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FOREWORD

Coconut is planted in over 11 million hectares in more than 85 countries with 96% of this
hectarage in the hands of smallholders cultivating 0.4-5.0 hectares. World yields have been
declining in recent years from 710 kg copra per hectare in 1976 to 430 kg in 1984 and 400 kg
in 1992. Farm productivity has also declined, decreasing the competitiveness of the coconut
and the incomes of millions of coconut farmers.

One of the ways to increase farm productivity and competitiveness of this important small-
holder crop is to develop improved varieties that possess the capacity for high productivity,
resistance to pathogens and adaptation to specific growing environments. It is also important
to conserve coconut genetic resources which could serve as the fundamental basis for a strong
breeding programme. Admittedly, these are big tasks because of the perennial nature of the
coconut research and the lack of well-trained researchers.

To overcome the above constraints, the International Plant Genetic Resources Institute
(IPGRI), upon the recommendation of 15 coconut-growing countries, established the
International Coconut Genetic Resources Network (COGENT) to coordinate research
activities of national, regional and global significance particularly in germplasm exploration,
collecting, conservation and enhancement and to establish a basis for collaboration on the
broader aspects of coconut research and development.

One of the first activities of COGENT was a workshop to standardize coconut breeding
research techniques. This was held at the Station Marc Delorme Cocotier, IDEFOR in Céte
d’Ivoire on 20-25 June 1992 through the support of GTZ, BUROTROP and IPGRI. During
this workshop, coconut breeders from 16 coconut-producing countries and experts from
CIRAD and IPGRI formulated the first draft of this manual. The draft was pre-tested and
revised during the Trainers’ Course on Coconut Breeding Research Techniques which was
held at the Research Institute for Coconut and Palmae, in Manado, Indonesia which was
attended by 21 coconut researchers through the support of the Asian Development Bank. The
manuscript was then edited and forwarded to IPGRI for review and publication.

The STANTECH Manual, as this document has been called, will enable coconut breeders and
germplasm researchers worldwide to use standardized techniques as guidelines in breeding and
germplasm conservation. It is hoped that this manual will help coconut researchers to obtain
better and comparable results to accelerate the development of improved varieties for millions
of coconut farmers.

COGENT is indebted to the GTZ, BUROTROP and ADB for providing financial support in
the formulation of this manual, to the ODA for funding its publication and to CIRAD, IPGRI
and the researchers in the Cote d’Ivoire workshop and Indonesia trainers’ course (Appendix
1) for their technical inputs. Finally, COGENT wishes to thank the editing team for executing
a difficult task, Mr. F. Bonnot of CIRAD for advice on the statistical content of the manual
and Dr. V. Ramanatha Rao of IPGRI, who critically reviewed the manuscript.

=

Basil Been
Chair, COGENT Steering Committee
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Chapter 1
BOTANY OF THE COCONUT PALM

Coconut (Cocos nucifera L.) is the sole species of the genus Cocos belonging to the
subfamily Cocoideae which includes 27 genera and 600 species. It is a diploid with 32
chromosomes (2n=32). As such, hybridization is mainly intraspecific.

The major classification of coconut based on stature or height is as follows:

@D Tall palms, sometimes referred to as var. typica (Nar). They are widely planted both
for household and commercial use and grow to a height of 20-30 m. They are slow
maturing and flower 6-10 years after planting. They are long-lived with an economic
life of about 60-70 years, athough much older palms are known to exist and yield
well. They are normally cross-pollinating and therefore considered to be heterozygous.

2 Dwarf palms, sometimes referred to as var. nana (Griff). These are believed to be
mutants from tall types with short stature, 8-10 m when 20 years old. They begin
bearing about the third year at less than 1 meter high. They have a short productive
life of 30-40 years. They are normally self-pollinating and therefore considered to be
homozygous.

The Roots

The palm has adventitious roots continually produced from the basal 40 cm or so of the trunk,
which is the swollen part or what is termed 'bol€, in tall types and in some dwarf hybrids. It
has no taproot or root hairs but has lots of primary roots which bear large quantities of
rootlets.

The main roots grow out somewhat horizontally from the bole and are mostly found within
the topsoil. The main branches grow deeper and may extend laterally to as much as 10 m.

