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Upper Amazon Forastero (UAF) cacao clones account for approximately 600/0 of cacao cultivation 
globally, and are widely used in breeding. This study was undertaken at the International Cocoa 
Genebank, Trinidad to examine the phenotypic relationships among several UAF accession groups, 
vit., Iquitos Mixed Calabacillo (IMC), Morona (MO), Nanay (NA), Parinari (PA) and Scavina (SCA) 
and some of their known progenitors, POUND accessions using Cluster Analysis (CA) and Principal 
Component Analysis (PCA). Some of the IMC, NA and SCA clones clustered with their putative 
mother trees. The grouping of the IMC clones in a few almost homogeneous clusters suggested that 
this group was the least diverse phenotypically. More diversity was expressed within the POUND, 
MO, NA, PA, and SCA groups. The considerable phenotypic diversity in the SCA and MO groups, 
expressed for traits such as pod index, cotyledon weight and width and pod apex form, seems not to 
be explained by a single mother tree source for each group. Significant phenotypic diversity in this 
UAF germplasm sample, measured by the Shannon Weaver Diversity Index (values :2!: 0.5) and 
coefficients of variation (>10%), was observed for some of the traits studied including stamen 
filament pigmentation, pod apex form, pod index, cotyledon weight and style length. IMC 3 and 63 
were among the most phenotypically distinct accessions based on the results of CA and PCA. These 
results, in conjunction with those from genetic diversity studies, should prove useful for future cacao 
breeding programmes and will facilitate the formulation of strategies to effectively manage cacao 
genetic resources - select core and working collections and plan future collections in the wild to 
increase the genetic diversity of cacao conserved a situ. 
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Cacao, Theobroma cacao L., Malvaceae T. cacao L. is a predominantly outbreeding, 
sensu lato (Alverson et ai., 1999) is a diploid (2n = 20), under-storey plant, which is 
Neotropical perennial crop, on which the indigenous to the Amazon and Orinoco 
thriving global chocolate industry is based. It rainforests of South America, and has its 
is an important agricultural commodity in putative centre of genetic diversity at the 
many developing countries in West Africa, headwaters of the Amazon River (Cheesman, 
South-East Asia, Latin America and the 1944). The greatest known variation in 
Caribbean (Becker, 1999). More than 15 morphological and physiological characters of 
million people in African, Caribbean and T. cacao L. is found there. 
Pacific countries are now directly involved in Under domestication, three major classes of 
cacao cultivation (Mossu, 1992), and there are cacao are recognised: Forastero; Upper and 
2 million cocoa farmers in over 50 countries Lower Amazon and Guianese (Wood & Lass, 
(Sereno et al., 2005). The annual consumption 1985; Lachenaud et ai., 2001), Criollo, and 
of cocoa beans is approximately 3 million Trinitario (Cheesman, 1944). The 
tonnes (ICCO, 2006), and is valued at USD 5 classification is based on morphological traits, 
billion. particularly those of the :fruit (POd) and seed 

(bean). 
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Approximately 2,300 cacao accessions of 
diverse origin, many of which are primary 
germplasm from South America, are 
conserved in the International Cocoa 
Genebank, Trinidad (ICG,T), managed by the 
Cocoa Research Unit (CRU). The accessions 
in the ICG,T are assigned to almost 90 
accession groups (Iwaro et a/., 2003; Bekele 
et al., 2006). The geographical area over 
which the individual accession groups were 
collected varies from limited to vast 
(Lockwood & End, 1993). 

One of CRU's missions is to generate 
information on the gennplasm conserved in 
the ICG,T to facilitate its efficient 
management, utilisation and improvement 
will be facilitated (Bekele, 1999; Bekele and 
Bekele, 1996; Bekele et al., 1994; 2003, 2006; 
Iwaro et al., 2003; Sounigo et al., 2005b). 
Accordingly, the objective of this study was 
to examine phenotypic relationships among 
several Upper Amazon Forastero CUAF) 
accession groups, viz., Iquitos Mixed 
Calabacillo (IMC), Morona (MO), Nanay 
(NA), Parinari (PA) and Scavina (SCA) in 
relation to some of their known progenitors, 
POUND accessions (pound, 1943a). UAF 
clones were selected because they account for 
close to 60% of cocoa cultivation globally, 
and have been widely used in breeding in 
Trinidad (Bekele, 1999; Abdul-Karimu et al., 
2003) and elsewhere (Eskes and Lanaud, 
2001; Wood and Lass, 1985). In particular, 
IMC 67, SCA 6, POUND 7 [POU] , and 
selections from the P A accession group have 
been used in numerous breeding programmes. 
UAF clones possess many desirable traits, 
which justify their continued prominence in 
gennplasm enhancement programmes such as 
those described by Iwaro et al. (2005). CRU 
is committed to undertaking and facilitating 
research that is geared towards genetic 
improvement of cacao, such as that in the 
Common Fund for CommoditieslIntemational 
Cocoa Organisation/International Plant 
Genetic Resources Institute (now Bioversity 
International) (CFCIICCOIIPGRI) Project 
entitled Cocoa germp/asm utilisation and 
conservation: a global approach (April 1998­
June 2004). 
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To maximise the value of cacao genetic 
resources conserved ex situ, comprehensive 
diversity studies are necessary. Significant 
progress has already been made by 
researchers studying cacao genetic diversity 
including Laurent et al. (1993); Lerceteau et 
al. (1997); N'Goran et al. 2000; Motamayor 
et al2002, 2003; Ronning and Schnell (1994); 
Russell et al. (1993); Sounigo et al. (2005b) 
and Sereno et al. (2006) among others. 
Reports on phenotypic diversity of germplasm 
conserved in the universal depositories 
(Anon, 1981) in Costa Rica and Trinidad 
(ICG,T) have been published by Engels 
(1986), and Bekele and Bekele (1996) and 
Bekele et al. (1994; 2006), respectively. 

