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INTRODUCTION

Cocoa (Theobroma cacao L.) Is relatively a new 
crop to India introduced for commercial cultivation in the 
latter half of the 1970’s. Cocoa had received massive 
acclaim among the farmers of Kerala, mainly as an intercrop 
in coconut and arecanut gardens, m i  recently the area 
under the crop as well as its production was increasing 
rapidly. But the recent fall in prices of cocoa has been 
causing a severe set back in the tempo of cocoa cultivation. 
However, ways and means are being sought out by the Govern­
ment to assure reasonable prices for cocoa beans and it is 
expected that this may help to regain the initial tempo.

At present, the total area under cocoa in India is 
about 20,000 ha out of which 15,000 ha are in Kerala and the 
rest in Karnataka (^,^00 ha) and Tamil Nadu (600 ha).
During 1980, India exported 1000 tonnes of cocoa products 
worth K  10 lakhs (Anon,, 1981), The production of cocoa 
in India during 1981-82 was only about 3080 tonnes, out of 
which 2,500 tonnes were from Kerala alone. India’s require­
ment of cocoa has been estimated to be around 5000 tonnes 
per year by 2000 AD (Ananthakrishnan et a^., 19 7 9 ). 3U£ ^
become self-sufficient in the requirement of cocoa and to 
earn a substantial foreign exchange by means of export by the 
end of this century, there is a long way to go. Since cocoa
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can be economically grown only in Kerala, Karnataka and 
parts of Tamil Nadu, the scope for increasing the area is 
limited. Increasing the productivity per se is of prime 
importance in this regard.

The role of systematic and meaningful crop improve­
ment programmes becomes relevant in this context. For any 
successful breeding programme, information on pollination, 
fruit set and compatibility aspects is an important 
pre-requisite, Literature on these aspects is available from 
other cocoa growing countries, but the studies on the extent 
to which these parameters vary in our conditions are meagre. 
Therefore? the present investigation was carried out at the 
College of Horticulture, Vellanikkara, Trichur with the 
following objectives,

a) To gather information on anthesis, pollination, 
pod set etc. in a group of Forastero trees.

b) To study the effect of controlled pollination on 
pod set and pod development,

c) To study the intensity and nature of self/cross 
incompatibility and to identify desirable clones 
for further utilisation.
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REVIEW OF LITERATURE

The literature available on cocoa relevant to the 
present investigations is reviewed hereunder.

A. Climate

Cocoa is strictly a tropical crop. Areas of tropical 
evergreen rain-forest and semi-evergreen rain»forest are fete 
most suitable ecological sones for cocoa (Purseglove, 197*0 * 
The rainfall and temperature requirements of cocoa have been 
reviewed by many workers.

a. Rainfall

Cautreeasas observed that in most of the areas
where cocoa flourished, the rainfall ranged between 2000 mm 
and 8000 mm with. more or less even distribution through out

and Me Kelyi'e
the year. Adams et-al. (1955) found that most of the cocoa 
growing areas had a short mild dry season while in Ghana, 
cocoa was limited to that areas which received not less than 
250 Bm of rainfall between November and March. .According to 
Purseglove (197*0 the rainfall in cocoa belt varied from 
1010 m  to 2!>kQ asm. The rainfall should be well distributed 
preferably with. 101 mm or over per month,, and with the absence 
of marked or intense dry season with less than 63*5 
rainfall per month. Wood (1975) reported that the mean annual



4

rainfall in most cocoa growing countries of West Africa, 
the rainfall varied from 1150 mm to 1800 am while In eastern 
Nigeria, West Cameroon and Fernando Po rainfall amounted to 
2500 mm to 3000 mm per annum. Its distribution is more 
important than, the total amount.

b. Temperature

The lower limit temperature of cocoa was a mean 
monthly minimum of 15°C. The optimum temperature range varied 
from 21.1°G to 31,2°c (Erneholia, 19^8). Wood (1975) observed 
that a minimum temperature range of 18°C to 21 °c and a maximum 
of 30°c to 32°G limited the cocoa belt. He also noted that 
the number of flowers increased as the temperature increased,
B. Flowering

Qnd hb>ah\o
Hewison et^. (1929) studied the flowering 

pattern of cocoa in Ghana and stated that Hie period from 
March to July, was the time of main flowering activity with 
the greatest number of flower production in April-June,
Where less than a third of the tre0’ s crop was set by the 
end of April, greatest flowering activity occurred during 
June. Alvim (1966) observed that the flowering was most 
intense during the early part of the rainy season, following 
the July-Septeiaber drought. The scarcity of flowers from 
June to September- was attributed to the indirect effects of low 
temperature, m  a later study, Alvim (1969) found that the
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non-flowering period of cocoa in Bahia was July-September.
The burst of flowering at the beginning of the wet season 
resulted in the main crop after five to six months* Flowering 
was inhibited when the monthly mean temperature went below 
23°0, In Cuba abundant flowering occurred from June to 
September and gradually decreased thereafter and under sever© 
drought conditions flowering decreased earlier and abruptly

and) Ac-umaaafe.
(Beluinalrivero et-ai* * 1y67). Sale (1969) studied the 
flowering process of cocoa in relation to the temperature 
conditions in Trinidad, West Indies, 4s compared to plants 
growing in regions with a day temperature of 23.3°C, plants ■ 
in the regions with a day temperature 26,6°C to 30#0°C had 
more active flowering cushions per plant and more number off 
flowers per cushion per week, Couprie (1972) opined that 
flowering was the greatest when the daily temperature varia­
tion was the least, Alvim et al, (1972) observed that the 
inhibition of flowering was due to the crop on the tree which 
suppressed flowering* Glendeuning (1972) also found that ■ 
in weather conditions suitable for growth, flowering continued 
until suppressed by crop development. Murray (1975) reported 
that a well developed cushion usually carried a large number 
of flowers at any one time and a full grown tree producecl 
more than K^QOO flowers in a year. In Vittal, Karnataka the 
annual flower production per metre of stem varied from 168 to 
2,358 (Anon*, 1977)* Flower production was found to be
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through out the year In Kerala (Râ jamony, 19 8 1). Gregory (1983)
found that the number of flowers per unit length of 50 cm on the
trunk ranged from 93 to 90̂  with a mean of 258*0^ in Triehur, 
Kerala.

C. Anthesia

Wellensiek (1932) found that in Java, the flowers opened 
at *+■*30 PM. .Around, 6.30 PM the anthers opened and the pollens 
were ripe. !£he flower was protogynous, the stigma being ripe at 
the time of natural opening. From observations on *Criollo * 
and •Trinitario* trees in the Philippines Sampayan (1963) observed 
that an thesis started at k PM and the sepals and petals unfolded 
by 6 PM. Anther dehiscence started at 6 AM of the following 
morning and the pollen was accessible to insects from 8 AM to 
8.30 AM onwards. In Cuba, flowers normally opened at 7 PM, but 
remained closed or half opened for almost the whole day at a 
temperature of about 15 C (Delpinalrivero and Acunagale, 1967). 
Rajamony (19 8 1) observed that at Piiicode, Kerala, an thesis 
commenced between 2 PM and if PM and completed between 2 AM and 
*f AM on the next day.

D._ Pollen viability, germination and storage

2he pollen grains removed from flowers which had remained opei 
for more than one and a half days failed to germinate (Wellensiek, 
1932), Sucrose was found to be a suitable artificial medium
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for testing pollen germination. Sucrose serves as a nutrient 
during pollen tubs growth (Qstopenko, 1956; Vasil, 1961;
Singh, 1961 and SjLngh £t , 19&1). Shapiro and Budrick (1961) 
observed that germination and pollen tube growth increased 
vhen baric acid and calcium were added to the sucrose medium* 
Varas and Soria (1962) suggested 5 to 15 per cent sucrose in 
the media for germinating cocoa pollen. According to them, 
the best germinating medium for cocoa pollen appeared to be 
2 per eent agar with 10 per cent sucrose. It was also observed 
that 1 to 10 ppm boric acid in the medium stimulated germinatlo 
of cocoa pollen from 22.0 to **-2.3 per cent. Jacob et al. (1969) 
obtained, good germination of cocoa pollen in sucrose solution 
upto a concentration of 30 per cent. Martinson (1973) noted 
that the best germination of cocoa pollen grains was obtained 
at a temperature of 28°C to 31°C. Ravindran (1977) obtained 
good cocoa pollen germination and tube growth in a medium 
containing 15 per eent sucrose. He further observed that 
boron or calcium was necessary for proper pollen germination 
and tube growth and that these nutrients enhanced tub© growth 
considerably. He also studied the relationship of temperature 
with pollen germination and observed no pollen germination 
at a low temperature <10°C) and maximum germination and tube 
growth at 35°C. Increase in temperature to *K3°G affected 
both germination and tube growth.



8

VJellensiek (1932) observed that cocoa pollen 
retained Its viability in closed glass tubes for at least 
12 hours, Varas (1962) found that pollen stored in a 
desiccator for a week germinated better in artificial
medium. Cocoa pollen kept at or below 1**°C for two days,
germinated slowly (Deipinalrivero and Acunagaie, 1967), 
Simons (1976) suggested that cocoa pollen could be preserved 
at 5°G in sealed tubes over calcium chloride for about one 
week,
E. Pollination aspects 
a. Pollinating agents

In Java, pollination by insects was not observed, 
Grosa-pollination occurred only between flowers situated 
close together (Wellensiek, 1932). Cope (191*0) found that 
Frankliniella parvula Hood, (Shysanoptera, Ihrlpidae) and 
Maamannia auropunctata Hog. (Hymenoptera, Formicidae) were 
mostly responsible for pollen transportation in Trinidad,
The insects responsible for wmch of the cross~pollinatic*i in 
cocoa were Identified by Posnette (1950) as Forcipomvia 
masi-lngraml Macfie (DIptera, Ceratopogonidae), F. aahantii 
Ingram & Macfie (DIptera, Ceratopogonidae) and Lasiohelea 
jitoraurea. Igorcjpomyia spp. were found to be the major 
pollinating insects in cocoa plantations (Saunders, 195@; 
Dessart, 19615 Sucner, 1962; Gerad and Saunders, 196*+; and 
Soria e| , 1975)* Ceratopogonid flies like Forcipomvia



fulgjnosa (Meigen), Proforcipomyia spp.. Atrichopogon sp. 
and Bwayhella. sp. were seen to be the pollinators in the 
Philippines (Fontanille - Sarroga, 1962)* Of the 1,950
flowers examined, *4-5 per cent had pollen mass characteristic\ ■
of midge pollination on their styles. Cautrecaaas (1 96k ) 
opined that pollination in cocoa was only by insects. Several 
kinds of flying and crawling insects (thrips, ants, midges 
and aphids) were found to be involved in the pollen trans­
portation. Out of the ̂ 50 freshly opened flowers examined 
none contained Forciporoyia spp.wille aphids were present in 
most of them. The thrips (Frankllniella parvulak  aphids 
(Aphis goggypj (OliV.)); ants (Wasmannia auropunctata) and 
bees were identified by Hernandez (1967) as the insects most 
commonly associated with cocoa flowers at Turialba. Female 
midges of the genus Forcipoiayla ware identified as the most 
important pollinating agent in cocoa (Glendenning, 1972 and 
Entwistle, 1972). Mire and Hbondji Mbondji (1972) identified 
Drosophila trianaulifer to be responsible for more than

P®r cent of fertilisations in cocoa followed by Grematogaste; 
and Ceratopogonids, mainly of the Stilobeggia genus.

