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Introduction
Coconut is cultivated all around the intertropical belt, mainly in coastal
areas. Its large genetic diversity has long been recognised. Attempts to
account for this diversity have resulted in various classification systems
like those proposed by Miquel in 1855, Narayana and John in 1949 or by
Lyanage in 1958 (see the discussion of these systems in Child 1974).
Despite the efforts of these authors, it was not always easy to obtain a
completely consistent system, because some of the traits used in these
classifications represented variation between populations, while others
were polymorph within a given population. Describing the morphological
and agricultural aspects of coconut genetic variation appears to be a
complex task and requires the observation of a fairly large number of
quantitative traits. It is necessary to take into account intra-, as well as,
inter-population variation. It remains that some features of genetic
variation have a great practical and theoretical significance.

A consideration of growth habit - precocity and flowering biology
(Rognon 1976) - leads us to the usual distinction between the
predominantly cross-pollinating Tall and the usually self-pollinated
Dwarfs. Such a distinction is obviously of great significance in field
management and for seed production. For the sake of completeness, two
other categories should be added. The semi-Talls, which are self-
pollinating like Dwarfs, but grow faster and have a bole, like the Talls;
the Compact coconut which is represented by a single cultivar - the Niu
Leka.  In spite of its short stature, it has all the characteristics of a Tall
and is cross-pollinated.

Whitehead (1966) proposed protocols for the study of fruit
composition. Harries (1978; 1991) refined them and proposed a theory
of coconut evolution. According to him, coconuts growing in the wild
need to present some adaptive traits including the capacity to float on
sea to allow natural dissemination and to grow in coastal areas. These
adaptive traits result (among other traits) in elongated and triangular
nuts, having a high percentage of husk. Slow germination increases the
possibility of reaching long distances by floatation. In contrast,
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domestication of coconut mainly for drinkable water - according to this
theory – favoured genotypes with round nuts and high water content at
the cost of husk thickness. Fast germination and a strong rooting system
would also be advantageous. In latter stages, fruits of either type (i.e. the
‘wild’ type also called Niu Vai and the ‘domesticated’ type, called Niu
Kafa) would have been transported by humans during their travels, as
part of their supply of food and drink or with the purpose of planting
them at the arrival site. Finally, the copra industry would have made use
of either type of coconuts without distinguishing their differences to
establish large plantations. The present diversity of morphological traits
in coconut is considered as the result of these events and of subsequent
gene exchanges between these two ecotypes. Harries (1981) proposed
methods for identifying coconut varieties.

Using molecular markers, it is now possible to assess the genetic
relationships between the coconut cultivars collected across the entire
geographic range of the plant (see following articles on biochemical and
molecular methods) and reveal other aspects of coconut genetic diversity.
In fact, morphological and molecular traits are affected differently by
evolutionary forces and thus, reveal different aspects of genetic diversity.
At least some of the morphological traits are likely to be subject to strong
(natural or artificial) selection pressure.  In contrast, molecular markers
are considered as selectively neutral. This is especially true of
microsatellites, which are located in non-coding sequences. On the other
hand, mutation, migration and genetic drift affect both types of markers
in a more or less similar manner.

Another important difference between molecular and morphometric
diversity is that the latter is strongly affected by environment and hence,
shows significant level of genotype x environment interaction. This may
be a serious hindrance to study genetic relationships of coconuts,
particularly if we intend to compare results obtained from different places.
The lack of such GxE interaction explains largely the success of molecular
methods. On the other hand, it must be recognized that they would be
useless without a good knowledge of the measurable – and often
agriculturally meaningful – variation of phenotypic traits. Actually,
considering such traits is essential from the beginning (sample constitution)
to the end (interpretation) of a molecular study.

From the above, it is clear that studying morphometric variation of
coconut can generate two kinds of results. The first is an evaluation of
the agricultural potential of the cultivars tested; the second is a better
understanding of the genetic diversity, in relation to results obtained with
molecular markers. Both of these outcomes are important for plant
breeding. While the first directly provides the value of selection criteria,
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the second serves as a guide to choose the cultivars to be introduced in a
breeding programme, to maximize selectable diversity and/or heterosis.