Materials and Methods 

Plant material 

In 1937/38 and 1942/43, Dr. F.J. Pound, of 
the Department of Agriculture, Trinidad, 
conducted two expeditions to South America 
(Ecuador and Peru) in search of cacao 
resistant to Witches' Broom disease (WB) 
caused by the fungal pathogen, Moniliopthora 
permClOsa (Aime and Phillips, 2006), 
previously named Crinipellis perniciosa 
(Stahel). 

The POUND clones 

Dr. Pound collected the POUND clones as 
budwood from the Loreto Region, Peru in 
1942 (pound, 1943). Collecting from trees, 
with no obvious signs of Witches' Broom 
(WB) disease, was usually restricted to 2-3 
hundred yards inland from the respective river 
(Table 1). Three of four plants, propagated at 
Iquitos, Peru were later shipped to Barbados 
for quarantine purposes. Originally, each 
collection was assigned an alpha-numeric 
code (e.g. P 1, later written in full as POUND 
1 [POU]), but suffixes were subsequently 
appended in Trinidad to produce designations 
such as POUND lIB [POU] since some 
variants of the replicated original tree were 
observed over time. 
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Morphological data were collated at CRU 
for POUND lIB, 21B, 4/A, SIB, SIC, 7/A, 71B, 
7/C, 8/C, 91B, lOlB, 10/C, 12/A, ISlA, 161B, 
18, 18/A, 25/A, 26/C, 27/C, 311A, 311C, 32/A 
[POU]. 

The POUND mother trees of the other UAF 
groups under study were identified by Pound 
(I943a) as: 

IMC - POUND 18 [POU] and POUND 21 
[POU]; 

INA - POUND 1*,2*,3*,4*,5,6,7,8,9, 
lO, 11, 12+, 15, 19,20,30 and 32* [POU]; 

SCAVINA - POUND 31 [POU]; 

PA and MO unspecified: approximately 20 
trees and 1 tree, respectively. 

Table 1 Collecting sites of some of the POUND clones 
featured in this study 

POUND Clone Collection site 

POUND I 8, 15 Rio Nanay, river bank 

POUND 9 -14,16,17, Rio Nanay 
19,20,30 

POUND 18 Island south of iquitos 

POUND 21 Island river bank 

POUND 31,32 Rio Ucayali, Contamana 

IMCe/ones 

The IMC clones were collected directly 
opposite the town of Iquitos in the Loreto 
Region, Peru, on a large island "in front of 
Iquitos", 73.12 W, 3.5S (pound, 1938). In 
1937, pods were collected from at least two 
groups of trees free of WB disease. They 
were probably progenies from POUND 18 
and 21, two trees later collected and 
propagated as clones in 1942 (pound, 1943a). 
One hundred and twelve IMC clones were 

I .Noted as being disease-free in 1937 (pound, 1938). 

'The genotype collected on Rio Nanay as POUND 12 grew not 

far from the area where the !MC trees were collected (Pound, 

1943a). 


planted at Marper Farm, Manzanilla, East 
Trinidad in 1939 (Pound, 1943b). Three main 
pod morpho-types for IMC clones were 
recognised by Pound; (1) a very large 'lagarta 
calabacillo', oval- shaped and smooth, pale 
green (normal blanco) type; (2) a large, 
somewhat warty at stem end, but smooth and 
round at the apex type and (3) a small, oval 
and warty type. 

MOe/ones 

These clones were collected in the Loreto 
Region, Peru, on the Rio Morona, 77.17 W, 
4.12 S (300 miles from Iquitos). The pods are 
thought to have been collected from one tree 
free of WB from among a group of 25 trees. 
Eighty MO clones were subsequently planted 
at Marper Farm (Pound 1943b). Accessions 
with large numbers (>100) were surmised to 
be MOQ clones by Bartley (personal 
communication in 1993, cited in the ICGn by 
Wadsworth and Harwood, 2000), but this 
does not agree with records at CRU dating 
from 1943. The pods are typically short, oval, 
and warty. Some have a red tint such as MO 
4,9, 14,99 and 121. 