Winder and Silva (197**) working on the population 
dynamics of the pollinating insects of cocoa reported that 
pollination in cocoa was exclusively due to Geratopogonids.
Leaf litter, heaps of husks, rotting Jack fruit or banana 
stems and bromeliads were found to be the suitable breeding
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sites of these insects. Iheir abundance In leaf litter 
was positively correlated with the soil moisture content, 
with the result that pollinations were most abundant when 
flowering was at a minimum and vice versa.

Studies by Kaufman (1975) revealed that not less 
than 50 species of Geratopogonidae were found at Tafo, Ghana 
and the most abundant one m s  Fore loom via sausmipennis 
(Ingram & Macfie). .Another pollinator was also identified 
as a species of genus Trigoria (Hymenoptera, Apidae) variously 
called sweet bees, stingless bees or morpane bees.

Field observations by Amponsha (1975) indicated that 
six rows of cocoa spaced 2.b x 2,h m could not prevent the 
transfer ©f pollen across that distance by pollinating insects. 
In an area of 31.7 x 31.7 m, 2*t- per cent of all pods harvested 
over the crop seasons were found to be the result of pollen 
from outside the plot, while 58 per cent could be traced to be 
due to pollen within the plot alone. Only seven per cent of 
the pods arose from mixed pollination.

Soria and Bystrafe (1975) described a new species of 
Forcipomyia named F. (= Euf orcipomvia) blantoni. E*. hi an ton i 
together with spatulifera were considered to be the main 
pollinators of cocoa in Brasil*

Soria and Abreu (1976) working on the population 
densities of Fprcipomyia spp.found that these midges were
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higher from May to August, a rainy period -with adventional 
type of precipitation. 'She population densities of 
Euforelpomvia and Forcipomyia were four and three times 
higher, respectively above as compared to below the canopy 
of cocoa trees within a, shaded plantation. Euforcipomyja 
and Forcipomvia population densities when measured at 2 m 
above the soil level were 3k and 59 per cent higher respectively 
in the unshaded areas as compared to the shaded areas,

Massaux et s£L. (19?6) found that several species of 
insects other than Forcipomvia can pollinate cocoa such as 
Drosophila coundo. Zaprloaus spp., Toxoptera auranti B.de F., 
Stilobeszia sp. end. -Pvora tessmanni (Aulm.) (Psyllidae).

Studies conducted by Soria (1977i) in Bahia, Brazil 
showed significant correlation between temperature and 
evapotrsnsplration and midge populations. Heat, sunshine 
hours, nebulosity and water, balance were significantly 
correlated with natural pollinations. Heat, soil-water avail­
ability and air-humidity closely interacted with Forcipomvia 
population and pollination. In a later study Soria (1979) 
found that air-temperature, soil-moisture conditions, rainfall 
and sunshine patterns appeared to mainly determine the 
population density of Forcipomvia midges.

In Cameroon, the control of mlrids in cocoa 
plantations by the fogging or atomisation of insecticides
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reduced the pollinating insect population for a period of 
respectively two or eight days (Lucas and Decazy, 1981).
The time spent by DIptera, aphids, thrips and ants in the 
flowers of the cocoa tree, as well as their pollinating 
efficiency has been calculated, by Lucas (19 8 1). To increase 
the natural pollination of cocoa, the us© of coloured, traps 
was envisaged, based on the fact that the attractiveness of 
the flower mist vary with their colour, Boussard (19 8 1) 
discussed the role of insects in cocoa pollination, the role 
and biology of Ceratopogonids and cultural practices which 
lead to greater pollination,

b, Natural pollination

Fontanilla - Barroga (1962) found that pollination 
occurred through out the day with pronounced peak between
noon and 3 PM in the dry season and a broad maximum between
9 M  and 2 PM in the rainy season. Barroga (1965) reported
that the highest rate of pollination was observed from 6 AM
to 11 am and from 2 PM to 5 PM, No pollination occurred at 
noon. Based on hand pollination made at hourly intervals 
Sampayan (1966) observed that the percentage of fruit set was 
more when pollinations were done between 6 AM and 5 pm, 
reaching a maximum when pollinations were done between 10 AM 
and 1 PM. Widjanarko (196?) found that the extent of 
pollination was chiefly influenced by the morning weather



conditions and was low in rainy weather. The percentage of 
pistils with pollen grains was slightly higher in the flowers 
collected between 12 noon and 1 PH, indicating that more 
natural pollination took place at mid-day than in the early 
morning (Toxopeus and Jacob, 1970). Glendenning (1972) observed 
that normal fruit setting in cocoa required deposition of 
pollen grains in quantity, Purseglove (197*0 reported that 
the low pollination efficiency in cocoa was compensated by the 
large number of flowers opened. In Ghana, two to five 
percentage of flowers only are pollinated and a fairly large 
number of these failed to set seed. Later during the season 
when flowers were fewer, pollination rose to 50 to 75 per cent. 
Fertilisation took place seven to eight hours after pollination 
and it could be ascertained by the swelling of the ovary. 
According to Hurray (1975) the proportion of flowers pollinated 
ranged from 1 to $0 per cent, according to the season and 
number of flowers opening at the time. But the percentage of 
pollination were higher in August (57.3) followed by in July 
(56*2 ). Massaux jt al. (1976) reported that under natural 
conditions pollen disposal was most intense at 8 AM and 5 PM 
with or without insects. She number of pollen collected on 
insects captured on the cocoa flowers indicated that an 
captured insects were able to ensure fertilisation, She wind, 
whether natural or forced by a&omisation played only a small 
and negligible part in the transportation of pollen.
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In the cocoa plants of South Karnataka (Vittal) 
successful pollination (stigma having *+0 or more pollen 
grains) was only to the tune of eight per cent though the 
percentage of flowers pollinated was 28* She maximum 
successful pollination (11 per cent) was in March and minimum 
(four per cent) in December, Though high pollination per cent 
was recorded in August, there was no fruit setting (Ana®,, 197?). 
She microscopic examination of a number of styles by Parvais 
et el. (1977) revealed that only a few of them carried pollen 
in quantities sufficient to ensure fertilisations* Pollination 
appeared to be a limiting factor for good yields. Pollen 
tends to aggregate, thus pollination depends upon the frequency 
of the deposition of aggregates on the style and on the size 
of the aggregates, Winder (1978) also observed that lack of 
pollination was responsible for low production in cocoa,

Artificial pollination

Wellensiek (1932) used a method of artificial 
pollination In which the pollen flowers were picked in the 
morning and used for pollinating newly opened' flowers at 
7*30 PM the same evening, This method resulted in three 
per cent of rip© fruits, Posnette (1950) and Jacob and 
Atanda (1975.) observed that pod yield could be considerably

i
increased by hand pollination, Ruinard (1963) used conical
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hoods of stiff nylon cloth, attached to the bark with a 
couple of pins to protect the flowers used for controlled 
pollination in West Hew Guinea* Velio and Naacimento (1971) 
determined the percentage of hand pollinations resulting in 
fruit setting in four clones. It was found to be 13*5, 1̂ .1, 
2 1.6 and 38*8 respectively in these clones. The percentage 
of pollinations resulting in mature fruits were 15*1 , 1^*9, 
11*7 and 10*2 respectively, Amponsha (1972) reported that 
the percentage of fruit set on hand pollination was much 
higher then those by natural pollinations. !

Soria^O 97$) conducted a trial to induce artificial 
pollination using an atomiser, The flowers were treated six 
times at alternating days in the early morning hours,
2he results showed that early harvest was tripled, but the 
total annual harvest was not increased*

\

A quantitative study on cocoa pollination based on 
operational research theory by Eeffye et aj.. (198G) led to 
the conclusion that the, distribution of the pollen on the 
styles can be forecast with precision if certain condition* 
are met and that natural pollination could be reconstructed 
by simulation. Under saturated mannual pollination condition* 
it was possible to specify the ovular fertility of the cocoa 
clones (Mossu, 1980). Kfcoke e£ â , (1980) observed that
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mechanical pollination of cocoa using mist blowers or by 
brushing cocoa flowers greatly increased pod set and may 
have great practical application where insect population was 
inadequate and self-compatible eultlvars were being used, 
Soria and Garcia (1980) also found that the technique of 
blowing air over the flowers of self-compatible variety to 
induce mechanical pollinations nearly doubled the yield in 
relation to untreated plots. According to Lucas and Decazy 
(1981) an artificially created air stream had only a little 
effect on pollination and only after prolonged action. The 
hand pollination of eight trees belonging to two clones by 
Paul in (19 8 1) showed that potentially the trees were able to 
produce through out the year and that the number of seeds per 
pod is linked with the amount of pollen. Eajamony (1981) 
found that the percentage of fruit set and pod harvest on 
hand pollination increased to 52*02 and 25*76 respectively 
from 1 1 .8 1 and 0.83 under natural pollination,

F. Pod set and development

Hewison and Ababio (1929) observed that only 0.2 to 
1*5 per cent of the opened flowers developed into mature 
fruit. Purse glove (197*0 opined that only one in 500 flowers 
(0.2 per cent) matured to a fruit, According to Murray (1975)
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out of 10,000 flowers produced by a full grown plant in a 
year only 10 to 50 (0 .1 to 0.5 per cent) developed as mature 
fruit. The fruit setting status of 23 cocoa clones had been 
assessed by Jacob and Atanda (1975) t>oth with respect to 
use as male and female parents. The best male parent had 
55*7 psr cent fruit setting and 25.7 per cent pod production 
and the best female parent 58.2 per cent and 18 .2 per cent 
respectively, Amponsha (1977) observed that a large proportion 
of flowers never produced fruits even if they were fertilised. 
Further, a large number of fertilised ovaries were shed before 
maturity. Soria (1977a) found that fruit setting ana yield 
were positively correlated with pollination level. The total 
productivity may be forecast from observations on flowering 
intensity and insect populations, instead of only on the basis 
of fruit setting. In Vittal, Karnataka it was found that the 
mean annual fruit setting was only three per cent. Lower 
fruit setting observed during the peak period of flowering has 
been attributed to insufficient number of pollinating agents 
(Anon., 1977).

