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INTRODUCTION

Cocoa (Thegbroma cacag) is one of the most popular
beverage orops extensively cultivated in the tropical situs-
tions in Africs, South America, West Indies and the Far Rast.
In India, this orop was introduced into cultivation only
recently. During tas latter half of the 1970's, there waso
massive axpansion of cocoa cultivation in India as a result
of the sttrasctive price ithat prevailed during early part of
1970's and the massive development programmes implemented
by the State Depariment of Agriculture. Coooa has becoms
popular in Kerala mainly as an intererop in coconut and

areosnut gardens,

It 10 ostimated that out of the total area of 20,000 ha
under oocos in India, Kerala aooounts for about 15,000 ha
followed by Karnataka with 4,400 ha and Tamil Nadu (600 ha).
During 1980, India exported 1000 tonnes of oocos products vorth
Re.10 lakhs (Anon., 1981). The production of raw 0ocoa in
India during 1981-82 was about 3080 tonnes; Kerals'se contri-
bution being 2500 tomnes. India's requirement of coooa has
been estimated to be around 5000 tonnes per year by 2000 AD
(Ananthakrishnan et sl., 1979).

Porssiero and Criolle are the two important varieties
Experiences have shown that Forastero variety has better



adaptability and productivity under Kerala Conditions,
Forastero provides the bulk of ths commercial cocoa of the
vorld. In order to boost oocooa produotion in the state,
genetic improvement of tha orop through seleotion from the
oxisting sexually reproducing population offers oonsiderable
scope, Orep improvement through selection depende largely

on the extent of genetic variation. BSeedling populations

of cocoa generally exhibit a great smount of heterogenity
because of croee pollination which also results in the mani-
feetation of & high level of variability in most of tho plant
charaoters, This variadility can be attributed mainly to
genetic factore or to a oertain extent to envirommental
factors or to an interaction of both, the degree of each of
these, however varies with the genetio struoture of the parti-
cular pepulation under consideratien,

Attempts to gather information on tho extent of genetio
variability in respect of the economic attributes inoluding
yield, the nature of sssociation between yield and yield oon-
tributing charactere in the seedling population of Forastero
under oconditions prevailing in the state have not been under-
taken so far. Such inzbrlitian is essential to undertake
identification and seleotion of superior genotypes in the
seedling populstion of cocea, partsicularly the Forastero
type, in order to achieve improveaent in yield and other
characters. These genotypes oan after evaluation, be utili-
sed as clones and as pircntl in hybridization prograames,



The precent study in s well established population of
Forastero trees, thersefore, vas undertaken with the

ebjectives ofs~

1. to study the oxtent of genetie variability
existing in important plant, pod and bean oharacters of ecoos,

2. to f£ind the interrelationship between yield and
yisld contributing charsoters, and

% to identify superior genotypeo which can be deve-
loped into olones for future studies.



)ﬂ?em'ew of ,Z[temtuze




REVIRW OF LITERATURE

In coeor, biomeiriecsl infermation like varisbiliy,
eorrelation ete., is soanty. Available literature on the
variability and corrslation of different morphelogical
charsoters inoluding yield is briefly reviewed belev.

A Yarisbility
Variability for some of the growth charaoters has
been reported earlier, Greenweod and Posnette (1950)
observed that overhead shade inflummoes the growth ef flu-
shes of coocoa in Ghana. It was found that unshaded mature
eotoa flushed mere frequently and with greater intensity
than shaded ocecos and that this difference was more marked
during periods of lov temperature, They slso observed that
the flushing of mature cooos was suppressed vhen the veekly
mean of the daily maximum temperature was belov 83°r,
Bale (1967) reperted that at sontinuously high temperatures
of 33°0 (88°7) the hormone system of tho treo was upset vita
the result that there is a loss of apical deminance and the
leaves are mmaller at higher temperatures,

Cocoa troos differ widely in their ability to produce
flowers and to set fruits, Hewison and Ababic (1929) stated
that only 0.2 to 1.5 per cent ¢of the opened flowers develeped
into mature fruit. Purseglove (1974) as well as Cobley and
Bteele (1976) also recorded that only one in 500 flowers
(0.2 per oent) matured to a fruit, Murray (1973) reperted



that out of about ten theusand flowers produced by a full
grown plant in a year only 10 to 50 developed as mature
pods. Flowvering has been found influenced by 4different
weather oonditions. Alvim (1966) reporied that flowering
vas inhibited vhen the monthly mean temperature went below
23°C. Couprie (1972) recorded that flowering was greatest
vhen tho daily temperature variation wvas tho least. Murray
(1975) reperted that ococes is cauliflorus, the infleresoence
arises in a leaf axil and is a very eompressed dichasial
eyme, Toxopeus and Jacod (1970) reperted that inadequate
fertilization of the oﬁh of tho oocoa flovers seemed to be
tho main cause of variability in the number of besns per peod.

Btudies eonducted in Trinidad by Pound (1932) showed
that the thickness of the ridge and depth of the furrev eof
00008 pods are very desoriptive charsecters, but are partislly

affected by environment. He also reported that trees in
Trinidad wero variable in tho number of pods they produced
and the number of pods required to produce one pound of ary
besns., This factor known as 'pod value' was found to wvary
from 6 to 22 pods per pound of dry cocoa., He also observed
that Forastero variety prodused 100 to 200 pods per year and
the pod value was 10 to 12,

Pound (1933) observed that siso of ococos beans expre-
ssed in dry weight or wet weight vas & variable character
and vas quantitative in nature, He also reported that seed



weight renged from 0.9 g to 2.9 g He observed variabi-
14ty of beans vithin a single ped iteelf. Btockdsle (1928)
studied the variadbility in width, length and thickness ef
seeds of 609 cacno trees in a Forastero pepulation, peinting
out great variability of these features, PFaterson and

Reed (1934) propesed a statistical method to classify cocea
beans by shape.

Boriques and Soria (1968) made an assessment of varia-
bility in wet weight, length, widih, thickness of shell,
pulp peroentage and nunber of beans per pod in fresh samples
from ococos of &iffersnt genetle origin. Interclenmal d4iffe-
rences in these charaoters were highly significant indieating
that they are useful for olonal olassifiecation. ZThe best
sample sise, acoording to these workers, was found to be
three seeds of 20 pods per clone, They also opined that
smong other sample sises, weighing five beans from each of
20 pods of ons elone would give an adequate sample to eva~
luate its dry or vet weight,

Bakes et al. (1977) reported that dry bean production
per pod was closely related to dean number than to average
bean weight. They observed that in fruits with a relatively
high number of beans, the average bean weight is of majer
imporiance.

Tollenaar (1958) reperted a wide diversity eof inoidence
of black pod infection from sero te 95 per cent, Incidence



of black pod diocesso ocausing enormous losses vere estimated
by Padwick (1959)., Blencowe and Wharton (1961) found a
significant positive correlation between the number of blask
pods and tho total numbder of pods per aers in Ghana, Hislep
and Park (1952) reported that the number of black pods per
tree varied directly with the number ef total pods per tree
based on their studies in cooes populations in Nigeria.

Burton (1952) suggested the estimation of genetio
coefrficient of varistion aleng wvith the heritability esti-
mates to deteramine the amount of heritable variatien.
Hanson et al. (1956) reperted that heritability estimates
are the true indications of the genetioc potentiality of an
individual which aet as a tool in selection, According to
Panse (1957) the magnitude of heritable variability is the
most important aepeot of tho broeding material which has a
oloae bearing on its response to selection. Studies of
Gupta (1972) and Rengsewamy and Shanmughavelu (1980) showed
that the gonctypic ceefficient of variation generally helps
to measure the extent of genetic variability. Seris s} al.
(1974) observed high heritability for yield in hybrids of
Trinitano and Criocllo varieties. They also found moderately
‘high heritability for pod and besn charmoters like pod
length (55 per oent), pod dismeter (63 per eent) snd pod
weight (57 per cent). Kumaran and Prassanakumari (1981)
observed high heritability estimates for weight of bean and



veight of cotyledons and medium heritability for pod weight,
pod length, pod diameter, pod husk thickness and veight of
wet beans per pod in a study involving eight pod and bean
characters in a randem population ef ceeca, variety Forastero.

B. Corrolation

Pound (1932) and Bartley (19635) suggested that produc-
tion of cocoa is better estimated by wet bean weight.
Glendinning (1960) noted tho relationship between growth and
yield in cocot was positively correlsted with the rate of
trunk diamster during early stages of growth, A difference
of 1,2 centinetre per annua in the pre-bearing rate of trunk
diameter inoreass seemed tc be roughly equivelent to a diffe~
rence in yielding capacity of 1,600 1lbs. of 4ry cocoa per

Vanderknaap (1954) sheved that the beans froa the
middle eof tho pod were slightly heavier then those from
either end. There was no relationship between bean weight
and cotyledon colour. Alvardo and Bullerd (1961) found a
positive and \siwﬁcant oerrolation between bean sise and
fat content and a highly significant negative correlation
between total size and shell percentage., Glendinning (1963)
found a signifiosnt pesitive ocorrelatien betwveen number of
fruits produced and tetal wet weight of their seeds showing
that in seme populations number of fruits vas a good esti-
nate of yield. He also reported that size of seeds vas



relatively oonstant for a tree, but it was influenced posi-
4ively by the sise of the pod snd negatively by the number
of seeds per pod.