NA e/ones 

The collection site for the NA clones is given 
as the Loreto Region, Peru, along the Rio 
Nanay at 73.17 W, 3.38 S, about 15km from 
Iquitos. The pods were probably collected 
from 14 (Pound, 1938) or 17 trees (Pound, 
1943a, p. 9 and 10) free ofWB and laden with 
fruit. Nine hundred and eight NA clones were 
originally established at Marper Farm 
between 1939 and 1941 (pound 1943b). The 
fruits are typically completely unpigmented, 

pale green, long oval, and slightly warty with 
no conspicuous point or bottleneck. Some 
NA trees currently appear to have several 
different characteristics from the original 
descriptions that are available. This is 
postulated to be a result of the generation of 
seedling progenies of the original collections 
(Bartley, personal communication in 1995, 
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cited in the ICGD by Wadsworth and 
Harwood, 2000). 

PA clones 
Pound (1938) reported the collection site of 

the P A clones to be the Loreto Region, Peru, 
lower Rio Marafion at 74.60 W, 4.6S, 
Parinari. Pods were collected from 7-20 trees 
free of WB. Two hundred and seventy-seven 
PA clones were transferred to Marper Farm 
(Pound 1943b). Pound described the pods as 
being long, generally warty, with a 
pronounced bottleneck and conspicuous point. 
However, some pods were almost smooth 
with five, shallow furrows. The pods varied in 
appearance from blanco (pale) to pure green. 
Six morpho-types were distinguished by 
Pound (1938). 

seA clones 
These clones were collected in the Loreto 

Region, Peru, along the Rio Ucayali at 75.00 
W,7.21S. The pods were reputedly collected 
from one tree at Contamana, and 27 plants 
were generated. Twenty-two clones were 
eventually planted at Marper Farm (Pound 
1943b). Pound (1938) described the pods as 
green or slightly ''blanco'', with a central type 
that was mid-green (such as SCA 6), only 
moderately warty, with a definite but blunt 
point and lacking a bottleneck. Pound also 
recorded a lagarta type, which was mostly 
warty with a less pronounced point and 
generally no bottleneck constriction. Variants 
were also observed; more warty or of the 
smooth, five-furrowed type. The latter were 
the only ones slightly susceptible to WB. 

Phenotypic observations 

Morphological or phenotypic data have been 
collated at the ICG, T over several years 
between 1990 and 2006 for the UAF clones 
included in this study. 
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Details of the methodology and collection 
site are provided by Bekele and Butler (2000); 
Bekele and Bidaisee (2006), Bekele et al. 
(2003, 2006) and Iwaro et al. (2003a). 
Observations were made using 25 descriptors 
(Table 2) from the International Board for 
Plant Genetic Resources (now Bioversity 
International) descriptor list for cacao (Anon., 
1981) for III accessions - 20.2 IMC, 20* 
NA, 17 MO, 20· PA, 11 SCA and 23 
POUND. 

Statistical analyses 

The relationships within and between the 
aforementioned accessions groups were 
examined using the Cluster Analysis (CA) 
module of NTSYSpc Ver. 2.10b (NTSYS, 
2000; Rohlf, 2001). The data were first 
standardised to eliminate the effects of 
different scales of measurement. Similarity 
matrices were generated prior to clustering. 
The group average method (upGMA­
unweighted pair-group method using 
arithmetic means) was used to perform 
Cluster Analysis as recommended for this 
type of dataset (mixed continuous and 
categorical) (Bekele and Bekele, 1996; 
Mardia et al., 1979; Sneath and Sokal, 1973). 
Dendrograms were generated to depict the 
inter-relationships among the accessions 
studied. 

In order to test whether the clusters obtained 
from the analysis were valid, a cophenetic 
value matrix of the tree matrix, produced after 
clustering using the Sequential Agglomerative 
Hierarchical Nested (SAHN) clustering 
procedure of NTSYSpc, was computed using 
COPH (cophenetic). The MXCOMP (matrix 
comparison) module was then used to 
compare the cophenetic value matrix with the 
original matrix that was clustered. 

2 • Randomly selected from the list of accessions from the 
ICG,T with phenotypic data available 
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Table 2 Descriptors used for morphological 
characterisation 

Descriptor State [sample size] 

Flower, anthocyanin 
intensity in column of 
pedicel 

Flower, sepal length 
(mm) [n=lO] 

Flower, anthocyanin 
intensity on ligule 

Flower, ligule width 
(mm) [n=IO] 

Flower, anthocyanin 
intensity in filament 

t 
f Flower, style length 

(mm)[n=IO] 

Flower, ovule number 
[n=10] 

1 

" 1 Fruit, shape 

Fruit, basaI constriction 

Fruit, apex form 

Fruit, surface texture 
(rugosity or degree of 
wartiness) 

Fruit, anthocyanin 
intensity in mature ridges 

Fruit, ridge disposition 

Fruit, primary ridge 
separation 

l=green, 2=reddish, J=red 
[n=10]. 

O=absent, 3=slight, 
5=intermediate, 7=intense 
[n=lO] 

O=OOsent, 3=slight, 
5=intermediate, 7=intense 
[n=lO] 

I = oblong, 2= elliptic, 
3=obovate, 4= orbicular 
[n=lO], 5= other. 