Hewison and Ababio (1929) found that the majority 
of pods in cocoa ultimately reaching maturity attained 
maximum size in 17 to 18 weeks after fertilisation. The period
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of development of cocoa pods was reported to be 16 to 21 
weeks In Nigeria (Waters and Hunter, 1929), five to sis 
months in Grenada (Toper, 19*4-0) and in New Guinea an average 
of sis months (Bridgland, 1953)» Weekly observations on the 
growth rate of cocoa pods by Me Kelvie (195*4) in ’Amaaon*,
1Amelonado* and *TrinitarioV selections showed that the

i

growth rate of pods was similar in these selections upto four 
weeks of fertilisation. Studies in Mgeria by Toxopeus and 
Jacob (1970) concluded that inadequate fertilisation of the 
cocoa flowers seemed to be the main cause of variability in 
the number of beans per pod. Alvim jgt aj,. <1972) presented 
evidences and concluded that th© rate of pod development 
increased with increase in temperature, Pods: grew more slowly 
in cooler climate* The time taken by cocoa pods to reach 
maturity stage from fertilisation was five months (Wood, 1975) 
five to six months (Murray, 1975) and'four to six months 
(anon., 1978),

Adenikinju (1978) working on the anatomical aspects
!

of the cocoa pod observed that until a cocoa pod attained a 
certain stage of maturity it contained only a compact white 
pulpy non-mucilaginous mass, within which the outlines of 
the future beans were difficult to detect, Bpto about 105 
days from pollination the pulpy material surrounding the beans
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remained in tills condition which therefore made individual 
beans difficult to extract. As the pods matured the pulp 
became mucilaginous and the beans were distinct and easier 
to extract. At this stage the mature pod varied in age frcsn 
1*5-7 to 175 days after pollination, the rate of development 
depending on the prevailing climatic conditions, the cultivar, 
the soil and other factors. Rajamony (19 8 1) observed that 
the pods took 127 to 1^1 days for reaching the ripening stage.

G. Cherelle wilt

Hie losses of immature fruits <cherelles) were the 
highest during the first week of growth. Another critical 
period was between the fourth and seventh weeks. Hie losses 
from shedding arid shrivelling of immature pods ranged fran 
22 to 8*1- per cent of the fruit set (Hewison and Ababio, 192*0. 
Cherelle wilt was generally highest between April and June 
in Ghana (Humphries, 19^7 and Me Kelvie, 1955 and 1957). 
Haundorf and Villamil (19^9) reported that the percentage 
of cherelle wilt was higher in large cushions, containing 
10 to 30 flower buds, The occurrence of cherelle wilt in 
relation to the fruit development was studied by Me Kelvie 
(1955) and concluded that cherelle wilt occurred in two 
distinct waves. The first period of wilt or^first wilt'started 
a few days after fertilisation and lasted for nine to ten
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weeks with a peak at the seventh to eighth week. The second 
period of vrilt or * second wHt' started from the eighth or 
nin^th wedli with a peak at about twelfth week, After 11!- 
weeks (corresponding to a pod of 13 to 1*+ cm length) there was 
no further wilt. The second wilt very rarely occurred in 
young plantations where the first wilt could account for upto 
95 per cent loss. Me Kelvie (1956) found that the cherelles 
with a length of 35 mra to 60 run were most sensitive to wilt. 
Nichols (196 1) opined that cherelle wilt was a physiological 
thinning mechanism which regulated the sizes of the crop in 
relation to the available food reserves in the trees. The 
fruits wilted during the first half of their life cycle, i.e., 
upto 8G days from fertilisation. Reyes et al. (1969) used 
clonal cocoa plants in their study and showed that the 
percentage of prematurely wilted fruits varied during the year. 
Losses occurred during the dry months of March~APril and 
again during September~October. Glendenning (1972) observed 
that any excess fruit set was corrected by cherelle wilt.

Couprie (1972) classified fruit set and cherelle 
wilt as the most important factors effecting yield. Cherelle 
wilt was affected by rainfall during the eighth week before 
fruit set and by tire temperature during the second-preceeding 
weeks. Purse glove (197^) reported that maximum cherelle wilt
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occurred at about 50 days after fertilisation when young 
cherelies were about 6 cm long. During the stage of further 
development (50 to 70 days) wilt did not occur and the fruits 
matured and ripened. Murray (1975) opined that the young 
developing fruits (during the first two to three months of 
their development) were subjected to cherelle wilt.
Cherelle wilt was a pnysiological thinning mechanism. Accordin 
to Cobley and Steel© (1976) cherelle wilt occurred mostly 
when the fruits were seven to eight weeks old. After three 
months of growth there was little risk of fruit failing to 
mature. Physiological wilting was found to be independent 
of the number and stage of development of. seeds. Early- 
shedding of fruits seemed to be the result of a defect causing 
their unsuitability for fertilisation. Paulin (1931) observed 
that the first 120 days after fruit set were criticf.il. In ! 
Kerala, cherelle wilt was found to occur through out the year, 
maximum being in July (Eajamony, 1981).

jt>. Incompatibl^ifcy

Seif-incompatibility in cocoa was first reported in 
Trinidad by Harland in 1925 and again by Pound in 1932 
(Purseglove, 197*+). The modalities of the Incompatibility 
systems in cocoa were analysed in detail by Knight and
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Rogers (1955) and by Gope (1958) who concluded that 
self-incompatibility in cocoa was sporophytic. Their 
diagnosj&LS is at variance with that of Bouharmont (i960) 
who claimed evidence of gametophytic control. Cope (1962a) 
showed that the site of incompatibility was in the embryo-sac 
and not in the stigma and the style. Pollen tubes in 
- incompatible matings grew as fast as those in compatible 
pollinations and delivered their gametes into the embryo-sac 
in a perfectly normal fashion. The incompatibility was due 
to the failure of the male nuclei to unite wife the egg and 
polar nuclei and was genetically controlled. In incompatible 
pollinations the proportion of ovules showing non-fusion 
averaged 25* 50 or 100 per cent. Fusion or non-fusion was 
controlled by a series of alleles operating at a single locus(S), 
showing dominance or independent relationships. They were 
fee same in both male and female parts of fee flower so feat 
reciprocal pollinations gave fee same results. Ihcompatible 
crosses involved parents with same, dominant allele, or a 
genotype with independent alleles and another where one of 
these independent alleles was dominant. In addition to the 
S locus two other complementary loci A and B were involved, 
the role of which was to produce a non-specific precursor to 
which the S alleles imparted their specificities to prevent 
fusion between gametes carrying fee same S allele in certain



circumstances. Genotypes homozygous for inactive alleles 
at one or more of the A, 3 and S loci would be self- 
incompatible.

Cope (1962 b) showed that self-compatible and 
self-incompatible genotypes cannot exist in equilibrium in 
an isolated population, and that, on theoretical grounds, 
the self-compatible trees would ultimately displace the 
self-incompatible genotypes, a process hastened by greater 
fruitfulness of the self-compatible trees. But, in a wild 
population there appears to be some strong selective descri- 
mination against self-compatible types.

Bartley (1963) observed 39 trees and found that out 
of these, eight were self-compatible. Sampayan (1966) 
observed that Criollo - Forastero natural hybrids exhibited 
varying degrees of self-compatibility from 0 to 93 per cent.
In Brazil, the clone UF-221 appeared to be self-compatible 
while the clones UF-667 end BF-613 showed high degrees of 
self-incompatibility (lelpinalrivero and Acunagale, 1967),

Self-incompatibility was found to be a major barrier 
in realising yield potential of cocoa (Toxopeus and Jacob, 
1970; Jacob and Atanda, 1975). Coral and Soria (1972) propose! 
a genetic model to explain the mechanism of inheritance of 
the incompatibility system in cocoa.
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In the incompatible matings flowers were shed 
three to four days after pollination. Ihe self-incompatible 
*Tr±nitario» clones were cross-incompatible also} but were 
compatible with self-compatible trees (Purseglove, 197*+).
Based on the assessment of flower setting and pod harvesting 
in 23 VJ.A.GiR.I. 'G' clones, Jacob and Atanda (1975) 
identified two self-compatible clones, C-26 and C-73, Murray 
(1975) observed that in Srinidad, the self-incompatible and 
cross-compatible trees required pollen from self-compatible 
tree to ensure fruit set but elsewhere self-incompatible trees 
showed cross-compatibility.

I. Pod harvest

Ghat (1953) observed that in most of the countries, 
cocoa harvest peaked twice in a year} once during the rainy 
season and again during the dry season, Bridgland (1953) 
found that in countries with pronounced wet and dry seasons 
the main harvest occurred five to six months after the start 
of the wet season.

Alvim (197^) made detailed studies of the harvest of 
cocoa in Bahia and found that in regions where the rainfall 
was fairly well distributed, the cocoa harvest season was 
found to be rather long, usually starting in April and
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extending until old January, ©re April to August crop was 
called as the * temporao* and. the September to January crop 
as the *safra** The temporao crop was bigger than the safra 
crop depending on the rainfall pattern, January to March 
period was critical (with respect to rainfall) for the terapora 
erop and September to loveiaber for the safra* During the 
years with well distributed rainfall, the temporao and safra 
had almost the same volume, In West Africa, about 80 to 90 
per cent of the erop was harvested in a relatively short 
period between September and December (main crop) and only 
10 to 20 per cent during May-July (mid crop). The long dry 
season from October-November to March-April was the main 
factor responsible for the reduced mid-crop in West Africa.

Purseglove (19?k) observed that the cocoa plants
i!

produced pods through out the year} but the main harvest 
usually began at the end of the wet season and continued for 
a period of three months* Accordingly in West Africa, the . 
main harvest was during February-March, followed by a minor 
harvest in the rains. Wood (1975) opined that as in most 
other tropical crops, the cocoa harvest was hot confined to 
one short period* There were peak harvest periods, one or 
two per year and in many countries, there was some cocoa to bi 
harvested at all times of the year. In Ghana on an average,
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25 per cent of the crop was harvested in the peak month,
November* which was about sis months after the commencement 
of the wet season. In Malaga* where there was no true dry 
season, the peak of harvest was less pronounced with 20-25 
per cent of the crop in the peak which falls between November 
and March, Shanmughavelu and Madnava Kao (1977) found that 
there were two well defined cropping seasons in Ceylon; one 
from May-August and the other from September-January, Studies 
undertaken at the Kallar Fruit Station on the cropping and 
productivity of Criollo cocoa revealed that in the young 
plantations, the cropping was confined to November-June, with 
the major portion of the crop obtained during Bovember-December.
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MATERIALS AMD METHODS

The studies were conducted during 1982 and 1983 

at the Horticultural College, Vellanikkara, Triehur district, 
The experimental materials and methods used for the study 
are described hereunder.

I. Experimental materials

The experimental materials consisted of eight-year 
old bearing cocoa trees of the variety Forastero* For 
preliminary observations, cocoa trees planted at a spacing 
of ^ x U- M at the Instructional Farm, College of Horticulture 
were used. The cultural practices and other operations 
were carried out by the Farm# For the incompatibility studies 
cocoa trees intercropped in coconut garden and maintained by 
the Kerala Agricultural Development Project at Mannuthy were 
used. Twenty high yielding trees were selected for the 
purpose based on the potential yield of the proceeding year.

