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INTRODUGTION

Cocoa (Theobroma gacao L.) is relatively a new
erop to Indla introduced for commercisl cultivation in the
dlatter half of the 1970's, Cocoa had received massive
acclaim among the farmers af‘Kbrala, wainly as an lntercrop
in coconut and arvecanut gardens, Till Yecently the area
ﬁnder the crop as well as its production was ineressing
rapidly. But the Tecent fall in prieces of cocoa has been
causing a severe set back in the tempo of cocoa éultiVatiOn.
However, ways and means are being sought out by the Govern-
ment to assure reasonable prices for cocoa bezns and it is

expected that this may help to regain the initial tempo,

At preszent, the total area under cocos in India is
.about 20,000 ha out of which 15,000 ha are in Kerala and the
¥est in Karnataka (4,400 ha) and Tamil Nadu (600 ha).
Buring 1980, India exported 1000 tonnes of coctoa products
worth B, 10 lakhs (anon., 1981). The producticn of cocog
in India during 1981-82 was only about 3080 tonnes, out of
wvhich 2,500 tonnes were from Kerala alone. JIndia's require-
ment of cocoa has been estimated to be around 5000 tonnes
per year by 2000 AD (Ananthakrishnan et al., 1979). But to
become self-sufficient in the requirement of coeoa and to
earn a substantial foreign exchange by means of éxPort by the

end of this century, there ig a dong way to go. Sinee cocoa



can be economlcally grown only in Kerala, Karnataka and
parts of Tamil Nedu, the scope for increasing the ares is
limited, Increasing fhe productivity ber se is of prime
importance in this regard.

The role of systematic and meaningful crop lmprove-
mént piogrammes becomes relevant in this cqntext. For any
suece ssful breeding programme, information on pollination,
fruit set.and compatibility aspects is an important
bre~requisite, Literature on these aspects is available from
other cocoz growing countries, but the studies on the éxtent
to which these parameters vary in our cohditions are meagre,
Therefore, the present investigation was carried out at the
College of Herticulture, Vellanikkara, Trichur with the
following object;ves.

a) To gather information on anthesis, pollinaﬁion,

 pod set ete. in a group of Forastero trees.

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

c) To study the intensity and nature of self/eross
incompatibility and to identify desirable c¢lones

for further utilisation.
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REVIBW OF LITERATUIG

The literature avzilable on cocoa relevant to the

present investigations is reviewed hereunder,

Cocoa is strietly a tropieal crop. Areas of trapical
evergreaen rgin-forest and semi-evergreen rain-forest are the
most suitable ecological szomes for cocoa (Pursgeglove, 1974%).
The raiﬁfall and temperature requirements of cocoa have been

reviewed by many workers.
a, Bainfall

Cautrecasas (1948) observed that in most of the areas
vhere cocoa flourished, the rainfell ranged between 2000 mm
and 8000 mu with more or less'evea distribution through out

and Mc Kelyie \
the yesr., Adoms ebail. (1955) found that most of the cocoa

growing areas had a short mild dry season while in Ghana,
cocag was limited to that areas vwhich received not less than
250 mm of rainfall bebwsen November and March. 4According to
Purseglove (197%) the rainfall in cocoa belt varied from

1010 mm to 2540 mnm, The rainfall should be well distributed
preferably with 101 mm or over per zmonth, and with the absence
of marked or intense dry season with less than 63,5 mo

rainfzll per month, Wood (197%5) reported that the mean sniual



}ainfall in most cocoa groving countries of West afriea,

the fainfall voried from 1150 mm to 1800 mm while in eastern
‘Nigeria, West Cameroon and Fernando Po rainfall amounted to
2500 mm to 3000 mm per asnnum. Its distribution is more
important than, the total amount.

The lower 1imit tempefature'af €OCOa was a mean
monthly minimum of 15°C. The optimum temperature range veried
frow 21.1%¢ to 31.2°C (Brmenolm, 1M8). Wood (1975) cbserved
that a minimum temperature range of 18%¢ to 21°¢ and a maximunm
of 30°C to 32°C limited the cocoa belt, He also noted that

the number of flowers increased as the temp\eratui"e increasged,

B, Floweriﬁg
' and Ababio

Hewison eb-—al, (1929) studied the flowering
pattern of cccoa in Ghena and stated that the period from.
March to July. was the time of main flowering activity with
the greatest number of flower production in April-June,
Where less than a third of the tree's erop was set by the
end Qf April, greatest flowering activity oecurred during
June. Alvim (1966) observed that the flovering was mosk
Intense during the early part of the rainy season, following
the July-September droﬁght. The séarcity of flowers from
June to September was attributed to the indirect effects of low

temperature, In a later study, Alvim (1969) found that the
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non~flewering period of cocoa in Bahia was July-Septemver.
The burst of flowering at the begimning of the wet geason
fesulted in the maln crop after five to six months. Flowering
was ivhihblted uhén the monthly mean temperature yent below
23°c. In Cuba abundant flowerigg occurred from June to
September and gradually decwaésed therveaf ter and under severs
drought conditions flowering decreased eariier and abruptly
(Delpinalirivero ?:—__Y’;—’gf: 651 %’%) Sale (1969) studied the
flowering process of coeoa in relabion to the temperasture
conditiong in Irinidad, West Ind&es, As compared to @iants
growing in regiong with a day temperature of 23.390, plants
in the regions with a day temperature 26.6%C to 30,0°C had
more active flowering cushions per plunt and more nuwber of
fiovwers per cushion per weeck, Couprie {1972) opined that
flowering wes thelgreatest when the daily temperature varia~
tion was the least. Alvim gb al. {1972) observed that the
inhibition of flowering was due to the crop on the tree wvhich
supprésseﬁ flowering., Glendenning (1972) also found that

in weather conditions suibtable for growth, flowering continued
until suppresged by ercp development. Murray (1975) reported
that s well developed cushion usually earried a large number
of flowvers at any one time and a full grown tres produced
more than 1,000 {lowers in a year. In Vittal, Karnataka the
anhual flower production per mgtre of gtem varied from 168 o

2,358 (anon., 1977). Flower production was found to be



through out the year in Kersla (Rajamony, 1981). Gregory (1983)
found that the number of flowers per unit length of 50 cm on the
trunk ranged from 93 to 904 with a mean of 258.0% in Trichur,
Kerala,

G, Anthesis

Wellensiek (1932) found that in Java, the flowers opened
at 4,30 PM. Around 6.30 PM the snthers opened and the pollens
were ripe. The flower was protogynous, the stigma being Tipe at
the time of natural opening., From observations on *Cricliot
and 'Trinitario' trees in the Philippines Sampayan (1963) observed
that anﬁhesis'started at &+ PM and the sepais ard petals unfolded
by 6 PM. Anther dehiscence started at 6 AM of the following
morning end the pollen was accessible to insects from 8 AM to
8.30 AM onvards. In Cuba, flovers normally opened at 7 PM, but
remained closed or half cpened for aimost the waole day at a
temperature of about 15°¢ (Delpinalrivero and Acunagale, 1967).
Rajamony (1981) observed that at Pilicode, Kerala, anthesis
comzenced betueen 2 PM and & PM and completed betwﬁeﬂ 2 AM and
4 Al on the next day.

Dy Pollen Vighility. germination and storage

The pollen grains removed from flowers which had remained opex
for more than one and g half days failed ta_germinate (Wellensiek,
1932). Sucrose was found to be a suitable artificial medium



for testing pollen germinaition. OSucross serves as a nutrient
during pollen tube growth (Jstopenko, 1956; Vasil, 1961;

Singh, 1961 and Singh @t al., 1961). Shspirc and Budrick (1961)
observed that germination and pollen tube growth increased
vhen boric acid and caleium were added to the sueroge medium.
Varas and Soria (1962) suggested 5 to 195 per cent sucrose in
the media for germinating cocoa pollen. According to-them,

the best germineting mediuvm for cocoa pollen appeared to be

2 per cent sgar with 10 per cent sucrose. It was also observed
that 1 to 10 ppm boric acld in the mediun stimulated germinatioc
of cocoa pollen from 22,0 to %2.3 per cent. Jacob gt al.(1969)
obtained good germination of cocoa pollen in sucrose solution
upto a cconecentration of 30 per éent; Martinson (1973) noted
that the best germination of cocoa pollen graing was obtalned
at a temperature of 28°¢ to 31°C. Ravindran (1977) obtained
goad cocoa pollen germination and tube growth In a medium
containing 15 per éent sucrose, He further observed that
boron or calcium was necesgsary for proper pollen germination
and tube growth and that these nuitrients enhanced tube growth
considerably. He also studied the relationship of temperature
with pollen germination and observed no pollenh geymination

at a loy temperature (10°C) and meximum germination and tube
growth at 3500. Increase in teumperature to 40°%C affected

both germinatian'and tube growth,.



Wellensiek (1932) observed that cocoa pollen
retained 1tg viabildty in closed glass tubes for at least
12 hours, Varas (1962) found that pollen stored in a
desiccator for a week germinated better in artificial
medium., Cocoa pollen kept at or below 14°C for two days,
gorminated slowly (Delpinalrivero =nd Acunagale, 1967).
Simmons (1976) suggested that cocoa pollen could be preserved
at 5°C in sealed tubes over calcium chloride for about one

weelk,

L, Pollination aspects
a. Pollinating acents

In Java, pollination by insects was not observed.
Grogg-pollination ogccurred only between flowers situated |
close together (Wellensiek, 1932). GCope (1940) found thaot
Fronkiiniells parvula Hood. (Thysanopteras, Thripidae) and
Yasmamnls auropunctata Rog. (I*Iymenoptera; Formicldee) were
mostly regponsible for ‘pollen transportation in Trinidad.
The insects responsible for much of the cross-pollination in
cocoa were identilied by Posnette (1950) as M&g
guasi-Ingrsml Macfie (Diptera, Ceratopogonidae), F. ashantii

Ingram & Macfie (Diptera, Ceratopogonidae) and Lasiohelea
;',itaraurag; Forcipomyia spp. were found to be the major
pollinating insects in cocoa plantations (Saunders, 1956;
Desgart, 1961; Sumer, 1962; Gerad and Saunders, 19643 and
Soria gt a2k., 197%). Ceratopogonid flies 1ike Forcipomyla



fulginosa (Meigen), Proforcipomyi 3 DD, Am_c_lg_qnggp_p_ sp.
and Dasyheldis sp. were seen to be the pollinators in the
Philippines (Fontanille - Barroga, 1962). Of the 1,950
flowers examined, %5 per cent had pollen mass characteristic
of midge pollinaﬁian on their styles, Cautrscasas (196k)
apined that pollingtion in cocoa was only by I'insects.. Several
kinds of flying and crawling insects (thrﬂ.ps,' ants, midges
end aphids) were found to be involved in the i)ollen trans~
portation, Out of the 450 freshly opensd flowers examined
none contained gcg‘gw spp.wiile aphids were present in

moat of them. The thripa (__mg,;l_.gi.___la p_ax_m;_l._); aphids

M@L gogsypi {(Glav.)); ants (Wasmannia aurogunetgta) and
‘bees were identified by Hernandez (1967) as the insects most

commonly associated with cocoa flowers at Turialba. Female
midges of the genus Foreipomyilg weXe -identifiegi as i".he most
important pollinating mgent in cocoa (Glendenning, 1972 and
Entwistle, 1972 ). Mii'e and MbondJji Mbondji (1972) identified
Drosophila triangulifer to be responsible f‘o:& more than

43 per cent of fertilisations in cocoa felioxz;:ed by Crematogaste:
and Ceratopogonids, mainly of ti:}e Stilobezgi g genus.

