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ABSTRACT

THE COMPILATION AND ANALYSIS OF A DESCRIPTOR LIST FOR

COCOA (Theobroma cacao L.)

FRANCES LOUISE BEKELE

The usefulness of several cocoa descriptors was
assessed in this study. Thirty-five quantitative
descriptors were analyzed to determine whether, and to
what extent, they differentiate between fifty-three
accessions. The latter represent a range of diversity.
All the descriptors were discriminative. However, the
leaf descriytors were more influenced by envirqnment
than the reproductive ones and the fruit descriptors
displayed the most variability within the populations

studied.

There were several correlations between these
descriptors. For the purpose of quick identification
of accessions, the most discriminative were retained
and those correlated with them discarded. The
resulting subset of descriptors includes pod weight

and length, total bean weight, bean length and width;
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staminode, petal and sepal lengths, ovule number;

total leaf length and leaf apical angle.

Information on the diversity of the accessions
was important for assessing the usefulness of these
descriptors. Seven homogeneous groups of accessions
were identified by clustering with sixty-eight mixed
variables. The presence of diversity was demonstrated
and the accessions could be differentiated according

to their geographic origin.

No subsets of descriptors provided a
classification identical to that of the full
complement. However, a subset of thirty-four mixed

descriptors furnished a similar classification. It may
be appropriate for quick classification in the
International Cocoa Genebank, Trinidad. Subsets of
descriptors;may be useful for differentiating between
distinct accessions. However, as large a group of
descriptors, as is practicable, is recommended for.the
reliable determination of the relationships between

the accessions.



In an attempt to reduce the subjectivity involved
in measuring- gqualitative descriptors, the level of
anthocyanin in the sepals of several accessions was
determined spectrophotometrically. This proved to be a
very useful and fairly rapid method and this approach
is recommended for improving the existing cocoa

descriptor list.
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CHAPTER ONE

1.0 GENERAL INTRODUCTION

1.1 IMPETUS FOR THIS STUDY

This project entails the éompilation and analysis

of a descriptor list for cocoa, Theobroma cacao L.. It
was initiated, in 1983, as part of a scheme to
reorganize the cocoa genetic resources in Trinidad. In
1981, the Cocoa Research Unit (CRU), in St. Augustine,
acknowledged the need to devglop a genebank (germplasm
collection centre) to conserve ex-situ valuable local
and exotic germplasm. Consequently, arrangements were
made to develdp the International Cocoa Genebank,
Trinidad (ICG,T); a collection plantation. Further

information on the ICG,T is given in Chapter Two.

Efficient management of a genebank requires
accurate identification of accessions and colilation of
appropriate documentation. Such documentation may
include genealogical, morphological, agronomic,
breeding, pathological and economic information. Data
collectiorn can be facilitated by the adoption of =a
list of standardized descriptors, which may also serve

several other purposes, as outlined in Chapter Two.

Fifty-three accessions representing six

populations (ICS, IMC, SPA, SCA, E and EET) were
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Table 1.1 Description of the populations studied at

the St. Augustine site

POPULATION DESCRIPTION NUMBER OF
CLONES.
1CS Trinidadian Trinitariol 16
IMC Peruvian (Upper Amazon)2 21

Forastero

SPA Colombian ForasteroS 3
SCA Amazonian Forestero4 6
E Ecuaedorian Forastero> 1
EET Ecuadorian Hybrid56 6

1 - described by Pound (1934-36). (ICS 39, 40, 46, 47, 60, 100 = Nicaraguan Criollo

(Lockwood and Gyamfi (1979))

2 - collected by Pound (in 1937)

3 - collected by Pound

4 - collected by Pound (in 19387)

5 - selected by Joily on the San Juan Estate (Trinidad)

6 - collected by Pound (in 1942/43)
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characterized on the St. Augustine Campus (refer to
Appendix 2a) between November, 1983 and July, 1985
(refer to Table 1.1). Thirty-one accessions were
studied at St. Joseph (refer to Appendix 2b) and
twenty of these were common to the studies at the two
sites. These populations represent the ma jor

geographical distribution of Theobroma cacao L., but

exclude germplasm from Brazil and Central America
(Criollo) and in particular represent the acknowledged
centre of diversity for T. cacao (refer to Appendix
3 )1 They are also of interest for agronomic and
economic reasons. Some of the clones, such as ICS 95,
are notable for the superior flavour of their beans.
Others, like IMC 67, display desirable characteristics
such as large pod (fruit) size, vigor, high yields and
resistance to some disease(s) like Witches’ Broom
disease. (IMC 67, is highly susceptible to Black Pod

disease, however).

The main objective of the study was to determine
the usefulness of the descriptor list for cocoa,
(refer to Appendix 9) proposed by the International
Board For Plant Genetic Resources (IBPGR (1981)), to
discriminate among accessions. It was hoped that this
study could result in the development of a shorter

list of effective descriptors.

To achieve this objective several analyses were
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performed. Section 3.2 (Experimental) contains an
assessment of the intraclonal and interclonal
variability of individual descriptors. Those
descriptors with high interclonal and low intraclonal
variability would be considered most diagnostic or

discriminative.

In Section 23 (Experimental), correlations
within groups of descriptors were examined. The
discovery of less reliable descriptors, which bear a
close association with other more reliable ones, could
lead to 8 more concise, but still taxonomically wvalid
descriptor liét. Principal Component Analysis (PCA)
was also done in an attempt to identify a subset of
descriptors‘ that can effectively describe cocoa

accessions (refer to Section 3.4 (Experimental)).

In Section 3.5 (Experimental) an effort was made
to assess the role of environment in the expression of
the descriptors. Descriptors, whose expression is no&
significantly affected by the environment, are

considered most useful in the descriptor list.

Hierarchical average-linkage cluster analysis was
performed to determine relationships among the clones
studied and to test how well subsets of descriptors
group br classify the clones. The results are given in

Section 3.6.

A preliminary investigation was also undertaken



5
to determine the feasibility of using a biochemical
descriptor i.e. pigment intensity in cocoa flowers.
This type of descriptor has not yet been included in
the IBPGR descriptor list for cocoa. (In Chapter Two,
another example of the use of biochemical parameters
to characterize cocoa germplasm is given.) Such
descriptors may prove to be better than morphological
ones and may be studied further in the future. The
findings of this investigation are furnished in

Section 3.7 (Experimental).

1.2 SOME BACKGROUND ON THE COMPILATION OF A

DESCRIPTOR LIST FOR COCOA

The need for descriptofs of cocoa has Dbeen
recognized in the course of selection, testing and
propagation ((Ostendorf (1956) and Soria and Enriquez
(1967b)) and the collection of data in accordance with
the specifications of a standard descriptor list will

facilitate future research in cocoa (Williams (1984)).

Work on descriptors was begun as early as 1935 in
Java (Ostendorf (1956)). In 1964, Enriquez and Soria
recommended that a catalogue of cocoa cultivars be
established and it was decided in 1967 (in Bahia,
Brazil) that a short, descriptive format, including
main distinctive characteristics be wused in cocoa

descriptor lists (Soria and Enriquez (1967b)).



6
In 1972, a format and instructions for the list
were presented at the Fourth International Cocoa
Research Conference (Trinidad) by a subcommittee under
B.G.D. Bartley and it was decided only to include the
most easily observed descriptors, which can be
estimated with relatively small samples (Soria and
Enriquez (1967b)). A standard descriptor list for
cocoa was subsequently published (Engels et al (1980);
IBPGR (1981)). Further work may still be necessary to
improve the wexisting IBPGR descriptor list (Allen
(1984)).

1.3 RECORDING DESCRIPTOR DATA

1.3.1 LEAF DESCRIPTORS

Fifteen leﬁf descriptors were included in this
study. Several workers have made observations on
recording these characters. For the purpose of
cultivar comparison, Asomaning and Lockard (1963)
recommended that the leaves be taken from a
standardized position, such as the second mature leaf
counted from the tip to the base of the flush. This

suggestion was followed in this investigation.

The laminae of most cocoa varieties were
described as similar in shape; ovate, elliptical 1to

somewhat acuminate with an entire margin (Asomaning
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and Lockard (1963) and Soria (1977)). Murray (1952)
reported that the Ileaf shape of normal leaves is

practically constant whatever the size.

Asomaning and Lockard (1963) also found that leaf
width is not readily determined and that measurement
is subject to bias since one has to first find the
widest point of the leaf. Thus, care is necessary when

recording it.

Although petiole Ilengths were not measured in
this study, Brook (1950), cited by Enriquez and Soria

(1967¢) found clear differences within genotypes
between the petiole lengths of trunk leaves and those

of lateral branches at Turrialba.

1.3.2 FLOWER DESCRIPTORS

Twenty-four flower descriptors were employed in
this research. Since their measurement is influenced
by the age of the flower (Enriquez and Soria (1967a)),
care was taken to select only freshly opened flowers

for observation.

Within any given flower, the dimensions of its

organs were shown by Enriquez and Soria (1967a) to be
very similar and thus only one organ per flower was

measured during this study.

Random selection should be used to offset the
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effect of position of the flower on the tree on the
size of individual organs. Sepal width was one
descriptor found to be affected by position (Enriquez
and Soria (1967a)). The widest sepals were found on
the trunk flowers and the narrowest on those of fine

branches.

Toxopeus and Jacob (1970) and Enriquez and Soria
(1967a) remarked on the usefulness of reference to
external factors, when recording such flower features
as the number of ovules per ovary. This advice was
followed to some degree and the reasons and

implications are stated in Section 3 (Experimental).

Engels et al (1980) showed that for flower, as
well as fruit characters, there were no differences of
statistical significance between trees of the same
clone,.grown at the same site. Data from an average of
three 1trees were therefore pooled to make up the
required sample sizes, while disregarding the possible
effect of tree on any variability found between

clones.

1.3.3 POD (FRUIT) AND BEAN (SEED) DESCRIPTORS

Thirty-six fruit and seed descriptors were used
in this study. There have been many studies to develop
appropriate methodology for the <collection of pod

(fruit) and bean (seed) data.
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Pound (1931) observed that pods borne in the
canopy were smaller in size than those on the trunk.
Glendinning (1963) and Amponsah (1973) noted
differences in the sizes of pods within the same
variety and in the same tree. Thus a random selection
of pods was attempted in this study, but this was
dependent on the availability of disease-free, mature

or ripe pods at the time of collection.

Toxopeus (1981) described pod shape as one of the
most variable characters of cocoa. Several
descriptions of shape have been proposed by workers,
incfuding Van Hall (1932); Pound (1933); Cheesman
(1944) ;- and Ostendorf (1956 . Van Hall’s
classification was adopted il the CIRPCGRISY (11981

descriptor list for cocoa and in this study.

Most inherent variability in pod length and
diameter within trees and from tree to tree within
plots was observed by Pound (1932). Pod weight was
found to vary considerably over a tree, over seasons
and from year to year (Glendinning (1963)). Pound
€1937) found it to be affected by the degree of
ripeness of the pod. Pod shell thickness and furrow
depths are also affected by season and environment

(Pound (1932); Enriquez and Soria (1966)).

Pound (1932) also found bean number per pod to

vary markedly from pod to pod and to decrease from the
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main trunk to the main branches and the finer

branches.

All the above observations make it necessary to
sample pods randomly over trees and to note the nature
of the environment. The inherent variability of pod
characters (refer to plate 1 for a representation of
the diversity of fruit types in the 110G, T)

necessitates the use of large sample sizes.

Pound (1932) recommended a random sample of
thirty pods to be sufficient to characterize a tree,
giving means for pod length and diameter accurate
within 5%. Toxopeus and Jacob (1969) suggested that a
sample of no }ess_ than .six pods be wused from a
harvest. In 1967, Enriquez and Soria stipulated that
eight randomly harvested pods per variety be used. In
1968, +they suggested twenty pods, from which five
beans each are weighed. Bartley (1964) used a sample
size of ten. Engels (1981) recommended between ten and
thirty-five to forty pods be used for various pod and

bean measurements.

In 1981, Toxopeus recommended selective random
sampling so that a sample size of four could be used.
In this study, only four, uniformly well-developed
pods were collected. To offset the effects of season
observed by Pound (1932), Toxopeus and Jacob (1969)

and Engels (1981), among others, pods were harvested



Plate 1 A representation of the diversity of fruit

types in the ICG,T.
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at the same time of year (same months) when collection
spanned more than one year. An observation, made by
Bartley (1964), that the validity of individual tree
estimates are not altered if harvesting is done within

three weeks of pod maturity, wa s taken into

consideration.

1.4 ENVIRONMENTAL FACTORS AFFECTING THE

PHENOTYPE OF COCOA

The importance of recording information on the
physical environmment of cocoa trees has been noted by
workers such as Allen (1984); Bartley (1971); McDonald

(1932) and Murray (1967). Such information may be a

valuable addition to cocoa descriptor lists.

Temperature and rainfall are described as the
most critical climatic factors for growth of cocoa
trees (Alvim (1977)). Annual rainfall between 1500 and
2000 mm with a dry season of no more than three months

with less than 100 mm per month is required. The mean
maximum temperature should be between 30 and 32°C and
the mean minimum between 18 and 21°C (Lass and Wood
(1985)). Wind, solar :radiation and relative humidity
also affect the physiological processes of the plant

(Cunningham and Lamb (1959)).

Cocoa may be grown on many different soils,

provided they have some physical and chemical
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properties of particular importance for the crop
(Hardy (1960) and Smyth (1966)). The best cocos soils
are usually formed by aggregated clay or loamy sand.
The proportions of the different particles are usually
30-40% clay, 50% sand and 10-20% silt-sized particles
(Smyth (1966)). Pearce (1953) partially attributed
"the wide variability in the performance of cacao from
tree to tree” to soil effects. Fennah (1957) noted the
effects of soil heterogeneity on the wide variations

among clonal trees.

Cunningham and Lamb (1959) cited nutrient supply
as a factor limiting the vegetative growth of cocoa. A

close correlation between response to nitrogen (N) and
exposure of trees to light or shade has been
discovered (Evans and Fennah (1953)). Trees growing
under full light were generally found to give a
response to N. Younger leaves tended to be affected by
N deficiency. They are undersized and harden into a

pale, yellow colour.

The effects of magnesium were described as
pronounced on sandy soils, towards the end of the wet
season. Copper deficiency is said to have a similar
effect to that of magnesium in the cocoa plant (Evans

and Fennah (1953)).

Goodall and Posnette (1947) reported that

morphological <change is induced in cocoa leaves by

I MAT T B brasnven 1



mineral deficiency eg. of iron and manganese.
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CHAPTER TwWO

2.0 LITERATURE REVIEW

2.1.0 INTRODUCTION

The global importance of crop genetic resources
is now widely accepted (Altieri and Merrick (1987);
Budin (1973) and the management of these resources has
been of concern for a number of years (Hondelmann
(1974); Ng (1982); Williams (1984)). Since programmes
of collection and conservation are usually distinct
from breeding = programmes that utilise genetic
resources, efficiept documentation and dissemination
of informatien is essential (Frankel (1970); Seidewitz

(1978); Suzuki and Kamagai (1981)). Characterization

and evaluation of germplasm therefore become

significant aspects of the management of genetic

resources (Il't1a8 et | al (1986); Creech and Reitz
(1971)).
Until 1980, the documentation of genetic

resources was inadequate for a large number of crops
(Williams (1984)), not internationally standardized
and seldom readily accessible (Konzak and Dietz
(1969); Rogers et al (1975); Jain (1979)). Important
descriptive information necessary for identification
is still seldom collated (Budin (1973); Brown (1983)).

It has been argued that pedigrees of valuable stocks
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may be confused by numerous designation forms and
abbreviations (Budin (1973); Enriquez and Soria
(1967b)). The development of a standard descriptor
list allows a systematic accumulation‘of data, that
becomes internationally accessible (Dambroth (1978);
Burt et al (1971); Estabrook and Rogers (1966); IBPGR

Secretariat (1981); Konzak and Dietz (1969)).

In recognition of the above, an international
Working Group on the Standardization in Crop Research
and Data Recording was initiated in 1966 wunder the
joint sponsorship of the Food and Agriculture
Organization (FAO) and the Institute of East Asian
Agriculture (IAEA) (Konzak and Dietz (1969)). Much of
their work is now being effected by the International
Board of Plant Genetic Resources (IBPGR) established
in 1974 by the Consultative Group on International
Agricultural Research (CGIAR) (Annual Report of IBPGR
(1984)). The IBPGR co-operates with one hundred and
ten countries and Six hundred key agricultural
institutes. Over one hundred crop species are under

study (IBPGR Annual Report (1989)).

To date, several descriptor lists for
commercially important plant species have been
compiled and recognized within a worldwide network of
over one hundred genebanks (Hondelmann (1974); Jain

(1979); IBPGR Annual Report (1989)). Information
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included relate tﬁ the identity, genealogy, morphology
and agronomy of the plants (Konzak and Dietz (1969)).
The first two types of ‘information are described as
accession and collection data, respectively. The
others are characterization and preliminary evaluation

data.

2.1.1. GUIDELINES FOR DESCRIPTOR LIST COMPILATION

Certain guidelines are necessary in descriptor
list compilation to ensure the maximum value of the

data in agronomic and taxonomic work. These are

outlined hereafter.

Characterization data should consist of
characters, which are highly heritable, can bé easily
seen by the eye and are expressed in all environments
(Konzak and Dietz (1969); Jain (1979); Williams
(1984)). Individual accessions should be evaluated in
a systematic manner for a number of characters thought
desirable by a consensus of users of the crop (Miri
(1980)). These may include ethnobotanical, food and

industrial information (Rogers et al (1975)).

It is important that descriptors are well-Cefined

for all users of a crop, taking into consideration the

different uses of the c¢rop, the various breeding

objectives and the methods of measuring the same

character (Konzak and Dietz (1969); Sneath and Sokal
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(1973)3). The diversity of the crop must be taken into
account, along with the growth stage and growth
environment where observations are made (Erskine and

Williams (1980)).

The mass of data, that is accumulated in the
course of descriptor list compilation, is easily
handled using a computer-based, Communication,
Information and Documentation System (CIDS),
especially for global networks (Sokal and Rohlf

(1969)).

Modern information-processing technology has been
widely used to date to provide an efficient, flexible,
rapid and continuous mechanism through which

information can be stored, retrieved and exchanged

(Konzak (1972)).

2.2.0 THE COMPILATION OF A DESCRIPTOR LIST FOR COCOA

2.2.1 INTRODUCTION

In 1990, the world production of cocoa was

estimated at 2.43 million metric tonnes and the world
consumption was 2.2 million metric tonnes for 1988/89
(Wakeling (1990)); Over 70% of this cocoa came from
seven developing countries; Indonesia, Malaysia,
Brazil, Ivory Coast, Ghana, Nigeria, and Cameroon with

Africa producing about 60%. The rest of the world’s
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cocoa is derived from South and Central America, the
West Indies, Asis and the Pacific region. Malaysia’s
production has increased steadily over the past five
years. Trinidad produced 3,000 metric tonnes of raw
cocoa in 1980, but as much as 34,000 toms in 1921

(Anon. (1959)).

2.2.2 BOTANY

Cocoa (cacao), of the family Sterculiaceae, is a
tropical crop. Linnaeus designated this name in the
first edition of Species Plantarum in 1753 (Cope

(1976:)).:

Theobroma cacao. L is the only economically

important species of the twenty-two species, which
comprise the genus Theobroma (Cuatrecasas (1964)) Two
of its subspecies are T. cacao subsp. cacao and T.

cacao sSubsp. sphaerocarpum (Cuatrecasas (1964)).

The former is divided into four forms and the
latter consists of calabacillo types (Soria (1977)).
This classification is based mainly on the morphology
of the i Trewiit, hbut Vs net . falblsyijustified ) from the

genetic point of view (Soria (1977)).

Cope (1976) reported that all the subspecies and
forms of cocoa interbreed to give fully fertile FI1
hybrids. The chromosome number of <cocoa is 2n=20

(Munoz (1948) cited by Soria (1977)).
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Of the four forms of T. cacao subsp. cacao, three
are recognized by the "cocoa trade” (Cope (1976)).
These are the "criollos”, the “amelonados” and the
"trinitarios” (Soria 61972:7:)):. Cheesman (1944)
classifies the latter two forms as "forastero”. The
fourth form, "pentagona” is not commercially important
(Wood (1975); Soria (1977)). However, it may be the
oldest known form of cultivated cocoa, which gave rise
by mutations and later hybridizations among the
mutants to thg presently cultivated hybrids (Mora Urpi
(1958} . Commercial cocoa is largely forastero

(Cheesman (1944)).

