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Foreword

Nature has made South-East Asia one of the richest regions of the earth.
Among its natural endowments (such as oil, minerals, fish, solar energy, abundant rains) the vegetation is the most essential resource for mankind, almost
endlessly diversified and close at hand: timber of many kinds, some among the
most valuable in the world, resins, medicine, foodstuffs for man and feedstuffs
for animals. They exist in plenty and vary widely and will remain so if the
plant cover is carefully managed and exploited.
The population of South-East Asia may profit in many ways from its natural
heritage, now and in the future. A strict condition for the survival of the many
millions inhabitants is the maintenance ofa thriving plant cover. Extensive information on the plants growing in the region is needed to allow access to the
plant resources of each country. Thorough knowledge of plant resources is essential for human life and plays a key role in ecologically balanced land use.
The information needed includes botany, ecology, agronomy or silviculture,
plant breeding, technology and economics.
Vast amounts of printed and manuscript data on South-East Asian plants exist, making the available knowledge overwhelmingly large. However these
data are scattered over countless books, articles and reports, written in many
different languages over a period of almost two centuries, and often not accessible. In daily practice, thousands of workers in agriculture, forestry, research,
education, extension, trade and industry have access to only a small part of
this reservoir of knowledge.
Handbooks on plant resources dealing with different parts of South-East Asia,
leading publications in the past, were written half a century ago and are now
obsolescent. Since then, research in tropical agronomy, forestry and economic
botany has continued, rapidly expanding, aided by new techniques, checking
and correcting, discovering new properties, food values, medicinal efficacies or
dangers, ecological relations between cultivated and wild plants (environment), studying the prevention of erosion, weed invasion and many other related subjects.
The time has come for review of all the facts, old and new, to eliminate erroneous notions, to point out the most profitable way of handling plants and to
avoid losses through ignorance, in short to make available a comprehensive
easily consulted reference work.
The Agricultural University at Wageningen has taken the necessary initiative
with the Prosea Project, short for 'Plant Resources of South-East Asia'. Other
institutions in the Netherlands have expressed their interest and are prepared
to cooperate, in particular the National Herbarium at the University of Leyden, the Centre for Agricultural Publishing and Documentation (Pudoc) at
Wageningen and the Royal Tropical Institute at Amsterdam.
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The Minister of Education and Science has granted a subsidy to start the
Prosea Project.
A Board of Trustees for the coordination and supervision of the project within
the Netherlands was appointed, under the presidency of Dr W.M. Otto, formerly Director-General of the Ministry of Agriculture and Fisheries.
The survey and compilation of existing knowledge of about five thousand
plants in South-East Asia is an extensive, complicated and unique enterprise,
which can succeed only with international support and scientific, organizational and financial cooperation. Consultation and discussion is needed on the
scope and implementation ofthe Prosea Project with institutions in South-East
Asia, international agencies and private firms. Tofacilitate these discussions,
the Proposal for a handbook presented here includes a description ofthe project
and examples of how information on certain plants could be compiled. The
sample includes some familiar and some less familiar plants. Contributions
were written by specialists from various institutions in the Netherlands.
Suggestions and criticisms are invited on scientific, educational and other
aspects of the Prosea Project; the scope, planning, priorities, and the textual
and pictorial layout of the forthcoming handbook may require adjustment. An
active supportive interest from agencies, research and institutions, and individual scientists would be most welcome, and should benefit the forthcoming
work and its users.
There is every reason to expect that a long desired and adequate general source
of essential and up-to-date information will come within the reach of
agronomists, horticulturists, silviculturists, ecologists, economic botanists,
plant breeders, experts on medicinal plants, teachers, students, advisory workers and scientists in industry.
The planned handbook is intended to be a survey, guide and directory to an inexhaustible resource for human welfare: the evergreen treasury of South-East
Asia.
Wageningen, July 1986
C.C. Oosterlee
Rector Magnificus, Agricultural University,
Wageningen, the Netherlands

1 The Project on 'Plant Resources of South-East Asia'
(Prosea)

South-East Asia for the purposes of Prosea includes Malaysia, Singapore,
Brunei, Indonesia, the Philippines, Papua New Guinea, and parts of Vietnam,
Laos, Cambodia, Thailand and Burma. Strict definitions of the region include
only the area from Malaysia to Papua New Guinea. However from a floristic,
agricultural and forestry point of view, all these countries and even Sri Lanka
and part ofIndia (Kerala) show some similarity. The last pages ofthis book contain a map of the area of South-East Asia t h a t Prosea covers.
A great majority of the population in this region, a total of 3 0 0 - 4 0 0 million
people, largely depends on the plant cover, the useful plants in particular, for
its survival and well-being. A modern handbook giving information about possible uses of plants, both cultivated and growing wild, the plant resources,
is lacking for South-East Asia.
As for the uncultivated flora, Malaysia, Singapore, Brunei, Indonesia, the
Philippines and Papua New Guinea are in the favourable position that a current taxonomie work provides excellent basic information. Since 1950, a series
of issues of 'Flora Malesiana' has been prepared by the National Herbarium
in Leyden. They treat all species taxonomically by family.
1.1 Objectives
The objectives of the Prosea Project, to make a survey of existing knowledge
of useful plants in South-East Asia, to summarize and publish it and to make
it available to users in education, research, extension and industry, are based
on the following considerations:
- Thousands of plant species are found in South-East Asia, which provide
among others food, fibre, pharmaceutical products, building materials and
fuel, for personal use and for sale on local,regional or international markets.
- About 5000 plant species are involved for which as yet no substitutes are
available to many people.
- Knowledge ofthese plants isindispensable to manage, maintain and improve
the vegetation, in the broad sense of the word, and to increase the yield of
useful products.
- This information is stored in an overwhelming amount of literature which
first made its appearance a century ago, increasing considerably during the
first half ofthis century, and which has assumed exponential rate, especially
over the last decennia.
- For some ofthe plants, this knowledge is based not only on research in SouthEast Asia but also on data from comparable tropical regions of Africa and
Latin America.
- This knowledge concerns not only the botanical properties and occurrence of
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the plants, but also the use, ecology, husbandry, silviculture, harvesting,
yields and processing, the chemical, physical, pharmaceutical and technical
properties, as well as the economic importance, the nutritional value if relevant, the genetic resources and breeding.
- For the user, this source of information has become inaccessible partly because of its tremendous amount and the spread in time, as well as because
of its dispersal over three continents, several languages and many diverse
publications, such as books, periodicals, proceedings of congresses and symposia and research reports.
- There has always been the strong need to open up this source of information
for the users in education, extension, research and industry.
- To this end, 50-60 years ago, Heyne in Indonesia and Burkill in Malaysia
produced comprehensive handbooks, which have become largely obsolete because of the outdated text and lack of illustrations.
Now, more than ever before, the need exists to make the current wealth of information available for education, extension work, research and industry. A
stronger necessity, because so much more is known and because education, research and extension have considerably expanded too.
To achieve the objectives:
- a systematic survey of information from international sources has to be
made ('data collecting');
- a supplementary field survey has to be carried out in South-East Asia to
bring information up to date;
- the results of the survey have to be summarized in an illustrated handbook,
published in separate volumes, in English;
- the results of this survey have to be stored in a data bank to provide a regular source of reference, to which additional data can subsequently be added.
The research project is not directed towards gaining new knowledge but to
make the existing knowledge accessible and to circulate it and by so doing to
facilitate its use in agriculture, forestry, botany and other disciplines.
An improved knowledge ofthe useful plants, in all aspects, contributes to a better use of the natural resources, through which the position of the individual
farmer as well as the economy as a whole can benefit.
1.2 Target groups
The direct users of the handbook, the target group in the narrow sense of the
word, are all those in South-East Asia t h a t are professionally concerned with
the plant resources in the region and are sufficiently educated to enable them
to handle a work in English. In practice, these will be people working in
agricultural, forestry and botanical education, in the agricultural extension
service, in agricultural and industrial research and in commercial, agricultural, forestry and industrial production.
In the agricultural extension services of South-East Asia alone, a staff of about
a hundred thousand is employed in Malaysia, Indonesia, the Philippines and
Thailand. For education in Indonesia alone, 7 universities have agricultural
faculties and there are several dozen agricultural colleges, about a hundred
senior and hundreds of junior agricultural schools and agricultural training
centres. In Indonesia alone, many thousands of students graduate every year.
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In such a vast region as South-East Asia, only a few libraries are available
where current world literature can be consulted. Especially for those working
in education and extension services, such a library will not generally be to
hand.
The indirect users, the target group in the wider sense, are people in SouthEast Asia that are professionally dealing with plant resources but that have
not had adequate education to read and interpret the handbook and have to
obtain this knowledge through education and extension, perhaps through specially prepared teaching materials based on the information presented.
1.3 The many facets of the P r o s e a Project
A handbook of this nature brings a lot of existing knowledge to the attention
of a wide circle of users and can contribute to the development of agriculture
and forestry in South-East Asia and so to the rural development for which priority is given bythe countries in the region. South-East Asia is one ofthe major
emerging regions in the world. Here, agriculture occupies a key position both
in providing food for hundreds of millions and as the vehicle of a more general
economic development. Associated with this, the following aspects deserve consideration: the environment, research (data bank, gene bank), education, extension, lesser known crops and other useful plants, and international cooperation.
1.3.1 The environment
The ecological balance of the rural areas of South-East Asia depends strongly
on responsible sustained land-use systems. In view of the population pressure,
the increasing deforestation and erosion problems can only be contained by intensification and diversification of agricultural land use on a sustainable basis
and reforestation of areas ear-marked for that purpose. Dissemination and application of the knowledge of ecological requirements and potential uses of
plants and trees again is one of the prerequisites for rural development with
due regard to the maintenance and repair of the natural resources on which
it is based. It is its contribution to the insight in these prerequisites which
gives the Prosea Project its ecological significance.
1.3.2 Research
In the first place, the realization of the handbook will require an extensive investigation, based on international literature, into the present knowledge of
the botany, agronomy and forestry of several thousand plants in South-East
Asia. This inventory can partly be conducted from the Netherlands by making
use of existing international information networks. A supplementary inventory will have to take place in the field on botany, ecology, agronomy, forestry,
and use of many plants. This may entail:
- recording of current research activities of some important institutions in the
region;
- finding botanical and other relevant information in herbaria in the region,
which can also serve as a foundation for botanical descriptions and illustrations;
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- updating the information on occurrence, use and relative importance of useful plants with an inventory ofproducts ofvegetable origin obtained through
markets and field surveys in areas representative for the different ecological
regions of South-East Asia.
The research is characterized:
- by its magnitude, being an inventory of the current knowledge of plant
resources, about 5000 useful plants, in South-East Asia;
- through the necessary multidisciplinary cooperation, national and international.
The up-to-date survey of knowledge over such area is not only invaluable to
the handbook itself, but apart from that, offers a major reference framework
for universities and research institutions for the establishment of future research programmes and priorities in the field of tropical botany, tropical
agriculture and forestry. This could include, for instance, taxonomie research
on cultivated plants and introduction of new crops and cultivars, improvement
of cropping methods, control of diseases and pests, a more balanced nutrition,
setting up of gene banks, and pharmaceutical properties of plants.
1.3.3 Data bank
The survey ofexisting knowledge through the study ofinternational literature
and field surveys result in an up-to-date data base. The possibilities for exploitation of an electronic data bank (that is to say, a computer memory with factual data) are being further studied. This opens up the possibility for the results
of the project to be supplemented with new data. On completion of the project,
it is intended to make arrangements to keep the information up to date so t h a t
this plant resources bank for South-East Asia continues to operate. The updating and operation ofsuch a computerized data bank are as yet beyond the scope
of the Prosea Project.
1.3.4 Gene bank
The proposed survey of products in the different ecological areas of South-East
Asia should allow the collection of genetically valuable material for gene
banks. In view of the widespread interest in activities on 'genetic resources',
the possibilities for cooperation with South-East Asian organizations within
the International Board for Plant Genetic Kesources(IBPGR)deserve consideration.
1.3.5 Education
Since training in agriculture, horticulture, forestry and botany is primarily
concerned with how to grow and use plants, the proposed handbook will be a
valuable source of information for the preparation of teaching materials and
text books for junior and senior schools, and agricultural colleges, universities
and other training institutions.
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1.3.6 Extension
The handbook will also provide a foundation for agricultural extension, in
which a major contribution can be made to rural development. A translation
of the English edition into one or more regional languages will considerably
facilitate extension work. Obviously the extension material, such as brochures,
folders and booklets will have to be adapted to the relevant target groups and
local conditions. But it is essential that the handbook provides modern and
complete basis material, without the need to search for numerous books and
other literature, which are often not available.
1.3.7 Lesser known crops and other useful plants
Information on lesser known crops, in particular the food crops, draws attention to the scope for their use in cropping systems and can lead to diversification of agriculture. Nutritionally, these lesser known crops can contribute substantially to a more balanced diet. Particularly for people living in remote
areas, plants are vitally important. These people are totally dependent on
what the plant world has to offer, not only for their food but also for disease
control, tool-making, dressmaking, construction of dwellings and fuel. If the
harvest ofthe crops fails through drought, flood, pests or diseases, their dependence becomes even greater because only the natural vegetation remains for
their survival. In such a situation, (inter)national food organizations may come
to the rescue. Help usually gets going when the outside world learns about the
emergency, and many small calamities pass unnoticed. Meanwhile the people
have to survive. It is essential for them to know what the wild plants have to
offer under such circumstances.
The Prosea Project intends to trace and evaluate the information on these
plants and encourage their use. Usually the local people are well aware of natural resources, though there are often unexpected gaps in their knowledge. A
reliable source ofinformation about alternative food sources and remedies, also
for an emergency, is invaluable.
1.3.8 International

cooperation

Apart from cooperation between different institutions in the Netherlands, the
Prosea Project must seek cooperation with national institutions in South-East
Asia that are working in the same field. Cooperation with institutions in Europe and in the United States too (e.g. herbaria, universities), as well as with
international organizations (e.g. Unesco, FAO, IBPGR) is indispensable.
1.4 Stages of implementation and estimated costs
Because ofthe extent and complicated nature of the Prosea Project, implementation will have to take place in stages. Here, a preliminary and an implementation phase have been distinguished.
The preliminary phase comprises the following stages:
- The first stage was directed towards the appearance of this Proposal for a
handbook, in which some useful plants are treated by specialists of different

15

16

PROSEA PROPOSAL

institutions in the Netherlands (Chapter 3). One intention is to gain experience on scientific standards and organizational matters by dealing with
a few useful plants.
- In the second preliminary stage, the project will be further defined, so that
together with this Proposal for a handbook, a definite project proposal can
be presented to agencies in South-East Asia.
- In the third preliminary stage, cooperation with agencies in South-East Asia
will be discussed and guaranteed through mutual consultation, resulting in
a project plan ofoperations in which manpower, organization and finance are
agreed by the Dutch and the South-East Asian partners. At the same time,
the financing of the whole project will have to be settled.
The implementation phase of the definitive project can be split into four
stages, with some overlap:
- Survey of existing knowledge in publications and herbaria, stored in a
computer-based data file.
- Execution of supplementary field surveys. This stage is designed to fill the
apparent gaps in current knowledge, to check doubtful data, to correct it if
necessary and especially to make an inventory ofthe present situation. Considering the size of the region, the field work will consist mainly of sample
surveys.
- Compilation of the final text of the handbook.
- Printing, publication and distribution of the handbook.
The total project cost is estimated at about $(US)5-6 million for a period of
6—8 years. The Agricultural University at Wageningen will contribute about
$(US)700 000, and the Netherlands Minister of Education and Science has
pledged a subsidy of about $(US)400 000 (based on US dollar value of about
2.50 Dutch florins in 1986). Several other possible donors have been contacted.
1.5 Cooperating institutions
1.5.1 The

Netherlands

Within the Netherlands, those participating in the first instance are the
Agricultural University, the National Herbarium at Leyden University, the
Royal Tropical Institute and the Centre for Agricultural Publishing and
Documentation (Pudoc). These institutions have cooperated in the preparation
of this Proposal.
The Agricultural University
The realization of a modern study of 'Plant Resources of South-East Asia' demands a multidisciplinary approach. The major disciplines involved are economic botany (namely plant taxonomy), tropical crop science and forestry.
Within the Netherlands, only the Agricultural University incorporates all
these disciplines and there is a strong interest in research work directed towards solving practical problems. The Department of Plant Taxonomy, the
Department of Tropical Crop Science and the Forestry Departments already
have staff committed to the project, and the Agricultural University has made
financial and material provision for the publication ofthe Proposal. For the future, contributions from other departments are foreseen. A nucleus of project
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staff has been formed at the Agricultural University, consisting of an agronomist, a taxonomist, a silviculturist, a documentalist and two administrative
workers.
The National Herbarium at Leyden University
Close cooperation with the National Herbarium of Leyden is obvious because
of their knowledge and expertise in the 'Flora Malesiana'. The staff has already contributed papers to this Proposal. It is anticipated that after the first
preliminary stage, there will be sufficient funds to participate in the next
stages of the project.
The Royal Tropical Institute
A close link with the Royal Tropical Institute is invaluable on account of its
documentary resources and expertise. The Institute has also contributed to
this Proposal. It is hoped that this support will continue after the first preliminary phase. Financial provision and staff allocations have still to be made.
The Centre for Agricultural Publishing and Documentation
The editing and production ofthis Proposal was in the hands of the Centre for
Agricultural Publishing and Documentation (Pudoc). It is hoped that this
cooperation can be extended to subsequent volumes.
Close working relations with Pudoc have been encouraged in the collecting and
processing of data. It is intended that the final results of the project be made
available through a data bank and to keep this information up to date even after publishing ofthe handbook. For this, provisions are necessary which do not
lie within the scope of the project.
1.5.2 South-East

Asia

As soon as more insight has been obtained into the financial issues, cooperation with scientific organizations in South-East Asia needs to be examined.
How this cooperation is to be effected will have to be arranged in close cooperation with the organizations concerned.
1.5.3 International

Agencies

Cooperation with or support (finance, manpower) from international agencies,
such as Unesco, FAO, IBPGR and the European Community is necessary. Contacts have been made with a few organizations.

2 Handbook about 'Plant Resources of South-East
Asia'

The major objective ofthe Prosea Project ispublishing a handbook on the plant
resources of South-East Asia; in this, financial, organizational and scientific
factors play a major role. The interdependence ofthese factors requires a closer
consideration of certain aspects:
- framework of the handbook
- plant species to be considered
- method of treatment
- illustrations
- estimated size of the handbook
- authors and editors.
2.1 Framework of the h a n d b o o k
Three approaches are possible.
The plant species can be arranged and treated alphabetically by botanical
name. Starting with species beginning with the letter A, the handbook would
eventually reach Z after many years (as did Burkill, 1935). In this way, the
handbook would be divided into several volumes (for instance 'A' as far as 'H',
T as far as 'Z ').
Another approach is to arrange the plants by family according to a certain taxonomie classification and alphabetically by species within each family (as did
Heyne, 1913-1917, 1927; Purseglove 1968, 1972).
A third approach is classification by commodity groups (as did van Hall & van
de Koppel, 1946-1950; Cobley & Steele, 1976).
The first criterion for classification is attractive because of its simplicity. Assuming one knows the alphabet, this system works well. Nevertheless, writing
a work along these lines requires from the outset a detailed general picture of
what to include and what to leave out. So it takes years before the first volume
can be published. Revision ofthe text at a later stage is difficult. The true value of the handbook only comes to be appreciated after the appearance of the
last volume. Any unexpected delays will reduce the value of what has already
been published.
The second criterion of classification is more flexible. Publication in separate
volumes is possible, and the aims ofthe complete work can be developed gradually. This approach is eminently suited to people with training in plant taxonomy. For non-taxonomists including many people in South-East Asia, the logic
of such an arrangement is questionable.
The third criterion is most flexible. It does not require a detailed general picture in advance. After the commodity groups have been established, each can
be worked on seperately as in the second classification. Classification by com-
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modity has the advantage that general aspects of a group can be treated in an
introduction. That is advantageous for agricultural, horticultural and forestry
crops. For example, fruits for consumption are principally cultivated in home
gardens in South-East Asia. The part on fruits would obviously begin with a
chapter on the system of home gardening, with its scope and limitations. The
relevant fruits can be dealt with under this general heading. Arrangement by
commodity relates more closely to daily practices and facilitates revision of the
text.
A disadvantage, however, is that certain multipurpose plants belong to more
than one group. These plants can be fitted into the appropriate group, according to their most important use and can be treated completely in that group.
For secondary uses, reference is made in the relevant group to the treatment
of the plant in the commodity group of primary use. Cassava, for example, is
in the first place a root crop, and has secondary uses as a fodder crop and a leaf
vegetable.
The research workers ofthe Prosea Project have chosen the third approach, distinguishing about 40 commodity groups:
- Cereals
- Root and tuber plants
- Sago and related starch-producing plants
- Pulses
- Vegetable oils and fats
- Edible fruits and nuts
- Vegetables
- Spices and condiments
- Essential-oil plants
- Plants used for beverages
- Plants used for chewing
- Plants used for smoking
- Narcotic plants
- Medicinal plants
- Plants producing sugars, alcohols or acids
- Timber trees
- Fibre plants
- Feed plants including forage and pasture plants
- Dye-producing plants
- Tannin-producing plants
- Rotans
- Bamboos
- Latex-producing plants
- Resin-producing plants
- Camphor-producing plants
- Balsam-producing plants
- Gum-producing plants
- Wax-producing plants
- Plants producing aromatic resin
- Aromatic woods
- Plants producing poisons, including insecticides and herbicides
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- Plants used for making baskets, mats and wickerwork
- Plants used for packing and thatching
- Shade and cover plants in agriculture, including mulches and green manures
- Hedge and wayside plants
- Fuel plants: charcoal, firewood
- Ornamental plants: ferns, cycads, conifers, palms, bulbs, ornamental flowers,
orchids, herbs, shrubs, trees, ornamental fruits and seeds, aquatic plants
- Lower plants: algae, fungi, lichens, mosses, ferns
- Other useful plants (not fitting in the groups mentioned).
The list does not mean that the handbook will consist of that number of
volumes. It seems logical to combine^amalLcpmmodity groups into one volume,
and large groups might be published in more than one volume.
2.2 Plant species to be considered
Thousands of useful plants are known in South-East Asia. Heyne described
some 4000-5000 plants, paying little attention to ornamental plants (Bruggeman, 1955). For organizational and financial reasons, it is desirable to keep to
a provisional maximum of the number of plant species to be treated. A maximum of 5000 plants has been proposed.
Plant species to be included in the handbook will depend partly on field surveys in South-East Asia, on the outcome of the survey of literature on useful
plants and on the contributions of specialists. Selection and mode of treatment
are not only determined by economic importance but also by such considerations as the prospects for species that do not yet assume much importance or
that have not yet been introduced to South-East Asia. Another consideration
is whether to include as many plant species as possible, perhaps at the expense
ofthe amount ofinformation t h a t can be given about each, or whether to limit
the number and concentrate on depth of treatment.
2.3 Method of treatment
In the Proposal, the editors have tried 7categories ofspecies for length of treatment in the printed text. The following categories are defined: 5,4, 3,2 , 1 page,
half a page, and less than half a page per plant species. An illustration can be
arranged within the allocated number of pages. Assuming 5000 plant species,
8 % of these lie within the categories of 3, 4 or 5 pages, 37 % in the categories
1 and 2 pages and 55 % in the categories half a page or shorter (Table 1). The
method oftreatment ofthe plant species in each length category is demonstrated in this Proposal.
Consideration is given to the following aspects, dependent on the plant species
or group:
General information
- scientific name: correct name with author and original publication
- diploid or basic chromosome number, 2n or x or genome code
- family name
- synonyms: only the most common ones are mentioned
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Table 1. Survey oftext categories, the number ofplant species and the number of pages.
Text
category
1 5pp.

Number of
plant species
50

(1%)

Number of
pages
250

Total number of pages

Total number of plant species

250

50

450

100
II 4 pp.

50

(1%)

200
1350

400
Ill 3 pp.

300

(6%)

900

IV 2 pp.

500 (10%)

1000

V 1 p.

1350 (27%)

1350

2350

900

3700

2250
3750
4950

4625

4900
VI Vi p.

1500 (30%)

750

3725

4600

2725

4100
VII <V2 p.

1250 (25%)

<625

5000 (100%)

<5075
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1250

1375
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- vernacular names: names in English (En), French (Fr), and selected names
used in particular countries and areas; for complete surveys, other sources
should be consulted
- origin and geographic distribution: distribution in the world; distribution in
South-East Asia
- uses: major and secondary uses in South-East Asia are mentioned; for major
worldwide plants, main uses in other regions are indicated too
- economic and production data: total area cultivated; total production; value;
local consumption; amount exported
- properties: only selected information is given on e.g. chemical composition,
nutritional value (if any), toxicity, physical properties.
Botany
- description: a short morphological characteristic of the species, including
ranges of variation for major organs
- wood anatomy and characteristics: only mentioned if relevant
- growth and development: time of germination; vegetative and generative development or development of parts used
- other botanical information: relevant subclassifications with characteristics
and nomenclature.
Ecology
- climatic factors: daylength; photosynthetically active irradiance; temperature; water; relative humidity; altitude
- soils: chemical and physical limitations; favourable soil types
- vegetation: type of vegetation, if relevant.
Agronomy or silviculture
- propagation: 'methods of propagation; tissue culture; nursery beds; handling
of planting material
- husbandry or stand establishment and management: sole cropping or intercropping; plant densities; weeding; staking; pruning; irrigation; fertilizers;
green manure; mulching; shading; mechanical operations; rotations
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- pests and diseases
- harvesting: time or period; method
- yield: average yield and range
- handling after harvest: transport; storage; packing; processing.
Genetic resources and breeding
- genetic resources: germplasm collections
- breeding: useful genetic stock including wild relatives; recent achievements.
Other aspects
- prospects.
Literature
- selected literature for further reading.
2.4 Illustrations
The desire has long been expressed to include illustrations in the form of drawings or photographs. Since the text is set in two columns, half a column is reserved for one illustration. So illustrations are not possible for the category of
less than half a page. There is much tobe said for illustrating, particularly the
lesser known plants. Preference is being given to line drawings, showing the
habit and important characteristics of the plant. Where this is not possible,
photographs are being included.
2.5 Estimated extent of the handbook
From Table 1ofthe anticipated distribution oftext categories, 5075 pages will
be needed to treat the 5000 plants. For each ofthe 40 groups, an introduction
of 5 pages (in total 200 pages), and an index of scientific and other names of
10 pages (in total 400 pages) is assigned. The total then comes to 5675 pages.
The indexes ofallthe volumes will becombined andprinted together in a separate volume, at the endofthe Prosea Project. Thetotal number ofpages, including a 5 % margin of the basic text, then comes to about 6400.
2.6 Authors and editors
For such an extensive work, cooperation must be obtained from many experts
of the plant resources ofSouth-East Asia. It is intended to invite an editor for
each commodity group,responsible forthe scientific content ofthe group, under
the responsibility of the editors in chief.
The tasks of the editor of a group will be
- Toadvise the editors in chief about the selection of species to be included in
the group.
- Toadvise the editors in chief about authors to be invited to write the text for
the selected species.
- Towrite an introductory chapter dealing with general aspects. Ofcourse, the
editor may also write some or all the texts on the species to be included.
- Toedit the whole manuscript ofthe group in close cooperation with and under the final responsibility of the editors in chief.

