r a n t s r e g u l a r s p r a y i n g on a w o r l d w i d e scaled The disease 
and i ts con t r o l pose an i n t e r e s t i n g s i t u a t i o n o f c o n t r a s t s . H ighe r 
y ie lds t h r o u g h improved b r e e d i n g , ag ronomy and management a re 
needed to make chemical con t r o l economical ly v i ab le whi le t he 
ep idemio logy o f these pa thogens r e q u i r e s f u r t h e r e luc ida t i on and 
c l a r i f i c a t i o n be fo re c u r r e n t con t r o l methods can be used to maximum 
b e n e f i t . In sp i te of these c o n s t r a i n t s the b io logy o f P h y t o p h t h o r a 
pod r o t o f cocoa is such t h a t f u t u r e needs can p r o b a b l y be best met 
by the c o n t i n u e d use o f h i g h volume knapsack s p r a y e r s and coppe r 
f u n g i c i d e w i t h i n an i n t e g r a t e d programme o f disease management . 

The hab i t a t and morpho logy o f the cocoa t ree combine to p r o v i d e 
cond i t i ons o f wetness and h u m i d i t y in wh i ch t he pa thogens 
respons ib le fo r P h y t o p h t h o r a pod ro t can t h r i v e . For many y e a r s 
P h y t o p h t h o r a pa lmivora was cons ide red to be sole ly respons ib le fo r 
P h y t o p h t h o r a pod ro t in cocoa, b u t in 1979 B r a s i e r and G r i f f i n 
p roposed two add i t i ona l species (P .megaka rya and P .caps ic i ) as 
causal agen ts wh i le more r e c e n t l y P . c i t r o p h t h o r a has been i den t i f i ed 
as a pa thogen of cocoa (Kellarn and Z e n t m y e r , 1982). The 
geograph ica l ~ d i s t r i b u t i o n and re la t i ve impor tance o f these f o u r 
species t h r o u g h o u t the cocoa -g row ing areas o f the wo r l d a re 
desc r i bed in Wood and Lass (1985) . 

These pa thogens belong to a g r o u p o f f u n g i ca l led the Oomycetes 
w h i c h have a v e r s a t i l e p a t t e r n of r e p r o d u c t i o n h e a v i l y dependen t on 
the presence of f ree water and h i gh r e l a t i ve h u m i d i t y . The major 
mode of disease sp read is b y asexual spores ca l led sporang ia wh i ch 
have the capac i t y to p roduce and l ibera te mot i le zoospores . 
T h i c k - w a l l e d ch lamydospores play an impo r tan t ro le in pa thogen 
c o n t i n u i t y d u r i n g per iods o f d r y wea the r wh i le t h e p r o d u c t i o n o f 
sexua l l y p r o d u c e d oospores has on ly been o b s e r v e d on l a b o r a t o r y 
c u l t u r e s . T h e role of w a t e r , w h e t h e r in the l i q u i d or gaseous 
phase , in the success o f these pa thogens is al l p e r v a d i n g because i t 
p r o v i d e s the cond i t i ons necessary fo r sporang ia p r o d u c t i o n and the 
medium t h r o u g h wh i ch zoospores move, a ids the d i s p e r s a l o f spores 
t h r o u g h d r i p s , sp lashes , mists and r i v u l e t s , and is the most 
impo r t an t f ac to r p r e v e n t i n g the maintenance o f res idua l f u n g i c i d e 
coverage on t he c r o p s u r f a c e . 

The impor tance of the ro le of water can be seen f rom a compar ison 
of P h y t o p h t h o r a pod ro t levels in d i f f e r e n t loca t ions . A l t h o u g h 
g loba l losses have been est imated at 20 to 30 per cen t o f t he cocoa 
c r o p fOpeke and Gorenz , 1974) and the disease is p resen t in all 
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cocoa -g row ing a reas , d i f f e r e n c e s in t l i e amount and p a t t e r n o f 
r a i n fa l l and the e x t e n t o f c loud cover combine to g i v e s h a r p l y 
c o n t r a s t i n g leve ls . The inc idence o f i n f e c t e d pods can v a r y f rom 
less t han 5 per cen t in a d r y yea r in Papua New Guinea ( H i c k s , 
1967) to 95 per cen t in Cameroon ( T o l l e n a a r , 1958) . These 
d i f f e r e n c e s are re f l ec ted in the d i f f e r i n g needs for chemical con t ro l 
wh ich is usua l l y unnecessa ry in Ghana a n d d r i e r p a r t s o f I v o r y 
Coast b u t is used to the e x t e n t o f 10 to 12 a p p l i c a t i o n s / y e a r in 
N iger ia and the we t t es t p a r t s o f I v o r y Coast (Wood and Lass , 1985). 

The pa thogens i n fec t and spo ru la te on pods at al l s tages o f 
deve lopmen t , on f l ower cush ions and in the woody stem as c a n k e r s . 
Fol iar i n fec t ion caus ing c h u p o n w i l t and necros is o f y o u n g leaves 
occu rs in some areas and may be the source fo r the s t a r t o f an 
e p i p h y t o t i c in p a r t s o f C e n t r a l Amer ica such as Costa Rica (Manco, 
1966). P h y t o p h t h o r a pa lmivora was i d e n t i f i e d as a pa thogen o f cocoa 
roots p r i o r to the d i s c o v e r y of the add i t i ona l species ( T u r n e r and 
Asoman ing , 1 962) one of w h i c h , P .megaka rya is p r i m a r i l y a root 
pa thogen on N ige r ian cocoa (Ward and G r i f f i n , 1981), a l t h o u g h i ts 
g r e a t e s t e f f ec t is in pod disease ( G r e g o r y et a l . , 1984). Inocu lum 
f rom all o f these po ten t ia l sources may be sp read by d i r e c t c o n t a c t , 
impac t ing r a i n d r o p s , aerosol d r o p l e t s , d r i p s , r i v u l e t s , pests and 
h a r v e s t i n g too ls . A t f i r s t s i gh t such a combinat ion o f i n fec t ion 
sou rces , modes and rou tes o f sp read appears to p resen t a s i t ua t i on 
i nsu rmoun tab le by any c o h e r e n t c o n t r o l s t r a t e g y . The pos i t i on is 
p r e s e n t e d schemat ica l ly in F igu re 1. On closer examina t i on , 
h o w e v e r , t he re are c l ea r l y de f i nab le p a t t e r n s o f disease s p r e a d and 
c lear c u t boundar ies o f i n fec t i on wh ich al low one to fo rmu la te con t ro l 
methods b y man ipu la t i ng the t im ing and p lacement of the s p r a y and 
as well as the choice o f s p r a y i n g machine and i ts mode of o p e r a t i o n . 

Drips from 
Leaves 

„ .1 , Aerosol droplets 
P Z T - . S o i l Water 

{ .and impacting drips 
» • 

* Ballistic droplets 
' from Soil Water 

and impacting drips 

Soil surface water 

FIGURE 1: Dual Movement of spores and copper ions in v a r i o u s 
modes of wate r t r a n s p o r t . 
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A P P L I C A T I O N AND BIOLOGY 

Sp ray Placement 

The b io log ica l c h a r a c t e r i s t i c s of a c r o p such as h e i g h t , shape and 
d e n s i t y l a r g e l y de te rm ine the t y p e o f sp ray machine t ha t can be 
u s e f u l l y employed and i ts mode of o p e r a t i o n . The p a r t s of the cocoa 
t ree w h i c h are p rone to i n fec t i on and act as r e s e r v o i r s of inocu lum 
are t he pods and f lower cush ions . These in t u r n may be the s i te of 
c a n k e r s . On l y c e r t a i n pa r t s of the t r ee are v u l n e r a b l e to i n f ec t i on 
and t h e y are s u f f i c i e n t l y d i s t i n c t and accessible to be s p r a y e d in 
iso la t ion and t h e r e f o r e the r equ i r emen ts fo r spo t app l i ca t ion are 
f u l f i l l e d . 

Low volume ( L V ) m is tb lowers have been used in cocoa for a number 
o f yea rs ( T o l l e n a a r , 1958; H i s l op , 1953) and o f f e r d e f i n i t e 
advan tages whe re labour is in s h o r t supp l y and water has to be 
c a r r i e d fo r long d i s t a n c e s , bu t the mist cannot be spot app l i ca ted 
a long the p o d - b e a r i n g t r u n k and b ranches and t h u s much of the 
s p r a y misses the t a r g e t and is wasted (Wood, 1975). T h e r e f o r e , the 
h i g h volume ( H V ) knapsack s p r a y e r appears to o f f e r the bes t choice 
fo r spot app l i ca t i on on the p o d - b e a r i n g t r u n k and b ranches . The 
lance ensu res the coverage of the whole c i r cumfe rence of the t r u n k , 
and pe rm i t s app l i ca t i on to those p a r t i c u l a r l y v u l n e r a b l e local i t ies 
between the pod and t r u n k , w i t h o u t the ope ra to r hav ing to move 
t h r o u g h a complete 360° t u r n . H igh volume knapsack s p r a y e r s are 
r e l a t i v e l y cheap to p u r c h a s e , are easier to ma in ta in and have a w ider 
range of uses than low volume mis tb lowers (Mabbe t t and Phelps , 
1983a). T h e i r simple c o n s t r u c t i o n o f f e r s more immediate poss ib i l i t i es 
fo r m a n u f a c t u r e or assembly in those c o u n t r i e s where cocoa is 
g r o w n . U l t r a low volume (ULV) app l i ca t ion methods s u f f e r f rom the 
same d i sadvan tages as LV m is tb low ing t e c h n i q u e s . T h e r e is no 
d o u b t t ha t lower vo lume app l i ca t ion cou ld g i v e improved cost 
e f f ec t i veness t h r o u g h reduc t i ons in bo th vo lume and dosage bu t 
s imi lar sav ings can be ach ieved by ca re fu l se lect ion of nozzles fo r 
h i g h vo lume knapsack s p r a y e r s (Jo l lands and Jo l l ands , 1984). 

Sp ray T im ing 

P ro tec tan t copper f ung i c i des such as Bo rdeaux M i x t u r e and o the r 
copper compounds ( c u p r o u s o x i d e , copper o x y c h l o r i d e and c u p r i c 
h y d r o x i d e ) have formed the mains tay fo r P h y t o p h t h o r a pod ro t 
c o n t r o l eve r s ince chemical con t ro l measures were in i t i a ted on cocoa 
some s e v e n t y years ago in Cameroon (Wood, 1975) . The f u n g i c i d e 
must be depos i ted on the pod s u r f a c e before sporang ia or zoospores 
g e r m i n a t e . I t must be re ta ined t h e r e b u t a t the same t ime be 
suscep t i b l e to some r e d i s t r i b u t i o n to compensate for pod g r o w t h . 
When t h i s sys tem ceases to main ta in e f f e c t i v e levels of f u n g i c i d e 
repeat app l i ca t i ons have to be made. 

Sp ray schedu les have been de te rm ined by the need to p r o t e c t the 
p o d s , p a r t i c u l a r l y those towards the base o f t he t r e e , in advance o f 
inocu lum sp lashed up f rom s p o r u l a t i n g myce l ium on soi l d e b r i s . 
Repeat app l i ca t i ons were made to s top or slow down the p r o g r e s s o f 
t he disease up the t r e e , the f r e q u e n c y be ing de te rm ined by levels o f 
su r f ace wetness and re l a t i ve h u m i d i t y and the loss of i n i t i a l depos i t 
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t h r o u g h wea the r i ng a n d g r o w t h . Spray schedu les are t h e r e f o r e 
d e p e n d e n t on the onset and p a t t e r n of ra in fa l l and w i l l v a r y be tween 
areas . Good san i ta t i on and sp ray schedules combined s h o u l d g i ve 
adequate c o n t r o l , because the e p i p h y t o t i c s b u i l d up s tepwise a long a 
c o n t i n u o u s ve r t i ca l g r a d i e n t f rom the p r i m a r y source of inocu lum in 
soi l d e b r i s . In p r a c t i c e P h y t o p h t h o r a pod r o t has n e v e r been 
c o n t r o l l e d to a s a t i s f a c t o r y degree and recen t i n t e r p r e t a t i v e w o r k 
f rom N iger ia may ind ica te why ( G r e g o r y et a l . , 1984). 

