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INIRODUCTION

- Cocoa, ITheobroms eagag L., is a recent introdustion
to India., It has proved itself to be an ideal interorop
for the ooconut and arecanut plantations in the three
South Indian states, namely, Kerala, Tamil Nadu and
Karnataka., During the past five years, the area under
0ooocoa in India increased from about 8,000 ha (in 1975-76)
to more than 13,500 ha (in 1979-60). The production rose
froa around 200 tonnes to abeout 2,000 tonnee during the
corresponding peried. According to \. National Commiseion
on Agrioulture, the produetion is expected to touch 20,000
tonnes mark by the turn of the Cemtury.

Though massive expansion of the area hes taken
place in Bouth Indis, particulsrly in Kerala, efforts to
inocrease the produotivity per ge had been lacking. Other
oooet growing countries like Ghana, Nigeria and Malaysis
have lines yielding as much as 3,000 kg of dried beans
per ha per year (Wood, 1975). Ineresse in the produeti-
vity of plants can only de achieved by systematic and
meaningful orop improvement programmes, for vhioch basioc
data on various aspects of floxral bielogy, fruit set,
fruit development,eto.,are pro-requisites. Though some
informetion on these aspects are available in the literature,



data on the extent %o vhioh thess parameters vary under
the conditions of South India are yet to be generated.

Studies vere, therefors,; undertaken at the Regional
Research Station, Pilicede during 1980-81 to gather
information on the pattera of flewering and fruiting,
aspects of floral biology as well as on fruit set and

developaent in cocos,
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REVIEW OF LITERATURE
C tic »r on

Cocoa, Thegbroms cacaso L. is a tropioal plant. The
! .
olimatio features of the major cocoa growing areas, theugh
varynto some extent, fall within ths tropical range.

Rainfall: Adsas and MoKelvie (1955) stated that
mnost of the cocoa growing areas had a shert mild dry
season wvhile in Ghana, oocoa was limited to those areas
vhich received not less than 250 ma of rain between Nevem~
ber and March. Aocording to Guatrecasas (1964), cocoa
flourished where the rainfall ranged between 2000 mm and
8000 ma with more or less even distribution througheut the
year, Purseglove (1974) remarked that the rainfall im
ooooa belt varied from 1010 to 2540 am, Further, he stated
that the rainfall should be well distributed preferadly
vith 101 mm or over per month, and viih the abseneé of
marked or intense dry season with less than 63.5 ma per
month. Wood (1975) reperted the mean snnual rainfall in
most 0ocoa growing countries to be betwesn 1150 and 2500 ma.
In the main cooos growing areas ef the West Afries, the
rainfall varied from 1150 to 1800 mm wvhile in Eastern
Nigeria, West Cameroon snd Fernande Po, rainfall ameunted
to 2500 to 3000 mm per annum. He cencluded that total
annual rainfall wvas a less impertaat eensideratien than
its distribution.



Jemperatures Xraeholn (1948) stated that the lower
limnit temperature for oocosa vas & mean monthly minimum of
15°C, The optimum temperature range for cocoa varied from
21.1 to 32.2°C. According to Wood (1975), a minimum rsnge
of 18° o 21°C and & maximum of 30° to 32°C limited the
oocoe belt.

Plovering

Hewison and Ababio (1929) studied the flowering
pattern of ococoa in Ghans and stated that the period froa
March to July wae the time of main flowering activity with
the greatest number of flower productien in April-June,

They also observed that where lsse than a third of a tree's
orop was set by the end of April, great flowering astiviy
ooourred during June. Alvim (1965) shoved that the flower-
ing vas most S.nm during the early part of the rainy

' season, following the July-September drought. The scareiVy
of flowers from June to Septembder was attiributed teo the
indirect effects of lov temperature., Alvim (1966) observed
that the nonflovering period of coces in Bahia was July-
September. The burst of flowering at the beginning of the
vet season resulted in the main orop, after five to six
months, Flowering was inhibited vhen the monthly mean tempe-
rature vent below 23°C,



Delpinalrivero and Acunagale (1967) stated that in
Cuba, abundant flevering ocecurred from June to Septeaber
and gradually ‘dmund thereatter, Under severe drought
conditions, hovever, flovering decreased earlier and
abruptly. Sale (1969) studiod the flovwering process of
ooeoa in rolation to tho temperature eonditions in Trinidad,
West Indies. Ho reperted that, as oompared to plants grov-
ing in regions vith a day temperature of 23.3°C, plants in
the rogions vith a day temperature of 26.6 to 30.0°C, had
more active flowering cushions per plant and more nuaber of
flowors per cushion per week. In weathor conditions suitable
for growth, flowering continued until suppressed hy creop
development (Glendining, 1972). Alvim st al. (1972) also
observed that the inhibition of flowering vas due to the
orop on tho tree which suppressed tho flowering. Couprio
(1972) showed that flewering was greatest wvhen the daily
teaperaturs variation vufiuﬁ. Acoording to Wood (1975),
tho number of flowers increased as temperature increased,
Murray (1975) reported that a well developed cushion ususlly
ocarried a large number of flewers at any one time and a full
' grown tree produced more than 10000 flowers in a year. In
Vittal, Karnataka State, the ssmmal flowver production per
meter of stem varied froa 168 to 2358 (Anen., 1977).



Pattern of eropping

Hewison and Ababio (1929) recorded that only 0.2 to
1.5 per oent of the opening flovers developed into mature
fruit, Purseglove (1974) as well as Cobley and Stieele
(1976) also estimated that only one in 500 flowers (0,2 per
ocent) matured to & fruit, According to Murray (1975), out
of 10000 flowere produced by a full grown plant in a year
only 10 to 50 (0.1 to 0.5 per cent) developed ae mature
fruits,

Chat (1953) reported that in lo-i of the couniries,
0ocoa harvest peaked twioe m year - onoce during the rainy
ecsason and again during the dry season. In oountries with
pronouncad wet and dry seasons, ihe main harvest ccsurred
five to six months after the start of the wvet sesson
(Bridgland, 1955 and Alvim, 1967). Alviam (1974) studied
the olimatic and croppm; pattern of ooocoa in Bahia and
West Africa. In Bshia, whers the rainfall was faikly well
distributed, the cocoa harvest season was found to be
rather long, usually starting in April and extending until
mid January. 7The April to August orop was being ocalled as
the "temporao” and the September to January crop as the
"Safra”. The temporso orop was bigger than the safra erop,
depending on the rainfall pattern. January to Maroh period



vas oritical (with respeet to rainfall) for the temporso
crop and September to November, for the safra, During

the years with well distriduted rainfall, the temporac and
safra had almost the same volume, On the other hand in
West Afriea, about 80 to 90 per cent of the orop was har-
vested in a relatively short period between Sepiember and
December (main crop) and only 10 to 20 per oent during
May=July (mid-crop). Alvim (1974) also explained that the
long 4dry seseon from Ootober-~November to March-April wvas
the main factor responsible for the reduced mid arop m
West Afrioa. Purseglove (1974) stated that the cocoa
plants produced pods, throughout the year; but the main
harvest usually began at the end of the wet season and eon-
tinued for a period of three months, Aocordmg].r.‘.ln West
Africa, ths main harvest wvas during Octodber-January and in
Irinidad, during February-iMarch, followed by a minor harvest
early in the rains. Wood (1975) epined that as in most
other tropical crops, the cocea harvest was not oconfined to
one short period. There were psak harvest periods, one or
two per year and in many countries, there was some cocea to
be harvested at all times of the year. He also suggestied
that in Ghana, on an average, 25 per oent of the orop vas
harvested in the peak month, November, which wvas about six
months after the wvet season began., In Malaya, vhere there



vas no true dry seasen, the peak of harvest vas less
pronounced with 20-25% per eent of tho crop in tho pesk
vhich fallo between November and March. Shanmugevelu
and Reo (1977) etated that there was two well defined
ocropping seasons in Ceylon - one froa May to August and
tho other from September to Janusry., S8Studies undertaken
at the Kallar Fruit Station on the eropping and producti-
vity of Oriollo cocoa revealed that in tho young planta-
tions, tho oropping was confined to November-June, with
the major portion ef the e#op obtained during Noveaber-
December (Kuppuswvemy and Kailasam, 1970, oited by Shammugavelu
and Rao, 1977). Generally in Bouthllndia. oooea is found
to have two main crops in a year, in 8eptember to January
and in April to June (Anon, 1978).

Cherelle wilt

According to Kichols (1961), cherelle wilt was a
physiological thinnkng mechanism which regulated the ;ilt
of the orop in relation to the available food reserves in
tho trees. Glendining (1972) reported that any exoess fruit
setting vas eerrected by cherelle wilt. Couprie (1972)
olassified fruitset and oherelle wilt as the most important
factors affecting yield., Murray (1975) also confirmed
Nichols' view that cherelle wilt wvas & physiological thinning
mechanism,



Hewveson and Abadie (1929) reported that the losses
from shedding and m,mum of immature pode ranged from
22-84 per ocent of the fruit set., In Ghans, according to
Hampries (1947) and McKelvie (1955 and 1957), cherslle
wilt éa- generally highest between April and June. The
percentage of cherelle wilt wvas higher in large oushione,
containing 10 to 30 flower buds (Naundorf and Villamil, 1949).
Reyes et al. (1969) used olonal cocea plante in their study
and showed that the percentage of prematurely wilted fruits
varied during the year, ILosses ocourred during the dry
nonthi of Maroh-April and again during September-Ocotober.
Couprie (1972) found that cherelle wilt was affected by
rainfall during the 8th week before the fruiti set and by
the temperature during the eeoond preceding veeks,

epie, anther 4 806N0e receptiv

Wellensiek (1932) stated that in Java, the flowers
opened at 4,30 PM., Around 6.30 AM, the anthers opened and
the pollens wvere ripe., The flower was protogynous, the
stigma being ripe vhen opened, Ssmpayan (1963 and 1966)
reported that in the oriollo and Trinitario cocoa trees
in the Philippines, snthesis started at 4 PN and the eepals
"end petals unfolded by 6 PM, Anther dehiscence started at
6 AM of the follovwing morning end ithe pollen wae acoessible



10

to inseots from 8 to 6,30 AM envards. Based on the hand
pellination madoc at hourly intervals on the same day, he
observod that the percentage of fruitset was more between
6 AM and 5 PM, reaching a maximum vhen pollinations were
done between 10 AM and 1 PM. Delpinalrivero and Acunagale
(1967) found that in Cudba, flowers normally opened at 7 PM,
but remeained closed or half opened almost the whole day at
a temperature of about 15°C,

Pollen visbjlity, germinatjion and storage

Yiability: Wellensiek (19%52) reported that cocoa
pollen grains removed from flowers (which had been open
for more than 11 days) failed to germinate.

Medja for germinatiopt GSuecrose has been found to be
quite helpful as an artificial medium for testing pollen

geraination serving as a nutrient during pollen tube growth
(Ostopenko, 19563 Vasil, 1960; Singh, 1961 and Singh et al.,
1961). Shapiro and Burdiok (1961) suggested that, in
general, the germination and pollen tube growth increased
when boric acid and caloium were added to sucrose sclution.
Varas and Sonia (1962) suggested 5 t0 15 per oent suorose
in the media for germinating coooa pollen. The best germi-

nating medium for coocoa pollen appeared to be two per cent



11

agar with 10 p‘or‘ cent sucrose. They also observed that
addition of one to ten ppm Boric acid seemed to stimulate
geraination of cocos pollen from 22.0 to 42,5 per cent.
Jaoob et al. (1969) reperted that germination of coooa
pollen wae possible in saacross solution (upto 30 per gemt
éoncontntion). Ravindran (1977) obtained good oocoa pollen
germination and tube growth in a medium containing 15 per
osnt sucrose, He further stated that koron or oalojua

vas* necessary for proper pollen germination and tube growth
and that these nutrients enhanced tube growtih oconsiderably.