Morphological characterization/evaluation of coconut can take place
in a research station or on farm. The advantages of a research site are
obvious. The populations under study are planted in controlled condition,
preferably using appropriate experimental design involving replicated
blocks and a control treatment. A workforce that is permanently on the
spot allows observations over a long period. Even though such conditions
seem to be ideal for accurately comparing coconut varieties, they represent
a complex organization and results are available only many years after
planting. They are obviously not adapted for assessing germplasm
diversity in the framework of genetic surveys. In this case, on-farm studies
are unavoidable and must rely on a reduced set of observations.

A list of the traits that may be included in such a study and a brief
review of the statistical techniques commonly used to measure and
interpret the results are presented. A review of the results of some
morphometric studies realized in many parts of the world and the
comparison of the resulting observations with the information obtained
with molecular markers are also discussed.

Observations
Studying morphological diversity in coconut involves comparing traits
that are measured on different parts of the plant. It is often useful to
compare the results of different studies and this comparison is easier if
standardized techniques are used. For details about which traits to
measure and how to measure them, the reader can consult the
standardized research techniques in coconut breeding (STANTECH)
manual (Santos et al. 1996). In this paper, only the summary of the
principles of such measurements is presented.

As stated above, morphometric observations can be performed in two
very different contexts: in situ (generally in a farmer’s field) and ex situ
(i.e. in a research station).  Obviously, there are observations that can be
done in the second case and not in the first case.  An overview of the
possible observations is given in Table 1.

Some comments may be made on this list:
• General information: refers to data that are not directly used in the

statistical analysis, but may be needed for its interpretation and for
the subsequent use of germplasm. These data should be as compre-
hensive as possible.

• Speed of germination: may be added to in situ observation if nuts
were sampled for transfer into a genebank.
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 In situ 
(STANTECH Chapter 2) 

Ex situ 
(STANTECH Chapter 7) 

General information Sampling site location, purpose of 
cultivation, available information on origin, 
etc. 

Passport data 

Speed of germination n.a. (see below) Number of days to 25%, 50%, 75% 
and maximum germination, final 
germination rate 

Vegetative data 
before flowering 

n.a From nursery to flowering: leaf 
emission, length and girth 

Stem morphology 
 

Diameter at 20 cm and 150 cm above soil; 
Spacing between leaf scars   

Same 
Annual height increment (from 
measurement made at 6 and 10 
years) 

Leaf morphology Rachis, petiole and leaflet measurements (At approx. 8 years) 

Leaf production n.a. (At approx. 8 years) 

Inflorescence 
morphology 

Stalk, central axis and spikelet 
measurements, length of branches  

Same (at approx. 8 years) 

Flowering  n.a. Date of emergence of first flower, 
Flowering phases (2 years after first 
flower) 

Fruit component 
analysis (FCA)  

Weight of components and endosperm 
thickness 

Same (measured 2-3 years after 
production starts) 

Fruit appearance Record shape of fruit, measurement of 
whole fruit, and nut length and diameter 

Same, (measured 3 years after 
production starts) 

Fruit set Gives an approximation of 7 to 8 months 
harvest 

 n.a. 

Copra per nut n.a. Same period as FCA 

Fruit and bunch 
return 

n.a. Two periods: 
• Juvenile (measured 1-2 years 

after production starts) 
• Mature (measured 3-6 or 3-8 

years after production starts) 
   

 

Table 1.  Summary of morphometric observations

• Vegetative data before flowering: values recorded after planting and
just before initiation of flowering may be considered.

• Stem morphology: Do not use stem height unless ages are the same –
prefer height increment.

• Leaf morphology: May be used for in situ studies if palms are ap-
proximately of the same age. If not, ratios between different parts of
the leaf should be preferred.