O=absent, 1=s1ight, 
2=intermediate, 3=strong, 
4=wide shoulder [n= I 0] 

I =attenuate, 2=acute, 
3=obtuse, 4=rounded, 
5=mammillate, 
6=indented [n=IO] 

O=OOsent, 3=slight, 
5=intermediate, 7=intense 
[n=lO] 

O=absent, 3=slight, 
5=intermediate, 7=intense 
[n=lO] 

I =equidistant, 2=paired 
[n=IO] 

l=slight, 2=intermediate, 
3=wide [n=10] 

Table 2 cootioued Descriptors used for morphological 
characterisation 

Descriptor State [sample size] 

Fruit, pod wall hardness 3=::; 1.6 MPa, 5 = > 1.6 
[n=IO] MPa::; 2.0 MPa, 7= > 2.0 

MPa 

Fruit, length (em) [n=10] 

Fruit, width (em) [n=lO] 

Seed, number [n=I 0] 

Seed, shape l=oblong 2=elliptic 
3=ovate 

Seed, cotyledon colour I =white, 2=grey, 3=light 
purple, 4=medium purple, 
5=dark purple, 6=mottled 
[n=40] 

Wet bean weight (total) 
(g) [n=IO] 

Cotyledon length (em) 
[n=20]. 

Cotyledon width (em) 
[n=20]. 

Cotyledon weight (g) 
[n=20] 

Pod index (the number 
of pods required to 
produce I kg of dried 
cocoa) [n=lO] 

Principal Components Analysis (PCA) was 
also perfonned using NTSYSpc, and the 
pattern of grouping of the accessions in the 
three-dimensional PCA plot was compared 
with that revealed by CA for the purpose of 
validation. A two-dimensional PCA plot was 
also generated, using MINITAB Ver 14.1, to 
examine the distribution of the clones in 
relation to their respective accession groups. 

Descriptive statistics for each descriptor 
studied were generated using MINITAB Ver. 
14.1 (Minitab Inc., 1997). Variation in the 
expression of quantitative traits was assessed 
from the coefficients of variation (COY). The 
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significance of the between accession group 
variation in pod index (PI), which is of 
economic interest as a component of yield, 
was tested using the One-Way Analysis of 
Variance (ANOVA) module of MINITAB 
(Minitab Inc., 1997). Nonnality of the 
distribution for PI was first tested using the 
Kolmogorov-Smimov test (Mini tab Inc., 
1997). 

Shannon Weaver Diversity Index (SWDI) 
values, H = -L k In p(k), where p(k) = 
frequency of the class "k", (Shannon and 
Weaver, 1949) were calculated for the 13 
qualitative (categorical) descriptors recorded 
for each of the UAF accession groups studied. 
This was done in order to assess the relative 
phenotypic diversity of the groups as well as 
the evenness in the distribution of frequency 
classes for each descriptor. High SWDI values 
(closer to 1) correspond to higher levels of 
diversity and evenness in the distribution of 
descriptor categories. 

Results 

Considerable phenotypic diversity was 
observed among the UAF clones studied 
(Tables 3 and 4), and this coincided with 
observations of other samples of germplasm 
from the ICG,T (Beke1e et al., 1994; Bekele 
and Bekele, 1996; Bekele et al., 2006; Iwaro 
et al., 2003; Sounigo et at., 2005b). PI, a 
component of yield of particular interest to 
breeders, was nonnally distributed (P> 0.05), 
and ANOV A revealed that the between 
accession group variation in this trait was 
highly significant (F= 6.01, P < 0.0001). IMC 
was the most promising accession group in 
terms of PI. A similar result was also found 
in a study by Bekele et al. (2006), which 
included Trinitario and Refractario 
germplasm. In addition, all of the IMC clones 
studied were classified according to Pound's 
(1938) convention (three categories described 
in the introduction). 
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Table 3 Descriptive statistics of the III UAF clones 
studied using 25 morphological descriptors 

Descriptor Mean Minimum Maximum Variance 
(units) ±SE value value 

LIGULE 0.00 7.00 
COLOUR 
FILAMENT 0.00 7.00 
COLOUR 
PEDICEL 1.00 3.00 
COLOUR 
SEPAL 7.1 ± 5.29 9.12 0.62 
LENGTH(mm) 0.08 
LIGULE 2.4 ± 1.83 3.83 0.09 
WIDTH(mm) 0.03 
OVULE 46.9 ± 33.0 62.0 41.0 
NUMBER 0.6 
STYLE 2.2 ± 1.33 3.56 0.097 
LENGTH(mm) 0.03 
MATURE POD 0.00 5.00 
RIDGE 
COLOUR 
POD SHAPE 1.00 3.00 

POD BASAL 0.00 3.00 
CONSTRICTION 
POD APEX 1.00 6.00 
FORM 
POD 0.00 7.00 
SURFACE 
TEXTURE 
POD RIDGE 1.00 2.00 
DISPOSITION 
POD RIDGE 1.00 3.00 
(pAIR) 
SEPARATION 
HUSK 3.00 7.00 
HARDNESS 
BEAN 2.00 5.00 
COLOUR 
BEAN SHAPE 1.00 3.00 