Cheesman and Pound (1934) considered 'Pod value' and
‘Seesd index' as the main oonstants for the seleotion of
individual trees. The basic methodology for selection of
cocon clones for yield was develeped in Trinidad by thea,
They estimated the total ospaeity of yield in Trinitario
population based on seed index, pod value, number of beans
per pod and total number of pods par tree per year,

Multiple regression analysis, as suggested by
Goulden (1952) has been used in many crops for formulatiing
selection index. Anand and Terrie (1963) reported that the
number of pods per plant and seeds per pod were more imper-
tant than seed weight for predicting the yield in soyabean,.
Thambura] (1973) oarried out muliiple regression analysis in
ridge gourd snd reported that the pod weight and number of
seeds per pod had a significant effect on yield per plant,

Glendinning (1965) reperted that correlations were
found to exist betveen the rate of grovih before bearing and
the total yield upto 5 years, After bearing, vegetative
grovth sloved down and there was a high corrslaiion between
the reduction in growth rate and total yield, 7This suggests
that an equation "Growth rate before bearing = growth rate
vhile bearing + yield” may be used. A high yielding varieiy
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will be thus the one making vigoreus early growth which is
later relatively greatly redueed, In the opinion of Pound
(1953), in eccom, yield of a tres oan be estimated from the
preduct ef the number of peds it preduced over a period of
years and the average vet weight ef cocoa per pod. The
eriteris for selection in Trinidad is 7.5 pods to a pound of
ary oecoa or 150 g of wet cocos per pod. Since high pod
value and heavy bearing have been shown to exist in ocmbina~
tion in some trees there is little danger that seleoting
for large pods will eliminate all the heavy bearers.

Relationship between girth of tree trunk and yield was
established in crops like ceconut, coffee, mango, etc.
Patel (1938) reported that girth of the stem in coconut was
influenced by variety, fertility and meisture condition of
the 204l and its management, The girth ef the stea does not
appreciadbly change with age, vhen onoce it has reached the
maximum size.

Dhaliwel (1968) observed that yield was pesitively and
signifiocantly eorrelated with the oircumference of ths main
sten at ground level in Coffes arsbjea. TYield also shoved
poeitive and significant eorrslation with height eof tree,
Girth of the trunk indioated the general vigeur of the troo
and tree vigour ie ocnsidered ae a oriteria for yield in many
4rees as reported by Teotis 9% al. (1970) whe could correlate
the tree vigour to yield in mango. Thamburaj (1973) reported
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that pod weight vas significantly and positively correlated
with yileld in ridge gourd. He alse reperted that number eof
seed2 per pod was slso signifioantly and positively corre-
lated with ylield.



 Matetiats and Methods
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MATERIALS AND METHODS

The investigations vere undertaken in the Departiment
‘of Agrioultural Botany, Cellege of Horticulture, Vellanikkars
during the peried 1980-81 (July-August) on 10 year eld tress
available in tho E,V.U, Estate, Alpara, Kammara in Triohur
Distriot. 7This garden ie located at an altitude of 55-60
mneiroe above mean sea level and is situated between 10,5 XN
latitudo and 76.17 E longitude. The meteorelogical data for
the season under experimentation are presented in Appen-
d4x I and II.

The Estate is typiocal of the cocoa gardens in the state,
cecoa being intereropped in a 20 year eld aresoanut garden.
In arecsnut vhere the normal spaeing 1ls 2.7 m x 2.7 a, eccoa
is planted in tho oantre ef four areoca palms. Both ocecoa and
arecanut vere given sultural and mspurisl treataents as per
the peckage of prastices of tho Kerala Agriocultural University.
Coooa trees were regularly pruned of excess fan shoots and
vere sprayed with one per cent Bordeaux mixture, twice before
and after the monsoons. The land is preperly terraced and
is highly fertile, The field is usually fleod irrigated during
Deoember to April vhen drought conditions set in,

Ae ia ter ]

The experimental material eonsisted of 135 ten~-year old
oooos trees of the varieiy Ferastere. The sample represented
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about ten per oent of the total population ef ceecos trees in
tho garden., The trees were originally raised from seleoted
soedlings supplied by the Department of Agriculture, Kerala,
The trees wore yield-stabilized at the timo of tho studies
and thoy in general, pessossed charsoters typiocal of the
variety Yorastero. This variety is charasterised by pods
vhitish or green ripening yellew, usually inoonspieuously
ridged and furrewed; surface smooth, ends rounded er very
" bluntly pointed; and by relatively thick pod husk with a
veedy layer inside wvhieh is difficult to cut, flattened,
frosh ootyledons deeply pigmonted and dark violet in cress
seetion, usually giving astringent preduct., Irees arc hardier,
more vigoreus and higher yielding than Crielle types
(Pursogleve, 1974).

B. Bxperimental methods

The garden was divided into four ocontiguous blocks
consisting of 2688 trees in Bleock I, 288 trees in Block I1I,
396 troos in Blook III and 400 trees in Block IV. Consulting
randoa number table 30 treos from Bleock I, 30 trees from
Block I1, 40 trees from Block III and 35 trees from Bleek IV
wore soloeted at random. All the irees were given number in
the serial order. During selection, trees of the non-Forastere
type were sliminated based on their morphological features
and appearsnce,
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Observations on the following vegstative characters,
pod and bean charaoters vere recorded froam each tree,
Cherscters like jorquette hoignt, girth of trunk snd num-
ber of ocushions per unit area wvere observed onoe, while
for other characters, observations from representative

samples were ebserved,

1. Yegetativo charagters

a. Jorquette height:s Height of the first jorquettie
was measured in centimetres as the vertiecal distanee froa

ground level upto the first jorquettiing point, using a aeter

seale.

b, Girth of tho trunks Girth of the trunk at 15 ca
above the greund level wvas measured in centimetres using a

non=-stretiching cloth tape.

o. Intensity of flushing: New flushes formed in the
four aspectis namely, north, seuth, eazt and west of each iroe

were edeserved in an area of 0,25 sq.m, during the month of
Ootober-November. For this & square sheped woeden frame ef
0.5 m vas used, The number of fan Wranches with and without
new flush was counted and tho intensity ef flushing vas
recorded using the following gradoss

0, No flushing
1, 25 per oent flushing
2, 50 per cent flushing
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3, 75 per cent flushing
4, 100 per cent flushing

4. Intens 4 ) o

i) Plowering in the trunk: A distance ef 50 om
starting from the first jorquettc dowvnward was marked all
around the trunk. Total number of eushions in this area
wvas counted from all trees, Ten cushions were selectad at
randon from smong &ll oushions in the 50 om space and the

nuaber ef flowers per cushion vas recorded.

11) Plowering in wain branch: One main branch on the
right side froa north npoet and emerging froa the first

jorquette of esch of the trees was selocted., A distance ef
50 om was marked on the branch 50 om away from the jorguette.
Number of oushions was ocounted and number ef flowers per
cushion from 10 of the seleoted cushions were recorded as in
item 4.i. Three grades for the intensity of flowering
nsmely, profusely flowering or floriferous, medium flowering,
and poer flowering were adopted to olasaify the trees, Mean
number of flowers per ocushion from a unit area in the trunk
snd in one main branch was also wvorked out.

e, Pollen fertilitr: Pollen fertility was found out
using acetooarmine staining teohnique (Zirkle, 1937). Mature
flower buds were oollected in distilled water from the trees
before the anther dsehiscenee.
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Five flover buds were collected from each tree and
two anthers froa each flowerbud wero orushed and slides vere
prepared in scetocarmine-~glyoerine aixture, The slides wvers
kept for about 30 ainutes for proper staining before ‘onlin-
ing under the microscope., Pollen fertility was calculated
in peroentage of a total number of about hundred pollen
counted from five to ten micreesceopic fields,

2, Pod charsoters

a. Pod sst_per cushiont Number of pode (cherelles)
set per cushion was counted from each of the ten randoaly
selected oushions and the percentage of pod set was worked

out.

b, Pods per ocushjion: Number of pode developed in the
ssleoted ten oushions during the period of study wvas recorded

end mean per cushion wae worked out.

0. Pods per tree per yvear: Number of pods developed
including diseased and othervise damaged pode in two coropping
seasone during July 1980-August 1981 wae oounted froa all
the trses. Counts of the pods vere made at monthly intervals.

d. Potential yield per tree per year: Potential yield

of wet beans per tree per year (kg) wae worked out for each

ires as the product of the mean wet weight of the beans per
pod and the number of pode per tree,
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From each tree five uniformly ripe pods vere seleoted
at a time and the folloving five charaoters were studied
and their averages wvorked out.

s, Jangth of pods Iength of mature ped was measured
in oa from pedice) and to apex.

f. Weight of $ The fresh weight of ths pod wae
recorded in gram.

g« Girth of pod: The girth at the middle portion of

aach of the pod vas measured in centimetre,

h. Yolume of pod: Volume of pod was recorded in oubic
centimetre by the water displacement method.

i. Husk thjickness: Husk thickness wvas measured in
millimetre at the middls part of each pod using a vernier
oaliper,

Jo Pod ue ("] ratios Pod value can be
defined as the nuamber of pods required to produce one pound
of dry beans. {

comversion raste = TE-LHRE-45-220 < v

As the number of ripe pods from each tree was not
sufficient for curing and for working out actual convertion
ratio, a general theoretiocal estimate of the convertion ratio
of 40 as derived from preliminary cobservations was used %o
compare pod values for all the treee in the present study.
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k. Black pod inojdences The extent ef Phytephthora
palmivora incidence during the period of study was observed
for each iree and peroentage of incidence in relation to
" the total number of pods developed was caloulated.