Delpinalrevero and Acunagale (1967) stated that coooa
pollen kept at or below 14°9C for two days geraminated slovwly.
Martinson (1973) obtained beet germination of ococoa pollen |
grains at a temperature of 28 to 31°C. Ravindran (1977)
observed no pollen germinstion at low temperature (10°C)
and maximum germination and tube growih at 35°C., TFurtaer
inorease in temperature to 40°C, affected both germination
and tube growth,

Storages Aoocording to Wellemsiek (1932), oocos pollen
retained its germinating powver in oclosed glass tubes for
at least 12 hours. Varas (1962) found that pollen stored
for & week in a desiccator germinated betier in artifiocial
medium. Simmons (1976) recorded that coooa pollen ocould be
kept at 5°C in sesled tubes over osloium chloride for about

one week,
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Rollination aspects

Pollineting sgenty: Wellensiek (1932) reported
that in Jave, pollination by insects was not observed.

According to him, ocross pollination probably ococurred

only betwveen flovers situated close together, In Trinided,
Prankliniells parvuls Hood snd Vasmsnnis suropunciate Rog.
were reported to de mostly responsible for pollen trans~
portation (Cops, 1940). The insects respensible for much
of the cross pollination in ocoesoa were identified by
Posnette (1950) as Porojpomyis guasi ingrain; Asshanti

and lasichelea ljitoraures. Posnette and Entwistle (1958),
Saunders (1958), Dessart (1961), Summer (1962) as well as
Gerard and Saunders (1964) have also listed Yorojpemris spp.
as the major pollinating insect in coeoa plantations.
Cuatrecasas (1964) remarked that pollination in ococeca was
only by inesects. Several kinds of flying and orewling
insects (thrips, ants, midges and nphu-)/ were found to be
involved in polloix transportation. Texopeus and Jasod (1965)
récorded that out of the 450 freshly opened flovers examined
none oontained Foroipoayia spp while aphids yere present in
most of them., Hernandoz (1967) identified tarips
(Franklinjells parvula); aphids (Aphis gosarpi)s ants
(Wasmannie auropunctata) and bees (Irigens jaty) as the
inseots most commonly found associated w&ﬁ cooea flevers
at Turialba. HEatwistle (1972), Glendining (1972) and
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Soi'iz et al, (1975) listed the flying female midges of tne
genus Forcipomyia as the moet important pollinating agents
in cocoa. Kaufmann (1975) revealed that not less than 50
speciee of ceratopogoindae were found at Tafo, Ghana and
the most aoundant one was Forcipomyia squamipenuis. IHe
also reported a new pollinator identified as a species of
genus Irigona (Hymenopteras Apidae), variously called sweet
bees, siingless bees or morpane bees. The reportis of
Winder (1978) showed tnat the Dipterans associated witn
cocoa flowers included 70 species of ceratopogonidae, of
which 75 per cent were Forcipomyia spp. and 20 species, of

other depierous famjilies.

Natural pollination, fruit set and hand pollinations

Ssarroga (1965) reported that the highest rate of pollinstion
was observed froa 6,00 to 11.00 A and from 2,00 to %.00 :ld.
e also recorded that no pollinetion occurred at noon.
Toxopeus and Jacob (1965) stated that the percentage of
pistils with pollen grains was slightly higher in the flowers
collected between 12 noon and 1 PM which indicated tnat more
natural pollination took place at mid-day than in the early
morning. Widjanarko (1967) proved that the extent of polli-
nation was chiefly influenced by the morning weather condi-
tions and was low in rainy weather. Purseglove (1974)
opined that the low pollination efficiency in cocoa was
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compensated by the large number of flowers produced. In
Ghana, 2 to 5 percentage of flowers only are pollinated

and a fairly large number of these failed to setl seed.
Later during the seasoi, when flowers were fewer, polli-
naiion rose to 50 to 75 per ceunt. Murray (1975) reported
that estimates of the proportion of flowers pollinated
ranged from 1 to 50 per cent, according to the season and
number of flowers opening at the time. But the percentiage
of pollinators were higher during August (57.3) followed

by in July (56.2). The lowest per cent was i#June (11.2)
(Kaufmann, 1975), Under natural conditions, pollen dis-
persal was most intense at 8 AM and 5 PM (iMassaux et al.
1976). In the cocoa plants of South Karnateka (Vittal)
successful pollination (stigmas having 40 or more pollen
grains) was only to the tune of 8 per cent though the per-
centage of flowers pollinated was 28, The maximum success-
ful pollination (11 per cent) was in #arch and minimum

(4 per cent) in December. Though, high pollination per cent
was recorded in August, there was no fruit setiing (Anon,
1977). The microscopic examinations of a number of styles
by Parvais et al. (1977) revealed tnat only a few of tnem
carried pollen in quantities sufficient to ensure fertili-
zations, They therefore suggested that pollinution appeared
to be a limiting factor for good yields. Winder (1378)
also reported tnat lack of pollination was responsible for

low production in cocoa.
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Normal fruit seling in cocoa required deposition
of pollen grains on stigma in quantity (Glendiééng, 1972).
Low rates of fruit setting in naturally pollinated flowers
appeared to be due to inadequate or non-pollination. A
large proportion of flowers never produced fruit even if
they were fertilized. Further, large number of fertiliged
ovaries are shed before maturity (Amponsha, 1972 and 1977).

According to Pureglove (1974), fertilization took
place seven (o eight hours after pollination and it could be
ascertained by the swelling of the ovary. Fruit setting
was generally more during December to June. The mean annual
fruit setting was only three per cent. Lower fruit setting
observed during pesk period of flowering, has been attributed
to insufficient number of pollinating agente (Anon, 1977).

Wellensiek (1932) used a method of artificial polli-
nation in cocos in which the pollen flowers were picked in
the morning and used for pollinating newly opened flowers
at 7.30 P the sasne evening. This method resulted in taree
per cent of ripe fruits. Based on the results of hand polli-
netion in cocoa, Posnette (1950) and Jacob and Aianda (1975)
reported that the pod yield could be improved considerably
by hand pollination. Amponsha (1972 and 1977) found that
the percentage of fruit set on hand pollination wae very
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much higher than those by ithe uatural pollination (30 per cent

and 2 per cent, respectively of the toial number of flowers).

Compatibility

Self-incompatibility in cocoa was first reported in
Irinidad by Harland in 1925 and agasin by Pound in 1932
(Purseglove, 1974). Self-incompatibility in Theobroma
cacao L. (which reduced the flower setting and number of
pods/tree) has been reported to be a major barrijer in rea-
liging the yield potential of cocoa cultivers (Toxopeus and
Jacob, 1970 and Jacob snd Atanda, 1975).

According to Cope (1962), the site of incompatibility
was the embryosac and not the stigma and style. Incompati-
bility occurred only when the male gametes came to be in
contact with th#egg and the polar nuclei in the embryosac.
Bartley (1963) reported that oui of 39 trees, eight irees
wvere self-compatible. Criollo Forestero natural hybrids exni-
bited varying degrees of self-compatibility from O to 93
per cent (Sampayan, 1963 and 1966). In Brasil, the clone
UF-221 appeared to be self-compatible while the clones
UF-667 and UF-613 showed high degree of self-incompatibility
(Delpinslrivero and Acunagale, 1967). Purseglove (1974) stated
that in the incompatible matings, the flowers were shed three
to four days after pollinztion. He further stated that the
s2lf incompatible Trinitario clones were cross incompatible



also; but were compatible with self compatible trees. In
Irinjidad, the self~incompatible and cross—incompzatible tiree
required pollen from a self-compatible tree to ensure fruit-
sel; bul eleewhere self-incompatible trees showed cross-
coapatibility (Murray, 1975). Based on the assessment of
flower setting and pod harvesting in 23 wW,A.C.i.I. 'C'
clones, Jacob and Atanda (1975) identified two self-compa-
tible clones, C-26 =1d C-73,

¥ruit development and occurrence of cherelle wilt

The time tskern by cocos pode to rescn maturity stage
from fertilization has been reported to be five montins
(Wood, 1975), five to six montae (Murray, 1975; Cobley and
Steele, 1976) and four to six months (Anon, 1978).

Hewison and Ababio (1929) stated that the majority
of pods in cocoa ultimately reaching maturiiy, atiained
maximun size in seventieen to eighteen weeks after fertili-
zation. The period of development was reported to ve
sixteen to twentyome weeke in Nigeria (Waters and Hunter,
1929), five to six months in Grenada (Cooper, 1940) and au
average of six months in Papua-New Guinea (Bridgland, 1953).
Weekly observations by McKelvie (1954) on the growin rate
of cocoa pods in Amazon, Amelonado and Trinilario selections
showed that the growth rate was similar in these selections

upto four weeks of fertilizationm.
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Alvim et al. (1972) presented evidences and concluded
tnat the rate of pod development increased with increase in

temperature. Pods grew more slowly in cooler climste.

Hewisoxn and Ababio (1929) found that losses of imma-
ture fruits (cherelles) wereiﬁigheet during the first week
of growth., Another critiecal period was between the fourth
and seventh weeks, McKelvie (1955) studied the occurrence
of cherelle wilt in relation to the fruit development aud
coricluded ithat cherelle wilt occurred in iwo distinct waves.
The firsti period of wilt or 'first wilti' begas a few days
after fertilization and lasted for Y to 10 weeks witi a
peak at the 7ia to 8th week. The second period of wilt or
‘second wilt' started from the 8th or 3ih week lasted till
the 14inh week with 2 peak at about tne 12th week. After
14 weeks (corresponding to a pod of 13 to 14 cm lengtn),
there was ro further wilt. He also found that lie second
wili very rarely occurred in young plantations where ine
first wilt could sccount for upto 95 per ceut loss. In a
leter study, HcKelvie (1956) found that cnerelles with a
length of 35 to 60 mm were most sensitive to wilt. Accor-
ding to Nichole (1964), the fruits wilted during the first
nalf of their life cycle ie., upto 80 days (approximately)
from fertilizasiion. Purseglove (1974) stated tnat maximumn

wilt occurred at zbout 50 daye after fertilization when the
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cnerelles were about 6 om long. During the stage of furtaer
developuent (50 to 70 days), wilt did not occur sud we
fruite matured and ripened. Nurray (1975) opined that

the young developing fruits (during the first 2 to 3 months
of their development) were subjected to chereile wilt.
Cobley and Steele (1976) pointed out inat wilt occurred
mostly when the fruits were 7 to 8 weeks old, After turee
monthe of growth there was little risx of fruit failiug

10 mature,
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MATERIALS AND METHODS

The studies were conducted from January to Deceaber
1980 at the Regional Hesearch Station, Pilicode, Cannanore
District on the Criollo-Forastero natural hybrid'population
of cocoa, Ten year old plants intercropped in an adult
coconut plantation were used for the study. Cultural prac-
tices and other operations were adopted as per the package
of practices recommendations of the Kerala Agricultural
University. During the summer months, the plantis were

irrigated once a week.,

The physical and chemical propertiies of the soil are
given in Table 1, The weather data, both of the preceding
year (1979) and of the experimental year (1980) are presen-
ted in Table 2 and illustrated in Fig. 1 and 2,

Flowering pattern

Thirtyfive bearing plants were selected and marked
for the study. Weekly counts were made of the number of
flowers per plant, In the case of plants with very large
number of flowers, precise counting was done on the main
trunk. Then, the number of flowers on a single fan shoot
was counted and this number was multiplied by the number
of fan shoois to get the total number of flowers in the

fans.