PODLENGTH 15.8 11.1 20.0 2.74 
(em) ± 0.2 
POD WIDTH 7.8 6.0 !1.1 0.67 
(em) ± 0.1 
WET BEAN 50.2 26.0 82.2 130.2 
WEIGHT ± Ll 
(excluding 
mucilage (g» 
BEAN 41.9 26.6 59.3 47.4 
NUMBER ±0.7 
COTYLEDON 0.84 0.50 1.19 0.02 
WEIGHT (g) to.Q2 (FA 71)" 
COTYLEDON 2.07 1.64 2.68 0.04 
LENGTH(g) ±0.02 
COTYLEDON 1.13 0.86 1.38 0.01 
WIDTH (em) to.O! 
POD INDEX 30.3 17.0 65.4 59.3 

± 0.7 (IMC 96)* 

'" superior accessions (low pod index, large 
cotyledon weight) 

r-­



ce 

n 

2.74 

0.67 

130.2 

47.4 

0.02 

0.04 

0.01 

59.3 

large 
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Table 4 Descriptive statistics for some of the 
quantitative traits accounting for most of the phenotypic 
variation expressed in the UAF groups studied 

AceessiOli 
Group 

MeauPod 
Index 

Standard 
Error 

Coefficient 
ofvariation 
(%) 

Minimum 
value 

Maximum 
value 

!Me 

NA 

POUND 
PA 

MO 

seA 

23.6 

29.6 

30.4 

31.3 

.34.2 

3S.1 

0.8 

1.1 

1.7 

1.4 

I.S 

3.8 

15.2 

1S.7 

26.4 

20.S 

17.8 

36.2 

17.0 

24.0 

17.8 

19.7 

2S.4 

20.2 

29.S 

42.8 

46.7 

48.0 

46.0 

65.4 

AA:cessi0li 
Group 

Cotyledon 
weigbt(g) 

Standard 
Error 

Coefficient 
ofvariation 
(%) 

Minimum 
value 

Maximum 
value 

!Me 

NA 

POUND 
PA 

MO 

SCA 

0.S9 

0.86 

0.85 

0.86 

0.7S 

0.78 

0.03 

0.03 

0.02 

0.04 

0.03 

0.06 

16.5 

16.3 

13.7 

18.3 

IS.3 

26.6 

0.62 

0.S7 

O.SS 

O.S 

0.53 

0.51 

1.19 

1.11 

1.0S 

1.19 

1.03 

1.11 

AceessiOli 
Group 

Cotyledou 
width 
(em) 

Standard 
Error 

Coefficient 
ofvariation 
(%) 

Minimum 
value 

Maximum 
value 

!Me 

NA 

POUND 
PA 

MO 

seA 

us 
1.19 

1.15 

1.09 

1.09 

1.08 

0.02 

0.03 

0.02 

0.02 

0.03 

0.05 

6.5 

9.2 

9.3 

6.4 

9.7 

15.1 

0.99 

0.97 

0.86 

0.92 

0.95 

0.88 

1.3 

1.4 

1.3 

1.2 

1.3 

1.3 

Aa:ession 
Group 

Pod length 
(an) 

Standard 
Error 

Coefficient 
ofvariation 
(%) 

Minimum 
value 

Maximum 
value 

!MC 

NA 

POUND 
PA 

MO 

seA 

16.7 

14.9 

15.9 

16.7 

15.0 

15.3 

0.24 

0.4 

0.28 

0.38 

0.34 

O.4S 

6.4 

12.7 

8.4 

10.1 

9.3 

9.8 

14.S 

11.1 

13.4 

14.0 

12.5 

12.1 

19.9 

IS.4 

18.8 

20.0 

17.3 

17.1 

Aa:e••ion 
Group 

Style 
length 
(em) 

Standard 
Error 

Coefficient 
ofvariation 
(%) 

Minimum 
value 

Maximum 
value 

i 

!Me 

NA 

POUND 
PA 

MO 

seA 

2.11 

2.20 

2.14 

2.27 

2.34 

2.19 

o.os 
0.09 

0.05 

0.09 

0.05 

0.10 

9.9 

17.9 

10.S 

IS.0 

8.9 

IS.3 

1.57 

1.33 

1.74 

1.79 

1.70 

1.S2 

2.49 

3.02 

2.70 

3.S6 

2.63 

2.70 

Cluster Analysis of the UAF accession 
groups studied 

The phenotypic relationships among the UAF 
groups analysed using Cluster Analysis (CA) 
are depicted in Figure 1. The cophenetic 
correlation, calculated as a measure of 
goodness of fit for the CA, provided evidence 
of a good fit (r = 0.805) (Rohlf 2001). All of 
the clones formed one cluster at Dissimilarity 
Coefficient = 2.1. Details based on 
observations of the relationships depicted in 
Figure 1are as follows: 

IMC clones tended to cluster together; 

IMC 39 and its putative progenitor, POUND 
18/ A [pOU], were very closely linked; 

IMC 59 and 67 were fairly closely linked; 

NA clones formed several small clusters 
together, interspersed with SCA, PA and MO 
clones; 

NA 824 and MO 17 were phenotypically 
almost identical (Dissimilarity Coefficient = 
o.si; 
Some P A clones are grouped in small 
homogenous clusters, e.g. 
200; 