HANDBOOK

Authors will receive strict guidelines about the length and presentation of
their contributions.
2.7 Literature
Bruggeman, L., 1955. Tuinboek voor de tropen. 3rd edition. De Spieghel. Amsterdam. 221 pp. + 292 coloured plates.
Burkill, LH., 1935. A dictionary of the economic products of the Malay Peninsula. 2 volumes. Crown Agents for the Colonies, London. 2402 pp. (2nd edition, 1966, 2 volumes. Ministry of Agriculture and Co-operatives, Kuala
Lumpur, Malaysia. 2444 pp).
Cobley, L.S. & Steele, W.M., 1976. An introduction to the botany of tropical
crops. 2nd edition. Longman, London. 371 pp.
Heyne, K., 1927. De nuttige planten van Nederlandsch Indië. 2nd edition. 3
volumes. Departement van Landbouw, Nijverheid en Handel in
Nederlandsch-Indië. 1953 pp.
Purseglove, J.W., 1968, 1972. Tropical crops. Dicotyledons 1 and 2. 719 pp.
Monocotyledons 1 and 2, 607 pp. Longman, London.
van Hall, C.J.J. & van de Koppel, C , 1946-1950. De landbouw in de Indische
Archipel. 3 volumes (I, IIA, IIB, III). W. v. Hoeve, The Hague. 2868 pp.
Particularly for the vernacular names ofmany plant species Burkill (1966) and
Heyne (1927) should be consulted.
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3 Precursor of 'Plant Resources of South-East Asia'

It is desirable first to test out the framework ofthe handbook, by selecting and
compiling a few species in the form of a forerunner or precursor. This Precursor
is an integral part ofthe Proposal for a handbook. The purpose ofthe Precursor
is partly to gain experience in scientific and technical procedures for use during preparation ofthe handbook itself. Therefore strict instructions were made
for the authors about the length and composition of their contributions. The
Precursor also serves as a scientific basis for consultations about cooperation
with institutions in South-East Asia and as a tangible result to meet the requirements of donors.
3.1 Participating authors and institutions
Twenty-two specialists ofthe Agricultural University, the National Herbarium
ofLeyden, several institutions ofthe Ministry ofAgriculture and Fisheries, the
Royal Tropical Institute in Amsterdam and the National Agricultural College
in Deventer have been prepared to offer a contribution on seventeen plant species or genera. The Precursor includes starch-producing plants (cassava, sago
palm), an oil plant (oil palm), a beverage (cocoa), spices (clove, black pepper),
a pulse (pigeon pea), a fodder plant (elephant grass), ornamental plants (lady's
slipper orchids, Cryptocoryne of the aquatic plants), medicinal plants (Indian
liquorice, Voacanga), fruits (mountain papaya, blackberries), a resinproducing plant (New Guinea kauri), a timber tree (taun), a fish poison and insecticide (derris). The authors with their institutions are as follows:
- M.M.J, van Balgooy, National Herbarium, University of Leyden
- F.J. Breteler, Department of Plant Taxonomy, Agricultural University,
Wageningen
- G.H. de Bruijn, Department of Tropical Crop Science, Agricultural University, Wageningen
- M. Flach, Department of Tropical Crop Science, Agricultural University,
Wageningen
- J.M. Fundter, Department of Forest Technique and Forest Products, Agricultural University, Wageningen
- R. Geesink, National Herbarium, University of Leyden
- N.R. de Graaf, Department of Silviculture, Agricultural University,
Wageningen
- J.J. Hardon, Centre for Genetic Resources - the Netherlands, Wageningen
- J.W. Hildebrand, Department of Forest Management, Agricultural University, Wageningen
- C. Kalkman, National Herbarium, University of Leyden

PRECURSOR

A.J.M. Leeuwenberg, Department of Plant Taxonomy, Agricultural University, Wageningen
L.J.G. van der Maesen, Department of Plant Taxonomy, Agricultural University, Wageningen
L. 't Mannetje, Department of Field Crops and Grassland Science, Agricultural University, Wageningen
D.L. Schuiling, Department of Tropical Crop Science, Agricultural University, Wageningen
C.H.A. Snijders, Department ofTropical Crop Science, Agricultural University, Wageningen
H. Toxopeus, Foundation for Agricultural Plant Breeding, Wageningen
H.J. Veltkamp, National Agricultural College, Deventer
E.W.M. Verheij, Department of Tropical Crop Science, Agricultural University, Wageningen
E.F. de Vogel, National Herbarium, University of Leyden
P.W.F, de Waard, Royal Tropical Institute, Amsterdam
M. Wessel, Department of Tropical Crop Science, Agricultural University,
Wageningen
H.C.D. de Wit, Department of Plant Taxonomy, Agricultural University,
Wageningen.
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3.2 Some plant resources of South-East Asia

Abrus precatorius L.
Syst. 2: 472 (1767).
LEGUMINOSAE

2n = 22
Vernacular n a m e s Indian liquorice (En); liane
reglise (Fr);Indonesia: kenderi, saga, saga betina,
saga bidji.
Origin a n d geographic distribution Probable
origin Africa, now found throughout the tropics,
especially in monsoon regions.
U s e s The leaves are used as liquorice; the seeds
in ornaments.
Properties The leaves contain the same chemical substance as true liquorice. The seeds contain
abrin, a toxalbumin, whose effect is not unlike
that of snake poison; they are harmless after cooking or if swallowed with undamaged seed-coat.

Description Slender-branched, winding, woody
climber. Leaves paripinnate, 8—17 jugate; leaflets
ovate to obovate, 6—25 mm x 3—9 mm. Flowers
pale purple, crowded, in strongly sickle-shaped inflorescences; stamens only 9, united. Pods up to 5
cm long, bulgy, with 3 - 7 seeds. Seeds ovoid,
glossy, scarlet, black around hilum.
L i t e r a t u r e | 1 | Breteler, F.J., 1960. Revision of
Abrus Adanson (Pap.) with special reference to
Africa. Blumea 10:607-624. |2| Greshoff, M.,
1894. Schetsen van nuttige Indische planten. De
Bussy, Amsterdam. Eerste serie. p. 2 2 5 - 2 3 1 .
(F.J. Breteler)

Agathis labillardieri Warb.
Monsunia 1: 183 (1900).
ARAUCARIACEAE

Abrus precatorius L. - 1. Young branch; 2. inflorescence; 3. bunch of fruits; 4. seeds.

2n = unknown
Vernacular n a m e s New Guinea kauri (En); Indonesia: kayu damar putih; Irian Jaya/ID: kessi,
uto, fuko.
Origin and geographic distribution This tree
originates from New Guinea, where it is also cultivated. It is not yet cultivated outside this region.
Uses New Guinea kauri is mainly used for tapping of Manilla copal (papeda). This is a component of varnishes and road paints, but of reduced
importance since the invention of synthetic resins. Locally it is also used as timber; it is suitable
as pulpwood in paper manufacture and particularly as veneer for plywood.
Economic a n d production data Natural
stands occur scattered; total area amounts to
many ten thousands of hectares. More than 2000
ha were planted in Irian Jaya. The production
from natural stands and plantations amounts to
several hundreds of tonnes of copal annually.
Properties Manilla copal is a translucent or
clear white resin, slowly hardening on exposure to
a white or yellow to dark brown, hard, ultimately
brittle mass. Soluble in alcohol; melting point between 115 and 135°C. It is a complex mixture of
monoterpenes, diterpenes and sesquiterpenes.
Description Very large, emergent tree, up to 60
m high and more t h a n 2 m diameter at breast
height. Root system initially with long taproot,
but with later development ofbig sinker roots and
radial superficial feeder roots. Butt sometimes

ABRUS - AGATHIS
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absent, conspicuous in radial section, being darker than the background. Alternate tracheid pitting characteristic.
Growth and development Seed viability drops
rapidly, from 100 % initially to zero after some
weeks. Germination starts 6 days after sowing,
80%ofthe seedlings showingwithin 10days. Seedlings need shade and show slow growth during
the first years. Afterwards when released from
competition, growth is rapid like most typical primary rain-forest trees. Height growth of trees
amounts to 0.5—1.5m annually, depending on soil
quality and competition. Diameter increment can
easily be more than 1cm annually. Maximum age
is unknown, but possibly several hundred years.
The trees start flowering at a late stage in development; viable seed is produced by older trees.
Ripe cones appear regularly in November and December, probably with more than one and a half
years between emergence of female cones and
fruit fall. Ripe brown cones fall as a whole from
the trees in this species, which is an exception in
the genus.

Agathis labillardieri Warb. - 1. Branch with female cone; 2. branch with male cones; 3. adult female cone
swollen, no buttresses. Trunk straight and nearly
cylindrical, crown monopodial for a long time,
limbs directed diagonally upward. Dead bark
dark brown, with small circular scales. Live bark
pink to white, with resin canals, slash red, somewhat laminate. Leaves opposite, oblong-lanceolate
or elliptic, 6—10 cm x 2—3cm, base faintly rounded, apex usually acute, leathery, with many almost parallel nerves and with unpaired resin
canals. Female cone globose, up to 9 cm diameter.
Male cone oblongoid to cylindrical, up to 3.5 cm x
1.5 cm, young bracts with a prismatic top. Seed
oblong-obovate, 1.3 cm x 0.8 cm, winged.
Wood characteristics Sapwood narrow, light
yellow. Heartwood light yellowish brown,
straight-grained, soft, fairly light (volumic mass
3 6 0 - 6 0 0 kg/m 3 ), fairly strong. Low durability,
highly susceptible to blue stain when green. Seasons easily and well, shrinks little, with little tendency to warp and check. Easy to saw and work,
holds nails and screws well. Easy to paint. Boundaries'of growth rings visible on cross-section as
darker tangential bands. Resin ducts absent. Rays
barely visible without lens, very small, uniseriate, composed of procumbent cells, ray tracheids

Other botanical information New Guinea
kauri belongs to a group of species formerly
known as Dammara alba Lam. or Agathis alba
(Lam.) Foxw.
Ecology New Guinea kauri occurs naturally in
perhumid or slightly seasonal climates, with annual rainfall up to 5000 mm, and altitude up to
1700(-2500) m. It seems to prefer rather oligotrophic soils, often podzolized, probably under the
influence of the tree itself. It is commonly associated with streams of black water but also occurs on limestone, on oxisols (Biak, Irian Jaya)
and on sandy hummocks in peat swamps. This
tree grows mostly in scattered stands in evergreen
forest formations, probably often in heath forest,
but in a wide range of habitats.
Propagation Methods of propagation mostly
compare with those for Agathis
loranthifolia
grown on Java. Natural regeneration may occur
under shade near mother trees, but seedlings are
often rare. They seem able to establish in secondary vegetation. Naturally established seedlings
in plantations can be used as planting stock elsewhere.
The shade-tolerance makes it possible to manage
New Guinea kauri under a selective felling system, always maintaining a good forest cover,
which is important on erodible soils on steep hillsides.
Artificial regeneration is mainly by planting.
Seed supply in the genus Agathis is limited by the
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very rapid decline in viability and the high costs
of seed collecting for species whose cones fall
apart. Seeds must be sown as soon as possible.
Storage time can be extended by quick drying
without heating, and storage at temperatures below zero. After soaking for 24 h, seeds are directly
sown on seed-beds, and covered with a thin layer
of soil. Seedlings prefer shade and can stand open
planting only when the roots are minimally
damaged and soil is moist. Plants are more resistant to exposure when more than a year old.
Vegetative propagation, to overcome lack of seed,
has been tried successfully, e.g. by root suckers
from seedlings in the nursery, and by stem and
leaf cuttings assisted by auxin applications. Stem
cuttings should preferably be taken from young
plants or lowbranches ofyoung trees. Plagiotropy,
however, is a problem for propagation of other
than seed-orchard trees. Root suckers can be
produced several times from potted seedlings and
are considered the most successful.
Stand establishment and management
Planting is with potted stock, at least 15cm high,
but preferably larger, as small stock has high mortality. Sharp bending of the taproot at transplanting also causes mortality. Mycorrhizas form easily
with ubiquitous soil fungi. When planting in open
terrain, e.g. under taungya systems, with cultivation of agricultural crops between the rows for one
or two years, shade plants like Leucaena leucocephala have to be sown in advance to provide
the necessary shade. Planting during the rest
stage of terminal buds is preferable, and transpiration is reduced by clipping side-shoots. Young
trees seem to be sensitive to grass root competition. The root system needs much oxygen.
Trees for tapping are planted wide apart, e.g. 10 m
x 5 m spacing. For the forming oflong boles, close
planting is preferable, as is practised with other
Agathis spp.
Diseases and pests Buds and young cones are
damaged by caterpillars. Several fungal diseases
in other Agathis spp. are associated with waterlogging.
Harvesting and yield Trees smaller t h a n 0.25
m diameter should not be tapped. Annual yield of
large trees can be 10—20 kg per tree. Best tapping
results are obtained by making diagonal cuts in
the bark, 0.2 m long, and 0.4 m apart, with a special tool, and catching the copal in tins. It is easy
to kill trees by destructive tapping. Resin flow
goes on for several months, even in the light, and
can be stimulated by applications of sulphuric
acid.

Genetic resources Genetic resources are endangered by heavy logging and destructive tapping.
Breeding Breeding is hampered by the long
reproductive cycle.
Prospects Although this tree is not yet cultivated outside New Guinea, the prospects seem to
be promising.
Literature | 1 | Bowen, M.R. & Whitmore, T.C.,
1980. A second look at Agathis. Commonwealth
Forestry Institute Occasional Papers No 13. Oxford. 19 pp. |2| Fundter, J.M. & Wisse, J.H., 1977.
40 belangrijke houtsoorten uit Indonesisch Nieuw
Guinea (Irian Jaya), met de anatomische en technische kenmerken. [Forty important timber species from Indonesian New Guinea (Irian Jaya)
with their anatomical and technical characteristics.]
Mededelingen
Landbouwhogeschool
Wageningen, Nederland. 77-9:33-36. |3| Lundquist, E., 1948. Onderzoekingen betreffende een
nieuwe tapmethode voor copal. [Investigations on
a new tapping method of copal.] (with English
summary). Tectona 38. 8 pp. |4| Meijer Drees, E.,
1940. The genus Agathis in Malaysia. Bulletin du
Jardin
Botanique
Buitenzorg,
Serie 3,
16:455-474. |5|Whitmore, T.C., 1977. A first look
at Agathis. Commonwealth Forestry Institute,
Oxford. Tropical Forestry Papers No 11.54 pp. |6|
Whitmore, T.C., 1980. A monograph of Agathis.
Plant Systematics and Evolution 135:41-69.
(J.M. Fundter, N.R. de Graaf & J.W. Hildebrand)

C a j a n u s c a j a n (L.) M i l l s p .
Field Columb. Mus. Bot. 2(1): 53 (1900).
LEGUMINOSAE

2n = 22, 44, 46
Synonyms Cytisus cajan L. (1753), Cajanus indicus Spreng. (1826).
Vernacular names Pigeon pea (En); pois d'Angole, ambrévade (Fr); east Sumatra/ID: kachang
bali, kachang kayu, kachang iris, kachang gude,
buntis, kasang bukuang, kasang kayu; Java/ID:
kachang bali, kachang gude; Madura/ID: kachang
kadyu; Malaysia: kachang, kachang dal, kachang
hiris, kachang kayu; Bicolano, Cubuano
Visayan/PH: tabios; Ibanag, Ilocano, Igorot/PH:
kardis; Igorot, Ifugao/PH: kudis; Igorot, IIocano/PH: kaldis; Ilocano, Bontoc/PH: kidis; Tagalog/PH: caguios, kadyos, kagyos; Thailand: togari,
tovarai, tua-re; Vietnam: cay dau chieu, dau sang,
dau thong; Laos: me ne nok.
Origin and geographic distribution Pigeon

CAJANUS

pea originated in India and spread to South-East
Asia in the early centuries of our era. It reached
Africa about 2000 BC or earlier, and found its way
to the Americas with the conquests and slave
trade, probably through both the Atlantic and the
Pacific. Now, it is grown all over the tropics, but is
of most importance in the Indian subcontinent
and East Africa.
Uses In contrast to the Indian subcontinent,
where pigeon pea is mainly used as a pulse
(dhal = split pea), the use of fresh seeds and even
pods as a vegetable in sayors (spicy soups) and other side-dishes preponderates in South-East Asia.
Ripe seeds are also eaten roasted. Pigeon pea may
replace soya beans for making tempeh and tahu
(fermented products). Pigeon pea is useful as tall
hedges on dry soil and on the bunds of paddy
fields. The branches and stems can be used for
basketry and fuel. It is often grown as a shade
crop, cover crop or windbreak, or even as support
for vanilla. After establishment, pigeon pea improves the soil by its extensive root system, nitrogen fixation by Rhizobium and the mulch provided by the fallen leaves. It may serve as host for
silkworms (Madagascar) or the lac insect (north
Bengal, Thailand). Traditional uses as medicine
are many, e.g. on Java, young leaves are applied to
sores, herpes and itches.
Economic and production data Pigeon pea
covers 3 million hectares, of which 85 % are in India, and produces 2 million tonnes per year. Major
areas are eastern Africa and the Caribbean; in almost 50 countries, the crop is of local importance.
In South-East Asia, it is occasionally employed as
hedge or garden crop. No reliable statistics exist
but the plant has a good potential in drier areas.
Properties The protein content in dry seeds
ranges from 15.5 to 28.6 %; averages of 1000 samples also vary by year, e.g. 19.6 to 22.8 %. Cooking
time of dhal varies from 24 to 68 min, smaller
grains are ready sooner. Fresh seeds contribute
vitamins, especially provitamin A and yitamin B
complex.
Description A glandular-pubescent, short-lived
perennial (1—5 years) shrub, usually grown as an
annual, 0.5—4 m high, with thin roots up to 2 m
deep. Stems up to 15cm diameter. Branches many,
slender. Leaves alternate, trifoliolate, glandular
punctate; leaflets elliptical, 3—13.7 cm x 1.3-5.7
cm. Flowers in pseudoracemes, sometimes concentrated and synchronous (determinate), usually
scattered and flowering over a long period (indeterminate), papilionaceous, corolla yellow or
cream, standard dorsally red, orange or purple.
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Cajanus cajan (L.) Millsp. - 1. Branch with inflorescence; 2. fruits; 3. seed; 4. seedling.

Fruit a straight or sickle-shaped pod with
(2-)4—9 globose to ellipsoid or squarish seeds.
Seeds white, cream, brown, purplish to almost
black, plain or mottled, weighing 4—26 g per 100,
strophiole usually virtually absent. Seedlings
with hypogeal germination, first leaves simple.
Growth and development Emergence is completed 2—3 weeks after sowing, vegetative development starts slowly. After 2—3 months,
growth accelerates. Flowering (of 50 % of the
plants) starts 5 6 - 2 1 0 days after sowing; maturity
ranges from 95 to 256 days in normal conditions
with rainy season and long days. Under short
days, growth in length is less and flowering accelerated. In Indonesia, flowering and fruiting
may continue throughout the year.
Other botanical information Ten maturity
groups may be distinguished under Indian conditions, usually combined into four categories: extra
early, early, medium and late-maturing cultivars
(120, 145, 185, more than 200 days after sowing,
respectively). Continuous variation in present-day
world collections shows that formal varieties (var.
flavus (DC.) Purseglove and var. bicolor (DC.) Pur-
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seglove, described by De Candolle as species) can
no longer be maintained.
Ecology Flowering is triggered by short days
and vegetative development usually takes place
with long days, as in the rainy season of India.
There are very few truly day-neutral forms. Optimum temperatures range from 18 to 38 °C, frost
is not tolerated. Above 29 °C, soil moisture and
fertility need to be adequate. Rainfall optimum is
6 0 0 - 1 0 0 0 mm, waterlogging is harmful. Above
2000 m altitude, pigeon pea is rarely found.
Drained soils of reasonable water-holding capacity and with pH 5—7 or higher are favourable.
Electrical conductivity (salinity) is tolerated from
0.6 to 1.2 S/m.
Propagation Propagation is by seed; stem cuttings rarely succeed.
Husbandry Seeds should be sown in rows with
plant spacing 3 0 - 5 0 cm X 75—150 cm. In intercropping, the crop performs well with 2 rows of
cereals (e.g. sorghum, millets), cotton or groundnut. After harvest of the intercrop, long-duration
pigeon pea continues to grow and protects the soil.
As a field crop,pigeon pea may be typified as rather primitive, the tall genotypes in particular are
quite cumbersome in cultivation. Weed control is
necessary to alleviate slow initial growth. Wind
may bend the plants but staking is not practised.
Irrigation as a life-saver can be economic; in intensive cropping of short-duration cultivars, irrigation may be required. Mechanization is only
possible with short cultivars. Response to fertilizers is rarely economic; a phosphate dressing is
generally recommended at 20—100 kg/ha.
Diseases and pests Because of its long flowering period, pests such as Heliothis borers and
Agromyza fruit flies may be compensated for by
renewed flushes. Chemical control is cumbersome
and expensive in tall indeterminate forms. Crop
rotation is advisable against diseases such as
Fusarium wilt.
Harvesting The crop is usually cut near the
ground when most pods are mature; many leaves
are still green at that stage. Green pods are picked
over a long period of time in home gardens or
hedge crops. Mechanical harvesting ofripe pods is
possible with combine-harvesters, but only for cultivars maturing uniformly with pods at a uniform
level above the soil.
Yield In India, yield averages 716 kg/ha. In
marginal areas, production is 700 kg/ha in sole
cropping, but under optimum conditions yields of
more t h a n 5000 kg/ha are possible. In intercropping with maize in Indonesia low yields of 175

kg/ha were obtained, but in east Indonesia sole
cropping may produce 3000-4000 kg/ha.
Handling after harvest Entire air-dried plants
are threshed, usually by hand or with cattle, and
seed is cleaned. Clean bins prevent insect attack,
which can be considerable. Storage as split peas
reduces bruchid attack. Processing includes dhalmaking, either wet (after sprinkling heaps of seed)
or dry, by milling. In the West Indies, canning and
freezing offresh pigeon peas is a million-dollar export business, for instance to the United States.
G e n e t i c resources The world germplasm collection has covered India and several African
countries, and some Caribbean islands for a second time. More than 11 000 samples are available
in the Icrisat collection near Hyderabad, India,
and various breeders and institutes have parts of
this collection. Attempts are continuing to cover
all areas of occurrence.
Breeding Breeding for high yield, and for consumer and miller preference are prime criteria.
Stability of yield may be obtained by selecting for
photoperiod insensitivity, disease and pest resistance, suitability for intercropping and for multiple harvests. For most ofthese characteristics, improved genotypes are now available. Resistance is
available in wild relatives and there are promising pest-resistant and disease-resistant genotypes. Short-duration Indian cultivars include
'PrabhatVPusa
Ageti',
'Sharda',
'T21',
'UPAS-120'; good medium duration cultivars are
'C 11','BDN-1', and several ICP lines. Hybrid cultivars exist too, including 'ICPH 2, 5, 6, 8'. Several wild relatives (e.g. Cajanus albicans (W. & A.)
Maesen, C. sericeus (Benth. ex Bak.) Maesen, C.
scarabaeoides (L.) Thouars cross with pigeon pea,
the closest one is C. cajanifolius (Haines) Maesen
(= Atylosia cajanifolia). Hybrids have contributed
male sterility, but the transfer of insect resistance
(from C. scarabaeoides), high protein content
(several species), improved drought resistance (C.
acutifolius (Benth.) Maesen) or annuality (C.
platycarpus (Benth.) Maesen) has not yet materialized. In Malaysia, Singapore, Indonesia, Brunei,
the Philippines and Papua New Guinea the following wild species are found: Cajanus crassus
(Prain ex King) Maesen, C. goensis Dalz., C.
platycarpus (Benth.) Maesen, C. reticulatus
(Dryander) F. von Muell. var. grandifolius (F. von
Muell.) Maesen, C. scarabaeoides (L.) Thouars, C.
volubilis (Blanco) Blanco. Accessions from the
area are still lacking in gene banks.
Prospects Under semiarid conditions in the
tropics, pigeon pea is a promising multipurpose
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crop, because of its deep roots and drought resistance.
Literature | 1 |Dahiya, B.S., 1980. An annotated
bibliography of pigeon pea 1900—1977. Icrisat,
Patancheru, A.P., India. 183 pp. |2| Duke, J.A.,
1981. Handbook of legumes of world economic importance. Plenum Press, New York and London, p.
3 3 - 3 7 . |3| Icrisat, 1984. Grain legumes in Asia.
Summary Proceedings of the Consultative Group
Meeting for Asian Regional Research on Grain
Legumes (Groundnut, Chickpea, Pigeonpea).
Icrisat Center, 1 1 - 1 5 Dec. 1983. Icrisat, Patancheru, A.P., India. 98 pp. |4| Kay, D.E., 1979. Food
legumes. Tropical Products Institute, London, p.
3 2 2 - 3 4 7 . |5| Nene, Y.L. & Kumble, V. (Editors),
1981. Proceedings of the International Workshop
on Pigeonpeas. 15—19 Dec. 1980, Patancheru,
A.P., India. Icrisat, India. Vols 1 and 2, 508 and
451 pp. |6| van der Maesen, L.J.G., 1980. India is
the native home of the pigeonpea. In: Liber
gratulatorius in honorem H.C.D. de Wit. Miscellaneous Papers 19, Agricultural University,
Wageningen, p. 2 5 7 - 2 6 2 . |7| van der Maesen,
L.J.G., 1985. Cajanus DC. and Atylosia W. & A.
(Leguminosae). A revision of all taxa closely related to the pigeonpea, with notes on other related
genera within the subtribe Cajaninae. Agricultural University Wageningen Papers 85—4. 225 pp.
j8| Whiteman, P.C., Byth, D.E. & Wallis, E.S.,
1985. Pigeon pea. In: Summerfield, R.J. &
Roberts, E.H. (Editors): Grain legume crops. Collins, London, p.6 5 8 - 6 9 8 . |9| Willey, R.W & Garver, C. (Editors), 1981. Proceedings of the International Workshop on Intercropping, 10—13 Jan.
1979, Patancheru, A.P., India. Icrisat, India. 401
pp.