3. Bean characters

A sample of five mature pods wvhich were used for
observing pod oharaeters wvere broken and the beans were
observed for the following eight characters of all the 135

trees,

a. Wet weight of beans per pods Total wet weight (g)

of all the beans in a pod was recorded per tree.

b, Besns per ped: Toial number of fully developed beans
in a pod was counted per tree.

c. Germinated beans per pods Number of germinated
beans in a pod was counted for five pods of each iree,

d. Flat beans per pod: Counts were made of the number

of flat beans in a pod per tree.

e, Wet weight of ene bean: Weight of ten beans, two
each taken from all the five peds was recorded in gram., Mean

veight of a bean vas wvorked out,

f. Yolume of one bean: Volume of ten beans drawn froa
five pods was recorded in ocubie centimetre by the water dis-
placement method., Mean volume of one bean vas then estimated,
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§. Beed indox: This represents the mean veight ef a
dry bean., A sample of 20 beans from the five seleeted pods
of each tree wvas cured by keeping them in sweat boxes con-
taining bulk beans under feraentatien fellowing the mini bex
nethed of fermentation (Kumaran st al., 1980). The mean
weight of a bean was vorked eut for all the trees,

h. Pereentage of shell and eptriedon: Tweniy cured

beans were poeled and the weight of shell (testa) and eoty-
ledons was taken, The percentage shell ocontent and cotyledon
content vere worked out for all the trees.

C. Statistical anslysie

The mean, range and standard error values for the
varleus characters under study wvere worked out from the data
collected. The details of the statisticsl 2nalyais carried
out are presented below:

1. Estimation of variability and herjitability

Variability existing in yield and yield contridbuting
charasoters vas estimated as suggested by Burton (1952). The
formulae used in the estimation of variability at genotypie
and phenotypic levele are:

a) Genotypic coeffieient of variation = (G.C.V.)

« denotypic standard dtv%gigen x 100
Mean of the charsecter er stu
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b) Phenotypie eeefficient of variation (P.C.V.)

= Phenotypic standard deviation sy 100
Mean e¢f the charscter under study

e) Herjitabjlity: Heritability in the uroad sense was esti-
mated by the formula by Burton snd Devane (1953).

n? .W
() enotypic varianse

2, Estimation of correlation
Correlations between yield and its components were

ealeulated at genotypic and phenotypic levels follewing
Bearle (1961).

a) Genotypic ecrrelation between charseters x and y

Oov(v)‘

r,,(c) -
(Var(x) & V!r(:)‘)*

b) Phenotypie eorrelation betwveen charscters x and y

cw(xr)g

r,,(p) -
(Var(x) x Var(y),)¥

Where, Oov(xr)‘ and Oov(v), denote genotypic and
phenotypic covariances respectively between characters x and y.

Var(x),, Var(x), and Var(y),, Var(y), denote geneiypic and
phenotypic variances respectively for charectier x and y. The
phenotypic and genoiypic eorrelation-ceefficients were tested
for signifioanee,
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3. Multiple regressjon analysis

The characters having high diroct contribution towvards
Yield were selected fer ithe formulation of seleetion index
socording to the methed given by Geulden (1952), by means

of a multiple regression equation:

ys= bdb b1z1 * bzxz * b”) * b‘x‘ + b5x5$ bsxé-v b.,x,,v «o0t0,
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22

RESULTS

Data collected from the experiments were subjected
to etatistiocal serutiny and the results are presented in
the fellowing major heads:

A. Yariability
1. Iree charaeiers

Observations on 10 tree characters wvere made and data
on the range, mean and standard error of the charaeters
such as jorquetting height, girth, number e¢f flushes, number
of eushions on trunk, number of oushions on branches, number
ef flowers, number ef cherelles per trqo per year, nuamber ef
pods per tree per year and yisld per tree are presented in
Table 1, Conslderable variation wvas notieed in all the tree
charasters examined in the present situdy. Jorquetting height
for all the 135 trees ranged from 0.53 m in tree Ne.133 to
2.90 m in tree Ne.79 wvith a S8E of 0,45, The mean value vas
worked eut to be 1,52 m, Girth ef the trunk at 15 om above
ground level ranged from 14,1 om t0 49.% om with mean eof
30,57 om and SE 2.34. This atiribute showed considerable
variation; minimum in Tree No,76 and maximum in Tree Ne.13.

Number ef flushes per plant froa a unit area eof
0.25 sq.m. varied from sere in Tree Ne.126 to 20 in Tree Ne.21



Table 1, Range, mean and standard errer for 10 tree characoters
in 135 cocoa trees

gl. Characters Range Mean 8B
0. ’
1  Jerquette height (m)  0,5% 2.90 1.32 0.4%
3 Kumber ef flushes
per unit area 0 20 15.32 4.84
4 Number of cushions
5 Number ef eushiens
o | ; 0 24 11.87 4.%4
6 YNumber eof flovers per
unit length on the 93 904 258,04 20.53
trunk ,
T Pellen fertilivy 71 .88 79.50 2.33
8 Number of cherelleo
per unit length per 6 23 13.58 1.84
yoar
9 Number of pede per
Aree per ,:.r 4 2 134 33,51 8.94

tr [ 2 L ] e L ]
10 }Q‘l‘%‘(ts.f eq per 0 31? 35.27 4.318 1.05
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with a 8E of 4,84, The mean value vao werked out to be
15.32. Among tho 135 trees, the range for number of eushions
on trunk varied from 5 in Tree Ne.26 to 32 in Tree Ne.108.
TIrees exhibited variation for thie character with a mean
value ef 17,38 and standard error 3.75. The number ef
cushions on trunk had e oignificant pesitive eorrelation
vith yield., The maximum number of oushisns recorded in a
length of 50 om on the bransh was 24 in Tree No.130 while
the minimum number of oushions wae zero in Tree No,126.
Kumber of eushione on branches toe manifoeted moderate
variation ameng tho 135 treeo. It ranged from O to 24 with
a moan of 11,87 and standard error 4.34.

Flower production per esushion showed considerabdls
variation ameng all tho seleeted trses. A floriferocus eecoa
tree located from the oxycrumm plot is shown in Plate Ia.
The nuaber of flowers per iree from a length ef 50 om varied
froa 9% to 904 with a mean value of 258.04 and standard error
20.5%3. 7Tree No.73 had the lovest number ef flewers, vhile
the highest number was recorded in Tree No.101, Pellen fer-~
t11ity ranged from 71 per cent (Tree No.95) to 88 per eent
(Tree No.19) with a mean of 79.50 and siandard error eof 2,33,
Number of cherelles per troo per year from a unit length
ranged from 6 to 2% in Tree Ne.26 and in Tree No.12% res-
peotively with a mesn value of 13,58 and standard error 1,84.
Plats 1Ib shows a eocoa tree with goed cherelle gset., KNumber



PLATE 1

a. A fleriferous cocoa ires

b. A Yorastero iree with good cherslle set






of pods per tree per /ear during the period of stud/ ranged
from 2 to 134 with a mean value of 33*51 and standard error
8*94* Tree No*117 produoed maximum number of pode per /Zear
and Tree No*42 produoed minimum number of pods per /ear* The
maximum Zield In terms of wet beans per tree per /ear was
estimated to be 35*27 kg In Tree No*117 while the minimum
/ield per tree was 0*372 kg In Tree No*26* The mean value
for the population was 4*318 kg with a standard error of
1*05 kg-

2. Pod oharaoters

Data on the range, mean and standard error of all the
nine oharaoters such as weight of pod, length of pod, dia-
meter of pod, thickness of pod husk, wet weight of beans per
pod, pod value, volume of pod, number of beans per pod and

percentage of black pod incidence are presented in Table 2*

Plate 2a shows the general trend iIn the variation of sise

and shape of pods In the population studied. A great extent
of variation in terms of range and SE were observed in almost
all oharaoters studied. Mean weight of five pods per tree
ranged from 162 g in Tree No.84 to 804 g in Tree No*110 with
a mean value of 483 and SE 39.6. Length of pod varied from
10*3 cm to 18.3 cm and the mean value was 14*3 cm with a SE
of 0.6 Tree No*11ll showed maximum length of pod and Tree

No*27 showed minimum length of pod. Diameter of pod varied



Table 2. Range, mean and standard error of nine pod charaotera
in 135 ooooa trees

81. Characters Range Mean SE
No
1 Weight of pod (@) 162 804 483 39.6
2 Length of pod (cm) 10.3 18.3 14.3 0.6
3 Diameter of pod (0a) 5.2 10.1 7.65 0.2
4  Thickness of pod
husk (0a) 0.3 1.86 1.08 0.14
5 Wet weight of beans 263.2
per pod (qQ) 51.4 63. 157 .3 18.8
6 Number of beans
per pod 31 51 41 4.34
7 Yolume of pod (00) 171 768 469 .5 35.66
8 Pod value 18 57 37,.5 3.57

9 Black pod inoidence($) O 57.14 37.73 5.73



PLATE 2

A general trend in the variation of size
na1 shape of pods 1In the population

A general trend In the variation of eize
and shape of beana In the population
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from a minimum 5.2 om to & maximum 10,1 om wvith & meen
value of 7.65 and BB of 0.2. Treo Ne.49 sheved maximm
dismeter of pod wvhile Tree No,.97 shoved minimun disneter
of pod. Thickmeos of pod husk at the middle portion of
the pod ranged from 0.9 om to 1,66 om wvith a SE of 0,14,
The mean value was worked out t¢ be 1,08 em. Treo No.119
shoved maximum husk thickness vhereas Tree Ne,26 had the
ainimun husk thickness.