• Fruit component analysis (FCA) - Two contrasting advice are given
about the exact stages of maturation for performing analysis. Ac-
cording to Harries (1978), it should be done when the fruit is begin-
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ning to ripen (when colour of the fruit changes from immature col-
our to brown). At this stage, part of the epidermis is turning brown-
ish, due to drying.  Other researchers prefer storing fruits in a shaded
area (and – in rainy season – under a shelter) for a period varying
from 15 days to 1 month (Meunier et al. 1977). This method is prefer-
able if the main purpose of the FCA is to estimate the copra contents
while the former is the only choice for in situ analyses. It is also prob-
ably better suited when one wishes to evaluate the liquid endosperm
contents. In any case, the method adopted should be mentioned in
the protocol.

Some of the measurements are made repeatedly, like fruit and bunch
returns but it is not necessary to include all observations in the statistical
analysis. Instead, the average of the observations from a set of samples
(for fruit and bunch return) or the evolution during the period of
observation (for vegetative measurements before flowering) may be
considered. Introducing too many variables that are strongly correlated
in multivariate analysis is not likely to improve the precision of
calculations.

Determining a sample size always involves a compromise between
the expected quality of characterization and feasibility. The larger the
sample, the better are the results. Experience has shown that about 30
palms are a good compromise between accuracy and cost of measurement.
For multivariate analyses, it is important to record all observations on an
individual palm basis. A single missing observation will generally result
in omitting all observations on the corresponding sample palm.

Statistical methods
There are some commonly used methods for presenting results of
morphometric studies.  Discussion of these methods does not go into
mathematical details because these analyses are generally done using
specialized software. More details on statistical methods adapted to
genetic diversity analyses may be found in Perrier et al. (1999).

Simple statistics and graphs
The most obvious way of representing the observed results is in the form
of tables. For quantitative traits (like petiole length), average and standard
deviation for each treatment are tabulated. Coefficient of variation may
replace standard deviation. Univariate ANOVA makes it possible to test
for the existence of significant variation between cultivars. For qualitative
traits (fruit colour, etc.), the percentage of individuals having a given
value are given in the tables.
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The use of a graphical representation (mainly scatter and bar
diagrams) may be sufficient to visualize some striking features, as long
as a small number of traits are involved.  For example, Harries (1981)
proposed to represent FCA results using two types of graphs. One is a
scatter-plot graph with the percentage of husk as abscissa and the weight
of whole fruit as ordinate. The other one is an equilateral triangular graph
where the three components of the nut are represented as percentages.
The scale for shell/nut ratio (from 15% to 40%) is on the base, the scale
for water/nut ratio is placed upside down on the left side (from 40% to
15%) and the scale for endosperm/nut ratio (from 45% to 70%) is placed
on the right side.  Such a graph is very convenient, since the three
components are given equal importance. The position of the representative
points of a cultivar on these graphs corresponds to its type (wild,
domesticated or introgressed).

Principal component analyses and related methods
The previous example represents probably the maximum of what can be
done in analyzing multidimensional data by hand. However,
morphometric data analysis involves generally 20 or more traits at the
same time, which is almost impossible to visualize. One of the solutions
to capture the most important factors of variation is to use principal
component analysis (PCA) or a similar method.

PCA is adapted to quantitative data. Its principle lies in using linear
transformations of the original data. The whole set of observations made
on each individual may be interpreted as a point in a multidimensional
space, with coordinates equal to the values of each trait. These coordinates
are converted into a new set of coordinates, named ‘principal components’
using transformations that can be interpreted geometrically as
translations, rotations and homothecies (dilatation of one or several
coordinates). These components are linear combinations of the observed
data and are ranked in decreasing order according to the percentage of
the total inertia (the multivariate equivalent of variance) they account
for. Principal components are easier to interpret because, unlike observed
data (for example height increment and spacing between leaf scars), they
are ‘orthogonal’, which means that they are not correlated. Moreover,
most of the useful information is concentrated on the few first components.
By plotting the first two principal components, it is possible to obtain the
‘best’ two-dimensional representation of the data. This representation is
the best, in the sense that it includes the largest possible proportion of
total variance.

To a certain extent, the PCA representation ‘distorts’ less the observed
data, while representing them in the most convenient way. This poses a
problem, when data may be represented with different units. The smallest
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the measurement unit, (thus, the largest the corresponding value), the
largest is the influence of a trait on the result of the PCA. It is customary
to standardize observation by dividing deviations from the mean value
by the standard deviation of the corresponding trait, prior to performing
the PCA itself.