The roots, having no carnbium, are noticeably uniform - the main roots reaching a maximum
diameter of about 1 cm. The root tip is the actively growing region and behind it is the
absorbing area whose epidermis is a single layer of thin-walled cells that gradually thicken
and become impervious with age. In old roots, the epidermis disintegrates and exposes the
hard hypodermis which is generally red.

The root centre has a stele surrounded by a single-celled pericycle sheath from which rootlets
and aerenchymatous (respiratory exchange) protuberances or pneumatophores arise. The
respiratory exchange occurs more abundantly nearer the sod surface to allow easy diffusion of
oxygen into and carbon dioxide out of the root.

The Stem
The stem develops from the single terminal bud called the ‘cabbage’ which is the palm's only

vegetative growing point. Under favourable conditions, the foundation of the trunk of a young
pam reaches full development within 3-4 years.



In the tall types, the base of the trunk is up to 0.8 m in diameter, tapering quickly to about 0.4
m (Child 1974). Once formed, the trunk does not change much in diameter. If variation
occurs from base to crown, this is not caused by biological factors but by climatic conditions
and cultural practices.

Stem growth is fastest at early stages, which can be as much as 1.5 m per year. The
incremental growth rate levels off as the palms grow old; up to 10-15 cm per year at about the
40th year and over.

The coconut stem has no cambium. Hence, it cannot regenerate damaged tissues. However, a
mature pam may have as much as 18 000 vascular bundles which help it to withstand
significant physical damage to itstrunk, provided pest entry is prevented.

The L eaf

The first leaves of a coconut seedling have the pinnae fused together and appear as entire
leaves. After eight to ten have been formed, subsequent leaves tend to split into leaflets.
After about 3-4 years, the stem starts to form with a single terminal growing point where new
leaves develop. Generally, a normal adult pam produces 12-16 new leaves annually, each
bearing a corresponding flower cluster (inflorescence). There are about 30-40 leaves in a
healthy crown with a similar number of leaf primordia, each differentiated about 30 months
before it emerges as a 'sword leaf'. A mature leaf is 3-4 m long and has 200-250 leaflets. A
leaf remains on the palm for about 3 years and thereafter, shed leaving a permanent scar on
the trunk.

The age of an adult palm is correlated with the number of leaf scars. The number of scars on
the stem, divided by 13, gives the approximate age of the palm in years (Mahindapala 1991).
This may be important in estimating the age of existing pams used as parent materials in
breeding.

The I nflorescence

The coconut inflorescence is enclosed in a double sheath or spathe, the whole structure
known as a 'spadix’ which is borne singly in the axil of each leaf. The palm is monoecious,
i.e. its inflorescence carries both male and female flowers. The mae flowers are more
numerous than the female flowers. The former are borne on the top portion of spikelets which
are attached to a main axis or peduncle. The female flowers are situated at the base of the
spikelets.

The inflorescence primordium can be detected about 4 months after the first leaf primordium
is differentiated; the male and female flowers, 22 months thereafter. The opening of the fully
grown spathe occurs 1 year later.

The male flowers are the first to open, beginning at the top of each spikelet and proceeding
towards the base. After each flower opening, the pollen is shed, and male flowers abscise, the
whole process taking just 1 day. The male phase, however, takes about 20 days in most palms
but this may vary according to season and variety.



A female flower remains receptive from 1 to 3 days. Depending on the environmental
conditions and variety, the female phase may begin a few days or later after the spathe has
opened and lasts 3-5 daysin tall palms and about 8-15 days in dwarfs. A normal inflorescence
may have 10-50 female flowers. With natural pollination, 50-70% usually abort and fall off,
especially those which emerge during severe dry weather. The remaining flowers develop into
fruits, which take about 12 months to mature.

The length of the male and female phases is affected by climatic environment and usually do
not overlap in the tall types, such that self-pollination rarely occurs. In some dwarfs,
particularly the Maayan Dwarf, overlapping of the male and female phases and between
spadices usualy takes place, promoting selfing. Hence, these dwarfs are reasonably
homozygous.

The Fruit

Once pollination and fertilization occur, fruits set and develop to maturity in about 12
months, or less than 1 year for some dwarf cultivars. A count of bunch and fruit set can give a
reasonabl e estimate of yield.