Winder and Silva (197%) working on the population
dynamics of the pollinating ingects of cocoa repmrted that
pollination in cocoa was exclusively due to Gera‘bopogonids.
Leafl litter, heaps of hugks, rotting Jack fruit or banana
stems and bromeliads were found to be the sultable breeding



sites of these insects. Thelr abundance in leaf litter
wasg positively correlated with the soil wmoisture content,
with the result that pollinations were most abundant when

flowering was at a minimum and vice yersa.

Studles by Kaufman (19795) revealed that not less
tﬁan 50 species of Cératopcgonidaa were found at Tafo, Ghana
and the most abundant one was Forcipomyis squsmipennis
(Ingram & Macfie). JAnother pollinator was also identified
as a specles of genus Iriroria (Hymenoptera, Apidae) varlously

called sweet bees, stingless bees or morpane bees.

Field observations by Amponsha (1975) indicated that
six rows of cocoa spaced 2.4t x 2.4 m could not prevent the
transfer of pollen across that distance by pollinating insects.
In an area of 31.7 x 31.7 m, &% per cent of all pods harvested
over the crop seasons were found to be the result of pollen
from outside the plot, whille 58 per cent could be traced to be
duve to pollen within the plot alone. Only seven per cent of
the pods arcse from mixed pollination.

Boria and Bystrak (1975) described a new spocies of
Foreipomyla named F.(= Euforcipomyia) blantonl. E. blantoni
together with F, gpatulifers were considered to be the main
pollinators of cocoa in Brazil,

Sorla and Abreu (1976) working on the population
densitles of Forcipomyia spp.found that these midges were



higher from May to Auguét, a rainy period with adventional

type of precipitation. The population densities of
Euforeipomyla =nd Forcigonga were four and three times

higher, respectively asbove as cowmpared to below the canopy

of cocon trees within a shaded plantation. Buforcipomyla

and Forcipomyia population densitles when meagured at 2 m

above the soill level were 3% and 59 per cent higher respectively

in the wuvnshaded areas as compared to the shaded areas,

Massaux eb al. (1976) founda that several species of
insects other than Forecipomyia can pollinate cocoa'such as
brosophila coundo, Zapriomus spp., JToxopters auranti B.de F.,
Stilobezzia sp. and Tyora tessmenni (Aulm.) (Psyllidae).

Studies eonducted by Soria (1977) in Behia, Brasil
showed significant correlation between temperature and
evapotranspiration and midge populations. Heat, sunshine
hours, nebulosity and water balance were significantly
correlated with naturai pollinations, Heat, soil-water availe
ability and air-humldity closely interacted with Foreipomyia
papulation and pollinatioh. In a later study Soria (1979)
found that alr-itemperature, soil-moisture conditions, rainfall
and sunshine patterns appeared to mainly determine the
population density of Forcipomyla midges.

In Camercon, the conirol of mirids in cocoa

plentatione by the fogzing or atomisation of insecticides



reduced the pollinating insect population for a period of
regpectively two or eight days (Lucas end Decazy, 1981).

The time spent by'Dipﬁera, aphids, thrips and ants in the
flowers of the cocog tree, as well as their pollinating
efficiency has been calculated by Lucas (1981). To increase
the naturalvpallination of cocoa, the use 6f coloured traps
vas envisaged, based on the fact that the attractiveness of
the flower must vary with their colour., Boussard (1981)
discussed the role of insects in cocoa pollination, the role
and blology of Ceratopogonids and cultural practices which

lead to gregter pollination.

be_Natursl pollination

Fontanilla - Barroga (1962) found that pollinaticn
occurred through out the day with pronounced peak between
noon =nd 3 PM in the dry season and a broad maxirum between
9 &M and 2 PM in the rainy season. Barroga (1965) reported
that the highest rate of pollination Qas observed from 6 AM
to 11 AM and frem 2 PM to 5 PM. No ﬁollination cecurred at
noon. Based on hand pollinatinh made at hourly intervals
Sampayan (1966) abéerved tﬁat the percentage of fruit set was
more vhen pollinations were done between 6 AM and § PM,
reaching é maximun when pollinations were done between 10 AN
and 1 PM. Widjanarke (1967) found thot the extent of

pollination was chiefly influenced by the morning weather
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canéitiORSAand was iov in Yalny weatber. The percentage of

- pistils with pollen grains was slightly higher in the flowers
collected between 12 ncdn and 1 PM, indicating that more
natural pollination toock place at mid-day than in the early
morning (Toxopeus and Jacob, 1970). Glendenning (1972) observed
that normagl fruit setting in cocca requirsd deposition of
pollen grains in quantity. Purseglove (1974:) reported that

the low pollinatidn efficiency in cocoa was compenssted by the
large number of flowers opened. In Ghana, two to five
percentage of flowers only are pollinated and a fairly large
number of these failed to set seed. Laber during the season

. when flovers were fewer, pollination rose to 50 to 75 per cent.
Feﬁtilisation took place seven to eight hours after pollinastion
and it could be ascertained by the swelling of the ovary.
According to Murray (1975) the pfopartion of flowers pollinated
ranged from 1 to 50 per cent, aeccording to the season and
nugber of flowers Opening at the time. Bubt the percentesge of
pollination were higher in August (57.3) followed by in July
(56.2). Massaux et al. (1976) reported that under natural
conditions polien dié?agal was most intense at 8 AM and 5 PM
with or without insects., The number of pollen collected on
insects captured on the cocoa flowers indicated that all
captured insects were able to emsure fertilisation. The windg,
whether natural or forced by afomisation played only a small
and negligible part in the trangportation of pollen.,
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In the cocoa plants of South Karnatakia'(‘ﬂttai)
successful pollination (stigma having 40 or -mfare pollen
grains) vas only to the tune of eight per cenft’. though the
percentage of flowers pollinated was 28;‘ ‘me naximun
successful pollination (11 per cent) was in March and minimum
(four per ecent) in December. Though hizh poilination per cent
wvas recorded in August, there was no fruit setting (anony, 1977).
The microscoplec examingtion of a nuumber of st:yles by Parvais
et gl. (1977) revealed that only a few of them carried polien
in quantities sufficient to ensure fertilisations. Pollination
appeared to be a limiting factor for good yields. Pollen
tends to aggregate, thus pollination depends upon the frequency
of the deposition of aggregates cn the style @d on the size
of the aggregates. Windexr (1978) also abaervieé that lack of

pollinaticn was responsible for low production in cocos..

€. A -rtifg,cig;'- poliingtion

Wellensiek (1932) used a method of a:ﬁfiaial
pollination in which the pollen flowers were picked in the
morning and used for pollinating newly Qpenéd'; floieers at
7430 PM the seome evez;:!ng. This method resultéd in three
per cent of ripe fruits. Posnette (1950) and Jacob and
Absnda (1975) observed that pod yield could be considerably
increased by hand poliinetion. HRuinard (1963\%} used coniesl
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hoods of gtiff nylon cloth, attached to the bark with a
couple of pins to protect the flowers uged for controlled
pollination in West New Guinea, Vello and Nascimento (1971)
determined the percentage of hand pollinations resulting in
fruit setting in four clones. ib was found to be 13.5, .1,
21.6 and 38.8 respectively in these clones. The percentage
of pollinations resulting in mature fruits were 15.1, 1#;9,
11,7 and 10.2 respectively. Amponsha (1972) reported that
the percentage of fruit éet on hand pol;ination was much

higher then those by natural pollinationas,

Boria (1978) conducted a trial to induce artificial

pollination using an atomiser, The flowers were treated six
times at alternating days in the early morning hours.
The results showed that early hervest was tripled, but the

total annual harvest was not inecreased,

4 quantitative study on cocoa pollination based on
operational reseafch theory by Reffye et al. (1980C) 1ed %o
the eonclusion ﬁhét the distrlbution of the pbllen on the
styles cen be forecast with precision'if certain conditions
are met and that natural pollination could be reconstructed
by simulation. Under saturated mannual pollination conditions
it was posgsible to specify the ovular fertility of the cocoa
clones (Hbssu, 1980), Rnoke'gg,él, (1980) observed that
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mechanical pollination of cocoa using wist blowers or by
brushing cocoa flowers greatly increased pod set and may
have great practical applieabion where insect population was
inadequate and self-compatible cultivors were being used.
Soria and Garcia (1980) alsc found that the technique of
blowing air over the flovers of self-compatible variety to
induce mechanicel pollinations nearly doubled the yield in
relation to untreated plots. According to Lucas and Decazy
(1961) an artificially created air stream had only a little
effect on'pollinatian and only after prolonged action, Thé
hznd pollination of eight trees belonging to two clones by
Paulin (1981) showed that potentialiy the trees were ablelfo
produce through out the yéar and that the number of seceds per
pod is linked with the zmount of pollen. Rajamony (1981)
found that the percentage of fruit set and pod harvest on
hand pollinaticn increased to 52,02 and 25,76 respectively
from 11.81 and 0.83 under natural poliination.

Fe. Pod set and development

Hewlson end Abablo (1929) observed that only 0.2 to
1.5 per cent of the opened flovers developed into mature
fruit, Purseglove {(1974%) opined'that only one in 500 flowers
(G.2 per cent) matured to a fruit, According to Murray (1975)



out of 10,000 flowers produced by a full grown plant in a
year only 10 to 50 (0.1 to 0.5 per cent) developed as mature
fruit. The fruit setting status of 23 cocoa cloneg had béen
assegsed by Jacob and Atanda (1975) both with respect to
use as male and female parents. The best male parent had
55.7 per cent fruit setbting and 25.7 per cent pod production
ardi the best female parent 58.2 per cent and 18.2 per cent
respectively. Amponsha (1977) observed that o large proportion
of flowers mever procuced fruits even if they were fertilised.
Further, a large number of'fertilised ovuyies were shed before
maturity. Soria (1977%) found that fruit setting and yield
were positively correlated with pollinsiion level., The tobal
productivity may be forecast from cbservaticns on flowering
intensity and insect populations, instead of only on the basis
of fruit setting. ‘In Vittal, Karnataka it was found that the
mean anhual fruit setbing was only three per cent. Lower
frult sebtiting observed during the veak period of flowering has
been atiributed to insufficient number of pollinating agents
(Anon., 1977).

lDewlison and Ababio (1929) found that the majority

of 'pods in cocoa ultimately reaching maturity attained

meximun size in 17 to 18 weeks after fertilisation., The period
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of development of cocoa pods was Teported to be 16 to 21

weeks in Nigerie (Waters and Hunter, 1929), five to six
months in Grenada (Toper, 1940) and in New Guinea\an average
of six months (Bridgland, 1953). Veekly observations on the
growth rate of cocoa pods by Me Kelvie (1954) in timagont,
timelonado! and 'Trinitario! selections sheweg that the
growth rate of pods was siﬁilar in these selections upto four
weeks of fertilisation. Studies in Nigeria b? Toxopeus and
Jacob (1970) econcluded that inadequate fertil$Sation of the
gocca flowers seemed to be the meln cause of ﬁariability iﬁ
the number of beans per pod; Alvim et al. (19?2) presented
eviaenees and concluded that the rate of pod develapment
inereased with increase in temperature, . Pods. grev more slowly
in cooler climate. The time taken by eocoa pods to reach
maturity stazge from fertilisation was five ma?ths (Wood, 1975)
five to gix months (Marray, 1979) and'faur tofsixvmavths
(snon., 1978).