P h y t o p h t h o r a m e g a k a r y a , wh ich is the p r i n c i p a l pa thogen caus ing 
P h y t o p h t h o r a pod ro t in Niger ia ( B r a s i e r and G r i f f i n , 1979) , is 
p r i m a r i l y a pathogen o f the roots where i t spo ru la tes f r e e l y (Ward 
and G r i f f i n , 1981). Ev idence sugges ts tha t the v e r t i c a l i n fec t i on 
g r a d i e n t is not con t i nuous b u t is sequent ia l w i t h i n fec t i on g r a d i e n t s 
s t a r t i n g f rom i n i t i a t o r s at va r ious po in ts u p the t r e e . Ba l l i s t i c 
d r o p l e t s ( l a r g e d r o p l e t s o r i g i n a t i n g f rom soil sp lash ) and an t t en t s 
fo l low a s ing le g r a d i e n t p a t t e r n , b u t sequences can beg in at any 
t ime and pos i t ion in the t ree be ing i n i t i a ted b y s p o r e - l a d e n aerosol 
d r o p l e t s w h i c h are c a r r i e d up f rom the soil and t h r o u g h the canopy 
by convec t i on c u r r e n t s . The i n f ec t i ve agents wou ld most l i ke l y be 
the smal ler and more numerous zoospores ( G r e g o r y et , 1984) , 
w h i c h have been shown to swim u p w a r d s aga ins t g r a v i t y (Cameron 
and C a r l i l e , 1977). T h e y p r o b a b l y accumulate at the soil s u r f a c e 
d u r i n g heavy ra in and are p ro jec ted upwards ba l l i s t i ca l l y in l a rge 
d r o p l e t s or c a r r i e d in convec t ion c u r r e n t s in small ones. T h e a b i l i t y 
o f P .megaka rya to i nvade and spo ru la te on l i v i n g roots w i l l e n s u r e a 
con t i nuous stream of spores i r r e s p e c t i v e of t he level o f s a n i t a t i o n . 
T h i s r e i n t e r p r e t a t i o n of Phy toph tho ra pod r o t may he lp to exp la i n 
the d i f f i c u l t y in con t r o l of the disease ( G r e g o r y et a l . , 1984) , in 
sp i te of pod removal up to a he igh t o f 0.8 met res ( A d e b a y o , 1983). 

An in fec ted t ree p resen ts a ser ies of inoculum r e s e r v o i r s wh i ch l ie in 
a v e r t i c a l p lane and w i t h i n a r e l a t i v e l y n a r r o w spec t rum of w i d t h 
f rom the soi l and roots up t h r o u g h the t r u n k and fan b r a n c h e s . 
With f a v o u r a b l e v/eather cond i t i ons inoculum is p r o d u c e d and may be 
c a r r i e d u p w a r d s or d o w n w a r d s along the c e n t r a l ax is o f the t r e e , 
main ly by water b u t also by a n t s , o ther insec ts and r o d e n t s . 
Con t i nued p ro tec t i on by f r e q u e n t app l i ca t i on or e f f i c i e n t 
r e d i s t r i b u t i o n is r e q u i r e d . The economics of s p r a y i n g r u l e ou t the 
fo rmer b u t deta i led s tud ies in B raz i l (Pe re i ra and Le i l i s , 1 985; 
Pe re i ra , 1984) have shown tha t con t ro l can be ach ieved w i t h a s ing le 
we l l - t imed app l i ca t ion p r o v i d e d tha t i t is no t accompanied by a 
r educ t i on in dosage. T h u s a s ing le s p r a y of 16 g Cu / t r e e gave 
the same level of c o n t r o l as was ach ieved by 4 app l i ca t i ons at 4g 
Cu'^ '^/ t ree spaced at 30-day i n t e r v a l s . A s i ng le s p r a y p r o v i d e s a 
r e s e r v o i r o f f ung i c i de wh i ch can be r e d i s t r i b u t e d down t h r o u g h the 
canopy to ma in ta in levels dep le ted by w e a t h e r i n g and pod e x p a n s i o n . 
The f u n g i c i d e wi l l e v e n t u a l l y be washed o f f i n to the soil w h e r e i t 
may make f u r t h e r c o n t r i b u t i o n s in the dep ress ion of inocu lum leve ls , 
p a r t i c u l a r l y i f the P h y t o p h t h o r a species conce rned are impo r t an t roo t 
pa thogens . I n t e g r a t e d w i t h i n such a system cou ld be the app l i ca t i on 
of f u n g i c i d e to the soil ( O k a i s a b o r , 1972) , p a r t i c u l a r l y the s p a r i n g l y 
so lub le o x i d e s , o x y c h l o r i d e s and h y d r o x i d e s of copper f o rmu la ted as 
powders ( G r e g o r y et a l . , 1984) wh i ch cou ld p r o v i d e fo r the slow 
release of Cu^ to p r e v e n t spo ru l a t i on on the r o o t s , k i l l zoospores in 
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the soi l water or accompany them up the g r a d i e n t w i t h i n ba l l i s t i c or 
aerosol d r o p l e t s . 

PROTECTANT FUNGICIDES - WHY COPPER? 

Many p r o t e c t a n t f u n g i c i d e s i n c l u d i n g t r i p h e n y l t i n compounds (Wood, 
1975) capta fo l and c h l o r o t h a l o n i l (Le i l i s et a^. , 1983) have been 
eva lua ted for c o n t r o l o f P h y t o p h t h o r a pod r o t , b u t f u n g i c i d e s based 
on copper have remained the most popu la r and w i d e l y - u s e d s ince 
s p r a y i n g began on a la rge scale in the 1950s. Copper f u n g i c i d e s 
have been chosen fo r t h e i r a v a i l a b i l i t y , economy and e f f i c a c y , bu t 
t h e r e are many more reasons w h y copper f u n g i c i d e s are t he ideal 
cho ice . 

T A B L E 1. E f f ec t o f long te rm w e a t h e r i n g on copper 
depos i t s on c i t r u s fo l iage (1) in T r i n i d a d 

p g C u ^ ^ / c m ^ 

Leaf s u r f a c e 1 day 2 months 4 months 

Upper 1 .82 0.98 0.51 
Per cen t (2) - 54 28 
Lower 2.48 1 .92 0.87 
Per cen t (2) - 77 35 
Upper and lower 2.15 1 .45 0.69 
Per cen t (2) - 68 32 

(1) s p r a y e d w i t h c u p r i c h y d r o x i d e by LV m i s t b l o w e r . 425 mm o f 
r a i n fa l l were reco rded o v e r the li month p e r i o d ; 

(2) per cen t o f depos i t r e c o r d e d one day a f t e r a p p l i c a t i o n ; 

T h e p r o p e r t i e s o f copper such as the p a r t i c l e s i ze , shape and 
molecular b e h a v i o u r are idea l l y su i t ed to the i n t ense l y wet cond i t i ons 
u n d e r wh i ch cocoa t h r i v e s and the s ing le app l i ca t i on s t r a t e g y wh ich 
promises to ma in ta in con t r o l wh i le r e d u c i n g labour cos t s . For such a 
s t r a t e g y to w o r k , the f u n g i c i d e used must have a degree o f t enac i t y 
wh ich p r e v e n t s la rge losses w i t h the f i r s t good shower o f r a i n b u t 
a l lows fo r the g r a d u a l so lub i l i za t i on o f mater ia l to p roduce ac t i ve 
coppe r ions fo r p r o t e c t i o n in the immediate v i c i n i t y o f t he depos i t or 
e lsewhere t h r o u g h r e d i s t r i b u t i o n . The r e s e r v o i r o f coppe r shou ld 
idea l l y be ma in ta ined d u r i n g t he f ou r to f i v e months i t takes fo r 
pods to g r o w to m a t u r i t y w h i c h is also t he d u r a t i o n o f t he wet 
season in many c o c o a - g r o w i n g a reas . L o n g e v i t y f rom s tud ies c a r r i e d 
ou t on o the r t r o p i c a l t ree c r o p s g r o w n u n d e r s imi la r c o n d i t i o n s have 
shown t ha t the t e n a c i t y o f coppe r depos i ts Is such t ha t t h i s can be 
ach ieved (Mabbe t t and Phe lps , 1983b) . R e s e r v o i r s o f coppe r f rom low 
volume w a t e r - b a s e d app l i ca t i ons o f c u p r i c h y d r o x i d e were ma in ta ined 
on c i t r u s fo l iage over f o u r to f i v e month p e r i o d s in the wet t r op i ca l 
c l imate o f T r i n i d a d (Tab le 1 ) . The p o t e n t i a l l y weak po in t in the 
l o n g e v i t y o f depos i t s in the wet t r o p i c s is the t im ing o f s p r a y s in 
re la t ion to a n y subs tan t i a l r a i n f a l l . A l l chemical depos i t s a re 
v u l n e r a b l e to b e i n g washed o f f wh i le they are s t i l l wet on t h e leaves 
b u t , g i v e n abou t one hou r to d r y , depos i ts o f c u p r i c h y d r o x i d e are 
f a i r l y r e s i s t a n t to la rge d r o p s o f in tense ly app l i ed ra i n fa l l (Tab le 2) 
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and depos i t s on cocoa t rees are l a r g e l y she l t e red f rom the d i r e c t 
e f f ec t s o f r a i n f a l l . T h e s p a r i n g l y - s o l u b l e n a t u r e o f these c o p p e r 
f u n g i c i d e s means t ha t copper ions w i l l pass in to so lu t ion g r a d u a l l y 
and be r e d i s t r i b u t e d by sp lashes and r i v u l e t s toge the r w i t h 
P h y t o p h t h o r a spo res . T h e r e d i s t r i b u t i o n of f ung i c i de and 
d issemina t ion o f spores in t he same d rops or r i v u l e t s of water is 
t h o u g h t to p lay an impo r tan t ro le in the con t ro l o f cof fee b e r r y 
disease and cof fee r u s t ( R a y n e r , 1962; Perei ra and Mapo the r , 1972) . 
The success of the s ing le app l i ca t i on s t r a t e g y us ing c o p p e r 
f u n g i c i d e , in sp i te of the many si tes o f spore p r o d u c t i o n and modes 
o f d isseminat ion may well be due to t h e fact t h a t these are matched 
by r e s e r v o i r s of f u n g i c i d e and e q u i v a l e n t rou tes o f r e d i s t r i b u t i o n 
(See F i g u r e 1 ) . 

T A B L E 2. The tenac i t y o f copper depos i t s on c i t r u s 
u n d e r in tense a r t i f i c i a l r a i n f a l l 

I n t e n s i t y of Copper re ta ined on leaf su r face 
A r t i f i c i a l Rainfa l l 

( m m / m i n ) * 
ug C u ^ ^ / c m percen tage 

CONTROL 10.49 100.0 
25 5.97 57.0 

1 25 3. 91 37.0 
250 2.33 22.0 

* D rop size 6 mm for each t r e a t m e n t ; app l i ca t i on o f Cup r i c 
h y d r o x i d e b y LV m i s t b l o w e r . 

Copper f ung i c i des are r e l a t i v e l y safe to use w h i c h is an i m p o r t a n t 
cons ide ra t i on in the t r o p i c s whe re the wea r i ng of p r o t e c t i v e c l o t h i n g 
is d i f f i c u l t to impose. P h y t o p h t h o r a pod ro t Is the o n l y disease o f 
cocoa t h a t w a r r a n t s r egu la r s p r a y i n g b u t t h e r e are o the r d iseases 
such as p i n k d isease, t h r e a d b l i g h t , mealy pod d isease, 
B o t r y o d i p l o d i a pod ro t and Ceratostomel la w i l t wh i ch a re suscep t i b le 
to c o p p e r . The c h a r a c t e r i s t i c co lour e x h i b i t e d b y copper depos i t s 
enables f a r m e r s , ove rseers and managers to see at a g lance t ha t an 
area has been s p r a y e d . These b r i g h t co lours also p lay an i m p o r t a n t 
sa fe ty ro le d u r i n g the s to rage o f f u n g i c i d e s . Many small f a r m i n g 
fami l ies are fo rced to s to re f u n g i c i d e a longs ide p r o v i s i o n s b u t a n y 
con tamina t ion of food s tocks w i l l be immediate ly a p p a r e n t . 

P h y t o p h t h o r a s p p . can mani fes t themselves as a canke r o f the t r u n k 
and b r a n c h e s , a symptom wh ich is p a r t i c u l a r l y p r e v a l e n t in Malays ia . 
Copper compounds can be fo rmu la ted on the estate i n to b r i g h t l y 
co lou red canke r pa in ts us ing s t i c k e r s where necessa ry . 