The wet weight ef beans per pod ranged from 51.4 g
to 26%.2 g with a mean value of 157,35 g. The BE wae worked
out to be 18,8, Tree Ne.117 exhibited highest valus and
Tree No.98 exhibited the loveet. The ped value ranged from
18 t0 57 with a mean value of 37.5 and BE 3.57. 7ZIree No.98
exhibited highest pod value and ZTree Ne.127 exhibited lovest
pod value. Velume of ped ranged froama 171 oo to 768 oé with
a B8E of 35.66. The mean value was werked eut to be 469.5 eo.
Tros No.110 exhibited highest volume of ped snd Tree No.98
exhibited loveet volume of pod. The highest number ef beans
per pod recorded wae 51 in Tree Ne,124 and loveet mumber ef
beans per ped reecrded vas 31 in Tree No.14 with a moan
valuo of 41.00 and SR 4.34. Incidence of black pod disease
as manifested by the peroentage of infeeted peds pox? tree
ranged from sere to 57.14 in the case of 135 trees with a
mean value of 357.7% and 8E 5.73. Among all the treee observed
87 trees shoved no inoidence of the disesse vhile tree ¥o,.85
vas tho maximum infected.
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3. Bean echarsetere

Seven charmotere of the beans vere itndhd in all the
135 treee studied, The range, mean mmd standard error of
tho valuoe of number of flat beans per pod, nuaber of ger-
minated beans per pod, wveight of a bean, volume of & bean,
sotyledon perocentage, shell percentage and seed index are
given in Table 3. Variation in bean eise and shape ie shown
in Plate 2b, Bean characters aleo showved leseer extent of
variation in fev charaoters. Kumber of flat beans per pod
varied froam & gero to five with a mean value of 2,50 and
SE 0.8. Flat beans were sbsent in three treee. Tree No.19
shoved maximum number of flat beans per pod., The number of
germinated beans per pod ranged froa zero to 2 with a mean
value of 1,00 and SE 0.6, OGerminated beans were absent in
86 trees., Tree No.43 exhibited highest number of germinated
beans per pod. The nuaber of germinated besns per pod showvod
eignifioant negative correlation with yield, Weight of a
wet bean ranged from 1,7 g in Tree Ko.119 to 4.7 g in Tree
¥o0.119 to 4.7 g in Tree No.111 with a nean value of 2,%5 g
and 8K 0.54. Veolume of s bean ranged froa 1.8 cc in Tree
N0.79 t0 4.2 o0 in Tree No.111 with a mean value of 2,54 and
8E 0,12, Cotyledon peroentage of the cured heans exhibited
variatiom in all ths 135 treees. It ranged from 75.71 to
88,89 with ¢ mean value of 82,67 and BE of 1.,35. Trees No.51
showved maximum coiyledon perecentage while Tree No.115 showed



Table 5. Range, mean and standard error of seven bean
characters in 135 cocos irees

8l. Characters Range Mean 8B

¥o.

1 Number of flat beans

per pod +] 5 2.50 0.8
2 FNumber of ted

ool v 0 2 1.00 0.6
3  Veight of one bean (g) 1.7 4.7 2,55 0.54
4 YVYolume of one bean (o0) 1.8 4.2 2.54 0.12
5 Cotyledon content (%) 75.71 88,89 82,67 1.35
6 Shell ocontent (%) 1.1 22,22 17.06 2.57
1 Seed M.x {‘) 0.60 2.00 0097 0.”
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levest pereentage of the cetyledon. Shell percentage
ranged froa 11,11 te 22,22 vith a mean value of 17,06 and
8E 0,53, Tree No.91 exhibited highest value and Tree Ne,113
exhibited loveet value., The average weight of a dry bean
(seed index) ranged from 0.60 g to 2,00 g. The aean value
veae 0.97 g vith a BE of 0,53, Tree Ne.111 showed highest
seed index shilo Tree No.56 shewed the loweet. The seed
index also exhibited significant peeltive ocorrelation with
ylield.

| Thus in terms ef range, mean and standard error, a
greater extent ef variability was evident in all the tree,
pod and bean characters. Ameng tho 26 characters studied
in the present investigations, woight of pod exhibited the
greatest magnitude in variability, vith a range betwveen
162 and 804 g, a nean ef 483 g and a B8F of 39.6. SBimilar
trends vere also observed in the ease of volume of ped,
number of flovers en the trunk and vet weight of beans per
pod. On the eontrary, variability was not very much con-
spiouous in some of the charaeters like jorgquette height,
pod diameter, thickness of pod husk and number ef gerainated

beans per ped.

The extent of variability present in a total of seven
characters for whioh ebsearvations from a sample of five were
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taken vae measured at genoiypic and phenstypio levels.
Phenoiypio coefficient of variation, gemotypic coefficient
of variation and heritability for different characters are
presented in Table 4. Phenotypic oosfficient of variation
was found to be ths highest for number of germinated heans
(142,00) followed by thiokness of husk (62,00) and veight
of pod (23.00). The same trend vas observed in genotypie
coofficient of variation with values 62, 28 and 10 for
number of beans per pod, thickmess of husk and weight of
pod respesciively,

Among the seven charsoters weight of pod, thicknses
of pod husk and nunber of germinated beans per pod shoved
moderately high heritability (0.20), YVelume of beans showed
the lowest heritability (r=0.09) hemnoe this character can
b§ avoided during selection. |

B. Correlation

Association of yield per plant wuﬁ weight of ped,
length of pod, dismeter of pod, thicimess of pod husk, wet
wveight of beans per ped, number of beans per pod, weight of
one bean, number of flat beane per pod, number of germina-~
ted beans per pod, voluae of pod, volume of bean, coiyledon
peroentage, shell percantage, pod value, nuasber of oushions
on trunk, number of ocushiens on hraneh and peroentage of
blaok pod incidence vere exsmined and the resulis are pre-
sented in Tadble 7. Of these snly serrelation of yield per



Table 4.

Phenotypioc coefficient of variation (P.C.V.),

genotypio scefficient of variation (G.C.V.) and
heritability for seven sslected pod and bean

characters in 135 trees

Bl.

Charscters P.C.V, @.C. V. Herita~

No. bility
1 Weight of pod 23.00 10,00 0.20
2 Dismeter of pod 7.00 %.00 0,18
3 Thickness of pod husk 62,00 28,00 0.20
4 Vet weight of beans - %,00 1,00 0.14
5 l’::bu' of besns per 2,00 2,00 0.19
§  Juaner of gumimated 142,00 62,00 0.20
7 - VYelume of wet bean 3.00 1.00 0.09




Table 5. Phenotypic correlation (rp) among the seven pod and bean characters

Charsoters Weight Dlameter Thickness Wet weight Nuaber of Number of Volume of
of pod of pod of pod of beans beans per germinated beans
husk per pod pod hoansdpcr
Po

Weight of pod

Diameter of pod 0.04
Thickness of
Wet weight of
beans per pod 0.15 =0.15 0.01
Number of beans * : e
per pod 0.19 0.11 0.06 0.30
- Number of germinated '
beans per pod 0.00214 0,02 -0,00055 0.03 0.04

Yolume of beans -0.04 0,02 0.03 0.35 0.7 0.12




Table 6. Genotypic correlation (rg) among the seven pod and bean charsoters

Weight Diameter Thickness Weti weight Number of HEumber of Volums of

Charaoters of ped of pod of pod of beans beans per germinated ped
husk per pod pod beans per
pod
Weight of ped
Dismeter of pod 0.04
Thickness of
m w 0.01 ‘000‘
Wet veight of * \had
¥Number of beans e \ed
per pod 0.20 ~0.12 0.05 0.30
Humber of germinated
beans per pod 0.0007 0.02 «0,00099 0.04 0.04

Yolume of beans ~0.15 0.0017 -0.03 0.19 «0.10 0.16

-
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plant with dismeter of pod (x1). vet wveight of beans per
pod (x,), number of beans per pod (xy), number of germinated
beans per pod (34). volume of pod (xs), volume of bean (xs).
pod valus (x.,) and number of cushiens on trunk (xg) were
significant. On the other hand, the aasooiation of two of
the traits namely, number of germinated beans per pod and
pod value with yisld vas esignificantly negative, The multiple
regression of mean yield (y) with Xys Xgo Zys X4y Xgs Xgo |
X and xg was oomputed and the results are presented in
Table 8, Of the eight charsoters, pod value had ths maximum
sontribution to yield.