Adentkinju (1978) working on the anatomical aspects
of the'coeoa pod observed thét until a ¢oeca pod attained a
certain stage of maturity it eontained anly a compact white“
pulpy non-nucilaginous nass, within which the outlines of
the future beans were difficult to detect. Upto about 105
days from pollination the pulpy material surrounding the beans



Temained in this condition which therefore made individual
beans difficult to éxtract. As the pods matured the pulp
became mucilaginous and the beans were distinet and easiler

to extract, 4t this stage the mature pod varied in age from
17 to 175 days after pollination, the rate of development
depending on the prevailing climatic conditigns, the cultivar,
the soll and other factors, Rajamony (1981) observed that

the pods took 127 to 1+1 days for reaching the ripening stage.
G, Cherelle wilt

The losses of immature fruits (ckerelles) were the
highest during the first week of growth. AMnother critical
period was between the fourth and seventh weeks, The losses
from shedding and shrivelling of immature pods ranged Irom
22 to 8+ per éenﬁ of ﬁhe fruit set (Hewiscn and Absbio, 1924),
Cherelle wilt was generslly highest between April and June
in Ghena (Hemphries, 19%7 and Mc Kelvie, 1955 and 1957),
Naundorf . and Villamil (19%9) reported that the percentage
of cherelie wilt was higher in large cushions, containing
10 to 30 flower buds, The occurrence of cherelle wilt in
relation to the fruit develqpment\was studied by Mc Kelvie
(1955) and eoncluded that cherelie wilt occurred in two
distinct waves, The first period of wilt or 'first wilt’started

a few days afier fertilisantion and lasted for nine to ten



wveeks with a péak at the seventh to eighth week., The second
period of wilt or 'second wilt' started from the eighth or
ningth week with a peak at ébout twalfgth week. aAfter ik
wveeks (corresponding to a pod of 13 to 1+ cm length) there was
no further wilt. The second wilt very rarely occurred in
young plantations where the first wilt could account for upto
95 per cenbt loss. Me Kblvie.(1956) found that the cherelles
with a length of 35 mm to 60 m were most sénsitive to wilt.
Nichols (1961) opined that cherelle wilt was a physiological
thinning mechanism which regulated the sizes of the crop in
relation to fhe available food reserves in the trees, The
fruits wilted during the first half of their life cycle, l.e.,
upto 8C days from fertilisation. Reyes et al. (1969) used
clonal cocoa plants in their study and showed that the
pexcentage of prematurely wilted fruits veried during the yéar.
Losses oeccurred during the dvy mnt@s of Maréh-April and
again during September-October. Glendenning (1972) observed

that sny excess fruit set was corrected by cherelle wilt,

Couprie (1972) classified frult set and cherelle
wilt as the most important factors effecting.yiald. Cherelle
wlilt was affected by rainfali during the eighth week befaré
frult set and by the temperature during the second-preceeding

veeks. Purseglove (197#) reported that maximum cherelle wilt
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ogcurred at about 50 days after fertilisation when young
cherelles were pbout 6 cm long. - During the stage of further
development (50 to 70 dsys) wilt did not occur and the fyuits
matured and ripened., Murray (1975) opined that the young
developing fruits {during -the first two to three months of
their development) were subjected to cherelle wilt,

Cherelle wilt was a physiologieal thinning mechapism, Accordin
to Cobley and Steele (1976) cherelle wilt occurred mostly

when the frults vere seven to eight weeks oid., After three
months of growth thers was little risk of Fruib failing to
mature., Physiologlesl wilting was found to be independent

of the number and stage of development of. seeds, Barly
shedding of fruits sesmed to be the resuld of a defeet causing
their unsultability for fertilisation. Paulin {19381) observed
that the {irst 120 days after fruit set were critical, In:
Kerala, cherelle wilt was found to oceur through out thé year,

maximum being in July (Rajamony, 1981).

4o _Incompatibility

Self-incompatlbility in cocoa was first Teported in
Trinided by Horland in 1925 and egain by Pownd in 1932
(Purseglove, 197%). The modalities of %he incompatibility
systems in cocoa were analysed in detail 5y Knight and
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Rogers (1955) and by Cope (1958) who concluded that
self-incambétibility_in cocoa was sporophytic, Their
diagnosfi® is at varisnce with that of Bouharmont (1960)

who claimed evidence of gametophytic control. Cope (1%62a)
showed that the site of incompatibility was in the embryo-sac
and not in the stigma and the style. Pollen tubes in
-incompatible matings grew as fast as those in compatible
pollinations and delivered their gemetes into the embryo-sac
in a perfectly normal fashion. The incoupatibility was due
to the failure of the male nuclel to unite with the egg and
polar nuclel and was geneticslly contrelled. In incompatible
pollinaticng the proportion of ovules showing non~-fusion
averaged 25, 50 or 100 per cent. Fusion or non-fusion was
controlled by a serles of alleles operating at a single locus(S),
showing dominance or independent relationships. They were
the same in both male and female parts of the flowver so ﬁhat
reciprocal pollinations gave the same results. Incompatible
crosges involved parents with same dominant gllele, or a
genotype with independenf alleles and gnother where one of
these independent alleles wag dominant. In addition to the
S locus fwo other complementary loci A and B were involved,
the role of which was to produce a non-specific precursor to
which the 8 alleles imparted thelr specificities to prevént_

fuslon between gametes carrying the same S allele in certain



circumstances., Genotypes howozygous for inactive alleles
at one or more of the 4, B and & loei would be self-

incompatible.

Cope (1962 b) showed that self-compatible and
self-incompatible genotypes cannot exist in equilibrium in
an 1solated population, and that, on theoretical grounds,
the self-compatible trees would wltimstely displace the
self~incompatible genobypes, a proeess hastened by greater
fruitfuiness of the selfe-compatible trees, But, in a wilg
population there appears to be some strong sslective deseri-

mination against self-compatible types.

Bartley (1963).observed 39 trees and found that out
of these, eight were selfecompatible. Sampayan (1966)
observed that Criollo -~ Forastero natural hybfids exhibited
varying degrees of self-compatibility from 0 to 93 per cent,
In Brazil, the clone HF~é21 appeared to be self-compatible
while the clones UF~667 and UF-613 showed high degrees of
self-incompatibility (Delpinalrivero and Acumagale, 1967).

Se}f»incompatibility was found to be é major barrier
in realising yleld potentlal of cocoa (Toxopeus and Jacob,
19703 Jacob and Atanda, 1979). Corsl and Soria (1972) proposer
a genatlc model to explain the mechanism of inheritance of

the incompatibility svstem in cocoa.



In the incompabtible matings flowers were shed
three to four days after pollination. The éélf~inc@mpatible
'"Trinitario! clones were cross-incompatible alsoj but were
compatible with self-compatible trees (Purseglove, 1974).
Based on the assesgsment of flover setiing a=nd pod harvesting
in 23 W,A.C.R.I. 'C' clones, Jacob and Atenda (1975)
1dentified two self-compatible clones, C-26 and C-73. Murray
(1975) observed that in Trinidad,. the self-incompatibvle and
cross«compatible trees required pollen from self-compatible
tree to ensure fruit set but elagevhere selffincompatible trees

shoved cross-compatibility,

L. Pod harvegt

Chat (1953) observed that in most of the countries,
cocoa harvest peaked twice 1n a year; onee during the rainy
season ané again during the dry season. Bridglend (1953)
found that in countries with pronounced wet ond dry seasons
the maln harvest occurred five to six months after the start

of the wet season.

Alving (197%) made detailed studies of the harvest of
¢ocoa in Bahls and found that in regions vhere the rainfall
was fa%rly well distributed,  the cocoa.ﬁarvest season was
found to be rather long, usually starting in April ang



no
[y

extending unti; mid January. The April to August crop was
éalled as the 'témgaraa' and the Seplember tq January Crop
as tﬁe 'safré?, The temporao crop was biggeg than the safra‘
ercp Gepending on the rainfall patterﬂ. January to March
period was eritical (with respect to rainfall) for the tempora
erop and ﬁeptsmﬁef to November for the safra% During the
years with well distributed rainfall, the temporao and safra
had almost the Same volume. In West africa, sbout 80 to 90
per cent of the crop was harvested in a relatlively short
period between September and December (ﬁain erop) and only
10 to 20 per cent during May-July (mid orop). The long dry
season from October-November to March-aprii ?as the main
factor responsible for the reduced midw-crop in West Africa.

Purseglove (197%) observed tﬁat the cocoa plants
produced pods through ocut-the yearj but the main harvest
usually began at the end of the wet season aﬁd continued for
a period of three months. Agcovéingly in West AfPica, the .
maln harvest was during Eabruary-ﬁareh, fallbwed by a minor
harvest ln the rains. -Wﬂ@d (1975) opined that as in most
other tropicsl crops, the cocoa harveef was hat cenfinéd to
one short period., There were peak harvest périods, one or
two per year snd in many countries, there wa§~some‘e@eoa to b

horvested at all times of the year. In Ghana on an average,
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25 per cent of the crop was harvested in the peak month,
November, wnich was about six months after the commencement
of the wet season., In Malaf%, where there wés no true dry
season, the pesk of harvest was less pronounced with 20-25
per cent of the crop in the peak which falls between November
and Mareh. Shanmughavelu and Madnava Rao (1977) found that
there were two well defined cropping seaéonsnin Ceylon; one
from May-August and the other from September~Jenuary. Studies
undertzken at the Kallar Fruit Station on the cropping and
productivity of Criollo cocoa revealed that in the young
plantations, the cropping was tionfined to Névember-June, with
the major portion of the crop obtained during November-December.



Materials and /{ez‘éo/ﬁ |




- MATERTALS AND MESTHODS

The studies were conducted during 1982 and 1983
at the Horticultural College, Vellanikkara, Trichur distriet,
The experimental materizls and methods used for the study

are de’scfibed hereunder,

I. Expérimental materials

The experimental materials consisted of eight-year
old bearing cocoa trees of the variety Forastero. For
preliminary observationg, cocoa trees planted at a spacing
of 4 x 4 M at the Instructional Farm, College of Horticulture
were used., The cultural practices snd other operations
were carried out by the Farm, For the incompatibility studies
cocoa trees intercropped in coconut garden and maintained by
the Kerala Agricultural Development Project at Mannuthy were
used. Twenty high yielding trees were selected for the

purpose based on the potential yield of the preceeding year.