Table 1. Soil analysis particulmrs at ithe Kegional
Research Station, Pilicode
) Content (%)
Particulars  o.3p 30-60 ca
depth depth
Physical Silt 6.90 7.60
characters Fine sand 20.44 18.26
Coarse sand 44.95 42,73
Moisture 1.73 1.99
Loss on ignition 5.39 5.76
Lime 0.04 0,048
Chemical Potash 0.17 0.200
characlers Phosphoric acid 0.081 0.064
Nitrogen 0.085 0.071
Available P205 0,017 0.0069

- —— 0 -

Avajlable K20 0.0025 0.0018
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Table 2, Weatner data - 1979 and 1980
1979 1980
Month ‘ ,

Maximum Minimum Rain fall Maximum Hinimum Rain £all
tempera- tempera- (mm) tempera- tempera- (pp)
ture tyre ture ture

(%) (e (o¢) (°¢)

33.37 20.25 - January 33.74 18.76 -
3%.07 21.53 - February 32.62 21.09 -
33.48 21,72 - March 32,88 21.79 -
33.67 23.28 - April 32.37 22.18 129.4
33 .86 22.96 - May 32.41 21.40 120.9
31.89 22.16 1529,2 June 30.15 21.82 740.6
258,28 21.79 1321.9 July 33451 21.76 370.0
28,28 22,15 572.0 Auguet 33,01 21.79 339.6
29.23 22.33 191.,6 September 32,93 21.67 204.0
30.14 22,37 66.8 October 3%.08 21.86 173.8
30.96 22.59 162.0 November 32.74 21.41 148,0
33.01 21.51 45,4 December 32.58 21.36 -

3888,90 Total

3226430
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During counting, older flowers were differentiated
and excluded by the dried appearance of the stigmatic
surface, change of the petal colour from creamy white to
deep yellow, the drooping character of unpollinated flowers
and by the swollen ovaries of fertilized flowers, as sugges-
ted by Purseglove (1974) and Murray (1975). From the obser-
vations, the mean number of flowere per plant per day, the
mean number per plant for each month and the percentage of
flowers for each month (to the total number of flowers

produced per plant per year) were calculated,

Cropping pattern and intensity of cherelle wilt

Plante tagged for observing the flowering pattern
were utilized for this study also. Harvesting of ripe pods
was done monthly from January to December. Diseased and
squirrel/rat attacked pods were also reckoned as yield,
Number of wilted young fruits were recorded during every
month and also at harvest, From the data, mean number of
pods per plant per month, percentage of pods in each month
(to the total number of pods), mean number of wilted pods
per month and the percentage of wilted pods in each month

(to the toial number of wilted pods) were worked out.

Emergence of flower buds

Twentyfive cushions were marked on different plaunts



with indian ink., Two flower buds on each cushion were
marked with labelled adhesive tape (on the stem) for
recording the pedicel length as well as length and thick-
ness of buds. Observations were started from the date on
which the flower bude appeared on the cushion and conti-

nued upto the date when the flower bud started to open.

Measurements were taken with a special device - a
small graph sheet (5 x 2 cm) fixed on same sized negative
film, At the time of observations, the above device was
placed below to the flower bud and the bud was viewed
through a hand lens, The daily mean inorease in the pedi-
cel length as well as length and thickness of flower buds
(in mm) were recorded. The number of days taken from the
date of appearance to tne date of anthesis was also recor-
ded. The observations were repeated during January, April,

July and October and the mean number of days worked out.
Anthesis

Observations were made during January, April, July
and October., After preliminary observations on commence-
ment of anthesis (which revealed that it was between 12 noon
and 6 PM), 100 mature flower buds were marked with small tag
label, each morning. Observations were made at two-hour

intervale in order to count the number of buds that started



to eplit. The observations were continued upto the

commencement of anthesis in order ito determine the time

of complete opening of the flowers.

Anther dehjiscence

Three hundred and fifty mature flower buds were
tagged at the time of anthesis. These were divided into
seven lois of 50 each for observation on the commencement
and completion of anther dehiscence. Tne flowers in lots
of fifty were collected every two houis from midnight to
10 Al and observed under a dissection microscope. Appear-
ance of a longitudinal split in the pollen-sac indicated
the commencement of anther dehiscence. When more than
three anthers in a flower liberated pollen grains, that
particular flower was taken as having completed anther
dehiscence. The observations were repsated during the next
day with another set of 350 flowers. Anther dshiscence was
studied during January, April, July and October.

Stizma receptivity
Stigma receptivity was assessed based on the following
methods,

i) "adnerence of pollen grains to the stigma"
as sugsested by Heslop and Shivanna (1977).



ii) "inteunse visit of flowers by the insects"
as adopted by Toxopeus and Okoloko (1365) in

cocosa.

iii) "fruitset after controlled hand pollination”
as adopted in cocoa by Sampayan (1963).

| In the first method, anthers from freshly opened
flowers were rubbed on to the stigmatic surface of the

fresh flowers. The stigmatic surface was then viewed

through a hand lens to see whether tiransfer of pollen has

been effected or not.

In the second method, a new device was used for
collecting the insects visiting the flowers. Cotton
dipped in Benzene was kept in a clean specimen tube, A
round piece of filtier paper was placed tightly over the
cotton. This tube was used for collecting the flowers
from the plantis along with the insects within them. Two
hundred fresh flowers were collected as described above
at two hour intervals between 6 AM and 6 P, taken to tine
laboratory and dissected carefully to estimate the total
number of insects trapped within thenm,

In the third method, the flowers were bagged witn

specially made hoods. Muslin clotih bag was covered over
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conicel aluminjum wire frames (5 cm base and 10 cm height),

The hoods so made were placed above the cushions without

any contact with the centrally looated flower buds and

fixed to the trunk with four strips of adhesive tape (Flate 1 & 2).

Three hundred flower buds were bagged on the day of
anthesis as desoribed above, Fifty flowers were pollinated
the next day between 6 AM to 6 PM at two-nour intervals,

For effecting pollination, freshly collected flowers
were used after removing the thalamus, the sepals =znd the
petals., The remaining portion, consisting of the ovary,
the stamens, whe staminodes and the stiyle, was held in the
natural pose with the pedicel end upwards (to avoid wastage
of pollen grains). The staminodes and thne stylar iip were
held between the fingers. The free stamens were rubbed
against the stigmatic surface of the flower to be pollinated.
The percentege of fruitset was worked out based on the number
of pods set after two weeks of pollination, as suggested by
Jacob and Atanda (1975). The experiment was done during

May and November,

Size and shape of pollen grains

Pollen measurements were made using the ocular-stage
micrometer and a G.B, Olympus microscope (16 X eye piece,

40 X objective), as adopted by Tekur and Singh (1965) in
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annona fruit. Diameter of 100 pollen grains were measured
and mean worked out, The size and shape of dry, wet (in
distilled water) and stained (moetooarmine 0,5 per oent)

pollen grains were estimated.

Estimation of pollen produstion

Pollen produciion per flower was estimated using a
haemocytometer as suggested by Rao and Khader (1962).
O.1 ml water was pipetted out in the field of the haemocy~-
tometer. One anther from a fresh flower was crushed into
the solution and cover slip placed carefully. Counting
was done in each of the 1 mm squares and the mean number
of pollen grains in a flower was calculated by the formula,

Number of pollen grains in a flower (5 anthers)

= X.9.5
where,

X = mean number of pollen grains in 1 ma square.

The pollen count was made during May and November

and the mean worked out.

In vitro germination and growth of pollen tube

Media for germinstion consisted of agar, sucrose

and boric acid in five concentrations as given below.



Agar (%) Sucrose (%) 100 ppm boric acid (%)
0.1 + 5.0 + Oe5
0.5 + 10.0 + 1.0
1.0 + 15.0 + 2,0
2.0 + 20,0 + 5.0
5.0 + 50.0 + 10.0

Agar was dissolved in 10 ml distilled water by
heating gently with continuous stirring. Sucrose was added
to this little by little, When the sucrose completely
dissolved, boric acid solution was pipetted into it and
the mixture was poured into a petri-dish. To prevent
cracking on solidification of the medium, the cover of tae
petri-dish was lired with a wet filter paper. The cover
was removed only at the time of testing. The media were
kept overnight at room temperature. The glassware and
other instruments used for the study were sterilized at

15 lbs/eq. inch for two hours.

Fresh flowers were colleoted at 6 AM and the pollen
grains were dusted onto the medium kept on a slide., Ger-
mination of pollen grains and pollen tube growih measure-
ments were made after killing and staining with phenol
aniline blue, as adopted by Ravindran (13977) in cocoa.
Germination count was recorded twice (after 1 hour and 4

hours) and the pollen tube growth, once (after 4 hours).



The medium which recorded higher germination per cent and
tube growih was taken as the standard one. Using this as

the base, effect of each chemical was studied separately,

The effects of boron (as boric acid) and calcium
(as calcium nitrate) alone and in a 131 mixture were tested
at concentrations ranging from 50 to 300 ppm in 10 per oent
sucrose solution. The use of agar was avoided because it
was known to contain calcium and boron as contaminants
(doore and Jung, 1974). Effect of temperature on germina-
tiou and tube growtih was studied over a range of 10°C to
40°C. In 21l the studies pertaining to the effects of
different treatments, the germination count and the tube

growth were observed after four hours.

Pollen viability

Viability of pollen grains was found out by two

methods,

i) Acetocarmine staining method as suggested by
zirkle (1937) and adopted by Singh (1961) in mango and

Parameshwar (1974) in cardamom.

ii) Germination method as suggested by Stanley and
Linskens (1974) and adopted in cardamom by Parameshwar

(1974).



Stainability was assessed in 0.5 per cent acetocar-
aine, Pollen grains were germinated in a medium contain-
ing 0.5 per cent agar, 10,0 per cent sucrose and 1,0 per
cent of 100 ppm boric acid (the most suitable medium
identified in the in vitro study.

One nundred flowers (50 for the acetocarmine staining
and 50 for the germinstion study) were collected in the
morning. Pollen grains of each flower were put into a
cavity slide with the stain/germination media and the
stained/germinated pollen were counted separately. From
the counts of 20 different fields, the mean percentage of
viable pollen grains was worked out., The experiaent was

repeaied four times (January, April, July and October),

Variation in the viability of pollen (after tne
dehiscence) was studied from 6 AM to 6 Pil for a period of
seven days during the month of November. The viability was
calculated based on the percentage germination of pollen
grains and the mean tube length at two hour intervals,

Pollen storage

Loss in the viability of pollen as a result of

storage was estimated as described below.



Fresh flowers were collected in a petri-dish at
6 Aid, The anthers were put in a tissue paper packet,
wrapped with filter paper and inserted in a glass specimen
tube as suggested by Patel (1938) in coconut. The tubes
were sealed with paraffin wax, One lot was kept at room
temperature as suggested by Wellemnsiek (1932) amnd another
lot after two hours of desiccation (over calcium chloride)
as suggested by Simmone (1976), was stored in a refrigerator
(at 5-10°C). Anthers collected from fresnly opened flowers
and kept on wet filter paper inside a petri-disn at room

tempersture served as tne control.