II. Experimental methods
A. Field Methods
1. Flowering
a. Monthly rate of flower production

Weekly observations of the number of flowers per 
plant were made on five trees. During counting, older flowers
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were identified by the dried appearance of the stlgmatic 
surface, change of the petal colour from creasy white to 
deep yellow, the drooping character of the unpollinated 
flowers and by the swollen ovaries of the fertilised flowers 
as suggested by Purse glove (1971*) and Murray (1975)* £L1 the
already opened flowers including the fertilised ones were 
removed to avoid duplication in counting. From the obser­
vations the mean for each month and the percentage of flowers 
for each month were calculated.

b. Total number of flowers per tree 
1) Humber of flowers per cushion

To determine the total number of flowers per tree 
the number of flowers per cushion was first assessed. Five 
bearing plants were selected and on each selected plant, 
ten cushions were marked on the main trunk at random with 
aluminium foil. The marked cushions were examined daily and 
the number of flowers opened on these cushions was counted. 
The opened flowers were removed in order to avoid duplication 
in counting. This practice was continued until flowering 
was complete in all the marked cushions. Five cushions were 
also marked on one of the fan shoots of the selected trees 
and the number of flowers per cushion on the fan shoots was , 
also determined in a similar way.
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ii) Number of cushions on the main trunk

A length of 50 cm from the first jorquette downwards
was marked on the sain trunk of the selected trees and the 
number of cushions developing all around the trunk in the
marked area was counted. Then the whole length of the main
trunk was measured. From this the number of cushions 
developing m the main trunk was determined.

From the data on the number of cushions on the main 
trunk and the number of flowers per cushion, the number of 
flowers on the main trunk was determined. To determine the 
number of flowers on the fan shoots the number of cushions 
developing on one of the fan shoots was counted. From the 
data on the number of flowers per cushion on the fan shoots 
and the number of fan shoots on each tree, the number of 
flowers on the fan shoots was determined* The sum of the 
number of flowers on the main truck and on the fan shoots 
gave the total number of flowers per tree.

2. Floral characteristics

The floral biology of the flower was described by 
examining a number of flowers under a dissection microscope 
and drawings were made (Fig.3).
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An the sis 
a. Flower opening

Observations were made at two hour intervals in 
order to determine the time of flower opening. For this mature 
flower buds were marked on the previous day evening using 
aluminium foil. . The time at which the buds started to split 
and the time at which the petals unfolded completely were 
noted. These observations were made in fifty mature flower 
buds each day and continued for a week. The observations were 
repeated in each monte to study whether the factors like 
temperature,, rainfall etc., had any influence on an the sis.

if ter preliminary observations tee counts on splitting 
were done at two hour intervals between 10 AM and 8 FM and 
the counts on completion of flowering at two hour intervals 
between 12 midnight and 8 AM*

h. Anther dehiscence

The completely opened flowers were collected at 6 AM, 
the stamens were taken and observed under a dissection 
microscope. A longitudinal split on tee pollen sac .of the 
anthers was treated as a sign of anther dehiscence.

d. Stigma receptivity
Stigma receptivity was determined based on two methods.
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in the first.’ method (HesOLop and Shivanna, 1977) 
anthers from freshly opened flowers were rubbed on the 
stlgmatic surface and the stlgmatic surface was observed 
under a hand lens to see whether the pollens have adhered to 
the stlgmatic surface*

In the second method (Sampayan, 1963) hand polli­
nations were done using a fine forceps (the method is described 
under controlled pollination) at two hour intervals between 
6 AM and 6 PM and the number of pods set after two weeks of 
pollination was determined. Shis was dene in $0 flowers per 
tree at a time and continued for five days.

d. Pollen fertility

Pollen fertility was determined using the acetocaimlne 
method as suggested by J&rkle (1937). Ihe antprs were 
removed and placed on a glass slide having 0.5 per cent 
acetocarmine. The anthers were gently tapped with a needle 
and the tissue was removed. A cover glass was placed and 
■file slide was examined under a microscope. Pollen with normal 
shape and size and which took up the stain was counted as 
fertile and those which were broken, shrivelled, small and 
which were not stained were counted as sterile. The observa­
tions were taken on 30 different fields.
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. To study the variation in the extent of pollen 
fertility after anther dehiscence, the above method was 
repeated at two hour intervals between 6 AM and 6 PM. The 
observations were taken on 5 days,

*4-. Pollination
a. Mode of pollination

To study whether natural pollination took place 
with the help of wind, glass slides coated with glycerine 
were hung vertically on different parts of the selected plants. 
At two hour intervals the glass slides were, examined under a 
microscope to see whether any cocoa pollen had adhered to it.

To determine whether rain had any rol© in natural 
pollination of cocoa, drippings from the flowers were collected 
in a specimen tube while it was raining and examined under 
a microscope to see whether the drippings collected contained 
any cocoa pollen.

To study the role of insects in natural pollination 
of cocoa, close observations were made to see if any Insects 
visited the flowers. The in sects visiting the flowers were 
trapped and they were examined under a microscope to see 
whether any cocoa pollen adhered to them. The photomicrographs 
of the insects supposed to be associated with the cocoa 
pollination were taken (Plate-JT),
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b« Matural pollination

To determine the rate of Natural pollination, five 
plants were selected and ten flower buds were tagged on each 
tree. All the other flower buds and already opened flowers 
from the marked cushion were removed* After two weeks the 
number of pods set was determined* M s  experiment was 
repeated every week through out the year.

c. Controlled pollination

Two methods of artificial pollinations were tried.

In the first method mature flower buds were covered 
in the morning with polythene hoods specially prepared for 
the purpose (KLate-1). Polythene tubes of 5 cm length and 
2.5 cm diameter were taken and one open end was covered with 
a close mesh net kept in position by a rubber band. Then 
the hood was placed over the flower buds so that the sides 
of the tube did not touch the flower buds and the hoods were 
fixed on the bark with the help of plasticine* Five trees 
were selected and ten flower buds were thus covered with the 
hood on each tree. On the next day morning the hoods were 
removed and the opened flowers were artificially pollinated.

For artificial pollination a stamen from a freshly 
opened flower of a compatible tree was taken in between a



Protection of flower buds with polythene hoods 
during controlled pollination.





34

pair of fif® foreepg and the anthers were slightly crushed. 
Holding the flower in position in he tween the fingers of 
the left hand the anthers were rubbed over the stigmatie 
surface. To pollinate a single flower three stamens from a 
flower, were used. Immediately after pollination the hoods 
were refixed and were retained for three days. The unpollinated 
flowers shed off within two days and the successfully pollinated 
flowers were identified hy the swelling: of the ovary*

In the second method, anthers from freshy opened 
flowers were taken and a suspension of the pollen was made 
in distilled water. The procedure followed for protecting 
the flower was the same as in the first method, But in this 
case, the suspension of pollen in distilled water was sprayed .
over the flowers using an atomiser. This experiment was also! /
done on the selected trees between 9 AM and 12 Boon over ten 
flowers on each tree and was repeated for five days. The 
number of successful pollinations was noted.

5. Podset and development

Fourteen high yielding trees were selected on the 
basis of potential yield. Crosses were made in all possible 
combinations between them and the pollinated flower buds 
were marked. After two weeks the number of pods set was noted.
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Longitudinal sections of the pods were taken and 
observed to note the development of ovules at weekly 
intervals (Flat© 3). The number of days taken for maturity 
of the pods was also observed,

6. Cherelle wilt

The number of developing pods wilted was noted at 
weekly intervals. The total number of developing pods on the 
tree at that particular time was also noted,

7 . Recovery of mature pods

The number of pods harvested from each selected tree 
was recorded. The rodent attacked and diseased pods were 
also counted as yield. From this the percentage recovery of 
mature pods was calculated.

Compatibility studies 
a.) Self-incompafcibllity

Seventeen potentially high yielding trees were
selected. On the selected trees a number of flowers were
selfed. For selfing, the mature flower buds on the selected
trees were covered with hood on the morning. On the nest
day morning the hoods were removed 'and the stamens from the

osame flower or from anther flower of the same tree were taken
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with a pair of forceps and artificial pollination was done 
as described earlier* The hood was replaced immediately* 
Before attempting selfing an another plant, the forceps was 
cleaned with alcohol to remove any pollen sticking to it*
After three days the number of pollinations effected was 
noted based on the assumption that the ovary of the fertilised 
flower would show swelling and that unpollinated flowers 
would be shed by that time* The artificial pollination was 
repeated for several days so that atleast fifteen flower buds 
were selfed on each selected tape© end the compatibility status 
of the trees was deter rained.

b) Cross-incompatibility

To study the cross-incompatibility status, crosses 
in all possible combinations among the selected trees were 
made* in the trees found to be self-compatible emasculation 
was done before covering with the hood by removing the 
stamens with a pair of fine forceps. After pollination, the 
pollinated flowers were marked by fixing aluminium foil 
showing the cross combination and date of crossing* When 
the pods were sufficiently large the details were deribbled 
on the pod using a blunt end ball point pen.



B. Statistical methods

The stipulated procedures were adopted in the 
statistical analysis of the data. The arithematic mean of 
the observations were computed and tested for significance 
using the analysis of variance. The critical difference was 
calculated by the Multiple »t? test using the following 
formula.

CD

where CD

*0
SBa

= * /
'SSn (1 + 1)

ri r$
= critical difference 
= t value for error degrees of freedom
= mean square for error

r^& s replications

The correlation between factors were computed using 
the following formula.

where

n

£ & $

f:sixy - nxy

( sx2 - n (x)2 x (£~y2 - n (y)2)

correlation coefficient
x and y are the observations of the two 
factors
number of observations and 

the mean of the observations
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The multiple correlation between the factors was 
worked out using the formula.

r122 * r132 " 2 * r12 x ri3 32 r2$
R* «  ̂ a '

where

^1 - 2 3 " multiple correlation coefficient of the 
dependent variable 1 with independent 
variables 2 & 3

*12 * ri3 & r 23 = simp3'e correlation coefficient between
the variables

The significance of the multiple correlation eoefficien 
was calculated, using the foxsnula.

<ei.23)2 4- < H " 1 )(M-1) (S-M) 3  ---- ----- — ----- —
( 1~(B1.23} +  (N~M)

where
M = the number of variables
N = the number of observations

The regression equation was obtained as follows 

y s a + b̂  + bg
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where
y = dependent variable

& Xg s independent variables
a a constant

b^ & bg a partial regression coefficients

& bg were obtained by solving the following
equations,

^z1y - n x^y = )2n)+bg(£ ^Xg-ni^Sg) 1

-«w p  w p
^x2y - n Xgf « ^  (^XiXg-n x.jXg)* bg(^x2 ~(Xg) n) 2

The constant *as was obtained as follows, 

a k y *» (b1x1 + b2 Ig)





RESULTS

The results of the investigations conducted are 
presented in this chapter.