II. Experimental metnods
A. Field Methods
1. Flowering
a. Monthly rate of flouwer production

Weekly observaticns of the number of flowers per

plant were made on {ive trees. During counting, older flowers
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vere identified by the dried appearance of the stigmatic
surface, change of the petal colour from creamy white to

deep yellow, the drooping character of the unpollinagted
flowers and by the swollen ovaries of the fertilised flowers
as suggested by Purseglove (1974) and Murray (1975). ALl the
already opened flowers ihcluding the fertilised ones were
removed to avold duplication in comnting. From the obser-
vations the mean for each month and the percentege of flowers

for each month were calculated,

b, Totel number of flowers per tree
1) Number of flowers per cushion

To determine the total number of flowers per tree
the number of flowerg per cushion'was first assessed. Five
bearing plants were selected and on each selected plant,
ten cushions were marked on the mein trunk at random with
aluminium foil. The marked cushions vere examined deily and
the number of flovers opened on these cushions was counted.
The opened flowers were removed in order to avold dupliecation
in coﬁnting. This practice was continued until flowering
was complets in all the marked cushions. Five cushions were
also marked on one of the fan shoots oi‘v the selected trees
and the number of flowers per cushion on the fan shoots was .

also determined in a similar>way.
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31) Number of cushions on the main trunk

A length of 50 cm from the first jorquette downwards
was marked on the main trunk of the selected trees and the
number of cushions developing all around the trunk in the
marked area was counted, Then the whole 1enéth of the main
trunk vas measured, From this the number of cushions

developing on the main trunk was determined.

: From the data on the number of cushions on the main
trunk and the number of flowers per cushilon, the number of
fiowers on the main trunk was determined, To determine the
number of flowers cn the fan shoots the number of cushions
developing on one of the fan shoots was counted, From the
data on the number of flowers per cushion on the fan shoots
and the number of fan shoots on each tree, the number of
flowers on the fon shoots was determined. The sum of the
number of flowers on the main trunk and on the fan shoots

gave the total number of flowers per tree,

2 Floral characteristies

The florel blology of the flower was described by
examining a number of flovers under a dissection microscope

and drawings were ma&e (Fig.3).



B Elower opening

. Qbservations were made at two hour intervals in

order to determine the time of flower opening. For this mature
flover buds were marked on the previcus day evening usging
aluminium foil. The time at which the buds started to split
and the time gt which the petals wnfolded completely were
noted. These observations were made in fifty wature flower
buds each day and centinued for a week. The observabions were
repeated in each month to study whether the factors like

temperature, reinfall ete., had any influence on anthesis.

After preliminary observations the counts on splitting
were done at two hour intervals between 10 4Y and 8 PM and
the counts on completion of flowering at two hour intervals

between 12 midnight and 8 AM,

b. _Anther dehiscence

The completely opened flowers were collected at 6 AM,
the stapens were taken and observed under a dissection
microscope. A longitudinal split on the pollen sac of the

anthers was treagted as a sign of anther dehiscence,

8. Stigma receptivity

Stigma receptivity was determined based on two methods.
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~ In the first. method (Heslop and Shivamna, 1977)
énfhers from freshly opened flouera'were rubbsd on the
stigmatic surfaece and the stigmatic surface was observed
undey a hand 1ens'to see whether the pollens have adhered to

the stigmatic surface,

In the second method (Sampayan,'1963) hend polli-
nations were done using a fine forceps (the method 1s described
under controlled pollination) at two hour interveis between
6 AM and 6 PM and the mumber of pods set after two weeks of
pollination vas determined. Tais was done in 50 flowers per
'tree at a time and continued for five dayé. |

. Pollen fertility

Pollen fertility wes determined using the acetocarmine
method as suggested by Zirkle (1937). The antgra were
Temoved snd placed on a glass slide having 0.5 per cent
acétmar_mine. The anthers were gently tapped with a needle
and the tigsue was removed, A cover glass wés,placed and
the slide was eXamined under a microscapeQ Pollep with normal
shape and size and which took up the stain wgs counted as |
fortile and those which were broken, shrivelled, sﬁall and
which were not stained were counted as steriie. The observa-
tions were taken on 30 different fields. |
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To study the variatlon in the extent of pollen
fertility after anther dehiscence, the above method was
repeated at two hour intervals between 6 AM and 6 PM., The

observations were taken on 5 days,

L. Pollination

a, Mode of pollination

To study whether natural pollination took place
with the help of wind, glass slides coated with glycerine
wvere hung vertically on d;ffexent parts of the selected plants.
At two hour intervals the glass slides were examlned under a

mlcroscope to see vhether any cocoa pollen had adhered to it.

To deterumine whether rain had any role in natural
poilination of cocos, drippings from the flowers were collected
in a specimen tube while it was raining and exammined under
a microscope to see whether the drippings collected contained

any cocoa pollen,

To study the role of insects in natursl pollination.
of cocoa, close cbservations were made to see if any insects
visited the flowers. The insects vigiting the flowers were
trapped and they were examined under a microscope £0 see

nether any cocoag pollen adhered to them. The photomicrographs
of the insects supposed to be associmted with the cocoa |

pollination were taken (Plate-II).
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b Natursl pollination

To determine the rate of natural pollination, five
plants were selected and ten flower buds were tagged on each
tree, ALl the other flower buds and already opened flowers
from the marked cushion were removed, After two weeks the
number of pods setIWas determined. This experiment was
repeated every week through out the year. |

¢, Controllied poliination
Two methods of artificial pollinations were tried.

In the first method mature flower buds were covered
in the morning with polythene hoods speeiglly prepared for
the purpose (Flate-T). Polythene tubes of cm'length and
2.5 cm dismeter were taken and one open end was covered with

& close mesh het,kept in position by a rubberfband,. Then
the hood was placed over ghe flower buds so.that the sides
of the tube did not toueh the flower buds and the hoods were
fixed on the bark with the help of plasticine, Five trees
‘were selected and ten flower buds were thus covered with the'
hood on eabh tree. On the next day morning tﬁa hoods were

removed and the opened flowers were artificially pollinated.

For artificial pollination a stamen from a freshly

- opened flower of a compatible tree was taken in between a



Plate - I. Protection of flower buds with polythene hoods
during eontrolled pollination,
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pair of fife forceps and the anthers were slightly crushed.
Holding the flower in position in betweén the fingets of

the left hand the anthers were rubbed over the stigmatic
surface, To pollinate a single flower three stauens from &
flover were used. Immedimtely after pollina#ian the hoods

were yefixed and weré retained'for three days. The unpollinated
fiowers shed off within two days and the successfully pollingted
flovers were identified by the swelling of the ovary.

In the sécond‘methad, anthers from freshy opened
flovers were tzken znd a suspension of the pollen wés nmade
in distilled water., The procedure followed fax-prétecting
the flower was the same as in the first method, But in this
case, the suépension of pollen in distilled water was sprayed . -
over the flovers using an atomiser. This exgeriment was also
done on the selected trees betwesen 9 AM and ia Noon éver ten
flowers on each tree and was repeated for five days. The

number of suecessful pollinations was noted.

be Podset snd development

Fourteen high yielding trees were selected on the
basis of potential yield. Crosses'werEamade.in all possilble
combinations betueen them and the pollﬂnatedlflower buds
were markéd. After two weeks thelnumbei of pods set was noted.
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Longitudinal sections of the pods were tsgken and
obseryved to note the development of ovules alt weekly
intervals {Plate 3). The number of days taken for maturity

of the pods was also obzerved,

6. Cherelle wilk

The number of developing peds wilted was noted ab
weekly intervals. The total number of developing pods on the

tree at that particular time was also neted,

7. Hecovery of mabure pods

The number of pods harvested [rom each selected tree
wag recorded, The rodent zbbtacked and diseased pods were
alse counted as yield. TFrom this the percentage recovery of

mature pods was calceulated.

8. Compatidvility studies

Seventeen potentially high yielding trees were
selected, On the selected trees a nuuber of flowers were
selfed. For selfing, the mature flower buds on the sslected
trees were covered vwith héad on the morning, On the next
day morning the hoods were removed and the stamens from the

i o
same flower of from anther flower of the sawe tree were taken
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with a palr of forceps and artificial pollination was done

as described eagrlier. The hood was replaced lmmediately.
Before attempiting sélfing an anotﬁer plént, the forceps was
cleaned with alcohol to remove any pollen sticking to it.
Aftar three days the number of pollinations éffected waes
noted based on the assumption that the ovary of the fertilised
flower would show swelling and that unpollinated flowers -
would be shed by that time., The artifielsl pollination was
repeated for several days so that atleast fifteen flower buds
were selfed on each selected tree and the compatibility status
of the trees was determined.

b) Cross-incompatibility

To study the eross-incompatibility status, crosses
in all possible combinations among the selecﬁed trees weye
made, In the trees found to be self-compatible emasculation
was done before covering with the hood by removing the
stamens with a pair of fine forceps. After pdllination, theA
pollinated flowers were marked by fixing aluminium foll
showing the ecross combination and date of crossing. Vhen
the pods were sufficiently laxrge the deiails,were deribbled
on the pod using a blunt end ball'pointbpen.



B, Statistieal methods

The stipﬁlaied procedures were gdopted in the

statistical analysls of the data. The arithematic mesn of

the observations were computéd and tested for significance

using the analysis of variance,

calculated by the Multiple 't! test using the following

formula.
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The correlation between factors were computed using

the Tollowing formula.
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The critical difference was



The multiple correlabion between the factors wes

worked out using the formula.

o

a 2. : .

R =
1. 2 3 . 2
(1 (rga) )
where
E1 2 3' = multiple correlation ceefficlent of the
- dependent variable 1 with independent
variables 2 & 3
: ' = gimpl cerreiation coefficient bety
Tyos W13 & 323 pie cie ween

the variabies

The significance of the multiple correlation coefficien

vas eczlculated using the formula,

F(M-1) (N-}) =

where
M = the numbesr of variables

N the number of abservaﬁions

i

The regression eguation was obtalned as follows.

¥y = a + b1 Xq 4 b2 %o
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where
y = ddpendent varisble
x4 & Ep = indeéendent variables
a = congtant
b1 & b2 = parbtial regression coefficlents
b1 & ba were obbtained by solving the following
equatiuns.