In the above experiment, viability, based on germina-
tion and pollen tube growth was tested daily till no germi-
nstion was obtained.

Pollination aspectis

In order to essess the extent of self pollinatiorn,
100 flower buds were bagged (as described earlier) before
the anthesis. The percentage of pollinated flowers was
estimnted after two days of anthesis as per e metnod

suggested by Pursezlove (1974),

Insects vieiting the cocoa flowers were collected as
descrined earlier and identified. Photomicrographs of ine

insecis were also teken.,
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The monthly variztion in the rate of natural polli-
nation wes estimated from January to December. Tnree
hundred flowers were collected at 4 PM on the day after
the commencement of anthesis., The gynoecium was dissected
out and examined in order to count the number of pollen
grains on the style and the stigma. The flowers with no
pollen grain on the siyle or on the stigma were considered
as not pollinated; tihose with 1 %o 39 pollen grains, &s
under pollinated and those with 40 pollen grains or more,

as successfully pollinated as recommended by Anon (1977).

Compatibility status

Fifteen steady bearing planis were tagged and uiese
were self pollinated and crossed in ocombination as shown
in Table 23, For controlled eself pollination, flowers of
the same plant were used, The pollinated flowers were
bagged as described earlier and were marked wiih labelled
pleces of adhesive tape stuck to the trunk near the flower,
The bags were removed after three days of pollination,
After two weeks of pollination, fruit set was estimated
and ihe developing pods were marked with tag labels. The
number of pods carried to maturity was also recorded.
Assessment of the compatibility stzatus of ithe trees were
made using the criieria proposed for Cola nitida by



34

JdJacob (1970) and for cocoa by Jacob and Atenda (1975),
According to tnese oriteria, a tree is considered self/
cross compatible if it records s minimum of 10 per cent

fruit set and 5 per cent pod harvest.

In order to compare open pollination with nand polli-
nation, 40 flowers were marked as described earlier on
each of the 15 plants. They were allowed to set by natural
pollination. The setting percenitage as well as pods carried
to harvest were recorded, These data were compared witih ine
figures obtained in the cross=~pollination and compatipility

status study.

Flowering and fruiting on the main trunk and on fan shoots

Ten plants were selected for this study. On each
plant, two cushions on the main trunk and two cushions on
the fan branches were marked with indian ink. Total number
of flowers produced per cushion, number of flowers pollina-
ted, number of fruite set, number of cherelles wilted and
number of podes carried to maturity were recorded during the

entire season.

After completing the first cycle of flower production,
the observations were continued on the same cusnions in

order to determine the patiern of subsequent flowering.
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Fruit 0od) development studies

One hundred flowers were tagged after fertilization
(assessed by the swelling of the ovary snd its green
colour as proposed by Purseglove, 1974). These developing
fruits (cherelles) were observed at weekly intervals,
Length and thickness of the pedicel as well as ine length
and thiockness of the fruits were recorded. The device
developed for the flower bud emergence studies was used
for recording the measurements at cherelles during the
first week. Subsequenily, the measurementis were made using
a metire scale, The number of cherelles wilied was &also

recorded.

Total number of days taken from fertilization to the
maturity of pods were worked out and compared with the
figures obtained as per the formula of Alvim et al. (1972),

nesmely,

2500
v - E5-
where,

N = number of days to maturity aund,
T = daily mean temperature in °C.

Fresh flowers were tagged every week for tracing the
internal developmentis. When the pods developed from flowers
tagged during the first week ripened, the tagging was stopped.
Thus a series of developmental stagee, from fresh flowers to

ripe pods, was available. Photographs of the wnole fruits
and their L.S. were taken,



Kesult;
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RESULTS

Flowering pattern

——

Data on the flowering pattern in coooa are presented

in Table 3 and illustrated in Fig. 3.

Flower production was seen throughout the year. iean
number of flowers/plant/day varied from 7.02 in September
to 132,89 in December. Highest flowering was recorded in
December followed by May. It was observed that inere
were two peak seasons of flowering, namely, November-
December accounting for 42.68 per cent and May-June account-
ing for 19.41 per cent. ILowest flower production was re-

corded in September (1.71 per cent).

rattern of cropping

Harvest of pods was confined to the months of April,
June to August and October to December as can be seen from

the data presented in Table 4 and Fig. 4.

The maximum production of pods (34.98 per cent) was
observed in the month of July. June to August season
accounted for 74,11 per cent of the total crop during the

year and October-December season, 21.59 per cent.



Table 3. Flowering pattern

W s S S S S S W W W W T G — - o o A W A . A S B POm

. Ko. of dean/plant/ Total for Percentage to
‘\\ flowers day® the month :g: ;g:?l for
e e
January 22.56 699.36 569
February 40,22 1166.38 9.49
March 29.36 910.16 7.40
April 1733 519.90 4,23
May 51.49 1596.19 12.98
June 26.34 790.20 6.43
July 17.38 538.78 4.8
August 11.68 362,02 2.94
September 7.02 210,60 1.71
October 8.19 253.89 2.07
November 37.59 1127.70 9.17
December 132,89 4119,59 33.51
Total - 12294.83 100.00

A s G G S S Vi G > W G S S S - - - -

@ Mean of thirtyfive plants averaged over four
observations
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Table 4., Pattern of cropping

No. of pods Mean/plant® Fercentage to
the total for
the year

onth L e
J anuary - -
February - -
March - =
April 1.54 4.30
May - -
June 10.57 29.48
July 12.54 34.98
August 3.46 9.65
September - -
October 2.0 5.58
November 2.20 6.14
December 3e54 9.87
Total 35.85 100.00

e - G G G T B G B W S S A G VS N GUD W R o S T G T . e W0 > (e G SR GRS G G W A GU GES (B W e TR GRS G SN SIS G G

¢ Mean of thirtyfive plante
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Intensity of cherelle wilt

Dzta regarding the intensity of cherelle wilt are
presented in Table 5 and illustirated in Fig. 4. Cherelle
wilt was observed to occur throughout the year. The inten-
sity was highest during July. Lowest intensity was observed
in the month of April.

Emergence of flower buds

Data regarding the rate of development of tne flower
buds are presented in Table 6a. Pedicels started to
elongate only from the third day of the appearance. length
and thickness of the buds started to increase from the fifth
day onwards. As the buds reached full maturity, the mean
length of the pedicels was 18,33 mm, length of bude, 8.25 am
and thickness of buds, 4,45 am.

Number of days taken from the appearance of flower
buds on the cushion to the date of anthesis ranged from
21 to 24 (Table 6b)., Daia regarding the weather parameters
during the period of observaiion are also presented in this
table,

Anthesis

Observetions regarding anthesis at two hourly intervals

are given in Table 7. 1t can be sesn that, in general,



Table 5,

- - o

No. of
' cherelle
‘wilt

July
August
September
October
November

Decenber

T G e G G G s S AT YR B W . S G W G W P, G SR G U SR D S T S G ST SV e A T e G S D S s Bl G SO ey S e VP G D U S G D s

Mean/plant®

Intensity of cherelle wilt

G A G D W S W G G G S I Y W GRS G S G B S W

Percentage to ine
total for the year

@ Mean of thirtyfive plants

40



Table 6a. Growth of flower buds from appearance ito anthesis
Mean@ Length of Length of Thickness of
increase pedicel (mm) flower boud flower bud

Days (mm) (mm)

after

appear-

ance

1 No change No change No chauge
2 " " "

3 1.07 " "

4 1.50 " "

5 2.50 0.38 0.57
6 332 0.65 0,68
7 4,01 0.85 0,91
8 4.94 1.10 1.0
9 5.75 1.44 1.22
10 6.57 1.66 1.32
11 7.51 2.13 1.69
12 8450 2.63 1.94
13 9.44 3.07 2.13
14 10,38 Je 04 2,25
15 11.32 4,01 2.50
16 12.26 4.51 2.63
17 13.07 5.02 2.88
18 13.82 552 3.10
19 14,44 6.38 3425
20 15.07 6.51 %450
216w 15.63 6.79 %.69
P 16.28 7.13 3.75
P 16.84 7.51 4.0
249¢ 17.63 3.15 4,25

2% 18,13 8.25 4445

@ Mean of fifty flower buds,

oW The buds which showed anthesis were not measured.

the number was less than fifty.

Hence



Table 6b.

G e . T G . W . W S Wt Ry WIS G W U o o 2 UPS G G

July

October

of buds No.
observead

ijean tempera-
ture in °C

Minimum

18.76
22.18
21.76
21.86

42

ilean number of days from appearance to anthesis

Total
Rain fall
in mm

o g e

129.40
870.0
173.80

Average

293.30

O U e W W I T W W W > S S . GUY T R G S TS QD S GRS e A S G G SR T S A AV G0 GRS TR W G D T S S W S S S G D D G e G Y 08 (e > G G



Table 7. Anthesis

A G (O B O T UD S TS G S G YD G G W Bve M W Sors e . G

- - e S e i S DN S P S G S G SIS G GPT GES GNE P GHD (S T T G S (S D CUN I G W G Y R W W B s B -

Commencement--No., of flgwers Weather data on tne day Completion (next day)--No. of
at 2 hours interval flowers at 2 hours interval®
Date and
th
mon 10 AM 12 noon 2 PM 4 PE 6 Pd idaxi- Rain Mini- 12 mid- 2 A4 4 AM 6 AM
to to to to to mum fall mun night to to to
12 noon 2 PM 4 P4 6 PM B8 PM tempe- in mm tempe- - to 4 AM 6 AM B AM
rature rature 2 AM
____________ in 2C_ _..in %C_ e
10th , .
January 0 0 82 15 3 33433 0 18.89 0 79 18 3
10th April 0 0 91 8 1 31.11 0 21.1 2 80 16 2
10th July 52 20 26 2 0 34.44 52.4 22,22 5 85 10 0
10th
October 0 0 8 M 4 33.33 0 22,22 21 67 11 1
Average 13.00 5,00 71,00 9,00 2,00 33,05 13.10 21.11 7.0C T77.75 13.75 1.50

T e e S e ST D S S S WY W G T G e WOL S Sue TS SR G S S St —— - - G 0 S G G e GRE G GES GA VA GUP YIS T P R G W VTR S S W B G s A P VOO T M e S B g D W WG O W B SO YOO TS A O

@ One nundred flower buds for each interval

£%



71.0 per cent of the flower buds started splitting betweexn
2 and 4 PM. However, during July, more than 50 per cent
of the flowere started to split between 10 A¥ and 12 noon.
77.75 per cent of the flower buds completed ine anihesis

between 2 and 4 A:, the next day.

Auntner deniscence

It can be seen from the data preseinted in Tavle 8
that deniscelice in 8%.75 per cent of tne anthers comuenced
between 4 and 6 Ad., 85 per cent of the antners completed

tneir dehiscence by 3 to 10 Au.