Correlation of mean yield with jorquette height (x,),
trunk girth (xé). nunber of pods per tree per year (r.;).
seed index (x;), nuaber of flovers (x;), number of flushes
(xé) and number of cherelles per tree per year (x.") vas found
out and presented in Table 10. Numbder of pode per tree per
year vas found strongly asscoiated with yileld, 8Seed index
and trunk girth slso vers positively and significantly
eorrelated with yleld. Multiple regression of these charac-
ters (x{ to x.',) on yield wae examined (Table 11). Number
of pods per tree per year sppeared to be a major contributing
factor for yleld.

Tha interrelationship between seven pod and bean
charscters for vhich five resdings could be taken on all the



Table 7. Correlation coceffieienta of vot bean yield with
17 ocharsoters in 1355 cocoa trees

::: Charaoters | 0.2'1:::::’ o

1 Weight of ped (g) - 0.06596
2 length of pod (om) - -0.06935
3 Dismeter of pod (om) x4 0.19288"*
4 Thicknees of pod husk (om) ~ 0.03654
o n
6 Number of beans per ped xy | 0.21986"
7 Weight of one bean (g) - 0.05491

8 Number of flat beans por ped - 0.1323%8
9 Namber of gorminated beans x -0.25853""

per pod 4

10 Yolume of pod (oc) xg 0.41916""
19 Yelume of one bean (ec) xg 0.34397**
12 Cotyledon content (%) - ~0.10548
13 Bhell content (%) - 0.07394
14 Pod value x -0.5168"*
15 Nuaber of oushions on trunk xg 0.35059"*
16 Number of oushions on branch - ~0,0%909
17 Black pod inoidence percentage(%) ~0.172

* Significant at five per oent level
% Significant at one per cent level



yeeld on
ien of Aoum seleoted charaecters

Table 8, Multiple

(xy %0 xg)' "% T
o Charsoter coscrisiems o
1 xy 387.1915° 188.8336
2 x, 191.0503" 18,1481
3 2y -18.4187 61.6910
‘ x, -847.4694" 414.3168
5 xg 6.3038 S.T428
6 xg ~44.0975 75.3208
7 x 939.4159" 194.0072
8 xg 133.3001" 38,1379

Y- ’.0‘!1 +* 1.15‘2’0.02!,0001‘35*006237“”’!17323“
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trees in the population was estimated bdoth at phenotypic
and genotypio levels. '

Phenotypio (rp) correlations ameng ths seven charae-
ters werse prosented in Table 5., Vot woight of beans per
ped vas pesitively ocorrelated with number of beans per ped
(r=0.3) and volume of beans (r«=0,35) at one por eent level,
Number of deanes per pod was positively oorrelated with weight
of ped (r=0,19) at five per oent level. Yolume of beans
vas positively correlated with wet veight of beans per ped
(r=0,%5) at five per cent level,

Genotypioe (r‘) eorrelation among tho seven oharaoters
are presented in Table 6. Ameng tho characiers, weight of
pod wvas found to be positively correlated with number of
beans per ped (rs=0,20) at one per cent level. Siamilarly
wot voight of beans per ped was positively oorrelated with
diasmoter of pod (r«=0.26) and number ¢f beans per pod (r=0,30)
at one per eent level. Yolumo of beans was positively
eorrolated vith vot weight of beans per pod (r=0,19) st
five per ocent lovel. Weight of pod was found to De pooi~
tively ocorrelated with wet voight of beans per pod (r=0,18)

at five per cent level,



Table 9, ANOVA for regression analysis of the seleocted

characters

Souroce az 88 M8 )
Regression 8  1981791854.19  247723981.773  32.44"
Error 126  962143981.594  7636063.3458

Table 10, Correlation coefficients ef wet boan yield with
seven charaocters in 135 trees
Character r
g%: Charaetors seleoted
1 Jorquette height xy -0,00367
2 Trunk girt x 0.35975 "
3 Fumber of peds por treo - **
per year X, 0.89175
4  Seed index x, 0.28945
Number of flewers per unit - 0,12807
length on the trunk X5
6 Number of flushes per unit area xg 0.1862%
7 Number ef cherelles per unit x:,' 0.01901

length per year




)h"-u ov)

Table 11, Maltiple :

(xy to xq)

- S
Yo Caamseter  COETCiems Slandard errer
1 z, ~13.4740 12,4913

2 x - 0,0152 21,0764

3 xg 164.2854 6.4548

4 x, ~52,3164 60,0350

5 xg 2.1569 2,3033

8 xg ~T3.2478 28,9271

7 X -121.4128 17.7848

y= =0.04x1-0,00159x,+40.99x5~0.03x¢ +0, 052, -0, 10250, 02506x, +
3674.8765304

Tadble 12, ANOVA for regression analysis ef the selected
charasters

Source aL 88 M8 ) 4

- -h

Regression 7  2550930111.96 364418587.423 117.56"
Brror . 121  393687070.617 3099893.1983
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DIBCUEBION

The prime impertanse in plant breeding is to piok
up desirable genotypes., BSucoess of any orop improvement
programme depends largely on tho extent and availability eof
genetio varistion in most of thoir charseters. In order to
boost tho ooccoa production in our country, genetic improve-
ment of tho orop threugh seleotion from tho existing pepu~
lation offers oonsiderable soope.

The development of biometrioal genetios has revealed
that yisld and most other ssenogmic characters are being con-
trolled by pelygenes. The mest imporiant ebjective of a
plant breoder is to increase yleld, In ths genstio improve-
nent of crop, association between msjer charsoters is of
great value, Onoce the relationship is established, it de-
comes easy for tho hreeder to seleet a trait vhioch invarisbdbly
affects a number of other asseocisted charaoters.

The results obtained froa tho proesent investigations
are disoussed here in ths light of available literature per-
tinent to cocoa or similar peremmial erops.

In & population of 1355 cosoa trees analysis ef variance
vao made for seven pod and bean characters namely, weight ef
pod, Gismeter of ped, thiockness of pod husk, wst woight of
beans, number e¢f beans per pod, number of gerainated beans
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per pod and volume of wvet deans for vhioh measurements

from a sample of five were taken. The coeffioient of va~-
riation at genoiypic, phenoiyple levels and heritability

vere estimated, The genotypic coeffieient of variation
(G.C.V.), phenotypio cooffioient of variatien (P.C.V.) and
heritability for the seven charaocters are given in Table 4.

In sll the seven charasoters studied the phonotypie ceeffi-
cient of varjations (P.C.V.) vere higher than the genotypie
coeffieient of variation (G.C.V.) indicating a pesitive
influence of exnvironment on these characters, P.C.V., was

the lovest in number of beans per pod, medium for pod husk
thiokness while it wvas highest in number of germinated beans
per pod., %The G,0.V. also showed & similar trend, but the
estinates vere lover. XNumber of gerainated dbeans had the
highest G.C.V., (62) felleved by pod husk thickness, Mode-~
rately high estimates of G.,C, V. gives an indication that the
aagnitude of variability was reasonably marked in the pepu-~
lation studied. Gupta (1972) and Rangsswemy and Shanmughavelan
(1980) reporied that the genotypio coofficient of variation
generally helps to measure the extent ef genetio variability
and it also provides a measure to eompare tho same present

in other characters, thus helping in selection. Moderately
high estimates of G,C.V. gave an indication that the asgnitude
of variability vas reasonably marked in tho population studied.



Burten (1952) suggested that the estimation of gene-
tie coefficient of variation along vith heritability esti-
mates help to deteraines the amount of heritable variatien.
Heritability estimates are the true indications of genetic
potentiality of an individual wvhich act as a tool in selec~-
tion (Hanson et 8l., 1956)., In tho present study sacng the
seven charaoters, woight of pod, thiekness of pod husk and
nunber of germinated beans per pod showed modersately high
heritadbility estimate in tho broad senso (0.20). This was
follewed by number of beans per pod (0,19), diameter of ped
(0.,18) and wet woight of beans per pod (0.14). Volume of
beans showed the lowest heritability estimate (0.09).

The above mentioned findings indicate that selection
based on phenotypio manifestation of the abeve characiers
would be effective, However, a very lew heritability (0,09)
for volume of wet beans suggests that this character cannot
be relied upon for seleotion. Soria o% al. (1974) reperted
high heritability (89 per cent) for yield in hybrids of

Trinitario and Criollo varietiee. They also fouvnd moderately

high heritability for pod and bean charaoters like pod
length (55 per osnt), pod diameter (6% per oent) and ped
veight (57 per oent). The relatively moderate and lovw heri-
tability estimates in the pressnt study can be attributed to
eonsiderable influence of the enviromment on the traits
studied wvhich in turn indicates that they are not highly
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transaissible characters. Bimilar resultis vere edtained

by Kumaran and Prasannsiommari (1981) wvho observed relatively
high herltabilily estimate for veight ef bean and veight of
sotyledons and medium heritadility for pod weight, pod
length, pod diameter, ped husk thiockness and weight of wet
besns per pod in cocoa variesly Forastere.