TR - B EF

i

by (Tx® o (B Pnby(sxxpenE E) ove 1
. - - hodiiiuct 2 ot N
£XY - 0 E§ = by (=x,%-n 3132)4- beﬁzxa -»(22)2 n) ¢ee 2

The eonétant fa? was obbtained as fellows.

a = ¥~ (b1§1 + by %2)
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RESULTS

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

As _Flowering _
1. Monthly rate of flower vrodueticn

It was found that coeoca floweved through out the
year. Data on the monthly rate of flower production are
given in Table 1. There was significant difference between
months in the extent in flower production. Highest flowerin
was obgerved in December (17.31 per cent) followed by March
(13.08 per cent). Lowest flover production was recorded in
Septembey (1.29 per cent) (Fig.1). There was no significant
difference between the trees in the Eonthly rate of {lower

production,

8. Correlatlon of flowering with climatic factors

Ine monthly weather data of the years under study
are given in Table 2., It was found that rainfall of the
respective months and that of the preceeding month had signi-
Pleant negative correlation with flowering, while rainfall

two months Preceeding the month of flovering hed no significant
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Monthly rate of flover production based on weekly

fable 1. ohservationg
Month _Tres numher poan e
Ce €9 €3 L5 Cg0 et o
- 1  '2 b 5 6 7 8
January 326 35 279 - 350 302  320.% 9.33
February 402 128 399 3%0 12 06,2 11.83
March 468 48 439  L48 W43 W49.2 13,08
ApTSL 327 329 286 257 279 295.6 8,60
May 289 301 318 &3 H0  278.2 8,10
June 99 89 118 80 83 M8 2.76
July 255 279 289 225 225 2%u.6  7.41
August 23 24k 273 245 193 237.8 6.92
September 60 61 ¥ 35 31 e,2 1,29
October 85 62 & 106 75 82.4 2,40
Noyember 36k 384 387 387 362 376.8 10.97
Deeember 561 583 629 633 626 S .4 17,31
Between trees Between manths
F value 0.1535 170, 07 *
CD - Fe K
SEm 1601.29 763.2

#% Significent at 1% leyel
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Table 2. Monthly weather data of the years under study (1982 and 1983)

Rainfall Maximum temperature Minimum Relative humidity Sunshine hours
Bonth mm 0% temﬁgz ature %
1982 1983 1982 1983 1982 1983 1982 1983 1982 1983
1 2 3 b 5 6 7 8 9 40 34

January Nii Nil 32.5 33.0 P, 6 21.6 61.6 51.3 NA 9,24
February Nil Ni1 . 36.9 3}.5 0 21,3 22,7 57.7 640 NA 951
March N1 Nil 350 36.2 23.2 23.8 . 78.2 65.0 NA 9.76
April 614 Nl .7 36.2 254 25.8 81.7  66.0 NA . 9.01
May 173.6 37+ 33.8 35.1 24,5 25.5 79.9 69.0 NA  7.76
June 657.6 387.2 30.6 31.9 23.1 k4.5 79.8 79.0 NA  3.99
July 600.9 580.6 29.1 29.7 22.9 23.7 87.5 87.0 2.85 2.89
August 57k .5 75% .7 28.9 29.1 2.3 23.8 85.0 87.0 3.8t 1.98
September 67k Lok .6 31.0 29.5 24,0 23.k 78.9 &.0 6.  3.60
October 277.8 %9.8 32.0 31.2 23.1 23.1 77.0 77.0 6.65 6.96
November 98.4 6G.2 31k 31.8 23.9 22.3 71.9 71.0 6.6  8.16
December 5,2 o4 b 31.9 31.2 23.2 23.9 58,k 63.0 8.02 6.95

Source: 'B! class observatory, Vellanikkara -
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Table 3. Correlation of flowering wibth certain weather

 paranmeters

Weather parameter

Correlation ccefficient.

Simultaneous One nmonth

Two months

| previous previous
r 2 3 N
Painfall ~0.5532%  -0.6698% 20,557
Maximum temperature 0.393% 0.25%5 ~0.0268
Minimum temperature <0.0969 =0,6291% ~0.5565
Relative humidity -0.6216*I ~O;522ﬂ | ;0.h029
Sunshine hoqrs 05515 0.6232% 0.3859

*#Significant at 5% level
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correlation. Maximum temperature of the respective months,

" one month and two months -preceeding thefmontn of flovering
had no significaht correiatién; Howsve}, the minimum
temperature one month'préceedihg the mnpth of flowering had
significant neéative correlation. The ?elative humidity of
the respective ﬁonths had sigﬁificant négétiée correlation
with flowering, while the relative humidity one month and two
- months preceeding the mbnth of flcwering had no significént
éorrélation. The sunshine hours one month preceeding the
month of flowering hs=d significant positive cerralation with
flovering, while the sunshine hours of the- respective months
and two months preceédiﬁg the wonth of flowefing had no:
significant eorrelation. Data on the correlation of flawering
with veather factors aTe given in Table'3. |

_ The multiple correlation ofvflcwering with weather
parameters was worked eut'CIable b). Fiower;ng had significant
multiple Borrelation with Tainfall of the sinultenecus month
and minimum temperature of the prévious m@nth, with maximum
temperature of the simultancous month and rainfall of the
previous month and with relative humidity of uhe aimultaneous
month and minimum temperature of the prQV1eus month. Flowering

~ had also'gignificant multiple correlatién Qith rainfall and



Table %, Multiple correlation of flowering with certain weather parameters

Simil tanecus One month previous
Weather Raine Hax, Mini. Belative Sun- Haine ‘Max. Min. Relative Sune
parameter falil tenmp. temp. humidity shine fall temp. temp. humidity shine
. hourg ' hours
1 2 3 b 5 6 7 8 9 10 11
Sizmdtaneoug _
Rainfall es 045557 0.5571  0.62%0 . 0.558+ 0.5231 0.5537 0.7099% 0,5813 0.6292
Maximum temperature ' | 0.3996 0.6726 0.5 9516 0.6973* 0.5432 0.6578 0.6095 0.6372
Minimunm temperature | 0.6228 0.5522 0.6830 0.2743 0.3123 0.5323 0.56566
Helative humidity 0.6216  0.6893 0.6446 0.73+9*% 0.}M13 0.6606
Sunshine hours - 0.5956 0.%235

One_month 'grevic;us
Rainfall |
Maximum tempera_ﬁur_e
Minimum temperature
Relative humidit&

Sunshine hours

0.5515 0.6920 0.5775

0.8321%+0,8785+% 0.6855 0.678:

C.5%1  0.8083%:
0.7299+70. 9257+
| 0.6255

- 0.7936%

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

G7
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maximum temperature, with maximum temperature and sunshine
hours, with minlmum temperature and relétive‘humidity and
with minimum temperature and sdnshine h§urs,'all oﬁe month
previous to flovering,

The regressicn of flowering on weather Qarémeters
is given in Table 5. Slgtynine per cent of the variation in
flowering could be explained by rainfali and maximwm temperature
one month previocus to flovering. Rainfall and minimum |
temperatuve, one month previcus to flowering could explain
77 per cent of the varilation in floweriég. Maximum and
winimum temperatures one month previogsfto fiowering could
explain 63 per cent of the variation 1n;£lowéring-65 per cent
of the variation in flowering could be éxplained by maximoum
temperafure:and sunshine hours one month previous to flowering.
The strongest relationship was betwaen ﬁiniéﬁm temperaﬁure
and sunshine hours, one month previous io fléﬁering. They
could explain 86 per cent of the Variation in flowering.

2, Total number of f£]owers per tree

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



Table 5. DRegression of flowering with certain weather parameters

' . Coefficient o
Weather parameters Regression eqguation det?;gination
) 1 2 3
Bainfall end Minimum temperature ¥ = 194, }=-0,2147 Xy - 58, 33k 7m% X, 0.5037
(Simultanecus) (one month previous)
Maximunm temperature snd Rainfall y = 909,72-16.152 x, -  0.14829 Xy 0.1:862
(Simultanecus) (one month previous) B
Relative humldity and minimum temperature y = 2191.25- £.2050 x4~ 61,7548 X, 0.5%01
(simultaneeus)‘ (cne month previous) ‘
Rainfall and maximum temperature ¥y = 19356.17 - 0.7065*31-h6.2?99** Xy 0.6929
(one month previcus) : - , |
Rainfall and minimum temperature Ty = 2270.20 - 0.3319*x1Q81.1039**‘32 0.7718
(one menth previous) - '
Maximum temperature and minimum temperature y = 1853,784+33.0489% 21-111.85#6**12 0.5298
(one month previous) o ‘ ‘ | h N :
Maximunm temperature and sunshine hours ¥y = 2501.57 - 66.81**x1b 85 .. 9Ok Xy 0.6533
(one month previous) . \
Minimum temperature and relative humidlty y = 2430.89 « h.h» x1e5.h1 X, 0.5328
-~ (one month previcus)
Minimum temperature and sunshine hours - y = 0.8569

(one month previous)

2310032 "' 96999*‘* X1" 39073** 12

* Significant at 5% level
% gienificant at 1% level

L7
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Table 6. Number of flowers per cushion

Main truk . Faﬂ.shoatét
Cushion . Tree number  Tree number
number , ‘
) Cy Ci4 G Gy Oy Cg  Cqq 52” Cyp Gy,
1 2 3 k. 5 6 7 & 9 10 1N
1 b " 6 2 ¥ & 5 6 6 s
2 3 5 7 6 2 & 5 9 5 3
3 6 '3 12 3 6 2 3 % & 3
N & 7 9 1 2 3 5 4% 6 2
5 5 5 ® % 5 5 3 5 3 3
6 7 1 11 4 1 1. 2 9 31
7 2 Y 8 3 & 3 6 6 3
8 6 o123 3 6 5 8 6 u
9 1 6 9. 8 5 5 o3 7 5
10 3 6 8 6 2 3 L b4 & 5
Mean ko3 b5 93 ko 3% 3.6 42 5.6 5.2 3.6
F value 15, 32%% | | 16.63%*
Ch 1.7% 1.37
SEm 3.71 2.32

w% Significant ab 1% level
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floverg per cushion, It ranged between 3.t and 9.3, n
an average a cushion on the main trunk produeed 5.3 flovers,
The number of flowers on & single cushion ranged between one

angd 12

ii) Eagn shoots

- The rate of production of flowers per cushion on the
fan shoot véried significantly between trees (Table §).
The mean number of flovers per cushion on the fan shoot varied
between 3,6 and 5.6, On an average a cushion on the fzn shoot
produced M.b flovers. The number of flowers on a single

cushion on the fan shoot varied between one and nine,

b) Kumber of cushions

There was no significant difference between the trees
in the pumber of cushions per unlt length of 50 em. on the
maintrunk (Tablé 7). It voried between 129 and 13%. On an
average a tree had 129.8 cushions in this area., The mean
number of cushions on the entire length of the main trunk was

266.?#. It ranged between 237,50 and 281.60. .
ii1) Fan_shoots . |
The mesp number of cushions on a single fun shoot

vas found to be 310.8. It ranged between 285 and [6. There



Table 7.

Total flower production based on number of cushions and number of

flowers per cushion

Mailn trunk - Fan shoots
Number Hei-  Humber of . Mean Number Number of Nuwber Mean Nunber Total.
Tree of ght cushions number =~ of cushions of nunmber of of
numbe T ceushions c¢nm in the - of flowers on a fan flowers flowvers
in 50 em entire flovers in the single shoots  per in fan
length per trunk fan shoot cushion shoots
, - : cushien : : -
1 2 3 s 5 6 7 8 9 10 11
Cg 130 108 ° 280.80 L3 1207.8% 310 5 3.6 5580.00 6787,k
C1q 125 95 237.50 L5 1068.75 285_ L L2 4788,00 5856.75
Co, 128 110 281.60 9.3  2618.32 M6 3 5.6 5812.80 8+31.68
C3p 132 97 256.08 L.0 . 1024.32 296 5 5.2 7697.00 8720.32
Ca 134 10k 278.72 3.5 *7.65 317 L 3.6 k56,80 5512.45
Mean 129.8 102.8. 266,94 5.3 1371.141 310.8 L2 L 5688.32 97061.73

08
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were three to five fan shoots on a single tree (Table 7).