Interpreting the results of a PCA involves the examination of the
resulting plot - treatments that are represented by distant points differ
from each other. The reverse, however, is not necessarily true, as a PCA
plot is a projection of a high dimensional geometric object (i.e. the
representative points of all individuals or treatments) on only two
dimensions, treatments that have about the same values for the first two
components may differ for other components. Thus, it is often useful to
examine representations involving the third or the fourth component,
which may reveal important variation factors. Finally, by inspecting the
correlations between observed variables and each principal component,
it is possible to know which trait(s) contribute(s) the most to variation.

PCA and related analyses involve matrix calculations and may be
performed on computers using various software packages. For example,
the PRINCOMP procedure of SAS® software performs principal
component analysis; the CANDISC procedure performs canonical
discriminant analysis (DA) and also computes Mahalanobis distances.
A (canonical) DA is very similar to a PCA except that principal
components are chosen based on the within treatment variance-
covariance matrix, rather than on the overall variance-covariance matrix.
The result is that in the scatter plots, distances between treatments (rather
than distances between individuals) are maximized.

Mahalanobis distance
Methods related to PCA are very useful to visualize the most prominent
differences between accessions and to relate them with observed traits
that explain the major part of these differences. This is possible only by
discarding part of the useful information. If the main aim is to assess
how different accessions are, regardless of which traits contribute most
to this difference, the full information may be exploited by calculating
genetic distances. One of the most popular distance index used in
studying morphometric traits is the Mahalanobis distance. It is related to
the classical Euclidean distance. The Euclidean distance between
treatments i and j is

where xik and xjk are the respective values of trait number k in treatments
i and j. The Mahalanobis distance is actually a Euclidean distance,



216

COCONUT GENETIC RESOURCES

performed after data transformation involving the within-treatment
variance-covariance matrix, just like in DA. The significance of
Mahalanobis distances can be determined with a Hotteling T² test.

Clustering methods and dendrograms
As distances are symmetric, they may be represented with a triangular
two-way table. However, when the number of accessions is large, such a
table is not always easy to read. Moreover, the aim is to group this large
number of treatments into a smaller number of clusters. There is an array
of methods to perform this operation and it would be difficult to list
them all. Incidentally, the eleven methods proposed by the CLUSTER
procedure of SAS software are only a small sample!

At the beginning of ascending – or agglomerating – methods, each
treatment is considered as a cluster. Then, each step consists in merging
the two closest clusters in order to form a new cluster, which replaces
the two old ones. The unweighted pair group method, using average or
UPGMA, is often used in genetic diversity studies (AVERAGE option in
the CLUSTER procedure of SAS). With this method, the distance between
two clusters is the average distance between pairs of treatments, one in
each cluster. This method tends to join clusters with small variances and
tends toward producing clusters with the same variance.  There are also
descending methods: all treatments are placed in a large cluster. At each
step, a cluster is split into two smaller clusters to maximize distance.

Qualitative observations
Most observations considered so far are quantitative. However, some of
them are qualitative (colour, shape of fruit, etc). Is it possible to introduce
them into multivariate analyses? One solution is to create a quantitative
variable for each possible value (or modality) of the trait. For example, if
in a survey, palms with green, brown and red fruits were observed, three
variables will be attributed to these colours.  Palms with fruits of a given
colour will be attributed value 1 for the corresponding colour and 0 for
the two others. In this manner, the average value of each colour variable
in a population will be the proportion of palms having the corresponding
colour. Such a solution is applicable for producing PCA plots involving
both quantitative and qualitative variables. It must be noted, however,
that the statistical tests based on Mahalanobis distances assume normality,
which is clearly not true in this case.

At any rate, it is interesting to mention that in rare instances, the
colour of inflorescence, nut size and shape and other qualitative traits
may serve as distinct genetic markers like the pink/purple female flowers
and round small nuts of the Pilipog Green Dwarf, the rough and scarified
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where pi is the observed frequency of the ith modality of the trait. The
Shannon-Weaver index varies between zero (population is uniform for
the trait) and the logarithm of n, the number of possible values of the
trait (diversity is maximal and all possible values are equally represented).
Simpson Index varies between 1 and n in the same conditions.