Uses The flesh of the ripe fruit can be eaten
fresh but it is usually first stewed and sweetened.
On Java, the fruits are sold to tourists, used for local consumption and locally canned. In South
America, it is used in non-alcoholic drinks.
Description A dioecious treelet or shrub, much
resembling the well known papaya (Carica papaya
L.)but less branched and smaller in all parts. The
male flowers are borne on branched peduncles of
15 cm length, the larger female flowers on short
little branched stalks. The ripe fruits are obovoid,
6 - 1 5 cm x 3 - 8 cm, with flesh firm, orange yellow, rather acid and fragrant, surrounding a cavity with numerous seeds covered with a whitish
juicy sarcotesta.
Literature | 1 | Badillo, V.M., 1971. Monografia
de la familia Caricaceae. Asociacion de Profesores,
Maracay. p. 1 0 5 - 1 1 1 . |2| Popenoe, W, 1939. Manual of tropical and subtropical fruits. MacMillan,
New York. p. 2 4 0 - 2 4 1 .
(M.M.J, van Balgooy)

(L.J.G. van der Maesen)

C a r i c a p u b e s c e n s L e n n é & K. K o c h
Ind. Sem. Hort. Bot. Berol.: 12 (1854).
CARICACEAE

2n = 18
Synonyms Carica candamarcensis
Hook.f.
(1875).
Vernacular names Mountain papaya (En);
Bali/ID: gedang memedi.
Origin and geographic distribution Mountain papaya is a native of the Andean range, from
Panama to Bolivia, at altitudes of 1500-3000 m.
It is cultivated at higher altitudes in several countries including the United States (Florida, Hawaii), Sri Lanka, Indonesia (Dieng Plateau on
Java, Bali).
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Carica pubescens Lenné & K. Koch - 1. Habit of
tree, with fruits; 2. fruit.
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Cryptocoryne Fischer ex Wydler
ARACEAE

Perennial herbaceous plants on the edge and in
the bed of streams and water courses, in fresh or
brackish water of river mouths (C ciliata and C.
versteegii). Usually shade plants in rain forest,
rarely on sunny sites. Leaf rosettes on branching
rhizomes, size between 10 and 30 cm, only C. ciliata sometimes more than 0.5 m tall. Inflorescence
a very small spadix, 1—2 cm long, in the swollen
foot of the tubular spathe. About 60 species. Eastern India to south China and the Philippines,
Malaysia, Indonesia and New Guinea. About 38
species in Malaysia, Singapore, Brunei, Indonesia, Philippines and Papua New Guinea. Rare in
Java and the Lesser Sunda Islands, the Moluccas
and Sulawesi. Many species in Peninsular Malaysia and on Borneo. They are used as highly popular aquarium plants all over the world. No exact
figures are available but the trade handles several
million specimens annually.

Cryptocoryne ciliata (Roxb.) Fisch, ex
Schott
Bonplandia 5: 222 (1857).
2n = 22, 33
S y n o n y m s Ambrosinia ciliata Roxb. (1819).
Origin and geographic distribution Indonesia, Malaysia, Brunei, Papua New Guinea, Thailand and India.
Uses Used as an aquarium plant only.
Economic and production data This plant is
rarely cultivated by traders. As a rule, it is collected in the wild. The living rhizomes are being exported and sold to hobbyists at $(US)1—3 each.
Annually (estimate, no figures available) 500 000
specimens are involved.
Description Crowded erect leaves rising from
the wet mud, on stout branching rhizomes, usually buried. Leaves bright green (never purpletinged); petiole 20—40 cm long, stout, green; blade
(narrowly) lanceolate, 1 5 - 4 0 ( - 8 0 ) cm x 6 - 1 0
(—15) cm, pointed, elongate; margin entire, more
or less undulate. Inflorescence a tubular spathe,
20—40 cm long; flag dull, dirty, purple, ovate,
long-ciliate. Fruits club-shaped, splitting starwise and releasing viviparous thin-skinned seeds.
Seedlings like small octopuses with 1 0 - 2 0 green,
curved, subulate tentacles. Often running stolons
and sprouts present.
Other botanical information Distinguished
are var. ciliata for plants with leaf-blades 4—6

Cryptocoryne ciliata (Roxb.) Fisch, ex Schott — 1.
Habit of flowering plant; 2. inflorescence.
times longer than wide (2n = 22) and var. latifolia
Rataj for plants with leaf-blades 2 - 3 times longer
than wide (2n = 33). Other varieties occur with
crowded, stunted or close-noded runners, and
dwarf forms.
Ecology This plant occurs in brackish waters,
river mouths, in sandy loams, partly submerged
by tides, in mangrove (Nypa formation), in open
sunny places.
Prospects It is a beautiful aquarium plant, easily propagated vegetatively by rhizome parts, useful in aquaria with fresh or brackish water and
certainly underexploited.
Literature |1| de Wit, H.C.D., 1966. Aquarienpflanzen. Eugen Ulmer, Stuttgart. 365 pp. |2| de
Wit, H.C.D., 1982. Aquariumplanten. Hollandia,
Baarn. 463 pp. |3| Engler, A., 1920. Cryptocoryne
Fischer. Das Pflanzenreich IV.23F. Wilhelm Engelmann Verlag, Leipzig, p. 2 3 2 - 2 4 9 . |4| Jacobsen, N., 1979. Cryptocorynen. Alfred Kernen Verlag, Stuttgart. 112 pp. |5|Rataj, K., 1975. Revision
of the genus Cryptocoryne Fischer. Academia,
Prague. 174 pp.
(H.C.D. de Wit)

CRYPTOCORYNE - DERRIS

Derris elliptica (Sweet) Bentham
J. Proc. Linn. Soc. 4, Suppl.: 111 (1860).
LEGUMINOSAE

2n = 22, 24, 36
Vernacular names Derris, tuba root (En); touba (Fr); Indonesia: tuba, tuba akar, kaju tuba,
tuba kurung, tuwa leteng, ojod jelun, mombul,
manéngop; Malaysia: tuba; Philippines: tubali,
bapâk, tuva, tugli; Thailand: lai nam, kalempok;
Vietnam: giâythuôc ca; Cambodia: ca bia.
Origin and geographic distribution Derris
occurs wild and is cultivated from the Indian subcontinent to New Guinea, including all SouthEast Asian countries. It is cultivated also in tropical Africa and America.
Uses The powdered root (or extract) is widely
used as an insecticide against horticultural pests
like lice and caterpillars and against external
parasites like ticks, lice, fleas and flies of animals
and man; it is not effective against bedbugs, cockroaches, scale insects and red spiders. Pounded
roots, soaked in water, are considered as the
strongest fish-poison of South-East Asia and have
been used in fishing since ancient times.
Until 1930, derris was cultivated in Indonesia
only as single plants near houses. In fact, cultivation of this crop was forbidden by law to prevent
eradication offish by too intensive use ofthe roots.
Around 1930, several plantation companies
planned to cultivate derris on a large scale. The
uses of the product lie mainly in the control of
pests of crops on which the residual effects of synthetic insecticides might be harmful to the consumer. In this way, derris was made an estate crop
from a practically wild plant in a few years.
Economic and production data The main
producing countries are Malaysia, Indonesia and
the Philippines. The main importing country is
the United States, which imported over 1500 t of
crude derris root and 500 t of rotenone extract in
1963.
Before World War II on Java and Sumatra, the
area planted with derris increased from 240 ha in
1935 to 10 000 ha in 1941.During the War, everything was harvested and no new plantations were
established; so in 1947, no regular derris plantations remained.
Properties The roots (especially the bark) contain rotenoids, of which the most effective is rotenone. Other toxic constituents are toxicarol,
tephrosin and deguelin. Derris insecticides should
not contain less than 3 % rotenone on a dryweight basis. Roots with diameter of 2—10 mm

33

have the highest rotenone content. Derris is considered non-toxic for mammals and, after application, it is not long active because air and light
rapidly inactivate the toxic components.
Description A perennial, woody, evergreen,
left-winding liana, sometimes over 16 m in length
and with alternate compound leaves. Roots up to
2 cm in diameter and to over 2 m in length, dark
reddish-brown. Leaflets 7—15, opposite, ellipticobovate, 6—15 cm x 3—7 cm, with striking
equidistant nerves. Inflorescences pseudoracemes, 10—20 cm long; flowers 1.5 cm long,
pinkish, 2 or 3together on top ofa common peduncle, standard with a green patch between two distinct basal callosities. Fruits flattened, 3—7(—10)
cm x 2—3 cm, indéhiscent, with a narrow wing
along the upper or both margins. Seeds 1—3, flat.
Growth and development Ripe seeds cannot
be stored dry without loosing their viability. They
germinate immediately after sowing. For commercial production, however, stem cuttings are used.
Fruits are rare in cultivars; some cultivars like
'Ngawi' flower very rarely; others (e.g.' Wulung',
'Pantu') flower freely but seldom fruit. Wild
plants flower and fruit normally. Pods ripen 4
months after fertilization.

Derris elliptica (Sweet) Bentham
inflorescences; 2. leaf; 3. fruit.

1. Branch with
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In cultivation, roots contain the maximum concentration of rotenoids two years after planting.
Other botanical information The species allied to D. elliptica form a coherent distinct group,
generally ranked as a section of Derris. In 1984,
this group was raised to generic rank: Paraderris.
The new combination for Derris elliptica, however,
is postponed until revision of the whole genus is
complete. In D. elliptica, several cultivars are distinguished, for instance 'Sarawak Creeping',
'Changi No 3', 'Ngawi', 'Pantu', 'Putih' and
'Kotari'. They differ mainly in hairiness, leafletshape, rotenone content, yield and sensitivity to
diseases. The first three are commercially superior.
Ecology The plant grows at forest edges and on
riversides at low altitudes in humid tropical climates, with annual rainfall of 2000-5000 mm. It
survives dry periods up to 4 months. On Java, the
plant occurs up to 1500 m altitude. It tolerates pH
4.3—8 but is sensitive to waterlogging. It does best
on rich friable loams.
Propagation Derris is propagated vegetatively
by woody stem cuttings 30—45 cm long, 0.5—1.5
cm diameter and with 3 or more buds. Cuttings
are planted either directly in the field (3 together)
or first in nursery beds. Nursery beds with loosened, compost-enriched soil; cuttings planted at
an angle, 1 5 - 2 0 cm deep, 4 cm apart within and
20 cm apart between rows, with light shade about
1 m above the cuttings. Rooting starts after 3—6
weeks. When cuttings have 2 normal leaves,
shade is gradually removed.
When planted specially for production of cuttings,
derris is trained on fences. Such plantations produce material for at least ten times the area each
year. At harvest, it is rather easy to enlarge the
area by using cuttings from the branches of a normal established plantation.
Husbandry Rooted cuttings are planted in the
field after 2 - 3 months at 0 . 7 0 - 1 m x 0 . 7 0 - 1 m,
either in 10 cm deep furrows or in separate planting holes. Plant densities may vary between
12 500 and 25 000 per ha.
If planted on dry sunny days some temporarily
shading is advisable. In Indonesia, Tephrosia noctiflora is sometimes used as shade during the first
year; then it is pulled out and put on the soil as
a cover. The crop remains two years on the field if
the trailing cropping method is used. As the crop
does not cover the soil completely during the first
year and is harvested after 2 years, great care
should be taken to prevent soil erosion. Hillsides
are not suitable and soil covering is recommend-

ed. To facilitate harvesting, soils must not be too
heavy. Application of fertilizers depends on the
soil but nitrogen is never needed for this leguminous crop. Derris is suitable as an intercrop in
young plantations of trees (for instance rubber or
kapok). Derris, however, needs full sunlight, so
the main crop should not harm derris by shading.
In small plantings, the plants are usually trellised and remain more than two years on the field.
Diseases and pests Some fungal diseases are
reported to be serious: a rust caused by Ustilago
derrides, a Gloeosporium sp. that causes dying of
shoot-tips and an unidentified fungal disease that
attacks cuttings on nursery beds. Pests are not
serious or are easily controlled.
Harvesting Plants grown from cuttings are
harvested about 2 years after planting. Roots are
cut carefully to a depth of 40—75 cm, causing as
little damage to the bark as possible. On large
plantations, the area is replanted after removal of
the roots.
In small plantings, where plants are usually trellised, tops are left in place and all roots are removed, except for those directly under the plants.
This root-pruning practice allows for several harvests from the same plant. Regeneration, however,
is slow.
Yield Yield of air-dry roots varies with cultivar
and cropping method: in the trailing system,
5 0 0 - 2 5 0 0 kg/ha; if plants are trellised, up to 3000
kg/ha. The diameter of the cuttings used at planting influences yield and rotenone content. Cuttings of more than 15 mm diameter give a higher
yield of roots but a lower rotenone content.
Handling after harvest The roots are cleaned
(washing in running water is advisable) and
rapidly dried in the sun or artificially at temperatures below 50°C, until moisture content is
reduced to 10 %. Drying is speeded up by cutting
the roots into pieces up to 5 cm long.
Rotenone content is highest in roots of 2—10 mm
diameter. So it is advisable to sort the roots into
two groups, one smaller and one larger than 1 cm
diameter before packing. The roots are pressed
into blocks of 100 kg or, if cut into chips, in bags
of 50 kg.
Packing material should be waterproof as high
moisture content causes rapid deterioration. Beetles of Sinoxylon anale and Dinoderus minutus
feed on the dried roots and may cause considerable damage. Protection is possible by fumigation.
The dried roots are ground into fine powder, if the
product is to be used in dusting or spraying. The
powder keeps its activity for a long time if protect-
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ed against air, sunlight and moisture.
Genetic resources In South-East Asia, derris
is widely distributed as a wild plant, but it has
been cultivated also since ancient times in
gardens. This has resulted in the present situation t h a t on Java, for instance, wild plants vary
widely but have a low rotenone content (0.5 %),
whereas the cultivated plants vary little and have
a high rotenone content (12—13 %). Collections of
both provenances are available.
Breeding Wild relatives available are D. malaccensis (also with insecticidal properties but, in
contrast to D. elliptica, not based mainly on rotenone), D. cuneifolia and D. montana. Hybrids between D. elliptica and D. malaccensis have given
promising results. Breeding trials are hampered
by the almost complete self-incompatibility or
cross-incompatibility ofmost cultivars ofD. elliptica.
Prospects If derris roots really produce an effective insecticide and parasiticide non-toxic for
mammals and with harmless residues, its future
should be bright. Lack of convincing data, however, have made it a forbidden product, for instance
in the Netherlands since about 1980. More research is needed. Cheaper and more effective synthetic products, and other plants containing rotenone, such as Lonchocarpus spp., Pachyrhizus spp.
and Tephrosia spp., will compete with Derris elliptica on the world market.
Literature | 1 | Duke, J.A., 1981. Handbook of
legumes of world economic importance. Plenum
Press, New York and London, p. 73—75. |2| Geesink, R., 1984. Scala millettiearum. Leiden
Botanische Berichten 8:109-110. |3| Gomes,
C.M.R., et al., 1981. Systematic significance of
flavonoids in Derris and Lonchocarpus. Biochemical Systematics and Ecology 9:129-147. |4|
Krijgsman, B.J., 1948. De insecticide werking van
derris (literatuurstudie). Rapport T.A. 262. Algemene Technische Afdeling T.N.O., The Hague,
Netherlands. 158 pp. (mimeographed). |5| Spoon,
W. & Toxopeus, H.J., 1950. Derriswortel. In: van
Hall, C.J.J. & van de Koppel, C : De landbouw in
de Indische Archipel 3.W.v.Hoeve, The Hague, p.
5 7 8 - 6 0 8 . |6| Toxopeus, H.J., 1952. Studies in the
breeding of Derris elliptica and Derris malaccensis. Euphytica 1:34-42, 1 7 5 - 1 8 3 .
(R. Geesink)

Elaeis guineensis Jacq.
Select. Am.: 280 (1763).
PALMAE

2n = 32
Vernacular names Oil palm (En); palmier à
huile (Fr); Indonesia: kelapa sawit.
Origin and geographic distribution Oil palm
is native to Africa and it is assumed t h a t speciation took place in that continent. However since
all related species classified in the subfamily
Cocoideae have a South American origin (except
perhaps the coconut, Cocos nucifera), the archetypal ancestor may have been indigenous to
the Americas.
Oil palm occurs in palm groves throughout the
tropical rain-forest belt of West Africa between
1 0 ° N a n d °Softhe equator. However most ofthese
groves show signs of human interference and
probably owe their origin to man. Oil palm has
played a major role in the village economy
throughout West Africa for many centuries.
Oil palm was introduced to South America with
the slave trade. In fact, the original description of
Jacquin in 1763 was based on a specimen growing
in Martinique. Semiwild groves are reported in
coastal regions of Brazil around Bélem. The oil
palm was introduced into South-East Asia in 1848
through the Botanical Garden of Bogor, Indonesia. Second-generation and third-generation
descendants from the originally introduced material have been used as planting material for the
first oil-palm estates in Sumatra (since 1911) and
Malaysia (since 1917) and have given rise to the
Deli Dura breeding population.
Uses The oil-palm fruit yields two types of oil:
palm oil from the fleshy mesocarp, and palm kernel oil from the kernel, in the volume ratio 10:1.
The two oils differ in composition and properties
and, consequently, find rather different applications.
Ninety percent of all palm oil is used in foods. In
South-East Asia, the preferred oil for domestic
consumption is a clear liquid oil.For domestic use,
the liquid fraction palm olein is satisfactory,
provided the ambient temperature is above 20°C.
Main uses of exported palm oil are margarine, fat
used in pastry production and in industrial frying
of potato chips, instant noodles and snack foods.
Fractions of palm oil are useful in confectionery.
Palm stearin, the solid fraction of palm oil, is increasingly used in soap manufacture. Palmderived fatty acids, mainly commercial grades of
stearic and palmitic acids, form an alternative to
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the traditional products based on tallow.
Palm kernel oil is a lauric-type oil similar in composition and properties to coconut oil. In Malaysia, increasing proportions of the palm kernel oil
are fractionated or hydrogenated for use in confectionery, where the higher melting products are
particularly useful. In Indonesia, palm kernel oil
is used for local consumption, often in blends with
palm olein. Palm kernel oil is also used for industrial purposes, either as an alternative to coconut
oil in the manufacture of high-quality soaps, or as
a source of short-chain and medium-chain fatty
acids. These acids are chemical intermediates for
the manufacture of fatty alcohols, esters, amines,
amides and more sophisticated chemicals, which
find a multitude of end-uses, for instance in
surface-active agents, plastics, lubricants and cosmetics.
The utilization of oil-palm byproducts is currently
the subject of research. Various waste streams
from the palm-oil mill have been proved to have
value as fertilizers, feedstuffs or fuel.
The African practice ofproducing palm wine from
the exudate of male inflorescence stalks has not
been adopted in Asia. Palm fronds are less suitable for thatching since leaflets on the two sides of
the rachis are inserted at two angles. Palm
trunks, available at replanting, provide excellent
material for paper and board production. However
this has not so far been put into commercial practice.
Economic a n d production data The oil palm
is a major oil crop, taking second place in world
supply ofvegetable oil after soya bean. The following data are based on 1982 statistics of FAO. Between 1970 and 1982, world palm-oil production
increased from less than 2 million tonnes to over
6 million tonnes and still is rising rapidly. SouthEast Asia is the main area of production, with
76 % of the total world palm-oil production. By
country, production of palm oil in 1982 was for
Malaysia 3.5 million, Indonesia 874 000, Philippines 13000, Papua New Guinea 77 000 and Thailand 24 000 tonnes.
Malaysia dominates the palm-oil market with
over 60 % of the world production and supplies
80 % (about 3 million tonnes or 90 % of the country's production) of the export market. The total
area under oil palm is 1226 500 ha with 66 000
h a in Sabah and Sarawak. Traditionally, plantation companies play a major role with 645 700 ha.
However government smallholders schemes increased their share with 356 000 h a planted in
1982.

Palm-oil production in Indonesia is increasing
steadily if less spectacular than in Malaysia with
365 885 ha planted in 1982, primarily in stateowned plantations (259 281 ha) and private estates (100 676 ha). Only 30 % of the Indonesian
palm oil is exported. The domestic market is a
main outlet where it supplies 48 % of the total
vegetable oils.
In Papua New Guinea, oil palm is important to
the national product but in absolute amount is of
minor importance. In the Philippines and Thailand, oil palm is still a minor crop though interest
and potential for expansion is present.
Properties The main components of palm oil
are palmitic (47-52%), oleic (34-41%), and
linoleic acids ( 6 - 9 %). Other fatty acids rarely
form more t h a n 2—5%ofthe total acid content. In
palm oil, saturated palmitic acid and monounsaturated oleic acid each accounts for 40 % of
the fatty acids present. Crude palm oil also contains
nutritionally
valuable
carotenoids
(450-820 mg/kg) and tocopherols (450-850
mg/kg) which, however, are reduced during refining to zero and about half the original value,
respectively. Content of saturated fatty acids in
palm kernel oil is 85 %.
Description A monoecious, erect, one-stemmed
palm-tree, usually 2 0 - 3 0 m high. Root system adventitious, forming a dense mat in the upper 35
cm of the soil, with only a few roots penetrating
deeper than 1m. Stem cylindrical, up to 75 cm diameter, covered with petiole bases in young
palms, smooth in older trees (10-12 years old).
Juvenile leaves lanceolate, entire to gradually becoming pinnate; mature leaves spirally arranged,
paripinnate, up to 7.5 m long; petiole 1-2 m long,
spinescent, clasping the stem at base; leaflets linear, 35—65 cm x 2—4 cm, up to 376 per leaf. Inflorescences unisexual, axillary, pedunculate, until anthesis enclosed in 2 fusiform or ovate
spathes 10—30 cm long, with flowers 3-merous;
male ones with numerous cylindrical spikes forming an ovoid body 15—25 cm long and bearing
flowers with 6 stamens, connate at base, with linear anthers; female ones subglobose, 15—35 cm diameter, with numerous lanceolate, spiny bracts,
each subtending a cylindrical spikelet with
10—20 spirally arranged female flowers, each
with two rudimentary male flowers; stigma sessile, 3-lobed. Fruits ovoid-oblong drupes, 2 - 5 cm
long, tightly packed in large ovoid bunches with
1000 to 3000 fruits; drupes with a thin exocarp, an
oleiferous mesocarp and a lignified endocarp containing the kernel with embryo and solid endosperm.
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ameter. After that, the trunk starts growing in
height, 35—75 cm per year, reducing its diameter
up to 40 cm. The rate ofheight increment and rate
of leaf production appear to be independent. All
leaf bases contain inflorescence primordia, but
the first fully developed inflorescence does not appear before Leaf 20 and usually much later, some
three years after germination. The length of male
and female phases in individual palms is very
variable and irregular, but a population of palms
shows clear seasonal trends. The physiological basis of sex differentiation is not yet well understood, except that empirical evidence suggests
that physiological stress conditions seem to encourage maleness. Pollination is primarily by insects. One of the insect vectors, Elaeidobius
kamerunicus, was successfully introduced into
Malaysia and subsequently Indonesia in 1979. Before that, oil palms in the region were windpollinated, often requiring artificial pollination in
the first few years.

Elaeis guineensis Jacq.
and maie inflorescence.