Based on the number of flowers per cushion and
numbeXr of cushions the mean number of flowers on the magin
trunk was 1,371.%2. It ranged between %7.65 and 2,618.32.
Similarly, the mean number of flowe¥s on the fah shoots was
5,688,32, It ranged between 4,564,80 and 7,696,00. The mean
number of flowers produced by a cocoa tree as a whole was

7+061.63. It varied between 5,512.45 and 8,4431.68 (Table 7).
B. Floral.charactéristics

The long pedicelled flowers were regular and
hermaphrodite (Fig.3), It had five gepals, five petals,
ten stamens in two whorls, only one whorl of which was fertile
and a superior ovary of five wnited carpels. The pink or
whitish sepals were valvate in arraﬂgement; the petals were
very narrow at the base and expanded above into a cup-shaped
pouch, beyond which they end in a relatively broad gpatulate
tip or ligule. The androecium consisted of five long pointed
steminodes in the outer whorl, and five fertile stamens,
which stood opposit to the petals, ALl ten were joined at
the bage into a very short tuwbe. The £ilaments of stamens
were bent outwards so that the anthers were concealed in the .
pouched portvion of the corresponding petals, whilst the

staminodes stood erect arcund the style. Zach stamen had

THRISSUR
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four pollen sacs. .The ovary was simple with five compaxrt-
ments eontaining numerous ovules arranged round a central
bplacenta, the style was hollow, shorter than the surrounding
fence of steminodes and divided at tap into five stigmatic

lobes which were more or less\adherant.,

C. Anthesis
1. Flower opening

- Data on the time of anthesis baéed on observations
at two hour intervals are glven in Tabléls. ’It was found
that flower opening had two distinct st§ges.;'The flower buds
at first showed tﬁe signs of splitting énd remained in this
. eondition for a long time until the sepals and petals unfolded
and the flowers opened completely. The.flawer buds started
, splitting in the evening and completely“opened in the next
day morning. In majority of the flower buds (69.27 per cent)
splitting commenced between 2 PM and b PM, Splitting started
between 12 Noon and 2 PM and continued upto between 6 PM and
8 PM. It vas observed that in the rainy months of June, July
and August splitting of the fiower buds stqrted ‘eariier
between 10 AM to 12 Noon. In July and August, 68,15 per cent
of the flower buds started splitting by 2 PMe 77+5 per cent -
of the flower buds completely opened betheen 2 AM and & aM
on the next day. I%t.commenced between 12 midnight and 2 AM
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and continued upto 6-8 AM. In all the flowers examined
anther dehiscence had ogcurred when the flowers had completely

opened,

2. Stigma receptivit

When anthers from freshly qpened flowers were Tubbed
on the stigmatic surface and observed under a hand lens
adherence of pollen grains was found between & AM and 6 PM.
The data on the number of pods set after twe weeks by hand -
pollinastion at two hour intervals are given in Teble 9.
Maximum pod set was cbserved when the flowers were pollinated -
between 10 AM and 12 neon (70.6 per cent) followed by 12 noon
and 2 PM (43.6 per cent) pollination. No pod set was observed
vhen the flowers were pollinated between 6.AM and 8 AM and
between 4 PM and 6 PM,

3. Pollen fertility

Using the acetocarmine method it was foﬁnd that
61,18 per cent of the pollen were fertile. There wag no
significent difference in the pollen fertility between trees,
The data on the varigtion in lelen fertility after anther
dehiscence 1s given in Table 10. Maximum pollen fertility
was found between 8 AM =nd 10 A¥ (61.12 per cent). After
thils, the pcllen fertility decreased grszdually,



Table 9. Stigma receptivity bmsed on pod set after
- two weeks by hand po‘l l.maticn at two hour

inter‘Vals.
. Humber of pods set o
Time (out of 350 attempts) Fercentage
1 2 - 3
AM to 8 AM , - | -
AM to 10 M 49 | 19.7
10 AM to 12 Noon 179 70.8
12 XKoo to 2 PM 109 ' 43,6
2 PFM to 4 PM 32 12.8
PH to 6 PM - ' -

F “Value = 51.59‘_‘*

cD . = 5.’-&-9

** Significant at 1% level
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Table 10. Variation in pollen fertility after anther
dehlscence (Mean of chservations on five days)

Time Pollen fertility
percentage
6 a4 to 8 aM .23.38
8 M to 10 AM 61.12
10 &M to 12 Noen '37.70
12 Noon to 2 PM 16.20
2PM tol PM 9.62
L' PM  to 6 PM 8.20

F value
CD
SEn

t

]

97;56$*
60
21.098

#% Significant at 19 level
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D, Pollination
1. Mode of pollination

It wvas found that wind had no role in the transfer
of cocoa pollen. The glass slides coated with glycerine did

not show the adherence of any cocoa pollen.

The drippings of rain water ccllec%,ed from the
flovers contained no cocoa pollen ruling out the role of

rain In eocoa pollination,.

A variety of insects was found to visit the eocoa
flovers. The insects associated with cocoa flowers are given
in Table 1. The photomierographs of the inseets are given

in Plate-I.

2. Natural pollination
a2) Monthly rate of natursi pollination_

The monthly rate of natural pollination based an

weekly observatisns‘are given in Table 12, There was no

slgnificant difference between the trees in the rate of natural

pollination. However, between months there was slgnificant
difference in the rate of natural pollination. It was

| highest in September (49,0 per cént) followed by June

-(kﬁ.S per éent) and lowest 1n Februéry (18.0 per cent)



- Table 11. Insects assoelated with cocos pollination

Scientific name Family

Common name Order
Midges Unidentified Ceratopogonidae Diptera
Midges Unidentified _ : ' Scétopsidae : biptera
Ants Qecophylls smaragding (Fabricius) Formicidae Hymencptera
Ants Plogiolepis loneines (Jardon). Formicldae Hymenoptera
Apnlds | Unddentified Aphidldae Hemiptera




Plate - II. Insects associated with cocoa pollination
(a) Unidentified midge of the family
Ceratopogonidae (Dipters) X 256

Plate - II, Insects associated with cocoa pollinatien
(b) Unidentified midge of the family Scatopsidae
(Diptera) X 284 -






Plate -~ II. Insects assogiated with cocoa pollinabticn
(e) Mt (Plagiolepis lonsdl @s)}
(Formicidae, HymanopteraS X 264

coa pollinatlon

Insects assoeiated with co 5
idae, Hemiptera) X296

Plate - Il.
(4) Unidentified aphid (Aphid
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followed by January (19.5 per cent) (Fig.k), The mean rate

of natural pollination was found to be 28.29 per cent.

b)) Correlation of natural pollination with flower production
and weather parameters

It was found that flowver production had strong
negative correlation with patural pollination. Among the
weather factors rainfall, minimum temperature and sunshine
hours had no gignifiecant correlation with natursl poliinaetion.
Hovever, mazximm tampa“aﬁﬁre had strong negative coryrslation
and relative humidity hed signifieant positivelcerrelation

with natural pollination (Table 13).

3, Controlled pollination

There was significant difference betusen the_two
methods of controlled pollination tried (Table 1th).
75.% per cent of the flowers pollinated using fﬁrceps vas.
found to be Suécessfully pollinated. The successful polli-

nations using abtomiser was found to be only 3 per cent.

B. Pod set and development

Qut of the 382 crosses made 276 (72.25 per cent)

set cherelles after two uweeks (Table 17).



b1

Table 13. Correlation of natural pollination with
flovering and climatic fsctors.

Factor Correlation eoeffiéient
Flovering 0, 800 %%
Rainfall 0.4950
Maximum temperature =0, 7729%%
Minimus temperature 0.0878
Relative humicity 0.5777%
Sunshine hours 0.5555

* Slgnificant at 5% level

*% Significant at 14 level
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Table 1%, Comparison of methods of controlled pollination (hand pollination
with forceps and pollingtion by atomlser) based on the pod set
after two weeks.

Pod set after two weeks (out of 10 pollinations):

Iree number

Sl ce20 S ce20 | c-30 ©  E-3 C-35
Forceps . Atomiser . For¢eps.-lﬁtdmisei Forfeps Atomiser Forceps Atomiser . Forceps Atomiser
1 2 3 ) 5 6 7 9 9 10 1
1 8 5 9 5 9 1 8 6 ) 9 2
2 7 R 9 o 73 9 2 7. 2
3 5 b 7 ) 8 2 7 b 7 3
b 8 5 6 "2 '8 L 8 3 . 6 3
5 9 3 8 5 8 3 6 1 8 3
Total 37 21 . 39 22 no. 13 38 16 37 13
Percen=- Lo : , S, - : ' ' .
tage 7u L2 78 Ly 80 26 | 7§ 32 74 26
Mean percentage of successfui pollimations'using foreeps = y 76 s
Mean percentage of successful pollingtions using atomiser = .0
F value = 17.67x+* 4 .
GD = 1'.'1?1" ' . : o
SEm = 56.18 E oo

*% Significant at 1% level



Longitudinal sectians of the developing pods showed
that the individuak beans could not be traced out upto four
weeks after fertilisation, The pods wers filled with a
compact while pulpy non-mucilaginous mass. After four wecks
the outlines of the future beans could be traced in the
white pulpy non-nueilaginous mass, Thé beans gradually
filled up but were difflcult to separate frowm. the cementing
pulp. A4e the pods matured, the pulp beeame mucilaginous and
- the ﬁeans became distinet and easier t§ extract, At this
stage the poés had e maturity of twenty weeks (Flatz-IH).

It took 23 to 25 weeks from poliination -fer the
mpturity of pods.

¥, Cherelle wilt

The data on the weekly-rate of cherelle wilt 1s _
ziven in Table 15, - Maximum wilt (1%.79 per cent) was found
during the sixth week after fertiliSEtion‘ The wiltfccntinued-
upto 12 waeka after fertilisatich and after that there was
no loas due to cherelle wilit (Fig.6)., Due to cherelle wilt
alone 51.45 per cent of the pods were Lost (Table 17). The
loss due'tp cherelle wilt ranged from 37.G§ per cent to B
70.37 per cent. The total number of developing pods on the
tree at the time of wilt was found touﬁé in far excess of the



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

'Pod yield Number of pods developing on the tree at the time of wilt
Iree in the

number gzzgious ;sgk 2nd 3rd hih gﬁh 6th 7th 8th 9th 10th 11th. 12th
1 2 3 y 5 6 7 8 9 0 11 12 '13 '
%/18 32 3B 37 39 39 30 40 b2 L3 Ly by By by
5/18 3% 37 wo Lo 1 L1 42 42 Ly L5 . ke 4 L6
-9/16 55 53 5% 57 58 58 59 60 60 61 61 61 . 62
13/10 144 b2 B3 3 43 b3 I N I 47 48
13412 38 37 38 38 38 39 39 39 LQ M1 b1 . W k2
16/19 69 6l &% 65 65 - 65 66 68 70 72 7?3 73 7
18/10 L9 52 53 53 53 53 55 57 57 58 58 586 58
19/16 33 ¥ 3 37 38 39 39 39 39 Lo ko b k2
214 b3 %5 46 %8 49 S0 5o 50 50 51 51 52 52
29/25 46 Ly L5 44 Ly L7 L7 48 48 L9 50 50 51
| 30/ 35 38 39 39 39 Y0 ko 41 L1 L1 L2 42 k3
33/15 26 29 29 29 30 30 32 32 32 33 % 36

(& 5]
(X4
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average number of pods recovered from thajt particular tree

in the previous year (Table 16).