A oconsidersble amount of variability as manifested by
the range, mean and standard errer (SE) was evident for
almost all the twentysix attributes studied from all the
135 cocoa trees. Observations on variability with respect
40 nine tree characters including yleld clearly indiocated
videly varying conditions in all the trees. Among those
charscters, nuaber of flowers per unit length on the trunk
oxhibited maximum variability with a range of 93 to 904, a
mean of 258,04 and a BE value of 20,5%. Murray (1975)
reported that a full grown tree on an average produced about
. 10,000 flowers in @ year and only 10 to 50 of these finally
developed into mature pods. Previous studies on the extent
of variability of many of the trea charaeters are lacking,
hence a eomparisen is rather 4ifficult., However, being a
oeross pollinated crop considersble variability can be ner-
mally expected. HNumber ef pods per tree per year in the
present study also exhibited greater variability whioh is in
acoordance with the ebservatiens made hy Pound (1932) and
Boria (1975).
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Anong the nine ped characiers studied for variability
vis., wveight of pod, length of pod, dismeter of poed, thiok-
ness of pod husk, vet veight of beans per pod, pod wvalue,
volume of pod, number of beans per ped and blaek pod inoi~
dence, veight of pod shoved maximum variability with a range of
162 g to 804 g, mean of 48% and with a $E of 39.6. This wvas
followed by volume of ped and wet weight of beans per pod.
S8ignificantly high miabinv for pod length, diameter,
pod husk thickness was reported by Kumaran and Prassymakumari
(1981). Wet weight of besns per pod exhibited considerable
variability wvith a range of 51,4 to 263.2 g, mean of 157.%
and wvith a BE of 18,8, These results are in agreeaent with
those obtained by Pound (1932) and Boria (1975). In a study
involving weight of pod and bean characters, Kumaran end
Prasannakumari (1981) observed moderately high varisbility
for pod weight and significantly high variability for pod
length, pod diameter, pod husk thiockness and wveight of beans
per pod,

As in the case of tree characters, seven of the bean
characters studied namely, numbder of flat dbeans per pod,
number of germinated beans per pod, weight of one bean, vo~
lume of one bean, cotyledon percentage, shell percentage
and seed index also manifested oonsiderable variability.
Shell percentage showed high variadility with a range from
11,11 t0 22,22 and a mean of 17,06 vith 8B 2,57, This vas
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folloved by cotyledom percentage and seed index, ldentieal
trends in different populations of cocos had been observed
by Pound (1932), Enriques and Boria (1968), Soria (1975)

snd Kumaran and Prassansiommari (1981) in some of the charsc-
ters listed above, The average weight of a 4ry bean (seed
index) ranged from 0.60 g %0 2,00 g wvith a mean of 0,97 and
8E 0,53 in the present study. Pound (1932) reported that
seed weight ranged from 0.5 g %o 2.5 g in Forastero variety.
He also observed variability of beans within a single pod.

A tree having higher seed index contributes much to yield.

Among the 26 characters studied, it was evident that
correlation was significant for a goed number of charaoters
with yield., Dismeter of pod, wet weight of beans per ped,
volume of pod, volume of one besn, number of oushions on
frunk, girth, jerquette height and mbor‘ of pods per tree
per year individually had showed signifiocant positive corre-
lations with yield, On the other hand pod value and number
of germinated beans per pod showed aignificant negative corre~
lation vith yield, A strong asseciation, therefore exist
betveen the above mentioned characters and yield. Jorquetste
height of the trees ranged from 0.5 a to 2,90 m. Dhaliwal
(1968) observed that yield was positively correlated with
height in coffee (Coffea arabjes). Girth of the tree was
positively correlated with yield and it ranged from 14.1 oa
%0 49.3 oa in the present study. Glendinning (1965) reported
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that trunk diameter was positively correlated with yield in
ococos. Pod value ranged from 18 to 57. Pod value had sig-
nificant negative oorrelation vith yield. A tree having
lesser pod valus is alvays supsrier to others having higher
pod value, This faotor may be given due consideration while
seleoting upcrur. trees., In the present investigations,
number of beans per pod vas poc;tuvcl.r corrolated with yield.
But in tho case of wveight of ped no pooitive oorrolation vith
yield ocould be observed. 'nmmq' (1973) reported that
veight ef pod and number of beans per pod was positively
correlated with yield in ridge geurd.

Soria (1975) suggested that four of the most important
yield components in cocoa ars number of fruits per tiree,
number of beans per pod, wet ker dry bean weight per ped per
tree and weight of individual beans, Thus oorrelation
studies have revealed that charasters such as pod value,
seed index, number of pods per tree per year, wet wveight of
beans por pod and number of beans per pod could be considered
as important yield ocontridbuting charaoters in cocoa. Moll
and Btubber (19155 suggested that eorrelation ameng traits
enhanced the rate of selection response in primary traits.

Multiple regression snalysis has been used in many
erops for formulating seleetion index, Anend and Torrie
(196%) reported multiple regressiocn snalysis methed for
predioting the yield in eoyabean, Themburaj (1975) made
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multiple regression amalysis in ridge gourd and reported
that the pod wveight and number of seeds per pod had a sig-
nificant positive effest on yield per plant,

Multiple regression analysis as suggested by Goulden
(1952) has been used in msny crops. In the present study,
this method was followed to examine tho effeot of 15 selec-
ted charaoters on yield, Pod value was found to have a
greater and positive centribution to yield follovwed by die-
meter of pod, length of pod and number of pods por tree per
year, These charaesters can therefore be relied upon while
nsking seleotion of trees for further utilisation. Nuaber
of beans per pod, however, shoved negative effeot on yield.
Similarly, number of cherelles was found to have a negative
effeet tovards yield. These findings should also be given
cognisance of in any selestion programme in the population
studied. The multiple regression of mean yield (y) with
dismeter of pod (x,), vet weight of besns per pod (x,),
number of beans per pod (xy), number of germinated beans per
ped (x‘). wvolume of pod (x;). volume of bean (’6)' pod value
(x.,)nndmborotem&montrm(xa)m-hmmtot
the eight echaracters studied, poed value had the maximua
oontribution to yield, The mulitiple regression of mean
yield (y) with jorquette height (xj), trunk girta (x3),
number of pods per tree per year (:;), seed index (xz),
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number of flowers (x;). nusber of flushes (x;) and number
of cherelles per tres per year (x,;) shoved that ameng these,
number of pode per tree per year appesred to be a major eon-
tributing faotor for yleld,

Cheesman and Pound (1934) considered seed index as
the main constant for the selection of individual trees.
The basic methodology for selection of cocoa clones for yield
was developed in Trinidad by them. Pound (1933) reperted
that in Irinidad pod value is 7.5 whieh is fixed as the eri-
teria for seleotion of superior irees. Cheesman and Pound
(1934) oonsidered pod value or pod index ae a oconstant for
seleetion of superior trees. It can be seen that superior
trees giving higher yields ean bhe selected based on the
following characters: Trees with pods having a greater pod
dismeter, higher wet veight ef beans per pod, higher volume
of pod, high volume of bean, greater trunk girth, lewer pod
value, less number of germinsied beans per pod, higher seed
index, greater number of pods per tree per year, higher nua-
ber of cushions on trunk and greater nusber of beans per pod.

Phenotypio (rp) correlations smeng the different
charasters are presented in Table 5, Wet weight of beans per
pod was positively correlated with number of beans per ped
(r=0.30) and volume of beans (r=0,35) at one per eent level,
Number of beans per pod was positively correlated with weight
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of pod (r=0.19) at five per oent level, Volume of beans

was positively oorrelated with vet weight of beans per pod
(r=0,35) at five per oent level. A more or lese similar
trend vas evident from the estimates of genotypic correla-
tions (Table 6) indicating that environmental influence

on theee atiributes was rather uniform, but negligible,

Pod weight was found to be positively corrslated with number
of beans per pod (r=0.,20)., Wet weight of beans psr pod was
positively correlated with diameter of pod (r=0,26) and
number of beans per pod (rs=0,30) at one per oent level.
Yolume of beans was positively correlated wiih wet weight

of beans per pod (r=0,19) at five per oent level. Weight of
pod ves positively oorrelated with wet weight of beans per
pod (r=0,18) at five per cent level in the present study.

It oould be suggested that trajita such as number of beans per
pod, and wet weight of beans per pod can be considered as

the most important yield oontributing ped and bean characters.