Stigma receptivity

When pollen grains were dusted on the stigmatic surface
of the fresh flowers, adherence was observed from 6 Aid to
6 Pid. The data on number of insecte associated with the
flowers collected at two hourly intervals (Table 9 and Fig. 5)
revealed that more number of insectis visited the flowers

between 12 noon and 2 P,

The results of hand pollination done at iwo hourly
intervals from 6 Al to 6 °M are presented in Table 10 and
Fig. 5. The data revealed that the flowers wiaicn were polli-
nated between 6 Ail to 8 AsM and between 4 P to & ¥l did not
set, OSeventynine per cent of the flowers polliinated between

12 noon to 2 Pid exhibited fruit set.,
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Table 4. Anther dehiecance@

- o — - - 0 A G G @ W A e G

Commencemnent Completion
Time

12 4id- 2-4 AM 4-6 AM 2-4 Al 4-~6 AN 6~8 AM 8~10 AM
Month night~-2 Al
January 1 7 91 3 7 21 30
April 0 3 88 2 8 11 90
July 0 0 79 1 5 16 76
October 3 9 85 5 14 18 94
Average 1.0 4.75 85.75 2.75 8.50 16.50 85.0

. Th IS e S e G G S G G BN SIS Gme G T T S AR TS WRS G T S G ST G GRS GV A WD G TP G Rk G T T U A S R AR e e e

@ Per hundred flowers at two hours interval

Gy



Table 3. Stigma receptivity based on tne association of iusects

S A W . G . S G By GED W W e e G S i i G W S G W e D T WSt N e S Bt S G T P e OV Y Gy B U U S YR U T e s G Gls S B P s A Sl e W e St U N 00 B W P e i SO e

Time of flower

collection 6-8 Ad 8=-10 A 10-12 noon 12 noon-2 Pil
Number of flowers

examined 200 200 200 200
Nuaber of insects

found 17 23 58 131

WA T . G e G G S IR GRS W SR G S SIS e G

2=-4 P 4-6 P
200 200
46 8

- T - W — - o - - -

O S W A T S A T G Bt M G G G D W G GO W G . e - e G e Y . e QB B D VIS YD G A GO P S Yt G Gt G s Vou BED P G S WS TS G BiD VO G AIR U G T

9%



Table 10, Stigma receptivity based on the percentage of fruit set at 2 nours interval

Time of polli- 6-8 AM 8=-10 AM 10-12 noon 12 noon=-2 P 2«4 Pui 4-6 Pi
nation
No. of flowers :
pollinated 20 50 50 50 50 50

A B A B A 3 A 3 A B A B
May 0 [#] 10 20 13 26 37 74 2 4 0 0
November 0 0 7 14 11 22 42 B84 8 16 0 0
Average 0 0 8.5 17 12 24 39.5 19 5 10 0 0

- G S T S T L . S N o e G . B WAD . G . . T S S S WD WG G G A MAS G S G G A W P W G TS GEP e D SUD T SUR W G SR G P SV T - - Uae W S VW P AP G S WA G W . S VD T W

A~ Number of fruits set after two weeks

B -Setting per cent



S—

S peroenkage o ?mib.sel:

100~

e

3

8
{
e

8
|

o——0 based ov Fruils-sak after hand pon ation.

o —-a pasesd op number of inzerl /200 Flowers .

G - AN B 10 AM I0AM AN 1Ribon -2 -4 P 4. —6 PM
e BIWIG

F 18 - Sb'xgm O rece p‘&iv}ts

SR (6]

r
!
§

,
8
————number of inseds .

r
|
1]

&

S—— o




8

Size and shape of pollen grajins

The pollen grains were found to be round. the
palynological description are furnished in Table 11. The
average diameter of pollen grains under dry, wet and
stained conditione were 19.25, 21.75 and 19.35 u, res-

pectively.

Bstimation of pollen production

The data regarding pollen production are given in
Table 12, Total number of pollen grains in a flower
during the months of May and November were 6100 and 7150,
respectively. The average pollen production per flower

was 66250

In-vitro germination and growth of pollen

The pollen grains failed to germinate in water. They,
however, geruinated and exhibited good tube growth (Plate 3)
in 5 to 20 per cent sucrose solution. Data regarding tae
composition of the media as well as the germination and
tube growtih are presented in Table 13, Highest germination
and tube growth were obtained in the medium containing
0.5 per cent agar, 10,0 per cent sucrose and 1,0 per cent
100 ppm boric acid. In the medium consisting of 5.0 per cent
agar, 50,0 per cent sucrose and 10,0 per cent 100 ppm boric

acid, there was no germination, even after four hours,



Table 11, Diameter of the pollen grains (m)

Y G S b S S T e

Dry Wet Ctained
No. of pollen grains
observed 100 100 100
Maximum 23.65 25.75 24.13
Average 19.25 21.75 19.35

43
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Table 12, Eetimation of pollen production

O O S G A > W - O G W B Gy WO S G B G N N Bl G e W W Y S W

P S B B G S U A I W S e S G T 4 T I A M Y e

Mean No. of pollen
grains in

donth No. of flowers
observed

lay 20

November 20

Average 20

0 qn e G G oA R e G S W D e e G W e B G St B SR S G W G DS T A

One anther One flower

T A G W G TS B (A D S Gy W S R T
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Table 13, In-vitro pollen germination and tube growth in
media of different concentration of agar,
sucrose and boric acid
Sl. Concen%;ation oé the Germination (%) ean tube)
No. media a su- growth (u
crose and 4 100 ppm After After after 4
boric acid respecti- 1 hour 4 hours pours
vely)
1 001 + 5.0 + 0.5 8.30 20027 52018
2 0.5 + 10.0 + 1‘0 68074 84031 238056
3 1.0 + 15.0 + 2.0 30.80 48020 70.15
4 2.0 + 20.0 + 5,0 11,31 15.75 20,35
5 500 + 5000 + 10.0 0 6 -
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Effect of sucrose on pollen germination

Data on the effect of sucrose on pollen germination
and tube growth are presented in Table 14 and illustrated
in Fig. 6. iighest germination and tube growth were ob-
tairied in the medium with 10 per cent sucrose. There was
no germination in the medium containing 30 per cent

sucrose,

Effect of Boron and calcium on pollen germinstion

The data presented in Table 15 and Figs. 7a, b and c¢
indicated tnat calecium or boron improved the percentage
of germination, when tue concentration was increased from
50 ppm to 100 ppm. Further increases to 200 ppm brought
about decrease in the percentage of germination. Similar
effects were observed when boron and cslcium in combination
were applied. Simjlar trends were seen regarding pollen

tube growtn also,.

Effect of temperature on pollen germination

Date on tne effects of temperature on pollen germina-
tion and tube growth are presented in Table 16 and illustra-
ted in Fig. 8. :ig.est germination and tube growih were
obtained at a temperature of 359C. The germinetion was nil

at both 10°C and 40°C.
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Iable 14, Effect of sucrose on pollen germination and

tube growth
Sl. Concentration Germination Mean tube length
No. of sucrose (%) after 4 hours (%) after 4 hours (u)
1 5 21.30 104.51
2 10 92.56 230.12
3 15 54.21 185,00
4 20 32.18 132.23

5 30 0 -
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Table 15, Effect of boric acid and calcium nitrate on pollen germination and

tube growth

- g S - - - — o —— - O . -

Sl.No. Coneentration Particulars after Boric ecid
(ppm) 4 hours
1 50 Germination (%) 65.20
Mfean tube length (m) 160.41
Germination (%) 90.35
2 100
Mean tube growth 255.66
Germination (%) 83,15
3 200
Mean tube growth 195.00
Germination (%) 54,32
4 300
idean tube growtn

Calcium
nitrate

210.10

95.55
247.20

83.21

220.15

72.50
195.00

Boric acid +
calcium ni-
trate

- G G > S G B G TS T G . . N T G > G S T G W T~ - —

410,00

97.32
431.25

91.10
430.40

31.65
415.00

W WS W e e G P W G S SES e YR i S D S B W A G TS S IS G T I e T AN S B s i S G G RS o G SV G G TS GR A M S G e S GRS G P U S G M A W G0 G S S Y U e S G G W G G S T S S S G
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Tavle 16. Effect of temperature on pollen germination
and tube growth

W S g e S G Sme G T e G W G S G G S S G v P A G S S G SR G S e N G G G G G S G W I AN . S Y G S e S N GRS RGNS B e G T

Sl.No. Temgerature Germination vean tube lengin
(°c) after 4 hours after 4 hours (u)
(%)
1 10 0 -
2 25 85.60 235.12
3 35 9%.71 452,40

AT G U A W O GPS T e AP G G S D S (R S B ST G PN G T G s S G S5O SN G G IR G TV G G W I TS G G S R W G S G G ST s T SRR G e A S W
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Pollen viability

The viability of pollen grains was assessed boih by
the acetoocarmine staining method and by the germination
method. The results are presented in Tavle 17. Viability
readings in the germination method was found to be lower
than those obtained in the sta;ning method. The mean
percentage viability assessed ﬁy the acetocarmine stain~
ing method and by the germination method were 97.10 and
66.25, respectively.

Varjation in the viability of pollen after antner
dehiscence

The percentage gerumination and the meaxn tube growih
of pollen collected at two hourly intervels from & L to

6 ¢si are presented iu Table 18,

Highest germination (96.41 per cent) was observed in
the flowers collected at 8 As«, Tube growth was zlso nighesi
(3%4.13 u) in the pollen grains collected at 8 A, ine data

on germination and tube growih are shown in Fig. 9.

Yollen storage

Pollen grains were stored by three methods and the data
collected on their germination and tube growth have bpee:u

presented in Table 19 and Figs. 10a and b.



Taoie 17. 7Pollien viability

Percentage of viable pollen grains

Month
: Total number Acetocarmine Total number Germi-
of flowers of flowera nation
observed observed
January 50 96.59 50 92.56
April 50 35.98 50 42,18
October 50 97.62 50 54.21

Average 50 97.10 50 66.25



Table 18, Variation in the viability und tube growtih after aniner deniscence.

— T N g - - e wme -

Time of flower

collection 6 A 8 Al
No. of flowers

observed 35 3
dean germination . g, gg 96.41

after 4 hours (%)

dean tube length
after 4 hours (u)¥ 110.00 334.13

. - - S G G e U G U e et WV G e e T B O M B G e W PUR G G G TUS T G S S G G IS G S S 4 SO T WO M S S

® Totally from thirtyfive fields

-

10 AM

35

94.25

327.39

12 noon

35

82,01

221,38

" - . - o

35

80,71

191,13

4 PN

35

69.04

169.13

35

58.32

138.88

SC
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Table 19.

Pollen storage

e G G W i B A e e W AP e S S A G T B I S G G i W S S G G G AR e e Y B i T S S . T i - W GO S W T G G SR WD T G GRS G U T S G G G B S S L G G . E W W e GO D W e S . W S B W D S . P G AV e WS P >

dethodt*
No.

Bgprticulars*

1-day 2-day 3-day 4-day 5=-day

e G B D A S S W G . S T S W S VI G G S WD S G e G GOR e T S G G T G S G . S G S — - o o - T B G T G U GRS B A . G SO A GRS Y S e TR S e S Y W G G G G G e S G S G G T U S e A

II

Germination (%)

iflean tube growth
()

Germins tion (%)

Mean tube growth
(m)

Germination (%)

Mean tube growth
(m)

86,70 60.42 51.75 21.62 2.56
220.31 164.06 101.85 60.12 21.33
92.16 87.04 84.53 T78.70 72.55

310.39 286.10 240.67 206.11 162.54

. S G G S G e Y e S G G A TV W GRS SIS WP W IS WS SHP T U W S GUR S S WS W

48,22

112.13

+ ean from twenty fields

++ 1

II

I11

Antners in tissue
sealed and stored

Anthers in tissue
sealed and stored

13.35 6.71 O

48,20 25.62 O

i Bn e B Gln G e G TP G T TS D M B S G - - -

paper cover, wrapped with filter peper, inserted in glass tube,
at room temperature after two hours of desiccation.

paper cover, wrapped witn filter paper, inserted in glass tube,
at 5 to 10°C after two hours of desiccation.