■A* Flowering
1. Monthly rate of flower production

It was found that cocoa flowered through out the 
year* Bata on the monthly rate of flower production are 
given in Table 1. There was significant difference between 
months in the extent in flower production. Highest flowerinj 
was observed in December (17.31 per cent) followed by March 
(13.08 per cent)* Lowest flower production was recorded in 
September (1*29 per cent).(Fig,1). There was no significant 
difference between the trees in the monthly rate of flower 
production.

a. Correlation of flowering with climatic faof.nm

The monthly weather data of the years under study 
are given in Table S. It was found that rainfall of the 
respective months and that of the preceeding month had signi­
ficant negative correlation with flowering, while rainfall 
two months proceeding the month of flowering had no significant
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lable 1. Monthly rate of flower production based on weekly 
observations

2-fan th . 2rea number Mean 
„ for

^age 
of the 
total

% e9 ' C13 C25 g3G
the
month

1 2 3 if 5 6 7 8

January 326 3^5 2?9 350 302 320, k 9.33
February k02 k28 399 390 kl2 k06*2 11.83
March k68 kk8 k39 .1*8 Mf3 M+9.2 13.08
April 32? 329 286 257 279 295*6 8.60
May 289 301 316 2k3 2kG 278.2 8.10
June 99 89 118 80 88 9k, 8 2.76
July 25? 2?9 289 225 225 25k. 6 7.ki
August 23k 2*Jf 273 2k$ 193 237.8 6,92
September 60 61 3k 35 31 klf-,2 1.29
October a? 62 m 106 75 82.k 2.^0

November 36k 38k 387 38? 362 376,8 10.97
December 501 583 629 633 626 59k,k 17.31

Between trees Between months 
F value 0,1^3? 170,0?**
GD -
SB® 1601,29 763.2

** Significant at level
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Table 2. Monthly weather data of the years under study (1982 and 1983)

Month
Rainfall
mm

Maximum
0°G

temperature Minimum
temperature

0°G

Relative humidity 
■ %

Sunshine hours

1982 1983 1982 1983 1982 1983 1982 1983 1982 1983
1 2 3 b 5 6 7 8 9 £0 **

January Nil Nil 32.5 33.0 3*f.6 21.6 61.6 51.3 NA 9.2b

February Nil Nil - 36.9 3^.5 21.3 22.7 57.7 6*+.0 na 9.51
March Nil Nil 35.*+ 36,2 23.2 23.8 78.2 65.0 NA 9.76
April 61.1* . Nil 3^.7 36.2 2$.b 25.8 81.7 66.0 NA . 9.01
May 173.6 37 A 33.8 35.1 2*f.5 25.5 79.9 69-0 NA 7.76
June i?£7.6 387.2 30.6 31.9 23.1 2b .3 79.8 79.0 na 3.79
July 600.9 580.6 29.1 29.7 22.9 23.7 87.5 87.0 2.85 2.89
August 57^.5 75^.7 28.9 29.1 2^.3 23.8 85.0 87.0 3 .8 1 1,98
September 67 A ^9^.6 3 1.0 29.5 2*f.Q 23A 78.9 a+.o 6.9k 3.60
October 277.8 1^9*8 32.0 31.2 23.1 23.1 77.0 77.0 6.65 6,96

November 98A 60.2 31.** 31.8 23.9 22.3 71.9 71.0 6.6if 8.16
December 5.2 2b.b 31.9 3 1 .2 23.2 23.9 58A 63.0 8.02 6.95

Source; *B* class observatory, Vellanikkara
.4>.ro
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Table 3. Correlation of flowering with certain weather 
parameters

Weather parameter
Correlation coefficient

Simultaneous One month 
previous Two months 

previous
1 2 3 h

Bainfall *0.5532* *0.6698* -G.^557
Maximum temperature 0.393*1- 0.25^5 -0.0268
Minimum temperature -0.0969 *0.6291* -0.5585
Relative humidity -0.6216* *0.5221 -0.1*029
Sunshine hour-a 0.5515 0.6232* 0.3859

^Significant at 5$ level



Ff(S 2,. C o m p a riso n  op noonthlj rate, op p lo w e r  p r o d u c t i o n  
Cuifch relative (tumldi by amd vain-pal)

S c a l e
1-5 ctrv\ = 10 u w t s
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correlation. Maximum temperature of the respective months, 
one month and two months proceeding the month of flowering 
had no significant correlation* However, the minimum 
temperature one month proceeding the month of flowering had 
significant negative correlation. The relative humidity of 
the respective months had significant negative correlation

i’

with flowering, while the relative humidity one month and two 
months proceeding the month of flowering had no significant 
correlation. The sunshine hours one month proceeding the 
month of flowering had significant positive correlation with 
flowering, while the sunshine hours of the respective months 
and two months proceeding the month of flowering had no 
significant correlation, Data on the correlation of flowering 
with weather factors are given in Table' 3.

The multiple correlation of flowering with weather 
parameters was worked out (Table k). Flowering had significant 
multiple dorrelation with rainfall of the simultaneous month 
and minimum temperature of the previous month, with maximum 
temperature of the simultaneous month and rainfall of the 
previous month and with relative humidity of the simultaneous 
month and minimum temperature of the previous month. Flowering 
had also significant multiple correlation with rainfall andh



Sable k. Multiple correlation of flowering with certain weather parameters

Simultaneous One month previous
Weather Bain- 
parameter fajl Max.

temp.
Mini,
temp. Relative

humidity
Sun­
shine
hours

Rain­
fall

Max.
temp.

Min.
temp. Relative

humidity
Sun­
shine
hours

1 2 3 k 5 6 7 8 9 10 11
Simultaneous
Rainfall 0.5251 0.5571 0.62b-0 0.55#* 0.5231 0.5537 O.7099* 0.5813 0.6292
Maximum temperature 0.3996 0.6726 0.5516 0.6973* 0.5^32 0.6578 0.6095 0.6372
Minimum temperature 0.6228 0.5522 0.6830 0.27^3 0 .3 12 3 0.5323 0.6566
Relative humidity 0.6216 0.6893 0.6M+6 0.73^9* 0.3V 13 0.6606
Sunshine hours 0.5956 0.5515 0.6920 0.5775 0A235
One month nrevious
Rainfall 0.8321**0.8785** 0.6855 0.678k
Maximum temperature - 0.7936* G.5̂ -1̂ 0.8083*=
Minimum temperature 0.7299**0;.9257*s
Relative humidity 0.6255
Sunshine hours -

* Significant at 5# level 
** Significant at level

>4N.cm
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maximum temperature, with maximum temperature and sun shine 
hours, with minimum temperature and relative humidity and 
with minimum temperature and sunshine hours, all one month 
previous to flowering#

The regression of flowering on weather parameters 
is given in Table %  Siatynine per cent of the variation in 
flowering could be explained by rainfall and maximum temperature 
one month previous to flowering. Rainfall and minimum 
temperature, one month previous to flowering could explain 
77 per cent of the variation in flowering. Maximum and 
minimum temperatures one month previous: to flowering could 
explain 63 per cent of the variation in flowering. 65 per cent 
of the variation in flowering could be explained by maximum 
temperature and sunshine hours one month previous to flowering.

1 • >

The strongest relationship was between minimum temperature 
and sunshine hours, on© month previous to flowering. They 
could explain 86 per cent of the variation in flowering.

Total number of flowers per tree 
a , Humber of flowers per cushion 
1, Main trunk

There was significant difference between the trees 
in the rate of production of flowers per cushion on the 
main trunk (Table 6), The superior plant had a mean of 9,3

!i



Table 5* Regression of flowering with certain weather parameters

Weather parameters Regression equation
Coefficient of 
determination

(R2)
1 2 3

Rainfall and Minimum temperature 
(Simultaneous) (one month previous) y B 1$44.34-0.2147 x, - 68.3347** x„i 2 0.5037
Maximum temperature and Eainfall 
(Simultaneous) (one month previous) y =  909*72-16.152 x1 - 0.4829 x£ 0.4862

Relative humidity and minimum temperature 
(Simultaneous) (one month previous) y as 2191.25- 6.2050 x,,- 61.7548* x£ 0.5401

Rainfall and maximum temperature 
(one month previous) y = 1936.17 - 0.7065*x1-46.2799* * x2 0.6929

Rainfall and minimum temperature 
(one month previous) y as 2270.20 - 0.3319*%1-81.1039** xg 0.7718

Maximum temperature and minimum temperature y = 1853.78+33.0489* x,,-111.8*540**2: (one month previous) 1 2 0.6298
Maximum temperature and sunshine hours 

(one month previous) y = 2501.57 - 66.8l*!*x̂ - 85.90** Xg 0.6533
Minimum temperature and relative humidity 

(one month previous) ' y = 2430.89 - 74,4* x1-5.41 x2 0.5328
Minimum temperature and sunshine hours 

(one month previous) y * 2310 .32 - 96.99** xt- 39.73** xg 0.8569

* Significant at 5% level
** Significant at 1$ level

-^ 3
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Table 6. Humber of flowers per cushion

Cushion 
number *

Main trunk Fan shoots
Tree number Tree number

c8 °11 C2h G'Sg c3k g8 CT1 0 C32 G3^
1 2 3 l* 5 6 7 8 9 10 11

1 h h 6 2 if if 5 6 6
/
5

2 3 5 7 6 2 if 5 9 ?
3 6 3 12 3 6 2 , 3 k 6 3
h 6 7 9 1 2 3 5 if 6 2
5 5 5 11 If 5 5 3 3’ 3
6 7 1 11 h 1 1 2 7 3 1
7 2 h 8 3 *f 3 6 6 if 3
8 6 h 12 3 3 6 5 8 6 if
9 1 6 9 8 5 5 if 3 7 5

10 3 6 8 6 2 3 if if 6 5

Mean if,3 i*.5 9.3 *f.G 3.6 if, 2 5,6 5,2 3.6

F value 15*32** 1 6 .6 3**
GB 1.7^ 1.37
SEm 3 .7 1 2.32

** Significant at 1JS level
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flowers per cushion* It ranged 'between 3»1*- and 9*3* On 
an average a cushion on the main trunk produced 5*3 fleers* 
The number of flowers on a single cushion ranged between one 
and 12.

ii) Fan shoots

The rate of production of flowers per cushion on the 
fan shoot varied significantly between trees (Table 6).
The mean number of flowers per cushion on the fan shoot varied 
between 3*6 and 5.6. On an average a cushion on the fan shoot 
produced *+.*+ flowers. The number of flowers on a single 
cushion on the fan shoot varied between one and nine*

fe) Kumber of cushions
1. Main trunk

There was no significant difference between the trees 
in the number of cushions per unit length of 50 cm. on the 
sain trunk (Table 7). It varied between 125 and 13*+, On an 
average a tree had 129*8 cushions in this area, The mean 
number of cushions on the entire length of the sain trunk was 
266*5*+, It ranged between 237*50 and 281.60*

ii) Fan shoots
The mean number of cushions on a single fan shoot 

was found to be 310.8. It ranged between 285 and 3*+6, There



Table 7. Total flower production based on number of cushions and number of flowers per cushion

- Main trunk Fan shoots

Tree
number

Kumber 
of
cushions 
in 50 cm

He±~ . 
ght 
cm

Humber of. 
cushions 
in the 
entire 
length

Mean
number
of
flowers
per
cushion

Humber 
' of 
flowers 
in the ■ 
trunk

Humber of 
cushions 
on a
single 
fan shoot

Number
of
fan
shoots

Mean
number of
flowers
per
cushion

Number
of
flowers 
in fan 
shoots

Total

1 2 3 if 5 6 7 8 9 10 11

e8 130 108 280.80 K 3 1207.*+*+ 310 5 3.6 5580.00 6787. *+*+
C11 125 95 237.50 k.5 1068,75 285 h k.2 *+788.00 5856.75
C2>t 128 110 281.60 9.3 2618.32 3^6 3 5.6 5812.80 0+31.68
C32 132 97 256.08 k.Q . 102i+.32 296 5 5.2 7697.00 8720.32
CJ>h 13k 10k 278.72 3.*+ 9^7.65 317 if 3.6 *+56*+. 80 5512.if 5

Mean 129.8 102.8- 266.9*+ 5.3 1371 .*+1 310.8 if .2 ifjt 5688.32 7061.73

cn
CD
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were three to five fan shoots on a single tree (Table 7),

Based on the number of flowers per cushion and 
number of cushions the mean number of flowers on the main 
trunk was 1,371A2. It ranged between 9^7.65 and 2,618,32. 
Similarly, the mean number of flowers on the fatt, shoots was 
5,688,32. It ranged between M-,56̂ ,80 and 7,696,00* The mean 
number of flowers produced by a cocoa tree as a whole was 
7,061*63* It varied between 5,512.1*5 and 8,1*31.68 (Table 7).