Application

Fruit characters, leaves and germination in Mexico
The studies conducted by Zizumbo Villarreal and Pinero (1998) and
Zizumbo Villarreal and Colunga-Garcia Marin (2001) are representative
of the differences between morphometric studies made in situ and in
research stations. The first one involves 41 populations of both West and
East coasts of Mexico. Observed traits were 11 FCA traits, to which six
ratios involving the previous traits were added. The second was made
on 18 populations, with 11 traits measured on the leaf, to which eight
calculated values were added. All populations of the second study were
represented in the first one.

Even though the traits involved in these studies are different, they
are able to identify similar patterns of variation. For example, Atlantic
Tall coconut differs from the Pacific Tall through more elongated fruit, a
higher percentage of husk and a lower percentage of liquid endosperm.
Similar observations are also made in Costa Rica (Vargas 1995). However,
Atlantic Talls also produce one or two leaves less in a year, and they
tend to have shorter leaves, but longer petioles. Their germination is also

Shannon-Weaver index:
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exocarp of the Agta Tall and the thick (5-7 mm) shell of the Tutupaen
Tall from the Philippines.

Diversity indexes
Populations (varieties, cultivars) do not differ only by their mean values
but also by their diversities. In the case of a single quantitative variable,
standard deviation (or coefficient of variation) is an obvious indicator. In
the case of qualitative variable, one of those two diversity indexes may
be used:

Simpson index:
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much slower (Zizumbo Villarreal and Arellano-Morin 1998). These
applications find also differences within the Pacific Tall; in general,
cultivars with larger nuts and higher liquid endosperm (named Pacific
Tall 1) also have a more uniform germination compared to the others.
They also tend to have similar leaf characters, although this tendency is
less obvious.

Diversity in the South Pacific for fruit characters
Ashburner et al. (1997) studied 29 cultivars from South Pacific. Some of
them are representative of the majority of local coconuts, while others
correspond to ‘named types’, i.e. relatively rare variants that are cultivated
for special purposes. Measurements were done according to the technique
of Harries (1981). Sample size varied from 5 to 45. Data were subjected
to DA and to hierarchical classification analyses. This led to the
identification of six groups: wild, domesticated, and three groups with
intermediate fruit characteristics: the Melanesian, West Polynesian and
East Polynesian groups. The Phoenix Tall formed the sixth group.
Existence of a clonal variation was studied by linear regression using the
geographical longitude of the sampled population and two variables;
the fruit weight and husk proportion. Both of those variables increase
from West to East (but such a trend appears only after excluding cultivars
identified as ‘domestic’ and ‘wild’).

This study tends to confirm the idea of domestication in Southeast
Asia. The ‘domesticated’ phenotype tends to predominate to the West
and to be less marked when progressing eastward. However, this picture
is somewhat distorted by the movement of germplasm which has
continued after the colonization of the South Pacific.

Thus, the farther the population from the main domestication centre,
the stronger is the tendency toward ‘wild’ nut characters. However,
microsatellite alleles that become more frequent in the Eastern Pacific
are not those of the Indo-Atlantic group. This suggests that the wild
coconut encountered by the Austronesians during their conquest of the
Pacific had only one common point with the Indian coconuts, i.e. they
had not been selected for high liquid endosperm content. Otherwise, they
had grown in very distant place for a very long time and, as a
consequence, their genetic structure diverged during that period.