Correlation oocefficients at genotypioc and phenotypio
levels vers vorked out for ths seven pod and bean charactiers
(Teable 5 and 6)., In general, ths two sets of estimates are
almost identical, There was significant correlation for the
eharasters, namely, wet weight of beans and number of beans
per pod. Wst weight of beans per ped showed significant
association at genoiypic level, whereas number of beans per
pod showed significant correlation at phenotypic level., Froa
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these it ocould be cencluded that the above mentioned oharac-
ters should be given prierity in selection. However, the
existence of tho negative omthuaa should not be ignored,
An understanding of the interrelationship ameng yield son~-
‘riduting charaoters is useful to bring about genstic improve~
ment of any erop. Kumaran sand Prasannskumari (1981) reperted
strong association between pod weight and pod length, pod
diameter, wveight of beans per pod, vimt of bean and weight
of ocotyledons, They also observed highly significant and
pooitive ocorrelation between pod diameter with pod husk thiek-
nsss, veight of beans per pod and number of developed deans
and suggested that these charaoters can be relied upon in

ths selection programme although their heritability estimates

vere lowv,

The studies conducted on genetic variability and corre-~
lation studies in cecoa showed that characters like diameter
of pod, vet weight of beans per pod, number of beans per ped,
number of germinated beans per pod, volume ef pod, velume of
bean, pod value, number of oushions on trunk, trunk girth,
anumber of pods per tree per year and seed index have a direot
and marked influence on the yield of cocos, Trees exhibiting
superiority in the above mentioned traite can thus be oon~
sidered to have high yield potential, ZThese charaoters oan
be utiliszed for loocating potential mother trees for obtain-

ing high yielding progenies,






SUMMARY

Investigations on the genetic variability and corre-
lation studies in oocoa were undertaken in the Department
of Agrioultural Botany, College of Hortioulture, Vellanikkara
during the peried from July 1980 to August 1981 in a well
established oocoa garden at Alpara in Trichur distriot. The
experiments were oonduoted to eluoidate information on the
extent of variability and the degree of association exieting
between important plant, pod and bean characteristios of a
total number of 1359 trees of the Forastero varietly coooa.
The results obtained are briefly summarised below:

In general, oonsiderable variation was noted among all
the 26 charsoters studied in the sample of coooa trees studied.
Substantial smount of variability aes manifested by the range,
mean and standard error vas evideat in almost all the 10 tree
charaoters. Among these, number of flowers per unit length
on the trunk exhibited maximua variability with a range of
9% to 904 and a mean of 258,04,

Number of pods per tree per year during the study
also exhibited greater variability. It ranged between 2 and
134 wvith an overall mean 4,318 and SE 1,05,

Among nine pod charaoters studied, weight of pod
shoved maximum variability with a range of 162 g to 804 g and
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a mean of 483 g. This was followed by volume of pod whioch
ranged from 171 co to 768 ec. Tho moan value was worked out
to be 469.5 oc. Wet weight of beans per pod ranged froa
51.4 g to 26%.2 g vith a mean value of 157.3 g.

Seven charaocters of ths beans were studied in all the
195 trees. Out of these, shell percentage and seed index
manifested consideradble variability. The seed index ranged
from 0,60 g to 2,00 g with a mean value of 0.97 g.

Phenotypie oocoffioient of variation was found to be
the highest for number of germinated beans (142,00) followed
by thioknsss of husk (62.00) snd weight of pod (2%,00). The
same trend was observed in genotypic cooffioient of variation
with values, 62, 28 and 10 for charsctere number of beans
per pod, thicknese of husk and weight of pod respectively.
Among the seven oharaoters veight of pod, thiokness of pod
husk and number of gerainated beans showed moderately high
heritability (0.20). Volume of beans showed ths lowest
heritability (0.09) hence this character need not be consi-

dered for seleotion of promising genotypes.

Ths yield par plant wae positively ocorrelated with
dismeter of pod, wet weight of beans per pod, volume of pod,
volume of bean, nuaber of besns per pod and number of cushions
on trunk. On the other hand'iho association of two of the
traits namely, number of germinated beans per pod a2nd pod
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valuo with yield wvas significantly nogative, Of the eight
charaoters pod value had maximun contridution to yield,

Number of pode per tree per year wvas found sirongly
assooiated with yield, BSeed index and trunk girth also vere
positively and significantly oorrelated with yield.

Phenotypio (r’) correlation among seven characters
indicated that wet weight of beans per pod was positively
oorrelated with number of beans per pod and volume of beans,
Number of beans psr pod was positively ocorrolated with weight
of pod. Velume of beans wes positively correlated with wvet
woight por ped.

Genotypio (r‘) correlation ameng tho seven charaoters
showod that weight of pod was found $o be positively oorre~-
lated wvith number of beans per ped, Similarly wet weight of
beans per pod wvas positively oorrelated with diameter of pod
and number of besns pér pod. Volumo of beans was pesitively
correlated with wvet wvoight of beans per pod. Weight of pod
vas found to be positively oorrelated with wet voight of

beans por pod.

The studies conducted on genetio variability and
oorrelation studies on oocoa, showed that charsoters like
diamster of pod, vet waight of beans per pod, nu_lbcr of beans
per pod, number of germinated beans per pod, veluae of pod,



volume of bean, pod value, number ef cushions on trunk,
trunk girth, number of pods per tree per year and seed
indox heve direct and marked influence on the yield of
coooa. Tress exhibiting superiority in the above mentioned
traits oan thus be considered to have high yield potential.
S8election of promising tress for establishing as clones
should therefore, be based on such characters.

45



éf erences




Alvardo, R, and Bullard, E,T, 1961, Variation of bean
charsoteristios in hybrid casso progenies, Prec.

m&bbo Reg. go mo MQ‘ m.; :’ 105-111,

Alvim, P, do T, 1966, Factors affecting flowvering of the
cocoa iree, Cgoga Growers Bull., It 15-19.

Anlnd, §.C. and Torrie, J.H., 1963. R.ri“biuv of yield
and other traits and inter-relationships smong traits
in the )‘3 and )‘? generations of three soybsan orosses.

3(6)

Crop Sei7, 508-511,

Ananthakrishnan, 5., Balakrishnan Nair, K, and Samuel, 7.V,
1979. Persgpective land use plan for jmportap rennia
srops in Kerala, Kera ¢ land Use N d,

LA W

Anenymous. 1981, The cocos of Discord. Planter's Cronjele
26(8)1 366-69. ’

Bartley, B.,G.D. 1965, 8eed sise inheritance. . .
Gasho Res., Imp. Col. Trop. AErie., Trimidafi=se=3%.

Blenoowe, J,W., and Wharton, A.L. 1961, Black pod disease
in Ghana: Inoidence of the diseane in relation to levels

of produotivity. Rept, Commenwealth Mycol. Gont.
Kev. pp. 139-47. i '

*Burton, G.W, 1952. Quantitative inheritance in grasses,
Proo. 6t Int. Grassid. Cong., i1 277-263.

Burton, G.W, and Devene, E.H. 1953. ZXEstimating heritability
in tall fescue from replisated clensl material. .
Jey 431 478-481,

Cheesman, E.E. and Paul, F.J. 1934, Oriteris of selection

in oacao. m. !!20 m.g mo m. mzo
pPp. 21-24,

Cobley, L.S., and Steele, W.M, 19763
tr ELBS
s PP -, .




il

*Couprie, ¥, 1972, Aspests of cacao ecophysielogy in relation

4 + ! o« Ca .
i el i S e

Dhalival, 7.8, 1968, Correlations between yield and morpho~-
loglcal characters in Puerto Ricsn and Columnaris varie-

ties of Coffea arabjoa L. J. Agrie. Univ., j32: 29-37.

Bnriques, G, and Soria, J. 1968. The variability of certain
bean characteristios of caeao I. Euphytica. 17: 114-120,

Bsker, A.B., Beek, M.A., and Toxopeus, H., 1977. Variation
and correlations of some pod and bean values in oaceo
(Tho cagso L.) with reference to tho parental ,
effects on frui % setiing and bean number. Cocos Grower's

E}lo| zel 25’26c

*Glendinning, D.R., 1960, The relationship between growth and
yield in oocoa varisties. REuphytics. 9(1): 351-355,

Glendimning, D.R., 1963, The inharitance sf bean sise, pod
sise and number of beans per pod in ooocos with a note on

bean shape. Xuphytioca, 12(3)s1 311-322,
Goulden, C.H. 1952. iu_-.gggg_p_ummw&- Jehn
Wiley and Sons, Nev York.

Greenwood, M. and Posnette, A.F. 1950, The growth of flushes
of osese. J. Hort. Soi., 23(3)s 164-174.

Gupta, R,R, 1972, Genetis variability and heritability of
yield and ite other oomponents in Ral (Brassjocs funcea).

w_‘__‘_ AE; . i.. 223 642'6“0

Hamson, C.H., Robinson, H.,F, and Cometook, R.E, 1956,
Biometrical studies of yisld in segregating populations
of Korean lespedesza, Agron. J., 48: 268-T72,

Hislop, E.C. and Park, P.0, 1962, Studies on ths chemieal

eontrol of Wu o Laboratory bio-aesay
of fungicides ° ed pods. » 8ppl. Blol.,
Qs 57-65.

Hewison, H.K, and Ababio, N. 1929, JFlower and fruit produc-
tion 015%!&!! cacag. Yeenhook Dept. Agri., Gold

Ooast:



i1

Kumaran, K., Sivaraman XNair, P,C., and Vikramsn Nair, R, 1980.
Studies on the methods of curing for small quantities of

sosoa beans. Ialien esga, Aresanut snd Sploss Jowrpal,

Kumaran, K., Prasannskusari, S, and Gopalakrishnan, T.R. 1981,
Variability of major po& and bean characters in oocoa

var, Porastero (Thegbr Po_gg L.). Abstract of papers.
a{h Ix;tomt%eni'rg'iﬁ ongress, University Kebangsaan,
aryeil. P. fo

Moll, R,H, and Stubber, C,W, 1975, Quantitative Genetics.
Adv. Agron., 26s 277-86.