3. Floral characteristics

The long pedieelled floî ers were regular and 
hermaphrodite (Fig.3), It had five sepals, five petals, 
ten stamens in two whorls, only one whorl of which was fertile 
and a superior ovary of five united carpels. The pink or 
whitish sepals were valvate in arrangement, the petals were 
very narrow at the base and expanded above into a cup-shaped 
pouch, beyond which they end in a relatively broad spatulate 
tip or ligula. The androeeium consisted of five^long pointed 
staminodes in the outer whorl, and five fertile stamens, 
which stood opposit to the petals, £L1 ten were joined at 
the base into a very short tube. The filaments of stamens 
were bent outwards so that the anthers were concealed in the. 
pouched portion of the corresponding petals, whilst the 
staminodes stood erect around the style* Each stamen had
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four pollen sacs. The ovary was simple with five compart­
ments containing numerous ovules arranged round a central 
placenta, the style was hollow, shorter than the surrounding 
fence of staminodes and divided at top into five stigmatic 
lobes which were more or less adherent,;

0, An the sis 
I 3 Flower opening

Bata on the time of an thesis based on observations 
at two hour intervals are given in Table 8. It was found 
that flower opening had two distinct stages, The flower buds 
at first showed the signs of splitting and remained in this 
condition for a long time until the sepals and petals unfolded 
and the flowers opened completely. The flower buds started 
splitting in the evening and completely opened ini the nest 
day morning, in majority of the flower buds (69,27 per cent) 
splitting commenced between 2 PM and b PM, Splitting started 
between 12 Soon and 2 PM and continued upto between 6 PM and 
8 PM. It was observed that in the rainy months of June, July 
and August splitting of the flower buds started earlier 
between 10 AM to 12 Moon. In July and August, 6 8 ,15 per cent 
of the flower buds started splitting by -2 PM. 77,5 per cent 
of the flower buds completely opened between 2 AM and h m

i'
on the nest day. It commenced between 12 midnight and 2 AM
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and continued up to 6-8 AM* In all the flowers examined 
anther dehiscence had occurred when the flowers had completely 
opened*

2. Stigma receptivity

When anthers from freshly opened flowers were rubbed 
on the stigmatic surface and observed under a hand lens 
adherence of pollen grains was found between 6 AM and 6 PM.
The data on the number of pods set after two weeks by hand 
pollination at two hour intervals are given in Table 9*
Maximum pod set was observed when the flowers were pollinated 
between 10 AM and 12 noon (70.8 per cent) followed by 12 noon 
and 2 PM (**3.6 per cent) pollination. No pod set was observed 
when the flowers were pollinated between 6 AM and 8 AM and 
between b PM and 6 PM.

Pollen fertility

Using the aeetocaxmine method it was found that 
61,18 per cent of the pollen were fertile. There was no 
signifleant difference in the pollen fertility between trees. 
The data on the variation in pollen fertility after anther 
dehiscence is given in Table 10. Maximum pollen fertility 
was found between 8 AM and 10 AM (61,12 per cent). After 
this, the pollen fertility decreased gradually.
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Table 9. Stigma receptivity based on pod set after 
two weeks by. hand pollination at two hour 
intervals.

Time Humber of pods set 
(out of 350 attempts) Percentage

1 '2 ■ 3

6 AM to 8 AM
8 AM to 10 AM 19.7
10 AM to 12 Moon 177 70.8
12 Noon to 2 PM 109 ^3.6
2 PM to V  PM 32 12.8
h PM to 6 PM —

F value 3 51.59**
CD . = 5 M

SBn = 16.75

** Significant at 1$ level
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Table 10. Variation in pollen fertility after anther
dehiscence (Mean of observations on five days)

Time Pollen fertility 
percentage

6 m  to 8 M 23.38
8 jJM to 10 M 61.12
10 M  to 12 Noon 37.70
12 Noon to 2 PM 16.20
2 PM to If PM 9.62
b PM to 6 PM 8.20

F value a 97.56**
CD = 60
S&n ' = 21.098

** Significant at 15& level
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D* Pollination 
1♦ Mode of colligation

It was found that wind had no role in the transfer 
of cocoa poll®. The glass slides coated with glycerine did 
not show the adherence of any cocoa poll®.

The drippings of rain water collected from the 
flowers contained no cocoa pollen7ruling out the role of 
rain in cocoa pollination..

A variety of insects was found to visit the cocoa 
flowers. The insects associated with cocoa flowers are given 
in Table 11. The photomicrographs of the Insects are given 
in Plate-H.

_2, Natural pollination
ajLHonthly rate of natural, pollination

The monthly rate of natural pollination based cn 
weekly observations are given in Table 12, There was no 
significant difference betî een the trees in the rate of natural 
pollination. However, between months there was significant 
difference in the rate of natural pollination. It was 
highest in September (^9,0 per cent) followed by June 
(^5.3 per cent) and lowest in February (18.0 oer cent)



Table 11* insects associated wit|i cocoa pollination

Common name Scientific name Family Order

1 2 3 h

Midges Unidentified Ceratopogonidae Diptera

Midges Unidentified Scatopsidae Diptera

Ants Qecoohvlla. smaraedlna (Fabricius) Fonsicidae Hymenoptera

Ants Plnslolenls loneioes. (Jardon) Fonaicidae Hymenoptera

Aphids Unidentified. Aphidldae Hemiptera

cnoo



Plate - II. Insects associated with cocoa pollination 
(a) Unidentified midge of the family 

Ceratopogonidae (Piptera) X

Plate - II. insects associated with cocoa pollination
^Piptera)^X^28^4^e ^ca^°Ps13ae





Plate -
t insects associated with c o c o a  pollination
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followed by January (19.5 Per cent) (Fig.**). Th© mean rate 
of natural pollination was found to be 28.29 per cent.

b.) Correlation of natural pollination with flower production 
and weather Parameters

It was found that flower production had strong 
negative correlation with natural pollination. Among the 
weather factors rainfall, minimis temperature and sunshine 
hours had no significant correlation with natural pollination. 
However, maximum temperature had strong negative correlation 
and relative humidity had significant positive correlation 
wife natural pollination (Table 1 3 ).

3. Controlled pollination

There was significant difference between the two 
methods of controlled pollination tried (Table 1s*).
76,̂  per cent of fee flowers pollinated using forceps was 
found to be successfully pollinated. The successful polli­
nations using atomiser was found to be only 3s* per cent.

B. Pod set and development

Out of the 382 crosses made 276 (72.25 per cent) 
set dherelles after two weeks (Table 17).
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Table 1 3 , Correlation of natural pollination with 
flowering and climatic factors.

Factor Correlation coefficient

Flowering -0,8001**
Rainfall 0.^950
Maximum temperature -0,7729**
Minimum temperature 0.0878

Relative humidity 0.5777*
Sunshine hours 0.5555

* Significant at 5% level
** Significant at 1$ level



Months
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Table 1if. Comparison of methods of controlled pollination (hand pollination
with forceps and pollination by atomiser) based on the pod set after two weeks.

Pod set after two weeks (out of 10 pollinations)
Tree number

SI.
No. C-20 C~22 c«30 B-32 C-35

Forceps Atomiser Forceps Atomiser Fordeps Atomiser Forceps Atomiser . Forceps Atomiser
1 2 3 if 5 6 7 8 9 10 11

1 8
i

5 9 5 9 1 8 6 9 2
2 7 b .9 : if 7 3 9 2 7 2

3 5 b 7 ■ • ■ 6 8 2 7 if 7 3
if 8 5 6 '' 2 8 if 8 3 6 '' 3

5 9 3 8 5 8 3 6 1 8 3

Total 37 21 39. ■ 22 ifO 13 38 16 37 13
Percen­
tage m?b b2 78 ifif 80 26 76 32 7^ 26

Mean percentage of successful pollinations using forceps = 76,b
Mean percentage of successful pollinations using atomiser = 3*f.O

F value = 17w67**
CD = 1*^1
SE m s ^6.18
** Significant at 1# level
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Longitudinal sections of the developing pods showed 
that the individual beans could not be traced out upto four 
weeks after fertilisation# The pods were filled with a 
compact while pulpy non-mueilaginous mass* After four weeks 
the outlines of the future beans could be traced in the 
white pulpy non-nucilaginous mass, The beans gradually 
filled up but were difficult to separate from.the cementing 
pulp. As the pods matured, the pulp became mucilaginous and

i

the beans became distinct and easier to extract. At this 
stage the pods had a maturity of twenty weeks (Plate-111).

It took 23 to 25 weeks from pollination 'for the 
maturity, of pods.

F. Cherelle wilt

The data on the weekly rate of cherelle wilt is 
given in Table 15. Maximum wilt (1^*79 per cent) was found 
during the sixth week after fertilisation. The wilt continued 
upto 12 weeks after fertilisation and after that there was 
no loss due to cherelle wilt (Fig, 6). Sue to cherelle wilt 
alone 51.^5 per cent of the pods were lost (Table 17), The 
loss due to cherelle wilt ranged from 37* Qk per cent to 
70*37 per cent. The total number of developing pods on the 
tree at the time of wilt was found to be in far excess of the



Plate - III. Longitudinal section of developing cocoa pods 
1. five weeks old 2. twenty weeks old
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Table 16, Comparison of the pod yield in the preceding year with the number of pods 
developing on the tree at the time of cherelle wilt,

Tree
number

' Pod yield Humber of pods developing on the tree at the time of wilt
in the
previous
year

1st
week 2nd 3rd hth 5th 6th 7th 8th 9th 10th 11th 12tl

1 2 3 if 5 . 0 7 8 9 10 11 12 13 A

h/18 32 35 37 39 39 30 ho h2 *3 hh A hh hh
5/18 35 37 1*0 ho 1*1 hi h2 h2 hh i*5 1*6 he h6

0/16 55 53 55 57 58 58 59 60 60 61 61 61 62
13/10 in h2 h2 is-3 ^3 h3 **3 if ̂ hh 1+5 ^7 i*8
13/12 38 37 38 38 38 39 39 39 ifO 1+1 i*i i+1 1+2
16/19 69 6h 6lf 65 65 ' 65 66 68 70 72 73 73 ?if
18/10 Li-9 52 53 53 53 53 55 57 57 58 58 58 58
19/16 33 3̂ 36 37 38 39 39 39 ho ifO i*l h2

21A **3 1*5 he h8 1*9 50 50 50 50 51 51 52 52
29/25 he i+5 1*5 he hy hy hy i*8 h8 h9 50 50 51
30/ A 35 38 39 39 39 1*0 ho 1*1 i*1 hi h2 1*2 1*3
33/15 26 29 29 29 30 30 32 32 32 33 3h 36 36

CDCJ5
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average number of pods recovered from that particular tree 
in the previous year (Table 16).