PA 165, 90 and 

NA 406 and 
related; 

SCA 23 were very closely 

NA 3 and P A 68 were very closely related; 

P A 44 and MO 83 were closely linked. The 
latter was distinct from other MO clones; 

PA 303 and IMC 41, and PA 171 and SCA 5 
were closely linked; 

MO 4 and 9, and MO 99 and 121 (all slightly 
pigmented unlike the majority of MO clones) 
were closely linked; 

SCA 6 and SCA 11 were fairly closely linked; 
and were distinct from other the SCA clones 
studied; 

3 The smaller the value of the Dissimilarity Coefficient, 
the more similar two clusters are. 
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POUND 7/A [POD], POUND 7/C [POD] and 
POUND 71B [POD] were closely linked; 

POUND tolB [POD] and POUND 10/C 
[POD] were fairly closely linked; 

POUND 311A and POUND 31/C [POD] were 
fairly closely linked; 

POUND 18 [POD] was fairly closely linked 
to PA 71 and SCA 9; 

POUND 41A [POD] and SCA 20 were closely 
linked; 

MO 3, PA 143, !MC 63 and !MC 3 were the 
most distinct clones; ungrouped until a 
Dissimilarity Coefficient > 1.9 was applied. 
Sounigo et al. (2001a) also found MO 3 to be 
distinct from the MO clones studied using 
RAPD markers. 

peA of the UAF acceSSIOn groups 
studied 

The first two principal components (PC) 
accounted for 31.4 % of the total variation 
expressed by the phenotypic traits in Figure 2 
(PC 1 - 21.9 %, PC 2 - 9.5 %). The first four 
principal components accounted for 47.5% of 
the total variation expressed. The descriptors 
(Table 2) responsible for most of the variation 
expressed by the first four PC were as 
follows: 

PC 1 total bean weight (wet), pod index, 
cotyledon length and pod width; 

PC2 - pod length, cotyledon width, and 
pod apex form; 

PC 3 - bean number, ovule number, 
cotyledon colour and pedicel colour; 0.5 

PC 4 - sepal length and ligule width. 

, 

0.7 	 0.9 1.1 1.3 1.5 1.7 1.9 2.1 

Dissimilarity Coefficient 

Figure 1 Dendrogram depicting phenotypic inter­
relationships among the III UAF clones studied 
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Flpre 1 Principal Component plot of the III UAF accessions studied 

Principal Component (PC) 1 accounted for 21.9% of the total variation expressed; PCl and 2 accounted for 31.4 % of 
the total variation expressed; PCl, 2 and 3 accounted for 39.6% of the total variation expressed. 

· Comparison of the results of CA and 	 IMC 3 and IMC 63 were among the most 
disparate clones in Figures 1 and 2. PCA of the UAF clones studied 

Observations exclusive to PCA (Figure 2)
Congruent groupings for both analyses: MO 96, PA 187, SCA 6, SCA 11, and IMC 10 
The following were grouped rather closely in were among the most disparate clones in the 
Figures 1 and 2: PeA plot (IMC 3 and 63 were distinct in both 

Figures 1 and 2); POUND 7/A [POU], POUND 718 [POU] and 
POUND 7/C [POU]; MO 90 and POUND 12/A [POU] grouped 

together closely as did: · POUND 1018 [POU] and POUND 10/C 

[POU]; 
 POUND 918 [POU] and POUND 27/C 

[POU];SCA 6 and SCA 11; 

NA 733 and MO 81;POlJNl) 41A [POU] and SCA 20; 

SCA 23 and NA 8;POUND 18 [POU], SCA 9 and PA 71; 

MO 3, 80 and POUND 1018 [POU]; IMC clones (IMC 49,33, 10; and IMC 44,67 

· and 59); and PA clones. 
 MO 9 and SCA 10; 
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POUND 7/C [POU] and IMC 54; 


POUND 161B [POU] and NA 16; 


POUND 4/A [POU] and POUND 51C [POU]; 


IMe 41 and MO 109; 


POUND 51B [pOU] and MO 76; 


PA 84 and NA 68; 


SCA 19 and NA 186; 


POUND 18/A [POU] and POUND 71B 

[pOU]; 


POUND 7/A [POll] and POUND 32/A 

[POU]; 


MO 109 and IMC 85; 


PA 68 and SCA 12; 


POUND 311A [POU] and MO 99; 


MO 14, MO 81 and MO 121 (MO 14 and 121 

have slightly pigmented pods); MO 118 and 

MO 17. 


POUND 311C [POU] and 31/A [pOU] were in 

the vicinity of SCA 6, 11, 3 and 5 in Figure 2; 

(the other SCA clones were dispersed); 


POUND 18 [POU] and POUND 181A [POU] 

were in fairly close juxtaposition unlike in 

Figure 1; 


POUND 51B [POU] and POUND 51C [pOU] 
were in the same general vicinity in Figure 2. 