IS THERE A ROLE FOR SYSTEMICS? 

Systemic f ung i c i des w i t h spec i f i c a c t i v i t y aga ins t Oomycete pa thogens 
have appeared on the marke t d u r i n g the last decade. Two no tab le 
examples are meta laxy l and fose ty l a lumin ium. Bo th have been 
eva lua ted for con t ro l o f P h y t o p h t h o r a pod ro t o f cocoa e i t he r s i n g l y 
or in m i x t u r e s w i t h copper f u n g i c i d e (F igue re ido et a l . , 1985; 
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M c G r e g o r , 1983; D j iekpor and Davous , 1985). Meta laxy l has been 
used commerc ia l l y in Cameroon and I v o r y Coast fo r severa l years 
wh i le label recommendat ions have been es tab l i shed fo r fose ty l 
a lumin ium in Tha i l and and Malays ia. T h e use o f meta laxy l in a 
m i x t u r e w i t h c u p r o u s ox ide is recommended fo r P h y t o p h t h o r a pod ro t 
c o n t r o l in Papua New Guinea ( M c G r e g o r , 1983) . 

Fosety ! a lumin ium presents some e n t i r e l y d i f f e r e n t p rob lems because 
i t appears to a c t , at least in p a r t , t h r o u g h the metabol ism of the 
c r o p by i n d u c i n g the fo rmat ion of a n t i - f u n g a l compounds (Bompe ix , 
1982; D e k k e r , 1983). T h i s homeopathic p r o p e r t y is r e f l ec ted in an 
a c t i v i t y spec t rum wh ich has c o n s i s t e n t l y fa i led to p r o v i d e con t r o l in 
some c r o p disease s i tua t ions ( e . g . late b l i g h t o f po ta to) wh i le 
p r o v i n g most e f f i cac ious in o t h e r s ( e . g . d o w n y mildew o f v i n e ) and 
t h u s a c t i v i t y is dependent on bo th the c r o p and the pa thogen . T h i s 
t y p e of s p e c i f i c i t y poses two immediate ques t ions in re la t i on to the 
c o n t r o l o f P h y t o p h t h o r a pod ro t o f cocoa. F i r s t l y , does the 
s p e c i f i c i t y o f ac t ion e x t e n d to d i f f e r e n c e s between species o f 
P h y t o p h t h o r a on the same c r o p and s e c o n d l y , what is the p lan t 
o r g a n in wh i ch the a n t i - f u n g a l compounds are made, because i t 
wou ld be po in t less to s p r a y the pods a n d ba rk i f t he chemical is 
p r i m a r i l y p r o d u c e d in the leaves. By v i r t u e of i t s mode of act ion 
fose ty l a lumin ium is u n l i k e l y to induce res is tance read i l y and i ts 
a b i l i t y to be c a r r i e d d o w n w a r d s as well as upwards w i t h i n the p lan t 
t i ssues (Wil l iams et , 1977) increases the app l i ca t i on op t ions 
compared w i t h o t h e r sys temics . 

Systemic f u n g i c i d e s wi l l have p r o t e c t a n t act ion as long as t hey 
remain on or in the p lan t su r face b u t fo r maximum bene f i t t he 
mater ia l must e n t e r the p lan t r a p i d l y and in g rea t q u a n t i t i e s . With 
fo l ia r app l i ca t i on th i s can o n l y be ach ieved i f the t a r g e t ( i . e . the 
c a n o p y ) is s u f f i c i e n t l y la rge and y o u n g enough to fac i l i t a te r a p i d 
e n t r y . Sp rays t imed to co inc ide v/ i th fo l i a r f l u s h i n g wou ld appear 
use fu l fo r cocoa b u t the n e w l y - e m e r g e d leaves hang l imp f rom the 
pet io le and are t h e r e f o r e d i f f i c u l t to c o v e r . In a d d i t i o n depos i ts on 
the leaves are exposed to t he fu l l f o r ce o f w e a t h e r i n g . The most 
e f f i c i e n t use o f systemics in cocoa may r e q u i r e fa rmers to s p r a y the 
whole t ree w h i c h wi l l be more expens i ve than spo t app l i ca t ion o f 
p r o t e c t a n t coppe r f u n g i c i d e . 

E n t r y t h r o u g h the roots is ano the r p o s s i b i l i t y bu t t he presence of a 
t h i c k leaf l i t t e r and low g r o w i n g weeds , bo th of w h i c h reduce the 
sp lash of spo res f rom the soi l onto low hang ing pods ( B r a u d e a u , 
1962; G r e g o r y e t a l . , 1984), m igh t also i n t e r c e p t and take up much 
o f t he mater ia l des t i ned f o r cocoa roo ts . 

Systemic f u n g i c i d e s may be used to e rad i ca te es tab l i shed in fec t i ons 
o f the c u s h i o n s , b a r k and r o o t s , and may a r r e s t the deve lopment o f 
lesions on the pod thus min im is ing t he loss of beans w i t h i n an 
i n fec ted pod (F igue re ido et , 1985) . The t rans loca t i on o f 
f u n g i c i d e in to the pod or beans cou ld cause t a i n t p rob lems fo r the 
chocola te m a n u f a c t u r i n g i n d u s t r y where f l a v o u r is so i m p o r t a n t . The 
res idues o f sys temic f u n g i c i d e s must t h e r e f o r e be c a r e f u l l y examined. 
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DISEASE MANAGEMENT - I N T E G R A T I O N AND S I M P L I C I T Y 

The v e r s a t i l i t y o f these pa thogens in si tes of s p o r u l a t i o n , modes o f 
d isseminat ion and compa tab i l i t y w i t h the c l imate r e q u i r e d fo r the 
hea l t hy g r o w t h and h i gh p r o d u c t i o n o f cocoa has made P h y t o p h t h o r a 
pod ro t o f cocoa one of the most d i f f i c u l t diseases to manage in the 
t r o p i c s . Wi thout some measure of c lonal r es i s tance , good san i ta t i on 
and c r o p management p rac t i ces wh ich d i scourage disease sp read and 
deve lopmen t , any chemical c o n t r o l measures wi l l a lways be f i g h t i n g 
an u p h i l l b a t t l e . Much of the wo r l d ' s cocoa is g r o w n in reg ions 
where fa rmers opera te on small budge ts and have l imi ted access to 
new methods and techn ica l adv i ce . In these s i t ua t i ons a s imp le , 
cheap method of con t r o l wh i ch the farmer opera tes w i t h a minimum o f 
techn ica l ass is tance is des i r ab l e . The use o f h i g h vo lume knapsack 
s p r a y e r s emp loy ing water based s p r a y s o f copper f u n g i c i d e f u l f i l s 
these r e q u i r e m e n t s and is comple te ly compat ib le w i t h the b io logy o f 
the c r o p and i ts d isease. Reliance on s p r a y a d j u v a n t s adds 
unwelcome compl ica t ions fo r the fa rmer and recen t w o r k in Braz i l has 
t h r o w n d o u b t on the use fu lness of s t i c k e r s (Pere i ra and Le i l i s , 
1985). The use o f systemics appears to o f f e r an op t iona l means of 
con t r o l b u t many imponderab les i n c l u d i n g f u n g i c i d e r es i s t ance , wh i ch 
is most l i ke l y to occur t h r o u g h i m p r u d e n t use , and poss ib le e f f ec t s 
on f l a v o u r combine to make them a less a t t r a c t i v e p r o p o s i t i o n . 
F u r t h e r m o r e sys temic f u n g i c i d e s are o f t e n s i g n i f i c a n t l y more 
expens i ve than the equ i va len t dose of c o p p e r . 
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A REASSESSMENT OF MONIL IOPHTHORA ( M O N I L I A ) 
POD ROT OF COCOA 

b y H C Evans 
Commonwealth I n s t i t u t e o f B io log ica l C o n t r o l , 

Sl lwood P a r k , A s c o t , B e r k s h i r e 
I N T R O D U C T I O N 

Un t i l r e l a t i v e l y r e c e n t l y Mon i l i oph tho ra pod ro t o f cocoa was 
g e o g r a p h i c a l l y i so la ted , be ing c o n f i n e d to n o r t h - w e s t South Amer ica , 
and t h e r e f o r e o f i n t e r e s t on l y to c o u n t r i e s o f t h a t r e g i o n . I ts 
appearance in Panama in the 1950's caused l i t t l e conce rn s ince cocoa 
c u l t i v a t i o n is o f minor impor tance and the area a f f ec ted was close to 
the b o r d e r w i t h Colombia whe re the disease is endemic . Howeve r , 
i ts more recent sp read to Costa Rica has had g r e a t e r repe rcuss ions 
because th i s is t r a d i t i o n a l l y a cocoa g r o w i n g c o u n t r y and t he c rop 
p lays an impor tan t p a r t in i ts economy. Is the pa thogen b r e a k i n g 
ou t o f i ts seemingly n a r r o w g e o g r a p h i c conf ines? 

I t is now cons ide red a p p r o p r i a t e to reassess the causal agen t and to 
examine the t h r e a t i t poses to those cocoagrow ing areas whe re the 
disease is absen t . A l t h o u g h much o f the in fo rmat ion in the p resen t 
a r t i c l e is taken f rom a recen t monograph on t he f u n g u s (Evans , 
1981a), the l a t t e r pub l i ca t i on is no t r ead i l y ava i lab le to cocoa 
g r o w e r s and is couched in a fo rmat more su i t ab le fo r s c i e n t i s t s , 
whe re h a r d fac ts t end to be o b s c u r e d by da ta . These fac ts a re 
s i f t e d out and p resen ted in a fo rm w h i c h , h o p e f u l l y , w i l l g i v e the 
layman a b e t t e r idea o f the symptoms and disease c y c l e of the 
pa thogen . 

T h e disease can cause a h i g h level o f losses as shown in Tab le 1 and 
no economic con t r o l method can p r e s e n t l y be p roposed . 

T A B L E 1. Disease losses in the p r i n c i p a l cocoa zones o f wes te rn 
Ecuado r , 1972-73 (Mod i f i ed f rom A r a g u n d i , 1974) 

Percentage Pods Diseased 

Zone Y ie ld Rainfa l l 
[ 1 ] Mon i l i oph tho ra Tota l d iseased (mm) 

i n fec ted [ 2 ] 

V iche 306.6 40.5 51.2 2135 
Chone 190.5 40.4 67.8 1175 
Quevedo 586.1 21.6 35.9 2057 
Monta lvo 211 .8 43.6 65.6 -

Mi lagro 722.1 20.3 26.5 1076 
Machala 1034.6 30.1 32.3 389 

(1) kgs d r y cocoa per hec tare 
(2) Witches' broom disease ( C r i n i p e l l i s pe rn i c iosa ) p r o b a b l y 

accounts fo r the major p a r t o f the rema in ing pod losses 
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THE C A U S A L AGENT 

Name changes p roposed by l a b o r a t o r y - b o u n d myco log is ts are o f ten 
more of a h i n d r a n c e t han a he lp to p lan t p a t h o l o g i s t s , and to f ie ld 
w o r k e r s in g e n e r a l , who become con fused by nomenc la tu ra l n icet ies 
and annoyed by h a v i n g to learn new and o f t en complex names for a 
fami l ia r foe. Never the less taxonomy is a dynamic sc ience and as 
more specimens and new techn iques become ava i lab le such changes 
are i nev i t ab l e . Whenever feas ib le , o ld and recogn ised names shou ld 
be conse rved b u t , as w i t h the p r e s e n t p a t h o g e n , t h i s is not a lways 
poss ib le . 