:*Criollo” cocoa is typified by large, plump
‘beans, round in cross-section, with white or very pale
violet cotyledons in the fresh bean (Cheesman (1944)).
The latter is described as a recessive character. The
chocolate yielded lacks astringency and is of a high
quality (Wood (1975)). The fruit wall is five-angled,
soft and warty. This form of cocoa suffers from two
ma jor drawbacks in that it has low yields and lacks
hardiness (Cope (1976)). With respect to the latter
feature, it shows low resistance to Witches’ Broom

disease (Crinipellis pernicious) and Ceratocystis wilt

(Gregory (1974), (1977)).
Two criollos of interest are the Venezuelan and

the Nicaraguan criollos (Cheesman (1944)). The former
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is perhaps the one that existed in Trinidad before the
"blast” (hurricane or disease epidemic) of 1727. The
latter criollo was brought to Trinidad by Hart in
1893 It" is” noted ' for" its large beans; a favourable

characteristic in the Cocoa Trade.

There is little "criollo” available today (Cope
(1976)). Only two clones of pure origin are found in
Ghana (Lockwood and Gyamfi (1979)). In Trinidad, the
"blast” destroyed much of the Criollo planting (Wood

¢19751).) .

The Amazonian forastero type of cocoa is

believed by Pittier to have Theobroma leiocarpa in its

ancestry (Cheesman (1944)). 1[It 1is characterized by
flattened beané with wviolet <cotyledons and a very
astringent, roasted product (Cheesman (1944)). (T.
leiocarpa also has violet cotyledons.) The hard
pericarp is not usually conspicuously angled or warty.
Forasteros are hardy and often high-yielding (Soria

and Esquivel (1970)). Thus they supply the bulk of the

world's cocoa today (Cope (1976 )):. They were
introduced into Trinidad in 1757 (after the blast) to

replace the Tcriollo” (Soria (1973}

The "trinitario” group is widely regarded as a
variable hybrid population of Sernolslion and
"forastero” ancestry. Hybridization is said to have

occurred in Trinidad, after the introduction of the
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"forastero” (Soria (1975)). The cotyledon colour, bean
size and shape, pod wall characters and astringency
are highly variable (Cuatrecasas (1964)). This type of
cocoa is described as "fine cocoa”™ (Wood (1975)).
Trinitario was transported to Venezuela in 1825. It
also exists in Grenada and other West Indian islands,

as well as in Costa Rica, Ceylon and Java.

Van Hall (1932) stated that the previously
mentioned types are not sharply separated from one
other. He recognizes the main groups of cocoa as

follows:

Criollo: Central and South America.
Forastero: Amazon and Trin;tario.

These most widely cultivated varieties of cocoa
are believed to represent only a part of the total
genetic variation in the original wild species (Allen
and Lass (1983)). All current breeding programmes are
at least partly based on crosses with wild cocoa,
which are expected to yield improved varieties (Allen

and Lass (1983)).

2.2.3 LIFE HISTORY AND MORPHOLOGY

The cocoa tree is generally described as small;

attaining a height of about six metres. The mode of

branching is unusual. Growing from the seed, it first

forms a straight main orthotropic stem and at a height
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of roughly one to two metres from the ground, divides
into up to five plagiotropic lateral branches. Growth
of the fan branches is by a series of flushes, each
consisting of three to six pairs of leaves (Lass and
Wood (1985)). The terminal bud itself is divided in
the process and no vertical leader remains (Cheesman

(1944); Baker in Urquhart (1961)).

The lateral or "Tan” branches comprise the
”jorquette”. A subsequent vertical shoot or “chupon”
arises from the main stem just below the jorquette and
repeats the behaviour of the original stem. This
method of growth is repeated during the life history

of the tree.

The habit of the budded tree depends on fhe type
of bud used (Cheesman (1944)). Clonal trees may be
erect or reclining in habit, depending on whether the

rooted cutting is taken from a chupon or a jorquette.

Leaves generally persist through two flushes and
drop at the time of the third.

The cauliflorous inflorescences are produced in
the leaf-axils of shoots of old wood. Flowers are
abundant at the start of the wet season. The
individual flower is hermaphrodite and regular with
all parts in fives. The floral formula is as follows:

Ks Cs Ag g G (5) (Are and Gwyne-Jones (1974)).

The sepals are the most conspicuous organs (white
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or pinkish). The petals are narrow at the base and
expand above into a cup-shaped pouch, beyond which
they end in a spathulate tip. Five long, sterile
staminodes and five fertile stamens in an inner whorl
comprise the androecium. All ten members are Joined at

the base into a short tube.

The staminodes stand erect and form a ring around
the style, protecting the stamens, whose anthers lie
concealed in the pouch of the petals. This makes

pollination difficult to accomplish.

Cocoa is both self and cross-pollinated.

Ceratopogonid midges (Forcipomyia spp) (Young et al

(1987) and crawling insects such as ants (Cheesman
(1944) and Urquhart (1961)) are said to be agents of
pollination. The flowers fall off the day after

opening if they are not pollinated.

The fruit or pod is a berry with a thick husk and
contains about twenty to forty beans (seeds),
surrounded by pulp. The latter develops from the outer
integument of the ovule (Baker, in Urquhart (1961)).
The pod does not open or fall off when ripe and
cissemination of the beans depends on the pod being
opened by some animal, which discards the beans after

sucking off the pulp (Lass and Wood (1985)).
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2.2.4 THE HISTORY OF COCOA: ITS ORIGIN AND

COLLECTION

Theobroma cacao L. originated in Tropical America

(Central and South) and is native to extensive areas
of the humid lowlands (Chatt (1953); Cheesman (1944);
Cuatrecasas (1964); Lockwood (1985); Wood (1975)).
According to Cheesman (1944), its <chief centre of
genetic diversity was the Amazon Basin, between the
headwaters of the Caqueta, Putomayo and Napo rivers.
This area appears to embrace the widest range of
variability, as recorded by Pound (1938). There is a
secondary centre in Mexico and Central America, where
it was domesticated by the Mayas, thousands of years

before the arrival of Columbus (Cuatrecasas (1964)).

Patino (1963), cited by Soria (1975) stated that
cocoa cultivation was started in the valleys of the
Cauca, Caldas, AntioQuia and Huila rivers in Colombiaj;
the extreme south of Lake Maracaibo, the northern
coastal valleys of Aragua, the Charua valley in Merida
State and the Sucre state in Venezuela, in Trinidad
and on the west coast of Ecuador. Cope (1976) gives
the centre of cultivation of cocoa as Central America.

Mora Urpi (1958) named Mexico as the specific centre.

2.2.5 COCOA COLLECTING EXPEDITIONS

Several expeditions by collectors have been made
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in the past to obtain "wild” cocoa. In the 1930°'s,
scientists from the Imperial College of Tropical
Agriculture (ICTA):, Trinidad, made collections in
Mexico, Central America and in the northern part of

South America (Soria (1975)).

1B F et Pound went to the Amazon to <collect
varieties resistant to Witches’ Broom disease (Bartley
and Chalmers (1971)). In 1937, he collected material
from Peru (refer to Table 2.1). This material is held
at Marper Farm, Trinidad. In 1942/43, he collected

refactarios in Ecuador.

In 1945, G.E.L. Spencer made introductions from
Mexico and Central America into Trinidad (Bartley and
-Chalmers (19711). Becker, Bartley, Cope, Holliday and
Taylor went to the Caqueta, Orteguaza and Vaupes
rivers of Columbia to collect material in 1952/54.
Soria, Vello, Murca Pines and Medeiros selected and

collected material in Brazil, in 1965.

In 1968/73, the Experimental Station,
Pichilingue, Ecuador (INIAP) and the ICTA carried out
four expeditions to the headwaters of the Putumayo,
Napo, Coca and Pastaza rivers (Soria (1975)). Chalmers

collected material from the Oriente region, Ecuador in

1968/1970. Material was again collected from the

Amazon, near the Napo river, in 1973 by the INIAP/UWI

collecting group (Bartley and Chalmers (RS O



Table 2.1 The contents of the 1CG,T

(After Kennedy (1985))
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Population Origin Number of
Genotypes

1) Pound Upper Amazon Peru 521
Nanay(Na) Peru 301
Parinari(Pa) Peru 129
Morona (Mo) Peru 23
Iquitos(IMC) Peru SiE
Scavina(SCA) Peru 15
2) Pound Refactarios Ecuador 969
3) Imperial College Trinidad 90
clones (ICS)
4) Chalmers Oriente Ecuador 85
5) Grenada Selections Grenada 15
(GS)
6) Anglo-Colombian Colombia 43
(Spec)
73 EET Ecuador 8
8) Pound Peru 2
9) Brazilian clones Brazil 6
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In 1979, John Allen began a collection on behalf

of the London Cocoa Trade Amazon Project in Ecuador
(Allen (1983)). It was completed in 1985. By the end
of 1981, he had made three hundred and ten collections
from the Amazon and these were held at Napo, Ecuador.
In 1983, three hundred and sixty-four plants had been

collected (Allen and Lass (1983)).

In 1981, the chief cocoa germplasm collections

were distributed as follows :

(1) At Marper Farm and the Imperial College of
Tropical Agriculture (ICTA) or The University of the

West Indies (UWI), Trinidad, as it is called now.
(2) At Turrialba, Costa Rica.
(3) At the Estacion Experimental Tropical,
Pichilingue, Ecuador.
(4) At Cepilfc; Brazil.

(5) At Mayaguez, Puerto Rico (IBPGR Secretariat

(1981) )

2.2.6 COCOA COLLECTIONS IN TRINIDAD

Organized <cocoa research in Trinidad may date

from the inception of The Cocoa Research Scheme in

1930 (Bartley and Chalmers (1971)). Marper Farm in

Manzanilla was then one of the major collection sites.

Most of Pound’s collections were kept there.
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The St. Joseph Nursery is another collection site
and contained roughly six hundred genotypes (Bartley
and Chalmers (1971); Chalmers and Murray (1973)).
However, a part of this collection was destroyed by
fires in May, 1984 and Merch, 1985 (refer to

Appendices 1 and 2 b).

There is a fairly large, integrated clonal and
hybrid collection on the St. Augustine Campus of the
University of The West Indies (refer to Appendix 2a).

It was established in 1961.

All the material, including two thousand clones,
in Trinidad, is being consolidated into one site with
a rationalized planting design (Kennedy (1985)) (refer
to Table 2.1pufoery aitlist . of sdBEEacceseions being
included). The site was selected at La Chaguaramas and
here the International Cocoa Genebank, Trinidad
(ICG,T) is being established on about forty hectares
of land. Over four hundred and ninety-eight accessions
were planted by the end of 1986 (Muttscheller,
Gonzales and Toyer (1987)). These were distributed
over one hundred and thirty-one accession plots (with

spacings of 2.5 by 2.5 metres.)

2.3 USE OF A DESCRIPTOR LIST FOR COCOA

Data has been recorded for the Turrialba

collection according to a descriptor list for cocoa
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and it is computerized (IBPGR Secretariat (1984)),
Comprehensive documentation, involving the use of a
descriptor 1list, has also been initiated in Trinidad

(Kennedy (1985)).,

The IBPGR Secretariat also reported that
generally all cocoa accessions are well identified in
the field, but catalogues are available for only two
collections; those at the Caucagua Station, Venezuela

(by Reyes (1973)) and at the Turrialba site.

The IBPGR has embarked on a project to promote
the use of standard descriptor lists in the
preparation of inventories of all cocoa genebanks.
This is being undertaken as an initial gtep in the
effort to improve the collection, evaluation and
maintenance of new cocoa germplasm. The latter is a
ma jor task, only now being addressed internationally

(Lass and Wood (1985)).

2.4 ASSESSMENT OF THE USEFULNESS OF COCOA DESCRIPTORS

Ostendorf (1956) indicated that a distinction

should be made between descriptive characters, used in

assessment of the agricultural wvalue of a given

variety, and descriptors studied for their wvalue in

identifying wvarieties. Cheesman (1944) reported that

all the diagnostic descriptors of cocoa are
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descriptive and concern the part of the plant useful
to man i.e the pod (fruit). Among the pod characters,
Cheesman (1944) described those of the bean (seed) as
being more constant than the external fruit
characters. ﬁifferences in flower <characters were
found to occur between clones, but could not
necessarily distinguish between "criollo™ and
"forastero”. Leaves and general plant habit were said

to provide no definite distinguishing characters.

Fruit descriptors have been studied in detail by
several workers from as far back as 1931. Their
usefulness as 1identifying characters, however, have
been described as restricted by Ostendorf (1956). He
based this on the fact that these ' characters
necessitate a fairly large number of measurements per
tree and cannot be used until parents have reached the
productive stage. Enriquez and Soria (1967¢c) and

Engels (1981) supported this observation.

Descriptors based on the general habit of the
leaf storeys and the morphology and general appearance
of leaves were developed after investigations on
identifying characters for young Hevea buddings
(Ostendorf (1928), cited by Ostendorf (1956)). These
characters proved to be of limited value for
discrimination between cocoa clones since thef do not

seem to differ significantly from clone to clone and
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are extremely variable within clones (Enriquez and
Soria (1967c) and Engels et al (1980)). The high
degree of wvariability may be partly attributed to
environmental factors such as the density of the shade

canopy.

Ostendorf (1956) conceded that fairly reliable
identifications, based on the general appearance of
trees may be made for a limited number of clones.
Balasimha et al (1985) also found significant
differences between accessions in the expression of

eight leaf characters. Their study involved forty

accessions.

The IBPGR has included 1leaf and plant habit
descripto;s in the recomﬁended descriptor list of
1981. These characters were also studied in Turrialba
(1964) to compile the International Cacao Cultivar
Catalogue (Enriquez and Soria (1967b)) and some are
"being used in the description of cocoa germplasm in

Ecuador (Allen, personal communication).

Atkinson et al (1986) attempted to characterize
cocoa germplasm using isoenzyme markers in leaf
tissue. Eight enzyme systems exhibited repeatable
variation. An investigation was also wundertaken by

Yidana et al (1988) to determine the potential use of

isoenzyme analysis as a tool in description. Three

main iso-peroxidase zymogram patterns were obtained
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from the bark extracts of clonal material. This

research is being continued by other workers at the

Cocoa Research Unit, Trinidad.

If proved a useful descriptive tool, the
isoenzyme technique may become a valuable supplement
in descriptor list compilation. The resulting
descriptors may reflect genotype more <closely than

other morphological data.
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CHAPTER THREE

3.0 EXPERIMENTAL

3.1.0 GENERAL MATERIALS AND METHODS

3.1.1 INTRODUCTION

The stipulations recommended for the proper
collection of <characterisation data for descriptor
lists were outlined in Chapter 2. A detailed account
of the methodology employed in this study will be

given hereafter.

Between 1983 and 1985, data were collected. from
two i clonalai-collections (inisTrintdad:st thoget i St,
Augustine and St. Joseph (refer to Appendices 1 and
2a-2d). At the start of data collection, the trees in
St. Augustine were about twenty-five years old and

those at St. Joseph were twenty-one years old.

At both sites, the material studied is
distributed over a series of blocks or fields and each
accession is replicated at least three times (refer to
Appendices 2c and 2d). Although, the accessions are
not planted in a completely randomised block design,
there is randomisation at the St. Augustine site. Over
£hirty of the fifty-three accessions studied there are

randomly distributed between at least two fields
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(blocks). Samples from the thirty-one accessions
observed at St. Joseph were taken from replicate
trees, which are all in the same row and therefore it
was not wvalid to analyse this dataset using Analysis

of Variance.

There were several important considerations that
were Televant to this study. Two of these were the
effects of season and time of collection on the
expression of descriptors (refer to Section 3.4).
Engels (1981) commented on the effect of these factors
on two fruit descriptors; pod weight and pod length.
Data were collected during the same season for each
group of descriptors; leaf, flower and fruit (between
November, 1983 and July 1985). Leaf and flower data
were collected throughout the rainy season; mainly
between August and November. The pod (fruit) data were
collected during the main harvest periods, which occur
during the dry season. More pods were available in
late December to February. (A higher incidence of

diseased pods is common during the rainy season (June-
December).)

The majority of colour-related characteristics
observed in the laboratory were assessed under fairly

uniform daylight conditions. However, no artificial

daylight lamp” or other rigidly standardized light

source was used, as was dome by Engels et al (1930).
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The distinctness of the categories, in most cases,
made this unnecessary. Reference was made to the
colour charts of The Royal Horticultural Society (RHS

Enterprises Limited, Surrey, England).

In order to facilitate statistical analysis, the
qualitative data collected during this study were

converted into a quantitative form.

3.1.2 SAMPL ING

A survey of the existing germplasm collection
i.e. of the types and numbers of accessions and their
locations, is a prerequisite for descriptor list
compilation (refer to appendix 2a, b, ¢ and d for the
plans of the fields where sampling was done). For each
accession observed in this project, data were

collected randomly from the available trees.

Different workers such as Enriquez (1969);
Enriquez and Soria (1967b); and Engels et al (1980)
have suggested adequate sample sizes for the various
cocoa descriptors and have supported these with
statistical analyses. In this study, the sample sizes
stipulated by the IBPGR were used with few exceptions.
The latter involved pod (fruit) and bean (seed)
descriptors (refer to section 3.1.5). All sampling was
during the morning period (from 7.00 to 10:45

done

am) .
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3.1.3.0 RECORDING LEAF DESCRIPTORS

3.1.3.1 METHOD

In the field, an average of three trees with
flushes were selected for sampling. The plant habit of
the tree was noted and fifteen leaves, which were
sound and free from insect damage or disease symptoms,
were randomly collected from the second leaf positions
below the flushes (from top to bottom) of the mature
plagiotropic (fan) branches. When fifteen leaves could
not be found in the second position, additional leaves
were taken from the third position. The colour of the

new terminal flushes was noted (refer to plate 2).

In the laboratory, the leaves were placed on a

white drawing board and measured, using a clear,

millimetre ruler, from apex to base, at the point of

insertion in the petiole (refer to figure 3.1.1). The

width of the widest point was then recorded, care

being taken to avoid bias, which can occur (Asomaning

and Lockard (1963)). The length (basal) from the base

of the leaf to the widest point was noted (refer to

figure 3.1.1) and the ratio of the total length of the

leaf to the width was derived.

The outline of the apical region of the leaf was

traced onto the board as closely as possible. The

apical angle was then measured by drawing tangents at
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the upper border of the lamina, at the point of major
contact between the insertion of the apex or the drip
tip at the lamina (refer to figure 3.1.1). Apex shape
was observed according to the convention shown in

figure 3.1.2.

The basal shape was categorized according to the
convention given in Figure 3.1.3. The basal angle of
the leaf was found by drawing the tangents from each
side through the point of union of the petiole and the
lamina and the first curvature from the base of the
lamina (refer to figures slgin and 0 R [ B
Subsequently, the ratio of the basal to the apicaf
angle (ABR) was derived. The presence of a pulvinus at

the point of contact between the base of the lamina

and the petiole was also noted.



Plate 2 Flush colour categories 3, 5, 7 for T. cacao

(0 or no anthocyanin is present in the accession

*Catongo”)
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BN

a9 - apical angle

BO - basal angle

£ - length
W - width at widest
point

£b - length from base
to widest point

Diagrammatic representation of leaf measurements

FIGURE 5.1 .1



1 - no apical
elongation

FEGURE [3.1,.2

- short 3 - long acuminate
acuminate (e.g. ICS 89)

(B.g. IE8 53]

Categories of leaf apical shape

1%
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i - 590° (acute) ii - >90° (obtuse)

Sinus

Tadidy e :1800 (rounded) iv - cordate

FIGURE 3.1.3 Categories of leaf basal shape
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3.1.4.0 RECORDING FLOWER DESCRIPTORS

3.1.4.1 METHOD

The methodology employed in flower collection was
adopted from Enriquez and Soria (1967b); Engels et al
(1980) and Engels (1981 ). i{Refar  to. Plate 3 for a

representation of the cocoa flower and bud (profile).)

In the fiéld, the intensity of flower bud colour
was assessed on a scale of 0,3,5,7; depending on the
pigment intensity. Approximately thirty open flowers
were collected between 7.00 and el 0  ‘am. Only
disease-free flowers with pearl-coloured thecae were
used. Flowers open for more than twenty-four hours are
recognizable by the brown colouration of the thecae,
which progressively moves to the base of the filament
(Enriquez and Soria (1967a)). For reasons given in
section 3.3.1, flowers were collected equally from the
trunk and branches, randomly over the tree. In the

laboratory, two stamens were taken from each of five

flowers and observed under a binocular microscope to

see whether +there was a reddish area between the

thecae. This was also assessed on a numerical scale as

above. The colour of the stamen filament was observed.

One staminode was rTtemoved from each of the fifteen

flowers and measured from apex to base.



Plate 3 The cocoa flower and bud (profile)
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A petal was then randomly chosen and removed from
each of the fifteen flowers. The disposition of the
anthers was noted (figure 3.1.4). The hood was

stripped off from the petal and then the ligule was
separated from the ribbon, cutting at the exact point
of colour change or where the widening of the ligule
begins (refeg to figure 3.1.5) The ligules were
covered with a microscope cover-slip and their lengths
and widths were measured with a mm ruler. The
colouration of the ligules was also observed. The

ribbons and guidelines were then measured.