The fruit is a fibrous drupe but with a smooth outside skin (exocarp), which may vary from
green to red brown or even ivory. The coat (mesocarp) in the young coconut is white and
firm. On the other hand, the ripe nut has a fibrous mass, the husk, from which coir is
obtained. Within this fibrous massis the nut with a hard shell (endocarp) enclosing the kernel
(endosperm). Between the shell and the kernel is a thin brown seed coat (testd). It adheres
firmly to the kernel which is the white flesh, about 12 mm thick lining the central cavity
containing the nut water. Towards the end of maturation, the volume of water in the cavity
decreases considerably which may be due to absorption by the endosperm tissue or to
evaporation. Matured nuts have a sloshing sound of water inside when shaken. Yield is
usually estimated in terms of the number of nuts produced per palm or unit area and weight of
equivalent copra.



Chapter 2
STUDYING GENETIC DIVERSITY INSITU

There are several methods of studying genetic diversity. These include morphometric,
biochemical and molecular methods. For this manual, only the morphometric method will be
discussed as procedures for use of other methods are yet to be standardized.

Studying genetic diversity in situ and the exploration and survey of new sources of
germplasm are two of the four main activity areas arising from the principa objectives of the
International Coconut Genetic Resources Network (COGENT). These activities include
taking palm and nut samples within the identified sampling sites following the International
Plant Genetic Resources Institute's (1PGRI) Coarse Grid Sampling Strategy (Chapter 10).
The most ideal practice is for the identified populations to be observed for six months to one
year in situ following a regular schedule. In situ work requires the observation of the
populations based on an individual palm performance. Hence, all the observed sample palms
could also serve as source pams for collecting seednuts for the genebank. The latter is
described in Chapter 3.

Guide to sampling

An accurate description of the populationsin situ is crucial because this will be the only guide
for their use in breeding programmes in the intervening period from the time the surveyed
populations are collected to over a decade of complete evaluation and characterization. This
description involves two aspects.

@ Identification of the populations in accordance with the IBPGR list of descriptors as
discussed in Chapter 11, and

(b) Characterization of a certain number of plant and fruit components. These
measurements should be taken from a random sample of 30 normal pams
(discarding diseased or atypical palms) in the chosen site. Wherever and whenever
possible, one ripe nut should be analyzed per studied palm. Otherwise, 30 nuts are
taken from the heap.

Depending on field situation, it is necessary to consider the following sampling techniques:

Random palm sampling - This is the most ideal technique. The collector chooses at random
30 sample palms and obtains one representative nut per palm.

Random heap sampling - This is done when nuts from the sampled palms are already
harvested and heaped or piled at the time of the visit. Sample nuts are picked at random from
the heap. Only undamaged, fully ripened ungerminated nuts are taken.

Charactersto be observed

The following list of parameters is not exhaustive and should be seen as a basis for minimum
comparison. Details of procedure are found in Chapter 7.
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Stem morphology (figs. 1 & 2)

Girth measurement at 20 cm above soil level (cm)

Girth measurement at 1.5 m height (cm)

Length (m) of stem with 11 leaf scars, measured starting from the bottom of the first leaf
scar to the bottom of the 11th leaf scar

Overall appearance/shape of crown (fig. 3)

b~ wWNPEF

Spherical
Semi-spherical
X-shaped 'silhouette’
V -shaped

Other (specify)

Leaf morphology (figs. 4 & 5)

The observation is normally made on leaf #14, which is the leaf subtending the bunch with
fist-size nuts. For practical reasons, however, in old coconut palms and if age is not precisely
known, take the oldest fully mature green frond by detaching the entire leaf (petiole
included) from the stem using a sharp machete or bolo. The following data should be
gathered from the sample | eaf.

Colour of petiole

1Yellow 7 Green

2 Yellow-Red 8 Green-Yellow
3 Red-Yellow 9 Yelow-Green
4 Red 10 Brown

5 Red-Green 11 Other (specify)
6 Green-Red

Petiole length (cm) - from base to the most proximal |eaflet
Petiol e thickness (cm) - measure at insertion of first leaflet
Petiole width (cm) - measure as above

Rachis length (cm) - from the base of the petiole to thetip

Number of leaflets - count on one side of the frond that has the first leaflet closest to the
base

Leaflet length (cm) - use four leaflets (two on each side) near the middle of the rachis
and record average of four measurements

Leaflet width (mm) - use the same leaflets as above and record average (at maximum
width) of four measurements
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(€)

Inflorescence and flower morphology (fig. 6)

Preferred samples are inflorescences with male flowers open (may be used for pollen
collection if necessary), one inflorescence per palm.