The f u n g u s was f i r s t s t ud ied sc i en t i f i ca l l y by J B Rorer in Ecuador 
(1917-1925) and samples were f o r w a r d e d to t he USA fo r i d e n t i f -
i ca t ion . E x p e r t op in ion at the time agreed t ha t the cocoa pa thogen 
was s imi lar to species o f the genus Moni l ia ; we l l - documen ted f r u i t r o t 
f u n g i o f tempera te zones. No f u r t h e r taxonomic worl< was c a r r i e d 
o u t u n t i l E Parodi sent Ecuador ian mater ia l to R C i f e r r i in I ta ly who 
c o n s i d e r e d i t to r e p r e s e n t a new species of Moni l ia and desc r i bed i t 
as M. r o r e r i in honour of Rorer ( C i f e r r i & Parod i , 1933). I t is 
pe rhaps n o F s u r p r i s i n g tha t t h i s taxonomic conc lus ion was never 
ques t i oned because the f ungus is s u p e r f i c i a l l y s imi lar to severa l 
Moni l ia species bo th in macroscopic and microscopic appearance . I t 
shou ld also be emphasied tha t none o f the mycological a u t h o r i t i e s had 
ac tua l l y o b s e r v e d the f u n g u s in the f i e ld b u t were w o r k i n g w i t h 
d r i e d spec imens. More recen t l y h o w e v e r , severa l c h a r a c t e r s were 
recogn ised wh ich d i d not conform to t he concept o f the genus Monil ia 
o r i ts re la t i ves and w h i c h , when taken toge the r w i t h the behav iou r 
o f the pa thogen in the h o s t , sugges ted tha t a more h i g h l y evo lved 
pa ras i te was i n v o l v e d . Detai led ana lyses , u s i n g bo th scann ing and 
t ransmiss ion e lec t ron m i c roscopy , showed th is to be the case since 
the asexual spores (con id ia ) a re not formed in 'moni l io id ' chains 
( w i t h the younges t spore at the t i p ) b u t in exac t l y t he reve rse 
manner . F u r t h e r con f i rma t ion was ob ta ined when the i n te rna l 
s t r u c t u r e of the mycel ium ( f u n g a l t h r e a d s or h y p h a e ) was found to 
be more t yp i ca l o f the mushroom g r o u p (Bas id iomycetes) r a t h e r than 
the Ascomycetes to w h i c h Monil ia species be long (Evans et a l . , 
1978). T h u s the cocoa pathogen was now iden t i f i ab le as the asexual 
s ta te of an u n k n o w n Basid iomycete f u n g u s and a new genus had to 
be desc r i bed in o r d e r to accommodate i ts nove l method o f spore 
f o rma t i on . Mon i l i oph thora was chosen as i t was fe l t t h a t t he name 
was not too u n l i k e the p rev ious one and cou ld be s im i la r l y 
a b b r e v i a t e d . 

T h i s , o f c o u r s e , has c rea ted f u r t h e r problems r e g a r d i n g the common 
name' fo r the d isease, o f t en r e f e r r e d to as Monil ia pod ro t or 
Moni l iasis of cocoa. T e c h n i c a l l y , the names are i n c o r r e c t and in the 
past have on ly se rved to mislead s ince w o r k e r s have t ended to 
compare the cocoa pa thogen w i t h tempera te Moni l ia spec ies , whose 
b io logy is to ta l l y d i f f e r e n t , and to d raw analogies wh ich s imp ly do 
not e x i s t . Other names such as Quevedo d isease, w a t e r y pod ro t 
C p o d r e d u m b r e acuosa' ) have been w ide ly used b u t the la t te r shou ld 
be avo ided since th i s is not a u n i q u e symptom (Evans , 1981b). 
Severa l o f the local Span ish names used by fa rmers in Colombia and 
Ecuador desc r ibe the p o w d e r y , w h i t i s h or f r o s t e d appearance of 
d iseased pods wh i ch read i l y d i s t i n g u i s h e s them f rom pods a t tacked 



by the o the r impo r tan t cocoa pa thogens . T h u s , f r o s t y pod ro t has 
been p roposed as an a l t e r n a t i v e or common name to desc r i be the 
disease ( E v a n s , 1981a). 

THE DISEASE 

Mon i l i oph tho ra r o r e r l is a ser ious pa thogen o f cocoa pods , o f 
l o n g s t a n d i n g , in Both Colombia and Ecuador ( J o r g e n s e n , 1970), 
where i t ranges f rom sea level to o v e r 1000 met res and f rom v e r y 
d r y ( i r r i g a t e d ) to v e r y humid zones (Tab le 1 ) . Est imates o f disease 
inc idence in Ecuador a re h i g h l y v a r i a b l e and shou ld be t r ea ted w i t h 
cau t ion b u t Rorer (1918; 1926) has quo ted examples of over 90% c r o p 
loss and the to ta l abandonment of cocoa c u l t i v a t i o n due to the 
ravages of the Moni l ia d isease. ( T a b l e 2 ) . Colombian losses are 
p r o b a b l y more re l iab le and are p u t at 30-40% or a net loss of 21 
mi l l ion do l la rs annua l r evenue ( B a r r o s , 1981). Some recen t data 
f rom Costa Rica show tha t losses t h e r e may be as h i g h as 60-90% 
(En r i quez et a l . , 1981). In Venezue la , i t is not r e g a r d e d as a major 
disease because i t is r e s t r i c t e d to the wes te rn Andean reg ion where 
r e l a t i v e l y l i t t l e cocoa is g r o w n ( C a p r i l e s , 1979). In i ts economic 
impac t , t h e r e f o r e , M. r o r e r i r a n k s w i t h any of t he o the r major pod 
pa thogens . 

In the f i e l d , M. r o r e r i invades on l y y o u n g or e x p a n d i n g pod t issues 
b u t in l abo ra to r y and g reenhouse expe r imen ts where abnorma l l y h i gh 
numbers o f spores are used fo r i nocu la t i on , i n fec t i on can be e l i c i ted 
in seed l ings and f lushes ( E v a n s , 1981a). H o w e v e r , the f u n g u s fa i ls 
to s p o r u l a t e on such t i ssues and t h i s shou ld be rega rded as p u r e l y 
a r t i f i c i a l i n f e c t i o n , not r e l evan t to f i e l d c o n d i t i o n s . I t is s u f f i c i e n t 
t h e r e f o r e to cons ider he re on ly those aspects r e l a t i ng to pod 
i n f e c t i o n . 

Pods are usua l l y most suscep t ib le to i n fec t i on d u r i n g the in i t i a l t h r e e 
months o f deve lopment and the f i r s t obv ious symptom is the 
appearance of chocolate to d a r k b r o w n , i r r e g u l a r lesions wh i ch 
r a p i d l y coalesce to cover the whole pod s u r f a c e . Some 3-8 days 
l a t e r , a wh i t e mycel ia l mat enve lops the pod and g r a d u a l l y assumes 
c ream, g r e y to b r o w n i s h hues as the spore bloom deve lops . I t is 
d i f f i c u l t to mis take th i s s tage of i n fec t i on w i t h t h a t o f any o ther pod 
pa thogen - the f r o s t e d pod cove red by a p o w d e r y layer o f eas i ly 
d i s l odged spores - wh ich t oge the r w i t h the d i s o r g a n i s e d o f ten w a t e r y 
i n t e r n a l c o n t e n t s , t y p i c a l l y comple te ly nec ro t i c and va lue less , 
c o n s t i t u t e the classic symptoms o f Mon i l i oph tho ra pod r o t . Howeve r , 
symptom e x p r e s s i o n is modi f ied b y a number o f f ac to rs i n c l u d i n g pod 
age and host gene t i cs . Cer ta in va r ie t i es read i l y deve lop g reen 
swe l l i ngs or d i s t o r t i o n s on the pod su r f ace severa l weeks p r i o r to 
lesion appea rance , wh ich is o f t en p receded b y p rema tu re r i p e n i n g . 
I t is f r e q u e n t l y s ta ted t ha t pod swe l l i ngs are d iagnos t i c o f M. r o r e r i 
b u t s imi la r g r o w t h abnorma l i t i es also occur on pods in fec ted w i t h 
w i t ches ' broom disease ( E v a n s , 1981b) . Hence care shou ld be 
e x e r c i s e d in sepa ra t i ng these two diseases in t he f ie ld in the absence 
o f s p o r u l a t i o n . A use fu l tes t is to c u t the newly nec ro t i c pod in 
h a l f and leave fo r severa l d a y s . I t is o f t e n d i f f i c u l t to c u t an 
i n f e c t e d pod as the beans may be compacted toge the r and to t he 
i n n e r pod wall due to the p r o l i f e r a t i o n of e x t r a t issues mak ing t he 
pod c o n s i d e r a b l y heav ie r t han a comparable h e a l t h y one. With bo th 
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diseases a dense w h i t e mycel ia l s k i n ( f r e q u e n t l y w i t h a mushroom 
o d o u r ) r a p i d l y f o r m s , bu t w i t h M. r o r e r i t h i s is accompanied by the 
c h a r a c t e r i s t i c spore bloom. C o n v e r s e l y , the w i tches ' b room mycel ium 
neve r spo ru la tes . 

In pods in fec ted at a later s tage , e x t e r n a l lesions are usua l l y 
r e s t r i c t e d in size and i n te rna l necros is may be con f i ned to the i nne r 
wal l w i t h l i t t l e d e s t r u c t i o n of the bean mass. M. r o r e r i a t tacks a 
range o f Theobroma and Her ran ia species and s i g n i f i c a n t l y 
spo ru l a t i on is most a b u n d a n t w i t h i n the bean chambe r , p a r t i c u l a r l y 
in those species w i t h woody pods. 

THE DISEASE CYCLE 

The disease cyc le is i l l u s t r a t e d schemat ica l ly in F igu re 1. 

The ta lcum p o w d e r - l i k e qua l i t ies of the spore bloom mean tha t the 
d r y ( n o n - w e t t a b l e ) conid ia a re read i l y d i s lodged f rom the pod 
su r face by any a i r or t ree movement or r a i n , be i ng immediate ly 
c a r r i e d away by convec t ion c u r r e n t s : a fac t easi ly v e r i f i a b l e b y 
s imply b low ing on or t ouch ing a f r e s h l y - s p o r u l a t i n g pod and 
w a t c h i n g the r e s u l t a n t spore c loud sw i r l u p w a r d s in to the c a n o p y . 
Ear l ie r r e p o r t s o f insec ts as major v e c t o r s , t r a n s p o r t i n g spores to 
wounded pods , owed a lot to f anc i f u l compar isons w i t h t r u e Moni l ia 
diseases and the in i t i a l f a i l u res to p r o v e pa thogen ic i t ' y 5 y 
conven t iona l inocu la t ion t echn iques . Un l i ke most pod p a t h o g e n s , b u t 
in common w i th w i t ches ' broom disease, M. r o r e r i pene t ra tes the 
y o u n g pod w i t h o u t p r o v o k i n g an an tagon is t i c r e a c t i o n , and 
s u b s e q u e n t l y develops w i th i t , g r o w i n g between the hos t cel ls and 
o f ten s t imu la t i ng cambial a c t i v i t y wh ich r esu l t s in e x t e r n a l swe l l i ngs 
and the i n t e rna l compact ion of embryon ic t i s s u e s . T h e r e , is t h u s , is 
a h i g h l y evo lved pa ras i t i c phase d u r i n g wh i ch the hos t does no t 
recogn ise the f u n g u s as an i n t r u d e r and con t i nues to d e v e l o p , a lbe i t 
a b n o r m a l l y . When g r o w t h beg ins to slow d o w n , the f u n g u s invades 
the cel ls o f the t issues wh ich i t had p r e v i o u s l y co lon ised 
i n t e r c e l l u l a r l y . I n t e r n a l necros is and e x t e r n a l lesion f o rma t i on a r e , 
t h e r e f o r e , ex t reme ly r a p i d and th is exp la ins w h y i t is imposs ib le to 
sa lvage a n y t h i n g f rom such pods even t h o u g h they may appear 
hea l thy because the damage had a l ready been done over the 
p ro longed co lon isat ion pe r i od . The time span f rom the spore l and ing 
on the pod to v i s i b l e necrosis va r i es f rom 45-90 d a y s (Evans , 
1981a). T h i s unusua l disease cyc le hampered in i t ia l i n v e s t i g a t i o n s 
in to the real i d e n t i t y o f the causal agent and resu l t ed in e r roneous 
conc lus ions as to i ts mode of d i spe rsa l and i n f e c t i o n . Needless to 
s a y , inocu la t ion expe r imen ts cannot be conduc ted in t he l a b o r a t o r y 
nor on f u l l y g r o w n or mature pods in the f i e l d . T h i s f u r t h e r 
hampers the s t u d y of the pa thogen. 