Sepal reflexion was observed i.e. whether the
sepals were horizontal or curved backwards (refer to
plate 4). Two sepals were carefully removed with
forceps from each of the fifteen flowers, placed with
their abaxial surfaces up under a cover-slip and their
lengths and widths measured. Subsequently, the sepal
length to sepal width ratio was derived. The presence
or absence of glandular hairs on the adaxial and

and the presence of pigment were

abaxial surfaces

recorded (refer to plate 5).



FIGURE, 5..1.4

STAMINODE

STYLE

s OVARY
OVULES

STAMEN
PETAL

SEPAL

FLOWER
STALK

Longitudinal section of the flower of
Theobroma cacao L.
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RIBBON

HOOD

LIGULE

length ot ligule

I
sl

1 P
L” - length of ribbon
2 7t length of guidelines
T W - width
ZZ

GUIDELINE (PURPLE)

HOOD

FIGURE 3.1.5 : Cacao flower petal and components;
ligule, ribbon and hood
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The gynoecium (stigma, style and ovary) of each of
fifteen flowers was separated (using forceps) from the
rest of the flower at the base of the receptacle. The
ovaries and styles were measured, as shown in figure
3.1.6. The colour was noted for the apex and base of

the ovary and for the style.

The number of ovules per ovary for the flowers
was counted according to the method prescribed by
Lucas (Lucas and Reffye (1981) and Subali and Abdullah
(1984)). The ovaries were placed on slides (one to
three per slide). They were covered with acdrop .of
blue~black ink and the slide was thenm covered with
another slide. In this manner, the ovaries were
squashed and the ovules could be detected as white
globules on a blue background wunder a binocular
microscope. The tissue of the placenta appeared grey

(refer to plate 6 and figure 3.1.7).



Plate 4 Sepal reflexion in the cocoa flower

he range of expression of anthocyanin

intensity in the sepals of cocoa flowers (0-absent, 3-

slight, S5-intermediate, 7-intense)




OVARY

HIGURE “3.1.6

OVARY - MEASUREMENT
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i length of style
12 - length of ovary

W - width of ovary
at widest point

APEX

BASE (point of
attachment
to
recentacle

Mag x 16

Diagrammatic representation of ovary and

style measurements
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ovule

placenta

Plate 6 Squashed ovary, as seen under a light
microscope

(Mx :x100)



EIGUHRE -5 107

He

OVARY  SQUASH

STIGMA (5 branches)

OVULES

OVARY WALL

PLACENTA

Mag x 25

Diagram showing squashed ovary
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The icolouration of ihe pedicel of the flowers was

recorded, as well asg that of the abscission zone and

base. The latter is the point of attachment to the
receptacle and the abscission =zone is the point of

attachment to the tree trunk. The pedicel lengths were

then measured.

3.1.5 FRUIT AND SEED DESCRIPTORS

3.1.5.1 METHOD

The method used in pod (fruit) observation was
that of Hille Toxopeus, International Cocoa Research
Project. Four healthy, well-developed, ripe pods were |

harvested per variety. If the complete sample could

not be obtained at one picking, every effort was made
to reach the fuall complement within one Tharvest
period. Pods were considered mature when the pulp
surrounding the beans (seeds) was semi-liquid and

before the beans sprouted.

The weights of the individual pods were recorded,
using a Sartorius balance (2000 gm capacity), after
the pods had been assessed for size, shape, shell
hardness and colour and their lengths and widths taken
(refer to figure 3.1.8a-d and plates 7-10). The pod

length to width ratio was subsequently derived.

The pods were then opened and the wet bean mass
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peduncle

I Basal constriction

warty surface

\

ridge

furrow

Fruit apex or point

FIGURE ;3. 1.:8a Fruit morphology of T. cacao L. and
measurements taken




Jogo

I - cundeamor 2 - angoleta 3 - amelonado 1 - calabacillo

FIGURE 3.1.8b:

Cocoa fruit shape categories

£ ok
0- absent I-slight 2 - intermediate 3=Tstrong s - wideshoul doy

FIGURE 3.1.8c: Cocoa fruijt basal constriction categories

N7

1 - attenuate 2 - acute 3 - obtuse 4 - rounded 3 cmaimelate

6 - indented

FIGURE 3.1.8d: Cocoa fruit apex shape catepories



Plate 7 Colour categories of the immature cocoa fruit:

(green (1), reddish (2), red (3))
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Plate 8 Colour categories of the mature cocoa fruit:
(0O-yellow / no anthocyanin, 3-slight anthocyanin, 5-

intermediate anthocyanin, 7-intense anthocyanin)

Plate 9 Fruit shape categories : (ICS 95-cundeamor,

ICS-angoleta, IMC-amelonado, Catango-calabacillo)
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Plate 10 Fruit surface texture (roughness) categories
(smooth (0), slight (3), intermediate (5),

rough (7))
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Cross Section of a Mature Pod

Exocar
3 Primary furrow between

Fruiy dgaid el ;ld_|{llcvnl pairs ol
ridges
Central
placenta Secondary furrow
— ———e within a pair
S of ridges
Endocarp ridge
Mesocarp
furrow

FIGURE-3:. 1.9 Transverse section of the cocoa fruit showing
the Central Placenta and other components
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removed and separated from the central placenta (refer
to Cignra 13.1:.9% . Tha weight of the central placenta
was found and then that of the mass of wet seeds per
pod. The husk (shell) weight was recorded, as well as
the fruit wall thickness, the furrow depths and the
mesocarp thickness.The number of beans per pod was
counted (excluding flats) and the colour of the pulp
noted: whether it was pale yellow or cream, creamish

or white.

The mucilage surrounding the beans of each pod
was removed by rubbing with saw-dust and washing under
a running tap. The weight of the cleaned, air-dried
beans was takeﬁ and then subtracted from the weight of
the wet (mucilage-covered) beans for each pod. The
weight of the mucilage was thus derived and the shape

of the bean (refer to figure 3.1.10) and the colour of

the cotyledons were noted.

Twenty beans, randomly selected from each pod,

were then put together to dry in an oven at 105°C for

twenty-four hours. The weight of the eighty oven-dried

beans was determined thereafter.

The testas or seed-coats were peeled off the

dried beans and the weight of the eighty oven-dried,

peeled beans was found. The weight of the testas was

then calculated and the testa percentage derived.

The individual weights of the eighty peeled beans
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were then recorded and their lengths, widths and

thicknesses measured using vernier callipers (refer to

figure 3.1.11).



1 -oblong 24- elliptic

FIGURE 3.1.10 Cocoa seed shape categories

L - length
W-width -

t - thickness

Measurements taken from the cocoa seed

FIGURE 3.1.11
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3.1.6 MATHEMATICAL ASSUMPTIONS APPLIED IN

ANALYZING THE DATA

Multivariate statistical analyses based on the
normal distribution were employed to analyze this
multivariate dataset. (The set of observations on all
the accessions in this sample constitute a sample of
vectors and the vectors set side by side comprise a

matrix of observations.)

The distribution sampled is assumed to be a close
approximation to the norma I digtribution. This
probabilistic model approximates the distribution of
continuous measurements in many sampled populdtions

such as these.

Multivariate statistical techniques based on the

normal distribution are extensively developed, can be

studied in an organized and systematic manner and are
amenable to exact mathematical treatment (Anderson

(1984)). These methods of analysis are mainly based on

standard operations of matrix algebra and are useful

and effective even when the distibution sampled is

only approximately normal.
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3.2 AN ASSESSMENT OF THE USEFULNESS OF

CERTAIN COCOA DESCRIPTORS

3.2.1 INTRODUCTION

The importance of proper documentation and the
value of descriptor lists in genebanks were explained
in section 2.1. To facilitate the identification of
accessions, characterization data (refer to section
2.1.1) must include highly heritable, stable and
easily measured characters. With regard to cocoa,
gqualitative (morphological) characters such as fruit
colour and shape, which have little agronomic wvalue,
tend to be more highly heritable than quantitative
(metric) characters (such as pod (fruit) weight, bean
(seed) weight and number) and are therefore
taxonomically important (Engels (1986)). However, the
latter usually have higher agro-economic value. Thus

it is important to examine their usefulness in the

characterization of cocoa germplasm and in breeding.

During this study, an attempt was made to assess

the usefulness in differentiating between clones of

certain gquantitative leaf, flower and fruit

descriptors of cocoa. This was done using Analysis of

Mo ianos (ANOVA) to determine the intraclonal and

interclonal variability of individual descriptors. An

approximately norma l distribution of the data was
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assumed (refer to section Jein6) .

Descriptors with high interclonal and relatively
low intraclonal variability are considered as most
discriminative (Enriquez and Soria (1967a) and Engels
(1981)). Among these descriptors, those which are not

very difficult to measure or observe are favoured.

3.2.2 MATERIALS AND METHODS

Leaf and fruit data for fifty-five clones and
flower data for fifty-three clones were collated at
sS4 . Augustine. The <clones involved in this study
belonged to the following families: EET (Ecuador), E
(Ecuador), IGCS  (Trinidad), IMC (Peru), SCA (Peru) and
SPA (Colombia). There is thus a reprasentation of
clones of fairly diverse origins; a suggested

condition for such a study according to Enriquez and
Soria (1967a).

The number of observations recorded for the leaf

descriptors was fifteen. Thirty observations were made

for sepal length, width and pedicel length and fifteen

for the other flower descriptors. There were four

observations (e < v the "fruit * characters " "except

individual bean weight, bean length, width and

thickness, for which eighty observations were made.

The ANOVA procedure employed to achieve the

stated objectives was that of SAS Version 82.3 (SAS
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(Statistical Analysis System) Institute Inc., North
Caralina, U.S.A). This analysis was applied to the raw
data, which was collected as described in Section 3.1.
The model being tested by ANOVA is that any variation
in the expression of the individual descriptors is due
to genetic effects l.e. those ©of clone "or family
(refer to appendix 4). This may be expressed by the

following equation:

Variation in a given variable (descriptor) is

genetic variation which can be represented as follows;

- U+ dy o+ ey 3Rl

Yik i

where Yik 1s the observation corresponding to the kth

replicate of the ith genotype, 4 is the general mean,

di is the ith genotype effect and €k is the random
. ! th - L
component associated with the k repliicate of the i

genotype.

However, variation due to other factors such as

environment and genotype-—-environment interaction is

not included in Uthis model.. iSince . thes 'data: was

collected at one location, variation due to the above

factors is expected to be low or insignificant. Only

differing degrees of shade, resulting from the

different positions of the trees, and the “edge

effect” which may lead to varying temperature, light
3
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and wind conditions, are expected.

The possible consequences of these factors are explored in

Section 3.5,

The R square value (R2) calculated is used to measure
how much wvariation in the dependent variable <can be
accounted for by the model. The larger the value of R2 the

better the model’s fit.

The F value tests how well the model as a whole,
after adjusting for the mean, accounts for the dependent
variable’s behaviour. (If the significance probability is

small this indicates significance.)

The coefficient of variation (e.v.) .ig aused' %o
describe the ' amount| of ' wvariation 'in the populatién.
(Snedecor and Cochean  (1967)) . A, venyi. latge: c.v ‘may
indicate that there has been experimental error or that
there is much inherent variability in the expression of a

given character.

3.2.3 RESULIS

Almost all the variables studied were found to show
very high interclonal and interfamilial variation.
Intraclonal variation was not significant. This wa s

from the F values with significance
~
probabilities, which were less than or equal to 0.0001,

inferred

for all but two cases. The latter involved interfamilial

variation for ovary diameter and washed bean weight, whose



Teble 3.2.1 ANOVA results for the St. Augustine dats.

VARIADLE® MEAN (S.E.)TOTAL F RS o
dar 68
TL (cm) 24.8 (2.5) 834 9.5 0.40 9.9
BL (cm) 11.9 (2.3) 824 4.8 0.25 19.6
VW (cm) 8.8 (1.0) 824 6.5 0.31 182
LWR 2.9 (0.2) 824 9.7 0.40 8.4
AN (%) 63.8 (6.0) 834 16.1 0.53 9.5
BA (%) 105.2 (8.3) 834 70.7 0.83 7.9
SW (mm) 2.2 (0.16) 1589 51.9 0.64 1.3
SL (mm) 7.7 (0.34) 1589 97.8 0.76 4.5
LIL (mm) 3.0 (0.21) 794 43.9 0.75 12
LW (mm) 2.3.00.23) 194 29.9 0.68 9.9
GL (mm) 2.4 (0.21) 794 54.8 0.79 8.4
RL (mm) 3.1 (0.33) 794 43.% 0.79 %9
STL (mm) 5.7 (0.28) 194 $4.0 0.79 4.9
oL (mm) 1.8 (0.14) 794 17.'6 0.66 7.6
0D (mm} 1.0 (0.08) 794 5.6 0.28 TS
ON 41.4 (3.9) 794 24.5 0.67 9.6
STYL (mm) 2.1 (0.14) 794 24.3 0.63 6.6
PL (mm) 14.5 (1.4) 1589 35.2 0.54 9.5
POL (cm) 16.9 (1.7) 219 9.4 0.75 9.8
POW (cm)} 8.2 (0.54) 219 10.7 0.78 6.5
PWT (mm) 1223 Cls V4 219 370 0.89 y.3
FDI (mm) 6.3 (0.77) 219 42.0 0.94 1252
FD2 (mm) 4.3 (0.6) 219 53.0 0.95 1349
POWT (g} 481.6 (113) 219 T~ 4 0.71 2385
PLW (g) 8.9 (3.3) 219 2.9 0.72 T fo
WBW (g) 118.6 (27.4) 219 Tl 0.69 2341
HW (g) 355.6 (85.2) 219 9.0 0.75 23.9
WADW (g} 91.9 (31,3) 3219 3.0 0.49 34,1
MM (g) 27.4 (9.9) 219 9.7 0.76 36.5
.BEN 425400810 29 3.6 0.54 19.0
BwW (g) b=l (0.18) 4399 243.9 0.75 L5 )
BL (cm) 2.2 (0.16) 4399 156.5 0.66 1.4
BEW (cm) PL(0.131 4399 150.2 0.67 1.6
DET (cm) 0.6 (0.09) 4399 100.3 0.59 153

5 E. = Standard error of the samplé mean.

The Model

frui

Error df = Total df - Model df .

all F valués nere significant at the 0.1% level.

gRefer to the glossary for an expl

degrees of freedom (df) (n-1) naS 54 and 52 for 1eaf and

t descriptors, and floner descriptors, respectively.

anation of the acronymns
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F wvalues had significance probabilities of 0.02 and

0.0071, respectively.

The results in Table 3.2.1 indicate that the
ANOVA model does not account for the variation in leaf
descriptors as well as it does for the other
descriptors.

This is concluded from the relatively low R2 values
for the leaf descriptors; less than 0.5. However, the
leaf apical and basal angles did have R2 values greater

than OL5N

The R? values for all flower and fruit variables
were greater than ¢ The exbeption was ovary

diameter, which had an R2 value of 0.3.

The measure of wvariation within the population
for all the variables was relatively low i.e. the c.v.
was less than 40.0. This satisfies the stipulations of
Snedecor and Cochran (1967).

Tha- ac sV tended to be higher for the leaf
variables than for the flower variables. This supports
the findings by earlier workers such as Enriquez and
Soria (1967a and c¢) and Asomaning and Lockard (1963).
The c¢.v. was comparatively high for most of the fruit

descriptors. Thirteen out of fifteen of these

wariables had ¢.v.'® greater than 10.0. The largest

was 37.7 for placenta weight.
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Variables with c.v.'s greater than 10.0 were
basal leaf length, leaf width, fruit mesocarp
thickness, pPrimary furrow depth, secondary furrow
depth, pod weight, placenta weight, wet bean weight,
husk weight, washed bean weight, mucilage weight, bean

number, bean weight, bean width, and bean thickness.

3.2.4 DISCUSSION

From a consideration of the significance of F
values in Table 3.2.1, this study indicates that all
the descriptors included are useful identifiers for

Theobroma cacao L. germplasm collected in North

Trinidad. The descriptors satisfy the conditions of
Engels (1981) and Enriquez and Soria -(1967a) of
showing high variation between clones and a
comparatively insignificant wvariation within clones.
The univariate analyses of variance revealed
significant differences between these accessions and

groups (families) of accessions collected from Peru,

Colombia and Ecuador.

However, the R2 and o values must be
scrutinized. All the flower descriptors had a c¢c.v. of
less than 10%. All the leaf descriptors, except that
for basal leaf length and leaf width, also had c.v.'s
than 10%. Only four of the fruit descriptors;

of less

pod length, pod width, pod wall thickness and bean
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length, satisfied thig condition, however. According
to Enriquez and Soria ERICTE); n eV, of 10% s
acceptable for a character to be used confidently in
description. This prerequisite may be wused to

determine the order of usefulness of the descriptors.

Another criterion that may be used in assessing
the reliability of descriptors is the R2 value, defined
in, section. . 3.2.2% /If this:value:is. cloger.to. one.than
to zero, then the variation expressed for any given

descriptor has a genetic basis.

The leaf descriptors, except the apical and basal
angles, all have an R2 value less than 0.5. This is
surprising because of the high significance
probabilities associated with them. However, the
variability of these descriptors may thus be better
explained wusing environmental factors along with a
genetic one. Goodall (1947) and Asomaning and Lockard
(1963) have also recognized the role of environment in
determining the expression of leaf characters. The
effectiveness of leaf descriptors as distinguishing
characteristics is therefore questionable. However,
the basal and apical angles have been shown to be
better differentiating characteristics than linear
leaf criteria. Furthermore, the ratio of both linear
dimensions appeared to be of slightly greater

descriptive value than the original measurements. (R? -
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0.404 as compared to R2 < 0.4) Asomaning and Lockard

(1963 ) made Bimilar observations.

It may be concluded that leaf descriptors should

not be used exclusively in descriptor lists.

Almost all the flower descriptors seem to be of
great value. This has also been found by Ostendorf
(1956); Engels (1981); and Enriquez and Soria (1967a).
The R? values and c.v.’s obtained in this study support

this.

Ostendorf (1956) and Engels (1981) commented on
the usefulness of ovary diameter as a descriptor. This
study does not clearly support £his finding. Although
the c.v. was less than 10%, the RZ value of 0.3 was

low.

Enriquez and Soria (1967a) concluded that the
length of the main guidelines was the most reliable
flower descriptor. In this study, it had the highest R2
value (0.8), along with staminode length, and a c.v.
o R R Howe?er, the latter descriptor had a lower

¢c.v. (4.9) and so the finding of Enriquez and Soria

(1967a) is only partially supported.

Bartley (1964) noted that ovule number "varies

considerably depending on variety.” Martinson (1976)

found neither season or position of the flower on the

tree to have any significant influence on the ovule
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number. However, she did find that the number was not
constant throughout the year. The results of this
study support the first observation. The effect of
season on the number of ovules was not investigated.
The ovule numbers recorded were, however, not as high
as those mentioned iniothe - “literature " (fifty. 'for
trinitarios and as much as seventy-seven for
forasteros). Therefore it may be important to note
where and when the flowers were collected and to exert

care when counting the ovules.

Seed number had an R2 viailge ol 0Sihand e eiav. of
19.0 compared to an R2 valine ‘of w027 andla i civ. ol 8.6
for ovule number. The latter descriptor is more
reliable. Its value was also noted by Lopez et al
(1988), who described it as a better indicator of

yield than the number of seeds per fruit, which they

found to be affected by environment.

The sample sizes used for flower collection are
relatively moderate compared to those largely

recommended for pods (Engels (1981)). This facilitates

collection. The measurement of these descriptors does

involve laboratory procedures, but their inclusion in

descriptor lists is validated by this study.

Indeed, Ostendorf (1956) proposed that the cocoa

flower can be used as the "most effective character

for distinguishing between clones.” This study
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strongly supports this statement.

Pods are described as the most important organs
of cocoa because of their commercial value (Cheesman
(1944); Wood (1975); Cope, in Simmonds (1976); Soria
(1977)). 1t may thus be important that the pod
descriptors showed significant variation between the
clones studied. However, there was considerable
variation in the population studied for most fruit
descriptors. This was also found by workers including
Engels (1981); Enriquez and Soria (1966); Ostendorf
(1956); Pound (1933); Ruinard (1964); and Soria
(1977). Engels (1981) calculated c.v.'s between 5.4

and 35,475

Toxopeus (1981) concluded that bean characters

were more constant than external fruit characters.

There was no clear support for this observation from
the results of this study.
It appears that no reliable conclusions can be

reached by ”judging the insides of pods alone”, as was

stated by Hart (1893), cited by Pound 193290

This study indicates that fruit wall thickness,

pod length, diameter or width, and total weight are

reliable pod descriptors, as was found by Ostendorf

(1956); and Enriquez and Soria (1966) (refer to table
)

321 for the R2 values and c.v.’'s). Pod width was

found to be slightly less variable than pod length.
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Pound (1932) had a Similar finding. Despite very high
2
ELovalues, all the sthar external pod descriptors may

not be considered very acceptable identifiers because

of their high c.v.’s.