Multivariate analysis on coconut populations in the Philippines
In 1981 (PCA ARD Annual Report), using the coarse grid sampling
strategy proposed by the IBPGR (now IPGRI) and applying the
Mahalanobis generalized distances method as suggested by Meunier
(1976) and cluster analysis, Santos et al. (1984) identified 29 accessions
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of coconut populations from 100 geographically isolated sites in the
Philippines. The traits studied included measurements on the
inflorescences from 10 palms, and stem and fronds from 30 sample palms
per site from 4-5 sites within a grid. It was interesting, although not
surprising, to find populations from sites 1000 km apart, to be in one
cluster. This could be explained by the fact that as people migrate, they
bring coconut along with their treasured possessions and this is still a
common practice. The current studies being made using molecular
markers could further shed light on this phenomenon. Practically, the
clustering of populations with similar genetic distances for the traits
studied made it possible to delimit the number of collections to be made
while ensuring the capturing of the widest array of diversity ex situ at
the least cost and the identification of interesting populations (see section
on qualitative observations). The study not only made it possible to estimate
the diversity of coconut in the country but also, more importantly, involved
farmers in the in situ conservation of coconut varieties.

Diversity at the global level
N’Cho et al. (1993) studied 17 Tall cultivars from the collection at Marc
Delorme Research Station in Côte d’Ivoire. These cultivars covered a large
part of the coconut’s range of distribution. Twenty-three variables were
taken into account: 3 measurements on the stem, 6 observations and 1
calculated variable on the leaf, 5 on the inflorescence, 7 on the fruit.
Bunch and fruit yield were recorded during the 6-10 year period. Thirty
palms were studied for each treatment. The first component of the DA
was found to be highly associated with robustness of the stem and with
length of the petiole, while the second was associated with fruit size
(and negatively associated with yield).

Broadly, the main features of the resulting plot could be described in
terms of the difference between ‘wild’ and ‘domesticated’ phenotypes.
The cultivars that correspond best to the Niu Vai type are those from
South East Asia, the Kar Kar Tall and the Rennell Island Tall, while
cultivars from West Africa and India correspond to the description of
the Niu Kafa type. Cultivars from East Africa and from the Andaman
Islands and also from the South Pacific lie in between. To some extent,
these cultivars have some of the characteristics of the extreme cases, but
they also vary greatly in vigour and in fruit characteristics.

Using clustering methods, it is possible to group populations into eight
groups, whose members have similar origins. However, any attempt to
make larger groups results in grouping cultivars coming from very
different regions (and with completely different genetic makeup). For
example, the Rotuman and Tonga Tall are in a cluster including most
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The existence of variation due to environmental effects is not surprising
in coconut. However, the behaviour of the MBD is a clear illustration of
GxE interaction (probably due to the fact that the MBD is especially
sensitive to attacks of Pseudoobscura). This interaction does not affect only

Indio-Atlantic cultivars. This suggests that, due to selection pressures,
similarities at the phenotypic level do not imply close genetic relationship.
Reciprocally, in the case of the Rennell Island Tall and of the Solomon
Tall, which are geographically close enough to exchange genes (and
indeed, have similar genetic features), the striking differences in their
fruit and inflorescence traits indicate that such differential selection
pressure have continued until the present time.

Environmental effects and GxE interaction in Dwarf cultivars
This section illustrates the effects of environment on fruit characters in
Dwarf coconut. Three Dwarf cultivars are considered here - the Madang
Brown Dwarf (MBD), the Malayan Red Dwarf (MRD) and the Malayan
Yellow Dwarf (MYD). They were observed in Vanuatu and in Côte
d’Ivoire.  The number of sample palms analysed varied between 50 and
100 per treatment. The number of fruits analysed was about 1000 in
Vanuatu and more than 3000 in Côte d’Ivoire.

Table 2 shows fruit weight and its components in both environments.
In Vanuatu, MBD and MRD have similar characteristics and their fruits
are bigger than that of the MYD. Similar observations are made in PNG
(CCRI 1990). In Côte d’Ivoire, environmental conditions are less
favourable and the fruits of the Malayan Dwarfs are smaller than in
Vanuatu. The traits that are the most affected are the shell and the liquid
endosperm. The reduction is much more pronounced in the MBD and its
fruits are smaller than those of the MYD.  Note the abnormally low
quantity of liquid endosperm (Table 2).