G. Hegovery of mature pods

¥From therbservations'it was found that on an average
48,55 per cent of the pods seb wers carried o maturity
(Table 17). The recovery of wature pods renged from 29.63
per cent to 62.95 per cent of the pod set. The recovery of
mature pods was an average of 31.7% per cent of the number of
crosges made. It ranged fras 21.02 per cent to k.74 of the

erosses mads,

H. Compatibility studies

. Out of the seventeen trees selfed, two tress (16/16
and 21/19) were found to be self-compatible and all the others
were self-incompatibvle, The percentage of pod set after
selfing in the self-compatible itrees were foud to Ee 8 mean

of 760 67 ®

ALL the trees tested, including the self-compatible
cnes were found Yo be eross~compatible. There was no
difference in the compatibility status due to reciprocal
Ccrosses. IThe percentage of pod set in the different cross
comblinations ranged bétweeﬁ 50 and 10C (Table 18). The cross

eombinations showing 100 per cent pod set were the erosses of



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

Pod set after two Pods lost due to Recovery of mature pods

Tree Humber of ‘ weeks cherelle wilt

number erosses - .

' made -Number Percentage - Number Percentage Number Percentage Percentage

pod set to crosses
made
1 ) 3 5 5 6 7 8 9

L/18 28 22 78.57 15 68,18 7 31.82 25.00
5/18 28 ' 18 6L, 29 8 Ll Ll 10 55456 35.70
9/16 31 22 70.97 “ 50.00 11 50.00 35.48
13/10 L0 30 75.00 16 53.33 b 46.67 35.00
13/12 37 27 72.97 19" 70.37 8 29.63 21.62
16/9 30 22 - 73.33 12 54.55 10 L5453 33.33
18/10 29 20 66.97 8 40,00 12 60.00 +14.38
19716 38 27 71.05 1G 37.04 17 62,96 Ll 7k
21/ 29 20 68.97 8 40,00 12 60..00 41,38
29/25 32 23 71.88 10 43,48 13 56.52 . :0.63
30/1% 30 2 70.69 13 ' 56,52 10 - 43,48 33.33
33/15 30 22 - 73.33 12 5k, 55 10 b5 .5 33.33
Total 382 276 72.25 12 51.%5 13 L8.55 31. 7k

L9
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the tree 4/18 with 5/18, 13/10, 16/16, 18/16, 30/1% and
33/155 5/18 uith 13/10, 16/9, 16/16, 18/10 and 21/19;

9/16 with 16/9, 18/10, 19/16.end 21/4; 13/10 vith 4/18,
9/16, 18/10, 19/16, 21/%, 29/25 and 30/%; 13/42 with /18,
16/16 and 21/19; 16/9 with 4/18, 5/18, 13/12 and 21/4;
18/10 with 4/18 end 33/153 19/16 with 13/12 and 29/255 29/
with %/18, 19/16, 21/19 and 30/14; 29/25 with %/18 and
13/125 30/ with 13/10, 16/9, 19/16,21/ and 29/25 and
33/15 with 18/10. |
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DISCUHRISION

Investigations were carried out at the College of
Horticulture, Vellanikkara, Trichur on the pollination,
pod set, and'compatibility aspeets of cocoa, var. Forastero.
The results of the investigations are discussed in thig

chapter,

As Flowering .
1. Pattern of flowering

Unlike most other perennigl crops in which flcweriﬁg
waé seasonal, cocoza exhibited flowering through out the year,
But, there vas variation in the monthly rate of flowering,

In the present investigation the peak period of flowering was
found from November to April (Table 1 and Fig. 1). From May
to Oetober the rate of flowe¥ing was comparstively lesg.
However, the peak pericd of flovering differed from place to
place. In Ghana,‘the pegk period was from Mawxch to July
(Hewison Eéjéb :‘b5°9259), in Bahia from October to May

(Alwin, 1966) end in Cuba from June %o September (Delpinalrive

ana Pceuvmqa)&

ebad., 1967).

The variatlon in the pattern of flowering in different

cocoa growing regions can be attributed to the difference
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in the’weather conditicns prevallling in those reglons.

The influence of weather parameters on flowering in cocoa
was reported by several workers. In Bahia, Alvim (1966)
found that flowering was inhibited when the monthly mean
tempersture went below 230'. Under severe droﬁght congitionsg
flowering was seen to be less in Cuba (Delpinalriverc et al.,
1967)e Sale (1969) observed that in Trinidad, plants growing
in regions with a day temperature 26,6°C to 30.0?0 exhibited
more flowering than plants growing in regions with & day
temperature 23.3%°¢, According to Couprie (1972) flowexing
was the greatest when the dally temperature variation was the
ieagst. 1In the present investigation it was found that the
mean monthly winimum gnd maximum temperatures, the mean
monthly rainfall and the meaﬁ monthly sunshine hogrs, ane
month previous to flowering, determined the flower produetion,
The mean monthly nmininum ond maximum t@mperatureﬁand the mean
éonthly rainfall had an inverse effect on flowering while

the mean wonthly sunshine hours had a positive effect on
flowering. Thus the peak period of flowering from Noveéber
to April observed in this investigation can be due to the
effegt of lov mlnimum temperature, high maximum temperature,
absence of heavy showers and comparatively longer sunshine

hours during the October tu March period.
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2, Intensity of flowering

Tress differed in their capacity to bear flowors
on cushions., Purseglove (197%) cpined that a fully
developed cushion may beay upto 50 flowers. But in the
present investigétion it was found thsat the nmunber of Llowers
per cughion ranged between one and 12 on the maln brunk and
between one ond nine on the fan ghoots (Table 6), In Vittal,
Karnatska tho annuai flowerAproductian per metre of ghem
varied between 168 and 2,358 (Anon., 1977), and in Kerala,
the,number of flovers per 50 cmm on the tree varied between
93 and 90% (Gregory, 1983). The present iﬁveatigatien showed
that the mean number of flouers ranged between M7.65 and |
2,618.32 on the main trunk and betwveen %,56h.8 and 7,696.@
cn all the fan shoots taken together (Table 7)., Thus, the
fan shoots on a whole had more number of flowers than the
main trurnk, Studies on the distribution of yield between
trunk =znd branches of coeoa in Ghana, showed that a higher
pereénﬁage of pods was produced on the branches than on the
trunk (Anon., 197%). The results obtained in the present

investigation is in agreement with this observation,

B. Floral characteristics

- Although the flowers were bisexual, the floral

barts were arranged in such a manner as to encourage
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cross-pollination, The filaments of the stamens were bent
cutwards and the anthers were concealed in‘the puuched
portion of the petals, The stamincdes stood erset around the
style as a barrier and the style was shorter thean the
staminodes. A1l these features hinder the transfer of pollen
to the style frem the anthers of the same flower, thus preven-
ting self~pollination. Nevertheless, the flowers had no
characteristic features typieal of the cross-pollinated CYopS.
The flovers were devold of scent and nectar for attracting
insects and the pollen vas too sticky to fgeilitate wind
pollination,

G. Anthesis

Flower cpening in cocoa was observed to be a lengthy
process, The flower buds at first showed the signs of
splittingcand remained so for a long period until the petals
and sepals completely unfolded. The splitting started
between 2 PM and % PM and the flovers completely unfolded -
between 2 MM and 4 AM on the next day. It took about 12 hours
for the ccmpletion of flowering, In‘the rainy months the
splitting started a little earlier between 10 AM and 12 Noon.
It was found that the time of opening of cocoa flower varied
from place to place. In Java the flowers opened at %.30 PM
and at around 6.30 PM the pollen gréims were ripe (Wellensiek,
1932). Sampayan (1963) observed that in the Pailippines
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anthesig started at 4 PH, the petsls and sepals unfolced by
6 PM and anthers dehisced at 6 AM on the following morning.
In Cuba, the flowers opened at 7 PM, but remained closed or
halfw~opened for almost the whole day at a temperature of 15%

(Delpinalrivero and Acunagale, 1967).

The tine of naturzl pollination was arrived at by
many workers. Barroga (1965) reporied that in the Philippines'
- the highest rate of pollination was observed from 6 AM to
11 &M and from 2 PM to § PM. In Nigeria, Toxopeus and Jscob
(1970C) observed'that the percentage of pistils with pollen
Erains was slightly higher in the flowers collecied between
12 Noon and 1 PM. Based on hend pollinations at hourly
intervals Sampsyan (1966) observed that in the Pnilippines the
percentage of fruit set was more between 6 AM and § PN,
reaching 2 maximum when pollinations were done between 10 AM
and 1 PH. Almost a similar observation was made in the
prasent investigation. It waé found that the stigma remszined
recepbive bebween 6 AM and 6 PM. By hand pollination trials
it was found that stigea receptivity was the maximum betyeen
10 AM and 12 Noon. Meximum pollen fertliity was found
between 8 AM and 10 AM. Thus it can be assumed that the
optimum time for controlled poliinagtion is between 9 AM and
12 Neon. '
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D, Pollination
1

Mode of pollination

In the present investigation, it was found that
wind and rain-waber had no role in the tianspdrtation of
cocoa pollen. Midges of the family Ceratopogonidae and
Seatopgldae were found to be associated with the cocoa flower.
fany workers had identified midges of the femily Ceratopoe-
gonidee, particularly Forcipomyis spp. as the majﬁr ﬁollinating
insect in cocog (Posnette, 1950; Saunders, 19563 Dessart,
19615 Summer, 1962; Gerad and Saunders, 19643 and Soria et al.,
1975). 1In the present investigation crawling insectg like
ants (Oeecghx;lé Smarsgding and Plaglolepis longigeé) and
aphids were also found to be assaciateé with the cocoa flower.
dernendesz (1967) too had identified ants (Wasmannia
auropunctabs) and aphilds as the pollinating insects of cocoa
at Furislba. ’

2s Rate of natural pollinstion’

The rate of natural pollinatiaﬁ was observed to be
very low in eocoa. In Ghana, Purseglove (1974) reported
that only two to five per cent of the flowers were pollinated,
out later during the season wien the flovers vere fewer,

»ollinetion rose to 50 to 75 per eemt. Murray (1975) found
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that the proportion of flowers pollinated ranged from one

to 50 per cent aéeording to the season and number of flowgrs
opening at the time. In the present investigation also 1t
was found that when the monthly rate of flower production

wvas more, the rate of natural pollination was less and

vice versa (Fig.5). The highest rate of natural pollination
(49,0 per cent) was observed in Sepbtember and the lowest
(19.5 per cent) in February (Table 12). In Vittal, Karnataka
the percentage of flowers pollinated was 28 and maximum

per cent of pollinatlon was observed im August (Anon., 1977).