Kept on wet filter paper inside a petri-disn at room temperature (control).

65
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In the first method, the germination after one day of
storage wae 86,70 per cent with a tube growth of 220.31 .
Germinstion and tube growth gradually reduced. After storage
for six days germination was found to be mnil.

In the second method, after & day's storage, the gerai-
nation and tuoe growth were 92,16 per cent and 310.39 wu,
respectively. After nine days of storage, germination was

reduced to zero.

In the third method, after one day of storage, the
germination and tube growth were 41.30 per cent and 21.57 m,
respectively. After taree days of storage tne germination

wae nil,

Pollination aspects

Extent of self pollinations Flowers which were baggzed

did not set fruit., They were shed 24 to 43 hours after
the anthesis. It was also seen that no pollen grains were

present on the style or siigma of drooped flowers.

Natural pollination rate: The rate of natural pollina-

tion from January to December are presented in Tavle 20 and
illustrated in Fig., 11. Number of pollinated flowers were
more in the months of January, February and darch. The

percentage of successful pollination was found to be higher



Table 20,

-y o v o o o e - -

Groups

A W e W G W W S . S T > W

July
August
September
October
November

December

O > e QU W e e T o G S

i S Gon e

Non-polli-
nated

(%)

Natural pollination rate for the year (1980)

Pollination
Total Under Successfully
Pollinated pollinated pollinated

(%) (%) (%)
40,13 28,93 11,20
39.25 26.44 12.81
41,00 32,00 9.00
35.28 28.18 7.10
31.05 25.70 535
32,53 27.41 5.12
31.28 23.03 825
31.67 25.27 6.40
25.30 20.58 4.72
24,00 20.95 3.05
26.30 21.80 4.50
26.12 18.37 T.75

T e e G e B G S U e T Y W T A (U S A A G e G
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in January (11,20) and February (12,81). KNumber of under-

pollinzted flowers were more in March.

Insecis associated with cocoa flower: Seven insects

belonging to ihe order Diptera and five Formicid species
(order ilymenoptera) were identified as common floral visi-
tors (Table 21)., wmicrophotographs of these insects have
been displayed in Plates 4 to 9,

Compatibility status

Data regarding the number of flowers pollinated, per-
centage set and pod harvest resulting from self pollination
are presented in Table 22 and those resuliing from cross

pollination in Table 23.

Out of the 15 plants self-pollinated, ouly four were
found to be self-compatible (Table 22), The plant J 7/3
ranked first with regard to fruit set (67.69 per cent)
and second for pod harvest (29,23 per cent). The plant
L 9/3 ranked first in pod harvest (6.0 per cent) and second
in percentege fruit set (67.31). The plant J 11/2 was
third, both in fruit set and pod harvest.

The fifteen plants, when cross pollinated among them-
selves, recorded good percentage of fruit set snd pod

harvest, The plante which were identified as self-compatible,



fable 21, Insects associated with cocoa flowvers

63

S1l.No. Name Family

1 Unidentified Psychodid Paychodidae

2 Unidentified Cecidomid-1 Cecidomidae

3 Unidentified Cecidomid-2 "

4 Forcipomyia sp. Ceratopogonidae
5 Unidentified Chironomid Chironomidae

6 Unidentified Drosophilid-1 Drosophilidae
7 Unidentified

Drosophilid-2 "

8 Unidentified ilyrmecin Formicidae

9 Cremastozaster sp. "

16 Plageolepis louyipes "

11 frenolepis sp. "

12 Camponotus compressus

————

VD D W B B AED U G e T G . e G B . S W S W T B T Y T G W T GO S TED Y G S GPT WIS WD AR GRS QYD W WS W . P GO s

DIPTERA

(1]
"
”
11

"

AYMENCP T i.lh

1)




Plate 4* Insects associated with cocoa flowers-
Lefts Unidentified psyohodid x 320
Rights Unidentified ohlronomld x 320

Plate 3. Insects associated with cocoa flower
Tops Forcipgmria sp. *320
Bottoms Unidentified cecidomid k 32XD



IPlate 6. Insects associated with cocoa flower
unidentified Drosophilid x 320

Plate 7. Insects associated with cocoa flower
Left* Cremastomaster sp. X200
Right* Unidentified 4yrmecin x200



Plate Q* Insects associated with cocoa flower
Left* Plageolepia lonnipes x z0O
Rigjati“renolepis sp. x Z0O

Plate 9. Insects associated with cocoa flower
Caaponotus coapressus kzoo



Tavle 22. GSelf pollinstion and compatibility

- - -——— - -~ - - - e . - . T U W GW S e G T S S e S D G T T W W

$ls Plant No. Number of liumber of Percen- Number Percentage Rank Compati~-
No. flowvers fruit set tage of of pods of pod - bility.
pollinated fruit set harvested harvest ¥ruit pod status®
...................................................................... set _ _harvest .
1 J 2/3 62 2 3,23 ) - 9 - si
2 J 2/5 50 0 - - - - - si
3 J 4/2 50 4] - - - - - si
4 J 4/6 65 1 1.54 O - 1 - si
5 J 1/3 65 44 67.69 19 29.23 1 2 scC
6 J 7/4 51 2 3.92 0 - 8 - si
7 Jd 3/5 73 5 6.35 0 - 6 - 8l
8 J 9/8 A 0 - - - - - si
9 J 11/2 58 32 55.17 14 21.14 3 3 sc
10 J 11/3 55 0 - - - - - si
11 L 84/1 60 3 5.00 0 - 7 - si
12 L 33/3 56 1 1.79 0 - 10 - sl
13 L 9/3 52 35 67.31 21 60,00 2 1 8c
14 L 52/4 50 23 46,00 10 20,00 4 4 scC
15 L 52/7 63 7 10.29 1 1.47 5 5 si

@ 81 - gclf-incompatible
s¢c - seli-coupatible

»9



Table 23. C(Cross pollination and compatibility

T S G G W Tn S G S G G SRS G S G GG - T A G S GO W P T e S S A Y - — o - - - - . A e e G VI TS G GNP D S S e A G S e e G e G GRO SV W G G GNP - T A

.leNo, Female Hale No.of No.of Z¥ruit set No. of Pod har- Rank Compatibi- g
plant  plant fig:;fs f::it (%) ﬁ:ﬁf vest (%) T iit Pod lity status
ﬁated ° vested set narvest

1 J 2/3 L 52/7 55 33 60,00 7 12.73 6 14 cc
2 Jd 2/5 L 52/4 51 21 41,18 10 19.61 10 1 ce
3 J 4/2 L 9/3 63 50 79.37 15 23.81 1 3 ce
4 J 4/6 L 33/3 72 48 66.67 31 43.06 3 1 cc
5 J 7/3 L 84/1 50 23 46.00 11 22.00 9 9 co
6 J 7/4 J 11/3 50 32 64.00 20 40,00 5 3 cc
7 J 8/5 dJ 11/2 56 20 35.71 6 10.71 14 15 cc
8 J 9/8 J 2/3 65 24 36.92 16 24.62 12 6 cc
9 J 11/2 J 2/5 71 26 36.62 20 28.17 13 4 ce
10 Jd 11/3 J 4/2 51 19 37.25 T 13.73 11 13 ce
1 L 84/1 J 4/6 53 33 56.90 12 20.69 7 10 cc
12 L33/3 J41/3 63 41 65.08 27 42.36 4 2 ce
13 L9/3 dJ 17/4 61 41 67.21 16 26.23 2 5 cc
14 L 52/4 J s/5 51 24 47.06 9 17.65 3 12 ce
15 I, 92/7 4 9/38 50 16 32.00 12 24.00 15 7 ce

& o©c - cross-compatible
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showed satisfactory fruit set and pod yield in cross polli-
nation. The average fruit set ranged from 32.0 (L 52/7)

to 79.37 (J 4/2) per cent. The percentage of pod harvest
ranged from 10.71 (J 8/5) to 43.06 (J 4/6).

Natural vs hand pollination

The difference in fruit set and pod yield under natural
pollination and on hand pollination are summarised in

Table 24.

Out of the 600 flowers under natural pollination, ouly
71 set fruits, Ultimately only five pods were carried to
meturity. Thus, the percentage of fruit set and pods har-
vest were 11,81 and 0,3%, respectively. However, on hand
pollination, 451 flowers out of the 867 set fruits and 219 of
them were carried to maturity. Thus, the percentage of
fruit set and pod harvest worked out to 52,02 and 25.76,

respectively.

Flowering and fruiting behaviour on the main trunk and
an _branches

o

Data on ihe number of flowers produced pear cushion,
flowers pollinated, fruit set, cherelles wilted and pods

harvested are presented in Table 25,

The mean number of flowers produced per cushion on

the main trunk was 37.0. Of these, 37.29 per cent flowers
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Table 24. Natural ve Hend pollination

e - - o

No. of flowers labelled
No. of fruit set
Percentage of fruit set
No. of pods harvested

rercentagze of pods
harvested

Natural Hand

600 867

71 451
11,81 52.02

5 219
0;83 25.26




Table 25,

Flowering and frulting behaviour on tne main truk =axnd on fan brancnes

Plant part

dain trunk
Per cent

Fan branches
Per ceunt

- o - -——— -

Total nunber

of cushions
observed

dean number Number
of flowers/ pollina-
cushion 2t ted

a siretch
27 13.80
- 37.29
18.90 6.70
- 35.44

1.20
6.%4

Number Haaber

wilted harvested
355 1.45
9.59 3.91
1.15 0.05
6.08 0.26

——— . - -

+ I ten trees © two cushions per main trunk and two cushions per fazn branch.

§9
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were seen pollinated, The percentage of fruit set was
13.51. 9.59 per cent of the total number of flowers were
lost due to cherelle wilt and only 3.91 per centi reacihed

the harvestiable stage,

In the case of fan shoois, the mean flower production
per cushion was only 18,90, 35.44 per cent of these
flowers were found to be pollinated. The fruit set worked
out to 6.34 per cent. The loss due to cherelle wilt was
6.08 per cent and only 0,26 per cent of the total flowers

reached the harvest.

Rhythm of flower production in cushions

As can be seen from the data presented in Table 26,
the interval betweern flower production on the cushions
ranged from 33.81 days to 165,30 days. Those cushions that
supported the developing pods upto the harvestable stage
flowered less frequentily than those which exhibited no

flower set or complete wilting of cherelles.

Fruit (pod) development

The weekly developmental siages of the pod (from fruit
set to ripening) are depicted in plates 10, 11 and 12,

Data on length and thickness of the fruit-stalk, lengia
and thickness of the pods, thickness of tne shell (rind) as
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Table 26, Type of flower production in the cushion based on
its Rhythm ~ mean table

W e G - - o~ - - G A S P T G - T S e T B> G . Y G

Type  Number of Number of Number of Number of Duration
flowers fruit set fruit pods har- betiween
produced @ wilted vested flower
at a streteh produc-

tion
(days)
I 3.76 0 - - 33.81
II 22.37 5.62 5.62 0 65.31
III 15.12 2.41 1.24 1.17 165,30
Iv 6.0 1.76 0 1.76 161.73

¢ Hean of forty cushious






Plate 11. Stages of fruit development - one
week after fertilisation to ripening

Plate 12. Stages of fruit development - longitudinal
section
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well as percentage of cherelles wilted were collected at
weekly intervals (Table 27a). <‘he mean length of the
fruit-sialk, after one week of growth, was 15.06 mm and
after 21 weeks,(25.63 ma). The mean thickness increased
gradually from 1,51 mm to 10,33 mm during the corresponding
period. There was no further increase in the length and
thickness of the fruit-sialk during the 22nd week. The
mean length and thickness of the pods increased gradusally
from 20.38 mm and 7.81 mm (after one week) to 160.10 ma

and 85.43 mm (after 21 weeks), respectively. During the
2214 week, there was no further increase in the length of
the pod while the thickness exhibited a slight reduction.
The thickness of the shell gradually increased from 2.%1 mm
during the first week to 12,52 during the 20th week, There-
after, the snell thickness showed a slight reductiou.