Type

Normal

Spicata (full or partial)
Androgena

Additional spathes or bracts
Other (specify)

abrwNPEF

*  Overlapping of male and female phases:
- Presence of receptive female flowers on pam
- Presence of open male flowers on palm
- If both are present, are they in the same inflorescence?

* Length of peduncle (cm) - distance between the point where the bunch is attached to the
palm and the base of the first spikelet

* Length of the central axis (cm) - measure from the first spikelet to the end of the axis

» Diameter of the peduncle (cm) - at the insertion of first spikelet

*  Number of spikelets with female flowers

*  Number of spikelets without female flowers

» Length of first spikelet bearing female flower

e Total number of spikelets

*  Number of female flowers can be counted from scarsif flowers have already been shed

* Femaleflower distribution per spikelet: number of female flowers divided by total of
number of spikelets

Fruit appearance

All fruits analyzed should be mature, i.e. when changing from fresh to dry fruit and water
sloshes when fruit is shaken.

*  Fruit set (visually estimate number of fruits bigger than afist in each sample palm)

1 0to10
2 11to20
3 21to50



4 51t0 80
5 81 and above

*  Fruit colour (less than 6 months old) - follow colour code description for petiole

Shape of fruit (polar view, figs. 7a& 7b)

Round
Egg-shaped
Pear-shaped
Elliptic

Other (specify)

b~ wWNPEF

»  Shape of fruit (equatorial view, fig. 8)

Round
Angular

Flat

Other (specify)

A WN P

*  Appearance/shape of husked nut (fig. 9)

1 Fat

2 Pointed

3 Ovoid

4  Almost round

()] Fruit component analysis (FCA)

*  Fruit weight (g)

*  Nut weight (g)

*  Weight of split nut (g)

»  Shell weight (g)

* Meat weight (g) - difference of shell weight and the weight of the split nut

(9 Endosperm

Measure (mm) the endosperm thickness, at the equatorial portion of 10 mature fruits (more or
less 12 months old) and take the mean. Do not include makapuno (gel-endosperm) types.

Data analysis

Statistical analysis of the palm and nut/fruit characters observed in the survey situation is complicated
because the characters observed may have been influenced by the environment. Hence, any
information available on the soil and climatic conditions and the probable origin of the populations
has to be taken into account when interpreting these results.



It should be borne in mind that the charactersto be studied are those that are highly heritable. In some
cases it may be even better to consider the ratio between two measurements, as in number of nuts,
copra per nut and copra per palm, rather than the basic data. Studies conducted within the
experimental station could provide clearer answers to these questions.

Simple analysis of variance (ANOVA) is sufficient for determining coefficient of variance when
dealing with effect of treatments (e.g. cultivars) on individual parameters (e.g. yield). However, to
compare several parameters or characters, amultivariate analysis is required.

There are several methods of conducting multivariate data analysis. The choice of a method depends
on the problem to be worked out. If the problem is to represent a set of individuals without
preliminary grouping, principal component analysis can be used. The purpose of this technique is to
condense the information given by the original variables into a smaller set of new independent
variables.

Comparison of populations can be made with homogeneity tests. Hotelling's T test, for instance, can
be used to test the equality of the means of two populations with several variables. For more than two
populations, analysis of dispersion (multiple analysis of variance) can be used. Discriminant analysis
can be used to plot points representative of the populations on main axes taking into account within-
population variability, and to compute Mahalanobis distances between populations. Mahalanobis
generalized distance between two populations is presented in Appendix 2.

Representation of distances between individuals can be defined with classification methods.
Dendograms built with clustering techniques can help to define groups of individuals. Additive trees
can be interpreted as phylogenetic representations to relations between individuals. All these methods
can be applied to populations as well asindividuals.

Ancther problem is to allocate individuals to groups previously defined. In this case, discriminant
analysis or Fisher's discriminant functions can be used.

A biometrician is particularly helpful in analyzing quality data (colour, fruit shape, etc.) or
discontinuous variables (e.g. fruit set) which require special coding. The use of a data management
system software to facilitate analysis should be explored.



Chapter 3
GERMPLASM EXPLORATION AND COLLECTING
Choice of population

The success of a germplasm survey, either for studying genetic diversity or for collecting nuts
for a germplasm collection, is largely governed by the choice of sample population. Idedlly, it
is best to identify and collect as much genetic variability as possible. However, the available
area, the financial resources and the ability of the organizations involved in the conservation,
evaluation, characterization and use of genetic materials impose certain limitations on the
number of populations to be observed and collected.