Tree with fruit bunches

Growth and development After harvesting,
oil-palm seeds are dormant. The physiology of this
dormancy is not well known. Germination of seeds
can be speeded up by dry heat treatment (40°C)
for 80 days, followed by cooling at a higher moisture content. Seedlings are usually kept in polybag nurseries for about 1 2 - 1 4 months and planted in the field when they have 1 8 - 2 4 leaves. The
stem has a single growing point, from which a leaf
primordium develops about every second week.
Succeeding primordia are separated by a divergence angle of 137.5° (Fibonacci angle), causing
leaf bases to be arranged in various sets of spirals,
of which a set of 8 parastichies is normally obvious. Rate of leaf production is up to 40 per year in
the first twoyears, dropping to a rate of 1 8 - 2 4 per
year from year 8 onwards. From leaf primordium
to fully expanded leaf ( 2 - 1 0 m2) takes about 2
years. The normal photosynthetically active life of
a leaf is about 2years, sounder natural conditions
up to 50 leaves are present per palm. In plantations, this number is usually kept at about 40.
In the first two years, lateral growth of the trunk
dominates, giving a broad base up to 60 cm in di-

The mean interval between sex differentiation
and anthesis is around 20 months and between
anthesis of female flowers and fruit ripeness 4—5
months. Fruit ripening on the bunch proceeds
simultaneously from top to bottom and from outer
to inner fruits. Ripe fruits become detached.
Other botanical information The genus
Elaeis consists of three species: the African E.
guineensis; and two species indigenous to South
and Central America, (E. oleifera and E. odora). E.
guineensis is the major economic species. Fruits of
E. oleifera have a much lower oil content and are
used only locally in its natural area of distribution. Little information is available on E. odora.
A particular feature ofthe oil palm with considerable economic consequences is the occurrence of
three natural fruit types under monogenic control, which form also the basis for the classification of oil palms.
- Dura: homozygous (sh+ sh+) for the presence of
a relatively thick endocarp (shell 2—8 mm);
- Tenera: heterozygous (sh+ sh-)with a relatively
thin endocarp (0.5—4 mm);
- Pisifera: homozygous (sh- sh-) for the absence of
an endocarp.
The original Bogor palms and material derived
from them were the thick-shelled types and as a
population is generally referred to as Deli Dura.
Pisifera is usually female-sterile. The cause of this
sterility is still unknown but may be reduced protection of the developing embryo through absence
of lignified endocarp tissue. Tenera is preferred as
planting material because of more oil-bearing
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mesocarp ( 6 0 - 9 0 % per fruit weight) than Dura
(20—65 % per fruit weight). Within each fruit
type, there is considerable variation apparently
under polygenic control.
Ecology The natural environment of oil palms
is the lowland humid tropics. They thrive on a
good moisture supply and open area as they cannot compete with faster-growing tree species. The
oil palm does not grow under continuous flooding
but is tolerant of fluctuating watertables with
periods of standing water. Hence, the natural
habitats are considered to be swamps, riverbanks
and other areas too wet for dicotyledonous trees of
tropical rain forest. Under cultivation, rainfall is
often the main limiting factor for production. Major areas of oil-palm cultivation are in the
equatorial belt where mean annual rainfall
deficits do not exceed 600 to 650 mm annually.
Highest yields are achieved where rainfall is well
distributed throughout the year with an optimum
of 150 mm monthly. Little is known about temperature effects other than that oil palms grow less
well at higher altitudes (above 500—600 m)and at
higher latitudes (above 10°). In regions where
minimum temperatures drop regularly for
prolonged periods below 20°C, productivity and
growth are severely reduced. The oil palm is also
affected by high temperatures. Photochemical efficiency seems to be reduced above 35°C.
Oil palms can grow on a wide variety ofsoils ranging from sandy soils to lateritic red and yellow
podzols, young volcanic soils, alluvial clays and
peat soils. A major criteria for relative suitability
seems to be the water-holding capacity. Since oil
palms are responsive to soil nutrients, nutrientrelease characteristics are also important as they
affect the efficiency of fertilizer use.
Propagation Traditionally the oil palm has
been grown from seed. However in the late 1970s,
tissue-culture techniques were developed for
vegetative propagation and in the mid 1980s
vegetatively propagated clonal oil-palm material
became available for commercial planting. Seedlings are grown in polybag nurseries for 12—14
months with the obvious requirements for good
soil, regular water supply and modest amounts of
nutrients applied at frequent intervals. For transplanting into the field, dry periods should be
avoided.
The development of tissue-culture techniques for
vegetative propagation is a major breakthrough
in oil-palm cultivation. Scaling up of production
processes is making progress and clones are expected to become the main source of planting ma-

terial in the 1990s in South-East Asia. Vegetative
propagation does not alter selection objectives but
should accelerate progress by allowing effective
selection for more characteristics simultaneously
like yield, harvest index, tolerance for competition, rate and uniformity of fruit ripening within
bunches. First results of selected clones suggest a
yield increment of 1 5 - 2 0 % over good seedling
material.
Husbandry Planting density is a major issue
as it determines competition between palms for
light, water and minerals, with competition for
light seemingly the major factor. It has been observed that when competition between palms
reduces the amount of dry matter produced per
palm, amount of dry matter used for vegetative
growth is less effected than the amount used for
fruit bunches. Hence maximum yield of oil is
reached at a planting density that is lower
(140—160 per ha)than the density that gives maximum total dry matter production. Generally at
field planting, a leguminous cover is established
to protect the soil, provide humus, add to the
nitrogen supply and suppress weeds. Harvesting
paths are kept open and clean weeding is practised around palms to prevent competition from
the cover crop and to facilitate loose fruit collection. Otherwise spot weeding is applied for general maintenance. During harvesting of bunches,
fronds are usually removed as well. If the number
of leaves per palm drops below 35, yield declines.
Hence the aim is to maintain number of leaves at
35—40, which comes close to a minimum pruning
system.
Considering the importance of moisture supply, it
may be assumed that oil palms would benefit from
irrigation. However so far, there have been no
reports on the use of irrigation on a plantation
scale.
Nutrient requirements have been studied intensively. Uptake and use are very much affected by
various environmental conditions. Considerable
use is made of foliar analysis as a diagnostic tool
for nutrient status combined with local specific
field trials. Generally nitrogen and potassium
show significant interactions, with nitrogen being
the key element. Although single responses to
phosphorus and magnesium are rare, including
these at maintenance levels, especially for phosphorus, often give linear responses. On plantations in Malaysia on poor red and yellow podzols,
amounts of2—4kg nitrogen and 1.5—3 kg potassium applied per palm annually are not uncommon.
On the nutrient-rich young volcanic soils of parts
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of Sumatra, requirements are of course much less.
Information on the need for micronutrients is less
well established in oil palm. There are well
documented cases of boron deficiency. On peats,
there are suspected cases of copper deficiency
cured with copper sulphate. Adequate sulphur
and chlorines are usually applied as compounds of
nitrogen and potassium.
Pruned leaves are generally stacked between
rows, providing a source of mulch together with
the ground cover. As the canopy closes, the legume
cover is gradually replaced by a natural cover, often consisting of a mixture dominated by various
grasses and ferns. The oil palm is a fairly labourintensive crop, requiring about one labourer for 4
ha. The need for increased mechanization of field
operations becomes evident in a number of
regions with a labour shortage such as Malaysia.
However as a crop, it is not easy to mechanize.
Diseases and pests The oil palm in South-East
Asia is remarkably free of pests and diseases.
Occasional outbreaks of bagworms (Psychidea),
and nettle and slug caterpillars (Limacodidae),
notably in Sabah, Sumatra and the Philippines,
are easily controlled by a policy of minimum insecticidal intervention. The rhinoceros beetle
(Oryctes rhinoceros) has readily adapted to the oil
palms. Destruction of breeding sites and good
ground cover generally ensures adequate control.
Other insects occasionally cause some damage
like Tirathaba mundella (oil-palm bunch moth),
some root-feeding cockchafers, Valanga nigricornis (a grasshopper) but are only a minor problem.
Of the few diseases, Ganoderma causes locally
high losses, especially when coconut areas are
replanted with oil palms. Infection takes place
through contact with infected dead root tissue.
Several diseases are observed in the nursery:
brown germ, Curvularia leaf spot, blast (Pythium
and Rhizoctonia). However all are easily controlled by both cultural and fungicidal treatments.
Harvesting Under normal conditions of plantations, harvesting of bunches generally starts
about 2% years after field planting. Bunches ripen
thro'ughout the year and harvesting takes place in
rounds at intervals of 2 or 3 weeks in any particular area. Bunches are cut that have reached an
agreed standard of ripeness, usually expressed in
number ofdetached fruits per bunch. They are cut
from the stalk with either a chisel or a so-called
'Malayan knife', consisting of a sickle on a long
bamboo or aluminium pole. So far, cost has defied
more mechanized forms of harvesting. Bunches

are transported to collection sites along the road
and from there direct to the factory.
Yield The oil palm is extremely responsive to
environmental conditions and yields therefore
show great variations. The course of yield over
time, however, shows a clear trend, rising to a
maximum in the first few years ( 6 - 8 years after
planting in the field), usually declining slowly
thereafter. In well managed plantations in Malaysia and Sumatra, on soils with a reasonable availability of nutrients and a good water-holding capacity under uniform and adequate rainfall,
yields of bunches of 24—32 t/ha are common. At
the factory, extraction rates of oil with reference
to bunch weight are 2 0 - 2 2 %; this represents oil
yields of4.8 — 7t/ha, which is higher t h a n in any
other oil crop.
Handling after harvest Bunches are sterilized
with steam under pressure to arrest breakdown of
oil to fatty acids and to detach fruits from the
bunch. Oil is removed from the mesocarp in
mechanical presses; fibre and nuts are separated;
kernels are removed from the nuts. Crude oil undergoes several purification procedures (static settling, centrifugal purification and drying) before
it enters manufacture. Desirable qualities in palm
oil are low content of free fatty acids (FFA), low
impurities, low moisture content, a low degree of
oxidization, good oxidative stability, good bleachability and consistency of all properties.
Kernals are usually extracted in separate milling
units, either in the country or abroad.
Genetic resources In common with several
plantation crops in South-East Asia (notably rubber, cocoa, coffee, tea, cinchona), the genetic origin
of the commercial material is rather narrow and
to some extent almost accidental. The oil-palm industry in Indonesia and Malaysia started with
material descended from four palms (thick-shelled
dura) introduced in the 19th Century in the botanical garden of Bogor (Indonesia). Their simultaneous introduction (probably from Mauritius or
Réunion) suggests that the four seeds may well
have derived form a single (open-pollinated) fruit
bunch. Seeds of these palms and their descendants were widely distributed throughout Indonesia as ornamental palms. Avenue palms in Deli
(North Sumatra) supplied the seeds for the first
oil-palm estates from 1911 onwards. In Malaysia,
the first estate was established in 1917. By the
early 1920s, a number of breeding and selection
programmes started, which caused improved
planting material generally referred to as Deli
Dura. Until the 1950s, Deli Dura was used exclu-
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sively as planting material in both Indonesia and
Malaysia.
Elucidation of single-gene inheritance of shell
thickness caused interest in the Tenera fruit type
(sh+ sh-) as commercial material obtained from a
cross ofDura (sh+ sh+) with Pisifera (sh- sh-). Material segregating for the shell-thickness gene
descending from a single Tenera palm (SP 540) in
Sumatra was a major source of Pisifera for several
breeding programmes. This palm probably has a
common origin with material in the breeding
programme at Yangambi (Zaire), descending from
nine Tenera palms. By the 1960s, major breeding
programmes in Sumatra and Malaysia concentrated primarily on Deli Dura and 'Yangambi'
Pisifera for production of commercial planting
material. Since then, extensive new introductions
have been effected from various breeding
programmes in West Africa (Ivory Coast, Nigeria,
Cameroon, Zaïre). In the late 1970s and early
1980s, the Palm Oil Research Institute of Malaysia (Porim) has started a systematic programme of
prospecting and collection from oil groves in West
Africa and of E. oleifera populations in South and
Central America, widening significantly the basis
for breeding programmes.
Breeding Oil-palm breeding has progressed
from simple mass selection (progenies and individual palms within progenies) to various forms
of recurrent selection for Dura and Pisifera t h a t
give high-yielding Tenera.
It was estimated that in the first generation of
selection in Deli Dura, a relative increase in yield
of 20—24 % was realized, followed in the subsequent 2—3 generations by improvements of
1 0 - 1 2 % . The change-over in the 1960s from
Dura to Tenera gave an immediate yield increase
of up to 20 % (the proportion of oil in bunch increased from 16—18% in Dura to 20—22% in
Tenera).
In Malaysian programmes, considerable attention
is directed to components of growth in an effort to
improve harvest index, reduce height increment
and increase optimum planting density and so to
increase oil yield.
Prospects The prospects for the oil palm appear bright. The demand for vegetable oils is rising as standard of living increases in parts of the
Third World. As a crop, it is better suited than annual food crops to most soils prone to leaching in
the humid tropics. It provides continuous ground
cover and ecological conditions similar to the
original forest vegetation. Also further increases
in yield may be expected. Extrapolations from

crop-growth models suggest that the physiological
potential for oil yield of the oil palm may well be
1 2 - 1 4 t/ha against maximum yields of 6 t/ha in
1986. The new possibility of clonal propagation is
an important factor in this respect.
Forecasts for Malaysia are that total production of
palm oil will reach 6 million tonnes by 1991,levelling off at around 6.2 tonnes. The potential for Indonesia may be even larger because of available
land resources and expected relatively lower costs
of labour.
In most countries with a suitable climate, oilpalm cultivation is expanding. The main drawback ofthe oil palm is the difficulty of mechanization, notably of harvesting operations, in a costeffective manner. Hence, availability and cost of
labour may well become the main limiting factors.
Literature |1| Corley, R.H.V., Hardon, J.J. &
Wood, B.J. (Editors), 1976. Oil palm research. Elsevier Scientific Publishing Co., Amsterdam. 532
pp. |2| Hardon, J.J., Rao,V.&Rajanaidu, N., 1985.
A review of oil-palm breeding. In: Russell, G.E.
(Editor). Progress in plant breeding 1. Butterworths, London, p. 1 3 9 - 1 6 3 . |3| Hartley, C.W.S.,
1977. The oil palm. 2nd edition. Longman, London. 806 pp. |4| Turner, P.D. & Bull, R.A., 1967.
Diseases and disorders of the oil palm in Malaysia. Incorporated Society of Planters, Kuala Lumpur. 247 pp. |5| Wood, B.J., 1968.Pests of oil palms
in Malaysia and their control. Incorporated Society of Planters, Kuala Lumpur. 222 pp.
(J.J. Hardon)

Manihot esculenta Crantz
Inst. 1: 167 (1766).
EUPHORBIACEAE

2n = 36
Synonyms Manihot utilissima Pohl (1827).
Vernacular n a m e s Cassava, tapioca (En);
manioc (Fr); Indonesia: ketela pohon, ubi kayu.
Origin and geographic distribution Cassava
is indigenous to tropical America like all species
(98) of the genus Manihot. It is not known in a
wild state and the origin ofcassava as a crop is unknown. It is supposed that it was first cultivated
in north-eastern Brazil, based on the abundance
of related wild species, but Mexico and Central
America are also mentioned as centres of domestication. Cassava was certainly already cultivated
in many parts of tropical America in the first
millenium B.C. Time of initial cultivation is supposed to be considerably more ancient. In post-
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Columbian Era, the cassava plant spread from the
American Continent. For several Asian countries,
an early introduction by the Portuguese is mentioned. For Indonesia, the period around 1810 is
the most likely period of introduction. For the
Philippines, an early introduction by Spanish explorers and tradesmen from Mexico has been suggested. For all countries of South-East Asia it
holds that the adoption was quite slow initially.
On Java in 1880, cassava cultivation had spread
little. Good export possibilities for starch and
dried storage roots, failures of rice and maize
crops causing famines during several years, and
propagation campaigns in favour of cassava organized by the colonial Dutch government formed
the main reasons in Indonesia for rapid expansion
of cassava cultivation at the beginning ofthe 20th
Century.
It is now a prominent crop in South-East Asia,
particularly in Indonesia and Thailand.
Uses Of the world production ofcassava, 65 % is
used directly for human consumption, 20 %for animal feed and the remaining 15 % for starch and
industrial uses. For human consumption, the
roots, after peeling, are boiled or fried, directly or
after drying or fermenting.
In South-East Asia, the use differs considerably
between different countries. In Thailand, local
use for human consumption is very low. Ninety
five percent is exported, mainly for animal feed in
European countries. The remainder is for local
human consumption and industrial uses. In Indonesia, 60 % of production is used for direct human consumption, 25 %fresh and 35 % after drying; 25 % is used for starch production, most of
which is for human food as kerupuk, cookies and
other snacks. The remaining 15 % is exported. In
Malaysia, the starch industry uses about 90 % of
all cassava produced. The remaining 10 % is used
for animal feed. Also in Malaysia, only a very
small fraction of local production is used directly
for human consumption. In other countries of
South-East Asia, cassava is used mainly for human consumption and starch production.
Regionally, leaves of cassava are used for human
or animal consumption.
Economic and production data Production of
fresh roots from cassava in Asia is 50 million
tonnes per year, which represents nearly 40 % of
world production. The main producers are Thailand with 20 million tonnes and Indonesia with
14 million tonnes. Indonesia has been the leading
producer for many years. Striking is the very rapid increase in Thailand, from about 2 million

tonnes in 1964 to 20 million tonnes in 1984. At
the beginning of the 1960s, the export of cassava
to Europe started, serving as a component of animal feed, initially as meal, later as chips and from
about 1969 as pellets.
Other Asian countries with a significant cassava
production are India (5.8 million tonnes), China
(4.1 million tonnes), Vietnam (2.9 million tonnes)
and the Philippines (2 million tonnes).
Properties Storage roots consist almost exclusively of carbohydrates, mainly starch. Contents
of protein, fat, most vitamins and minerals are
low. Only the vitamin C content is of importance.
Protein of cassava storage roots is especially deficient in sulphur-bearing essential amino acids.
The edible portion of fresh storage roots
represents 8 0 - 9 0 % of the total storage root
weight. Average composition of the edible part of
fresh storage roots is:carbohydrates 35 %, protein
1.0 %, fat 0.3 % and minerals 1.0 %. Energy content of edible portion amounts to 600 kJ/100 g.
Dry matter content of the roots varies from
3 0 - 4 0 % . Cassava roots can contain dangerous
amounts of cyanogenic glucosides. Content of protein in fresh cassava leaves is up to 7 %. The
leaves also contain reasonable amounts of vitamins A and C.
All cultivars contain cyanogenic glucosides.
Glucoside content (as HCN) in the central part of
fresh storage roots varies from 30 to 200 mg/kg.
Small amounts are tolerable, but man should not
consume more t h a n 1 mg HCN per kg body
weight per day. Glucoside content is also influenced by ecological conditions and mineral supply. High content of nitrogen and low content of
potassium in soil increase the glucoside content.
The first rains after a dry season may also cause
a large increase in glucoside. If the cells of storage roots are crushed, glucosides and enzyme
make contact and the HCN is split off. Here is the
key to methods of getting rid ofHCN. The volatile
HCN should be allowed to escape. Boiling is not
always a guarantee t h a t the product is safe, as the
HCN can be caught in the starchy paste. Rasping
and slow drying ofthe product is effective. Though
consumers in the village usually know how to prepare a safe product, accidents still occur, especially with children.
Description A perennial, monoecious, cultivated shrub, up to 4 m tall, all parts containing white
latex and varying concentrations of a cyanogenic
glycoside. Seedlings form a taproot with generally
slender secondary roots; adventitious roots arising from stem cuttings, very variable in shape,
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Manihot esculenta Crantz — 1. Young branch with
leaves; 2. storage roots (much reduced).
size, position and number, usually 5—10(—20) per
plant, usually tapering but also long and slender
cylindrical to globose, up to 100 cm x 15 cm, serving as storage organ of starch in the parenchymatous cells of the white, yellowish or reddish pith;
storage roots are white, brownish or reddish and
become lignified with age. Stems woody, unbranched to variously branched, predominantly
brownish or greyish, usually with prominent leaf
scars. Leaves spirally arranged with phyllotaxis
2/5, petiolate, simple; petiole 5—30 cm long, attached basally to the blade or slightly peltate;
blade entire to 3—10-partite to near the base;
lobes oblong, obovate, linear or lanceolate, 4—20
cm x 1—6 cm, entire, acuminate. Inflorescences
are lax terminal racemes, 3—10 cm long; flowers
unisexual with 5 united sepals and no petals, the
pistillate basal, opening first, the staminate apical; male flowers with pedicel 4—6 mm long, calyx
about 1 cm long, divided to or beyond the middle,
yellowish, stamens 10 in two whorls; female flowers with pedicel 0.5—2.5 cm long, calyx up to 1.3
cm long, stigmas 3, thick, warty-lobed, ovary
3-carpelled. Fruit a 6-winged subglobose capsule,

1—1.5 cm diameter, with up to 3 ellipsoid seeds,
12 mm long, carunculate, variously marked or
plain.
Growth and development All economic planting is done with stem cuttings. Planted cuttings
start to root from the soil-covered nodes at the
base of the axillary buds and the stipule scars
some 5 days after planting. About 10 days after
planting, sprouting starts. Also at that time, callus can be observed at the base ofthe cutting, from
which a large number of adventitious roots
emerge. Two to four months after planting, storage roots start to develop by secondary thickening
of a number of the adventitious roots. In tropical
regions, an almost fixed fraction of dry matter
production is stored in the roots once secondary
thickening has started. This fraction depends on
cultivar and ecological conditions.
The number ofshoots per planted cutting depends
on the length and orientation of the cuttings.
Number of shoots increases with cutting length;
from vertical or at a slant planted cuttings, fewer
sprouts emerge t h a n from horizontal planted
ones. New leaves are formed continuously, but the
rate decreases with time. Older leaves die and fall
after 40—200 days. After a certain number of
nodes (leaves) has been formed (depending on cultivar and ecological conditions), the growing point
becomes reproductive. Because of this, a number
of axillary buds just below the growing point
sprout and develop into similarly sized branches
(generally two to four). Later in the growth period
this process can be repeated once or more. However cultivars occur too that do not branch at all.
There is evidence t h a t for different cultivars long
days stimulate flower initiation. Flowering, however, does not always occur because of early abortion of inflorescences.
In cassava, both cross-pollination *and selfpollination occur naturally. Male and female flowers hardly ever open simultaneously in the same
raceme; however female and male flowers on
different branches of the same plant commonly
open simultaneously. Male sterility is frequent.
Cross-incompatibility has not been found. Three
to five months after fertilization, the fruit matures.
Other botanical information A satisfactory
general botanical classification of cassava below
species level does not exist. Its pantropical distribution by man and its cultivation since ancient
times has resulted in an enormous number of cultivars t h a t show, if all are compared, continuous
variation in every characteristic studied. Many
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attempts to classify the cultivars formally failed
and usually only have historical or local practical
value.
All cassava cultivars contain cyanogenic glucosides (mainly linamarin), which liberates toxic
HCN by enzymic breakdown. Glucosides are present in all plant parts. According to glucoside content in the central part of the storage roots, cultivars were formerly divided into two groups:
'sweet' and 'bitter' cultivars. This distinction is
not justified as all kinds of intermediates occur
and correlation between the glucoside content
and the taste is far from complete.
Ecology Distribution ofcassava is worldwide in
regions between 30 °N and °S. At the more extreme latitudes, the growth period is limited because of the occurrence of periods of frost, which
result in an immediate die-off ofthe plant. The optimum temperature range is 20 to 30°C. Specific
cultivars are necessary for successful cultivation
at an average temperature of 20°C.
Cassava is grown in regions with 500 to 6000 mm
of rainfall per year. Optimum annual rainfall
amounts to 1000—1500 mm, without distinct dry
periods. Once established, cassava can resist severe drought. With prolonged periods of drought,
cassava plants shed their leaves but resume
growth after the rains start, making it a suitable
crop in areas with uncertain rainfall distribution.
Because ofits drought resistance, cassava is planted in many regions as a reserve crop against famine in dry years. This phenomenon has often
caused its introduction. Waterlogging may soon
destroy the crop. Good drainage is essential for
cassava.
A linear relationship has been observed between
the amount of absorbed incoming radiation and
growth, thus high irradiance is preferred.
Cassava is grown on soils with very different physical and chemical characteristics. Best growth
and yield is obtained on highly fertile sandy
loams. It has the property to produce still reasonably on strongly depleted or even eroded soils
where other crops do not produce any more. It is
frequently cultivated as (one of) the last crops before the fallow period starts in a shifting cultivation system. Gravelly or stony soils causing problems with root penetration are unsuitable. This
holds also for heavy clay or other poorly drained
soils. Cassava growth and yield is reduced drastically on saline soils with an electrical conductivity of more t h a n 50 mS/m and on alkaline soils
with a pH above 8.0. The optimum pH is between
5.5 and 7.5, but cultivars are available that toler-
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ate a pH as low as 4.6 or as high as 8.0. Also
reasonably salt-tolerant cultivars have been
selected. Cassava is tolerant of high levels of exchangeable aluminium and available manganese.
Propagation In commercial production, cassava is exclusively propagated by stem cuttings.
Propagation by storage roots is impossible as the
roots are devoid of buds. Propagation by seed is
possible but is only used for breeding. Cuttings,
well lignified, 2 0 - 3 0 cm long and 2 0 - 2 5 mm diameter, preferably from the middle ofthe stems of
plants 8—14 months old, are most suitable.
Healthy material should be taken and should be
dipped in fungicide and insecticide before planting.
Time between cutting stems and planting should
be as short as possible (not more t h a n a couple of
days). Whole stems can be stored in shady places
for 3 months.
In Java, a special grafting technique has been developed by Mukibat, a farmer. Manihot glaziovii
('tree cassava') is used as a scion and ordinary cassava as the rootstock. This system is used by many
small farmers in Java, especially for back-yard
production. Very high yields can be obtained with
this system, especially under dry conditions. The
reason may be that Mukibat plants have a more
extensive root system, allowing higher uptake of
water and nutrients. It is a very labour-intensive
system and probably not suitable for large-scale
production.
Husbandry In Asia, cassava is usually planted
vertically. The drier the soil the bigger the part of
the stem placed in the soil. Under very dry conditions, cuttings should be planted at an angle and
covered for the larger part with soil. There is no
clear relation between planting angle and yield.
Horizontal planting leads to a large number of
thin stems, which may cause lodging. Planting
upside down should be avoided, as it strongly
decreases yield.
Soil preparation varies from practically zero under shifting cultivation to ploughing, harrowing
and possible ridging in more intensive cropping
systems. Planting on ridges is recommended, especially for areas with rainfall rate more than
1200 mm per year. It may not give higher yield,
but harvesting is easier and soil erosion may be
reduced, especially by tied ridges. Plant density is
from 10 0 0 0 - 1 5 000 plants per hectare in sole
cropping. In intercropping, densities are usually
lower. Cassava for home consumption is often
planted in mixtures with crops such as maize,
groundnuts, other grain legumes, coconuts or
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bananas. For large-scale production, sole cropping
is the common method.
Planting is usually at the beginning of the rainy
season. Though it is mostly by hand, large-scale
planting can be mechanized. Cuttings are then
planted horizontally.
Until 2 - 3 months after planting, weeding is
necessary every 3—4 weeks. Afterwards the canopy may cover the soil and weeding is less necessary. Use of herbicides is still limited though preemergence and post-emergence herbicides are
more and more used where labour is scarce, e.g. in
large-scale production.
As yet, fertilizers are little used, though in the
long term yield will decline more and more if fertilizers are not applied. In fact, use of fertilizers is
often not economic because of low and uncertain
prices. Moreover, the crop can still produce
reasonably on soils of low fertility where other
crops, like maize, will hardly produce at all. In
general, cassava responds well to farmyard manure. Nutrient removal by 1 t of fresh storage
roots is nitrogen 2.3, phosphorus 0.5, potassium
4.1 and calcium 0.6 kg. Nutrient removal by 1 1of
total plant (storage roots, stems and leaves) is
nitrogen 4.9, phosphorus 1.1, potassium 5.8 and
calcium 1.8 kg. Stems are often taken from the
field and used as firewood. Fertilizer recommendations for cassava are not easy to make. In East
Java, good yield responses are obtained with
nitrogen fertilizers and farmers are more and
more using small amounts of nitrogen. Critical
contents ofmajor elements for deficiency in youngest fully expanded leaf-blades of cassava plants
2—5 months old are nitrogen 5.0%, phosphorus
0.4 %, potassium 1.2 %, calcium 0.7 % and magnesium 0.3 %.
Symbiotic fungi of cassava roots (mycorrhiza) can
under certain conditions significantly increase
phosphate availability.
There is a wide variety of cropping patterns and
rotations with cassava. Though rotation with other crops is preferable, cassava is sometimes grown
continuously on the same land, especially in dry
areas not suitable for other crops but also in Thailand, because of the economic importance of the
crop. When grown in fallow systems, cassava is
usually planted at the end of the rotation cycle,
as it still produces relatively well at lower fertility
levels and also makes a smooth transition to the
fallow.
Diseases and pests Damage by pests and diseases is relatively moderate in South-East Asia.
Cassava bacterial blight (Xanthomonas spp.) is