Bxamination of the longitudinal sections of the deve-
loping pods snowed that the differentiation was very slow
upto four weeks, Afier six or seven weeks, seed formation
was visible, By the 15th week, both the shell and the fruit-
stalk started to harden. This was followed by the clear
appearance of the cotyledons. The seed coats started to nar-
den by the 17th week, By the 18th week, the cotyledons took
up light pink colour followed by the hardening of ithe seed,
Tne colour of the cotyledons changed to dark pink. By tne
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Table 27a. Stages of fruit/pod development at weekly intervals®
(mean of 100 pods)

GO e A G s S R G T e G G > e - aw - e T T

Nuaber of Fruit- Fruit- Fruit/ Fruit/ Shell Percentage

weeks stalk stalk pod pod thickness of cherelle
after length  thnick- length tniock- (mm) wilt (per-
fertili- (mm) ness (mm) ness centage to
gation (mm) (mm) the total)

1 15.006 1,51 20.38 7.81 2.31 6.25

2 15,71 2.2C 22.71 8.60 2.53 6.25

3 16.20 2.62 24.52 10.63 3.65 PeT5

4 17.15 2.85 30.98 11.91 4,20 13,75

5 17.70 3.14 33,25 12,03 4,56 15.0

6 18,54 3.27 45.57 14.71 4,82 18.75

[ 20.68 3.69 50,03 16.53 5.12 12,50

3 20,93 4,00 55.68 18.94 ¢35 875

9 22,07 4,27 65.14 20.75 5.81 SeT5

10 22.38 4.72 75.78 25.21 6.52 1.25

M1M1e 22.91 5.13 85,51 30.54 7.03 -

12 w 23.81 5.48 90.40 32.75 B8.10 -

13 @ 24,31 5.75 95.35 33.07 8.31 -

14 @& 24.63 6.20 100.81 3531 3.67 -

15 © 25.00 6.61 110.62 36.85 3.91 -

16 @ 25.17 T.23 120,03 45.62 10.05 -

17 @ 25.25 7.41 130.91 50.01 10.41 -

18 @ 25.32 7.63 135.46 55.43 10.80 -

19 @ 25.40 7.81 140.82 65.98 12.15 -

20 @ 25.55 8.52 150,31 75.30 12.52 -

21 & 25.63% 10.30 160,10 85.43 12.52 -

22 w 25.63 10,30 160,10 85,12 11.83 -

R s e S e G T e WD S S S

© Mean of 60 pods
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Table 27b., Number of days for pod maturity

o D G S W G s G P TS G D W W S e W A

S s > G G B G T B YU N S WD A T Gt i A T W W W Gy W

Number of days from ferti-

Daily mean Caloulated

lization temgerature dzys by

in C Alvin's

Minimum Maximum Average formula
127 141 138,17 27.04 138,58

- e T T T U S 0 S G > B e

A D G i i S D SR G e S D G W W
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22nd week, tne pods were ripe,

Data on the occurrence of cherelle wilt during various
stages of fruii development are also presented in Table 27a.
One-week 0ld cherelles recorded 6.25 per cent wilt. Ine
percentage of cherelle wilt gradually increased and reached
a peak of 18,75 per cent ai the sixth week. Afterwards, the
percentage of wilt reduced gradually. Beyond wne 10th week,

there was no loss due to cherelle wilt.

Cocoa pods took 127 to 141 days (mean 138.17 days) for
reaching the ripening stage (Table 27b), The figure worked
out by the formula of Alvim et al. (1972) came to 138,58

daye.
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DISCUSSION

The results of the studies conducted ati tne
Regional Research Station, Pilicode on the wvarious aspectse
of floral biology, fruit set and fruit development in

cocoa are discussed hereunders

Flowering pattern

The present siudies revealed that under iNortn Kerala
conditions, cocoa flowered throughout the year. As in tuae
other tropical cocoz growing countries, two peaks in flower-
ing were observed, namely, iday-June and November-Deceumber,
the latter being the major season. Flower production in
Soutln Karnataka has also been reported to be more in Decem~
ber then in the other seasons (Anon, 1977). idowever, iu
Ghana (4ewison ond Ababio, 1929) and in Cuba Delpinalrivero
and Acunagele, 1967), major flowering season hze been re-
ported to be April-June and June~September, respeciively.
The low rate of flower production during the iay-Jwie
season may be due to the competition for food between ine
differentiating flower buds and the new vegetative flush.
Larger flower production observed during November-December
season mey be on accouni of the extra food reserves resuli-

ing from the May-June flush.



It wvas observed in the present studies that flower
productior was minimum during September. Alvim (1966)
also found July-September period to be the non-flowering
period in Bahia. The lowest flower production was obser-
ved in South Karnataka during August-September season
(Anon, 1977).

According to Murray (1975), a cocoa plant can pro-
duce more than 10,000 flowers annually. The annual flower
production observed in the present studies was 12,294,

The higher temperature conditions of North Kerala must
have been responsible for this heavy flower production.
Wood (1975) reported that flowering may be more under higner

temperature conditions.

Pattern of cropping

As can be expected from the observed double peaked
flowering pattern, there were %Lwo harvest peaks also - one
during June-August and tne other during October-December,
Chat (1953), Alvim (1974), Purseglove (1974), Wood (1975)
and Shanmugavelu and Rao (1977) reported that the pattern
of cropping in cocoa is double peaked. In ihe present
studies, a heavy crop (about 75% of the iotal) was harvested
during the June-August period and 2 light one (a little over
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20 per cent) in October-December season. Owing to the
intense flowering observed in November-January season,
higher pod production can be expected during June to
August, under Xerala conditions. T<he low pod production
observed in the October~December season may be due w0 two
factors, the comparatively low flower produciion during
ay~June as well as the depletion of food reserves by tine
newly formed leaves and ithe fruits developing from the

November-Decemver flowering.

Intensity of cherelle wilt

Cherelle wilt i considered to be one of ine fuciors
affecting the yield of cocoa (Couprie, 1972). The wilting
of cherelles recorded throughout the year in uie present
studies support the above statement., Cherelle wilting has
been siated to be & physiological thinning mecnanism of tne
plant by which the size of the crop is regulated wiin tne
avajlable food reserves in the tree (Nienols, 1961 and
Murray, 1975). In the present studies, higher intensity
of cherelle wilt was observed during June-July, the season
of higher pod production. The competition for the nutrients
be tween the developed and the newly developing fruits (pods)

may have been respousible for the wilt of the latter.
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Flower bud development

Results obtained in the present siudies revealed ihe
flower bud development in cocea to be a slow process, It
took about 22 days for the buds which appeared on the
cuenions to reach maturity or anthesis stage. Compared
to we bud portion, ine pedicel showed & higher rate of
growinh initially, thus giving a proportionately long pedi-

cel for tne amall buds,.
Anihesgis

The present studies indicaied that under Nortn Kerala
condition, anthesis of the flowers commenced between 2 and
4 Pil. Wellemeick (1932) observed that antheeis commenced
around 4.30 Pi ir Java. Sampayan (1963 and 1366) found
tne anthesis to be slightly earlier in the Philippines,

(at 4 PM). dowever, Deloinalrivero and Acunszale (1967)
reported that in Cuba, tne anthesis commenced around 7 Pu,
This variation may be probably due to ine variations in

the diurnal variations in temperature and/or relative humi-
dity in these places, An analyeies of the geograpniecal loca-
tion of these couniries indicated the possibility of lati-
tude effects linked with environmental conditions on the
time of anthesis. The present studies also revealed that
during the rainy days, the flower buds commenced opening
early in the day, around 10,00 Al to 12,00 noon.
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regarding the completion of the antnesis, Sampayan
(1963 and 1966) reported tnat it was around 6 D:f oun the
same day in the Philippines. The present studies snowed
that anthesis in cocoa was a slow process, commencin, ovet-
ween 2 and 4 Pid and completing between 2 and 4 A, tne

next day.

Anther dehiscence

Observations of the present studies revealed that in
majority of the flowers (85,75 per cent), antaner dehiscexce
comnenced betweeln 4 and 6 Ad and completed between & and
10 Ad. Firdings of Wellensiek (1932) that zxther deni-
scence comaenced at 6,30 AM and of Sampayean (1963 and 1966)
that the dehiscence comuenced at 6 Ad and compleied at

8.30 Asi suppori ihe present observations.

Stigma receptivity

It may be recalled that the anthesis was found to be
completed betweer. 2 and 4 A¥., Based on the adnererce of
pollen grains to the stigma, the siigma was found to oe
receptiive between 6 As and 6 PM. Vieit by insects was
founé to be intense between 12 noon amd 2 Pul. Dzia on tue
percentage of fruit-set on hand pollination also revealed

that in most of the flowers, the receptiviiy was very nign
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between 12 noon and 2 PM. Sampayan (1963 =ud 1965) obser-
ved high receptivity of stizma between 10 Aii and 1 Pid in

tae Phillppines based on the resulies of hand pollinaiion.

Welleneiek (1932) reported that the flowers were
protogynous and the stigma was receptive waen tney opened
(4.30 Pit), However, the present studies as well as the
reports of Sampayan (1963 and 1966) revealed tazt tne
stigma receptivity was between 10 AM and 2 rud, the day
after the comuencement of anthesis., Thus, ihe proiogynous

nature of cocoa flower has not been confirmed,

Palynologiczl aspecis

The study revealed tnat the pollen . rains of cocoa
were round and nad a dismeter between 14,2Y% to 24.51 m.
Flowers produced durin: November had more pollen/flower
than ihe those produced during day. It may oe reczlled
that November was identified as the peaxk flowerin. season
for cocoa in Kerala, The higsher pollen production seeun
during November would have effected better pollination of
the flowers, resuliiing in a heavier crop during June-

August season.

Cocoa polien did not germinate in water, Good polien
germinstion and ilube growth was obtained in a mediun con~

taining 0.,5% agar, 109 eucrose and 1% of 100 ppm boric acid.
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Ostopenko (1956), Vasil (1960), Singh (1961) and Singn

et al. (1961) reported that sucrose was nelpful as au
artificial medium for germination of pollen grains as it
served as a nutrient during pollen tube growth. Varas

and Soria (1962), Jacob et al. (1969), Ravindrau (1977)

and wartinson (1973) reported good resulis by using sucrose
concentration ranging from 5 per cent to 15 per cent aud

2.0 per ceunt agar,

dotn boron and calcium enhanced tihe geramination aud
pollen tube growih in the present studies. In general,
the observations are in agreement with the findings of
Shapiro and 3urdick (1961), Varas and Soria (1962) znd
Ravindran (1977). In tne present studies, 100 pom of both
boric acid and calcium nitrate (131, gave good pollen

germination aud tube growth,

As far ze tne effects of temperature on polien gerai-
n2tion ard tuvbe growith were concerned, the present studies
revealed that there was no germination at 10%°¢ and 40°¢,
sest germination and tube growth were oovserved at 35%C,
Ravindran (1977) also had reported better geruination at
35%¢C.