,G. Recovery of mature pods

From the observations it was found that on an average 
*{■8,5!? per cent of the pods set were carried to maturity 
(Table 17). The recovery of mature pods ranged fx-om 29.63 
per cent to 62.98 per cent of the pod set. The recovery of 
mature pods was an average of 31.7^ per cent of the number of 
crosses made. It ranged from 21.62 per cent to Mf.75* of the 
crosses made.

H. Compatibility studies

' Out of the seventeen trees selfed, two trees (16/16 
and 21/19) were found to be self-compatible and all the others 
were self-incampatible. The percentage of pod set after 
selfing in the self-compatible trees were found to be a isean 
of 76.67.

All the trees tested, including the self -compatible 
ones were found to be cross-compatible. There was no 
difference in the compatibility status due to reciprocal 
crosses. The percentage of pod set in the different cross 
combinations ranged between 50 and 100 (Table 18). The cross 
combinations showing 100 per cent pod set were the crosses of



Table 17. Pod set, cherelle wilt and recovery of mature pods after controlled 
pollination in 12 selected trees.

Tree
number

Number of
crosses
made

Pod set after two 
■weeks

Pods lost due to 
cherelle wilt

Recovery of mature pods

• Number Percentage Number Percentage Number percentage Percentage 
pod set to crosses 

made
1 . 2 3 k 5 6 7 8 9

k/18 28 22 78.57 15 68.18 7 3 1.8 2 25.00
5/18 28 18 61+. 29 8 i+l+.l+lf 10 55.56 35-70
9/16 31 22 70.97 11 50.00 11 50.00 35.k8
13/10 1+0 30 75-00 16 53.33 1k k6.67 35.00
13 / 12 37 27 72.97 19 70.37 8 29.63 21.62
16/9 30 22 73.33 12 A . 55 10 k5.k5 33.33
18/10 29 20 68.97 8 1+0.00 12 60.00 ki.38
19/16 38 27 71.05 10 37.0k 17 62.96 kk.7k
21A 29 20 68.97 8 ko.oo 12 60.00 ki .38
29/25 32 23 71.88 10 1+3.1+8 13 56.52 . ko.63
30/A 30 23 76.67 13 56.52 10 k3.k8 33.33
33/15 30 22 73.33 12 5k. 55 10 k5.k5 33.33

Total 382 276 72.25 A-2 51A5 13k k8.55 31.7k

cn-o
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the tree k/18  with 5/ 1 8 , 13 / 10 , 16/16, 18/ 10 , 3G/A and 
33/15? 5/18  with 13 / 10 , 16/9, 16/ 16 , 18/10  and 21 / 19 ;
9/16 with 16/9, 18/ 1 0 , 19/16 and 21A ? 13/10 with V 18 , 
9/16, 18/ 10 , 19/16, 21 A ,  29/25 and 30/A? 13/12  with V 18 , 
16/16  and 21/19? 16/9 with V 18 , 5/18, 13/12  and 21A 5 

18/10  with V l 8 and 33/15? 19/16 with 13/ 12  and 29 /25 ; 21A  
with V 1 8 , 19/16, 21/19 and 30/A? 29/25 with t y i 8 and 
13/12; 3G/A with 13/10, 16/9, 19/16,21A  and 29/25 and 
33/15 with 18/ 10 ,



n



DISGUBSION

Investigations were Carried out at the College of 
Horticulture , Vellanikkara, Triehur on the pollination, 
pod set, and compatibility aspects of cocoa, v&r. Forastero. 
The results of the investigations are discussed in this 
chapter,

A, Flowering
1. Pattern of flowering

ttilike most other perennial crops in which flowering 
was seasonal, cocoa exhibited flowering through out the year. 
But, there was Variation in the monthly rate of flowering.
In the present investigation the peak period of flowering was 
found from November to April (Table 1 and Fig, 1 ). From May 
to October the rate of flowering was comparatively less. 
However, the peak period of flowering differed from place to 
place. In Ghana, the peak period was from March to July

CK~r->d /3 b e *fc > io

(Hewison et-al,, 1929), in Bahia from October to May 
(Alvim, 1966) and in Cuba from June to September (Delpinairive:
CTY3Ct Aeuna«<Je.

, 1967),

The variation in the pattern of flowering in different 
cocoa growing regions can be attributed to the difference
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in the weather conditions prevailing in those regions.
She influence of weather parameters on flowering in cocoa 
was reported by several workers. In Bahia, iCLvim (196$) 
found that flowering was inhibited when the monthly mean 
temperature went below 23°G. Under severe drought conditions 
flowering was seen to be less in Cuba (Belpinalrivero et jg.,, 
1967). Sale (19^9) observed that in Trinidad, plants growing 
in regions with a day temperature 26.6°C to 30.0°G exhibited 
more flowering than plants growing in regions with a day 
temperature 23»3°G. According to Gouprie (1972) flowering 
was the greatest vhen the dally temperature variation was the 
least. In the present investigation it was found feat the 
mean monthly minimum and maximum temperatures, the mean 
monthly rainfall and the mean monthly sunshine hours, one 
month previous to flo\/ering, determined the flower production. 
The mean monthly minimum and maximum temperatures and the mean 
monthly rainfall had an inverse effect on flowering while 
the mean monthly sunshine hours had a positive effect on 
flowering. Thus the peak period of flowering from November 
to April observed in this investigation can be due to the 
effect of low minimum temperature, high maximum temperature, 
absence of heavy showers and comparatively longer sunshine 
hours during the October to March period.
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Trees differed in their capacity to bear flowers 
on cushions. Purse glove (197*0 opined that a fully 
developed cushion may bear upto £0 flowers. But in the

ipresent investigation it was found that the number of flowers 
per cushion ranged between one and' 12 on the main trunk and 
between one and nine on the fan shoots (Table 6), In Vittal, 
Karnataka the annual flower production per metre of stem 
varied between 168 and 2,308 (Anon., 197*7), and in Kerala, 
the number of flowers per $Q on on the tree varied between 
93 and 90*+ (Gregory, 1983). The present investigation showed 
that the mean number of flowers ranged between 9^7*65 and 
2 ,618 ,32 on idle main trunk and between ^,56^.8 and 7,696.0 
on all the fan shoots taken together (Table 7)* Thus, the 
fan shoots on a whole had more number of flowers than the 
main trunk. Studies on the distribution of yield between 
trunk and branches of cocoa in Ghana, showed that a higher 
percentage of pods was produced on the branches than on the ■ 
trunk (Anon., 197^)* The results obtained in the present 
investigation is in agreement with this observation,

B, Floral characteristics

Although the flowers were bisexual, the floral 
parts were arranged in such a manner as to encourage

2. Intensity of flowering
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cross-pollination. The filaments of the stamens were bent 
outwards and the anthers were concealed in the pouched 
portion of the petals. The staminodes stood erect around the 
style as a barrier and the style was shorter than the 
staminodes. <42,1 these features hinder the transfer of pollen 
to the style from the anthers of the same flower, thus preven­
ting self-pollination* Nevertheless, the flowers had no 
characteristic features typical of the cross-pollinated crops, 
The flowers were devoid of scent and nectar for attracting 
insects and the pollen was too sticky to facilitate wind 
pollination.

G. An the sis

Flower opening in cocoa was observed to be a lengthy
process. The flower buds at first showed the signs of

£

splitting and remained so for a long period until the petals 
and sepals completely unfolded. The splitting started 
between 2 PM and PM and the flowers completely unfolded 
between 2 #1 and U- AM on the next day. It took about 12 hours 
for the completion of flowering. In the rainy months the 
splitting started a little earlier between 1G AM and. 12 Noon, 
It was found that the time of opening of cocoa flower varied 
from place to place. In Java the flowers opened at U-,30 PM 
and at around 6.30 PM the pollen grains were ripe (Wellensiek, 
1932). Saspayan (1963) observed that in the Philippines
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anthesis started at *+ PM, the petals arid sepals unfolded by 
6 PM and anthers dehisced at 6 AM on the following morning.
In Cuba, the flowers opened at 7 PM, but remained closed or 
haif«»op6ne& for almost the whole day at a temperature of 15°C 
(BelpinaLrivero and Acunag&Le, 1967).

The time of natural pollination was arrived at by 
many workers. Barroga (1965) reported that in the Philippines 
the highest rate of pollination was observed from 6 M  to
11 AM and from 2 PM to 5 PM. In Nigeria, Toxopeus and Jacob 
(1970) observed that the percentage of pistils with pollen 
grains was slightly higher in the flowers collected between
12 Noon and 1 PM. Based on hand pollinations at hourly 
intervals Sampoyan (1966) observed that in the Philippines the 
percentage of fruit set was more between 6 AM end 5 PM, 
reaching a maximum when pollinations were done between 10 AM 
and 1 Almost a similar observation was made in the
present investigation. It was found that the stigma remained 
receptive between 6 JM and 6 PM* By hand pollination trials 
it was found that stigma receptivity was the maximum between 
10 AM and 12 Noon. Maximum pollen fertility was found 
between 8 AM and 10 AM* Thus it can be assumed that the 
optimum time for controlled pollination is between 9 AM and 
12 Noon.
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D» Pollination •
1* Mode of pollination

In the.present investigation, it was found that 
wind and rain-water had no role in the transportation of 
cocoa pollen. Midges of 'the family Ceratopogonidae and 
Seatopsida© were found to ba associated with the cocoa flower, 
feny workers had identified midges of the family Ceratopo­
gonidae , particularly Foreipomvla spp. as the major pollinating 
insect in cocoa (Posnette, 1950; Saunders, 195©; Bessart,
1961; Sumer, 1962; Gerad and Saunders, 1961+; ,and Soria et al. . 
1975). In the present investigation crawling insects like 
ants (Qeeouhylla ssmaragdina and Plagiolepis longipes) and 
aphids were also found to be associated with the cocoa flower. 
Eternan&e z (196?) too had identified ants (Haamannia 
anropunctata) and aphids as the pollinating insects of cocoa 
at ,'TuriaLi>a.

2m Eat© of natural pollination '

She rate of natural pollination was observed to be 
srery low in cocoa. In Ghana, Purseglove (197*0 reported 
that only two to five per cant of the flowers were pollinated, 
out later during the season when the flowers were fewer, 
pollination rose to 50 to 75 per cent, Murray (1975) found
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that the proportion of flowers pollinated ranged from one 
to 50 per cent according to the season and number of flowers 
opening at the time. In the present investigation also it 
was found that when the monthly rate of flower production 
was more, the rate of natural pollination was less and 
vice versa (Fig.5). The highest rat© of natural pollination 
(^9*0 per cent) was observed in September and 'the lowest 
(19.5 per cent) in February (Table 12). In Vittal, Karnataka 
the percentage of flowers pollinated was 28 and maximum 
per cent of pollination was observed in August (&3on., 1977).