present in Asia but no severe damage has been
reported. Leaf-spot (Cercospora spp.) is quite common but there are no clear data about the yield
reduction it causes. The major pest in South-East
Asia is probably the red spider mite (Tetranychus
spp.). Locally, scale insects can cause serious
reduction in yield.
Harvesting Cassava has no distinct period of
harvesting, because the crop is perennial. For human consumption, it is usually harvested 9 to 12
months after planting. It is sometimes harvested
earlier if needed for food. When grown for starch
production, it may be harvested after 18 months
or even later. Optimum harvest period depends on
root quality, yield and climatic conditions. If harvesting is delayed, storage roots become too
woody.
Yield Average world yield of fresh roots is 9
t/ha. There is quite a lot of variation from one
country to another; in Asia, yields are higher
t h a n on other continents. Nevertheless, yields on
the farm are much lower than what is possible.
Under optimal conditions, a yield of 30 t/ha of dry
storage roots, being 90 t/ha of fresh storage roots,
is possible. Much depends on climate, soil fertility
and the inputs. Annual yields of fresh roots of
3 0 - 4 0 t/ha are not difficult to achieve. But, as cassava is often grown on soils of low fertility with
low inputs, such yields are quite rare in practice.
Handling after harvest Once harvested, cassava must be consumed or processed within a couple
ofdays. Physiological changes cause blue or brown
vascular streaking in the roots, just below the
peel, already 2 days after harvest. In addition,
there is a microbial deterioration that normally
starts after the onset of physiological deterioration but often within a week ofharvest. First symptoms are blue or brown streaks throughout the
root. Spoilage is fastest in damaged roots.
For danger of toxicity in consumption directly after harvest, see under Properties.
Some progress has been made with storage of
fresh roots. One method is packing of fresh undamaged roots in moist sawdust in boxes; it can be
used for marketing of roots in urban areas. Storage up to two months is possible. Microbiological
deterioration, however, still occurs.Another method of storing cassava is drying of pieces of roots,
called 'gaplek' in Indonesia. These chips should
be dried in a short period to avoid deterioration.
Sun-drying is quite common. The shape of the
chips is important for quick drying, a cube 1 cm
across is recommended. For commercial production, as in Thailand, chips are dried on concrete
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floors. Afterwards they are converted to pellets,
which are denser t h a n chips and easier for transport. For small-scale drying on the farm, mats of
woven bamboo material are often used.
Cassava can also be stored as flour. For this purpose, roots are peeled, rasped, squeezed, and then
slowly roasted and dried. This product is called
'farinha de mandioca' in Brazil and 'gari' in West
Africa. Cassava starch is usually prepared in special factories. Roots are washed, crushed and further processed. The starch is usually separated by
centrifuging.
Genetic resources In South-East Asia, only
limited cassava germplasm banks occur. The
largest cassava germplasm bank is at CIAT (Centro Internacional de Agricultura Tropical) in
Colombia, containing about 3000 accessions from
large parts of Central and South America.
Breeding Serious breeding ofcassava started in
Indonesia in about 1908, largely with genotypes
imported directly from South America. The most
extensive breeding programmes are at CIAT in
Cali, Colombia and at IITA (International Institute of Tropical Agriculture) in Ibadan, Nigeria.
Some local breeding is done in South-East Asia.
In Indonesia, the new cultivars 'Aldira I' and 'Aldira II' have been bred in this way. The main efforts in plant breeding are devoted to increase in
yield, and to disease and insect resistance.
One major problem associated with efforts to select new cassava genotypes is the difficulty in
moving planting material (cuttings) around the
world because of disease problems. From CIAT, a
number ofcultivars were sent also to several countries of South-East Asia as septic meristem cultures.
Selection within locally developed cultivars may
sometimes be more rewarding than introduction
of promising cultivars from outside. Breeding is
oriented towards low contents of glucosides but
until 1986 no cyanide-free cultivar has been
found.
Prospects Because ofpopulation growth, cassava production for human consumption in Asia, as
elsewhere in the tropics, is steadily increasing
and the crop will probably increase even more in
the future. As a feedstuff, cassava may become
more important if the use of storage roots in local
animal feed receives more attention. Production
for the market of feedstuffs in western Europe is
somewhat uncertain because of import restrictions.
In Australia, research on cassava was started at
the end of the 1970s to develop relevant produc-
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tion systems for starch, feedstuffs and fuel alcohol. Until 1986, no significant commercial production has started.
Literature | 1 |Boerboom, B.W.J., 1978. A model
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1973. The cyanogenic character of cassava (Manihot esculenta). In: Nestel, B. & Mclntyre, R. (Editors): Chronic cassava toxicity. Proceedings of an
interdisciplinary workshop, London, England,
29—30 January 1973. International Research Development Center, Ottawa, IDRC-OIOe. p . 4 3 - 4 8 .
j3| de Bruijn, G.H. & Dharmaputra, T.S., 1974.
The Mukibat system, a high yielding method of
cassava production in Indonesia. Netherlands
Journal of Agricultural Science 22:89-100. |4|
Cock, J.H., 1985. Cassava, new potential for a
neglected crop.Westview, Boulder, Colorado, United States. 205 pp. |5|Falcon, W.P, et al., 1984. The
cassava economy of Java. Stanford University
Press, Stanford, California. 212 pp. |6| Howeler,
R., 1980. Soil-related cultural practices for cassava. In: Weber, E.J., Toro, J.C. & Graham, M. (Editors): Cassava cultural practices. Proceedings of a
workshop, Salvador, Bahia, Brazil, 1 8 - 2 1 March,
1980. International Research Development Center, Ottawa, IDRC-151e. p. 5 9 - 6 9 . |7| Onwueme,
I.C., 1978. The tropical tuber crops. John Wiley &
Sons, Chichester, p. 1 0 9 - 1 6 3 . |8| Rogers, D.J.,
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Metroxylon sagu Rottboell
Nye Saml. K. Danske Vidensk. Selsk. Skrift
2: 5 2 7 - 5 2 8 (1783).
PALMAE

2n = 26
Synonyms Metroxylon rumphii Mart. (1845)
with many varieties, designated by Beccari
(1918); Metroxylon squarrosum Becc. (1918) with
many varieties.
Vernacular names Sago palm (En); sagoutier
(Fr); Indonesia: pohon rumbia (Bahasa Indonesia);
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West Java/ID: kirai (Sundanese); Central and
East Java/ID: ambulung, kersula (Javanese); Ambon/ID: lapia (Ambonese); Philippines: lumbia;
Papua New Guinea: sak-sak (Pidgin).
Note: In the Indonesian-Malay language region,
the word 'sagu' denotes the edible starch from the
pith of any palm and each of these palms may be
called 'pohon sagu' (sago tree). The 'pohon rumbia' designates one of them, namely the 'true'
sago palm dealt with here.
Origin and geographic distribution The sago
palm probably originates from New Guinea and
the Moluccas and has not been dispersed beyond
South-East Asia and nearby Pacific islands. In Indonesia, the palm is found now also in parts of
Sulawesi, Kalimantan, Sumatra and West Java,
as well as on many smaller islands with a nonseasonal climate, notably the Riau Islands, Nias
and the Mentawai Islands. In Malaysia, the palm
grows in Sabah, Sarawak and on the Peninsula.
Some is found in Brunei and in the Philippines
(Mindanao). In Papua New Guinea, large areas
are covered with sago palm. A small area exists in
southern Thailand. It is found at least as far east
as the Solomon Islands and probably the Santa
Cruz Islands (species not identified with certainty).
In New Guinea, the world's largest contiguous
sago-palm swamps and forests are found, totalling
5 to 6 million hectares, 4 to 5 million hectares of
it in the Indonesian part of the island.
Uses The starch stored in the trunk is a staple
food, notably in New Guinea. Usually wet starch
isboiled, fried or roasted, alone or mixed with other foodstuffs, resulting in products of different
durability. In Indonesia and Malaysia, the starch
is used industrially in the manufacture of cakes,
noodles and kerupuk, and in the United States for
custard powders. Non-food uses include sizing
pastes for paper and textile. It is a highly acceptable raw material for further industrial processing,
e.g. high-fructose syrup and ethanol.
The palm has many secondary uses. Whole young
trunks, pith and pith refuse are given to animals.
The 'bark'of the trunk is used as timber or as fuel.
Walls, ceilings and fences may be constructed
from the petioles and mid-ribs ofthe leaves ('gabagaba'); the skin (epidermis) of leaves is used for
cordage and weaving mats. The leaflets produce
one of the best ataps (roof thatch), the main purpose of the palm in West Java. Young leaflets are
made into baskets for transport and storage of
fresh (wet) starch. The growing point of the palm
with surrounding tissues may be eaten raw or

cooked (palm cabbage).
The larvae of insects feeding on the pith of the
trunk, notably weevils of the genus Rhynchophorus, are eaten raw, boiled or roasted in most places
where sago palm is a staple. A mushroom (Volvaria volvacea) growing on pith refuse is relished in
the Moluccas.
Economic and production data Of the total
sago-palm area of 5 to 6 million hectares only an
estimated 200 000 ha is planted. Planted areas
are estimated at 130 000 ha in Indonesia, 35 000
ha in Malaysia (mainly Sarawak and Sabah), less
t h a n 1000 ha in Brunei, 5000 ha in the Philippines, 20 000 ha in Papua New Guinea, 5000 ha in
Thailand and 10 000 ha on Pacific islands.
Most sago starch is consumed locally or traded on
domestic markets. It accounts for less than 3 %of
the international trade in starches. Some of it is
traded as sago pearls: partially gelatinized kernels, 1—2 mm in diameter, obtained by forcing
raw starch paste through a sieve and stirring the
bits of paste coming through on a hot plate until
hard and rounded.
Sometimes, pearled starches of non-palm origin
are also erroneously called 'sago pearls' or even
just 'sago'. Unambiguous economic statistics are
scanty. In 1983,the export of dry sago starch from
Sarawak was 25 000 t (value $(MY)9 million), 70
% of it destined for Japan. On Bengkalis (Riau Islands), an old centre of sago starch production, 30
mills operated in 1980 with a total rate of output
of dry starch of 6600 t/year. In the 1930s, production from the east coast of Sumatra, rate for wet
starch about 30 0 0 0 - 4 0 000 t/year, was exported
to Singapore to be refined and re-exported. The
once-prosperous sago-starch trade through Singapore has declined since the 1950s.
Properties Purified sago starch consists of 27
% amylose and 73 % amylopectin. Samples from
Irian Jaya ofraw wet sago starch as used for local
consumption (usual content of water 35—45%)
contained in dry matter ash 0.15 %, fibre 0.4 %,
starch 97 % and a trace of nitrogen. A sago-based
diet should be complemented with other foodstuffs to provide the necessary proteins, minerals
and vitamins.
In Sarawak, the rasped whole pith of 6 palms contained in dry matter nitrogen 0.15 %, phosphorus
0.046 %, potassium 0.45 %, calcium 0.24 %, magnesium 0.09 % and starch 54 %.
Sago weevil larvae in Sarawak contained crude
protein 3 - 7 % and crude fat 20—30 % on a fresh
weight basis.
Description A medium to tall palm-tree, only
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flowering once, monoecious, forming basal suckers. Roots spongy but with a tough central fibrovascular strand, not extending to great depth;
pneumatophores (air roots) present. Trunk 30—60
cm diameter, 7—20(—25) m high, lower part
ringed with leaf scars, upper part covered with
semipersistent leaf-sheaths; epidermis thin,
strongly sclerenchymatous, surrounding the fibrous bark, 5—10 mm thick; under the bark, an
extremely hard layer of sclerenchymatous fibre
bundles, up to 1 cm thick, surrounding the parenchymatous pith.
Leaves 18—24 in vigorous trunked palms, simply
pinnate, 5—7 m long (sometimes up to twice as
long); petiole very robust, dilated at its base into
a stem-clasping sheath; sheath and petiole unarmed or armed to various degrees with needlelike spines, up to 22 cm long, arranged in transverse combs; leaflets up to 100 per leaf, 5 0 - 1 6 0
cm x 3 - 6 cm, often with small spines along the
margins and on the mid-rib and sometimes with
an apical, filiform appendage, margins usually
valvate and reflexed.
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Metroxylon sagu Rottboell — Cluster of trees.
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Inflorescence rust-coloured, apparently a terminal panicle, 3—5(—7.5) m high and wide; firstorder branches erect or standing out candelabralike, morphologically constituting separate lateral inflorescences spirally arranged on the main
stem in the axils ofreduced leaves or bracts, rigidly and distichously branched to the third order;
third-order branches spadix-like, densely packed
with spirally arranged pairs of flowers, each pair
consisting of one male and one bisexual flower;
bracts of the first to the third order smooth to
spinulescent outside; flowers 3-merous with 6 stamens.
Fruit a depressed-globose to obconical drupe,
2 . 5 - 4 . 5 cm in diameter, covered with 18 (19) longitudinal rows of yellow-brown scales, rhomboid,
downwardly directed; mesocarp spongy.
Seed subglobose, about 3 cm in diameter; endosperm homogeneous, horseshoe-shaped in longitudinal section; seeds often fail to develop,
resulting in fruits filled with a fleshy, hypertrophic mass only.
Growth and development The seed is viable
as soon as the fruit is shed but may quickly loose
its viability. In the field, germinating seeds are always fully ripe (brown pericarp, brown but still
living testa, strong endosperm), lying on top of the
soil in a thin layer of water which does not cover
the seed completely. Seeds may germinate within
3 weeks. Vegetative growth is divided into a rosette stage of 3.5 to 4 years and a trunk stage of
4 to 14 years, depending on palm type. During the
rosette stage, leaves are formed at a rate of 2 per
month, slowing down to 1 per month during the
trunk stage. Thus, trunk age can be estimated by
counting the leaf scars. Longevity of adult leaves
is 18—24 months. Basal suckers are formed mainly during early vegetative growth, the first appearing in the first year. Starch is stored in the
parenchyma (pith) of the trunk, which is gradually filled from the base upward. Volumic mass of
the pith (starch) did not exceed 330 kg/m 3 in the
Sepik area of Papua New Guinea. Towards flowering, if the upper trunk part has not yet been filled
to capacity, starch is translocated upward from
the lower part and temporarily stored in the
parenchyma of the upper part before most is consumed in flowering and fruiting.
The generative stage is heralded by the 'shooting' ofthe main stem, forming the main flowering
axis: internodes become longer, stem diameter
and leaf size decrease and rate of leaf formation
increases. The development of the inflorescence is
phased: first the main axis develops, then the 1st-

48

PROSEA PROPOSAL

order branches, subsequently the 2nd-order
branches, etc.The male flowers open first and, after they have wilted, the bisexual flowers open.
Because most germinating seeds are found when
two palms standing in each others proximity have
simultaneously flowered, it has been concluded
that sago palm is mainly a cross-pollinator. Viability ofpollen in the bisexual flowers is disputed.
It takes about 2 years from the outwardly visible
start ofthe generative stage tothe shedding ofthe
fruits, after which the trunk dies. Sothe total life
of a sago palm ranges from 10 to 20 years.
In the meantime, suckers ofvarious ages, some already with atrunk, mayhave developed under the
parent palm. These suckers may form their
trunks up to several metres away from the parent
palm, having formed a prostrate stem first. If a
'mature'trunk is not harvested, new suckers are
formed at flowering.
Other botanical information The distinction
of two species of sago palm (M. rumphii - the
spiny one;M. sagu - the spineless one)and subdivisions of these species, based mainly on fruit
characteristics cannot be upheld. At present, the
sago palm isconsidered tobeonespecies, M. sagu,
of which four formae are distinguished:
- f. sagu, leaf-sheaths and petioles always unarmed and smooth (Indonesia, Papua New
Guinea, Malaysia, Philippines);
- f. tuberatum Rauwerdink, base ofleaf-sheath always with knob-like structures (spine reductions) (Papua New Guinea);
- f. micracanthum (Blume) Rauwerdink, leafsheaths and petioles bearing spines shorter
than 4 cm (Papua New Guinea);
- f. longispinum (Giseke) Rauwerdink, leafsheaths and petioles bearing spines 4—20 cm
long (Indonesia, Papua NewGuinea, Singapore,
Philippines).
Ecology Best conditions for sago-palm growth
are an average temperature of at least 26°C, a
relative humidity of 90% and an irradiance of at
least about 9 M J - m ^ - d 1 . Sago palm is a tree of
the humid tropical lowlands, occurring naturally
up to 700 m above sea level.
Natural stands of sago palm occur on swampy
coastal plains, flood plains ofrivers and higher up
on flat valley floors. When growing downstream
along rivers, tidal influences may be part of the
habitat of sago palms, having a bearing on level
and salinity of the flood or ground water. Daily
flooding isharmful for seedling growth, as well as
salinity corresponding to electric conductivities
(EC)ofover 1S/m.(ECofsea-water is4.4S/m.)Oc-

casional flooding, even with water ofhigh salinity,
is, however, tolerated. Although occurring on
mineral, peat and muck soils, sago palm grows
best onmineral soils with a high content (upto30
%) of organic matter.
In New Guinea, sago palms occur mainly in 4
vegetation types. Ranging from long inundated
most ofthe year to less flood-prone lands, onemay
successively encounter sago-palm—Phragmites
swamp (groves of trunkless sago palms in dense
stands of the reed Phragmites karka), sago-palm
swamp (dense stands of sago palms, most of them
trunkless), and sago-palm forest (sago palms in
various stages of development mixed with dicotyledonous trees in various proportions). On peat
soils that are dry most of the year,
Campnosperma—sago-palm
forest (sago palms
forming an understorey under a closed canopy of
Campnosperma brevipetiolatum) is found. Most
and the largest trunks arefound in the sago-palm
forest.
As the water becomes more brackish, sago palm
often borders on stands of the more salinitytolerant nipa palm (Nypa fruticans).
Propagation Sago starch is mainly harvested
from wild or semiwild (i.e.planted but neglected)
stands. Only inPeninsular Malaysia, especially in
the State ofJohor, is sago palm occasionally cultivated as a plantation crop.
Sago palm ismostly propagated bymeans of suckers. Rooted suckers about 1-year-old with a basal
diameter of 10—15 cm are severed from selected
parent palms with a clean vertical cut through
the runner, leaving some 15cmofrunner serving
as food reserves on the sucker. The cut wound is
rubbed with wood ashto prevent rot.Roots should
be kept from drying out.All leaves are cut off, except for the youngest unfolded leaf and the spear.
Suckers may be raised in polythene bags first or,
as sometimes practised in Sarawak, they may be
tied onto a raft while hanging with their roots in
water to await regrowth before field-planting.
Usually half the propagated suckers seem to be
successful. Propagation by seed has a considerably higher rate ofsuccess but viable seeds are difficult to obtain and the heterogeneity of the offspring, e.g. spininess, is a drawback.
A start has been made to attempt vegetative
propagation in vitro.
Husbandry Suckers are planted at 6 m x 6 m
to 7m x 7m in 30cmdeep and wide holes, which
are loosely half-filled with moist top-soil, and the
suckers are staked. Only the roots should be buried and no soil spilled onthe shoot, which might
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easily rot. Heavy shade should be provided. The
sucker is established as soon as the spear plus a
new leaf have unfolded, normally within 3
months. Shade is then gradually removed and the
planting hole filled up.
Weeding is necessary until the leaf canopy has
closed. Old leaves are pruned and used as mulch.
One sucker is allowed to develop into a trunk every 2years if clump spacing is 6 m x 6 m, or every
one and a half year if the spacing is 7 m x 7 m.
All other suckers are pruned. Thus, an annual
yield of 1 3 6 - 1 3 9 trunks per hectare may be
reached. The watertable should not be lower than
50 cm. Fertilizers are nowhere used; in Peninsular
Malaysia, the palms grow on flood-prone river
banks, the river water probably carrying all the
necessary nutrients. Deficiencies have been
shown to lower the rate of leaf formation and the
leaf area of new leaves in seedlings.
Diseases and pests None of the pests is economically important. The major one is the red
stripe weevil (Rhynchophorus vulneratus) from
Sarawak, R. ferrugineus from Siberut (Indonesia)
and the rhinoceros beetle (Oryctes centaurus) from
Papua New Guinea. Their larvae feed on the palm
pith; adult rhinoceros beetles are harmful also by
gnawing through the heart of the crown. Two nettle caterpillars, Setora nitens and Darna trima,
are reported to attack sago-palm leaves, D. trima
mainly those of young palms.
Harvesting Maximum starch content is
reached some time between flower initiation and
the ripening of the fruits. For maximum starch
production per palm, the palm is felled after the
appearance of the inflorescence. For maximum
production rate, however, trees should be felled before flower initiation when starch accumulation
rate has not yet slackened. In general, harvesting
is not restricted physiologically to a certain time
ofthe year. After felling, the crown is severed from
the t r u n k and old leaf-sheaths are removed. The
leaf-bearing part of the trunk contains little
starch.
Yield Top annual yield of dry starch from a first
crop of palms of short life cycle in Peninsular
Malaysia is about 25 t/ha, corresponding to 138
trunks, each 180 kg. Yields of the subsequent ratoon crops stabilize at about 15 t/ha (85 trunks,
each 180 kg). Recorded annual production of dry
starch from single 'mature' trunks in uncultivated stands range from 20 to 400 kg. The production
capacity of semiwild stands is estimated at 50
trunks per hectare per year, producing 10 t/ha,
whereas for good quality wild stands on the drier

parts of swamp lands the capacity is estimated at
25 trunks per hectare, yielding 5 t/ha.
Handling after harvest Processing consists of
separation of bark and pith, pulverization of the
pith and separation of the starch grains from the
other pith constituents. Traditionally, most of the
processing is done at the felling site. The trunk is
split lengthwise with wedges or partly debarked
(i.e. the bark proper plus the outer hard layer of
fibre bundles is removed). The exposed pith is
pounded loose and pulverized with a hoe-like or
adze-like instrument or rasped with a nailstudded plank. The starch grains are leached out
of the pulverized pith with water over a sieve and
the starch is recovered from the slurry passing the
sieve by letting it settle. Pith starts fermenting
spontaneously as soon as it is pulverized, giving
off an acid smell and causing irreversible staining
of the starch. So starch extraction should follow
pith pulverization as soon as possible.
Traditionally, only the wet starch (starch content
60 %) is carried from the field. In planted stands,
the trunks are usually cut into lengths of about 1
m. These logs (starch content 20—25 %), weighing
80 to 120 kg, are rolled and floated to a central
mill for further processing, a network of waterways being indispensable.
Genetic resources No collections oftypes have
been made up to 1986.
Breeding Neither selection nor breeding have
been attempted. For cultivation, palm types are
needed with a brief rosette stage and quick
'maturation' in order to allow an early first harvest.
Prospects Sago palm is one ofthe underexploited trees in South-East Asia. Vast areas of natural
sago-palm stands, on New Guinea in particular,
are left unused because of the prohibitive habitat
and the remoteness of the natural stands. Since
about 1970, international interest in sago palm as
a plant resource in equatorial swamps has grown
and desk studies demonstrated its economic viability as a plantation crop. Sago palms have been
introduced into other parts of the world for research.
Literature | 1 |Flach, M., 1983. The sago palm.
FAO Plant Production & Protection Paper No 47.
FAO, Rome. 85 pp. |2| Flach, M. & Poetiray, PV.
(Editors), 1986. Proceedings ofthe Expert Consultation on the Development of the Sago Palm and
Palm Products. Jakarta, 1 6 - 2 1 Jan. 1984. FAO,
Rome (in press). |3| Rauwerdink, J.B., 1986. An
essay on Metroxylon, the sago palm. Principes,
the Journal of the Palm Society (in press). |4|
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marginal lands. University Press of Hawaii, Honolulu. 223 pp. |5| Stanton, W.R. & Flach, M. (Editors), 1980. Sago:the equatorial swamp as a natural resource. Proceedings of the Second
International Sago Symposium, Kuala Lumpur,
1979. Nijhoff, The Hague. 244 pp. |6| Tan, K. (Editor), 1977. Sago-76: Papers of the First International Sago Symposium 'The Equatorial Swamp
as a Natural Resource' Kuching (Malaysia), 1976.
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in Metroxylon (the sago palm). Principes, the
Journal of the Palm Society 15:49-62. |8| van
Kraalingen, D.W.G., 1984. Some observations on
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(Papua New Guinea). DME/EPU Report No 1/84.
Department of Minerals and Energy, Energy
Planning Unit, Konedobu, Papua New Guinea. |9|
Yamada, N. (Editor), in press. Proceedings of the
Third International Sago Symposium, Tokyo,
1985.
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Paphiopedilum Pfîtzer (nom. gen.
cons. 1952)
Morph. Stud. Orchideenbluethe: 11 (1886).
ORCHIDACEAE

2n = 26 to 40
D e s c r i p t i o n Herbs, usually terrestrial. Leaves
distichous, thong-shaped to strap-shaped, coriaceous, light green or tessellate. Inflorescence 1 to
many flowered, mostly hirsute; flower large,
showy; lip directed downwards; sepals 3,the lateral two connate in a synsepalum; petals spreading
horizontally or deflexed, flat or twisted, sometimes warty or hairy; lip saccate or slippershaped, clawed or almost sessile; claw with incurved margins; pouch ovoid, opening upwards,
with or without lobes (auricles) at the orifice;
column short and thick, extending over the opening of the lip; stamens 2; anthers nearly sessile,
small; staminodium (scutum) significant in taxonomy, large; stigma 3-lobed, directed towards the
opening ofthe lip; ovary more ore less stalked and
beaked, 1-locular with 3 parietal placentae. Capsule valvate, 1-locular. Seeds very numerous.
V e r n a c u l a r n a m e s Lady's slipper orchid (En);
sabot de Venus (Fr); Java/ID: angrek kantong, angrek kantong semar, angrek plembang; Borneo/ID: lau prentit, lau pipa; Malay Peninsula/MY: bunga kasut.