The estimate of viability of pollen grains by Lie .er-
miration method was found to be lower than tnat by aceto-

carmine method., 7These observations confirmed inhe view tazt
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the acetocarmine method was less accurate in determining
tne viability of pollen grains, as recorded in fruits and
vegetavles by Bajpai and Lal (1958). Further, all tne
pollen grains which appeared as viable oxn acetocariuine
staining may not germinate in artificial medium
(Paramesawar, 1974). In the present studies, cocoa pollern
from freshly opened flowers exhibited zood germination
between 6 Ail and 6 Pii, However, pollen germination was

found to be high between =10 A,

Out of the tnree methods of pollen storage tried,
keeping pollen irn tissue paper packets, sealin. in glass
tubes and storing the tubea in refrigerator after itwo
noure of desiccation (over calcium chloride) was found to
be superior to the other methods. bven after five days of
storage by this method, 72.55 per cent of germination and
112.13 m pollen tube growtih were obtained. Keepins pollen
grains in sealed glase tubes (Wellensiek, 1932), desiccator
(Varas, 1962) and under refrigeration (Simmons, 1376) aave

been reported to extend the viability.

Pollination aspects

In the present studies, bagged flowers did not seti
any fruite and they were shed within 24 to 4s nours after
the anthesis. rurseglove (1974) and wurray (1975) reporied
that unpollinated flowers abscise within 24 nours. This
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observation and the absence of pollen grsins ou iwne stigma
or style of the abscised flowers led to tne conclusion
tnat in order to achieve pollination, involvement of an

external ageul was necessary.

The present studies revealed tnat several iusects wer:
associated with the pollination of flowers in cocoa. Even-
though, Wellensiek (1932) could not observe pollination by
insects in Java, lessart (1961), Cuatrecasas (1964),
Purseglove (1974) and Murray (1975) recorded involvement

of insects in pollination of coooa.

Seven insectis of the families Psychodidae, Cecidomidae,
Ceratopogonidae,Chironomidae and Drosophilidae (Order
Diptera) were identified i1 the present studies as the
floral wvisitors, In addition to the above, five ant species
of the family Formicidae (order Hymenoptiera) were also
found to be associated with pollination in cocoa. Cope
(1940) and Kaufmann (1975) have recorded tne iuvolvement

of ants in tne pollinztion of cocoa,

Resulte obtained in ihe present studies revealed e
natural pollination raie in cocoa to be low. Several
researchers like Purseglove (1974), Murray (1375), Parvais
et al. (1977) aud Winder (1978) nave also mentioned polli-

nation as a limiting factor in cocoa productioun.



The present studies revealed a hlgher verceuntage of
successful pollination in PFebruary end January. In
Karnataka, higner percentage of successful pollination
was obtained during the month of March (Anomn, 1377).

This variation may be probably due to the change in une
population density of the pollinating insectis. 7The preseunt
studies indicated a relationship between the degree of
successful pollination améd the intensity of cropping.

The large pod harvest ovbserved during June to August may

be the result of higher rate of successful pollination of
flowers during Januery and February. It may also be assumed
that the lowest rate of successful pollination ooserved
during October resulied in the absence of pod harvesti

during February-iiarch.

Compatibiliiy status

Cope (1362) stated thzt though it was possible to
clasrify cocoa clones broadly into comp=tible and incom-
patible groups, there was still considerable verizxtion
within each group. In the present studies, out oi tne 15
plants self-pollinated, only four (J 7/3, J 11/2, L 9/3 aud
L 52/4) were found to be self compatible. Such low propor-
tion of self compatible trees in cocoa populution has been
reported by Bartley (1963) who observed tinat out of 39 trees
he studied, only eignt trees were self-compatible. Sampsyan
(1963 and 1966) reported wide variation (0 to 93 per ceunt)
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in tne occurrence of self compatible trees in Criollo-
Forastero mnautural hybrids such as the one included in

the present studies. It was also observed, in the present
studies, that all the 15 plants (four self coupatible and

eleven self incompatible) were cross compatible,

Natural vs hand pollination

Pollinction in cocoa has been reported to be a limiui~
ing factor for obiaining good yields (Purseglove, 1974;
Anorn, 1977 and Winder, 1973). Glendié}ng (172 stated
th=t normal fruit setting in cocoa required deposition
of pollen grains on stigma in sufficient quantity. Low
rates of fruitl setiing and pod harvest obtsined under
nstur«l pollination may be due to inadequate or non-pdlli-
nation. Results of tne hand pollinaiion studies (52.02 per
cent set and 25,76 per ceut pod harvest) indicated tnat
fruit set and pod yield can be improved conesideraoly by
assisted pollination. The economics of nhand poliinatioxn
in cocos is yet to be worked out. Jacob and Okoloko (1371)
hed, however, indicated that hand pollinztion is a practical
proposition in Kola (Lola nitida Vent.) production. In tne
lignt of thie observation, further work oun assisted polli-

netion in cocoa is wortihwhile.
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Pod production from majin trunk and fans

The present studies reveasled certaixn new informstion
regarding tae flowering and fruit-setting behaviour on
ine main trunk and fsn branches. Flower productiorn,
successful pollinstions, fruit set and pod harvest were
low on the fan branches as compered to those on the main
truxk, The production of larger number of flowers on lne
mein trunk, the availability of food reserves in sufficient
quantities and the resultant reduced level of cherelle
wilt may have given advantege to tne main tirunk as compared

1o the fsn brarnches,

In the present studies, it was observed that tae
interval between fiower production per cushion ran;ed cou-
siderzbly (33.381 to 165.30 days). Those cushions waich
supported the pods upto the harvestable ctage flowered less
frequently thsn taose which exhibited no flower set or com-
plete wilting of cherelles, Glendi@@ng (1972) cbserved
that flowering in cocoa continued uhiil supprecsed by crojp
develoyment, Alvim et al. (1972) alsoc atliribuied iunidition

of flowerin, in cushions to the pods developing on -nes.

The present investigations revealed tanat fruit aeve-
lopment in cocoa is gradual, During tae Z2nd weexk, the

week during whicn the pods ripened, tnere was no increase
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in the length and thickness of the fruit-stalk. A slight
reduction in the thickness of sinell was observed during
the perjod. This must have osused the obeerved reduction
in tne thickness of pods. It was interesiing to observe
that beyond the 10th week of fruit developmenti, tnere was
no loss due to onerelle wilt. In the presenti stiudies,
cocoa pods, on the average, took 138.17 daye for reaciaing
the ripeuin, stage. This figure worked out as per e
formula of Alvim et al. (1972) came to 138.53 days, tause
being in close agreement with the observations made in

ihe studies.
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SUMMARY

The preesent investigations were ocurried out at the
Regional Research Station, Pilicode, Cannanore district
during 1980-81 to study (i) the pattern of flowering and
cropping (ii) thne floral biology and (iii) the fruit set
and fruit development., The experimental material con-
sisted of ten~-year old cocoa plants intercropped in
coconut plantations. The salient findings are summarised

belows

1. The flower production was found to be throughout
tne year with two peak seasons, namely, May-June and

November-December.

2. The maximum pod harvest was obtained during
June-August season. A second peak was obtained during
October to December,

3. Cherelle wilt was observed to occur tiharoughout
the year, maximum beins in July. The percentiage of
cherelle wilt during the first week of pod development
vas 6.25. 1t reacned a peak of 18,75 per cent at the
sixth week. There was no loss due to cherelle wilt

beyond the 10th week,

4., Newly emerged flower buds took 21 to 24 days

to reach msturity and anthesis. Anthesis comuenced
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between 2 and 4 P¥ and completed between 2 and 4 AM, the

next day.

5. Anther deniscence commenced between 4 and & Al

and completed by 8 to 10 AM,

6. Stigma receptivity was found to be nigh between
12 noon and 2 P,

7. The pollen grains were found to be round and had
dianeter ranging 14,25 to 24.51 mu. The number of pollen
grains per flower showed monthly variation (6100 to 7150),
the average being 6625,

8. A medium containing 0.5 per cent agar, 10.0 per
cent sucrose and 1,0 per cent of 100 ppm boric acid was
found to be the best for germinating pollen in vitro.
Calcium or boron (100 ppm) improved the percentage germi-
nation of pollen grains., Highest germination and tube
growtih were recorded at a temperature of 35%C. The
highest percentage of germination and tube growth were

observed when fresh pollen was collected at & A,

9. Keeping pollen grains iu tissue paper packets
wrapped with filter paper, sealing in glass itubes and
storing the tubes in refrigerator (after two hours of

desiccation over calcium chloride) was found to be effectiive
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in extendin; the wviability of pollen grains upto five days.
10. No fruit set was ooserved on bagging the flowers.

11. The percentage of successful pollinaiion was
found to be higher in January and Februcry than during

tne other months,

12. Seven insecte belonging to the order Dipiera azud
five Formicid species belonging to the order Hymenoptera

were jdentified as floral visitors,

1%. Out of the fifteen plants studied, four were
self compatible, All the 15 plantis were found to be

cross-compatible,

14. The percentage of fruit set and pod harvesi
under natural pollinaiion were 11.31 and 0,33, respectively.
On hand pollinatior, these rose to 52.02 and 25.76 per cent,
respectively indicating scope for assisted pollinstion in

€0Coa,

15. The percentage of fruii set on the main trunk
was 13,51, Only 3.91 per cent of the flowers reached the
harvestable stage. In the case of fan shoots, out of the
total flower produced, 6.,34 per cent set fruits. Ouly
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0.26 per cent of the total flowers were cerried to maturity.

16. The interval between flower production in the
cushione ranged from 33.81 days to 165.30 days. IThose
cushions that supported the dewveloping pods upto the nar-
vestable stage flowered less frequently than those which

exhibited no flower set or complete wilting of cherelles,

17. The development of cocoa pods was found to be
a very gradual process, The pods took 127 to 141 days
(mean 133,17 days) for reaching the ripening stege.
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ABETRACT

Studies were conducted at the Regional Hesearch
Station, Pilicode during 1980=-81 to gather information
on the pattern of flowering and fruiting, aspects of
floral biology, fruit set, fruit development etc. in

cocoa,

Though flowering was seen throughout the year,
two peak seasone (May-June and November-lLecember) could
be identified., A double peaked pattern was also observed
with regzrd to pod harvest, June-August being the major
peak. Cherelle wilt occurred throughout the year, the
maximum being in July. Cherelles did not wilt after

the tenth week of development,

Datz on the commencement and completion of anthesis
and anther dehiscence were collected, The stigma recepti-
vity was found to be high between 12 noon to 2 Pi. A
medium for germinaling pollen grains in vitro was identi-
fied. Keeping pollen grains in tissue paper packetis
under dry and couparstively cool conditions extended tne
“viability upto five days., Seven Dipterous iusects and

five Formicid species were identified as floral visitors.,



The fifteen plants included in the studies were
found to be cross-compatible; but only four of them

wvere self-compatible.

Hand pollination increased the percentage of
fruiteet and pod harvest, indiocating scope for assisted
pollinetion in cocoa.

Variation was observed between ine main trunk and
the fan shoots with regard to the percentage of fruit
set, number of cherelles wilted and the percentage of

cherelles carried to maturity,

The cushions that supported developing pode upto
the harvestable stage flowered less frequentily than
those wihich exhibited no set or complete wilting of

cherelles.

The development of cocoa pods was found to be a
very graduasl process, The pods took, on the average,

about 140 days to reach the ripening stiage.