F resh l y p r o d u c e d spores are r e l a t i v e l y t h i n - w a l l e d and pale ( h y a l i n e ) 
in c o l o u r , w i t h t ime the wall t h i c kens and the con id ia assume a 
d a r k e r co lou ra t i on w h i c h accounts fo r the va r i ab le c o l o u r o f the 
spore bloom on the pod su r face . Spores w h i c h are re leased d u r i n g 
the f i r s t few days may be less res i s tan t to phys i ca l damage 
( i r r a d i a t i o n , des icca t ion) than o lder spores b u t g e n e r a l l y con id ia can 
remain v iab le for up to 9 months on or in h a n g i n g pods a n d re ta in a 
h i gh i n f e c t i v i t y . Those spores wh ich fa l l in to the so i l , o r remain on 
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pods in the so i l , s u r v i v e fo r much s h o r t e r pe r iods and i n f e c t i v i t y 
t a i i s - o f f a f t e r one month ( E v a n s , 1981a). I n fec ted pods q u i c k l y lose 
m o i s t u r e , p r o b a b l y due to r a p i d up take o f water b y the s p o r u l a t i n g 
myce l ium, becoming woody or mummi f i ed , and remain on the t r e e fo r 
up to severa l y e a r s . The spore bloom is g r a d u a l l y e roded by 
w e a t h e r i n g and u l t ima te l y on l y the wh i t e mycel ia l s k i n p e r s i s t s . The 
f u n g u s , t h e r e f o r e , has a mechanism fo r s u r v i v a l between c rops or 
d u r i n g u n f a v o u r a b l e c o n d i t i o n s , s u f f i c i e n t to ' oversummer ' even 
t h r o u g h the ex tended 5-6 mon th d r y season e x p e r i e n c e d in coastal 
Ecuador . Because ra in or e x t e r n a l h u m i d i t y p lay no v i ta l p a r t in 
spore d i spe rsa l and pod co lon isa t ion and subsequen t f unga l 
s p o r u l a t i o n , M. r o r e r i is no t r e s t r i c t e d to wet e n v i r o n m e n t s or 
seasons. Pod¥ in fec ted at the end o f the ra ins are able to spo ru la te 
2-3 months l a t e r , in the m idd le of t he d r y season. Humid i t y i s , o f 
c o u r s e , essen t ia l , for pod p e n e t r a t i o n and p r o l i f i c spo ru la t i on b u t 
t he re wou ld seem to be s u f f i c i e n t i n t e r n a l pod mo i s tu re to promote 
s a t i s f a c t o r y spore p r o d u c t i o n i n d e p e n d e n t o f e x t e r n a l c o n d i t i o n s . 
The pa thogen can f unc t i on t h e r e f o r e t h r o u g h o u t t he y e a r , assuming 
t ha t suscep t ib le pods are ava i l ab le , and is less dependen t on c l imat ic 
f ac to rs than any o the r pod pa thogen of cocoa. 

In wes te rn Ecuado r , the c r o p p i n g p a t t e r n is f a i r l y r i g i d , by v i r t u e 
of the w e l l - d e f i n e d d r y season, so M. r o r e r i s u r v i v e s between c rops 
on mummif ied pods usua l l y l e f t in the canopy a f t e r t h e f inal h a r v e s t . 
The in i t i a l heavy ra ins p r o b a b l y se rve to d is lodge o r wash t he more 
p e r s i s t e n t con id ia f rom the mummif ied pods wh ich t h e n in fect the few 
ava i lab le che re l l es . These spo ru l a te a p p r o x i m a t e l y 2 months l a t e r , 
d u r i n g the pe r iod of maximum f l o w e r i n g and pod s e t t i n g . A f t e r a 
f u r t h e r 2 mon ths , the re is t h e r e f o r e an abundance o f inocu lum to 
i n fec t the deve lop ing pods of the major c r o p . The cyc le is 
comple ted . 

DISEASE CONTROL 

Good c r o p san i ta t ion wou ld appear to be the most logical and simple 
method o f d i s r u p t i n g the disease c y c l e , t h e r e b y p r e v e n t i n g the 
i n t e r c r o p or in te rseason s u r v i v a l o f t he f u n g u s . T h i s is feas ib le in 
areas where the cocoa has a r e g u l a r c r o p p i n g p a t t e r n bu t is more 
d i f f i c u l t in i r r e g u l a r c r o p p i n g cocoa because suscep t i b l e t i ssues are 
a lways ava i lab le . I ndeed , i t on ly needs severa l o u t - o f - s e a s o n t rees 
h a r b o u r i n g i n fec t i on to i nva l i da te o r reduce the e f fec t i veness of 
c u l t u r a l c o n t r o l , s ince the symptomless sys temic phase wou ld go 
unde tec ted d u r i n g s a n i t a r y h a r v e s t i n g . In fec ted pods may be le f t 
on the soi l w i t h o u t f u r t h e r t r e a t m e n t , a l t h o u g h c o v e r i n g them may be 
advan tageous i f wet cond i t i ons p r e v a i l , t h o u g h i t is cons ide red tha t 
the soil as an inoculum source is o f minor impor tance . (Evans , 
1981a; C u b i l l o s , 1981). 

As w i t h w i t ches ' broom d isease, chemical con t r o l o f M. r o r e r i has 
neve r g i v e n sa t i s f ac to r y r esu l t s because the patRbgen a t tacks 
r a p i d l y - e x p a n d i n g , v i g o r o u s l y - g r o w i n g t i ssues and i t is d i f f i c u l t to 
ma in ta in an adequate coverage on pods d u r i n g t h e 3 -month c r i t i ca l 
p e r i o d . I t has , h o w e v e r , been shown t ha t p r o t e c t a n t , coppe r -based 
f u n g i c i d e s can g i v e economic con t ro l o f Mon i l i oph tho ra pod ro t in 
Ecuador when app l ied to h e a v i l y - b e a r i n g t rees ( C r o n s h a w , 1979). 
More r e c e n t l y , Gonzalez et a l . (1 983) r e p o r t e d t h a t s imi lar p r o d u c t s 
were uneconomic unde r Costa Rican c o n d i t i o n s ; d isease inc idence was 
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Figure 1. Schematic representation of disease cycle of M. roreri 
in a cocoa farm in western Ecuador 
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r educed on ly s l i g h t l y even t h o u g h t h e r e was a s i g n i f i c a n t increase in 
y i e l d . Once M. r o r e r i has p e n e t r a t e d the p o d , most f ung i c i des are 
useless and t he f u n g u s can on ly be reached u s i n g e r r a d i c a n t 
sys temic f u n g i c i d e s . No f u n g i c i d e has so fa r been deve loped wh ich 
f u n c t i o n s w i t h i n cocoa t issues aga ins t Bas id iomycetes . The use o f 
a n t i s p o r u l a n t s is w o r t h y o f i n v e s t i g a t i o n b u t , because the f u n g u s 
can mobi l ise the whole pod as a food source to promote ex t reme ly 
r a p i d and v i g o r o u s s p o r u l a t i o n , t h i s w i l l be d i f f i c u l t to implement . 

A t the p r e s e n t t ime, t h e r e f o r e , c u l t u r a l measures o f f e r t he b r i g h t e s t 
p rospec t s fo r con t r o l o f M. r o r e r i and most w o r k on th i s aspect o f 
c o n t r o l has been c a r r i e d ou t in Colombia. S i g n i f i c a n t r educ t i ons in 
disease inc idence have been ach ieved u s i n g a range o f agronomic 
recommendat ions , i n c l u d i n g week l y h a r v e s t i n g ( B a r r o s , 1981) and 
th is has s ince been demons t ra ted in Costa Rica [Gonzalez et a l . , 
1 983) . T h i s ' c u l t u r a l package ' may be su i tab le fo r p lan ta t ion 
sys tems b u t not fo r the t y p i c a l Ecuador ian smal lho lder who ha rves t s 
as few t imes as poss ib le d u r i n g the y e a r . In these cases, losses 
may be r e d u c e d to an acceptab le level b y h a r v e s t i n g all pods 
t o w a r d s the la t te r p a r t o f the d r y season, t h e r e b y e l im ina t ing 
seasonal c a r r y o v e r bo th as mummif ied and l i v i n g , 
s y s t e m i c a l l y - i n f e c t e d pods. In the u n f o r t u n a t e s i t ua t i on in Ecuador^ 
h o w e v e r , pods saved f rom po ten t ia l Mon i l i oph tho ra pod r o t may on l y 
fal l v i c t i m to w i t ches ' broom d isease. 

T h e r e is some c i r cums tan t i a l ev idence to sugges t t h a t M. r o r e r i can 
g r o w back in to the f lower cush ion t h r o u g h the pedunc le o f a 
d iseased pod and remain in a v iab le c o n d i t i o n , s u b s e q u e n t l y i n f ec t i ng 
any pods bo rne on t ha t c u s h i o n . Th is facet o f pa thogen behav iou r 
remains to be p r o v e n b u t o b v i o u s l y i t wou ld compl icate c u l t u r a l 
c o n t r o l . 

PAST AND PRESENT D I S T R I B U T I O N 

The disease may have evo lved in the f o res t s wh ich cove r the slopes 
of t he w e s t e r n Andean c o r d i l l e r a of Colombia; a zone r i ch in 
He r ran ia and Theobroma species ( T h o r o l d , 1975). In such h a b i t a t s , 
where t y p i c a l l y t h e r e is a p a u c i t y o f p o d s , i n t e rna l s p o r u l a t i o n may 
have been impo r t an t in the l i fe cyc le o f M. r o r e r i , t h e r e being a 
s teady l i be ra t i on of conid ia over a prolonge3~ pe r i od as t he pod wal ls 
g r a d u a l l y b reak open or c r u m b l e . As is shown l a t e r , i n t e rna l spore 
p r o d u c t i o n has ser ious impl ica t ions fo r long d is tance d i spe rsa l o f t he 
f u n g u s . M. r o r e r i was p r o b a b l y d isseminated ae r i a l l y f rom th i s 
Andean c e n t r e o f o r i g i n , t h r o u g h o u t the w e s t e r n reg ions of bo th 
Colombia and Ecuado r , w h e r e v e r cocoa was c u l t i v a t e d . T h e pathogen 
is w e l l - a d a p t e d to a i r b o r n e d i spe rsa l h a v i n g d r y , p o w d e r y , 
t h i c k - w a l l e d spo res . I ts r a p i d sp read t h r o u g h o u t Costa Rica, v/here 
the c o c o a - g r o w i n g areas are s c a t t e r e d , wou ld seem to endorse t h i s 
a b i l i t y . 

The much quo ted example o f the e f f e c t on cocoa y ie ld o f 
Mon i l i oph tho ra pod ro t in Ecuador is w o r t h repea t i ng (see Table 2 ) . 
Tt s H o w i the rea l dec l ine in annua l cocoa p r o d u c t i o n o f a la rge 
p l an ta t i on f rom the f i r s t appearance o f the disease in epidemic 
p r o p o r t i o n s in 1918 u n t i l cocoa c u l t i v a t i o n was abandoned in 1920 and 
the l and p l an ted v/ i th bananas. 
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T A B L E 2. A n n u a l p r o d u c t i o n of a p lan ta t ion of 35,000 T r i n i t a r i o 
cocoa t rees in Ecuador ( a f t e r R o r e r , 1926) 

Year Tonnes Obse rva t i ons 

1916 29.923 'Moni l ia ' not p r e s e n t 
1917 32.685 'Moni l ia ' not p r e s e n t 
1918 10.404 'Moni l ia ' appea red 
1919 1 .657 'Moni l ia ' c o n t i n u e d 
1920 Ni l Cocoa c u l t i v a t i o n abandoned 

The a r r i v a l o f M. r o r e r i in Costa Rica may have been by a i r b o r n e 
inocu lum f rom "Panama a l t h o u g h i t is more l i ke l y to have been 
i n t r o d u c e d acc iden ta l l y by man. Th i s was the c o n s i d e r e d method of 
e n t r y o f the f u n g u s in to Panama (Ore l i ana , 1956). M. r o r e r i is 
adm i rab l y su i t ed to t h i s i n d i r e c t method o f d i ssemina t ion . The long 
pe r i od of pod co lon isa t ion p r i o r to the man i fes ta t ion o f v i s i b l e 
symptoms demons t ra tes how an a p p a r e n t l y h e a l t h y , sys temica l l y 
i n fec ted pod can be selected and t r a n s p o r t e d fo r use as a source of 
p l a n t i n g mater ia l o r , more d a n g e r o u s l y , fo r t r ade or demons t ra t i on 
pu rposes to f r i e n d s or fami ly where no select ion o p e r a t e s . As the 
pod ages and the muci lage c o n t r a c t s f rom the inner w a l l , a su i tab le 
e n v i r o n m e n t is c rea ted fo r a b u n d a n t i n t e rna l s p o r u l a t i o n w i t h l i t t l e 
or no e x t e r n a l ev idence o f i n f e c t i o n . A d ramat ic example was 
e n c o u n t e r e d r e c e n t l y at Kew when p a r t o f the bean chamber o f a 
se lec ted ' h e a l t h y ' pod f rom Ecuador was f ound to be cove red w i t h 
s p o r u l a t i n g mycel ium o f M. r o r e r i . A lmost c e r t a i n l y the pod had 
been in fec ted towards the end of i ts g r o w t h cyc le a n d consequen t l y 
f u n g a l co lon isa t ion had been r e s t r i c t e d to a small sec t ion o f the ou te r 
and i nne r wa l l s . 