Paphiopedilum
ing plant.

tonsum (Rchb. f.) Stein

Flower-

Origin and geographic distribution
Paphiopedilum has a south and South-East Asian
distribution: south Himalayas and south China,
Burma, Thailand, Cambodia, Laos, Vietnam,
Malaysia, Indonesia, Brunei and the Philippines
to Papua New Guinea.
In the the last 5 countries at least 26 species have
been found.
Uses This orchid is much-sought for collections
of living orchids, valued for its flowers. In the
tropics it is grown outdoors, in temperate regions
in greenhouses. Some species and hybrids do well
as window plants. In Europe, these plants are
sometimes offered locally for sale in large numbers.
E c o l o g y Plants occur in areas with ever-wet
conditions as well as distinct monsoon climates
from sea-level to altitude 1600 m in very open her-

PAPHIOPEDILUM - PENNISETUM

by vegetation to luxurious lowland, hill and lower
montane forest. Some require full sunlight, others
constant shade. Some grow in full soil, often humus enriched, or in deep moss cushions; others on
rocks or on bare limestone. A few species are
epiphytic on major branches of trees with the
roots in thick humus.
Propagation Commercial multiplication of
plants is by seed sown on agar medium in sterile
flasks. Europe and United States have laboratories where flasking of a large number of orchid
genera, including lady's slipper orchids, is a commercial success.
Ripening of the fruit generally takes 9 to 10
months. For commercial multiplication, fruits are
often harvested from the 7th month onwards. The
seeds are sown on nutrient agar with chemicals
stimulating germination; contamination with
bacteria and fungi is avoided. Germination
results in a protocorm, developing into a plantlet
by producing a few roots and leaves.
After three to five months the seedling is ready
for 'replating' to a flask with a different agar
medium, which stimulates development of leaves
and roots. In three to six months, the plantlets develop a sturdy root system and some stout leaves.
Husbandry Plantlets are put in a potting medium, like fir-bark or fern-root. It takes several
years before the plants flower.
Diseases a n d pests Lady's slipper orchids are
liable to attack by fungi and bacteria, which can
damage or kill plants in less than 24 h. Insects
like mealy-bugs, scale insects, spider mites,
thrips, centipedes and millipedes can be harmful
to the health ofthe plants. Cockroaches, slugs and
snails may destroy flowers.
Handling after harvest For dispatch, plants
should be wind-dry when packed. Wrapped in
newspaper and tightly packed together in a cardboard box, plants can easily survive for two weeks
or more. If transported by airmail, cabin conditions are required. Import and export of orchids is
controlled by regulations of CITES (Convention
on International Trade in Endangered Species of
Wild Fauna and Flora) in most countries.
Prospects All species are threatened with extinction in their natural habitats because of uncontrolled collection from wild populations, forest
'development'and activities oflogging companies.
The Species Survival Commission of IUCN (International Union for Conservation of Nature and
Natural Resources) started a data base on all living orchid collections. Numerous hybrids have
been made in Paphiopedilum, between species
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and hybrids. All wild species have potential to
produce interesting hybrids. Among the most
spectacular species in South-East Asia are P. rothschildianum, P. philippinense, P. haynaldianum,
P. lowii and P. tonsum. Hybrids are registered by
the Royal Horticultural Society, London, and accepted new names, together with their parentage,
are published in the Orchid Review.
Literature |1| Birk, L.A., 1983. The
Paphiopedilum grower's manual. Pisang Press,
Santa Barbara, California, United States. 208 pp.
|2| Fowlie, J.A., 1966. An annotated checklist of
the species Paphiopedilum. Orchid Digest
30:307-313. | 3 | Karasawa, K., 1982. The genus
Paphiopedilum. 255 pp. |4| Pfitzer, E., 1903. Orchidaceae - Pleonandrae. Das Pflanzenreich,
Heft 12 (IV. 50). Wilhelm Engelmann Verlag,
Leipzig, p. 5 4 - 1 1 4 . |5| Stein, B., 1892. Stein's Orchideenbuch. Beschreibung, Abbildung und Kulturanweisungen der empfehlenswertesten Arten.
Paul Parey, Berlin.
(E.F. de Vogel)

Pennisetum purpureum Schumach.
Beskr. Guin. PL: 44 (1827).
GRAMINEAE

2n = 28, 56, 27
Vernacular n a m e s Elephant grass, Napier
grass (En); herbe d'éléphant (Fr); Indonesia; rumput gajah.
Origin and geographic distribution Of tropical African origin, this grass has been introduced
to all tropical regions of the world and is naturalized throughout South-East Asia where the annual rainfall exceeds 1000 mm and where there is no
long dry season.
Uses The main use of elephant grass is as a forage for ruminants. As a naturalized species in
moist regions ofSouth-East Asia, it is collected by
farmers by cutting the whole plant, which is
offered to ruminants, mainly buffaloes and cattle,
which are either tethered or confined in stalls. It
can be used as a mulching species.
Properties The chemical composition depends
on the mineral status of the soil, the plant part,
the age of plant material and the amount of fertilizer applied. The feeding value is influenced
mainly by the ratio of leaf to stem and by age.
Young leaves may have a digestibility of 70 %, but
this value declines rapidly with age to less t h a n
55 %. Stems are of low digestibility, except when
very young.
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Pennisetum purpureum Schumach. - 1. Habit of
flowering plant; 2. spikelet surrounded by bristles.

Description A tall, robust, deep-rooting, erect
perennial, with short rhizomes. Stems up to 7 m
tall, up to 3 cm in diameter, up to 20-noded. The
plant forms clumps to 1 m across. Leaf-sheaths
glabrous to short bristly; leaf-blades linear with
broad base and acute tip, up to 120 cm x 5cm, glabrous to hairy at the base, with a prominent midrib along the lower surface. Inflorescence a dense
spike-like panicle, up to 30 cm tall and 30 mm
wide, not including the 16 to 40 mm long bristles
on the spikelets; spikelets 5 to 7 mm long, solitary
or in clusters of up to five, of which usually only
one is fertile; the lower floret is male or void, the
upper bisexual and fertile, sometimes male. There
is little or no seed formation.
Growth and development Elephant grass is
an obligate quantitative short-day plant, with a
critical photoperiod between 13 and 12 h. However viability of pollen is low and so perhaps causes
failure of seed formation. In addition, seedlings
are weak and grow slowly, so that the grass is
usually propagated vegetatively. Under favoura-

ble conditions, vegetative material is fast-growing
and the plant can reach a height of several metres
within two months.
Other botanical information There are
numerous cultivar names in various countries
and three subspecies have been proposed in North
Africa, but there has been no similar subdivision
for South-East Asia.
Ecology Elephant grass is adapted to a moist
warm environment. However it can exhibit
remarkable drought-tolerance and can survive
light frost. For acceptable agronomic performance, the species requires a deep soil of at least
moderate fertility, although it will survive at
much reduced productivity on all kinds of soils. It
does not tolerate flooding. In its naturalized state,
the grass is found mainly along forest edges.
Propagation Vegetative propagation is either
by dividing clumps ofroots and stubble, or by stem
cuttings consisting of at least three nodes, two of
which are buried. This can be done by hand or
with a sugar-cane planter. Row width ranges from
50 to 200 cm, the greater distances being preferred in drier regions. Distance between rows
varies between 50 and 100 cm. Intercropping with
cassava and bananas in back-yards is often practised.
Husbandry For high yields and persistence, elephant grass planted as a crop has high requirements in a regular supply of moisture and a rich
supply ofminerals. The latter applies particularly
when the crop is not grazed but is cut regularly.
Removal of minerals with respect to crop dry matter in such culture is nitrogen 10—30, phosphorus
2—3, potassium 30—50, calcium 3—6, magnesium
and sulphur 2 - 3 kg/t. With annual yields of dry
matter between 20 and 40 t/ha, very large quantities are thus extracted from the soil. If they are
not replenished, yield soon drops and weeds will
invade. Although it is not often grown with legumes, it combines well with, for instance, Centrosema pubescens and it can be interspaced with
the shrub legume Leucaena leucocephala.
Harvesting Elephant grass can be harvested
year-round.
Yield Annual yields that can be expected in
farm practice may range from 2—10t of dry matter per hectare for unfertilized or slightly fertilized stands and from 6—30(—40)t from grass well
fertilized with nitrogen and given a basic dressing
of phosphorus.
Handling after harvest Elephant grass is
usually offered fresh to animals, but it can also be
conserved as silage. However preservation is often
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poor and losses of dry matter and crude protein
can be very high. Best results are obtained by
chopping the material, mixing it with molasses,
and by compressing and covering the material to
exclude air.
Genetic resources Because of clonal propagation, planted stands ofP.purpureum are often uniform. However the species contains much variation in the extent of hairiness of stem nodes and
leaf-sheaths and of size, colour and density of the
panicle. There are also differences in stem thickness, height and leaf size between forms of the
grass, but these are greatly influenced by the fertility of the soil and by the rates of fertilizers.
Breeding P.purpureum x P.americanum (syn.
P.typhoides) hybrids have been developed in many
countries. They produce larger plants with more
tillering and higher total production. However
this also means that more mineral nutrients are
required. The hybrid is sterile and therefore must
be vegetatively propagated.
Prospects This species iswidely grown in tropical regions, but prospects for improvement of its
feeding value are limited. However with adequate
use of fertilizers, large increases in yield can be
expected. An advantage ofthis species is its versatility. It can be grown on a large or small scale; it
lends itself for mechanization but is also suitable
for smallholder agriculture.
Literature |1| Bogdan, A.V., 1977. Tropical pasture and fodder plants (grasses and legumes).
Longman, London and New York. 475 pp. |2|
Crowder, L.V. & Chheda, H.R., 1982. Tropical
grassland husbandry. Longman, London and New
York. 562 pp.
(L. 't Mannetje)

Piper nigrum L.
Sp. PL 1: 28 (1753).
PlPERACEAE

2n = 52
Vernacular names Black pepper (En); poivre
(Fr); Indonesia: lada, merica; Malaysia: lada.
Origin and geographic distribution Black or
white pepper is a native of the Western Ghats in
Kerala State, India. In these mountains, the plant
still occurs in a wild state. In India, Indonesia and
Malaysia, commercial cultivation of pepper constitutes a long-established tradition of smallholders. The pepper plant moved into South-East
Asia as early as 100 BC, brought by Hindu
colonists migrating from India to Indonesia. In In-
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donesia, the main areas of production are the
Province of Lampung, the Island of Bangka and
the Provinces of East and West Kalimantan, together accounting for 95 % of the crop. Early in
the 19th Century, the crop also spread to
Sarawak, where now 95 % of the Malaysian crop
is produced. In other countries ofSouth-East Asia,
pepper is not grown in significant amounts. In
about 1930, Japanese immigrants, travelling
through South-East Asia, introduced the plant
into Para State of northern Brazil, where it became a major crop. Pepper production is less important on Madagascar, Sri Lanka and in Cambodia.
Uses White and black pepper are the two main
dried commodities, growers prepare from the
fruits. Use of the dried product as a food flavouring was already known in Europe in the 12th Centuary. Eighty percent of the consumption is now
concentrated in the industrially developed countries, where it is mainly used for domestic culinary purposes, and for flavouring and preservation ofprocessed foods. There is a remarkable lack
of tradition for consumption of both types of pepper in Indonesia, Malaysia and adjacent countries
of South-East Asia. In the last decade, however,
with expanding tourism and industrial development, the classical use as a spice in food flavouring and preservation has increased gradually in
Indonesia and Malaysia, though most of the
production is still exported. Its domestic consumption for food flavouring is common tradition in India and Sri Lanka. Pepper oil and pepper oleoresin, extractable from pepper corns, are mainly
used in convenience foods. Of secondary importance is the use of preserved immature green pepper or fresh green pepper fruits.
Economic and production data Between
1980 and 1984, annual world production ranged
from 95 0 0 0 - 1 3 5 000 t.
In the same period Indonesian production varied
from 30 0 0 0 - 3 8 000 t per year, obtained from a
planted area of 60 000 ha, with a value of
$(US)30-120 million, depending on price fluctuations, sometimes sharp. Annual domestic consumption, per head 19 g in 1984, can be estimated
at over 3000 t. This use is expected to rise by 13
% per year. Exports reached 45 000 t in 1983,
30 000 t as black and 15000 t as white pepper. In
1984, exports were down to about 28 000 t.
In 1986 in Malaysia, the area under pepper
amounts to 11 000 ha, 90 % in Sarawak. Total
production varied from 25 000 t in 1982 to 18 000
t in 1984, and the value from $(US)20-45 million.
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Domestic consumption in the entire country in
1984 amounted to 500 t or 34 g per head. This consumption is expected to increase by 4 % per year.
Exports amounted to 20 000 t in 1982, but
declined to 18 000 t in 1984.
Properties Contents in dried pepper corns are
starch 35—60% and fibre 3—15%. Aroma and
flavour depend on the composition of the steamvolatile oils. Over a hundred chemical compounds
have been identified, but the major pungent principle is a mixture of piperine and several minor
alkaloids. Flavour and pungency tend to vary
with region and cultivar and differ for black and
white pepper. With an energy content in edible
portion of 126 J/100 g and a very small daily intake, the nutritional value is negligible.
Description A perennial woody climber, 10 m
long or more. In cultivation, mature plants may
also appear as bushy columns, 3 - 4 m high and
1.25 m diameter on usually wooden supports. Root
system with 5—20 main roots, 4 m or more deep,
and with feeder roots in the upper 60 cm of soil,
which form an extensive dense mat. Orthotropic
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Piper nigrum L. - Branch with Leaves,ayoung inflorescence, and fruiting spikes.

stems climbing and remaining vegetative, adhering to supports with short adventitious roots present on the nodes, internodes 5—12 cm long and
4—6 cm diameter. Plagiotropic branches generative, without adventitious roots, internodes 4—6
cm long and 1—1.5 cm diameter, producing
higher-order branches as well as inflorescences.
Leaves alternate, simple, glabrous, coriaceous,
petiolate; petiole 2 - 5 cm long; blade ovate, 8—20
cm x 4 - 1 2 cm, entire, oblique to rounded at base,
tip acuminate, shiny dark green above, pale and
densely glandular-dotted beneath with 5—7 veins.
Inflorescences appearing opposite the leaves on
plagiotropic branches; spikes 3—15 cm long with
50—150 flowers; flowers unisexual or bisexual
(cultivars usually up to 90 % with bisexual flowers), without perianth, stamens 2—4, stigma with
3—5 lobes.
Fruits globose drupes, 4—6 mm diameter, sessile,
with pulpy mesocarp, red when mature. Seeds globose, 3 - 4 mm in diameter.
Growth and development Ripe shade-dried
seeds without mesocarp germinate in 2—3weeks,
but commercial propagation is only by cuttings.
After planting of cuttings, vegetative development proceeds with the formation of several orthotropic shoots from axillary buds; only during
active growth may primary side-branches develop
on terminal nodes. On the side-branches, a few
early spikes may appear. Continuous branching
gives rise to the bushy habit and when vigorous
growth is stimulated, regular growth of orthotropic stems and development ofplagiotropic branches
allows the formation of many spikes in the third
year at the onset of the rains.
In South-East Asia, flowering starts in September
in Sarawak, followed by Bangka and Lampung,
and usually extends over about three months.
Spikes show protogynous development from base
to tip. Self-pollination is normal with rain-water
and dew drops as pollen-bearing agents. Crosspollination by wind is rare. High relative humidity may extend stigma receptivity from 8—13 days
and thus benefit self-pollination. Heavy rains and
storm may reduce fertilization. After fertilization,
the ovary develops into a mature fruit in 8—9
months. Fruit development is largely accelerated
by well distributed rainfall and the presence of
balanced minerals, especially potassium and
magnesium. Pepper plants can produce abundantly for about 30 years.
If stolons or water shoots are used for planting,
spike formation will be retarded up to two years,
because of delayed side-branching on the orthotropic stem.
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Other botanical information In Indonesia,
more t h a n 5 cultivars are commercially produced.
In Lampung, major cultivars are 'Kerenci', 'Belantung' and 'Jambi'. On Bangka, the cultivars
'Lampung' (wide leaf) and 'Bangka' are popular.
Differences are mainly leaf shape and size, internode length, branching habit and flowering and
fruiting ability. In Malaysia, only the densebranching high-producing cultivar 'Kuching' is
cultivated.
Ecology Most suited for pepper is a wet tropical
climate with a well distributed annual rainfall of
2000—4000 mm associated with a mean air temperature of 25—30°C and a relative humidity of
65—95 %.In Sarawak, annual rainfall may exceed
4000 mm in a non-seasonal climate, whereas on
Bangka an average of 2500 mm is usual. In Lampung, the crop grows well in the northern part
with over 3000 mm and in the southeastern part
with sometimes less than 2000 mm. A drier period of 2—3 months, with a monthly rainfall of
60—80 mm, is not usually harmful. The crop
thrives best below 500 m altitude on the equator,
but may grow as high as 1500 m.
It grows well on soils ranging from heavy clay to
light sandy clays. Soils should be deep, welldrained but still with ample water-holding capacity to deal with water stress during marked dry
periods. Except on virgin soils, mineral limitations are common. In brown-red latosols, nitrogen,
phosphorus and magnesium are often not present
in sufficient amounts. In physically suitable redyellow podzols, deficiencies of most major and minor elements are not exceptional with too high
acidity and excess aluminium at pH below 5. The
most favourable soil types are deep, well drained,
brown-red latosols or andosols, but the crop can
grow well on deep sandy clay red-yellow podzols if
carefully managed and amply provided with
mineral nutrients.
Propagation Selected cultivars are commonly
propagated by cuttings. Early in the wet season,
usually pretopped pieces, 5—7 nodes long, of terminal shoots are taken from vigorous 1 2 - 3 0
months old plants. Cuttings can be placed in a
moist medium and a shaded nursery to promote
rooting. After 1-2 months ample roots should
have appeared. Sometimes cuttings are directly
planted in the field. Stolons should be avoided as
planting material.
Husbandry Land is cleared, tilled and prepared by hoe.Hardwood supports, 3.60 m high, are
placed at 2 m X 2 m to 4 m x 4 m. In poor soils,
mounds are prepared around the bases of the sup-

ports by scraping of the top-soil.
In rich soils, planting is usually direct into loosened top-soil. If trees are used as support, stumps
are planted at the required spacing about one
year before land is prepared. With abundant
rains, cuttings are transplanted to the field and
usually receive temporary shade. One to two
months later, growth becomes vigorous.
In Sarawak, West & East Kalimantan and on
Bangka, an intensive system of sole cropping on
dead posts and without shade prevails. It is
characteristically associated with chemically poor
soils, high inputs and high productivity. In Lampung, cultivation ofpepper against living Erythrina shade trees (up to 10m high) predominates and
is characterized by fertile soils, low inputs and low
productivity. Intercropping is rare in the last system.
In unshaded intensive cropping, husbandry mainly includes weeding, mounding, tying of stem
shoots, pruning for regular shape, manuring and
disease and pest control. In Sarawak, cleanweeding is common. Regular planting mounds are
made to provide ample room for dense rooting. Especially during times of rapid growth, stems are
weekly tied to the posts. Pruning aims at a maximum of fruiting branches. Usually three stem
shoots are allowed to climb up the post. When
60—90 cm long, each is pruned back, usually to
just below the lowest stem node without sidebranch, leaving 3—4 nodes, each with a fruiting
branch. This regularly repeated process also
stimulates secondary and higher-order branching.
After 30 months, plants are 2.5 m high, have a
bushy appearance with a maximum number of
main branches and a closed canopy. The plants
may nowbe considered as full-grown and can start
flowering fully with the onset of the rains.
During vegetative development, vines on poor
soils are enriched with complete'fertilizers, usually with a content of containing nitrogen 12 %,
P 2 0 5 5 %, K 2 0 17 %, MgO 2 % and a range of minor elements. In the first and second year, each
plant receives 0.5 and 1 kg, respectively, in 4
equal applications. During the generative phase,
each vine receives dressings of 1.5-2.0 kg, divided over 4 applications.
Intensive cropping in Indonesia is less elaborate
than in Sarawak. Clean-weeding is usually done
irregularly and manuring less precisely practised. To achieve bushy plants, stem shoots are allowed to grow freely to the top of the post. Stems
are then taken down and buried in a circle around
the post with the upper nodes of the stems tied to
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the support. The results are less satisfactory than
those in Sarawak. However on Bangka, precise application of that system gave comparable results.
In Lampung, husbandry operations are limited to
irregular weeding and annual pruning of the
shade trees.
Diseases and pests The major destructive disease of pepper cultivars in Malaysia and Indonesia is a foot-rot, caused by the soil-borne fungus
Phytophthora capsici. The fungus thrives under
warm and humid conditions. It fatally attacks
vines mainly through roots, underground stem
and stem collar. The disease usually arises after
rains, when leaf infections of black necrotic spots
with typical fringed margins develop on the lower
leaves as a result of soil splash-up. A few days
later, affected leaves drop, thus favouring a buildup of soil inoculum. Fatal vine infection occurs in
the wet part of the year. Symptoms of rapid, almost uniform wilting of leaves are visible, especially towards the end ofthe wet season and result
from blocked water vessels in the stem and increasing water stress. Infected vines die within
days or weeks. Rapid dissemination in gardens is
typical; infected gardens may be ruined within
weeks up to a few months. Effective control measures, suitable for smallholders, are not yet available. Current research aims at grafting of susceptible cultivars onto root stocks of resistant pepper
species such as Piper colubrinum.
A second significant disorder in the region is a
slow wilt named 'yellow disease' occurring mainly on Bangka. Symptoms include a slow wilting
and associated yellowing and hanging down of
leaves. The disorder was identified as a combination ofpoor mineral nutrition and root invasion by
nematodes ofRadopholus species. The decline can
be well controlled by supplying complete and
balanced mineral nutrients at liberal dressings,
and addition of lime and mulch.
Other diseases and pests do occur in the region,
but can be effectively controlled by simple treatments with suitable fungicides and insecticides.
Harvesting In South-East Asia, harvesting is
spread from May—June to August—September.
This period coincides with dry weather and sunshine. To obtain black pepper, entire fruit spikes
are picked when the fruits are full-grown but still
green. For white pepper, fruit spikes are collected
when a few fruits have turned red or yellow. Fruit
spikes are harvested by hand, using a tripod ladder, in Sarawak usually 6—8 times (every 2
weeks), elsewhere usually only twice or thrice.
The decision to prepare black or white pepper may

depend on the expected price of the product.
Yield Assuming uninterrupted optimal treatment of commercial vines without fatal diseases,
unshaded pepper has an economic life of 15—20
years. This lifetime is reduced to 6—10years with
poor husbandry. Mean annual production of fresh
fruits per plant varies from (2—)6—12(-18) kg in
Sarawak to (0.5 —)2—4(—8) kg on Bangka and
Kalimantan.
For shaded vines (Lampung), the life-span may exceed 30 years. Assuming limited commercial practices, fertile soil and absence of fatal diseases,
mean annual production per plant reaches
(4-)12(-20) kg of fresh fruits.
Handling after harvest Freshly picked fruit
spikes are usually taken to the farmhouse for
processing. Toprepare black pepper, spikes are left
in heaps overnight for brief fermentation. Next
morning, the mass of spikes and fruits is usually
spread out on bamboo mats or concrete floors to
dry in the sun, raking the mass regularly. The
mesocarp shrinks and fruits separate from the
spike. After four to five days, the corns are black
and dry, showing their typical crinkled appearance. Moisture content usually ranges between
14—17 %. The dried peppercorns are bagged and
stored, pending sale.
Toprepare white pepper, the fruit spikes are lightly crushed, put in gunny sacks and soaked for
7—10 days, preferably in slowly running water.
The mesocarp disintegrates with retting. After
soaking, corns are trampled loose from the rest
and separated by washing and sieving. Cleanly
washed corns are dried in the sun for 3 - 4 days,
during which the white to cream colour develops.
The dry corns, usually with a moisture content of
14—17 %, are then bagged and stored. If stagnant
water has to be used for processing, the dried
corns assume a grey colour and release a musty
odour.
Turn-out from fresh fruits converted to black or
white pepper amounts to about 33 % and 26 %,
respectively. What proportion part of the crop is
processed into white pepper in Sarawak depends
on the price difference from black pepper. In Indonesia, Bangka traditionally produces only
white and Lampung only black pepper.
Genetic resources India is the primary gene
centre for black pepper, the Amazon Region of
Brazil for many other Piperaceae, but also in
many countries of South-East Asia, and South
and Central America Piper species have been
found.
Small germplasm collections are maintained in
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Sarawak and in Indonesia. In 1981, the Sarawak
gene pool included 18 cultivars of Piper nigrum,
18 identified Piper species, and 98 unidentified accessions. The collection is steadily being expanded. In 1985, the Indonesian gene pool included 40
cultivars ofPiper nigrum and 7Piper species. This
collection too is being regularly expanded.
Breeding Malaysia and Indonesia have very
high-producing commercial cultivars and breeding for better yield has low priority. All these cultivars are susceptible or highly susceptible to
Phytophthora foot-rot disease. Development of
resistant plant material is urgently required and
is receiving high priority. At first, breeding for resistance received attention in South-East Asia.
Some cultivars showed a certain degree of resistance or tolerance, but infection and spread of the
disease in gardens was only slowed down. Some
new promising hybrids were developed, but planting in the field was followed by death.
Another line of plant improvement involved grafting onto well tested foot-rot resistant rootstocks.
Final results, however, showed a delayed failure of
the grafts at about 6 years of age. In Indonesia,
improved techniques ofwoody grafting and the development of herbaceous grafting are promising.
Viable resistant graftings, combined with integrated disease-control measurements, might
overcome this major problem in pepper cultivation.
Prospects World demand for pepper is rather
inelastic, but tends to increase at an average rate
of 4—5 % per year. So production of pepper offers
fairly attractive prospects for smallholders as a
source of cash income. However, with the everpresent danger of sudden destruction of plantations by Phytophthora foot-rot, farmers in affected
areas tend to turn away from pepper cultivation.
Only when supply of pepper runs short of world
demand and prices increase to high levels may
farmers be induced to take the risks of new planting, realizing that at the time of production the
prices may be unattractive again.
The absence of a regular annual world production
is the principal reason that pepper prices show
violent and extreme fluctuations, leaving room for
speculation by trade, usually at the expense of
producers. Only when plant material resistant to
foot-rot is available will development of agronomic methods for higher productivity and lower
production costs be expedient. Danger of overproduction might effectively be overcome by judiciously planned reduction of areas with pepper in
favour of alternative remunerative crops.
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Agriculture, Kuching, Sarawak, Malaysia. |2| de
Waard, P.W.R, 1964. Pepper cultivation in
Sarawak. World Crops 4 : 2 4 - 3 1 . |3| de Waard,
P.W.R, 1980. Problem areas and prospects of
production ofpepper (Piper nigrum L.).Bulletin 8.
Department of Agricultural Research, Koninklijk
Instituut voor de Tropen, Amsterdam. 28 pp. |4|
de Waard, P.W.F.&Zaubin, R., 1983.Callus formation during grafting ofwoody plants. A concept for
the case of black pepper (Piper nigrum L.). Abstracts on Tropical Agriculture 9:9—19. |5| de
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Pometia pinnata J.R. & G. Forst.
Char. Gen.: 110, t.55 (1776).
SAPINDACEAE

In = unknown
Vernacular names Taun, kasai, matoa (En);
Indonesia: kayu sapi (Javanese); langsir, lengsar
(Sundanese); North Moluccas and Irian Jaya/ID:
motoa, motaoa; South Moluccas/ID: dawan;
Malaysia: kasai; Philippines: malagai, malugai;
Papua New Guinea: taun.
Origin and geographic distribution This tree
is very common and often sub-gregarious over
large areas, from Sri Lanka and the Andaman Islands throughout Malaysia and Melanesia to
Samoa; in a few scattered places on the Asian continent. In New Guinea it is found in all lowland
districts, as well as on New Britain, New Ireland
(Bismarck Archipelago), and Bougainville Island. The cultivated form is common in north Irian Jaya (e.g. near Lake Sentani), New Ireland and
New Britain (Rabaul).
Uses The wood is suitable for indoor construction, shipbuilding, furniture, peeled veneer, particle and fibre board and as pulpwood. It requires
careful seasoning and selection. Heavy warping
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may occur in regions with strongly alternating
humidity.
The fruit and the roasted seed are edible; the fruit
tastes like rambutan. A decoction of the leaves or
the bark is used in a bath against fever or as a
dressing to cure sores.
Forma alnifolia is recommended for roadside
planting.
Properties Fruit and wood probably contain
saponins; in water the wood produces a slight
foam. Wood dust may irritate nose and throat.
Description Large, evergreen or deciduous tree,
up to 47 m high, bole up to 25 m long, straight or
curved, often twisted, with a diameter at breast
height up to 1m if buttresses are absent; buttresses up to 6 m, spreading up to 3.5 m from the bole
centre; bark brownish grey to reddish brown,
shedding small, pock-marked, thick flakes; live
bark with abundant thin red gum. Branchlets,
rachis, underside of leaflets, and inflorescence
more or less glabrescent to glabrous. Leaf 24—35
cm long, with 8 - 1 2 pairs of leaflets; leaflets oblong to mostly lanceolate, the first pair stipulelike; nerves 11—25 pairs, every other nerve end-