Among the bean descriptors, bean weight had the
highest R? value (0.8). Kuppers (1953) concluded that
this descriptor is the most dependable index of bean
size. Pound (1932) also remarked on its usefulness as
an identifier. The c.v. in table 3.2.1 (17.0) appears

to detract from the validity of these findings.

Bean number and thickness had the lowest
R2 values among the bean descriptors. However, these
values exceeded 0.5. The c¢.v.'s for both descriptors

were less than 20%. : Thus they may be useful

identifiers, as was found by Glendinning (1963).

Bean length was the only bean descriptor with a
c.v. less than 10% and with a R% value of 0.7, it thus
may be the best bean descriptor. Ghosh (1973) and
Pound (1933) found linear bean descriptors to be less
variable than bean number. This study supports the
above observation. In order of usefulness, this study
ranks bean descriptors as bean length, bean weight,

bean width, bean thickness, and bean number.

3.2.5 SUMMARY

1) All the descriptors showed significant
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variation between individual clones (within families)
aﬂd between families of clones. This was inferred from
ihe F valnes (P S¥ar i« 0.0001). (The reliability of
the descriptors is tempered by the size of c.v. and
the R values.) Thus they are useful for
differentiating among the numerous accessions studied.
The populations involved were of diverse origins
(refer to Table .2.1) and.it may be useful to conduct a
similar study using fewer, very closely related
accessions to determine which descriptors are
discriminative, under such conditions. These

descriptors will be most useful taxonomically.

(2) The flower descriptors (quantitative) may be
described as being the most reliable cocoa descriptors
from this study. The staminode 1length and guideline

-~

length are two of the best identifiers.

(3) Pod (fruit) and bean (seed) descriptors were
found to be discriminatory (high R? values), but they
were . rather variable within the population, as a
whole. This detracts from their descriptive value.
Bean length, fruit length, fruit width and fruit wall
thickness were the most reliable fruit descriptors.

The use of larger sample sizes should reduce the

c.v.'’s of the other fruit descriptors.

(4) Leaf descriptors showed less wvariability

within the population than pod descriptors. However,
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the low R2 1 i
values for all leaf descriptors, except
basa'l” angle "C(0°8) ‘dna apical angle (0.5), indicate
that factors, apart from genetic ones, were
responsible for the variation displayed between
clones. These descriptors should thus not be used

exclusively.

(8) 'In order to fully test the reliability of
these descriptors, it is necessary to evaluate their
heritability and the impact of environment (if any) on
their expression (refer to section 2.1.1). The former
task should be performed by a breeder and has been
done to some extent previously by workers sﬁch as
Pound 1933 and ™" 1935)Y “‘and "Engels’ ™ (1986) and'"%g
described by Soria (1977) and Bartley (1981). An’
attempt was made during this study to assess whé&ther
the quantitative descriptors are stable under

different environmental conditions (refer to section

< e
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3.3. THE DETERMINATION OF RELATIONSHIPS WITHIN GROUPS

OF COCOA DESCRIPTORS

3.3.1 INTRODUCTION

3.3.1.1 GENERAL

In order to further evaluate the usefulness of
the cocoa descriptors under study, it was necessary to
establish whether any correlations exist between them.
The existence of such correlations might enable some
descriptors to be disregarded because of their

association with other more reliable descriptors.

Engels et al (1980) found that the peduncle
colour of flowers, pigmentation of the inferior part
of the ovary, pigmentation of the superior part of the
style and the colour of the ridges and furrows of ripe
pods were correlated. Engels (1983a) found that the
discriminative values (Dw) ' for seed length, seed
width, seed width/length ratio, wet seed weight, dry
seed weight and sepal length were "diminished” because

correlation of these descriptors with style

of the
length, a reliable and easily measured descriptor.
Subali and Abdullah (1984) found a very

significant correlation between ovule length and width

and the number of seeds per pod, mean dry seed weight,

mean seed length, width and thickness. Since ovule
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number i8° a very stable character, controlled by
genetic factors (Lucas and Reffye (1981)) and the
variation in the number of seeds per pod is due mainly
to environmental effects (Toxopeus and Wessel (1970)
and  Atanda (1972)), to pollen source (Toxopeus and
Jacob (1970)) and to the availability of pollination
agents (Soria (1981)), then the ovule descriptors are

more valuable.

Correlatioﬁ studies on fruit or pod and seed
descriptors supply a better understanding of fruit
growth and may be of interest for selection work
(Eskes et al (1977)).

3.3.1.2 CORRELATION COEFFICIENTS

Correlation coefficients can be used to determine
taxonomic resemblance, as described by Sneath and
Sokal {1973); and Legendre and Rogers (1972). By
definition, they range from -1 to +1. The coefficient
computed be£ween operational taxonomiec units (OTUS),

uJ—u and nku is defined as follows:

1
PR R T
1—

r, ==
Jk n el 2 o 2
El(x‘]l‘x‘]) lzlkal—xk)
j= =

= of observation i in OTU j
where xjj value
Shd F o~ meantofl all valwes®for SOTUSEH
J

% = number 'of taxonomic URits (e.g.clones sampled).

il

1
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The coefficient, given above, is the Pearson

product-moment correlation coefficient, which is most
frequently employed in numerical taxonomy (Morishima

(1969)) and was used in this study.

3.3.1.3 THE NATURE OF CORRELATIONS

A correlation found between two characters, in a
study like this may be explained either as a valuable
correlation, corresponding to a correlation between
characters, the expression of which would be regulated
by environmental factors, or as an undesirable
redﬁndancy. The latter may be due to the same
structure being unintentionally described twice
tLegendre and Rogers (1972)); to the fact that one
character is a refinement of the other or to the
correlation’s dependence on the influence of
environmental factors. Biological knowledge of the
material under study is thus vital in sorting out the

significance of correlations.

3.3.2 MATERIALS AND METHODS

Data was collected at two sites; the St.
Augustine Campus and the St. Joseoh Field Station.
Fifty—-three clones representing six families were
studied at St Augustine and thirty-one clones

involving four families (ICS, IMC, SCA and SPA) at St.
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Joseph using the methodology described in Section 3.1.
Mean values were used to calculate the correlation

coefficients between variables.

The correlation coefficients were calculated
using the Correlation Procedure of SAS Version 82.3.
Three individual analyses were carried out on
quantitative leaf, flower and fruit descriptors. The
manner of data collection, outlined in Section 3.1,
made it statistically unsound to analyze the data
collectively since it would be impossible to separate

within and between tree correlations.

3.3.3 RESULTS AND DISCUSSION

Table s Ve shows the significant correlation
coefficients found to exist ©between <certain leaf
descriptors of cacao. The results for the: St
Augustine and St. Joseph data suggest that it is not
necessary to measure both total and basal leaf
lengths. This may be an example of the redundancy

referred to by Legendre and Rogers (1972).

The linear leaf measurements are highly

correlated with one another at both sites. The angular

measurements are correlated with one another in St.

Joseph, but are not in St. Augustine. The correlations

between the angular leaf descriptors at St. Joseph

were significant at the 0.05 level.
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At  both sites, one angular leaf measurement ;
basal angle, wa s significantly correlated with at
least one linear descriptor. The latter was total

length in St. Augustine and total and basal lengths

and leaf width in St. Joseph.

Many significant correlations were found among
the flower descriptors. Sepal length and sepal width;
sepal length and ligule length; sepal length and
ribbon length; staminode length and ribbon length;
sSstaminode length and sepal length; and staminode
length and peduncle length were pairs of descriptors,
which all showed significant correlations at the both
gites (refer to Table 3.3.2). These are most probably
genetic correlations and the characters involved are
not redundant or refinements of others (refer to

section 3.3.1.2).



83

Table 3.3 1 Correlations between pairs of leaf

: *]
descriptors based on clonal means of St Augustine and

St Joseph data.

DESCR I PTORS PCC DESCR I PTORS PCC
ST AUGUSTINE ST JOSEPH
TE W D&% TL W 0. 708"
BL W 0. 594"
5 3 4 ABR 085> BL BA 0.43*
TL BA Q. 30" i BA 0.40%*
BL W I e
W BA 0.51%
BA AA Q.3
Prob > IRl under Hy : RHO = 0 + 5% significance level
ee 1% significance level +ese 0.1% significance level

PCC Pearson Correlation Coefficient ’iRefer to the giossary
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Table 3.3.2 Correlations between pairs of flower
descriptors based on clonal means of the St Augustine

and St Joseph data.

DESCRIPTORS Pee DESCRIPTORS PCC
ST AUGUSTINE ST JOSEPH
SL SwW 0, 30™ SL Sw 0. 60™™
SL LIL grseT ™ St E1L LT i
SL RL 0.48™"" gy RL LT i
STL SL 0. 477 STL SL g.58%"
STL PL 0.36* STL PL Q587"
Sw Lw 0 A48T SW RL g, 43"
ST LW 0,45 " L KVPL LIl 0.64"7"
LiL LW G 40T AYPE R 0. 70"
=TL RL 3 Tk L B o g 1 e
SW OL D.45"" . BTL SwW 0.64%""
STL AVPL 049" STL RL 0. 90™"
ON AVPL ~014g*" ON LW ) i
STL PL Q.36 _ON GL 0. 7D
OL STYL D.46""

Prob > IRI| under Hg : RHO = 0 e« - significance at the 5% level

se - significance at the 1% level eee - significance at the 0.1% level
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Significant correlations between the pod and bean
descriptors are given in, Table 33893° There were
Sseveral correlations, that occurred at only one site.
These could not be purely genetic since they were
subject to environmental effects. However, many
correlations occurred at both of the sites studied and

are considered to be controlled by genotype.

Pod 1length was positively correlated with five
other pod descriptors {refer' to Tabla®3.3.3). Pod
width was correlated to six other descriptors, one
being bean length. There were three correlations
involving pod wall thickness; two involving mesocarp
thickness; one for primary furrow depth; nine for pod
weight; three for placenta weight; eight for seed
weight; four for mucilage weight; eleven for husk
weight, including those with bean length, bean number
and bean weight; and four for washed bean weight. Bean
number was correlated with two other descriptors. Bean
length had nine correlations with other fruit
Bean width was correlated with four other

descriptors.

bean descriptors. Bean thickness had no correlations.

There were five correlations involving bean weight

and four for peeled bean weight.

Pod length was correlated with pod width and pod

weight, among other descriptors. The correlation with

pod weight was also found by Ostendorf (1956).



Teble 3.3.3 Correlations betwsen pairs of fruit end
seod descriptors based on clonsl mesns of the St.
Augustine (St Aug) snd St, Josmeph (St Jos) dats.
DESCRIPTORS P -
ST AUQ ST J0s
R4 S 0.50%%* 0.56%*
POL PLWR 0.69%%" 0.36*
o sl 0.68%%* L hod
iy i 0.68%%* 0.68"%="
POL WADW 0.50%%. par
oy 28 (R e 0.30"*"
G POt 0590%%" 1A T g
e Wow R bt 0.67%""
PO ik 0.89""" 0.86%""
PWT MESOTH 0.67%* ol p g
PWT POWT 0.56%"" 0,77
i3 I~ 0.66%%% 0.78%°"
MESOTH HW 0.50%"" 0.55%"
PFD SFD 0.86%%* o g
POWT PLW IS taing 0.66%""
POWT WwBW 0.74%%* 0.83%="
POWT HW 096" 0.99°%"
POWT WABW (Y aged 0.0
PLW Hw 055" 0. s6m""
WBW HW L b 0.74%%"=
WBW WABW 0, 798%" VL gt
POWT 0.66°"" (oI bk
MUW WBW 0. 757" 0.80°*"
MIW HW 0.55%" aydors”
BL POW 0, 60%" " [0 s
BL POWT 0.60%** Lo
BL - WABW 0.5i%" 0.56***
DB\-IT" PBWT 0.90%** 0.99°°°
DBWT BEW 0L60%%" QeI
PBWT BW 0 98% 7 QR 90
PBWT BL QLGS 0110 5t
PBWT BEW 0.64%"" QLT
HW BEN 0 33" 0.43%
HwW BW 0.30% 0.571%"
Prob > IRI dnder Hg & BHO = 0

« -significance et the 5§ % lavel

se -significance at the 1% |

evel

ess -significance at the 0.1 % level

86
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It seems reasonable to suggest that pod length is a
good indicator of pod size and weight. Its inclusion
in a descriptor list may allow the exclusion of the
descriptors with which it is correlated. The results
of Section 3.2 already indicated that it might be one

of the most reliable pod descriptors.

Pod weight showed obvious correlations with the

weights of individual pod components such as placenta
weight, wet bean weight, husk weight and washed bean
weight. The second correlation was also found by
Atanda (1972); Ostendorf (1956) and Ruinard (1964).
The Weighing‘of all these pod components may not be of

any additional value.

Bean length, a reliable descriptor according to

the results in Section 3.2, was correlated with pod

weight, individual components of pod weight, pod
width, average bean weight and bean width. 1t
inclusi&n in a descriptor Fist for cocba i8
recommended and may preclude that of related

descriptors.

Bean number was correlated with wet bean weight
(a finding also of Eskes et al (1977) and Ostendorf
(1956)) and to husk weight. It could diminish the need

for including the latter characters in the descriptor

il

The correlation between total dried bean weight
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(eighty beans) and average bean weight was also found
by Eskes et al (1977); Kuppers (1953); Ruinard (1961);
Toxopeus and Wessel (1970) and Van der Knaap (1953).

It may be unnecessary to measure both characters.

As exXxpected, average peeled bean weight was
correlated with total peeied bean weight; a finding
shared with Ostendorf (1956). However, there was an
unexpected lack of correlation between the latter and
the bean testa percentage. A negative correlation was
expected since the bean surface should increase less
than the bean volume with increasing bean weight

(Eskes et al (1977); Alvarado and Bullard (1961)).

Mature pod and bean length have been found to be
correlated 'with many of the other pod and ©bean
descriptors. Indeed, from this limited study, they may
even be described as useful in representing all the
physical attributes of the cocoa frasty Their

inclusion in a cocoa descriptor it is thus
recommended.

There is no reference to correlations among leaf
descriptors in the literature and thus no basis for
comparing the resulite fof'%this '“study. ¥#THe latter

produced several findings, which may warrant further

investigations, perhaps using other cocoa populations.

However, the results indicate that «certain leaf

dimensions such as total leaf length and apical and



89
basal angles are useful quantitative, leaf
descriptors. Asomaning and Lockard (1963) also made
this observation. Since total leaf length is
correlated to basal angle and leaf width, its
inclusion in a descriptor list may preclude that of

the latter two descriptors.

i Sectlion 320 alfl%¢hd Tisrail descriptors were
feund " to 'bd dsarul. " 'Steminade length and guideline
length were among the most useful. The results of this
correlation analysis revealed that staminode length
and sepal length were correlated with severa! other
descriptors at both sités studied. Since the
relationships between these descriptors must almost
certainly be genetic,. they are valuable. No
correlation was found between sepal length and style
length and because correlation analysis wa s not
performed using all the descriptors collectivqu, the
findings of Engels (1§83a) concerning the importance

of style length would have to ©be verified wusing
Principal Component Analysis (PCA).

Pod and bean descriptors were seen to form groups

of closely related descriptors. This is supported by

the work of Engels (1983c); Glendinning (1963), Subali

and Abdullah (1984) and Ruinard (1961). Bean size

(length, width) was more indicative of dry cocoa

production (total peeled bean weight) per fruit than
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was bean number. This agrees with the findings of
Kuppers (1953); Lachenaud (1984) and Ruinard (1961).
Pod dimensions were correlated with wet bean
production per Erwiits; but not with dried cocoa

production.

Bean number per pod was found not to correlate
between clones with pod size (length, width or
weight). This was also found by Engels (1983¢), who
did find a positive correlation between the two within
c{ones, however. Glendinning (1963); and Toxopeus and
Jacob (1970) found a correlation between the two

descriptors between clones.

This study can be useful in determining a subset

of descriptors that most adequately represents the
phenotypic diversity in the populations studied. This
subset can then be wused to perform multivariate
analyses, such as Cluster Analysis (refer to Section
3.6). Burley and. Barrows (1972), <¢ited by Engels
(1983¢c); and Goodman (1968) recommend the use of only
a few characters in these analyses. The performance of
correlation analysis can also be useful to the breeder
endeavouring to select superior combinations of

characters. Thus a study, such as the one described in

this chapter, is very valuable.
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3.3.4 SUMMARY

A subset of valuable descriptors, that is
indicated by this study, includes total leaf length,
leaf apical angle, petal length, staminode length,
sepal length, ovule number, pod or fruit weight, pod
or fruit length, total bean (seed) weight, individual

bean length and bean width.
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3.4 THE DETERMINATION OF A SUBSET OF USEFUL COCOA

DESCRIPTORS USING PRINCIPAL COMPONENT ANALYSIS

3.4.1. INTRODUCTION

In order to identify a subset of cocoa
descriptors, which convey the main features of the
data collated for the clones observed at St Augustine,
Principal Component Analysis (PCA) was performed.
Engels (1983c) wused Factor Analysis for a similar
purpose. With both techniques, theré is a danger that
the scale of the data matrix will affect the outcome.
Standardization of the data can offset this problem

(Macabe (1984)).

Using PCA, an attempt was made to reduce the
number of quantitative descriptors to less than p,
(where p is equal to the total number of descriptors
(variables) under study) without losing significant

information in the process.

The PCA linearly transforms the variables (xl,
Xoseonos xp) to new variables Yis+-++s Ypo which are
referred to as the principal components. The resulting
linear combination, which has maximal variance is
sought, since a large variance separates out the
observations (accessions), making it easy to detect

the differences between them. The observations, x(i),
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or the wvector of the measurements for the ith
accession or individual, denoted by X1 xi2"""xip'
are transformed to corresponding principal component

scores y(l) = (yil""'yip) (Mardia et al (1979) and

Krzanowski (1987)).

3.4.1.1 REDUCING THE DIMENS IONS

OF THE DATA

Dimensionality reduction is effected P e subdget
(q) of the principal components conveys most of the
sample information inherent in the total number (p) of
original variables. The original observations, x(i),
can be replaced by the first q elements of the
corresponding principal component scores. It the
subset (q) contains two principal components, then a
plot of their scores can be made and would

approximately show the relative groupings of the

accessions under study (Krzanowski (1987)).

The principal components are computed from the
covariance or correlation matrix. When all the
original wvariables are highly wvariable, the principal
components are evaluated Tor the transformed or
standardized variables, each of which has a mean of
zero and a variance of one. The correlation matrix can

be used when the variables have to be transformed.

Procrustes Analysis may then be used as a cross-
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validatory technique to determine how well the
subset/s of data capture the group structure of the
complete data. Such a model-based approach will remove
the subjectivity involved in trying to select
variables based on the coefficients in the first few
principal components. The principal component plots of
the data for the full complement and the selected
subset of wvariables can be compared by finding the sum
of squared differences between corresponding points
(representing the various accessions) of the two

configurations (Krzanowski (1987)).

3.4.2 METHOD

The data set subjected to PCA contained the
average. values of fifty-three accessions for thirty-
five quantitative variables (refer to Table Sl D
All the variables included in the study could not be
used because of the limitations of computer memory.
Consequently, the thirty-three qualitative variables
were excluded. Since the quantitative variables were

highly wvariable, PCA was effected by finding the
latent roots (eigenvalues) and vectors of the
correlation matrix of the data. The vector loadings
(weights) of all the principal components were derijived
and the corresponding contributions of each variable

are specified (as in Table 3.4.2).
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Table 3.4.1 Percentage variation attributed to the

first 10 principal components for 35 quantitative

variables.

Component 1 2 3 4 5
Percentage 23.22 17.00 1058 6E 52 5.85
Component 6 7 8 9 10
Percentage 4.85 4.28 320 DA 282

3.4.3 RESULTS

The dimensionality of the data could not be taken
as two since the first two principal components did
not comprise more than 46% of the +total variance
expressed (refar i to  table '3:4.1). The » first six
components (with latent roots all greater than unity)
accounted for about 76% of the total variance whereas
the first two components should have done this if the
sample information were to be represented accurately

in two dimensions.

Therefore PCA did not achieve the stated
objective of this investigation i.e. of grouping the
variables into about four main components with
eigenvalues greater than 1 (refer to section 3.4.1.2),
as recommended by Jolliffe (1973). The information

given by all the descriptors cannot be conveyed by a
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small subset of descriptors.

However, a consideration of the vector loadings,

relative to the first and second principal components,

may give some indication of the ma jor sources of

diversity among the accessions (refer to table 3.4.2),

but no definite inferences can be made in this

instance.
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Teb ke V35 qun Latent vector loadings of the Ist and 2nd

Principal components for 21 of the quantitative

variables.