Relationship between putative Mother trees 
and their 'progenies' 

• 	 POUND 18 [pOU] appears to be 
phenotypically related to its putative 
progenies, IMC 67 and 59 (Figures 1 and 
2). IMC 44, 2, 54, 67, 39, 96, 3, 76, 41, 
49,53,45, 10,33 and POUND 18 [POU] 
and POUND 18/A [POU] were all in 
close association in Figure 2. No data 
were available for POUND 21 and 
therefore no comparison could be made 
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for this other putative mother tree of the 
IMC clones. 

• 	 NA 888 and 733 were fairly closely 
related to POUND lIB [POU] and 8/C, 
two putative NA mother trees, as 
indicated in Figure 1. NA 733, 227 and 
833 were in close proximity to POUND 
lIB [POU] in Figure 2. No other NA 
clones grouped closely with their stated 
POUND mother trees, and no data were 
available for other putative mother trees 
of NA, viz., POUND 19 [POU], POUND 
20 [POU], or POUND 30 [POU]. 

• 	 Some SCA clones, such as SCA 6, 5, 3 
and 11 grouped fairly closely with 
POUND 311A [POU] and 31/C, the 
putative mother tree(s) of SCA clones 
(Figures 1 and 2). 

Summary of findings 

The IMC clones tended to cluster together and 
separately from the SCA, MO and NA clones 
(Figures 1,2 and 3). However, IMC 3, 63 and 
12 were distant from the other IMC clones in 
Figures 1and 2. 
Frequent grouping together of NA clones 

was observed in Figures 1,2 and 3. 
SCA 6, 11, 3 and 5 were grouped fairly 
closely to POUND 31/C [POU] in Figure 2, 
but were further removed from POUND 311A 
[POU]. It must be noted that Motamayor 
(personal communication) found that POUND 
311A [POU] and 311C were not very closely 
linked when analysed using SSR markers. 
MO 3, IMe 3, IMe 63 and PA 37 [PER], and 
PA 143 [PER] were the most divergent clones 
in their respective accession groups (Figure 
1). MO 96, PA 187 [PER], IMe 63, SCA 6, 
SCA 11, IMe 3 and IMC 10 were 
phenotypically distinct in Figure 2. 
POUND 18 and 181A [POU] were well 
separated in Figure 1 and to a lesser extent in 
Figure 2. This suggests that there may be a 
valid basis for distinguishing them as 
accessions (with suffixes). The relationships 
among all POUND clones and their variants 
may be investigated using molecular markers. 

According to Pound (I943a), the genotypes 
collected on the Nanay River as POUND 12 
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[POU] grew not far from the area where the 
IMC trees were collected. However, our 
results suggest that Pound I2/A [POU] is not 
phenotypically very closely related to the 
IMCclones. 

The SWDI values obtained for the 
qualitative traits implied that the POUND and 
MO groups were more diverse than the NA, 
P A, IMC and SCA groups (Table 5). It is 
noteworthy that the POUND clones, putative 
mother trees of the other UAF clones studied, 
covered the full range of phenotypic diversity 
expressed in Figure 3. ,
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FIgure 3 peA plot depicting phenotypic inter­
relationships among the accession groups studied: 
Group: 1.;2.;3+;4&;5... ;6.... 

Discussion and Conclusion 

The IMC group was generally phenotypically 
distinct, particularly from MO accessions 
(Figure 3). In contrast, there was overlap 
among the other accession groups. There was 
slight overlap between the IMC group and 8 
POUND, 3 PA, 1 SCA and 2 NA clones 
(Figure 3). It is noteworthy that Sounigo et al. 
(200 1 b) found the genetic distance between 
NA and IMC clones to be relatively small. In 
comparison to the IMC group, more 
phenotypic diversity was expressed within the 
NA, PA, MO and SCA groups, as evident 
from the many small homogeneous clusters 
that were widely dispersed in Figure I, and 
from the horizontal (revealed by PCI) and 

vertical (revealed by PC2) spread of the latter 
accessions in Figure 3. Conversely, Sounigo 
et al. (2005a), who obtained Shannon Weaver 
diversity index values based on RAPDs for 
several UAF groups (Table 6), found that the 
IMC group was just as genetically diverse as 
the MO, POUND and SCA groups. It must 
be noted that only 20 accessions were 
randomly selected to represent the IMC group 
in this study, and these may differ from those 
studied by Sounigo et al. (2005a). 

The pattern of phenotypic diversity, based 
on the SWDI values obtained for qualitative 
traits included in this study, was similar to the 
genetic diversity assessed by Sounigo et al. 
(2005a) in some respects. The POUND and 
MO groups were the most diverse (Table 5; 
Figure 3). This was unexpected for the MO 
group with its one putative mother tree in 
contrast to the NA and P A groups, which have 
many putative mother trees. 

The relative phenotypic diversity for the 
accession groups studied, assessed using COY 
of the quantitative traits (Table 4), showed no 
clear pattern. However, the considerable 
phenotypic diversity in the SCA and MO 
groups, expressed for traits such as PI, 
cotyledon weight and width, filament 
pigmentation and pod apex form (Tables 4 
and 5), seems not to be explained by a single 
mother tree source. 

Sounigo et al., (2005a) obtained a SWDI 
value of 0.31 (Table 6) for the NA group. 
The number ofputative mother trees also does 
not explain this measure of genetic diversity. 