Cocoa-co l lec t ing exped i t i ons in the eas te rn or Amazonian reg ion o f 
Ecuador had neve r r eco rded the presence of M. r o r e r i on cocoa u n t i l 
r e c e n t l y . The deve lopment o f an oil p ipe l ine d u r i n g t h e last decade 
o p e n e d - u p th i s p r e v i o u s l y remote area to co lon is ts a n d ' imp roved ' 
cocoa h y b r i d s were i n t r o d u c e d v ia pods f rom the o t h e r s ide o f the 
A n d e s . The subsequen t a r r i v a l o f M. r o r e r i was i nev i t ab le and 
e n t i r e l y p red i c tab le ( E v a n s , 1981a). 

P O T E N T I A L D I S T R I B U T I O N 

Now t h a t M. r o r e r i is wel l es tab l i shed in the Napo r e g i o n o f Ecuador 
i t must s u r e l y be on ly a mat te r o f t ime be fo re the pa thogen reaches 
t he more e x t e n s i v e p l a n t i n g s in the B raz i l i an Amazon. I t s n a t u r a l 
p r o g r e s s may be s low, s ince w i l d and p lan ted cocoa has a sca t te red 
d i s t r i b u t i o n a long the headwaters o f the Amazon, b u t I nd ian fa rmers 
or t r a d e r s cou ld hasten the process in the ques t fo r be t t e r cocoa 
mater ia l or new m a r k e t s . T h e r e are ea r l i e r e r roneous ' c i t i n g s ' o f M. 
r o r e r i in B raz i l (VVellman, 1972) and t h e r e was a recen t scare in tTl̂ e 
Bah ian reg ion when a w h i t e , Mon i l i a - l i ke g r o w t h was o b s e r v e d on 
pods at the main exper imen ta l s t a t i on . The la t te r f u n g u s , h o w e v e r , 
t u r n e d out to be paras i t i c and was a secondary pod pa thogen 
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( O o t r y o d i p l o d i a ) w h i c h had i n v a d e d o v e r - m a t u r e , u n h a r v e s t e d pods . 

A s imi lar i nc iden t o c c u r r e d more r e c e n t l y in Rondon ia , a r a p i d l y 
e x p a n d i n g cocoa -g row ing zone in the B raz i l i an Amazon, when 
suspec ted samples o f M. r o r e r i a r r i v e d at t he Commonwealth 
Mycologica l I n s t i t u t e fo r I d e n t i f i c a t i o n . T h e s e , h o w e v e r , were f o u n d 
to be Geot r i chum c a n d i d u m , a cosmopol i tan f u n g u s and a known 
wound paras i te o f c i t r u s f r u i t s and vege tab les . Th i s is a new 
pa thogen fo r cocoa, g a i n i n g e n t r y in to pods v ia insect wounds 
CAndebrhan et a l . , 1981) , b u t canno t be r e g a r d e d as a p r i m a r y or 
ob l i ga te paras i te and is u n l i k e l y to be a ser ious p rob lem. A p a r t 
f rom the spores be ing p r o d u c e d in cha ins and i ts w h i t i s h appearance 
on the pod s u r f a c e , G. cand idum shares no o the r s im i la r i t i es w i t h M. 
r o r e r i . 

Mon i l i oph tho ra pod r o t has no t been i d e n t i f i e d as y e t in Bo l i v i a , the 
ser ious pod losses p r e v i o u s l y asc r i bed to t h i s d isease were f o u n d to 
be due almost e n t i r e l y to w i t ches ' broom ( E v a n s , 1981a), wh i l s t i t s 
p resence in Peru r e q u i r e s c o n f i r m a t i o n . 

The chances of n a t u r a l sp read to Bahia and f u r t h e r a f ie ld seem 
remote because, a l t h o u g h M. r o r e r i is ae r ia l l y d i s p e r s e d , t he 
geog raph i c b a r r i e r s are cons ide rab le ( E v a n s , 1981b) and t h e r e is 
ev idence to ind ica te t ha t r e l a t i v e l y h i g h numbers of conid ia a re 
necessary fo r success fu l pod i n fec t i on ( E v a n s , 1981a). T h e r e 
rema ins , of c o u r s e , the v e r y real t h r e a t o f l ong -d i s tance 
d isseminat ion by man. Two methods are poss ib le : in or on pods , 
a l t h o u g h these a re u n l i k e l y to be moved i n t e r - c o n t i n e n t a l l y ; or on 
budwood or s imi la r ma te r i a l . The p o w d e r y spores would r e a d i l y 
adhe re to such t i ssues and remain v iab le in t h i s s i t ua t i on fo r many 
mon ths . H o w e v e r , f u n g i c i d e t rea tmen t wou ld c e r t a i n l y reduce the 
inocu lum and c o n s i d e r a b l y reduce the chances o f an u n w a n t e d 
i n t r o d u c t i o n . As the f u n g u s can on ly spo ru l a te on pods the r i s k o f 
sp read is v i r t u a l l y e l im inated when an in te rmed ia te q u a r a n t i n e s ta t i on 
is i n v o l v e d , because the pa thogen canno t p r o l i f e r a t e and s u r v i v e in 
the absence of ma tu re cocoa t r e e s . T h e r e is the remote p o s s i b i l i t y 
o f con tamina t ion of budwood by systemic mycel ium b u t , once a g a i n , 
the f u n g u s v/ould be unab le to spo ru la te even suppos ing t h a t i t 
cou ld be t r a n s f e r r e d success fu l l y to a r e c i p i e n t p l a n t . 

In conc lus i on , t h e r e f o r e , Mon i l i oph tho ra r o r e r i invades on l y 
a c t i v e l y - g r o w i n g cocoa pods and is a h i g h l y s o p h i s t i c a t e d , ob l i ga te 
pa ras i te in s h a r p c o n t r a s t to t r u e Moni l ia species w h i c h gene ra l l y a re 
f a c u l t a t i v e paras i tes of wounded or p red i sposed t i s sues . I t is a 
ser ious pa thogen of cocoa caus i ng cons ide rab le pod losses in n o r t h -
west Sou th Amer i ca . I t had been con f i ned to the l a t t e r reg ion u n t i l 
i ts r e c e n t i n c u r s i o n in to the Cen t ra l Amer ican i s t h m u s . The f u n g u s 
is w e l l - a d a p t e d to a i r d i spe rsa l and l ong -d i s t ance movement v ia w i n d 
is a p o s s i b i l i t y , n e v e r t h e l e s s , t h i s is much more l i k e l y to be b r o u g h t 
about b y man's i n t e r v e n t i o n . A t p resen t t h e r e is no s a t i s f a c t o r y 
economic method of con t ro l w h i c h can be recommended. 
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Management of coconuts ana cocoa on 
acid sulphate soils. 
CHEW POH SOON, KEE KHAN KIANC 
and 001 LING HOAK Highlands 
Research Uni t , Klang, Selangor, 
Malaysia - Planter (Malaysia) M 
483-500; Nov 198t. 
A unique characterist ic of the cacao 
industry in Malaysia is the emphasis on 
the cacao-coconut system. The yield 
performances of underplanted cacao 
and a mixture of dwarf and hybr id 
coconuts in field on acid sulphate and 
non-acid sulphate areas in 3 coastal 
estates were compared. The cacao 
yields under the heavy shade of 
coconuts were about 365 to 155 kg per 
ha per year in the acid sulphate areas 
against 732 kg per ha per year in 
comparable non-acid sulphate areas. 
Coconut yields were 1762 to 2095 kg 
copra per ha per year against 2139 kg 
copra per ha per year respectively. 
Liming from pH 3 .9 to pH 1.5 in the 
topsoil, increased copra content per 
nut and copra yields by 10 per cent 
and nearly doubled cacao yields. 
Management practices including 
fert i l izer applications, leaf and soil 
analytical data and water management 
are also described and discussed. 

Analysis of nesting boundaries of some 
dominant ants in cocoa trees in 
Nigeria. 
ADEDEJI , P .O . Department of 
Biological Sciences, University of I fe , 
I fe , Nigeria - Cafe, Cacao, The 
(France) ^ ( I ) 13-16; Jan 1981. 
This paper describes the preferred 
nesting terr i tor ies (base, t runk or 
canopy) of four ant species living in 
cacao trees in Nigeria, i . e . 
Camponotus acyapimensis. Myrimicaria 
s t r ia ta , Pheidole megacephala and 
Crematogaster despressa when present 
alone or TrT competition with other 
species. 

Flower and f ru i t -set t ing patterns of 
cocoa trees (Theobroma cacao L) at 
three localities in Costa Rica. 
YOUNG, A .M . Invertebrate Zoology 
Section, Milwaukee Public Museum, 
Milwaukee, Wisconsin, USA - Turr ia lba 
( l I C A ) 31 (2) 129-112; Apr 1981. 
In Costa Rica monthly patterns of 
flowering and f ru i t -se t were studied 

for large samples of cocoa trees at 3 
localities. At all 3 localities, and 
regardless of shade cover , there was a 
marked decline in flowering near the 
end of the rainy season v/hen rainfall 
was very high. When shade cover was 
thinned through leaf drop by the late 
d r y season, fluctuations in flower 
production varied great ly in the 
following rainy season. At 2 localities 
in par t icular , there was a large peak 
in f ru i t -set coinciding with the burst 
of flowering in the f i rst half of the 
ra iny season. Multiple peaks of 
flowering and f ru i t -set occurred at all 
localities. Differences in levels of 
f ru i t -se t depend upon the effects of 
climatic factors upon populations of 
pollinating insects at di f ferent 
localities. The incidence of the f ru i t 
disease Monilia increased dur ing 
periods of high f ru i t -se t and 
disappeared at other times of the year . 

The feasibility of growing certain 
crops in Sabah. 
MONTGOMERY, P.J . - Planter 
(Malaysia) ^ 390-399; Sep 1981. 
This paper gives some information on 
the feasibility of growing rubber , 
oilpalm, coconut, t imber, cacao, 
coffee, tea, sugar-cane, tobacco and 
banana in Sabah. It is concluded that 
Malaysian plantations are attract ive to 
investors because of the consistent 
massive appreciation of land values, 
which shows no signs of abating. 
This is applicable even with land on 
relat ively short (33 years) leasehold. 
At the same time, depreciation of plant 
etc is minor compared to that of the 
chemical and manufacturing industries. 
As plantations are essentially very 
long-term investments, extreme caution 
must be exercised in the manner in 
which investment appraisal is 
under taken. The discounted cash flow 
method is ve ry suitable for investment 
of the depreciating type for making 
comparisons between investments. The 
three essential factors of production 
involving plantation inputs, v iz . 
capital , land and labour are also 
discussed. 