Variable* Latent Vectors loadings (weights)
Component 1 Component 2
L -0.097 -0.335
W -0.041 -0.204
AA 0.060 0.067
BA -0.003 -0.345
Sw -0.103 -0.289
SL -0.155 -0.003
STARPTET -0.142 0.218
STL 014 -0.054
OL 0.037 ~-0.264
ON -0.006 -0.298
SEYIE 0.012 -0.230
POL -0.301 0.259
POW -0.293 0.274
POWT -0.355 0.071
WBW -0.241 0.231
DBWT -0.305 -0.033
WABW -0.311 0.025
Bw -0.316 -0.201
BEN -0.146 -0.299
BL -0.339 -0.199
BEW -0.359 -0.059

* refer to the glossary for an expianation of the acronyms
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3.4.4 DISCUSSION

For the sample of accessions studied, PCA was not
useful in revealing a small subset of reliable
quantitative descriptors. The variation in this
germplasm collection has to be attributed to more than

four of the quantitative variables.

An indirect approach may be taken to test the
usefulness of the subset of descriptors obtained using
the correlation procedure described in section 3.3, A
comparison of the groupings (clusters) revealed by
performing Cluster Analysis using all the descriptors
and then a subset/s should indicate whether the
subset/s can be used reliably for the purpose of
classification of the accessions under study. Such an

approach is explained in Section 3.6.

Information obtained through PCA may assist plant
breeders in identifying a limited number of highly
divergent accessions or populations to be selected for

further studies (Veronesi and Falcinelli (1988)),

Although the latter was not an objective of this
investigation, some interesting results were obtained
(refer to table 3.4.3 and tigure . 40171 Twe lve
accessions or clones appear to be distinct from the
others. The former represent five of the six families
(populations) studied (refer vz S A OR[N, S

suggests that geographical origin is linked to the
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Table 3.4.3 Most divergent accessions according to the

1st and 2nd principal

component scores.

Accession 1st pcp 2nd pep
EET" 156 -0.42 -1.44
EET 95 =115 -2.21
ICS 40 -2.91 3..15
ICS 85 161 1.30
ICS 89 3.45 1487
FES “98 202 3,30
IMC 3 2::06 -0.25
IMC 83 -4.33 -1.69
IMC 61 -0.90 -2.94
IMC 65 -0.60 -2.21
SCA 9 5.06 =0.46
SPA 5 3.39 0.73

pcp - principal component score
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Acceossion Number Accession Number
EET 35 1 EET 156 4
EET 272 3 EET 338 4
EET 3395 5 EET 400 6
Lo | 7 ICS 6 8
ICS 16 s cs 22 10
iICs 39 11 ICS 40 12
ICS 43 13 ICS 60 14
ICS 75 15 ICs 79 16
ICS B4 17 ICS 65 18
ICS 83 19 ICS =5 20
«S 98 21 LS itC 22
w-C 3 23 Lo o83 24
wiC 6 25 Lo o 26
~iC 16 27 waC 23 28
BiC 45 29 L o] 30
wC 51 M ~C 55 32
wC 67 33 wiC € 3«
~MC 65 s ®iC 67 36
®iC 78 37 C §3 38
wiC 85 35 T e« 0
wC 96 41 T 10z a2z
wiC 107 43 SCA € a4
SCA 8 45 SCA S 46
SCA 11 47 -scA iz 46
SCA i 49
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genetic diversity displayed. Cluster Analysis could be

used to confirm the validity of this inference andthis

is done in section 3.6,
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3.5 AN ASSESSMENT OF THE EFFECT OF ENVIRONMENT ON THE

PHENOTYPIC EXPRESSION OF TWENTY COCOA CLONES

3.5.1 INTRODUCTION

The relationship between genotype and environment
is of great interest to plant breeders (Allard and
Bradshaw (1964); Freeman (1973); Hill (1975); Hardwick
and Wood (1972); and Simmonds (1981)). It is important
for them to know whether preferred genotypes are
stable under slightly differing environments before
they make selections. When a descriptor list is being
compiled, it is important to note the environmental
conditions . under whiéh sampling is done and to be
aware of the impact of environment on the expression
of the descriptors. As outlined in gection 20101,
reliable descriptors are stable under differing

environmental conditions.

In this study, an attempt was made to determine

the significance of the effect of environment (site)

on the phenotypic expression of some Theobroma cacao

t e clones. A detailed study of individual

environmental effects such as those of soil and

climate was not done. However, many such studies have
already been conducted at the Imperial College of

Tropical Agriculture tnow . U 1. (albeit under

controlled conditions) as is described subsequently.
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The effects of genotype (G) and environment (E)
were separated inp this study by the use of variance
components. However, no analysis of Genotype-
Environment (GE) interaction was attempted as this

would require a more detaijiled study.

3.5.2 MATERIALS AND METHODS

The data analysed in this investigatibn were
collected as outlined in Section 3.1 and represented
twenty clones from four families, common to the s Sta
Augustine and T Joseph Bites, which are Sh
kilometers apart (refer to appendices 1 and 2a and b).
The study may be limited since it has been stated,
that the more diverse genotypes that are used, the
more accurately the environment is expected. to be

assessed.

Care was taken to ensure that the methodology
employed was consistent over genotypes and between
sites. Since vegetative growth and seed growth and
development have been shown to display seasonal

behaviour  "(Alvim (1967): Are and  Ktanda (1972);

Toxopeus and Wessel (1970)), the data were collected

during the same season or harvest period at both sites

under study.

In Section 3.2, an account was given of ‘thes

assessment of intraclonal variability in ‘the data
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collected jp St. Augustine. The variability was not
significant, Thus the data in this study wag analysed
by Multivariate Analysis of Variance (MANOVA ) using
maans ' ‘for  asch Bite (refer 'to appendix 5 for an
example of the MANOVA output). This ijsg Ssimilar to the

method of Freeman and Perkins G e bt )

The mode] used in thig investigation to test the

effect of environment jg -
Phenotypic variation ' = geénotype effect ( family +

clone or "number” (family)) + environmental (site)

Yij'ﬂ+G1+Ej+eiJ- 3.4 4
The variable, ¥i of . the '§¢8 genotype, in 'the jth
environment, is regarded as being comprised by the
general mean, viile a genotype effect, Gi; an
environmental effect, Ej; and random error, € -

The hypothesis (Ho) being tested is that there ig no

significant difference between the means of individual

variables at the two sites.

3.5.3 RESULTS

3.5.3.1 A COMPARISON OF THE ENVIRONMENTAL FACTORS

EXISTING AT THE TWO SITES UNDER STUDY

The total annual rainfall, over the seven years
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prior to 1985, was consistently higher in St.
Augustine area. The exception was in 1983 (refer to
Table LT S Unfortunately, mean annual maximum
temperature, relative humidity and hours of sunshine
data were not available for St. Augustine over this
period. However, seasonal temperature variation in
Trinidead is ‘only about 2-3°C in the mean (Bacon and
Cooper (1981)). Diurnally, the variations are greater;
10-15°C. The absence of the aforementioned temperature

records may not be critical.

Some relative humidity data were recorded in SR
Augustine and St. Joseph for four months each, in 1984
and 1985. (The data were collected between 8.00 am and
10.30 am.) Thus some comparison may be made betwéen
the two sites. There are no significant differences

between them (refer to Table 3L 5.2

of the weather data recorded, only rainfall
differences can be referenced to explain any
phenotypic variation in the c¢lones.  The slightly
higher precipitation in St. Augustine may result in
greater vegetative growth and abundance of flowering

there.

Soil data for the two sites is given in Table
3.5.3 The soil samples were taken at a depth of 0-60
ins below the surface, in all but one instance (Refer

to Table 3.5.3). Among the features, which seem to
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Table 3.5.1 Temperature and total annual rainfall data for
St. Augustine (St Aug) and St. Joseph (St Jos).

(After Soil Sciences Dept., U.W.I1.)

Mean Maximum Temperature (°C) Annual Rainfall (mm)
Year St Aug St tloes (SD) St Aug St.dos
1979 o 3131¢0.50) 2432 2292
1980 ) 31:9¢1.69) 2180 1944
1981 s + :31.5¢0.58) 2615 2015
1982 L 3150(0066) 2010 1776
1983 53 32.0(0.84) LS7T 1798
1984 a 31.4(0.69) 1895 1818
1985 4 31.0(0.60) 1885 1848

SD standard deviation



Table 3.5.2 Relative Humidity Data for St. Augustine

and St Joseph.
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Month Year Relative Humidity (%)
St Aug St Jos
August 1984 93 96
September 1984 93 95
October 1984 74 88
December 1984 7 k 70
Annual Mean 1984 83 87
January 1985 75 68
February 1985 55 57
March 198S 70 67
April 1985 74 71
Annual Mean 1985 68 66
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Table 3.5.3 Soil Datae for the two sites

(After Brown and Bally (1970))

Factors Site

St Aug Series St Jos Series Minimum

———————————————————————— Requirement

(Mean(SD)) (Mean(SD))
1) Drainage Well drained Well drained
2) Topography Flat Flat
3) Soil type Clay loam Sandy loam
(0-60 ins)™
4) pH G, 0208 529) 6.62(0.34) 6.5
5) Coarse sand 7.83(3.66) 10,83 (10,42
(% oven dried soi)®
6) Fine sand 20NB31 2 .8) 63.50(10.86)
7D 23.3302.42) 11.50¢(5.99
8) "Cliay 49.00(5.62) 13.33(4.46)
9) Ca (m.e./100g.78(4.55) & b i (8 P 8
oven-dried soil.)
10) Mg 0L 72 (0 454) 1.93(282) 2.00
T K 0.043(0.04) 0.003(0.005) 0.240
12) Na 0.500(0.47) 0.013(0%015}
13 ) 1C/NUratione 16 .23(1.47) 8.16(0.65) 9.50

(0-20 ins depth)

* same for 3) - 13). * same for 5) - 13). SD -standard deviation
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differ significantly, are the percentage of sand and
clay. The St. Augustine series is a clay loam and the

St. Joseph series a sandy loam.

The level of calcium (per 100 gm. of oven-dried
soil) is different between sites.That of the St,.
Augustine series is 6.78 m.e./100g oven-dried soil and
St. Joseph 18/°3.17 (Brown iand Bslly  (19703). This
should be compared to the limits of adequacy for cocoa
clay soils of 8 m.e.*/100g oven-dried soil (Bacon and

Cooper (1981)).

The level of magnesium at St. Augustine (0.72
m.e.*/100 gm. oven-dried soil) is lower compared to
that at St. Joseph (1.93 m.e./100 g oven-dried soil).
Both levels are below the 1limits of adequacy (2.0)
proposed
by Bacon and Cooper (1981). The effects of low
magnesium may be more detrimental U BT s Joseph

because the soil is sandy.

The Fe/N ratio is higher at St loseph, (8.2
me/100 g oven-dried soil) than at St. Augustine (5.1
me/100 g oven-dried soil), in the first three inches
(Bacon and Cooper (1981)). These levels are below the

limits of adeguacy (9.5 in the top 0.6 inches).

The shade trees planted at the two sites are also
differents +In  StutjAugustine, shade is provided by

Immortelle (Erythrina poeppigiana) trees and banana
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(Musa sapientum) cultivars. Pine (Pinus caribaea) and

Immortelle trees and banana plants provide shade at
the St. Joseph site. The pine trees account for the

heavy peripheral shade existing at the latter site.

3.5.3.2 Differences in the expression of descriptors

between sites

The MANOVA performed revealed that 24% of the
descriptors studied varied significantly between sites. of
these, 17% were leaf characters and the remaining 7% were
floral. Thus the environment did seem to have a greater

impact on the expression of vegetative characters than on

reproductive ones.

3.5.3.2.1 Variation in the expression of leaf

descriptors between sites

The differences between the mean leaf values recorded
at the two sites were significant for all the descriptors
measured. The variation was significant at thel-P< 0,001
level for total leaf length, basal leaf length and leaf
width. It was significant at the Po 0005 lleyel tifiopithe
remaining leaf descriptors; apical to basal angle ratio,
length to width ratio and apical angle. The

basal angle,

results are shown in Table 3.5.4. The model (refer to

3.4.2) tested to explain the variation in the expression

of leaf characters at the two sites was effective. This is



Table 3.5.4 MANOVA results for the

leaf data.
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Variable Mean F CuNi. F
(unit) (S.E.) (model) (site)
TLL(cm) 245101 5) g iy 2 81 6. a2
BLL(cm) 114803 03D w8 s i 11 28,9700
LW(cm) 8.5(0.6) 108 L .79 6. 23 .80
LWR 2.8.¢c0.1) D3 .32 4. 4.8%
LAA(®) 57.8(8.2) g.9f8 <51 14. 4.0
LBA(®) 107.5¢3.7) 5.5 .88 9. 8.9%
ABR 1.9 (0.3) Do k| 14. 20, 9%

« significant at the §X level.

ee significant at the 1% level.

ewe significant at the 0.1% lavel.

total df = 39, model df = 20, error df = 18; site df = 1, family df = 3, number(family) df = 16.

Refer to the glossary for an expianation of the acronyms.
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evident from the R? values. The inter-familial
variation was significant for all the leaf descriptors
except apical angle. The genotype-phenotype
relationship is thus illustrated i.e. the expression

of the leaf descriptors has a genetic basis.

3.5.3.2.2 Variation in flower descriptors between

sites

Three of the thirteen flower descriptors observed
varied between sites. Two were significant at the
P=<0: 05 level. They were sepal length and r;bbon
length. Staminode length showed significant variation
between sites at the 0.01 level. No flower descriptors
differed significantly between the sites at the P<

0.001 level. Tt appears that the wvariation, that

exists, is not highly significant.

The model tested did account for variation in the
phenotype of the clones between sites (refer to Table
3.5.5 "torsthe R2 values.) The inter-familial variation
was significant at the 5% level for all the floral

descriptors, except ovary length, ovary diameter and

style length.

3.5.3,2.3 Variation in fruit descriptors between sites

There was no significant environmental effect on

the expression of all the measured fruit descriptors



Table 3.5.5 MANOVA results for the flower data.
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Variable Mean F R2 Ca N F

(unit) (S.EL) (Model) (Site)
SW . (mm) | 2.% (0.2) e B aenn 3,204
St (mm) ' 78 (0.6) 3.1 .69 7.0 b %

R 346033 .0 I3 A - By
LL (mm) 2.9 (0.3) 5 A R o S T
Ewilam)  2.3700002) 200" LT L e
RIE{mm).  3.3.40.3) g 50" b iR 1 4 8%

GL tmm) 2.5 (0.3) 3 Ly iy e O oy bl
AVPL (mm)8.6 (0.7) 2.2 R it o 2,80
STL {mm) 58 '(0.4) 25" o R 710 R O b

OVL (mm) 1.9 (0.2) g6 WO L
OVD (mm) 1.04 (0.1) 1. 96" % BT AL o
ON 43797°¢4.2) 2ue" Bl g il i o
STYL (mm)2.1 (0.2) 1 380" Bl A P ks
PEL (mm) 14.6 (1.4) LeT .74 9.6 I R

total df = 39, model df = 20, error df = 19
aite df = 1, family df = 3, number (family) df = 16

« 5% level of significance

es 1% level of significance see 0.1 % level of significance



Table 3.5.6 Manova results for the fruit data.
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Variable Mean F R? . F

(unit) €SLE.) (Model) (Site)
oL (em) - 6.4 (1.1) 537" 0.85 6.7 St
POW (cm) 8.2 (0.4) 1297 590 4.7 guzn®
PLWR 28 (051 3.2" 0.80 6.9 1870
PWT (mm) 12.3 (1.8} S0 T 0.80 14.6 |
MESOTH(mm) 3.6 (1.3) 2.4 0.70 155 g.2n®
FD1 (mm) B. 41 : I e 0.77 21.9 2,008
FD2 (mm) A&7 (1,30 2.9% 0.75 27.8 T
POWT (g) 28776 L T751) 10 4T g 80 15.8 [
PLW (g) 10,0 (2.6) ot 0.85 263 PR s
WBW (g) 118.8 (2148 487" 0.83 18.4 2.1
HW (g) 5810596 119" T a6 16.6 g.3"%
WABW (&) g8Lob 33,30 Fln6T 0.63 25.9 g 19
MUW (g) 29.8 (9.7) 4. 5" 0.83 328 4.2
BEN 44.9 (4.8) x5 : i 10.6 A
DBWT(g) e G 10,571 099 9.5 e
PBWT(g) W75 I 0.90 10.7 .48
SCWT (g} “8.8 £3:0) e 0.58 33.6 O
SCPE (%) 1174 €3.9) s 0.51 34. 3 # 0 Al
BW (g) g, 9 %8.1) v 0.89 13.8 3070
BL (cm) 2.1 0001 % e 0.70 5.6 Al i
BEW (cm) [ L &b Z AT 0.70 13.4 70 g
BET (cm)'™f 0.59% (071) g.3% 0.7 11.8 7

total df = 39,

« 5% lavel of significance

model df = 20,

ee 1% lovel of significance

error df = 19 site df = 1,

family df = 3,

ess 0.1% lavel of significance

number(family) df = 16
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except one; secondary furrow depth (refer to Table
3.5.6). The significance was at the P< 0.05 level.The
effect of genotype (family) on phenotypic expression
was marked. Only primary and secondary furrow depths

did not vary significantly between families.

3.5.4 DISCUSSION

The results of this study indicate that the
variability of —cocoa leaves is explained by both
genotypic and environmental effects. Enriquez and
Sodia (196 7c): . Goodalll (184123 Ostendorf (1956) and
Asomaning and Lockard (1963) are among workers, who
commented on the high intraclonal variability
displayed by the growth habit and leaf characteristics
of cocoa. They partly attributed this variability to
environmental factors. Asomaning and Lockard (1963)
noted significant variation in leaf characteristics
within trees and reported that leaves exposed to more
light are smaller than those produced in shade.
Goodall (1947) found highly significant differences in
leaf area within the same tree, which could be

attributed to photoperiod.

Several factors may contribute to a difference in
the water and nutrient uptake by the plants and
consequently to a difference in the leaf sizes at the

two sites. The soil types differ to some extent, as
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shown in Table 3.5.3. The spacings between blocks or
fields of trees are not the same at both sites (refer
to table '3.5.7a). There may be different rates of
evapo-transpiration in peripheral trees because of the
varying exposure to light and wind (refer to Table
3,56 .7b Tor.  light" intensity data). Iniaddition, the
monthly rainfall amounts are also slightly different
at the two sites, as shown in Tabile Y38 and “the

density of undergrowth is not uniform.

Table 3.5.7a shows that the spacings between
trees are larger in St. Joseph than in St. Augustine.
Furthermore, the trees in St. Joseph (twenty-one years
old when the data were collated) are four years
younger than those in St. Augustine. Their canopies
may be narrower and may allow more light penetration
within the blocks. Enriquez and Soria (1967c) cited
the density of the shade canopy as one of the probable
causes of the variability in leaf <characters. The
above factors allow greater light penetration of the
canopy i g Joseph resulting in lower relative
humidity. There was denser undergrowth in St. Joseph
during the period of study. This may have led to

increased competition for nutrients and water.
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Table 3.5.7a Spacings between trees at the sites

studied.

St Aug St Jos

Field Spacing (ft) Block Spacing (ft)
9 § x5 1 12 "X

10 SixiS 5 12 x 8

1 SEes § 6 12 x 8

12 SHxE8 7 12 a8

14 S 2o 12 128 x '8

16 4 x 6 17 12 %8

17 5 v 18 1218

19 320 x58

Table 3.5.7b Mean Light intensity values in one field

at each site.

St Aug (5x5) Sthlos «(12x3)
Location Light intensity™* Location Light intensity
S B 12.79% S B 0.06
E B 0.24 E. B 0.34
W B Q.35 W B 0l 2319
N B 3..36 N B 6l
Centre 0.04 Centre 0.0S
S B - South Boundary. E B - East Boundary.

W B - West Boundary. N B - North Boundary. Centre- middle of field.

« This periphery is bordered by a fairly wide path, faciitating light penetration.

selight intensity is measured in photons.
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The leaves from St. Joseph were significantly smaller
than those from St. Augustine (refer to Tables 3.5.4
and 3.5.8 and figure 3.5.1). This was expected because
of the higher competition for water and nutrients and
the relatively lower total annual rainfall for St

Joseph.

The three (out of thirteen) flower descriptors,
which differed significantly between sites; sepal
length, ribbon length, and staminode length have
means, which are shown in Tables 2.5.5 and 3.5.9 and
figure 3.5.2. It can be concluded that most of these
characters are not affected appreciably by any
environmental difference, that exists between the two
sites. j@mperature and rainfall are important for the
occurrence of flowering (Alvim (1967)). However, it
has not been shown whether these and other factors
affect the size of flowers. These results indicate
that, whatever the effects the factors have, they are

not very marked under these conditions.