In the absence of an expressed selection criterion, it is often best to set the number of sample
popul ations based on awell conceived and balanced collecting scheme that takes into account
the limiting factors mentioned. The coarse and fine grid sampling strategies can be used. An
effective use of available data based on a rationa approach prior to actua collecting, e.g.
multivariate analysis, should increase survey efficiency.

In some instances, outright collection of seednuts may be done provided that the area is free
from diseases and pests, and if the population possesses highly distinctive traits or features
which would discriminate it from other populations. Transport of seednuts should be done
following the technical guidelines for safe movement of coconut germplasm (Frison et al.
1993). The approach proposed below is intended to guide researchers in their choice of
popul ation.

1 Set the objectives of the collecting survey.
The collecting strategy will differ depending on the objective, as follows:

e |If it is to describe and exploit the genetic diversity existing in a given region
without a preconceived idea of the characters sought, a systematic sampling of the
popul ation should be attempted;

» If the purpose is to collect genes coding for particular characteristics (sometimes
called a target collection), focus should be on the population most likely to
contain the desired characters; and

e |If the am is to safeguard threatened populations for their conservation and
subsequent use, population disappearance risk factors should then be identified
(cyclones, pests and diseases, urbanisation, crop shifting or conversion, etc.) to
pinpoint the collection area.

2. Identify all the populations from which the samples will be collected.
Depending on collecting strategy, the geographical zones to be covered should be

fixed precisely and an inventory of the population involved should be made. Prior
reconnaissance of the zonesis useful at this stage.



3. Obtain information about the population

Apart from odd exceptions, coconut is historically and closely associated with human
activities, whether this involves the setting up of large estate plantations, or traditional
small-scale cultivation. Its geographical distribution is probably reflected in historical
records related to its establishment and adaptation to the environment, which usually
take many generations. The search for written documentation or information by word
of mouth should therefore cover such diverse fields as ethnobotany, ecology,
agronomy, cropping systems, plant pathology and, of course, genetics. In this way,
maximum information can be obtained on the probable origin, adaptation characters,
yields and uses of the target population.

These data should be sought not only in scientific literature such as lists of flora,
books, studies and survey reports, but also from other related sources like agriculture
services, agricultural research organisations, plantation companies, farmer
cooperatives, botanical gardens, local people, etc.

4, Gather pre-prospection datain situ.

In situ measurements of growth habit and of fruit components, as described in Chapter
2, are valuable tools for the choice of population to be collected. These measurements
should be carried out before the actual collecting. However, if thisisimpossible, these
observations are still useful to form an essential guide for collection management, e.g.
numbers to be kept, breeding objectives and logistical requirements.

Collecting samples

Once the choice of population has been made, sample type (nut, pollen and/or embryos) and
the have to be fixed, along with the number of sample pams. The ultimate target is to obtain
sampl e size representative samples that possess the genetic image of the surveyed popul ation.

When one is dealing with seednuts corning from several populations and/or origins, a great
bulk of the errors in their identification are committed when nuts arrive at the receiving
station without proper seednut and population dispatch information. A flow diagram for
proper handling of seednut collections and seednut dispatch is shown in Appendix 3.

Although transport costs for nuts can become prohibitive under most circumstances, seednuts
are the simplest and often the cheapest form of collection. Seednuts enable the quick
reproduction of the population for characterization, and genetic evaluation and utilization.
Care must be taken to ensure that the source palms are free from any disease or pest.

Transfer to genebanks
The coconut fruit takes more or less 12 months to ripen from the time of pollination.
However, 11-month old nuts are considered physiologically mature and can be harvested.

These nuts can be easily identified when the husk of one or two nuts in the bunch start turning
brown.
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In theory, sample size for dwarf types can be smaller than that of the tall types since dwarfs are
relatively homogeneous. However, as long as the mode of multiplication is through the seednut,
dwarfs will often be used as female parents or mother trees for hybrid production, hence they should
be well represented.