Pometia pinnata J.R. & G. Forst. - 1. Branch with
leaves and inflorescence; 2. branch with fruits.

ing in a marginal hydathode or tooth, the intermediate nerves bending upwards and without
reaching the more or less dentate margin. Flowers
actinomorphic, unisexual, 5-merous, small and
cream-white, in 15—60 cm long, variable inflorescences. Fruit ellipsoid, up to 3.5 cm x 3 cm, very
variable in size and colour, with pericarp 2—7 cm
thick and arillode up to 0.4 cm thick. Seeds half
to three quarters of the size of the fruit, shiny
brown. Germination epigeal; cotyledons slightly
sagittate, first pair of leaves subopposite with 5
serrate leaflets.
Wood characteristics Growth rings vague to
distinct, as relatively narrow bands of denser and
darker tissue or in radial direction as tangential
bands of terminal parenchyma one cell thick. Vessels visible without lens, few (0-7/mm 2 ), evenly
distributed, solitary and in radial section pore
multiples of 2—10vessels, moderately large (average 150 /xm), lumen with white or light-brown to
dark-red resin or gum, tyloses sparse or absent,
perforations simple. Parenchyma terminal in
bands one cell thick, vasicentric, sometimes
scanty and occasionally slightly aliform, lumen
with red gum, and sometimes to frequently with
rhomboidal crystals. Rays not visible without lens
on cross-section, inconspicuous in radial section,
fine and low, heterogeneous, with a predominance
of procumbent cells, mainly uniseriate, but also
sometimes biseriate ones present, lumen with red
gum and frequently with 1—3 rhomboidal crystals per cell. Fibres libriform, septate, nonsiliceous.
Sapwood pink or buff, average width 3 cm, not always distinct from the heartwood that is light to
dark red, or medium dark red-brown, sometimes
purplish. Grain straight, sometimes interlocked.
Texture fine to coarse, uneven. Slightly or silky
lustrous, figure on back-sawn face occasionally
ribbon or flame. Odour and taste not distinct.
Moderately hard and heavy (volumic mass
5 4 0 - 6 5 7 - 8 1 0 kg/m 3 at moisture content 15%).
Fairly strong. The wood near the core is lighter
and not as strong as the sapwood.
Growth and development Seeds germinate
immediately after maturing. Flowering periods
seem to be fixed, with the fruiting season 2—5
months later, varying with the region, but without apparent correlation with climatic seasons.
Other botanical information P.pinnata is extremely variable and is clearly still differentiating. From the wealth of forms, 8 have been selected for taxonomie recognition, leaving much
variability still without taxonomie status. They
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are: f. pinnata (= P. coriacea Radlk., 1913); f.
glabra (Bl.) Jacobs ( = P. pinnata var. javanica
K.& V., 1903); f. repanda Jacobs; f. acuminata
(Hook, f.) Jacobs ( = P. annamica Gagn., 1874); f.
alnifolia (Bl.) Jacobs ( = P. gracilis King, 1896); f.
macrocarpa (Kurz) Jacobs ( = P macrocarpa
Kurz, 1875); f. tomentosa (Bl.) Jacobs (= P tomentosa T.& B., 1866); f. cuspidata (Bl.) Jacobs. The
tree is easy to identify; the bark often resembles
t h a t oîlntsia, but is distinguished by the red gum.
Ecology Taun is typically a species of the rain
forest at low altitudes, generally below 500 m,
rarely to 1000 m above sea-level, and sometimes
to 1700 m in some parts of north Sumatra (Aceh).
It occurs on limestone, clayey, sandy or loamy
soils. In Peninsular Malaysia it is never dominant
in the forests but mainly found along the rivers.
On Borneo and Sumatra, it occurs occasionally in
fresh water swamp forest, otherwise common in
dryland forest. In New Guinea it is not seldom
dominant in forest partly under human influence,
on various soil types,preferring well drained limestone soils (P.pinnata f. pinnata and f. repanda).
It does not stand a severely seasonal climate.
Stand establishment and management Natural regeneration from seed often has been observed as quite abundant, e.g. at Keravat (Papua
New Guinea) and Jayapura and Manokwari (Irian
Jaya), on severely devastated or clear-cut forest
areas. Height growth in first years was rapid (3—5
m/year) when fully released. Regeneration counts
ran to more than 1000 trees per hectare, which is
sufficient to establish pure stands or a mixture
with simultaneously established seedlings of other commercial species like Dracontomelum dao.
Seedlings partially damaged by slash-burning
can regenerate, and on sterilized areas seedlings
soon establish, from seeds brought in with bird's
droppings. Artificial regeneration is possible by
universal methods.
Handling after harvest The timber works easily with most machine and hand tools, but the
properties may vary with site and form, boles
from hillside trees, although shorter, generally being better t h a n those of the lowlands. Air seasoning of small stocks may take 4—6 months, with
considerable degradation if not handled with
care. During seasoning, the wood tends to collapse, causing fine cracks, and necessitating slow
or mild drying at first, with sealing of ends.
Preventing these problems is easier with kilndrying. Even with perfect seasoning, the timber
has considerable movement with wide seasonal
variation in humidity, for instance in the temper-

ate zones, but less in constant moist conditions.
The timber saws and planes easily, polishes well,
takes paint nicely, and stains satisfactory. It takes
screws well, but nailing is sometimes difficult,
though nails are held well. Peeling properties are
variable, steaming is advisible. Good quality stock
is suitable for face veneer. Steam bending properties are generally good, with high capacity for
bending. Shrinkage and density are variable,
movement due to moisture changes low to medium. Most mechanical and physical properties are
widely variable, requiring a high factor for safety
when the timber is used for construction. Heartwood is fairly durable, but difficult to impregnate;
sapwood is less durable and moderately resistant
to impregnation. It is susceptible to pinhole borer,
but not resistant to termite or marine borer nor to
decay by brown rot fungi.
Prospects The still growing market for tropical
hardwoods is increasingly aware of the potential
of Pometia, and is especially interested in supply
from New Guinea and the Solomon Islands.
Literature | 1 | Anonymous, 1964. Solomon Island timber opened by Japanese. World Wood
5:16—17. |2| Anonymous, 1975. Pometia sp.
(Sapindaceae). Tropical Timber Information
Centre, College of Environmental Sciences and
Forestry, State University of New York, Syracuse,
United States. Brief No 15. 4 pp. |3| Bolza, E. &
Kloot, N.H., 1966. The mechanical properties of
81 New Guinea timbers. Commonwealth Scientific and Industrial Research Organization, Melbourne. Division ofForest Research, Technological
Paper No 4 1 . 39 pp. |4| Fundter, J.M. & Wisse,
J.H., 1977. 40 belangrijke houtsoorten uit Indonesisch Nieuw Guinea (Irian Jaya), met de
anatomische en technische kenmerken. [40 important timber species from Indonesian New
Guinea (Irian Jaya) with their anatomical and
technical characteristics.] Mededelingen Landbouwhogeschool Wageningen77-9:157-162. |5|
Jacobs, M., 1962. Pometia (Sapindaceae), a study
in variability. Reinwardtia 6:109-144. |6| Keating, WG. & Bolza, E., 1982. Characteristics,
properties and uses of timbers. Vol. 1. South-East
Asia, Northern Australia and the Pacific. Commonwealth Scientific and Industrial Research Organization. Division of Chemical Technology,
IKATA Press, Melbourne, Australia, p. 280. |7|
Lee, Y.H., 1968.The machining properties of some
Malayan timbers. Malayan Forester 31:194-210.
|8| Mothershead, J.S. &Markley, J.H., 1973.Tropical wood evaluation and utilization experiences.
Forest Products Journal, Madison 23:32-37. 191
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van Royen, P., 1964. Manual of the forest trees of
Papua New Guinea. Part 2 - Sapindaceae.
Department of Forestry, Territory of Papua New
Guinea, Lae. p. 3 5 - 4 0 . |10| Viado, J., et al, 1975.
(1) The use properties of Philippine timbers. (2)
Recent experience and research results on improving industrial use and final application of Thai
wood and woodproducts. In: Deutsche Stiftung für
internationale Entwicklung (Editor): Symposium
on research and marketing of South-East Asian
timbers and timber products, Manila and Los
Banos, 1974. FAO, FO:Misc. 75/24. Vol. 2. (1) p.
5 3 - 7 7 ; (2) p. 1 7 4 - 1 8 9 .
(J.M. Fundter, N.R. de Graaf & J.W. Hildebrand)

R u b u s L.
Sp. PL 1: 492 (1753); Gen. PL: 864 (1754).
ROSACEAE

In = unknown for South-East Asian species;
x = 7.
Description Most species are climbing or
sprawling shrubs with spiny stems and leaves.
Leaves are simple or compound (palmate, pinnate
or trifoliolate). Inflorescences are mostly paniculate, at the end of axillary leafy branches of determinate growth and terminating in a flower;

Rubus rosifolius J.E. Sm.
and fruits.

Branch with flowers

flowers are regularly 5-merous; sepals are free
and persist under the fruits; petals are free and
usually white; stamens and pistils are numerous,
the latter on an elevated torus. Many 1-seeded
more or less juicy drupes stick together to form a
collective fruit; they usually fall as a whole, either
together with the dried torus (blackberry-like) or
without (the collective fruit then hollow and
raspberry-like).
Vernacular names Blackberry, raspberry (En);
mûre, framboise (Fr);Indonesia: kecalingan, kupikupi, beberetean; Malaysia: lintagu, dila-palian,
emperingat; Philippines: (sa) pinit; Papua New
Guinea: ikilimbu, tiri.
Origin and geographic distribution The
large, almost cosmopolitan genus has about 50 native species in South-East Asia and Australia.
U s e s Some species provide table fruits and
fruits for jams and conserves in many temperate
countries. In South-East Asia, they are only locally grown for t h a t purpose. The fruits are also locally collected from the wild as a luxury food.
For several common species, local medicinal uses
of roots and leaves are reported against, for instance, dysentery, cough and thrush, fever, urinary troubles and abdominal pains.
Ecology Most species from tropical South-East
Asia grow in higher altitudes, generally above
1000 m. They are typically plants of open sunny
places, sometimes in light shade. Consequently,
they are common in man-made habitats: roadsides, burnt grassland and shrubberies.
Propagation Vegetative multiplication is by
root suckers (stolons).
Prospects Promising species may be sought under the following.
R.rosifolius J.E.Sm, (subgenus Idaeobatus) occurs
over a large area from sea-level to altitude 2000
m. It resembles R. idaeus, the European raspberry. Whether hybridization is possible, to improve
juiciness and taste ofthe rather insipid fruits, has
yet to be established. It is sometimes grown as an
ornamental and is obviously suitable for cultivation. It might perhaps be improved.
R. fraxinifolius Poir. (subgenus Idaeobatus) is also
widespread from sea-level to altitude 2500 m. It is
a larger plant (up to 3 m) than the abovementioned and has rich inflorescences. The fruits
are sweet.
R. chrysophyllus Miq. (subgenus Malachobatus)
occurs in Sumatra, Java and Lombok at altitudes
from 1000 to 3000 m. It is a very large plant with
up to 10 m long branches, possibly not easy to
grow. The yellow to orange fruits are said to be delicious.
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R. niveus Thunb. (=R. lasiocarpus) (subgenus
Idaeobatus) occurs over a wide range at altitudes
from 1000 to 3000 m. It was taken from India to
the United States and has been (or is) in cultivation in Florida (Mysore raspberry). The pulp is
considered a good local source ofsugars. It is pinkflowered.
R. megacarpus Balg. (subgenus Lampobatus) is
only known from Mt Wilhelm, Papua New Guinea. It has very large juicy fruits, about 5 cm X 3
cm, but few in number.
Literature | 1 |Anonymous, 1972. The wealth of
India. CSIR, New Delhi. Vol. 9, p. 86. |2| Kalkman, C , 1984. The genus Rubus (Rosaceae) in
Malesia. 2. The subgenus Malachobatus. Blumea
29:319-386. | 3 | Martin, F.W., 1984. CRC handbook of tropical food crops. CRC Press, Boca Raton, Florida, United States, p. 271. |4|Ochse, J.J.,
1931. Fruit and fruit culture in the Dutch East Indies. G. Kolff, Batavia, p. 107. |5| Perry, L.M.,
1980. Medicinal plants of East and South-East
Asia. Attributed properties and uses. MIT Press,
Cambridge, United States & London, p. 346. |6|
Setijati Sastrapradja, et al., 1980. Fruits. IBPGR
Secretariat, Rome. p. 1 1 2 - 1 1 3 . [Translated from
Indonesian, original title Buah-buahany-LIPI
Publ. Series SDE 41,Bogor, 1977]. |7| Zandee, M.
& Kalkman, C , 1981. The genus Rubus
(Rosaceae) in Malesia. 1. Subgenera Chamaebatus and Idaeobatus. Blumea 27:75—113.
(C. Kalkman)

Syzygium aromaticum (L.) Merrill &
Perry
Mem. Am. Acad. Arts & Sc. 18: 196 (1939).
MYRTACEAE

In = unknown
Synonyms Caryophyllus aromaticus L. (1753),
Eugenia aromatica (L.) Baill. (1876), Eugenia
caryophyllus (Sprengel) Bullock & Harrison
(1958).
Vernacular names Clove (En); clou de girofle
(Fr); Indonesia: cenkeh.
Origin and geographic distribution The
clove tree was first cultivated on some islands of
the Moluccas. The species occurs wild there, as
well as in New Guinea; it is found in abundance
as a second-storey forest tree on the lower mountain slopes. The crop has a long and fascinating
history going back to the H a n Dynasty in the 3rd
Century B.C.; the story of its spread is full of intrigue and brutality.
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Early in the 17th Century, when the Dutch ousted
the Portuguese from the Moluccas, cultivation
had spread to many islands. Under Dutch rule,
the crop was forcibly eradicated everywhere and
concentrated on Ambon, a southern island of the
group and three nearby small islands. This is the
wettest part of the Moluccas and from there the
clove tree reached other parts of Asia: early in the
19th Century, the British took plants to Pinang,
Sumatra, India and Sri Lanka. In the 20th Century, much material spread throughout Indonesia.
During expeditions in 1753, 1770 and 1772, the
French had appropriated some offspring from
trees that must have escaped the Dutch axe and
taken them from the North Moluccas to
Mauritius. These plants gave rise to the clove
populations outside Asia, in Zanzibar, Madagascar and recently also in Bahia in Brazil.
U s e s From ancient times, the clove has been
valued as a spice by the Chinese. In the early Middle Ages, the spice became increasingly important in Europe and also in India, where to this day
betel quid is fastened with a clove. In South-East
Asia, however, the clove is hardly used to flavour
food; medicinal use of both the clove (the flower
bud) and the mother-of-clove (the fruit) has always
predominated. Cloves suppress toothache and
halitosis; they are also a stimulant and carminative.
Now, some 90 % of the cloves are used to flavour
tobacco for 'kretek' cigarettes, which are smoked
only in Indonesia. It is not known where and
when the habit originated. On the Moluccas already in the 18th Century, cloves were cured after
harvest over small fires. Perhaps it was not a
great step from inhaling the smoke of the fires to
the smoking of tobacco mixed with clove.
When used as a spice, the dried clove buds are added to the food as such or after grinding, or the
oleoresin is extracted to standardize the flavour
(for use, for instance, in manufactured foods).
Distillation of cloves yields an oil that is used in
the flavouring and perfume industry. A lesser
quality oil is distilled from the flower stalks
('clove stems' in Zanzibar), a byproduct of the
clove harvest and of the leaves (Madagascar, Indonesia). The major component of the oil is the
phenol eugenol, formerly used to produce synthetic vanillin. Because of its flavour and antiseptic
properties, eugenol is used in soaps, detergents,
toothpaste and pharmaceutical products.
The tree's timber is hard, heavy and durable, but,
with its dull greyish colour, it is not decorative.
Economic and production data For over a
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hundred years, Zanzibar was the largest producer
of cloves with an average annual production of
11000 t from 1960-1970, compared with 9000 t
for Indonesia and 6000 t for Madagascar.
During that decade, a remarkable expansion of
the area was under way in Indonesia, spurred by
the rapidly rising demand for 'kretek' cigarettes.
From 8200 ha in 1951,the area rose to 80 000 ha
in 1971, allegedly jumping to more than 500 000
ha in 1981. Apparently the clove tree caught the
fancy of the small farmer in a big way. Indonesians call the clove 'the 100 000 rupee tree' and
growers planted a few clove trees in the hope of
just striking rich one day. Statistics in 1983 give
a smallholder area of 550 000 ha and 22 500 ha on
estates. However these figures may not take into
account the heavy losses oftrees after planting. It
is said that more t h a n half the trees never reach
bearing age. In fact, production picked up rather
slowly, lagging behind the demands of the cigarette industry, estimated at 40 000 t in 1983.
Demand for all other uses worldwide was stagnant for a long time at 4000—5000 t per year.
Clove prices per kg stood at only 0.30 British
pounds in the London market through the 1960s,
but suddenly leapt to 1.75 British pounds in 1969
and continued to rise to 5.50 British pounds in
1984, a year with a poor crop in Indonesia. The
next good crop made Indonesia self-sufficient for
the first time and brought the price down, but in
years with poor crops the country still depends on
imports from Zanzibar and Madagascar.
Properties The quality of the spice is determined by the content in the product of aromatic
steam-volatile oil, which may be as high as 21%
but is more usually around 17 %. Distillation of
clove buds, clove stems and leaves gives yields of
oil of 1 5 - 1 7 % , 6 % and 2 - 3 % , respectively,
which has a eugenol content of 80—95 %.
Description A slender, evergreen tree, up to 20
m tall, conical when young, later becoming cylindrical, in cultivation usually smaller and
branched from the base. Roots form an extensive
dense mat close to the surface with some major
laterals, from which occasional 'sinker' roots
reach down. Shoot growth determinate, appearing
in flushes, forming a dense canopy of fine twigs.
Leaves obovate-oblong to elliptic, 6—13 cm x 3—6
cm, opposite, simple, glabrous, coriaceous, shining, gland-dotted with short reddish petioles. Inflorescences terminal paniculate cymes, about 5
cm long, with 3—20(—40) flowers; flower buds
about 1—2 cm long, constituting the clovesjust before opening; flowers bisexual, hypanthium fleshy,

Syzygium aromaticum (L.) Merrill & Perry - 1.
Branches with flower buds and flowers; 2. a clove.
reddish; sepals 4, fleshy, triangular; petals 4; stamens numerous; style short; stigma 2-lobed. Fruit
(called mother ofcloves )a berry, ellipsoid-obovoid,
2—2.5 cm long, dark red, usually containing one
oblongoid seed 1.5 cm long.
Growth and development Seedlings are
raised immediately after harvest because the seed
loses its viability within a few weeks. The young
plants grow slowly and are quite delicate. Losses
are high until the young trees are firmly established; in particular, damage to the taproot of the
seedling is often fatal. The juvenile phase lasts
about four years under favourable conditions.
Clove yields increase until the tree is about 20
years old and good yields can be produced until a
great age. However yield fluctuates wildly, a
heavy crop usually being followed by 2 or 3 light
and mediocre crops before another bumper crop is
produced.
High or low yields occur simultaneously over an
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entire region and there is much evidence that a
well marked dry season triggers a heavy crop.
Subsequent low yields cannot be due to exhaustion, since the tree is relieved of its natural task
of bearing a crop of fruit to maturity; in fact, the
dry matter in a heavy crop of inflorescences is
only of the order of 10 kg per tree.
Since the shoot-growth pattern governs flowering,
it is surprising that the growth rhythm of the
:love has hardly been studied. Even the timing of
flower initiation and the process of floral differentiation are not clear. Flower initiation seems to
take place only in mature shoots that have been
quiescent for several months.
Combining information on flushing and flowering, a simple model of the growth rhythm in a
monsoon climate can be drawn up. The crop cycle
starts with a major flush as soon as the rainy season has settled in. Shortly before this flush, there
is a first indication ofthe coming crop:rather suddenly the plump, light-green, floral, terminal
buds can be distinguished from the reddish
vegetative shoot tips which will form part of the
flush. During a second flush, the inflorescences
emerge from the green terminal buds and other
buds break to form shoots. The expansion of the
inflorescences progresses slowly in a series of
stages; it takes 6 months before the buds are
ready for harvest. If the tree is not harvested, the
fruit matures 3 months later.
In bearing trees, flushing stops in the last few
months before harvest. Hence the leaves age and
leaf fall is accelerated, leading to a low ratio of
tops to roots. This stimulates renewed flushing after harvest, which may be further encouraged by
loss of branches during harvest. The post-harvest
shoots are too young for flower induction. It is
likely that shoots or buds on twigs that have
borne cloves do not flower in the next crop cycle either, a form ofbiennial flowering at the twig level,
which also occurs in mango.
Thus the next crop has to be borne on nonflowering shoots that emerged early in the cycle;
these bear mature terminal and lateral buds during flower initiation towards the end of the cycle.
If virtually all twigs bear cloves, the bumper crop
is followed by crop failure, simply because there
are too few mature receptive buds on the tree. The
poor crop in the third year can be attributed to the
disturbed shoot growth pattern in the second year.
In the off-year shoot growth does not suffer competition from the developing crop;hence flushing becomes more erratic and continues until late in the
season. This may again result in a shortage of ma-

ture buds at the crucial time for flower initiation
and hence in a disappointing crop in the third
year. This explains the cycles of 3 or 4 years.
So to produce good crops regularly, only half the
twigs should flower. Increases in yield should
come from a larger size of the inflorescences,
which is a matter of tree vigour, healthy foliation
and timely induction of flowering. Regular bearing in clove is more difficult to achieve, since there
is no fruit to assist in stabilizing the growth
rhythm and because of severe damage to the tree
during harvest. Biennial bearing has been observed in young trees, with their greater vitality
and ease of harvesting, whereas in the 14th year
after planting with the first heavy crop, bearing
became triennial. Perhaps it is possible to suppress late flushing during the off-year by root
pruning or application of growth retardants.
Other botanical information In the past,
Syzygium has frequently been united with Eugenia. Convincing differences in the structure of
flowers and seeds have strengthened the arguments for two separate genera, which means t h a t
the clove is assigned to Syzygium.
The tree populations in Zanzibar and Madagascar
are rather uniform but, in Indonesia, four types
are distinguished: Siputih, Sikotok and Saparua
preferred for production of spice cloves, and Zanzibar valued by the cigarette industry. The types
differ in tree habit, leaf size, and clove size and
colour; Sikotok is said to be more productive than
Siputih. Through propagation from selected
mother trees, these types may eventually assume
cultivar status.
Ecology Notions about the ecological requirements of the clove vary, perhaps because of an underlying dilemma: a climate with a marked dry
season promotes flowering, but the tree does not
cope at all well with stress. There are two ways
out of this dilemma. The first is to choose a climate with a pronounced dry season (Zanzibar,
East Java) but to limit stress by going for deep fertile soils, providing water and shade during the
early years. The other way is to choose a wet climate with a minimum dry season (Madagascar,
Sumatra, Pinang). In such a favourable climate,
the clove cannot compete with more reliable cash
crops and takes second place for soils and crop
care.
The choice is linked with the use of the produce.
Cloves from wet areas are less suitable for making cigarettes, since the smoke becomes pungent
and the crackling ('kretek') sound is lacking. In
Indonesia, cloves for 'kretek' cigarettes are said to
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require three months with less than 60 mm rainfall each, whereas for cloves to be used as spice,
rainfall should not drop below 80 mm in any
month. Annual rainfall should exceed 1500 mm;
wet clove areas usually receive 3000—4000 mm.
With mean temperatures of 21°C in July and August, Madagascar is the coolest clove country,
reaching to the Tropic of Capricorn.
Cloves are almost exclusively grown on islands,
but proximity of the sea may not be so necessary
as it was once though to be,nor isthe crop restricted to low altitudes. In parts of Sumatra and Java,
and in the Nilgiri Hills in south India, cloves are
grown successfully far from the sea and at altitudes of 6 0 0 - 9 0 0 m. Secluded sites are preferred
because wind causes additional stress, and strong
winds are not tolerated. Shade is necessary for
young trees until firmly established.
Growth can be sustained on poor and acid soils,
but waterlogging is very harmful. Adequate depth
of soil is essential and water-holding capacity
should be in keeping with the severity of the dry
season; if not, irrigation is needed.
Propagation Cloves are propagated from seed.
Seed from selected mother trees is extracted from
the fresh fruit and germination follows in 2—6
weeks. Seedlings are raised in shaded nursery
beds and respond to care: controlled watering, excellent drainage, adequate spacing for sturdy
growth, and timely hardening-off by reduced
shading and watering. Plants should reach a
height of 3 0 - 5 0 cm within one year and should be
moved tothe field before they get much older. During transplanting, speed, protection of the root
system and trimming of the shoots greatly increase the chance of survival.
Propagation trials in the control programme for
'Sumatra disease' in Indonesia have shown t h a t
clove can be propagated by air-layering (50 % success) and approach grafting (more than 80 % success), but rooting of cuttings and propagation by
less cumbersome grafting techniques still remain
too difficult for general use. Approach grafts on
rootstocks of, for instance, Syzygium pycnanthum
and Psidium guajava were also successful.
Husbandry Trees are planted in the field under temporary shade. In the dry season, young
trees may need extra water. The standard spacing
is 8 m x 8 m, but trees are often planted much
closer. A range of spacings from 6 m x 8 m t o 8 m
x 11m, to take account ofdifferences in site quality, seems better; the rectangular pattern facilitates intercropping in the early years. Banana
and cassava are common intercrops. These crops