Murray, D.B, 1975. The Botamny of oocoa. in Cocoa, Ed, by
Wood, G.A.R, Longman Group, Lemden, pp. 7-18.

*Padwiock, G.W. 1959, Plant disease in the colonies. Outloek
on Agrieulture, 2(3)s 122-26,

Panse, V.G, 1957. Genetios of quantitative charaoters in
;:la;%gn to plant breeding. Indian J. Genet., 17(2):
8~ °

Patel, J.5. 19%8, The ooconut -~ & monograph. Government
Press, Madras.

*Paterson, A.W. and Reed, R.J. 1943, Variation in sise of
Trinidad ocoooa beans and methods of its assessment.

Trop. Agric. Irin., }1s 252-261.

Pound, F.J. 1932{{ tm; sm;io eogutgion T;t th: 02080
orop. . o« L8 ReB., iRD. . op. Agrio.
(ranidads, Zro-g5es ot

Pound, F.J. 19353, Criteria and methods of selootion in oagaso.

. %o cagao &‘_!0’ mtp m. mo A_E:LP . (h'.tnidad)v
s 27-29.

Plﬂ'!‘glﬂ?', J.W, 197‘0 Irg fAVEL GL VY AN ‘ AN »
Yol. I & 11 combined. ongman Group, lond PpP. 571-598,

svany, P, and Shanmughavelu, K.,@. 1980. Variability
studies in radish (Raphanus kﬁm Le). 8. Indian

Hort., g8(3)s T7-81.



iv

Bnlo, P.J.M, 1967, Effeet of temperature on growth. Ann.
« Cacag Res., Trinided, pp. 33-36.

Searle, 8.R, 1961. Phenoiypic pz.o -nd environmental
oorrelations. M 'f v _

*8oria, V.J., Fooampo, ¥, and Paes, G, 1974. Parental
influence e¢f some 0a0a0 olones on the yield performance
of their progenies. Zurialba (Costa Riu). 24(1)s 58-65.

Soria, Y.J. 1975. Zhe $ies and breeding ef cacao

é;:-” a i.' ng?.‘é_zr‘ o Yth Interpati. Coocoa Res.

8toekdale, Y.A, 1928, An exanination of the type~form of
fruit present in the progeny of a single Yorastero oacso.
Trop. Agric. Mag. Ceyign agrie. Beg., [1(6)s 328-42.

Teotia, 8.8., Bhatti, D.R, and r““t. K.P.8., 1970, Uso of
tree vigour as oriteria for yield in mange var., Dasheri.
Progr. Hort., 3(1): 5=-12,

m-mq, 8. 19735. Correlation etudies in ribbed gourd
(laffa seutangula). Madrss sagric. J., §0(1)s 61,

*Tollenaar, D. 1958, et cecea and its
control. HNeth J.
'!oxoptg:. H.!ug Jagob, V.J. 1%7053 gtudiu gzxz ped ::d zoan
vaiues G L . ia~11, SWle do
Sei PETETT TE8tty,. 1 Reth

*VYan Derknsap, W.P. 1954. The relation between bean size and
grovih of eaeao plants. Bergouliures. 23s 421-25,

Zirkle, T,H. 1937. Acetooarmine staining techniques.
Belensge, 12(4)31 541-42,

* Originals not seen






Appendix I
NMeteorolegiocal data during the coropping period (1980)

Number Rainfalliverage Average Temperaturs (°C) U.S.A. Pan evaporatiom
Month of in ama number rainfa

::::' 1980 ::':‘igz iz:‘th}¥ﬂxghcst chtc:- Highest IlLowest R%:ﬁ;st l?::gt :::?

1980 last 5 years

5 years

March ¥l Nl 1.6 16.5 375 34.6 24.5 22.0 6.4 5.0 5.9
April 7 113.5 4.0 50.6 56.4 33.1 26.5 22.8 6.3 4.0 4.9
May 11 196.8 11.6 208.7 36.0 33.0 26.0 23.5 4.6 2.6 4.0
Juns 27 948.3 23.8 624.4 32.5 25.8 24.2 22.5 3.6 2.0 2.7
July 31 1231.1 28,0 741.8 31.0 25.1 23.1 21.8 4.0 2.2 3.1
m‘ 28 55‘06 21.6 491.0 32.0 26.0 2306 21.5 4.0 2.2 2.9

Septembder 12 148.1 15.0 203.5 32.8 29.2 24.2 23.0 4.0 2.3 Bl
October 17 324.3 12.8 211.1 33.2 28.6 24.4 22,0 4.8 2.0 3.2
November 9 205.5 12.4 26703 33.8 29.9 2305 21,5 4.9 50 3.8
December 1 2.5 0.6 17.0 33.6 30.0 23.6 21,2 6.0 2.0 4.1

Source: CPCRI, Ksnnara



Appendix II
Meteorologioal data during the oropping period (1981)

- -

Number Rainfall Average Nean Temperature (°C) U.S.A. Pan Evaporation
Nonth ,,g:; in 1981 PuBber f:ﬁ“i:}l Highest Lowest Highest lovest Higheet Lowest DMNemnm
days rajny last  maximum maximum minimua ainimva (mm)  (mm) (=m)
days 5 years
for last
_ 5 years
Jenmary Kil Nil Nil {41 33.3 3.0 22.4 20.0 6e4 3.0 4.8
FPebruary MNil Hil 1.2 9.9 38.0 33.0 23.0 19.8 6.3 4.0 5«2
March i M1l 1.0 9.8 39.0  35.5 24.8  22.5 8.1 4.1 5.7
April 2 57.1 4.2 60.4 38.5  34.5 26,2 23.5 6.1 4eb 5.3
May 8 181.8 11,0 193.1 38.0  30.5 26.1 23,0 5.5 2.1 4,2
Juns 28 1113.0 25.4 812.0 31.2  26.3 23.2 21,3 3.0 0.5 1.7
July 18 536.5 26.2 846.1 32.5 25.5 23.5 21.0 4.0 0.9 2.4
August 25 580.9 22.8 521.0 31.0 25.8 23,0 21,0 4.3 0.9 2.2
Septeaber 19 540.1 13.6 2%4.4 - 32.5 26.0 26.0 22,5 7.0 0.2 2.3
Ostober 10 136.6 12.6 222.8 3%.5  26.0 26.0 23.0 4.0 0.2 2.5
November 3 99.8 16.6 23%9.7 34.0 29.0 27.0  20.0 6.0 0.6 2.8
Decsaber N1l N1l 0.8 17.5 35.0  30.0 25.0 18.5 7.0 2.3 4.6
Total 113 3245.8 129.4 3168.7 - - - - - - ¢ =

Source:s CPCRI, Kannara
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ABSTRACT

Investigations on the geneiic variability and corre-
lation studies in eocoa were undertaken in tho Department
of Agricultural Botany, Cellege of Hortioculture, Vellanikkara
during tho period from July 1980 to August 1981 in a well
ootablished cocoa garden at Alpara in Irichur distrioct, to
elucidate information on the extent of variability and tho
degree of assooiation existing among the 26 important plant,
ped and bean characters, in a group of 135 ooooa trees,

variety Forastero.

Considerable varlability wvas noted among all the
characters of the sexually reproduced population of oocoa
4rees. Number of flowers per unit length on the trunk,
number of pods per iree per year, weight of pod, volume of
pod and wet weight of beans per pod showed maximum variabi-
1ity. 8Shell pereentage and seed index manifested conside~
rable variability among the bean charactiers. |

Phenotypic coefficient of variation (P.C.V.), geno-
typic coefficient of variation (3.0.V.) and heritability
wvere estimated for 7 pod and bean characters. Both (P.C.V.)
and (6.C.V.) were highest for attributes such as thickness
of pod husk, number of beans per ped and weight of pod.
Moderately high heritability was observed for weight of pod,



thickness ef pod husk and mumber of germinated beans,
Velume of beans showed the lewest heritabdility,

Yield from ireeo was found to de positively eorre-
lated with 6 of the characiers studiod, vhile number of
gerainated beans per pod snd pod value vers negatively
eorrelated with yield., Out of tho eight charsoters, pod
value had the maximum contribution to yield. Number of
pods per tree per year was found strongly asecciated with
yisld., Soed index and trunk girth also vere pseitively
and signifieantly correlated with yield,

Phenotypie (rp) correlations among seven charaeters
indicated that number of beans per pod was positively corre-
lated with veight of pod. PResitive correlations wvere alee
eotablishsd detween volume of beans and vet weight o¢f beans
per pod.

Among tho seven charscters observed for genotypie (r‘)
eorrelations, vet voight ef beans shewed pesitive eorrela-
tion with dismeter of the pod and pod weight.

Pesitive phenotypic as vell as genotypio correlations
were sstablished in ths case of wet weight ef beans per ped
with number of beans per pod and velume of beans., Number eof
beans per pod in turn, shoved positive correlation with
veight of pod at both levels, ’



Froa the present studies it was evident that characters
like dismeter of ped, vet weight of beans per pod, nmumber of
besns per pod, number of gerainated beans per pod, volume of
pod, volume of bean, pod value, number of cushioens on trunk,
trunk girth, number of pods per tree per year and seed
index have direct influenee en the yield of cocos. These
iraits ocan be considered while selecting cocoa trees for
using in breeding programmes.