To conserve and at the same time characterize the sampled population as effectively as possible, they
should be planted following an appropriate design. Tall and dwarf types should be planted separately,
using one control cultivar for each type, with at least three replications. Planting distance is 9 m
triangular for tall and 7.5 to 8.0 m for dwarfs. A single accession comprising three replicates and
elementary plots of 5 x 6 pams (i.e. 90 palms per accession) is appropriate. This design can be
modified if a sufficiently large plot is not available. However, each accession should be represented
by at least 72 palms, with a minimum of two replications, set out in square or rectangular plots or
blocks of at least three rows per replicate. Failing a block design, it is essential for the control to be
sufficiently represented (one control plot for every four collection plots).

Under certain circumstances such as when population size is inadequate, or when only a small
guantity of nuts is available, or the germination of the nuts is poor, the sampled population may be
preserved while additional collecting is undertaken to meet the desired population size.

If collecting cannot be repeated, the preserved material risks being a biased and incomplete sample of
a population study. However, if the population has been chosen for precise breeding purposesasin a
target collection, its preservation as a gene source is justifiable.

General approachesto collecting coconut germplasm

Collecting of nuts for ex situ conservation. Choose 100 normal palms at random towards the middle
of the population and take a sample of two nuts per palm to generate atotal of 200 nuts. If the number
of palms in the population is too small, the number of sample nuts per pam can be increased.
Between 80 and 100 plants should be planted in the genebank. Sample nuts from heaps should only
be used when there is no alternative.

Pollen collecting. When pollen and seednut collecting are combined, the value of both the pure
population and its hybrids can be studied at the same time, thereby gaining a breeding cycle. It
quickly enables a study of a population when hybridized and/or recombined with another more
advanced material.

Pollen collecting involves harvesting male flowers from 25 to 30 palms chosen at random towards the
middle of the plot. If the collecting site is near the research station, the male flowers could be packed
separately. Otherwise, pollen should be taken from all the inflorescences and mixed to produce a
pack of bulk pollen representative of the sampled population.

Embryo collecting. The technique of embryo culture was first developed by Dr E.V. de Guzman at
the University of the Philippines at Los Bafos in the early 1960s. Aside from rescuing embryos from
the lethal effects of the endosperm as in the makapuno coconut, it has been used for wider
applications such as in the safe transport of coconut genetic materials (in bulk) over long distances. It
merits the same applications as for nut collecting, with the additional possibility of cryopreservation
and experimentation under laboratory conditions. Over the years, the technique has undergone a
series of refinements and modifications to serve today's requirements.

11



Embryo samples should be taken according to the method recommended by 1PGRI (Assy Bah et al.
1987) which is described in detail in Chapter 9. Up to 600 embryo samples (200 for field collection,
200 for cryopreservation and 200 for exchange) can be taken from at least 100 palms.
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Chapter 4
NURSERY MANAGEMENT

The rearing of coconut seedlings in a well-maintained nursery facilitates efficient selection of normal
uniform seedlings. It permits equal and unbiased application of treatment and evaluation. Care must
be taken in choosing the seedlings to start a plantation since plantings will be in the field for many
years. The nursery management techniques described herein can be applied for both the genebank and
hybrid trials.

Nursery site selection

A good nursery should: (a) be open, level and well-drained; (b) have light or loose-textured soil to
facilitate nursery operations; (c) have a good source of water without possibility of being flooded; (d)
be accessible to transportation; and (€) be far from existing potential sources of coconut insect pests
and diseases, e.g. sawmills, pile of decaying logs, dump site of animal manure, etc. A nursery site
with aminimum area of 3,600 m? is needed to accommodate about 12,000 seednuts for 50 ha.

To be fully operational, the nursery should have a fence for security; a shed to house the implements
and supplies; farm implements and small equipment; a source of water for irrigation; and sufficiently
trained manpower.

The seedbed
Seedbed preparation - The seedbed (fig. 10a) should preferably be in the centre of the nursery. To

facilitate sowing of nuts, it should be cleared, plowed and harrowed to afine tilth. Seedbeds are
prepared with the following dimensions.

elevation: 10-20 cm high to provide drainage

width: 1 mto avoid stepping on seednuts during maintenance and transfer
operations

length: a2 mlong seedbed isideal for easy inspection, management and
mai ntenance

pathway: 1 m between seedbeds should be provided to facilitate inspection, selection,

pricking, maintenance and seedling transfer activities.

Sowing of seednuts - Nuts are planted by firmly setting them either upright or dlightly tilted with the
germ end at the top (fig. 10b). The nuts are set close to one another to prevent them from floating in
case of heavy rains. The nuts are then covered with soil, with about 2/3 of their size buried. In
addition to keeping a record file