OCTOBER 1985 

[Comparative study of the influence of 
two methods of management on the 
yield factors of a cacao farm] Etude 
comparative de I ' influence de deux 
modes de conduite sur les facteurs du 
rendement d'une cacaoyere. 
LACHENAUD, P . H . , and MOSSU, G. 
Inst i tut de Recherches du Cafe et du 
Cacao ( I R C C ) , Abidjan, Ivory Coast -
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Cafe, Cacao, The (France) ^ (1) FACAN, H . J . Cocoa Research Unit , 
p .21 -30 ; Jan 1985. Universi ty of West Indies, Mona, 

Kingston, Jamaica - Tropical Pest 
In a study on the effect of the removal Management (UK) SOCj) p .430-439; Dec 
of shade on yield components of cacao 1984. 
in Ivory Coast, it was found that in Pathological research on cacao in 
the absence of shade the yield of Jamaica has been confined to black pod 
healthy pods increased by a factor disease (Phytophthora palmivora) which 
2.47 because of more abundant is the main disease o7 cacao in the 
flowering wi th , and greater losses island and a major limiting factor to 
without shade. No conclusion could be production. Experimental control of 
drawn on the possible effect of KP this disease with copper hydroxide has 
fert i l izers on yield factors. been obtained but the recommended 

programme is of doubtful economic 
NOVEMBER 1 985 ^^^ present productivi ty 

levels. Non-chemical control of black 
[ inf luence of shade and management on more extensive use of locally 
the moisture content retention in an . disease-resistant 
Oxisol with cacao] Influencia do and by newly 
sombreamento e mane o na retencao de 'ntroduced materials is being attem-
umidade em um Oxisol cultivado com f f ^ " P^ 'o^t^s are out ined for 

fu ture research on chemical control, 
LEAO", A . C . Divisao de Geociencias, fert i l izer experiments for raising 
Centro de Pesquisas do Cacau product iv i ty levels and taxonomic 
(CEPEC) I tabuna, Bahia, Brazil - Phytophthora strains. 
Revista Theobroma (Brazi l ) 14 (2) | Dynamics and incidence of Forcipomyia 
159-166; Apr 1984. spp. and pollination "of cacao 
The annual variation of the moisture (Theobroma cacao) in Palmira, Valle] 
content of an Oxisol (Typic Dinamica e incidencia de Forcipomyia 
Haplorthox) in which cacao was grown spp. (D iptera , Ceratopogonidae) en la 
under two types of shade and manage- polinzacion del cacao (Theobroma 
ment was determined. Samples were cacao) en Palmira, Valle. 
collected bi -weekly for 11 months, from F ICUEROAC, M . A . and CRUZ L. ,J DE 
3 d i f ferent topographical positions, on l A Universidad Nacional de Colombia, 
2 d i f ferent slopes, at 0 -20 , 20-40, Palmira, Colombia - Acta Agronomica 
40-60 and 60-80 cm depths. The (Colombia) 3n (2) 42-52; Apr 1984. 
moisture content was di f ferent under The effect of rainfall and pruning on 
the types of management studied and the population density of Forcipomyia 
between the 0-20 cm layer and the spp. was determined and its pollinating 
other layers. There was no dif ference act ivi ty in 5 cacao clones was studied, 
in moisture content of the soils at the Pruning reduced populations of 
d i f ferent topographical positions. Forcipomyia spp. The pollinating 

act ivi ty was enhanced by rainfall as it 
Cocoa dry ing and storage using char- maintainted the level of the humidity 
coal and solar heated rocks. required for the development of the 
BARYEH, E. Department of Mechanical insect. Clone ICS-78 gave the highest 
Engineering Universi ty of Nairobi , number of flowers and clone SPA-9 
Kenya - Agr icul tura l Mechanisation in showed the highest number of fruit^ 
Asia, Afr ica and Latin America (Japan) and strongest activity of Forcipomyia 
16 (1 ) 23-28 1985. spp. indicating a possible scarcity of 
An effective cacao d rye r cum-storage pollinating insects, 
bin using as much local material as 
possible has been constructed. The Yield prediction of cocoa based on soil 
d rye r is durable and simple in survey and land evaluation in Sabah 
construction. It does not use fossil on sedimentary soils : a case study, 
fuel as a heat source but charcoal and LEE CHAI HAI Sabah Softwoods Sdn. 
the sun. Temperature rise of up to B h d . , Tawau, Sabah, Malaysia 
100°C was possible. Testing Planter (Malaysia) M 533-538; Dec 
temperatures were 50°C, 75°C and 1984. 
100°C. Af ter d ry ing the cacao, the The success of yield prediction based 
same equipment may be used to store on soil surveys should be fully 
the product for up to 5 months. exploited to reduce investment r isks. 

Agromanagement is important for 
An assessment of pathological research improving yield in a part icular soil 
on cocoa in Jamaica from 1950 to 1980 situation. An appraisal of available 
and cur rent research priori t ies. experimental results within and outside 



Malaysia can serve as guide for 
manufacturing policy, especially winen 
the important pedological properties 
are understood. Soil maps at various 
scales to serve specific objectives are 
presented for the cacao growing area 
of Sabah. 

[Seasonal abundance of phytophagous 
Coleoptera on cacao trees in Southern 
Bahia and Espirito Santo] Abundancia 
estacional dos coleopteros fitofagos do 
cacaueiro no Sul da Bahia e no Espirito 
Santo. 
BENTON, P . P . Divisao de Zoologia, 
Centro de Pesquisas do Cacau 
(CEPEC) , I tabuna, Bahia, Brazil -
Revista Theobroma (Braz i l ) U (2) 
85-102; Apr 1984. 
The seasonal fluctuations of some 
Coleoptera populations belonging to the 
families Chrysomelidae and 
Curculionidae were investigated in 
cacao plantations. Monthly samples of 
insects were taken using the 12% BHC 
knockdown ef fect . In Southern Bahia 
Colaspis ornata occurred uniformly 
throughout the year . In the case of 
Nodonota theobromae there was a 
marked population peak in 
September-October, coinciding with the 
period of maximum leaf f lushing of the 
cacao tree. The fluctuations of other 
insects, including Conotrachelus c u r v i -
costatus, Lordrops aurosa and 
Lasiopus cilipes were also investigated. 

[Insecticides suggested as substitutes 
for BHC in pest control in cacao in 
Bahia, Brazil : a case s tudy! 
Insecticidas sugeridos para substi tuir o 
BHC no controle das pragas do 
cacaueiro na Bahia, Brasil: um estudo 
de caso. 
SORIA, S. DE J . , CRUZ, P . F . N , and 
ABREU, J .M. Divisao de Zoologia 
Agricola, Centro de Pesquisas do 
Cacau (CEPEC) , I tabuna, Bahia, Brazil 
- Revista Theobroma (Braz i l ) (2) 
1 0 3 - l U ; Apr 1 984. 
A study was made to evaluate some 
insecticides as substitutes for BHC. 
The application of insecticides in the 
form of powders, is still the general 
practice, in contrast with fungicides, 
which are sprayed. A distinction is 
made between persistent and knock-
down pesticides. In the category of 
persistent insecticides, the following 
compounds, in increasing order of cost 
pr ice/ha could be recommended, v iz . 
endosulfan 3%, carbaryl 5%, lindane 
1.5% and carbary l 7.5%. The less 
persistent insecticides, which could be 
recommended, comprised tr ichlorphon 
2.5% and malathion 2%. The methods 

of application are also discussed. 
[Relationship between climatic variables 
and cacao production on the Unit Farm 
at the Cacao Research Cente r , Bahia, 
Brazi l ] Algumas relacoes entre 
variaveis climaticas e a producao de 
cacau de Fazenda Unitaria do Centro 
de Pesquisas de Cacau, Bahia, Brazi l . 
HOEPPNER Z . , M.M. and NICOLELLA, 
C. Divisao de Metodos Quanti tat ivos, 
Centro de Pesquisas do Cacau 
(CEPEC) , I tabuna, Bahia, Brazil -
Revista Theobroma (Braz i l ) 14 (2) 
143-147; Apr 1984. ~ 
The cacao production-weather 
relationship was studied dur ing 11 
years (1970/71 to 1980/1 ) . Ini t ia l ly , 
linear correlations between the monthly 
cacao production and d i f fe rent climatic 
factors were studied. In addit ion, 
linear correlations between the cacao 
crop and the monthly climatic factors 
of a year earl ier were studied. A set 
of 8 climatic variables represented by 
climatic factors, or linear combinations 
of these, was chosen by maximum 
correlation. Af terwards the best 
subset of these variables in regression 
was selected. The cr i ter ia for deter -
mining the best subset regression were 
the maximum determination coeff icient, 
maximum adjusted coefficient and the 
C statistics of Mallows. 

P 
[ Incompatability in cacao clones EEC 13 
and EEC 65] Incompatibilldade em 
cacaueiro clones EEC 13 e EEC 55. 
YAMADA, M .M. and BARTLEY, 
B . C . D . Divisao de Cenetica, Centro de 
Pesquisas do Cacau (CEPEC) , I tabuna, 
Bahia, Brazil - Revista Theobroma 
(Brazi l ) 14 (2) 167-169; Apr 1984. 
Self-incompatibil ity was shown to occur 
in the clones EEC 13 and EEC 65. 
This is the f i rst report of the 
phenomenon in clones selected in the 
original cacao population of Bahia and 
Espirito Santo, Brazi l . These clones 
are Inter-incompatible. Various 
hypotheses are proposed to explain the 
appearance of self- incompatibil i ty in 
these clones. 

[Toxicity of insectides to Diptera, 
Mymenoptera and Arachnids of cacao 
plantations in Bahia, Brazi l ] 
Toxicidade de insetlcldas para 
dipteros, himenopteros e aracnideos 
associados aos cacuais de Bahia, 
Brasil . 
CRUZ, P . F . N . DA and SORIA , S. DE 
J. Divisao de Zoologia, Centro de 
Pesquisas do Cacau (CEPEC) , I tabuna, 
Bahia, Brazil - Revista Theobroma 
(Brazi l ) 14(2) 171-173; Apr 1984. 
Five insecticides were evaluated for 
their effects on parasites and/or 
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cation vegetat ive du cacaoyer: note 
sur une metliode d'obtention de 
boutures a enracinement orthotrope. 
AMEFiA, Y . K . , C ILAS, C. and 
DJIEKPOR, E . K . Croupe de 
Recherches sur le Swollen Shoot du 
Cacaoyer, inst i tut de Recherches du 
Cafe, du Cacao et Autres Plantes 
Stimulantes { I R C C ) , Kpalime, Togo -
Cafe, Cacao, The (France) ^ (2) 
83-88; Apr 1985. 
A cacao tree vegetative propogation 
trial tr ial by cutt ings of orthotropic 
suckers, induced by bending on 
subjects der ived from seeds, has 
shown that it is possible to obtain the 
formation of taproots. NaphylacetJ^ 
acid used at a concentration of 10 
g/ml and exuberone used as 
rhizogenesis promoters gave the best 
rooting rates. Bending plagiotropic 
cutt ings causes the formation of an 
orthotropic sucker at their base. The 
plants obtained from these orthotropic 
axis cutt ings had a vert ical habit when 
planted out , and seemed to form their 
crown ear ly . 

[Long-term effects of insecticide 
treatments on pollination conditions and 
cacao production in Ivory Coast] 
L'action a long terme des triatements 
insecticides sur les conditions de 
pollinisation et sur la production du 
cacaoyer en Cote d ' lvo i re . 
DECAZY, B . , C O U L I B A L Y , N. and 
MOSSU, C. Centre de Recherches de 
Bingervi l le , Inst i tut de Recherches du 
Cafe, du Cacao et Autres Plantes 
Stimulantes ( I R C C ) , Bingervi l le , Ivory 
Coast - Cafe, Cacao, The (France) 29 
(2) 99-106; Apr 1985. ~ 
The long-term effect of the insecticide 
quinalphos on pollination and flowering 
conditions and cacao production of 2 
hybrids (UPA 402 x UF 676 and UPA 
603 x UF 667) in Ivory Coast was 
studied over 2 consecutive years. 
Quinalphos was applied at a rate of 480 
g / L per ha, either every month or 4 
times a y e a r . Treatments had no 
effect on flower production or 
pollinating insect fauna. An 
increasing treatment frequency 
increased cacao yields. The effect on 
fructf ication hazards was signif icant. 

[Research Report 1983] Informe de 
Cerencia 1983. 
MONCAYO, F . C . Instituto Colombiano 
Agropecuario ( I C A ) , Ministerio de 
Agr icu l tura , Bogota, Colombia - 225 p. 
1984. 
The research activities in the 
agr icul tural and livestock husbandry 
fields in 1 983 are reviewed. The 
release of new var iet ies, such as 

predators of cacao pests. The 
compounds were applied as powders 
and included carbary l 7.5% at 1200 g 
a . i / / h a , isoprocarb 4% at 640 g 
a . i . / h a , BHC 1.5% at 240 g / h a , 
tr ichlorphon 2.5% at 400 g /ha and 
fenitrothion 1.5% at 240 g / h a . The 
results showed mortality rates in 
decreasing o r d e r , v iz . carbarl 60.4%, 
fenitrothion 43.4%, BHC 43.0%, 
isoprocarb 34.0% and trichlophon 
21.0%. 