Alvim (1967) and Wood (1975) state that when
there is no great seasonal difference in temperature
and rainfall, cocoa behaves as an "over-flowering”
plant. Alvim also reported that flowering is reduced
by a ”slight decrease in temperature and day-length.”
The number of flowers per cushion and abundancy of

cushions may thus be more affected by weather changes



Lermd

o E AN

QUT
110 4 K@

100 - 7

90 S

80
10 A K/

60 ;ﬂ

50 - w

4GJ

30 - / N

0 W

10 - \

0 S_ N L \ s
1 oL ¥ (iR LM MR

77} STAJGUSTHE i UESCR]NORSES] SLIOSEN!

FIGHURE| 3.5, 1 Leaf descriptors St. Augustine
vs. St. Joseph



MEAN (rmm>D

N N

Zﬁ N\

i) I

S RL St

FLORAL DESCRIPIORS
/7] SIAUGUSIHE SIOSEPH

FIGURE 3.5.2 Floral descriptors
St. Augustine vs St. Joseph

120



Table

the two sites.

3.5.8 Mean

values for

the

121

leaf descriptors at

Variable

St Aug

Mean (S.D.)

St Jos

Mean (S.D.)

TLL (cm) 250 (2.2) 22.6 :(1.9)
BLL (cm) 126 (1.8) 10.4 (0.8)
LW (cm) 8.9 (0.8) 8.1 (0.6)
LWR 2.59.10.2) 2.8 10.2)
LARL LR 60.6 (4.4) 54.9 (10.0)
LBA () 102,916,663 112.0 (17,92
ABR 1,69, {0.3) 2.1 (0:3)
Table 3.5.9 Mean values of flower descriptors that

differed significantly between the two sites.

Variable

St Aug

Mean (S.D.)

St Jos

Mean (S.D.)

SL (mm)
RL (mm)

STL (mm)

A et 2
3.2 eDs)

567 0046)

8.0 €0.7)
3.4 (D.5)

5.9 (0.86)
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than flower dimensions. The latter may be described as

more stable under varying environments.

The absence of a significant variation between
the two sites in the phenotype of pods could signify

that the conditions affecting pod growth and

development are fairly homogeneous in the St
Augustine - St. Joseph areas. The single descriptor
(secondary furrow depth), that was significantly

different between the two sites (at P<0.05), may be
less buffered against environmental differences. (The
concept of buffering is discussed by Allard and

Bradshaw (1964).) A similar finding was made by Pound

(1932) and Enriquez and Soria (1966).

A considerable amount of research has been done
to elucidate how environment affects'the expression of
fruit characters. Ghosh (1973) proposed that variety
and growing season were the most important factors
likely to affect numerical bean values. However, wide
variations in mean bean weight were reported when the
same progenies were planted under different
environmental conditions. Ruinard (1964) also stated
that growing and maturing conditions, created by
location, climate and pests (along with genetic
factors) accounted for variation in bean weight. Van
der Knaap (1953) found that edaphic conditions had an

important effect on bean size. Toxopeus and Wessel
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(1970) saw a decrease in average bean number with the
age of the tree, related to a changing distribution of

pods in relation to the position of the tree.

The previous findings demonstrate the effect of

environment on the phenotypic expression of fruit

characteristics. A more detailed study in Trinidad may

be required to observe these effects.

3.5.5 SUMMARY

1) The two sites studied did not differ greatly, but
the clones studied may be more buffered against these
environmental effects with respect to their
reproductive features. A study i of < more distinctly
different sites and the roles of specific and additive
environmental effects is perhaps warranted.

2) The most important indication from this study is
that floral and pod descriptors appear to be more
stable under varying environmental conditions than
vegetative or leaf descriptors. Similar observations
have been made by Enriquez and Soria (1967a and ¢),
Engels et al (1980) and Ostendorf (1956). This is a
significant finding since it must be considered during
international collaboration. Comparisons of the same
accessions at different locations or in different

countries should not be made without a consideration

of the environmental conditions.

3 [t is'  thersfore useful to record the growth



124

environment of plants, whose features are being

assessed for the purpose of descriptor list
compilation. This has also been stressed by many
workers including Erskine and Williams (1980), who

made this observation specifically for seed-propagated

CTOpS.
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3.6 RELATIONSHIPS BETWEEN COCOA CLONES

3.6.1 INTRODUCTION

The objectives of this investigation were to
characterize or elucidate the relationships among the
clones observed at o Augustine using all the
descriptors recorded, and then to determine the
smallest subset of descriptors that could do this
effectively. 1t was hoped that this subset would
contain the most useful descriptors, which would be
recommended for inclusion in 8 concise descriptor

list.

1t was also hoped that the investigation would
reveal whether geographic origin is reflected by the
genetic relationships between the accessions studied
or whether the accessions from the Amazon Basin (refer

to Appendix 3) represent a single population of

Theobroma cacao L. The absence of distinct groupings

in the germplasm under study would support the latter

hypothesis.

1t has been suggested that the clones under
investigation belong to six populations (refer to
tables 1.1 and 2.1). Five of these, represented by
thirty-seven clones, originated in the Upper Amazon

region, the reputed “centre of genetic diversity” of
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cacao (Cheesman (1944)).

The SCA and IMC clones originated in Peru
(Posnette, in Toxopeus (1981)) and are forastero
(refer to section 242 3h1Ds This material was
described as unique by Posnette (1981), the IMC clones

being uniform in fruit and vegetative characters. The

SPA clones, which are from Colombia, also display
forastero characteristics. It is not <clear whether
they are Yamazon forasteros” or "forastero

trinitarios”.
The EET and E clones from Ecuador are the product

of hybridization. More variability is expected within

such a population.

The sixth population, comprising Imperial College
Selections (ICS) evolved in Trinidad and is also the
product of hybridization. These sixteen accessions
were selected by Pound in 1932 and are "trinitarios”

(refer to section B I sl 2

3.6.1.1 ENVIRONMENTAL CONDITIONS AT THE COLLECTION

SITES

This germplasm, collected by Pound, was obtained
from the bordering areas of Colombia, Ecuador and
Peru. In Colombia, the areas surveyed by Pound were

the Upper Putomayo and Caqueta valleys (altitude of

1000 metres). He collected in the Upper Napo and
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Putomayo valleys in Ecuador and near Rios Maranon and

Amazonas in Peru.

The soils at the Colombian and Ecuadorian sites
are alluvial and that in Peru is described as of a
"good structure” and rich in potassium, nitrogen and
potash. The Trinitarios in Trinidad probably developed

on. . silty clay sail.

The mean annual rainfall in Colombia was 1000 mm
per year in 1958 (Anon, 1959). The mean maximum
temperature was 24°C and the relative humidity was 50-
90%. In Ecuador, the mean annual rainfall was 1200 mm,
the mean maximum temperature was 222279C . dndvothe
relative humidity was 70-91%. An average mean annual
rainfall of 1200mm was recorded in Peru along with an
average maximum temperature of 24°C. No relative
humidity data were given. The rainfall in Trinidad was
about 1200mm, the average maximum temperature was 30-

35°C and the relative humidity was about 75%.

These figures allow some comparisons of the
collecting sites to be made, but may not reflect the
existing conditions at the t ime of collection.
However, such data may be used with more detailed
geographical information to partially explain the
evolution of distinct genotypes in the Amazon Basin.
Since most of this germplasm was collected in valleys,

the populations were geographically isolated from one
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another. Consequently, the process of speciation,
which results 1n the emergence of divergent
populations wvia natural selection and mutation, was
favoured. The presence of marked genetic diversity
within the group of accessions under study would

support this hypothesis.

3.6.1.2 THE IMPACT OF ENVIRONMENT I[N THIS STUDY

The impact of environment, on the expression of
the characters observed in this study, may obscure the
real relationships among the clones and the degree of
genetic diversity observed within the ﬁroup. However,
large differences in field conditions at the st
Augustine site ‘were not apparent and this impact

should be minimal (refer to section 3.5).

3.6.1.3 CLUSTER ANALYSIS

Cluster Analysis, a multivariate technique for
ijdentification 1in numerical taxonomy, Wwas employed to
achieve the aforementioned objectives (refer to
section 3.6.1). | is a procedure that assigns
observations into groups such that each group reveals
some distinct characteristic of the sample (Sneath and
Soked (1973)0nlaci «(1978), and Mardia et al (1979)).
Specimens may Dbe placed into hierarchical groups,

indicating the various levels of relationships between
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the objects, which form clusters (Rao (1952) and
Edwards and Cavalli-Sforza (1965)). (Descriptors could
be clustered by clones to determine <correlations
between them (Sokal and Sneath (1973) and Engels

(1983¢c))).

The similarities and differences between the
accessions can be represented in a simple tree diagram
or by a dendrogram, which provides a scale showing at
what level of similarity units or clusters are fused

(Spencer (1984)).

The clustering procedure involves the calculation
of a similarity measure Dbetween afl the pairs of
objects in the study. Individuals or groups are fused
when their average similarity is greatest (Orloci
(1978)). The clusters become more and more inclusive
as the similarity level drops and the procedure stops
when all the objects form a single cluster (Legendre

and Rogers (1972)).

The hierarchical, average—linkage clustering
technique, first proposed by Sokal and Michener,
(Sokal and Sneath (197 3)) wa s used in this
investigation and begins by forming one cluster for
each unit (clone) in the analysis. The two closest
clusters are combined into one cluster, then the two
closest of the new set of clusters are combined into a

single cluster and so on. This technique allows the
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formatiom of non-overlapping groups (Le Gendre and

Rogers (1972)).

The hierarchical tree does not itself provide a
classification. This can be derived by cutting the
dendrogram at some arbitrary level of similarity. Each
cluster then consists of samples occurring on the same
detached branch of the dendrogram (Genstat 5 Committee
(1988)). The one-dimensional representation of the
relationships by the dendrogram may not be enough to

recognize distance patterns (Morishima (1969)).

3.6.2 METHOD

Hierarchical average-linkage cluster analysis was

used to examine how :

i) all the descriptors i.e. thirty-five

1

quantitative* and thirty-three

qualitative*2 ones
ii) the thirty-five quantitative*1 descriptors

iii) twenty-one guantitative de-sc:riptors""3

iv) the thirty-three qualitative*2
and
v) a subset of thirteen qualitative and
twenty-one quantitative"‘3 descriptors
classify the fifty-three cacao clones studied at St.

Augustine. A mainframe cluster analysis package

(CLUS), belonging to the Caribbean Agricultural
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Table 3.6.1 The descriptors™ used in clustering

the fifty-three clones observed at St Augustine.

GROUP ii GROUP iv GROUP iii*
and v
Th, Wi AL BE AS, BS, PS AS, BS, PS
SW, SL, LW, FC, BCL.BtLa8P L FC, 8C. FLC
5T, OL,. BD GR,. LCRE PAC, PEC, POSH
oM. STYL. 3Pl TG, ORC, . OAC PAE,. . PST,. BEC
POW, POL, PWT STL, FLC, AD BES, (TL, W
FD1, FD2, POWT PAC, PAPC, PEC AA, BA, SW
PLW, WBW, DBWT PRCI, PFCI 8L, APLL, BT
PBWT, SCWT, BW PRCM, POS oL, . BNy - 8TYL
BL, BEW, BET POSH, PBC POWT, WBW, WABW
HW, WABW PAF, PST MUW, BEN, DBWT
MUW, BEN PFD, PFS BW, BL, BEW
APLL, MESOTH HH, PUC POL, POW)*

BEC, BES

e refer to the glossary

the group iii) descriptors are enclosed within parentheses in column 3.
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Research and Development Institute (CARDI) library,

was used to analyse the data sets.

The groups of descriptors (ii-v) are listed in
table 3.6.1. All the qualitative descriptors recorded
in this study were used. Nine of the forty-four
quantitative descriptors observed were excluded from
group {0 These were all refinements of other
descriptors included in the analysis. This conforms
with the recommendation that only characters which
provide independent information on taxa be used in
clustering. Group (iv) contained a subset of
descriptors, which was indicated to be reliable by the

preceding analyses.

The variables used are disparate and the data

were standardized before analysis, as recommended by
Krzanowski (1987). The distances between pairs of
clones were calculated using similarity matrices. The
nauc lidean . distance® or ED was the dissimilarity
criterion or distance measure. The latter is defined
as follows:

Let iy ihe s an (n Sx o p) ~data‘matrix  with rows
x'l,....x’n (where n = total number of variables and p
is the number of units) then the euclidean distance
between the accessions or points X, and x‘j is dij

where

2 P 2 2
d ij=2 (xlk—xJk) ” xi “xj “ b
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3.6.3 RESULTS AND DISCUSSION

The results of the <clustering procedures are
depicted in the dendrograms below (refer to figures

3601 = 3i645)n

Clustering the accessions using the full
complement of variables (sixty-eight) revealed that
the group 1is genetically diverse. Several distinct
clusters were formed. The clusters formed by most of
the clones of Amazon origin were homogeneous.
Therefore these accessions can be differentiated

according to their geographical origins.

Seven clusters were formed where the accessions
were separated by an euclidean distance GED s ofhd .43
or lesé, corresponding to about a 50% phenon (where a
50% phenon connotes a group of accessions affiliated
at no lower than 50% on the similarity scale used in
the analysis (Sneath and Sakal 161973))) yelrefer (o

figure 3.6.1)-

Thirteen of the twenty-one IMC clones formed a
tight cluster at the aforementioned level of
similarity (refer to figure 256, 1), Six .of theTether
IMC clones were clustered in correspondence to an ED
of 1.25 or less and the last two were widely separated
in the dendrogram. IMC 55 did not belong to any
cluster and must be distinct and worthy of special

attention. The work of Sir ju-Charran et al
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(unpublished) also indicated that homogeneity exists
within the IMC population. The thirteen IMC clones
they studied were classed as two types according to

their isoperoxidase banding patterns.

SCA 8, 6, 19 and 9 were grouped together |in
correspondence to an ED of 1.13 or less. Two of the
SPA clones (SPA 10 and 9) were clustered together (ED
- 1.14), but were widely displaced from SPA 5. The
relationships between the latter Amazonian clones
might have been more clearly elucidated if more SPA

clones were included in this study.

The hybrid populaiiohs were in scattered groups
demonstrating a pattern of segregation. Two of the six
EET clones were clustefed together when an ED of 1.13
or less was applied. The ICS clones were grouped in
three distinct clusters in correspondence to an ED of
1} D s e 10S. h-ed 60 1100, @39 and 40, all

criollo types (Lockwood and Gyamfi (1979)) with

anthocyanin-free pods, formed one cluster. The
accessions ICS 1:67; 79, 75 and 85, which have
intermediately pigmented pods, were grouped together.
The typical trinitario types, ICS 95 and 98, with
intensely pigmented pods, were grouped in the same
cluster. The consequences of hybridization viz
increased heterogeneity, was demonstrated by these

clustering patterns.
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Dendrogram showing relationships between 53 cacao
clones after cluster analysis on the basis of the
standardised variable-group method using 68
(quantitative and qualitative) varieties. (The
clusters of clones on the horizontal axis are
numbered and correspond to about a 50% phenon,

The ordinate is the euclidean distance between
clones.)
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The results of Sirju-Charran et al (unpublished),
concerning iso-peroxidase banding patterns of some EET
clones, also indicated that heterogeneity exists

within this population.

E S7:5% the only clone from its population
included in this study, formed a cluster with EET' 95
in correspondence to an ED of 1.29 or less. Both of
these clones were obtained from Ecuador, but more
accessions from these populations must be studied
before a decisive link between population and

geographical origin can be established.

3.6.3.1 The results of clustering using thirty-five

guantitative variables

When clustering wa s done using thirty-five
quantitative descriptors, eight clusters were formed
in correspondence to an ED of 1.16. Seven of these
contained less than six members and the other
contained eleven. The overall pattern of clustering
bore a fairly close resemblance to that obtained using
the full complement of descriptors (refer to figures
g B and S8R MO B 16, 45,51 and 57 ‘were
grouped together in correspondence to an EL of 1.16,
as were IMC 94, 85, 103, 107, and 49. The genetic
homogeneity displayed by these accessions coincided

with their geographic origin (refer to figure 360200
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IMC 61 and 55 remained unclustered at ED = 1.48; &8

was the case when clustering was done using all the
descriptors (and the EDs were 1.27 and 1...36,

respectively).

The ICS clones (the products of hybridization)
formed four clusters, one of which was removed f{rom
the three remaining, adjacent ones (refer to figure
2.6%20, ICS 89, 98, and 95 clustered together in
correspondence to an ED of 1.16. The three adjacent
clusters contained ICS 1, 22, 84 and FOD @S 16, A9
85 amd 754 land G390 40, 43, and 60, respectively
(ED = 1.16). This clustering pattern was also similar
to that obtained using the full complement of

descriptors.

The i BEI; SPA and SCA <clones were scattered
throughout the dendrogram. As in figure 3.6.1; EET 272

and EET 400 were clustered together (ED = 1.16).

The analysis based on the thirty-five
quantitative characters represents the relationships
between some of the IMC and ICS clones in a manner
similar to that of the full complement of descriptors.
However, the phenons formed using this subset of
descriptors are not distinctly homogeneous. A general
impression of heterogeneity within the clusters 1is

obtained.
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clones after cluster analysis on the basis of the

standardized variable-group method using 35

FIGURE 3.6.2 Dendrogram showing relationships between 53 cocoa
quantitative descriptors
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These quantitative descriptors do not classify the
accessions under study in exactly the same manner as
do all the descriptors, but the classifications are

considerably similar.

3.6.3.2 The results of clustering the accessions

using twenty-one quantitative variables

The classification obtained using this subset of
descriptors did not correspond perfectly with those
obtained using all the sixty-eight descriptors and all
the quantitative descriptors, respectively, but theré
were several similarities (refer to figures 3.6.1,

3.6.2 and 3.6.3).

Eight clusters were obtained in correspondence to
an ED |6t 1.12. The i classification of the ICS clones
bore a resemblance to that obtained using all the
descriptors and all the quantitative descriptors. Most
of these clones occurred in three adjacent clusters
and the others were scattered in two others. The
ad jacent clusters containad ICS 1, 100, 43,16, 22, and
84; 108 16,° 79, 85 and- 75: and 1CS| 3933444, and 60,

respectively. ICS 89 and 95 were grouped together and

]1CS 98 was clustered with E 575 and SCA 6 (ED = T lean
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The IMC clones formed one main cluster and a

small adjacent one. IMC 67 and IMC 61 were unclustered
(ED = 1.12). 'The  leatter was also unclustered when

classification involved all sixty-eight descriptors.

The classification of some of the SCA clones was
similar to that obtained with all the quantitative
descriptors and the subset of qualitative and
quantitative descriptors (group v), but not to that
obtained using the full complement of descriptors. SCA
8. L 1Diand 19 formed one cluster and SCA" 11 andi9 were

unclustered (ED = 1.12).

The EET clones and the SPA clones were scattered
throughout the dendrogram. EET 272 and EET 400 were in
the same cluster, as they were when clustering was

performed using all the descriptors.

3.6.3.3 The resultls of clustering the accessions using

thirty—-three qualitative variables

This subset of descriptors did not fully
elucidate the relationships Dbetween the accessions
(refer to figure 3.6.4). A comparison of figures 3.6.1

and 3.6.4 confirms this observation.

All but two of the IMC clones; IMC 51 and IMC 621
were grouped in one large cluster. The others; IMC 3,
5 . 654+ 985010854675 TR 795 18,796, 53, 439, L0 230,

45467, 16 endia formed one cluster with SEA 12, 8 and



EUCLIDEAN

5]

Q

=

=

|

w n ¥V =0 o~

- o N <m o~

o 5. ® . . .
e TGl ch
e

zzsor
1S01I
¥8SOI
8E€L33
86501
§6S21
SVdS
§6£L3T
$8SII
951L3d
6¥dS
$6133
T9OWI
001S01I
09S0I
0%S21
61Y¥2S
9¥2S
6£SI1I
68501
11¥0S
004133
01¥dS
TGONI
212133
6¥0S
8¥s

9 TOWI
Z1¥0S
9OKI
L9INI
SYOWI
£ZONI
LOTOHI
6 YOWI
SGOWI
96IWI
£0TOWI
8LOWI
6JOHI
SBOWI
LSONI
SONI

¥ 6OWT
£8OKI
S9OWI
£ONWI
§LSOI
91SDI
9521
6LSDI
£¥SOI
sLs3

|=
E

CLUSTERS OF ACCESSIONS

Figure 3.6.4 Dendrogram showing the relationships between 53

clones after cluster analysis on the basis of a

standardized variable-group method using 33

gquali

142

tative descriptors
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9 (ED =1.22).
The ICS accessions were scattered throughout the
dendrogram. ICS 43, 79 and 1 formed one cluster with E
575. 1CS 16 and 75 were in another and ICS 39 and 89

were in a heterogeneous cluster with some EET and SCA

clones.

SCA 19, 6 and 11 clustered with! 17¢$ 739 and 89 AED

- 1.22)

The qualitative descriptors are discontinuous and
considered taxonomically important by Engels (1986).
This study indicates that quantitative descriptors are
also necessary for proper classification of this and

similar populations of T. cacao L.