The NA group has the most mother trees 
among the groups studied (approximately 17), 
but was found to be least diverse genetically. 
Conversely, the IMC, MO and SCA accession 
groups had larger SWDI values (0.36) (Table 
6) although they only had two and one 
putative mother tree(s), respectively. The 
significant yet unexpected genetic diversity in 
SCA accessions, found by Sounigo et al. 
(2001a; 2005b), was also observed by 
Mooleedhar (1986). The latter identified eight 
compatibility alleles among the 11 SCA 
clones studied, and proposed that at least four 
parents were involved. 
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Table 5 Shannon Weaver Diversity Index Values for the 
categorical descriptors used to characterise the UAF 
groups 

SWDI for Accession Groups IDescriptor 

!Me MO NA PA POUND SCA 

Ligule 0.54 0.45 0.43 0.36 0.45 0.40 
pigmentation 
Filament 0.53 0.59 0.51 0.46 0.51 0.43 
pigmentation 
Pedicel 0.32 0.25 0.32 0,22 0.45 0.39 
pigmentation 
Colour of 0.00 0.26 0.00 0.09 0.00 0.00 
matorepod 
ridges 
Pod shape 0.30 0.26 0.27 0.23 0.40 0.13 
Pod basal 0.37 0.45 0.51 0.37 0.47 0.26 
constriction 
Pod apex. 0.21 0.65 0.58 0.52 0.63 0.61 
form 
Pod surface 0,27 0.31 0.40 0.43 0.43 0.40 
Ielttore 
Pod furrow 0.18 0.00 0.00 0.00 0.17 0.00 
disposition 
Pod furrow 0.29 0.44 0.27 0.32 0.39 0.26 
separation 
Pod wall 0.22 0.44 0.30 0.35 0.37 0.37 
hardness 
Cotyledon 0.37 0,29 0.30 0.30 0.28 0.29 
colour 
Cotyledon 0.45 0.26 0.14 0.37 0.33 0.39 
shape 
Men 0.31 0.36 0.31 0.31 0.38 0.30 

Table 6 Shannon Weaver Diversity Index values based 
on RAPD marker data for UAF groups 

AceessloB Greup Shannon Weaver 
Diversity Index 

IMC (5 clones) 0.36 
MO (4 clones) 0.36 
NA (8 clones) 0.31 
PA (11 clones) 0.32 
POUND (4 clones) 0.36 

SCA (3 clones) 0.36 

Source: Sounigo et Ill. (2005a) 

Bartley (1968) concluded that the SCA 
accessions were of "mixed origin" based on 
varied WB resistance levels and compatibility 
tests. 

The aforementioned anomalies may be 
explained by the widespread self­
incompatibility in UAF clones and the 
possibility that mixed pollinations provided 
opportunities for a large number of pollen 
parents to contribute to the genepool. Therein 
lies the possibility of large diversity among 
half-sib progenies, as was also observed by 
Lockwood and End (1993). 

These results, in conjunction with those 
from genetic diversity studies, should prove 
useful for future cacao breeding programmes 
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and will facilitate the formulation of strategies 
to effectively manage cacao genetic resources. 
Detailed consideration of the phenotypic 
relatedness among the clones studied along 
with information on their allelic richness will 
be useful for selecting core and working 
collections, such as that selected by Sounigo 
et al., (2005a), where the objective was to 
preserve as much diversity as possible relative 
to the larger collection as described by Bekele 
et al. (2004). Information on diversity patterns 
is also important when formulating strategies 
for future collections in the wild aimed at 
increasing the genetic diversity of cacao 
conserved ex situ. A tentative link was 
established between geographic origin and 
genetic grouping in cacao by Bekele et al. 
(2006); Laurent et al. (1993); Motamayor et 
al. (2002); and Russell et al. (1993); Sounigo 
et al. (2005b) among others. This suggests 
that future collection expeditions in the wild 
should be conducted in yet unexplored or 
under-represented areas. Sounigo et al. 
(2005b) recommended collecting in diverse 
areas to capture more genetic diversity. The 
apparent uniqueness of Guianese clones 
(Lachenaud et ai., 2001) attests to the 
usefulness ofthese strategies. 

Research at CRU continues to demonstrate 
that the ICG,T is an invaluable resource for 
cacao genetic improvement. It's rich genetic 
diversity and the presence of superior 
genotypes such as those identified by Iwaro et 
al. (2003) will facilitate the identification of 
potentially heterotic groups that may produce 
transgressive segregants4

, useful when 
selecting candidate parents for further 
germplasm enhancement. The ultimate goal 
is the development of high-yielding, disease­
resistant genotypes that will lead to a 
reduction in the cost of cocoa production, and 
ideotypes (ideal plant typesi to safeguard 
against yet unknown pests, diseases and 
challenges to successful cocoa cultivation. 

• 	 Transgressive segregation may be more likely to occur when 
parents in a cross are less similar, allowing different 
favourable alleles to be combined in the off-spring. 

l 	 An idealised multi-trait characterisation; for example. a 
crown that is long, narrow and dense with high branch 
angles and waxy leaves. 
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