DECEMBER 1985 

[Effect of fermentation on the 
peroxidase and polyphenoloxidase 
activities in cacao beans] Effet de la 
fermentation sur les activites 
peroxyidases et polyphenoloxyidases de 
la feve de cacao. 
V ILLENEUVE F. , CROS, E. and 
MACHEIX , J. Laboratoire de Chimie et 
de Technologie, Inst i tut de Recherches 
du Cafe, du Cacao et Autres Plantes 
Stimulantes ( I R C C ) , Montpell ier, 
France - Cafe, Cacao, The (France) 
v . ^ (2) 113-120; Apr 1985. 
The rate of peroxidase and 
polyphenoloxidase activi ty in cacao 
beans dur ing 1, 2, 3, 4 or 5 days of 
fermentation was determined resp. with 
a spectrophotometer and with an 
oxygraphe. Both enzymatic activities 
were mainly located in the cotyledons 
and both activit ies decreased after 2 
days. Loss of peroxidase activity 
probably results from changes in pH 
and temperature dur ing fermentation. 
Loss of phenolic compounds, observed 
between the 2nd and 3rd days, is 
therefore not explained by enzymatic 
oxidation. 

Effect of Helicotylenchus dihystera on 
growth of cocoa seedlings. 
YUEN PAK MUN Crop Protection 
Branch, Malaysian Agricul tural 
Research and Development Inst . 
( M A R D I ) , Serdang, Selangor, Malaysia 
- MARDI Research Bulletin (Malaysia) 
11(3) 305-308; Dec 1983. 
An initial inoculum level of 2800, 3500 
and 4200 Heiicotylenchus dihystera did 
not signif icantly depress growth of 
Upper Amazon seedlings af ter 4 and a 
half months in the following variables; 
d r y weight of leaves, stem and roots, 
total d r y weight , leaf number and 
plant height . Fine soil population of 
nematodes exceeded numbers 
encountered in cocoa plantings. 

(Vegetative propagation of cacao: note 
on a method for obtaining cuttings 
with orthotropic rooting] La multipli-
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cotton v a r . Gossica P-11 (resistant to 
Pseudomonas malvacearum) and Gossica 
N-23 (with excellent f ibre qua l i t y ) , 
maize like cv . JCA H213, resistant to 
lodging, and JCA V304 (for the high 
a l t i tudes) , wheat like JCA, Susuta, 
sesame cv . Ses ica -Ml l , soya bean, 
forage legumes and sorghum variet ies, 
is discussed. Research on oil crops, 
including oil palm, f ru i t crops, catt le, 
pigs (art if icial insemination) 
mechanization and rural development 
activit ies, covering 56, 415 families is 
reviewed. In addition the activities in 
the fields of agr icul ture plant prote-
ction measures against coffee rust 
and zootechnical fields are reviewed. 

JANUARY 1986 

A comparison of soil test methods for 
estimating available soil boron in cocoa 
growing areas of Southwestern Nigeria. 
CHUDE, V . O . and OBIGBESAN, G .O . 
Department of Agronomy, Universi ty of 
Ibadan, Nigeria - Beitrage zur 
Tropishchen Landwirtschaft und 
Veterinarmedizin (Germany D . R . ) 22 
(3) 245-254. ~ 
The extractable B was determined in 
46 soil samples (surface and 
sub-surface) from 23 cacao growing 
areas in Southv/estern Nigeria. The 
methods used were: (1) hot water 
extract ion; (2) extraction by means of 
0.1% CaCl^ solution; and (3) 
extraction in ammonium acetate 
(normal, pH 4 . 8 ) . The mean extracted 
amount of B decreased in the order 
hot water > C a C l , > NH -acetate. 
There is no significant correlation 
between the extracted B amounts. 
The amount of B taken up by tobacco 
plants comprised only 3.2% in NH 
acetate 4.7% in CaCl and 22.6% in hot 
water , out of the total B amounts 
extracted. The deficiency range for 
boron in cacao was found to be 0.44 to 
0.88 ppm with hot water extract ion, 
0.56 to 1.12 ppm with CaCl extraction 
and 0.03 to 0.44 ppm witFi ammonium 
acetate extract ion, respectively. 

FEBRUARY 1986 

Approaches to the control of diseases 
of cocoa in Papua New Guinea. 
PRIOR, C. Cocoa Industry Company, 
Rabaul, Papua New Guinea - Planter 
(Malaysia) 61 306-315; Jul 1985. 
Papua New~T;uinea's cacao is produced 
by plantations, both pr ivate ly and 
company owned, and by smallholders 
on land owned by themselves or their 
village or by blockholders on land 
leased by the government. The 

hybr id cacao current ly recommended 
for planting in Papua New Guinea has 
resistance to vascular-streak dieback 
(VSD) but is susceptible to 
Phytophthora stem canker . The 
diseases, control options and the use 
of them, research on disease control 
and future consequences are 
discussed. Both VSD and canker can 
be managed adequately by chemical or 
cultural means or by resistance. Once 
blackpod is established an expensive 
spray programme is required to 
maintain yields. Since spraying is not 
carr ied out by smallholders or some 
plantations there is a strong argument 
for large-scale exploitation of a very 
limited range of black pod resistant 
material. To achieve more knowledge 
about races or variabi l i ty in the fungi 
concerned, resistance must be 
identif ied and checked, therefore it is 
recommended to develop routine 
screening procedures. Resistance is 
the best solution for pest and disease 
problems of the growers. 

MARCH 1986 

Biochemical and physiological aspects 
of leaf development in cocoa 
(Theobroma cacao) Water relations and 
abscisic ic id in the control of leaf 
development. 
ABO HAMED, S. , COLIN, H . A . and 
HARDWICK, K. Department of Botany, 
Universi ty of Liverpool, Liverpool UK 
- Cafe, Cacao, The (France) ^ (3) 
155-162; Jul 1985. 
The present study investigates the 
possible relation between cacao leaf 
water status as measured by leaf water 
potential , relative leaf water content 
and stomatal diffusion resistance, and 
ABA (abscisic acid) levels. It was 
found that in well -watered plants ABA 
decreased in the same period whereas 
in d r y plants both free and bound 
ABA decreased to a considerable 
ex tent . The period of apical dormancy 
was extended in the d r y plants but 
was broken before rewater ing. The 
relations between leaf water status, 
apical dormancy and ABA levels may 
have implications for the interaction 
between nutr ients , carbohydrate levels 
and ABA synthesis, a subject which is 
current ly under investigation. 

Cocoa production and processing in 
Ghana. 
AWUA, P . K . and AGBLEZE, O . K . -
36p. 
This study br ief ly describes the 
history of the cacao industry in the 
world and in Ghana, and reviews the 



l i terature on its production, pest and 
diseases, harvest ing , fermentation and 
subsequent processing, and the 
chemical changes which take place 
dur ing the latter operations. This 
paper was presented at the Seminar on 
agro-based industr ial isat ion, held in 
Lagos in Niger ia , from November 4th 
to December 3rd 1983. 

Tr ia l shipment of coffee and cocoa from 
Papua New Guinea to evaluate (a) 
in-container CO^ disinfestation and (b) 
techniques to prevent condensation 
damage; CoCof 79. 
SHAFRP, A . K . and CREVE, J. VAN 
Division of Food Research, CSIRO, 
North Ryde, New South Wales, 
Australia - Technical Paper - CSIRO 
Division of Food Research (Austral ia) 
no. 47, 39p. 1985. 
Steel containers loaded with coffee 
were treated with CO^ for disinfection 
purposes. Af ter 18 days the Co^ 
concentration had dropped from an 
initial 90% to 5%. A few Sitophilus 
spp. but no Tribolium castaneum 
surv ived this treatment. In a second 
experiment with improved slow release 
of COj final CO concentration was 36% 
while no insecTis surv ived . In an 
experiment comparing cacao quality 
af ter t ransport in either unmodified 
general -purpose steel containers or 
containers with 8 large vents and a 
plywood ceiling lining or smaller vents , 
respect ively, only the larger vents 
were found to be effective in 
prevent ing the development of heavy 
container sweat. 

Annual Report 1984. International 
Board for Plant Genetic Resources 
( I B P G R ) , Consultative Croup on 
International Agr icul tura l Research 
( C G I A R ) , Rome, Italy - 135p; Mar 
1 985. 
Activit ies conducted in the field of 
germplasm of cereals, food legumes, 
roots and tubers , vegetables, f ru i t 
and tree nuts , industrial crops, 
including cocoa forages and trees are 
reported as well as regional activities 
in Af r ica , East Asia and the Pacific, 
Europe, Mediterranean, Latin America, 
South Asia, Southeast Asia and 
Southwest and Central Asia. Aspects 
such as conservation, information and 
data management, t ra ining and admini-
stration are separately t reated. 

The effects of cocoa cultivation on 
some physical properties of soil in 
south-western Nigeria. 
EKANDE, O. Department of 
Geography, Universi ty of I fe , I fe , 

Nigeria - International Tree Crops 
Journal (UK) 3 (2 -3 ) 1 13-124 1985. 
Bulk densi ty , total porosity and 
particle size distr ibut ion (percentages 
sand, clay and silt) of soil under 
cacao in a par t of the main cacao 
growing region of south-western 
Niger ia , were studied and compared 
with the propert ies of adjacent forest 
soils. This study revealed highly 
significant differences in bulk density 
and total porosity, which means that if 
tropical rainforest is opened to cacao, 
soil compaction will take place over the 
years . Under cacao plantation, 
percentage of sand content increases 
and percentage of clay decreases, both 
in topsoils and subsoils. This poses a 
serious threat to soil fer t i l i ty . This 
degradation of soil physical properties 
may have hindered the success of 
rehabilitation ef forts of cacao plots in 
most parts of south-western Nigeria. 
It is suggested that natural , rather 
than art if icial soil improvement 
techniques shuld be adopted to main-
tain the physical properties of soil 
under cacao plantations. 

[Survey on insecticide tolerance of 
cacao tree mirids in Cameroon] Enquete 
sur la tolerance des mirides du 
cacaoyer aux insecticides au Cameroun. 

BRUNEAU DE MIRE, P. Institut de 
Recherches du Cafe, du Cacao et 
Autres Plantes Stimulantes ( I R C C ) , 
Montpell ier, France - Cafe, Cacao, The 
(France) « (3) 183-196; Jul 1985. 
LC 50 values of mirids were compared 
using one population which had been 
sprayed regular ly and one population 
which had not been sprayed for 3 
years. The effects of 3 pesticides 
were investigated. It was found that 
isoprocarb had not induced resistance 
Of tolerance. Resistance to lindane 
liad developed in an isolated spot 
submitted to heavy insecticide 
exposure. Resistance to diazinon 
(disulfoton) never reached a crit ical 
level but had become rather general 
and to an extent which warrants close 
supervision. Resistance to insecticides 
was favoured by their application in a 
mixture with a fungicide; this practice 
should, there fore , be abolished. 
Tolerance to insecticides disappeared 
after 3 years without treatment. It is 
strongly recommended to alternate the 
utilisation of insecticides belonging to 
d i f ferent groups regularly and monitor 
their eff iciency systematically. 
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APRIL 1986 

Growth response of mycorrhiza cocoa 
seedlings In soil; POME mixture 
Azizah Chulan, A in i , A . and Omar, M. 
Soil Science D e p t . , Universi ty 
Pertanian Malaysia, Serdang, Selangor, 
Malaysia - Planter (Malaysia) v . 61 
(71it) p. 409-416. Sep. 1985. 

The abi l i ty of the mycorrhizal fungus 
Cigaspora calospora to improve growth 
in cacao seedlings was tested in 2 soil 
series, v i z . Serdang and Mungchong. 
The soils were ferti l ised with palm oil 
mill ef f luent (POME), at rates of 0, 
25, 50, 150, 250 or 400 g / 3 kg of soil, 
or with NPK at 60-60-60 k g / h a 
(0 .13 -0 .13 -01 g / 3 kg of soil. 
Seedlings responded well to POME and 
mycorrhizal treatments. Plants in the 
POME-Mungchong soil mixture gave a 
better response to mycorrhizal 
inoculation than plants in 
POME-Serdang soil. Application of 
150g POME to 3 kg of soil was found 
to be equivalent to NPK application at 
60-60-60- k g / h a . 
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