3.6.3.4 The results of clustering the accessions using

a subset of thirty-four quantitative and qualitative

descriptors

This subset depicted the relationships between
the accessions effectively (refer to figures 3.6.1.
and 3.6.5). Seven clusters corresponding to an ED of
1.14 were almost homogeneous and the proximity of some
accessions to others followed a similar trend to that
obtained from clustering based on the complete set of
variables. It was possible to relate the vast genetic
diversity displayed to geographical origin (refer to

figure 3.6.5).
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The ICS clones were scattered in four adjacent
clusters. ICS 84 and 89 were unclustered (ED = 1.14).
ICS 95 and 98 occurred in one cluster and the other
three clusters contained ICS 16, 79, 85 and 75; ICS 1,
2245 6 43 and 10035 and FES 39, 40, and 60,

respectively.

All the IMC clones except IMC 67, 45 and 61 were
clustered together along with two EET, one SPA and one

SCA clone. IMC 61 was unclustered (ED - 1.52).

SCA 6, 8 and 19 formed one cluster (ED = 1.14).
SCA 11 and 9 were unclustered. EET 272 and 400 were
grouped together and the SPA clones were scattered

over the dendrogram.

Most of these relationships were also discerned
when cluster;ng was done using all the descriptors.
The _results of this analysis suggest that geographic
origin partially accounts for the genetic distances
among the accessions. Consequently, it may be inferred
that the Amazon Basin does not represent one single

population with a fair amount of genetic diversity.

This subset of descriptors yields almost the same
information as the full complement of descriptors.
Since the most "useful” quantitative and qualitative
descriptors are included in this data set, it is wvalid
to recommend them for inclusion in a concise cocoa

descriptor list.
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3.6.4 GENERAL CONCLUSION

Cluster Analysis proved to be a useful
multivariate technique for elucidating the
relationships between the accessions studied and for
assesaing. the discriminant capacity of subsets of
descriptors. From a breeding perspective, the presence
of a fair amount of diversity within this germplasm
collection is indicative of its wvalue 1in breeding
programmes. A detailed study of the mean trait wvalues
for each population (refer to Appendix 6) should
reveal which groups of accessions display desirable
characteristics. However, this was not within the

scope of this study.

The investigation indicates that as .many
quantitative and qualitative characteristics as
possible be included in the description of similar
populations of . 'TF. 'gecac L. This ‘will facilitate
detailed inspections of inter-relationships.
Clustering with the full complement of sixty-eight
descriptors revealed the link between the groups
formed and the geographical origin of the accessions
under study (refer to Figure 3.6.1). However, the
subset of quantitative and quali‘tative data and the
quantitative descriptors (group v and ).
respectively, in Table 3.6.1) also demonstrated this

relaticnshis (refer to figures 3.6.2 &nd 3.6.5). Thus



147

valuable information was not lost when all the data

were not employed in clustering.

The subset of quantitative and qualitative
descriptors (group v) is recommended for inclusion in
a concise descriptor list for cocoa to be used in the
ICG,T. It may be adequate to identify very distinct
groups of accessions. However, it may not
differentiate between individual accessions or fulfil
the range of taxonomic and breeding requirements in
this or other cocoa genebanks. Therefore, it is
advisable to collect as exhaustive a list of

descriptor information as is feasible.
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3.7 AN EXPERIMENT TO MEASURE THE INTENSITY OF PIGMENT

IN THE SEPALS OF SOME COCOA CLONES USING

SPECTROPHOTOMETRY

3.7.1 INTRODUCTION

The purpose of this investigation was to assess
the feasibility of wusing a gquantitative method for
determining the colour of the sepals of T. cacao L.
clones instead of the presently used qualitative one
(refer to section 3.1). Such a method may prove useful
in the compilation of a cocoa descriptor list (refer
to section 2.4). To achieve the stated objective, the
extent to which wvariability (in the intensity of the
pigment in the sepals) is related to the genealogy of

the clones had to be established.

Anthocyanins have been found to be responsible
for the purple colouration of the staminodes,
guidelines, ribbons, sepals and other parts of the
cocoa flower. The anthocyanin content of plant organs
has been found to vary, depending on factors such as
genealogy, growth conditions, the physiological state
of the plant, the size and position of the organs on
the plant and the application of chemicals such as

fertilisers (Blank (1958) and Harborne (1965) ).

Scogin (1979) examined the cocoa flower and
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found two anthocyanin pigments; Cyanidin (Cy) 3-
galactoside and Cy 3- arabinoside. Lawrence et al
(1938), eited by Chatt (1953) proposed that ‘ths
anthocyanin pigment, Cy 3-glycoside could also be
present in young leaves, flowers and the pod wall and
is responsible for the pigmentation of cacao beans

(refer to appendix 7 for the molecular configuration).

3.7.1.1 SPECTROPHOTOMETRIC ANALYSIS OF ANTHOCYANINS

IN COCOA

Quantitative analyses of anthocyanins can be
achieved by spectrophotometric examination of extracts
prepared wusing ethanol or methanol, containing 1M
hydrochloric acid (97:3 v/v). (Pigment expression is
often pH dependent (Draper (1976)).) The hydrochloric
acid stabilizes the pigments and lowers the pH to a
level where the absorbance of the anthocyanin is at

maximum (Fuleki and Francis (1968)).

Spectrophotometric examination of the pigment in
a given solvent involves the determination of the
absorption coefficient of the pigment at a given
wavelength (Fuleki amd . Francis' ' (1967)) % This is
possible because the anthocyanins have an absorption
maximum (Mmax.) in the 510-550 nm region (Harborne
(1958) cited by Swain, in Goodwin (1965 ) ). This =18

very different from the Amax. of other common phenolics



150

and the group of compounds with absorption maxima
nearest this range is the flavenoids, with Amax. in the
350-380 nm region (Sondheimer et al (1948), cited by

Fuleki and Francis (1968)).

Precautions must be taken when performing
spectrophotometry because the absorption maximum and
molar absorptivity used in simple methods are not only
markedly affected by pH, but also by solvent, the
presence of certain metals, impurities such as waXes
and resins and co-pigments, the time of standing and
temperature (Fuleki and Francis (1968); Harborne
(1963); Jurd, (1962); cited by Fuleki and Francis
(1968); and Imbert (1968)). The AImax. decreases
successively in acidified ethanol, methanol, and water

(Jurd (1962)).

Since it is difficult to prepare pure crystalline
anthocyanin, in sufficient quantities to allow several
weighings under optimal conditions (Fuleki and Francis
(1968)), no attempt was made in & this istudy =to
determine the absolute quantities of anthocyanin

present in solutions.

3.7.2 MATERIALS AND METHODS

The procedure adopted for this investigation is
gsimilar to that of Harborne and Sherratt {(1561), 11t

differs in . that interfering substances, such as
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cinnamic acid, which may affect the Amax., were not
removed. In addition, relative absorbances and not
absolute concentrations were recorded. The former

would suffice for the purpose of this study.

In preparation for spectrophotometric analysis,
the sepals of fresh cacao flowers were brushed clean
and then separated from the rest of the flower using
forceps. This wa s repeated o forty clones.
Approximately fifteen flowers per clone were randomly
selected to yield 0.10g of sepals. The samples were
weighed using a Sartorius 1219 MP balance (60.000g
capacity) within twenty minutes of picking and the
pigment was dissolved by placing the sepals in five
mls of solvent (1% methanol (1.5 molar)- concentrated
hydrochloric acid (97:3, v/v)) (refer to Plate 11).
The solutions were stored for twenty-four hours in the
dark, lat 0%, 'The - pigmsnt absorbances were then
estimated by spectrophotometric analysis at the
absorption maximum obtained by scanning with a Perkin
Elmer Lambda 3a uv\vis spectrophotometer (190-900 nm
wavelength range and 0.301-3.000A absorbance range)

(refer to Appendix 8).

For each of the clones studied, five samples were

analysed so that some indication of between and within

clonal wvariation could be obtained using analysis of

variance.
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Plate 11 Variation in the colour of extracts from the

sepals of three cocoa clones
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3.7.3 RESULTS AND DISCUSSION

The absorption maximum obtained for the pigment
in this study was 417 nm. No indication was given of
there being any other major pigment in the visible
range. However, 1two secondary peaks were obtained when
a scan of ICS 95 extracts was done; one was at 652 nm
and the other at 550 nmm (refer to Table 347:.1). Thess
wavelengths were closer to those cited by Harborne
(1963) for anthocyanins. The absorption ma X imum
obtained was similar to that of flavonol glucoside
(400-420 nm) (Harborne and Sherratt (1961)) and to the
distinct shoulder (at 410-450 nm) to the main
absorption peak in spectra of anthocyanins, like those
of  coecoass: with' the 5. hydroxyl group free (Jurd
(1962)). The fact that the Mmax. obtained was SO low
compared to those associated with anthocyanins might
he duer toj thesspresance of impurities, interfering
substances or a co-pigment(s) in the solutions. A
subseguent investigation by some other Tresearchers
revealed that a solvent such as petroleum ether

removes such substances and the resulting Amax. was 540
nm.
During this study, a primary peak was also

obtained in the ultraviolet range, at 240 nm

wavelength ( refer to Table '3.7.1).

The absorbances obtained for the clones at 417 nm
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Table 3.7.1 Absorption maxima of the pigment extracted

from a number of cocoa clones.

Visible range Ultraviolet range
Clone Amax. 2° peaks Amax. 2° peaks
IMC 67 a) 415 235 275
IMC 67 b) 417 240 270
SCA B a) 417 243 207
SCA 8 b) 417 226 207
SCA 11 420 636 240 275
FCS.1 a) 415 640, 522 240 2979
ICS 1 b) 416 440 240 270

105 95 =) 410%E g5, 526 a4t 21T
1CS.95 ) 422*1 643, 550 . 240%%  280%2
ICS 95 ¢) 241%3 . 3saf:

ICS 95 d) 20874 oppth

%1 - dilution 0 (0.1g sample/5ml solvent)
*2 - dilution 1:3 v/v (*1l:solvent)
%3 - dilution 1:18 v/v (%xl:solvent)
*4 - dilution 1:59 v/v (=xl:solvent).
Amax. is the wavelength at which maximum absorbance occurred.
The recorder speed was 20 nm/cm
The mode for scanning was the absorbance mods.
The scan speed was 120 nm/min.

The clones scanned represent the visible range of pigment intensity in this study.



Table 3.7.2 Pigment

intensity
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in the sepals of forty cocoa

nm

clones {(measured spectrophotometrically at 417
wavelength and by visual assessment (VA))
Clone Mean VA Clone Mean VA
Absorbance Absorbance
E 5735 2 3 IMC 6 G232 3}
EET 272 15 0 IMC 9 g 22 5
EET 338 .36 5 IMC 49 0.18 0
EET 395 a2k 3 IMC 61 0.19 3
EET 400 AL 3 IMC 65 0.22 3
1CS! 4 .36 5 IMC 67 0.18 0
I1CS 6 33 5 IMC 83 0.18 0
ICS 16 .30 5 IMC 98 0.24 0
ICS 39 29 3 IMC 103 0.18 3
ICS 40 w23 3 IMC 107 0.18 3
ICS 43 J23 3 SCA 6 0.20 0
ICS S3 3 30 5 SCA 8 0.25 3
ICS 60 e 3 SCA 9 0.19 0
ICS 61 G122 3 SCA 11 0.23 3
ICS 84 =35 5 SCA 12 R s 0
ICS 89 232 S SCA 19 0.18 0
ICS 95 <39 7 SPA S5 0.34 7
ICS 100 w20 5 SPA 7 0.16 0
IMC 3 .24 3 SPA 9 0. 17 0
IMC 5 o 3 SPA 10 0.12 0
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bore a direct relationship to the visual assessment
(VA) of the anthocyanin intensities (refer to Table
3.7.2. and figures 3.7.1a and b). However, there was
some overlap between the ranges of absorbances that
corresponded to consecutive colour categories (visuai
assessment). This demonstrates the subjectivity
involved in visual assessments, including those made
using a Colour Chart. There was no direct relationship
between the absorbance values obtained at 240 nm and
the MA: (refer td .Tdble 3.7.3. ‘and \Figures 3.7.2a and
b). 1t may be necessary to measure the absorbances of
more clones at the latter wavelength in order to

discern any trend.

The Analysis of Variance ofll “thesdida tag 2uliabile
3.7.2, showed highly significant interclonal wvariation
for the expression of sepal pigmentation (F value =
110.9%** with 39 and 156 degrees of freedom (DF)). The
intraclonal variation in the expression of the pigment
intensity was nonsignificant (F = 0.91 with 4 and 156

degrees of freedom) .
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Table 3.7.3 Pigment intensity in the sepals of twelve

cocoa clones (measured at 240 nm wavelength).

CLONE Mean VA CLONE Mean VA
Absorbance Absorbance

EET 272 15008 0 IMC 67 0.85 0

EET 338 1.88 5 SCA 6 0.90 0

EET 400 187 3 SCA 11 0. 71 3

ICS 1 1.04 5 SCA 12 0.87 0

1CS: 6 LG i 5 SCA 19 0.83 0

TES 39 1.04 3

FCS 195 109 i

VA - visual assessment of the intensity of sepal pigmentation.
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The relatively low degree of intraclonal
variation indicates that it is acceptable to use
fairly small sample sizes when collecting the
necessary data for spectrophotometric analyses. A
sample size of five is sufficient. There was also
gignificant interclonal variation in the expression of
the compound with the Mmax. of 240 nm. GF « ratiioln=
215.8%** with 11 and 44 degrees of freedom). The
intraclonal variationm was mnonsignificant {Biomaitydoda=
0.73 with 4 and 44 degrees of freedom). The
spectrophotometric methodology employed in this study
was suitable for the ‘purpose. However, refinement of

the technique may lead to greater accuracy.

Identification of the anthocyanins responsible
for pigmentation in cocoa should be continued. The
compound with absorption maximum in the wultraviolet
range could be isolated using chromatographic
separation and purification (Hayashi, in Geissman
(1962)). [t may be wuseful to note that for the
pigments cyanidin and peonidin glycosides, the maxima
was found at 281-282 am, in the ultraviolet region
(Fuleki and Francis (1968)). Colourless flavones and
flavonols are also perceived in the ultraviolet range
(Mabry, in Harborne and Swain (1969); Harborne
(1197 3a.); Wel lenweber, in Harborne and Williams
(1982)). They are invariably present with the coloured

anthocyanins in flower petals (Aasniat al {1972}
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cited by Harborne (1973a)) and are important co-
pigments, being essential for the full expression of

anthocyanin colour in floral tissues.

3.7.3.1 THE DETERMINATION OF A RELATIONSHIP BETWEEN

THE VISIBLE PIGMENT AND THE INVISIBLE -COMPOUND

The above spectrophotometric investigation

prompted an attempt to determine whether there is a
linear relationship between the two main compounds
found. Regression analysis was used to achieve the
objective using data for twelve clones, whose
absorbances were recorded at 240 nm and 417 nm
wavelengths.
The mean absorbance values ranged from 0.71 to 1.88
and oxu3 to 05397 respectively (refer to Table
3.7.4). The analysis of variance performed on the
regression data yielded the following results (refer
to- Table 3.71:5]). The regression sum of squares due to
fitting the model:

y = a + Bx + €, el

where o is y without the effect of =, B is the slope between T and

y and ¢ is the residual; the distance of each point from the

straight line,

was not significant. (Refer to table 3.7.4 for the x

and y values.)
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Table 3.7.4 Absorbances of twelve cocoa clones’' sepal

extracts at 240 nm and 417 nm wavelengths.

CLONE MEAN ABSORBANCE MEAN ABSORBANCE
AT 240 nm (x) AT 417 nm (y)
EET 212 3178 0.13%
RET =338 1.88 0.36
EET 400 1.81 027
1CS 1§ 1.04 0.36
TS5 [ 033
JeSii39 1.04 0.29
ICSL9S 1.09 0.39
IMC 67 0.85 0.18
SCA 6 0.90 0.20
SEAT1 QL 0283
SCA 12 0.87 .13
SCA 19 0.83 - 0.18

Table 3.7.5 Results of ANOVA of the regression model data.

SOURCE DEGREES SUMS OF  MEANSQUARE F
OF SQUARES RATIO
FREEDOM

Regression 1 0.67 0.67 3,800

Error 10 1.98 0.198

Total 11 2066

ns = not significant.
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The intensity of the pigment cannot be used to predict
the concentration of the compound, (perceived in the
uv range) which might be a co-pigment (refer to figure
3.7.3). The coefficient of determination (R%) of the
model tested was very low (0.25) and further supports

this finding.

Despite the absence of a significant relationship
between the aforementioned compounds in the clones
studied, no conclusion can be made with certainty
until more clones are examined.

3.7.4 CONCLUSION

The spectrophotometric determination of pigment
intensity in several cocoa clones proved to be useful.

Pigment intensity may have considerable discriminatory

power with regard to cacao clones. It is recommended
that a quantitative measure of pigment intensity in
the sepals be included in cocoa descriptor lists since
even careful visual assessment of pigment intensity

may involve sub jectivity.

Visual assessment of the intensity of anthocyanin
in the cacao flush, floral components and fruit is
quickly and easily done wusing 8 colour ‘chart . The
quantitative assessment of the pigment by
spectrophotometry (or colorimetry) is superior because

it excludes subjectivity, but its practicability has
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to be considered.

The cost and t ime involved in the latter

technique may discourage curators of germplasm
collections from wusing it routinely. However, the
crude procedure described in this section is

reasonably economical and need not be very time-

consuming. (Absorbances could be determined after a
shorter extraction period.) Furthermore, for the
purpose of accurate identification of old or
mislabelled accessions, the use of quantitative

methods is justified and could preclude the collation

of numerous characterization data.

This preliminary study is  in keeping with the
present tremd in taxonomic work (Sneath and Sokal
(1973); Erskine and Williams (1980); Nevo et al
(1984)). A survey of the literature suggests that
there is acceptable congruence between "chemotaxonomy”
and morphological data (Grant and Zandstra (1968),
cited by Sneath and Sokal (1973) ). "1t "is envigsaged
that such methods will become increasingly important
in the description of germplasm (refer to section

2087 .
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4.0 GENERAL DISCUSSION AND CONCLUSION

4.1 INTRODUCTION

This investigation was designed to assess the
usefulness of the majority of <cocoa descriptors,
included in the IBPGR Descriptor List for cocoa, using
germplasm from the ICG,T, and was in accordance with
the goal of the IBPGR to promote international usage
of a standardized list. The study also attempted to
determine the applicability of a standardized
descriptor list for the description of germplasm of
different geographical origin, under differing

environmental conditions.

The international acceptance of a standardized
descriptor list would ensure uniform documentation of
information pertaining to T cacao L and
consequently, the universal interpretation of the
germplasm data. It is hoped that this would ultimately
result in improved cocoa research in such areas as
breeding, pathology and agronomy. The time and effort
involved in storage and retrieval of information would
be reduced. The researchers would be aktle to evaluate
material obtained under a range of environmental

conditions through international collaboration.
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4.2 THE USEFULNESS OF THE DESCRIPTORS STUDIED, AS

DETERMINED BY ANALYSES PERFORMED

The results of Analysis of Variance of the
individual descriptors and tests of the stability of
the individual descriptors in two slightly different
environments suggest that the (quantitative)
reproductive descriptors, particularly those of the
flower, are more useful taxonomically than the
vegetative ones. This could be explained by tighter
selection pressures and thus more genetic control
being exerted on the reproductive characters in the
process of evolution. These results correspond to
those of Ostendorf (1956), who proposed that the cocoa

flower 15 the most effective character for

distinguishing between clones.

A comparison of the mean values for the
descriptors, obtained wunder different environmental
conditions, and the results of Correlation Analysis
indicate that several quantitative descriptors are
more valuable. These descriptors include total leaf
length, leaf apical angle, staminode, petal and sepal
lengths, ovule number, pod weight and length, total
bean weight and individual bean length and width. They

are recommended for quick identification of

mislabelled or unknown accessions. However, Cluster

Analysis of the data indicates that for the purposes
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of classification and documentation of the diversity
of the germplasm, it is better to employ as many
quantitative and .qualitative descriptors as is
practicable. These can be selected based on their
heritability, stability under differing environmental

conditions and suitability for easy observation.

The value of the qualitative (highly heritable)
characters (Engels (1986)) has been demonstrated by
their importance in the accurate classification of the
fifty-three accessions described in St. Augustine. A
determination of the discriminative values of these
descriptors may be useful to further establish the
importance of these descriptors, but since they are of
little agro-economic value, and are thus not very
important in breeding, no attempt was made to perform

such an investigation during this study.

However, careful assessment of the qualitative
descriptors revealed that filush dcol oursy pul?inus size,
the intensity of anthocyanin in the various parts of
the flower and fruit and mucilage colour in the fruit
may be useful for differentiating between the clones.