Mature! pollination was also found to be influenced 
by weather conditions. When the mean monthly maximum 
temperature increased natural pollination decreased, and 
when the mean monthly relative humidity increased the rate 
of natural pollination also increased. This can be due to 
the influence of weather conditions on the population densities 
of the pollinating insects. Studies conducted by Soria (197$) 
in Bahia had shown that there was significant correlation 
between temperature and evapotranspiration with fclie population 
densities of pollinating agents. Heat, soil-water availability 
and air~humidity also interacted with the population of 
pollinating insects and pollination, ' In a later study Soria 
(1979) had found that air-temperature f soil-molsture conditions, 
rainfall and sunshine patterns determined the population



density of the pollinating insects* Winder and Silva (197*0 
had reported that the abundance of the pollinating insects 
was positively correlated with soil-moisture content, with 
the result that pollinators were most abundant when the 
flowering was at a minimum and vice versa.

3. Controlled pollination

Several workers had tried artificial pollination in 
cocoa. Posnette (1950) and Jacob and Atanda (1975) observed 
that pod yield could be considerably increased by hand polli­
nation. Velio and Nascimento (1971) found that in four clones 
they studied the percentages of hand pollinations resulting 
in fruit setting were 13.5* 1 .̂1, 21.6 and 38.8, Araponsha 
(1972) also reported that the percentage of fruit set by hand 
pollination was much higher than that by natural pollination. 
Arevalo and Soria (1975) compared different methods of 
artificial pollination like individual pollination of flowers 
milking, brushing and mist blowing. They found individual 
pollination of flowers as fee most efficient method for 
increasing yields* In the present investigation also when 
hand pollination of flowers with forceps was compared with 
pollination using atomiser, it was found feat the foimer one 
was a superior method. The percentage of fruit set on 
pollination by forceps was 7 6 . and by atomiser was 3̂ .0,
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But hand pollination with forceps was more time consuming 
and a skilled operation. However, artificial pollination , 
significantly increased the pod set. Khoke et â.. (1980) 
had also observed that mechanical pollination of cocoa using 
mist blowers.or by brushing cocoa flowers greatly increased 
pod set. Soria-and Garcia (1980) opined that the technique 
of blowing air over the self-compatible varieties nearly 
doubled the yield. From these observations it can be 
concluded that pollination in cocoa Is a limiting factor for 
realising better yields and artificial pollination can be 
adopted for increasing the pod yield.

B. Pod set and development

The percentage of pod set observed after crossing 
compatible trees by hand pollination was found to be 72.25.
By natural pollination the pod set was only 28.29 per cent. 
Jacob and Itanda (1975) while assessing the fruit setting 
status of 23 cocoa clones used as both male and female 
parents, found that the best male parent Jiad 55 .7 per cent 
pod setting and the best female parent had 58.2 per cent 
pod setting. In 'Vittel, Karnataka the mean annual fruit 
setting was only three per cent (Anon,, 1977) and in Pilicode,

e *

Kerala, the fruit set under natural pollination was 1 1 .8 1  

per cent and under hand pollination was 52,02 per cent 
(Ea.iamonv. 1981).
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In the present investigation, cocoa pods took 23 
to 25" weeks to reach the maturity stage, The period of 
development of Gocoa pods was reported to be 16 to 21 weeks 
in Nigeria (Waters and Hunter, 1929) and five to sis months 
in Ghana and Hew Guinea (Toper, 19*4-0 and Bridgland, 1953).
The time taken by cocoa pods to reach maturity stage from 
fertilisation was reported to be five months (Wood, 1975), 
five to six months ( Anon., 1978), and 12? to 1*H days 
{Rajaiaony, 1981). The observation made in the present investi­
gation , almost agrees with the observations made by other 
workers.

Studies on the development of beans in the developing 
pods showed that upto four weeks the individual beans could 
not be traced in the pod. The pod was filled with compact, 
white, non-nueligenous mass. After four weeks the outlines 
of the future beans could be traced and after twenty weeks 
the beans became distinct and it could be extracted easily. 
Similar work was done by Adenikinju (1978) and he found that 
at the time when the beans could be extracted easily from 
the pod, the pods varied in age from 1^7 to 175 days.

Fgherelle wilt and recovery of mature pods

In all the trees studied eherelle wilt occurred 
even from the first week after pollination and continued upto
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12 weeks. Maximum wilt (1**,79 per cent) was observed 
during the sixth week after pollination (Table 15),
Me Kelvle (1955)&ad made a similar observations with the 
peak at the seventh to eighth week, but he had also identified 
a second peak at about twelveth week and he also observed 
that cherelle wilt continued upto 1b weeks. But Hewsion and 
Ababio (19̂ 4-) observed maximum cherelle wilt during the first 
week of growth and another critical period between fourth and 
seventh weeks, 'According to Miehols (1961) cherelle wilt 
occurred upto 80 days from fertilisation and according to 
Purseglove (197^) maximum wilt occurred at about 50 days 
after fertilisation, Gobley and Steele (1976) found that 
cherelle wilt was maximum when the pods. were seven to eight 
weeks old. The results obtained in the present investigation 
are more or less in agreement with the observation made by 
the other workers.

The extent of loss due to cherelle wilt in the 
trees in which hand pollination was made ranged between 
3 7 . per cent and 70.37 per cent (Table 17) of pod set.
Held son and Ababio (192^) had estimated the loss due to 
cherelle wilt to be ranging between 22 and fib per cent of 
pod set. So cherelle wilt is a major factor limiting the 
yield of cocoa. In the present investigation in the trees
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in which hand, pollinations were made, the recovery of 
mature pods ranged from 21.62 to kk,?b per cent of the 
pollinations made and 29.63 to 62.96 per cent of 'the pod set. 
Jacob and Atanda (1975) had observed a recovery of 25.7 and 
10.2 per cent of mature pods in the best male and female 
parents respectively in their study, The increased recovery 
of mature pods in the present investigation may be due to the 
increased pod set by hand pollination.

Many workers were of the opinion that cherelle wilt 
was a physiological thinning mechanism which regulated the 
sizes of the crop in relation to the available food reserves 
(Frederick, 1960; lichols, 1961; Glendenning, 1972; and 
Gobley and Steele, 1976), In the present investigation also 
it was found that at the time of cherelle wilt the trees had 
a large number of pods in different stages of development on 
them. The total number of developing pods was in f ar excess 
of the potential yield of the trees in the previous year 
(fable 16).

ja. Compatibility studies

Incompatibility in cocoa, particularly self- 
ineompatibility was studied in great detail by many worker s 
(Harland, 1925; Pound, 1932; Haight and Rogers, 1955; Cope, 
1958 and 1962; Bouharsont, 1960 etc,). Self-incompatibility



82

was found to be a major barrier in realising the yield 
potential of cocoa (Toxopeus and Jacob, 19705 Jacob and 
Atanda, 1975)* In the present investigation also only two 
trees out of 17 were found to be self-compatible* All the 
trees tested for cross compatibility, including the ones 
found to be self-compatible were cross-compatible and there 
was no difference due to reciprocal crosses. Murray (1975) 
had observed that in Trinidad, the self-incompatible and 
cross-compatible trees required pollen from self-compatible 
trees to ensure fruit set, but elsewhere self-incompatible 
trees showed cross compatibility which was also the situation 
in the present study.

The modalities of the incompatibility systems in 
cocoa was assessed in detail by Cope (1962a). He showed that 
the site of Incompatibility was in the embryosac. Incompati­
bility was controlled by a series of alleles operating at a 
single locus (S) showing dominance or independent relationship. 
They were the same in male and female parts of the flower 
so that the reciprocal pollination gave the same results, 
which was true in the present investigation also.

From the present investigations, it can be concluded 
that, even though cocoa produced a large number of flowers, 
only a few of them were carried to mature pods* Pollination



83

was -cue main limiting factor. Since artificial pollination 
significantly increased pod set, this can be adopted as a 
practice for obtaining better yields. She self-incompatibility 
phenomenon observed in the materials investigated herein 
could be effectively utilised in the production of hybrid pods.
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SUMMARY

Investigations were carried out at the College of 
Horticulture, Vellanikkara, Triehur on the pollination, 
pod set and compatibility aspects of a number of open 
pollinated progenies of cocoa, Var. Forastero. The salient 
results obtained in the investigation are summarised below.

1, Cocoa flowered through out the year, though the
intensity varied between months. Maximum flowering was 
observed in December, while the minimum flowering was in 
September. Hie peak period of flowering was from November 
to April., Hie mean monthly minimum and maximum temperatures, 
tne mean monthly rainfall and the mean monthly sunshine hours 
one month previous to flowering,determined the flower production

2. The number of flowers borne on a cushion ranged 
between one and 12 and a single cocoa tree, produced a mean 
of 7061.63 flowers during an year* The fan shoots taken 
together had more number of flowers than on the main trunk.

3# Flower opening was a slow process and it took
[

nearly twelve hours for the completion of flowering. Flower 
buds started splitting between 2 PM and If PM and completely 
unfolded between 2 AM and AM on the next day.
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h, The stigma remained receptive between 6 M  
and 6 PH, but the maximum stigma receptivity was found 
between 10 AH and 12 Noon. The pollen was found viable 
between 6 AM and 6 PH, bi&t the maximum pollen fertility was 
found between 8 AM and 10 AM.

5. Uatural pollination took place with the help of 
insects and midges of the family Ceratopogonidae and 
Scatopsiriae were the major pollinating insects* Ants and 
aphids were also seen associated with the cocoa flowers.

6. Natural pollination was more when the flower 
production was less and vice versa. The mean monthly maximum 
temperature had a negative influence and the mean monthly 
relative humidity had a positive influence on the rate of 
natural pollination,

7. Controlled pollination significantly increased 
the pod set in cocoa* Hand pollination with forceps was more 
efficient than pollination by atomiser.

8. Cherelle wi.lt was found to be a physiological 
thinning mechanism. It was observed even from the first week 
after pollination and continued up to 12 weeks. Maximum wilt 
occurred in the sixth week. The loss due to this phenomenon 
ranged from 37.0*+ per cent to 70.37 per cent of pod set.
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9* It took 23 to 23 weeks from pollination for the 
maturity of cocoa pods, The recovery of mature pods ranged 
from 21,62 to per cent of the pollinations made and
29*63 to 62.96 per cent of the pod set,

10. Only two out of the seventeen trees were found 
to .be self-compatible. Jill others were self-incompatible 
and they were found to be cross-compatible. There was no 
difference due to reciprocal crosses and the self compatible 
trees were also found to be cross-compatible.
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abstract

Investigations were carried out at the College 
of Horticulture, Vellanikkara, Trichur, to study the 
pollination;pod set and compatibility aspects of open 
pollinated progenies of cocoa, var. Forastero. It was found 
that eventhough cocoa flowered through out the year, 
maximum flower production was between November and April*
The flower opening was a' slow process starting from 2 to k PM 
and lasting upto 2 to ** AM on the subsequent day. Maximum 
stigma receptivity was found between 10 AM and 12 Noon.
Natural pollination was through the agency of insects. By 
controlled pollination there was **8 per cent increase in the 
pod set. Hand pollination by forceps was found to be the 
best method of artificial pollination. A large number of pods 
set was not carried to maturity due to the incidence of 
cherelle wilt. The loss due to cherelle wilt ranged from 
37.Ch per cent to 70.37 per cent. Most of the trees studied 
were self-incompatible, while two of them were self-compatible. 
The self-incompatibility in the materials investigated herein 
could be exploited for production of hybrid pods.