Natural pollinstion was also found to be influernced
by weather conditions. When the mean monthly maxioum
temperature increased natursl pollination decreaged, and
when the mean monthly relative humidity increased the rate
of natural pollinaticn also incressed. This can be due 1o
the influence of weather conditions on the population densities
of the pollinating_insects. Studies conducted by Soria (197%)
in Bahla had shiown that there was significant correlation
betwech temperature and evapotranépiration with the population
densitles of pollinating agents. Heat, soil-water availability
and air-humidity also interacted with the population of
pollinating insects and pollination. In a later study Soria
(1979) had found that air-temperature, soil-moisbure conditions,

Tainfall and sunshine patterns determimed the population



density of the pollinating insects. Winder and Silva (1974)
had reported that the abundance of the pollinating inseets
vag positively correlated with soil-moisture content, with
the result that pollinators were most abundant vhen the

flovwering was at a minimm and vice wversa.

3s. Controlied pollination

Several workers had tried artificisl pollination in
cocoa. Posnette (1950) and Jacob and ibanda (1975) observed
that pod yield could be cousiderably increased by hend polli~
nation. Vello and Nascimento (1971) found that in four clones
they studied the percentages of hand pollinations resulting
in frult seiting were 13.5, 1.1, 21.6 and 38.8, smponsha
(1972) also reported that the éercentage of fruit set by hand
pellination was much higher than that by natural polliination.
drevalo and Soriz (1975) compared different methods of
artificial pollination like individual pollination of flowers,
milking, brushing and nmist blowing. They found lndividual
pollination of flowers as the most efficient method for
increasing yields. In the present investigation alse when
hand pollination of flovers with forceps was compared with
poliination using atomiser, it was fouﬁé that the former one
was & superior method. The percentsmge of frult set on

pollination by foreceps was 76.4 and by atomiser was 34.0.
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But hand pollination wiﬁh forceps was more time consuming
and a skilled operetion., However, artificiel pollingtion
slgnificantly increassd the ped set., Kacke et gl. (1980)
had also observed that mechanical pollination of coeéa uging
mist blowers or by brushing cocoa flowers greatly increased
pod set, OSoria =nd Garcis (1980) opined that the technigue
of blowing air over the gelf-compatible varietles nearly
doubled the yleld. From these cbservabions it can be
canelﬁded that pollination in cocoa 1s a limiting factor for
realiging better yields and artificial pollinatlon can be
adeopted for inereasing the pod yield.

B. Pod set and development

—o——

The percentage of pod set observed after crossing
cempabtible traes by'hand poliination ﬁas found to be 72,25,
By natural polllnatian the pod set was only 28,29 per cent.
Jacob ond Atanda (1975) while assess ing the fruit setting
gtatus of 23 cocoa clones used a8 both male and femgle
parents, found that the best mele parent had 55.7 per cent
ped setbing and the best femisle parent had 58.2 per cent
pod setting, In Vitbtal, Kornataks the msén annual fruit
setting was only thrae per cent (Anon,,’19?7) and in Pilicode,
Kerala, the fruit set under natural pollination was 11.81
per cent and under hand pollination was 52.02 per cent
(Rajamonv. 1881). |
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In the present investigation, cocoa pods took 23
to 25 weeks to reach the maturity stage. The perilod of
development of cocoa pods was reporied to be 16 to 21 weeks
in Nigeria (Waters and Hunter, 1929) and five to six months
in "Ghang and New Guinea (Toper, 1940 and Bridgland, 1953).
The time taken by cocoa pods to reach maturity stage fzom
fertilisation was reported to be five wonths (Wood, 1975),
five to six wonths (Anon., 1978), and 127 to 141 days
(Fajamony, 1981). The observation made in the present investie
gation alwost agrees with the observations made by other

woTkeTrs,.

Studies on the development of beans in the developing
pods showed that upto four weeks the individual beans could
not be traced in the pod, The pod was filled with conipact,
wiiite, non~-nucligenous mass, After four weeks the outlines
of the future beans could be traced and after twenty weeks
the beans beesme distinet and it could be extracted easily.
Similer work was done by Adenikinju (1978) and he found that
at the time when the beané could be extracted easily from

the pod, the pods varied in age from %7 to 175 days.

. Cherelle wilt and recovery of mature peds

In all the trees studied cherelle wilt oceuryed

even from the first week after pollination and continued upto



12 weeks, Mazimun wilt (.79 per cent) was observed

during the sixth week after pollination (Table 15).

¥e Kelvie (1955)had made o similar observations with the

pesk at the meventh to eighth week, but he hed also identified
a second peak at about twelveth week and he also ohserved
that cherelle wilt continued upto 1 weeks. Bub Hewsion and
Ababio (192%) observed maximum cherelle wilt during the first
week of growth and anocther eriticszl period bebween foﬁrth and
seventh veeks. According to Nichols (1961) cherelle wilt
oecurred upto 80 days from fartil;satian and according to
Purseglove (197%) maximum wilt occcurred at about 50 days
after fertilisation, Cobley and Steele (1976) found that
cherelle wilt vas meximuw when the pods were seven to eight
veeks old., The results obbtalned in the present investigation
are more or less in agreement with the observation made by

the other workers.

The extent of loss due to cherelle wilt in the
trees in which hand pollinstion was made ranged between
37.0% per cent and 70.37 per cent (Table 17) of pod seb.
Hewison and Ababio (192%) had estimated the loss due to
cherelle vwilt to be ranging between 22 and &+ psr cent of
pod set., 8o cherelle wilt is a major factor limiting the

yield of cocoa. In the present iInvestigation in the trees



in which hand pollinations were made, the recovery of

mabure pods ranged from 21.62 to Wk, 74 per cent of the
pollinations made and 29,63 to 62.96 per cent of the pod seb.
Jacob end Atenda (1975) had chserved a recovery of 25.7 and
18,2 per cent of mature pods in the best male and female
parents fespectively in their’study. The increased recovery
of mature pods in the present investigation may be due to the

increased pod set by hand pollination.

Many -workers were of the opinion that cherelle wilt
was & physiological thiming wmechanism which regulated the
sizes of the crop in relaticon to the available food reserves
(Frederick, 1960; Nichols, 1961; Glendemning, 19723 and
Cobley aznd Steele, 1976). In the present investigation also
it was found that at the time of chersile wilt the trees had
a large pumber of pods in different stages of development on
them, The totel numbeTr of developing pods was in far excess
of the potentisl yield of the trees in the previocus year
(Table 16). |

6. Compatibility sbudies

Incbmpatibility in coeoa, particulerly self=
incompatibility was studied in great detail by many wvorkers
(Harlend, 1925; Pound, 1932; RKnight and Rogers, 19553 Cope,
1958 and 1962; Bouharmont, 1960 ete.). Self-incompatibility
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was found to be a major barrier in realising the yield
potential of cocoa (Toxopeus and Jacob, 19703 Jacob and
Atanda, 1975). In the pfesent investigation also only two
trees oul of 17 vere found to be self-compatible. ALl the
trees tested for cross compgtibility, including the ones
found to be self-compatible were cross-compabtible and there
was no differsnce due to reciprocal crosses. MNurray (1979)
had observed that in Trinildad, the self-gncompatible and
crogs~compatible trees required pollen from self-compatible
trees to ensure fruit set, but elsewhers self-incompatible
trees ghoved cross compatibility which was also the situgtion

in the present study,

The modglities of the incompatibility systems in
cocoa was assessed in detail by Cope (1962a). He showed that
the site of incompatibilily was in the embryosae. Incompati-
bility was controlled by a serlies of alleles operabing at a
single locus (S) showing dominance or independent relationship.
They were the same in male and female parts of the flower
so that the reciprocal pollination gave the same resultbs,

whiéh was brue in the present investigation also.

Fyrom the present investigations, 1t can be conecluded
that, even though cocoa produced a large number of flowers,

-only a few of thewm were carried to mature pods, Pollination
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was the maln llmiting factor. &Since artificlal pollination
gignificantly increased pod set, this can be adopted as a
practice for obtaining better yields. The self-incompatibility
phenomenon observed in the materiels investigated herein

could be effectively utilised in the production of hybrid pods.
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SUMMARY

Investigations were carried oubt at the College of
Horticulture, Vellsnikkara, Trichur on the pollination,
pod set and cempaﬁibilitj aspects of a nuaber of open
pollinated progenies of eocoa, Var. Forastero., The salient

results obtained in the investigation are summarised below.

1. Cocoa flowered through out the year, though the
intensity varied between months. Maximum flowering was
observed in December, while the minimum flowering was in
September. The pesk period of flowering 'was from November
to April, The mean monthly wminimum and maximinm temperatures,

e mean ponthly rainfall and the mean monthly sunshine hours

one month previous to flowering determined the flower productiocn.

2. The number of flowers borme on a cushion ranged
betueen one and 12 and a single cocoa tree produced a mean
of 7061.63 flowers during an year. The fan shoots taken

together had more number of ilowers than on the main trunk.

3. Flower opening was z slow process and it took
nearly twelve hours for the completion of flowering., Flower
buds started splitting between 2 PM and L PM and completely
unfolded between 2 AM and % AM on the next day.
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i, The stigme remained receptive petween 6 AM
and 6 PM, but the maximum stigma regeptivity was found
between 10 AM and 12 Noon., The pollen was found viable
between 6 AM and 6 PM, bat the maximum pollen fertility was
found between 8 AM and 10 AM.

5. Natural pollination took place with the help of
insecis and midges of the famlly Ceratopogonidae and
Scatopgitae were the major pollinating insects. Ants and

aphids were also seen associated with the cocoa flowers.

6. Hatural pollination was more when the flower
production was less and vice versa. The mean monthly maximum
temperature had g negabtive influence and the nmean monthly
relative humidity had a positive influence on the rate of

natural pollination,

7. Controlled pollination significently incressed
the pod set in cocoa, Hand pollination with forceps was wmore

efficient than pollinstion by atomiser.

8. Cherelle wilt was found to be a paysiologicel
thinning mechanism. It was observed even from the first week
after pollination and continued upto 12 weeks. Maximum wilt
occurred in the sixzith week. The loss due to this phenomenon

ranged from 37.C% per cent to 70.37 per cent of pod set.
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9, It took 23 to 25 weeks from pollination for the
maturity of cocog pods, -The recovery of mature pods ranged
from 21.62 to 44,74+ per cent of the'pollinatians made and

29.63 to 62,9 per cent of the pod set,

10. Only two cut of the seventeen trees were found
to be self-compatible, All others were self-incompatible
and they were found to be cross-compatible. There was no
difference due to reciprocal crosses and the self compatible

trees were also found to be cross~compatible,
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ABSTRACT

Investigations were carried out at the College
ovaorticulture, Vellanikkara, Trichur, to study the
pollination pod set and compatibility aspects of open
pollinated progenies of cocoa, var. Forastero. It was found
that eventhough cocoa flowered through out thé year,
paximaas flower production was between November and April.,

The flowver opening was a 8low process starting from 2 to L PM
and lasting upto 2 to % AM on the subsequent day. Maximum
stigma receptivity was found between 10 AM end 12 Noon.
Natura;lpollination was through the agency of insects. By
controlled pollingtion there was 48 per cent increase in the
pod set, Hand pollination by forceps was found to be the

best method of artificial pollination, A4 large number of pods
set was not carried to maturity due to the incidence of
cherelle wilt. The loss due to cherelle wilt ranged Lrom
37.0% per cent to 70.37 per cent. Most of theAtrees studied
vere self-incompatible, while twe of them were self-compatible.
The self=-incompatibility in the materilals investigated heiein
could be exploited for production of hybrid pods.