Other characters, such as the presence of pulvini,

anther disposition and sepal reflexion, did not
contribute much useful information about these
accessions, since very limited variability was

displayed.
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The pigment intensity of the 1leaf flushes and
flower sepals varied somewhat on different parts of
the tree and may be affected by environment. This
variability was more marked in the leaf flushes. This
underlines the importance of recording the -extant
environmental conditions and of random selection of
material from standardized positions on the tree, when
collating qualitative data. Furthermore, some of the
subjectivity involved in recording these characters
can be removed by quantification. Pigment intensity
can be assessed using spectrophotometry, as outlined
in section 3.7, or colorimetry. The financial and time
constraints involved should be justified by increased
accuracy.

Biochemical descriptors such as the banding
pattern of various iso-enzymes may be useful

inclusions (Brown (1983)) for the existing cocoa

descriptor list, which consists of mainly morphogenic

descriptors.

4.3 SUMMARY OF FINDINGS

1) The 'results ol o this study show that the
present cocoa descriptor list is useful and effective
for cocoa germplasm description.

2) As large a subset of descriptors, as

practical, is recommended for classification of such
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germplasm collections.

3) However, to reduce the time and cost involved
in documentation, eleven quantitative and about six
qualitative descriptors are recommended for
identification of unknown material. These include pod
weight and length, total bean weight, bean length and
width, staminode, petal and sepal lengths, ovule
number, total 1leaf length, leaf apical angle, flush
colour, pulvinus size, anthocyanin intensity in organs

such as sepals and mucilage colour.

4) Detailed environmental information should

accompany the morphological data.

5) It may be beneficial to incorporate some type
of biochemical data in the 1list, which may serve to

"fingerprint” accessions.

4.4 RECOMMENDATIONS FOR FURTHER STUDY

1) The design -of a field study to assess
genotype-environment interaction and its contribution
to the phenotypic variation displayed by a range of
cocoa accessions and to determine the specific and
additive effects of different environmental factors
should be wundertaken. Murray (1967) reported the
difficulties involved in such a time-consuming study
of the broadsense heritabilities of the descriptors.

However, the results would contribute much to the
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classification of cocoa germplasm.

2) Discriminant Analysis, based on a collection
of distinctly diverse accessions, would be useful to
further test the discriminatory power of individual
descriptors and facilitate future identification of

accessions.
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APPENDIX 1:

Map of Trinidad showing the sites where data were
collected; St. Augustine and St. Joseph
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APPENDIX 2a

Field layout at St. Augustine
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APPENDIX 2b:

ST JOSEPH NURSERY

GENERAL LAYOUT

Field layout of the St. Joseph site
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Appendix 2c¢ St. Augustine field plans
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Appendix 2c¢ continued
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Appendix 2 d continued
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APPENDIX 3 Map of South America showing countries of origin
the populations studied
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APPENDIX 4:

CEFENDENT UNRIARLE 3
SOURCE

MOUEL

EPPOR

COPRECTED TOIAL

P -COUNPE

0.€51124

SQuPCE

Foti
FUMIRPERCFaltlL ()

518

DF

4315

4332

11 .5622

DF

An example of the ANOVA output

SLt1 OF SOUARES

136

a7 .
22,

.82%5212G64

.28925000

.1144623€4

POOT MSE

2749

Aaliova SS

1141351949
GR3241GS

HEAN SOUNRPE

2%

(L

1

F UALUE
GO, 71
106.21

53280025

n16aGcra42

Bl HEAN

1225903

ERRECNN

n.0001
n.oonl
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APPENDIX 5: An example of the manova output

MANOVA OF FRUIT LES

GENERAL LINEAR MOLDELS FROCELURE

DEFENDENT VARIAEBLE: PL

SOURCE OF SUM OF SGUARES HMEAN SQUARE F_\VALUE FR ) F R-SQUARE CLva
'
HaDEL =0 125. 95900000 &, 29795000 525 0.0003 0.846705 &.4B53
ERROR 19 2. 80475000 1. 20025000 : ROOT MSE PL_MEAN
CORRECTED TOTAL 39 148. 76375000 1.09555922 16. 38750000
SOURCE OF YYPE 1 SS F VALUE PR ) F oF TYPE II1 SS F VALUE PR ) F
BITE 1 Q. 60025000 0.50 ¢. 4880 1 0. 60025000 Q,50 0. 4880
FAMILY 3 53. 42420455 14,84 0.0001 3 53.42420455 14,84 0,000]
“NUMBER (FAMILY) 16 71.5345353% b % 5 G.0035 156 71.9345454% 3.7% 5. 0035

vee
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APPENDIX 6: MEAN TRAIT VALUES AND STANDARD ERRORS FOR SIXTY-EIGHT

COCOA DESCRIPTORS, OBSERVED FOR FIFTY-THREE ACCESSIONS
IN ST. AUGUSTINE

DESCRIPTORS POPULATION
E EET ICS IMC SCA SPA
Mean(S.E.) Mean Mean Mean Mean Mean
(8.B.)] (ORI (3.B.)] 18:€.3] 2.8,
R Gl 25.1 I 26.3 v g g 25.3
L. fem) (0.6) o) O onSey | ety | ob0s0
8.9 8.7 9.0 8.2 9.4
2 W (cm) | 8.5 (0) i e (0.2) {0.1% (0.3) (i)
(c) 64.1 66.5 60.9 60.8 63.7
3 AA 54,2 00 Gl Y (2.1) (1.0) (2.0) (035
o 118.7 88.6 rr Yl ee 119.9
o oEn Y I st e ied (13 469 Gy il (3500 1811 | (8.8
1.9 =3 1.9 1.6 1.9
5 ABR 1.5 (o) (0.6) (0.6) (0.6) (0.8) (0.3)
e i 2.33 2.08 Do
6 SW (mm) | 2.00 (0) (0.82) oL (0. 84 aBELME (D1
8.3 7.9 T8 7.0 4
7 Sf,  (mm)il 6.8 ¢0) (0.2) (81 (0.2) (0.2) (0.3)
v 00 2.44 B Yy £, 2.18
8 LW (mm) [ 2.03 (0) (0.14) - O R v oL Y Bl B <
8.4 9.0 8.2 s 8.0
9 APLL(mm) S e e (0 .3Y) (05, 24 s (0.4) (10539
5.6 5.8 5.8 5.3 5.2
10 STL (mm) (512601 (0.2) 0. (0.7) (0.4) {525
1.84 1.76 1.89 1.86 i
11 oL {enyil 1. 43 £6) (0.68) (052 (0.33)] 0.94)] (0.38)
1702 T3 1.04 1.04 1.00
12 ‘oD (mm) !l 1.00 (0} 013 (oha%a ) wo.10)] 10039 (0.0
38.7 o 44.6 §302 U
13 ON 36.0 (0) {1,139 (1.0) (1,24 {900 (1579
) 2.00 2.08 207 2.08
14 STYL(mm)| 1.6 (0) (0.14) ¢6.23)] (0.28)1] (D.568)] (0.83)
14.9 14.4 14.8 13.8 13.9
15 PL (mm)| 12.8 (0) (0.4) (0.4) (0.4) (0.8) (0.3)
87.6 120.0 82.8 59 .7 95.9
16 "DBWT (g} i "‘F13x9%00) (6.8) (7.0) (2.8) (3. 29 (9.1)
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DESCRIPTORS POPULATION
E EET ICs IMC SCA SPA
Mean(S.E.) Mean Mean Mean Mean Mean
(5.5 ez (1SR )l GBS Ak S B )
80.3 108.3 i | 53.1 83.1
17 PBWT (9) 101.5 (0) (7.2) (6.2) (2.6 £ 281 S SsTE
T.o4 s BB | 10.6 6.6 12.8
18 SCWT (Q) L2..4.000) (0.8) (G55 T k) (2.7 {14 (3:4)
0.97 1:..37 0.94 0.67 L0
19 . BW Q) B3 (e 05) (19:.92) (0.84) (0 .38) (0 d2) 1. (0588
213 27037 2.24 Ll 1 1.986
20 Bl s (mm) 2.4 (0) (0::95) (0,43 B T E (102300 ((106..1.2))
.20 1:.02 15507, 093 a1 (110
21 BEW (mm) L3 2 (05) (0.14) (0,239 (002 5. (10::33) (057
0.66 0.64 0-.58 Q.57 0.67
22 BET (mm) 0, SLEEQ) (0.42) L0220 (0.19) 10 GRS 1 80 TV [ 4 e e )
16.8 AN | 1y 1 15050, 155 .5
23 POL (cm) 1 50T (0508 (0 7:) (0.9) (0, 4) (0.6) (10L9 )
8L 2 B Be =0 TS
24 POW (cm) o (10000 (0.5) Gler k) [10:.29) (20 2) (0.5
! O B 12072 13 4 10.6 2.5
25 . PMT...(mm) 1:0iade 00005 (il ) (0.6) (1060 GRS G
2.92 AR ] 4.00 2013 3. 46
26 MESOTHgum) 2.50 (0.0) (0.63) {051 8.) (53152 (06 5:3,) {105 23185)
5.58 7.86 5.79 6.43 Bt 6.7
27 FD1 (mm) 6.0 (0.0) (28105 4) (0.64) 6.0.:57) (0.69) (0.89)
: : 45108 5. 1.6 4,09 4.07 2 20
28 FD2 (mm) 4., 90 (800 (0.45) (:0:.6.5:) (10::49.) (0.42) (-0:.. 95
448.1 474.8 560+ 3 297946 40 205
29 POWT. (g). .33 7 BEsC0i-0:) (:6.3...2.) (30:.3) ([Rinione) (25020 (818
7.45 8.52 1018 5. 47 1:1..3
30. 0 BLW. (T 4.5 (0.9) (i 2sa2.10) (1505 (0.99) (:0.:88) 503
318841 126.4 127 54 H5EaS 1047
31 A MBYL(T) 2 L8 R E6 0 {603 (10.0) (6.4) {6:.2) (31..1)
3197 248 45 420.8 218 .19 294.9
32 HW (D). 2085800 (GEETLAL) (123003 (28,39 (£2:856.) (4510
B 10354 91.4 763 B/ e 1G]
I3 WABWL{T) 1 0725 (0508 (000 (ilndi) (52 (LT560) (L6 6]
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DESCRIPTORS POPULATION
E EET ICS IMC SCA SPA
Mean(S.E.) Mean Mean Mean Mean Mean
(S.E.) (SIEL) {SiEqh) (85 Ex ) (S.B.)
31.1 2t 34.3 145 30..7
34 MUV (9) 10.9 (0.0) 725) {2470 (3:15) (2%1%) (14.8)
41.7 37.0 48 .7 39...3 Il el
35 BEN 41.0 (0) (1L T) (1.2) (1.4) {:2 .48) (6.9)
207 2.6 2.9 2.8 g I
36 AS 2.0.¢0.0) 0% 2% (0.1) (0.8) (0.2) (0.0)
2.0 1.4 20 143 Dvaid
37 BS 1070000 (0) O 1% (0% 51) C0%L.20) (0L T
B3 4.0 5.5 4.3 2R
38 Ps 5.0 LC0E0N) (0.6) (10.3) (0-.3) (0.4) {1759
4.0 3.4 4.0 3.6 4.3
39 FC 3.0 (0.9 (0.4) (0.6) i0:5:2°) (.0 .d:) .18 3
4.0 2o 3.0 0 3.0
40 BC A O Gl hae T (e 31 (0.6) (0.4) (0.0) (2508
Fid Fl 25 Jin Pl
41 - iSC 3.9 50020 el o (0.6) (0.4) (0.7 (2030
0.8 0.6 Ol 150 [
42 SpP 00005 (G Gt (0.1) 0% 19 (0.0) (10 33)
6 10 0.9 1504 0.8 (8}
43" . GR 10 e 20 (0.2) (0.6) (-0% 54 (:0s 29) (0«34
2wl 168 259 0.5 3id
44 LC 5.0 (050 (1.0) (0.4) (0L 39 (0.5) (0.8
1.0 [T e D5 0
450 “RE 0 (8.0 (0.6) (0.4) (0.5) {0 5) (0.0)
. ) 0.4 o) 0.8 4
46 TC 0 (0.0) (0.9) (0%-3% (0w g (0.8) (25 3)
0 0 0 0 0
47 O0OBC Ol (000 (0.0) (0.0) (16} 08) (0.0) (0.0)
0 [ Liid 0 Q 2003
48 OAC 0 (0.0) (2o, 0) (0.4) (0.0) (0.0) (2. 39
0.5 0.4 0 0 0
49 STL 0 (0.0) (0.5) (0.3) (0.0) (0.0) (0.0)
iy 0 3.6 0 g3
50 FLC 0 (0.0) (1.0) (0.0) (1059 (0.0) (AL 78)
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E EET ICS IMC SCA SPA
Mean(S.E.) Mean Mean Mean Mean Mean

(S.B.)] (8.B.)}} (B.E.) (S.BE.)| {8iBL)
3.0 3.0 3.0 3.0 38

517 AD 3.0 (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)
Fe 2 3.4 3.2 ) 54 | 5.0

52 PAC 7.0 (0.0) (0.9) (0.7) (0.5) (1.1) i )
1245 0.8 3 0 A |

53 PAPC 7.0 (0.0) B i (0. 3) (0.4) (0.0) (26
2.0 1.9 2.0 13 s B

54 PEC 3.0 (0.0) (0.4) (0,2) (0.1) (0020 (0.2)
123 g 1.0 1.0 157

55 PRCI 1.0 (0.0) (0.2 (0, 3) (0.0) (0.0 (05T
: 156 0 0 2593

56 PFCI 0 (0.0) (1.0) (0.7 (0.0) (10 D5 {23l
A 2.6 0 0 i L

57 PRCM 0 (0.0) {0y (0.8) (0.0) (0.0) ' B )
4.7 4.5 5.0 4.3 Ty o)

58 POS 5 (0.0) (0.3) (0.2) (0.0) (0.4) (0.0
2.3 1.9 2.6 20 7

59 POSH 200500000 (029 (0.2) (0.1 (100 ) (0530
Zal 2.4 157 2.0 13

60 PBC 2.0 (0.0 (0.5) (0.4) (9.1) (0.6) (0.3
3.3 i ESE 3l 3.3 2.3

61 PAF 3.0 (0.0) (0.6) (0.2) (0.2) (0:23) (0T
5.0 5.6 4.4 4.3 5.0

62 PST 7.0 (0.0) (0.5) (0.4) (0.3) (0.4) (0.0)
= 1.8 1.9 2.0 20510 2.0

63 PFD 2.0 (0.0 {02 ) (:0i..9) (0.95) (0.0 (0.0)
e PR 24 1.8 P

64 PFS 2.0 (0.0) (0.2) (0.2) (021 (0520) (10 3:)
6.3 6.5 6.8 6.0 6.3

65 HH 7.0 (0.0) (0.4) (0.2) (0.1 ) (0.4) (0.6)
1.5 1.4 1.9 e 1.::3

66 PUC 2.0 (0.0) (0.2) (101.2) (0.1) (0.2) (0.3)
3.8 2:9 4.5 47 4.0

67 BEC 3.0 (0.0) (0.5) (0.2) G051 (0.2) (0.6)
2.5 255 2ol Lol 233

68 BES 2.0 (0.0) (0.3) (0.2) i Q53 (0.7)




APPENDIX 7: The molecular configuration of

cyanidin 3-glycoside
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APPENDIX 8: Results of a scan for the A max. of
sepal extracts using a Perkin-Elmer
52 A Spectrophotometer
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4,

CHARACTERIZATION AND ‘I_’_f([LiHINAHY EVALUATION LY THE CURATOR

P | PLANT HABLT
A mean observation of several trees.
or the angles butween the main branches and the trunk
absolute Ffigures
4.2  LEAF CHARACTERS
Scored as a mean of 15 second leaves
2.0 Leagth/uidth raci
Use absolute values

4.2.2 Lengch of leaf

Length from base to widest poing, in cm

4,2.3 Leaf base shape

Expressed as the
ac its point of insertion.

4.2.4 Leaf spex shape (sce Figure 3)
1 Acuce

2 Short acuminate
3 Long acuminate

Figure 3. Leaf apex shape

4.2.5 Leaf petiole pulvini

Presence or absence of pulvini

0 Pulvini absent
+# Pulvini present

..3  FLOWERING CHARACTERS

The angles between two main branches

should be recorded as

angle which the margins form with the petiole
Absolute values should be recorded

4,3.1 Flovering intensitcy

The number of flowers per cushion (sample size 300)

3 Low
S Medium
7 High

L S_u_liffﬂi\alibilitz
U No

i 5
FIOWER CHARACTERS
Data are taken trom five feshly opencd ilowers

USROG Peduncle colour

1 Creen
2 Green with red
1 Red

4.4.2 Anthocyanin in outer sepal

0 Absent

3 Slight

5 Intermediate
7 Intense

4.4.3 Sepal length in millimetres (sample size 20)
L.4.4 segah width ac widest point in millimetres (sample size 20)

4.4.5 Sepal length/widch ratio

4.4.6  Sepal reflexion

0 Not reflexed (i.e. horizontal)
| Reflexed (i.e. curved backwards)

4.4.7 Petal ligule length

Distance in millimetres between point of insertion of isthmus

in hood and apex of ligule (sample size 15)

4.4.8 Petal ligule width at widest point in millimctres

4.4.9 Anthocyanin in stamen filament

U Absent

3 Light

5 Intermediate
7 Intense

(*71 oeded °I) ®PODOD 10F 3STT I03dTaosop ¥oHdgl °o2Ul 6 XTpuaddy

|8 44



4,4,10

4.4.11

4.4.12

4.4.13

Staminode length in millimecres (sample size 10)
Ovary length in millimetres (sample ~ize 19)

Ovary widch at widest point in millimetres (sample size 10)

Number of ovules per ovary

The absolute numbers in 5 ovaries

4.4,14 Style length in millimetres (sample size JQ)

4.5.1  Fruit shape
The character recorded during collec:lonli can be amplified by
more detailed description of mature fruits as below (see Figure &)
L Oblong
2 Elliptic
3 Obovate
4 Orbicular
5 Oblate
(lines represent greatest widch)
1 2 3 4 5
Figure 4. Eruit_shape
452 Fruit length in centimetres (sample size 1))
4.9,  Fruic_wideh ac widest point in centimetres (saewle size o
4.5.4 Weight of whole pod in prammes (sample size W .
irators should include in the data base the characters recorded during collection

4.5 FRUIT CHARACTERS

4.5.7

Fruit primary furrow depth

The depth of the furrow between & pair of ridges
3 Superficial
5 Intermediate
7 Deep

Fruit wall thickness

Measurements made after removal of endocarp. Sample size 35

4.5.6.1 Husk hardness

3 Soft
5 Intermediate
7 Hard

4.5.6.2 Ridge depth in millimetres
4.5.6.3 Primary furrow depth in millimetres
4.5.6.4 Secondary furrow depth in millimecres

4,5.6.5 Mesocarp stony layer

¥ 'Thin
5 Intermediate
7 Thick

Anthocyanin intensity of ridges

Scored on unripe fruits

0 Absent

3 Light

5 [Intermediate
7 Intense

Anthocyanin intensity of primary furrows

0 Absent

3 Light

5 Intermediate
7 Intense

Anthocyanin intensity of ripe fruits

Absent (yellow)
Light
Intermediate
Intense

SR e -

APPENDIX 9
(Continued)
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4.6

4.5.10

4.5.11

4.5.12

4.5.13

4.5.14

Period of maturity
The days from pollination to maturity
3 Short (150 days)
5 Intermedlate (151-170 daya)
7 Long (171 days)
Weight of husk
In grammes oven dry welght. Sample slze 20 pods
Wet weight of beans

Mean weight in grammes per pod. Sample size 20 pods

Minimum number of seeds in a ripe pod

Sample size 20 pods

Average number of secds in a ripe pod

Sample size 20 pods

SEED CHARACTERS

4.6.1

4.6.2

4.6.3

4.6.4

4.6.5

Dry cleaned unpeeled seed weight

In grammes of 20 pods, 5 sceds from each are weighed

Dry peeled seed weight

In grammes of 20 pods, 5 seceds from each are weighed

Seed length

In millimetres 5 peeled seeds from cach of 20 pods are
measured

Seed widch

In millimetres 5 peeled seeds from each of 20 pods are
measured

Seed thickness

In millimetres 5 peeled seeds from each of 29 pods are
measured

APPENDIX 9:
(Contlnued)
4.6.6 Seed shape in longitudinal section (see Figure 3)
1 Oblong
2 Elliptic
3 Ovate
1 2 3

Figure 5. Seed shape in lougitudinal section

PESTS AND DISEASES_ KEACTION

1t is not proposed that curators of collections carry out screening for pests and
diseases, .this being a task for the breeders as part of further evaluacion.

aluacion Nonetheless
data should be fed back to the curators who maintain the primary material.

evc