Table 2.  Fruit weight and its components in three Dwarf cultivars in two
environments

Cultivar Environment Fruit Husk Shell Solid  
endosperm 

Liquid 
endosperm 

MBD Vanuatu (V) 
Côte d’Ivoire (C) 
C/V% 

1376 
739 
53.7% 

285 
240 
84.3% 

160 
72 
44.8% 

681 
392 
57.5% 

250 
35 
14.1% 

MRD Vanuatu (V) 
Côte d’Ivoire(C) 
C/V% 

1356 
1176 
86.7% 

295 
301 
102.3% 

152 
128 
84.1% 

656 
591 
90.0% 

253 
157 
61.8% 

MYD Vanuatu (V) 
Côte d’Ivoire(C) 
C/V% 

1036 
864 
83.3% 

233 
199 
85.4% 

111 
96 
86.2% 

500 
446 
89.2% 

193 
123 
63.8% 

 The C/V% is the ratio of the values observed in Côte d’Ivoire over the values observed in Vanuatu.
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the weight of the different components, but also the relative composition
of the fruit. In Côte d’Ivoire, the MBD differs from the others through a
high husk to fruit percentage. In Vanuatu, this trait has very similar values
in the three cultivars.

Conclusion
Examples provided in this paper and in the preceding article on
biochemical and molecular markers illustrate the many ways one can
assess coconut genetic diversity. Molecular markers have two great
advantages: their expression is independent from environmental effects
and their number is virtually unlimited. Nevertheless, they cannot replace
the morphometric approach for two reasons. This approach is
fundamental to understand the agricultural value of coconut cultivars.
Such an understanding is important from an economic point of view as
well as for efficient conservation of genetic diversity. Coconut is essentially
a cultivated plant and a large part of its diversity is due to continued
selection by farmers for specific uses. The other reason is that they are
not affected in the same manner by evolutionary forces, and thus, they
give information that molecular markers could not provide alone.

Even so, there are many common aspects in the results of molecular
and morphometric studies. The studies made in Mexico showed very
similar results whichever type of trait is used, e.g. leaf traits, fruit
components, using molecular markers or isozymes (Zizumbo Villarreal
et al. 2002). This is due to the fact that populations on the Atlantic and
Pacific coasts have very different origins. Even on the Pacific Coast, a
certain differentiation exists because coconut introductions occurred from
three different regions: Philippines, Panama and Solomon Islands
(Zizumbo Villarreal 1996). However, classification varies somewhat
between studies because these three origins are within the Pacific group
and that there have probably been crosses between coconuts from different
sources.

It is not surprising that different markers often lead to similar
conclusions. Correlations between the variations of different traits are
expected simply as an effect of random variation between populations
that have evolved independently. Even if the genes corresponding to the
concerned traits are neutral, these populations accumulate different alleles
at each locus due to random sampling of their genes at each generation.
Considering the genes that were subjected to differential selection in the
environments where they grow, these correlations may be reinforced.
Thus, the general rule is that a large portion of the information which
can be obtained from genetic markers is independent of the nature of the
markers (Lebrun et al. 1999b; Teulat et al. 2000).
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Nevertheless, the most interesting situations correspond to exceptions
to the above rule. As mentioned earlier, ‘wild type’ coconuts from India
and from the South Pacific have a different genetic structure in spite of
their phenotypic similarities. This shows that the ‘wild type’ are
heterogeneous -  their common ancestor is also the ancestor of the
‘domesticated’ type. This also confirms the ancestral status of the
corresponding traits. On the other hand, the Kappaddam Tall, found on
the Indian West Coast has a distinctively ‘Niu Vai type’ fruit (Harries
1978), but its genetic structure is very similar to those of the predominant
local cultivar. Initially, it was an exotic cultivar from Southeast Asia
(Lebrun et al. 1999a). Apparently, the local farmers appreciated its fruit
characters and succeeded in maintaining them through selection. In the
same time, most of the exotic genes – i.e. those which are not related to
the selected traits – were eliminated due to cross-pollination with local
coconuts.

Besides its obvious use for characterizing cultivars, the morphometric
approach to determining genetic diversity provides valuable information
on the role of informal selection on the evolution and the maintenance of
genetic diversity in coconut. This information suggests that the
conservation of genetic diversity will be more efficient if farmers’
participation is considered as an important component of the conservation
system.
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