also provide shade but, near the young clove tree,
shade trees such as species of Gliricidia, Leucaena
or Erythrina are preferred, since these can be
pruned to even out irradiance through the year.
When the intercrop isphased out, husbandry is often limited to weeding once or twice a year. Careful weeding limits root damage but a more positive approach is to improve the top-soil by
mulching under the trees and by cover crops (e.g.
Vigna hosei, Centrosema pubescens). There is evidence that the equilibrium of top to root is quite
delicate. The trees recover with great difficulty
from undue loss of leaves. So all efforts to keep the
top-soil in good condition assist in preventing root
stress and maintaining a healthy foliation.
Manure or fertilizers are applied to each tree according to age.Results oftrials with nutrients are
inconclusive, perhaps because they attempted to
relate nutrients directly to yield; it would be more
logical to measure growth response and to interpret the yield response on the basis of the growth
reaction. In Indonesia, trees respond to nitrogen
and, on poor soils, to potassium; liming is recommended to raise the pH above 5.5.
Diseases and pests In both Zanzibar and Indonesia, the clove is threatened by diseases that
kill the tree. Identification of the causal agents
has been difficult amidst tree decline through
non-parasitic forms of stress. In Zanzibar, 'sudden
death' is caused by the fungus Valsa eugeniae.
The tree dies so fast by collapse of the fine roots
that many leaves desiccate on the tree. Valsa eugeniae can also cause a form of die-back, if the fungus enters a wounded branch.
Cryptosporella eugeniae also causes die-back. After entry, the fungus slowly moves down the
branch; on reaching a junction, all the branches
above it die. This disease can be controlled by cutting out and burning affected parts and treating
the wounds with fungicidal paste.
Another form of die-back, 'Sumatra disease', is
the main problem in Indonesia, killing up to 10%
of the mature trees each year in parts of Sumatra
and West Java, with an estimated annual crop
loss of $(US)25 million. A tenacious research effort, sponsored by the United Kingdom under the
Colombo Plan, identified Rickettsia-\ïke bacteria
as the cause. The bacteria live in the xylem vessels and apparently spread upwards from the
roots. The symptoms are die-back, starting in the
crown, vascular discoloration and root decay. Injections of Oxytetracycline, the most effective antibiotic treatment, delay the decline but cannot
cure the tree. Since then, it has been found t h a t
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Hindola striata and possibly H. fiilva act as vectors. These tiny insects are tube-building cercopids of the family Machaerotidae, which complete their life cycle on the clove tree. This at last
opens a prospect for the control of the disease,
which seems to kill every clove tree infected. An
alternative means of control based on grafting
clove on rootstocks of related species is also being
pursued.
The amazing thing is that juvenile trees that succumb so easily to other forms of stress have a high
tolerance to the above three diseases. In young
cloves, the roots spread very rapidly and, as the
tree comes into bearing, changes in the growth
rhythm of the roots perhaps put an end to the
tree's resistance.
Another serious disease in both Malaysia and Indonesia is a fungal leaf-spot (called 'cacar daun'
in Indonsia) caused by a Phyllosticta species. Effective control with fungicides is possible but this
is not generally done.
Apart from stem-borers and occasional attacks by
leaf-eating caterpillars, the clove is remarkably
free from insect pests. Termites may cause havoc
in a young plantation and the fiery red tree ants
make life difficult for the clove pickers.
Harvesting At harvest, the complete inflorescence is picked,just before the first buds are about
to open. Earlier picking reduces yield and undersized cloves spoil the appearance of the produce;
late harvesting means a sharp drop in oil content
and spice value. The right stage for harvesting
lasts only a few days and a tree is picked 3—8
times in a season. The timely harvest of a good
crop demands skilled management; often a substantial portion of a bumper crop is not harvested
at all. Pickers climb the trees equipped with
baskets, ropes and crooks to pull the branches towards them, orthey use ladders with props. An experienced picker harvests some 40 kg of green
cloves from good trees in a day. Improvements in
harvesting equipment based on work study are
needed to reduce damage to the tree and to raise
efficiency.
The harvest season shifts substantially from year
to year, apparently in response to timing and
severity of the dry season. There may also be
freak off-season crops. In South-East Asia, the
main season ranges from May—June in East Java
to November—December in Ambon and Pinang.
Migrant workers follow the maturing crop
through some of the major areas of production.
Yield Yield varies somuch from tree to tree and
year to year that it is practically impossible to

give normal values. It is, however, clear that
yields are low, particularly in Indonesia. If only
one in three trees be productive, the rest being either too young or diseased, an annual output of
some 30 000 t indicates only 1 kg of dried cloves
per bearing tree! More precise is the series of
production data from a large trial in Cibinong,
West Java, planted in 1956. Over the 10-year period 1968-1977, mean annual production was 5.7,
0.0, 9.7, 4.6, 0.7, 10.3, 0.0, 2.0, 6.3 and 1.3 kg per
tree; the overall average amounted to 4.1 kg per
tree.
Handling after harvest After harvest, the inflorescences are broken down into buds and
'stems' (the flower stalks); these are separated
and dried in the sun for several days. The dry
weight of buds and stems is about equal and
amounts to a third offresh weight. The dried product is sold in bags.
For distillation ofthe leaf oil, fallen leaves may be
gathered every 2 - 3 weeks. The yield is about 1.5
kg of sun-dried leaves per tree each time. It is
more common, at least in Madagascar, to cut and
bundle small branches, which are taken to the
still. Regular pruning of closely planted hedgerows is recommended for this manner of harvesting; the clove yield is then negligible. It takes
about 60 kg of prunings to produce 1 kg of oil.
Genetic resources The floral biology of the
clove favours self-pollination and fairly uniform
populations developed in the areas where only a
few trees were introduced initially. The eradication of the trees in nearly all the Moluccas may
have decimated the germplasm in the cultivated
clove and widened the gap from the wild cloves.
Wild cloves are hardier and more vigorous, but
they are hardly aromatic. Perhaps aromatic trees
occur only sporadically in wild populations but
are easy to recognize, so their seed may have been
collected for cultivation through the ages.
Breeding Hybrids of wild and cultivated cloves
are similar to the wild parent. Hence the only direct way to widen the genetic basis is to trace
clove populations descended from trees that escaped the eradication campaign. Presumably the
Zanzibar type is such a population and hybrids between trees from Zanzibar and Indonesia are superior to both parents in both vigour and yield in
the early years. Clonal propagation of selected
mother trees is suggested.
Prospects The world powers no longer wage
war for the control ofthe clovetrade. The clove has
become very much an Indonesian crop and product. Nevertheless a volatile future is to be expect-
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ed. Demand for cloves may not change rapidly, unless lower prices make other uses of the oil
attractive. On the supply side, buffer stocks may
buffer the worst yield fluctuations, but it is most
unlikely that a balance will be struck between the
vast areas coming into bearing and the tree losses
through diseases and other forms of stress.
If a reasonable price is maintained, there is much
scope for agronomic improvements:
- Further segregation (in respect ofgrowing conditions and crop care) ofproduction for the cigarette
industry, for use as a spice and for distillation of
leaf oil. The cigarette use could evolve towards intensive husbandry.
- Control of Sumatra disease and leaf-spot.
- Clonal propagation of superior trees, cutting out
the juvenile phase.
- Manipulation of the growth rhythm to reduce
yield fluctuations and to extend the harvest season.
Literature |lj Bolt, O.F., 1950. Cultuuraanwijzingen voor kruidnagel (Eugenia aromatica).
Pemberitaan praktek djawatan penjelidikan Pertanian No 15, Bogor. 16 pp. |2| Deinum, H., 1949.
De kruidnagel. In: van Hal, C.J.J. & van de Koppel, C. (Editors): De landbouw in de Indische Archipel. Vol. 2B. W. van Hoeve, The Hague, p.
6 8 4 - 7 1 9 . |3j Dufournet, R., 1968. Le giroflier et
sa culture à Madagascar. Bulletin of Madagascar
18:216-281. |4| Hunt, P., 1985. Status report on
clove disease research, April 1985. Mimeograph.
ODA Project ATA-71, Colombo Plan. 12 pp. |5|
Purseglove, J.W., Brown, E.G., Green, C.L. & Robbins, S.R.J., 1981. Spices. Vol. 2. Longman, London, p. 2 2 9 - 2 8 5 . |6| Schmidt, R., 1972. A resolution of the Eugenia-Syzygium controversy
(Myrtaceae). American Journal of Botany
59:423-436. |7| Tidbury, G.E., 1949. The clove
tree. Crosby Lockwood & Son, London. 212 pp. |8|
Wahid, P., 1978. The effect of climatic conditions
on the fluctuation in yield of cloves. Pemberitaan
Lembaga Penelitian Tanaman Industri (Indonesia) 30:50-62. |9| Wit, F., 1969.The clovetree Eugenia caryophyllus (Sprengel) Bullock & Harrison. In: Ferwerda, F.P & Wit, F. (Editors):
Outlines ofperennial crop breeding in the tropics.
Miscellaneous Papers Agricultural University,
Wageningen 4:163-174.
(E.W.M. Verheij & C.H.A. Snijders)

Theobroma cacao L.
Sp. PL 2: 782 (1753).
STERCULIACEAE

2« = 20
Vernacular n a m e s Cocoa, cacao (En); cacaoyer
(Fr); cacao (Es); cacau (Pt); Indonesia: coklat.
Note: The word 'cacao' is often used for the tree
and its parts and the word 'cocoa' for the products
of manufacture. In literature frequently only 'cocoa' is used for both meanings. In this account,
trivial practice to use 'cocoa' is followed.
Origin and geographic distribution Cocoa
was widely cultivated by the Maya-speaking peoples of tropical Central America before the Spanish Conquest of the 16th Century. The cocoa
grown by the Mayas presumably ultimately originated from the wild cocoa in the forests ofthe Amazon Basin, from the upper reaches to the delta.
Wild cocoa has also been reported in the forests of
the Guyanas and along the Orinoco.
The disintegration of Maya Civilization caused
decline in cocoa cultivation in Central America
whilst markets in Europe were rapidly expanding
in the 17th Century. So cocoa spread to most islands in the Caribbean and subsequently to mainland Venezuela and Colombia. In the same century, the Spanish succeeded in transferring a few
live plants from the harbour of Acapulco on the
Pacific side of Central America to Manilla in the
Philippines.
Quite independently, Ecuador and the Province of
Bahia in Brazil developed major cocoa areas in the
19th Century. From Bahia, cocoa found its way to
West Africa, where vast cocoa areas developed in
the 20th Century in Cameroon, Nigeria, Ghana
and Ivory Coast.
The few cocoa seedlings that arrived in Manilla in
the 17th Century became the parents of what
eventually became known as Java Criollo. Cocoa
cultivation gradually spread southward through
northern Sulawesi and some of the Moluccas to
Java and Peninsular Malaysia and ultimately
also Sri Lanka in the 19th Century. Early in the
20th Century, a series of introductions were independently made by the British in Sri Lanka
from Trinidad, the Dutch in Java and the Germans in Papua New Guinea from various parts of
Latin America. This gave rise to the cocoa industries of Papua New Guinea and Indonesia. After
World War II, introductions from West Africa into
Malaysia eventually provided the planting material of the present major Malaysian cocoa areas in
Sabah and Peninsular Malaysia, recently spreading to Indonesia.
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Uses The main products made from cocoa beans
are chocolate, cocoa powder and butterfat, which
are all used for human consumption. Butterfat is
also used in cosmetics and pharmaceutical
products but the amount used for these purposes
is insignificant in relation to that used in chocolate manufacture.
Economic and production data During the
1970s, cocoa production rapidly increased in
Malaysia and Indonesia. In Malaysia, production
rose from 13000 t in 1974/75 to about 100 000 t in
1984/85. In Indonesia, the increase was less dramatic, from 3000 to 22 000 t but in coming years
a significant increase in production is to be expected. In Papua New Guinea and the Philippines, production has remained almost constant
at 30 000 and 4000 t, respectively.
The total production ofthe four countries is about
8 %of world cocoa production for 1984/85. During
the 1970s, prices for dry beans were US$ 2000 per
tonne. The areas planted with cocoa were in
1984/85 for Malaysia and Indonesia ofthe order of
110 000 and 40 000 ha, respectively. In both countries, the cocoa area is expanding, though the
areas in Papua New Guinea and the Philippines
are rather constant, about 80 000 and 10 000 ha,
respectively. In the last ten years, Malaysia and
Indonesia have developed their processing industry, which now absorbs about 20 000 and 12 000 t,
respectively. The beans are processed partly for local consumption and partly for export of liquor (or
bulk) cocoa butter and cocoa powder. The Philippines now has a processing capacity of 14 000 t
beans, which considerably exceeds local production. Processing figures for Singapore reached a
record of 24 000 t in 1983.
Properties In unprocessed beans with the testa
removed on dry-weight basis, contents are starch
7.7%, sugars 1.8%, fat 54.0%, protein 14.8%,
theobromine 2.3 % and other substances 19.4 %.
The fat content is generally lower in Criollo and
Trinitario populations, about 50 %, and may be as
high as 57 % in Amelonado and Upper Amazon
populations.
Description Evergreen tree, 4—20 m high, in
cultivation usually 4 - 6 m. Taproot up to 2 m long
with a dense mat of lateral feeding roots up to 6
m long in upper 20 cm; roots possibly with mycorrhizal associations. Stem growth sympodial, with
orthotropic subterminal shoots (chupons) and
lateral branching with successive whorls (fan or
jorquette) of 3—6 plagiotropic branches. Leaves
thin—coriaceous, petiolate, spirally arranged on
orthotropic, alternate on plagiotropic branches;
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Theobroma cacao L. - Branch with flowers and
fruits.
petiole 1—10 cm long, characteristically thickened at both ends; blade subobovate - oblong to
elliptic-oblong, 1 5 - 5 0 cm x 4 - 1 5 cm, rounded
at base, apex acuminate, subundulate along the
margin, pubescent on the nerves.
Inflorescences on the trunk and branches, usually
borne on small tubercles (flower-cushions) in
many flowered fascicles; flowers 5-merous, 1—1.5
cm diameter, regular, bisexual; pedicels 0.5-1.5
cm long; sepals (oblong) - lanceolate, 5—8 mm x
1.5—2 mm, white to reddish, reflexed; petals
smaller than sepals, with obovate base, expanding
into concave cup-shaped pouch, upper part spatulate, pale yellow, reflexed; androecium with 5 outer, erect, pointed, ciliate staminodes and 5 inner
stamens with reflexed filaments, anthers concealed in pouches of corresponding petals; gynoecium with 5 very short styles, connate at base.
Fruit subbaccate, very variable in shape, from globose to cylindrical and pointed, smooth to warty,
10—32 cm x 6 - 1 2 cm, sometimes with 5 or 10
furrows, green, yellow, red or purplish, containing
20—50 seeds which are usually arranged in 5
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rows; pericarp about 2 cm, mesocarp usually with
a layer of hard sclerenchyma. Seeds (beans) very
variable, globose to ellipsoid, 2—4 cm x 1—2cm,
embedded in mucilaginous pulp.
Seedlings with epigeal germination.
Growth and development The seed in the ripe
pod remains viable for up to three weeks. Therefore seeds from freshly harvested pods are sown
directly into nursery pots, in flat position under 1
cm of soil. Germination starts immediately, root
and hypocotyl growing out first, bringing the
cotyledons above ground. Subsequently, the
cotyledons open, exposing the plumule and the
first growth phase ends with the hardening-off of
the first four leaves standing out horizontally at
the same level. Subsequently, leaves appear at
about 6-week intervals, well spaced in a spiral arrangement. Seedlings four to six months old are
ready for planting in the field.
Depending on cultivar and ecological conditions,
the plant marks its next growth phase in about
the second year after field planting by forming its
first 'jorquette'. This is the product of five axial
subterminal buds that grow out sideways simultaneously, whilst the apical bud ceases to function. The internodes between the side-shoots are
reduced so much t h a t they grow out at the same
level. These plagiotropic shoots are called 'fan'
branches. The upright growth habit ofthe stem is
orthotropic, their shoots are called 'chupons'. After some years, chupons may grow out from below
the jorquette-joint. After growing to some length,
they alsojorquette, giving the tree another storey.
This process may be repeated several times.
Depending on cultivar and ecology, flowering
starts from 2 - 6 years after field planting. Pollen
is carried by small flying insects, usually midges
of the genus Forcipomiya. This results in 50 %
cross-pollination. The proportion ofoutbreeding is
considerably higher when the trees carry incompatibility genes.
The fruit ripens 5 - 6 months after fertilization.
Other botanical information A satisfactory
botanical infraspecific classification cannot be
made because of the frequent movement of plant
material, the outbreeding nature of the mating
system and the absence ofcrossing barriers. There
are many hybrids. Existing classifications are
based mainly on fruit and seed characteristics.
The following practical classification is commonly
used.
- Criollo: beans white to very pale purple, plump,
20—40 in a pod, soft husk, red and green, origin
Central America and from here to Colombia
and Venezuela.

- Forastero: beans dark purple, often small and
flat, 3 0 - 6 0 in a pod, hard husk, green, origin
Amazonia.
- Trinitario: segregating populations from chance
crosses between representatives of the former
two. Trinitario populations are characterized by
the variation in pod and bean morphology. The
frequent occurrence of red-podded trees is typical.
The great cultivars of the older major cocoa
growing areas (the Amelonados of West Africa,
Bahia Brazil 'Comum' and Ecuador 'Nacional',
the Trinitarios of Papua New Guinea) are gradually being replaced by mixtures of hybrids between local selections and some Upper Amazon
parents. Malaysia and recently Indonesia are
planting their new cocoa areas mainly with their
specific mixtures of hybrids.
Ecology The following climatic conditions are
favourable for cocoa. Rainfall of 1500 to 2000
mm/year with no more than three consecutive
months with less t h a n 100 mm. Temperatures between 30—32°C mean maximum and 18—21°C
mean minimum. Cocoa is thus a typical crop of
the tropical lowlands, which can, however, be
grown at higher altitudes if other conditions are
favourable. Large areas of South-East Asia have
these favourable conditions. Especially in areas
without a dry season, cocoa has shown to develop
more quickly t h a n in the major production areas
ofWest Africa where growth is stopped by drought
during certain months ofthe year. Climatic conditions should, however, be considered in relation to
soil properties. Soils with a high available moisture storage capacity can compensate for periodic
lack of rain, while excessive rainfall will cause
less problems on well drained soils.
Cocoa requires a deep, well drained, fertile soil
and is more demanding of the soil than rubber
and oilpalm. Criteria for a good cocoa soil are: soil
depth not less t h a n 1.5 m, clay content 3 0 - 4 0 %,
a top soil with content of organic carbon at least
2 %, a cation-exchange capacity of soil 120
mmol/kg and a base saturation of 35 %.
Soils meeting these requirements are the volcanic
soils of New Britain and Bougainville Island
where most of the cocoa of Papua New Guinea is
grown, the basaltic soils of the cocoa area of
Tawau on Sabah and the volcanic cocoa soils on
Java. The soils of those areas differ from one another in parent material and stage of weathering,
but they share a deep well drained profile and a
high nutrient content. The liparitic soils of northern Sumatra are also very suitable for cocoa. They
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have excellent physical properties but they are
low in calcium, magnesium and phosphorus, so
that good fertilizer management is needed. The
combination of well managed liparitic soils and
favourable climatic conditions explains the excellent growth and high yields in northern Sumatra.
In Peninsular Malaysia, cocoa was initially planted on acid soils over igneous rock, which proved
marginal for cocoa.
Better results have been obtained on rather acid
marine clays with an adequate nutrient supply
but difficult drainage and watertable regimes. In
Indonesia, large-scale planting of cocoa is envisaged in Kalimantan and Sumatra on soils derived from Tertiary deposits of sandstone and
shales. Because of the nature of the parent rock
and heavy leaching, these soils are acid and deficient in all major plant nutrients. Experience
elsewhere has shown that cocoa grows initially
well if nutrients accumulated by the original forest vegetation are still present but that later
growth and production are unsatisfactory.
Propagation Cocoa is usually planted as seedlings, which are easy and cheap to produce.
Vegetative propagation by rooted cuttings or budding is used to establish seed gardens and genetically very heterogeneous types such as Trinitario
cocoa on Java, where budding has been standard
practice since the 1920s.
Seedlings are usually raised in polythene bags in
a shaded nursery.
Husbandry Young plants are planted in the
field 3 to 4 m apart or about 1100 trees/ha at an
age of4 to 6 months. Young trees need shade to reduce irradiance, to buffer the microenvironment
and to promote the right shape and habit of the
trees. When a closed canopy has been formed, the
need for shade is reduced. Only under most
favourable conditions of soil and nutrient supply
can cocoa be grown without shade. It is normally
necessary to retain some shade to reduce moisture
stress and incidence of insect damage in order to
prolong the economic life of plantations.
Shade can be provided either by thinning forest or
by planting shade trees. Shade trees are common
in South-East Asia, where mainly seedless Leucaena leucocephala (Indonesia) and Gliricidia
sepium (Malaysia and Indonesia) are used. Often
hedges of leguminous shrubs are used for temporary side-protection between rows and as a
source of mulch. Cocoa is also grown as an intercrop under coconuts (Peninsular Malaysia, Papua
New Guinea, Mindanao). The availability of large
plantations of coconuts has largely contributed to

the rapid expansion of cocoa in Malaysia.
Weeding is needed during establishment but,
once the canopy has closed, lack of light will prevent weed growth. Young trees need no pruning
during the first 2—3 years. Later, low-hanging
branches should be pruned to facilitate harvesting and spraying for pest and disease control. Vertical growth is usually restricted to the first jorquette. If the first jorquette is formed too low
(below a height of 1.5 m), the tree is allowed to
make a second one. To retain trees at the desired
height, chupons should be removed at regular intervals.
Fertilizer is normally used on estates. Rates and
types offertilizer need depend on soil fertility, age
of trees, yields and shade. Lightly shaded and unshaded cocoa requires more fertilizers, especially
nitrogen, than shaded cocoa. This is related to the
fact that the larger leaf area, higher photosynthetic activity and higher yield of cocoa under
high irradiance can only be maintained if trees
are well provided with nutrients. As a general
guide, mature cocoa needs nitrogen 50—100, phosphorus 25, potassium 75 and, if needed, magnesium 15 kg/ha each year. The highest nitrogen rate
is meant for lightly shaded or unshaded cocoa.
Detailed fertilizer recommendations are well
documented .
D i s e a s e s and pests A variety of insect pests
are important during establishment, because
they destroy the apical bud and delay or prevent
canopy formation. Especially in Papua New Guinea, larvae ofthe moth Tirocola plagiata, the cocoa
army-worm, cause extensive damage to young
plants. In mature cocoa, mirids are the major
widely represented insect pest, causing severe
damage to twigs, branches and young pods. In
South-East Asia, mirids of the genus Helopeltis
are a major pest. Ants were formerly successfully
used to regulate Helopeltis. Now, chemical
methods are usual.
The cocoa pod-borer (Acrocercops cramerella) is
potentially the most serious insect pest ofcocoa in
South-East Asia. The larva of this small moth
bores into the cocoa pod and by feeding on the
placental tissues, it reduces or prevents normal
bean development. During most of its life, the insect is protected within the pod and so is difficult
to control. At the beginning of the 20th Century,
the cocoa pod-borer largely destroyed the cocoa industry in Central and East Java. Now, the cocoa
pod-borer is present in Sabah, eastern Sarawak,
the whole of Sulawesi, parts of Java and Mindanao.
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In South-East Asia, fungal diseases are of major
importance. Phytophthora results in large pod
losses in West Africa, mainly by stem canker in
Trinitario populations, especially in Papua New
Guinea. A fungal disease specific to South-East
Asia is vascular streak die-back caused by Oncobasidium theobromae. It causes die-back of
branches, especially in young trees. The disease is
found in Sabah and Peninsular Malaysia and is
widespread in Papua New Guinea. As there is no
effective chemical control, the only control is to
prune out the infections as soon as they are seen.
Cocoa types show a wide range ofsusceptibility. In
Malaysia, Amazon hybrids are more resistant
t h a n Amelonado.
Harvesting Pod development from fruit setting
to maturity takes about six months. The time and
length of the harvest season depend on climatic
conditions, mainly rainfall distribution. During
peak production, pods are harvested each week.
Pods are removed from the tree with various types
of knives.
Yield In South-East Asia, Amazon hybrids give
initial yields of dry beans of 100—200 kg/ha,
rapidly increasing to 1000 kg/ha in the 7th or 8th
year. On estates in South-East Asia, mean yields
of mature cocoa are 1000—1500 kg/ha but higher
yields are no exception.
Handling after harvest After harvesting, pods
open within one or two days and the beans are fermented in perforated wooden boxes to remove the
pulp and to develop the chocolate flavour.
Forastero beans are fermented for 4—6 days; Criollo and Trinitario for 2—4 days. Subsequently,
beans are dried in the sun or on artificial driers to
a moisture content of 6—7%.
Traditionally in Indonesia, beans are washed between fermentation and drying to remove any
remnants of pulp adhering to the shell. The
resulting clean and attractive appearance and low
proportion of shell (8—10 %) have become a trade
mark of the fine-grade Indonesian Trinitario cocoa. After drying, the beans are bagged. Beans
can safely be stored for two to three months.
Longer storage in the tropics requires special
precautions to prevent mould, insect damage and
deterioration.
Genetic resources Cocoa occurs in a great variety of forms in wild, semiwild and cultivated
populations. The primary centre ofdiversity is the
area ofthe upper reaches ofthe Amazon River, the
home of the Forastero group. Collections of semicultivated material in that area were made by
Pound in 1938 and 1942, and resulted in the fa-

mous Upper Amazon populations, including Nanay, Parinari and Iquitos. The wild cocoa in t h a t
area has again been collected. Both collections are
to be conserved in the International Cocoa Genebank Trinidad (ICGT).
Since 1960, the cocoa research institute of
CEPLAC in Bahia, Brazil, has collected many
wild cocoas in Brazil's Amazonia and the material has been conserved at Bélem.
Amongst the major cocoa types of the Forastero
group are the Amelonados. Some decades ago, cultivars of this type like 'West African Amelonado'
in Ivory Coast, Ghana and Nigeria, 'Comum' in
Bahia, Brazil and 'Nacional' in Ecuador, produced
up to 90 %of all cocoa, but now they are in the decline. Awild population ofthe Amelonado type exists in the forest of the Guyanas.
A secondary centre of diversity is Central America, the land of the Criollos, although they can
hardly be found any more. The Centro Agronomico Tropical de Investigacion y Ensenanza (CATIE)
in Turrialba, Costa Rica, has a precious collection
of Criollos from that area. The different types are
usually named after the country of origin. The
Criollos of Venezuela, Colombia and Java are considered derived from Central American types.
Trinitario populations are by definition variable
in themselves. They are the offspring of chance
hybrids between local Criollo plantings and
Forastero introductions, far superior in vigour,
productivity and disease resistance. These populations of hybrid plants are again named by the
country of origin: Trinidad, Venezuela, Ecuador.
The origin of the Trinitario population of Papua
New Guinea is different. It developed from a
mixed bag of introductions in German Colonial
times.
The 100 clones selected from Trinidad's pre-war
Trinitario plantations, the Imperial College Selections, the ICS clones, are also available at the
ICGT, managed by the Cocoa Research Unit of the
University of the West Indies. The ICGT also
stores electronically passport, descriptor and
evaluation data, and has quarantine facilities in
nearby Barbados, where cocoa is not grown.
Germplasm is available in the form of seeds or as
budwood; if stored well, it remains viable for
about 2 weeks. During storage, the temperature
may never fall below 15 °C or rise above 30 °C.
Seeds are transferred in the pod or packed in charcoal or well matured sawdust in plastic.
In the receiving country, a quarantine period of a
few months in a screened house is necessary. Budwood is wrapped in moist paper. It requires a peri-
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od of intermediate quarantine to screen out virusinfected budsticks and thus is a tedious and expensive material.
Storage, transport and quarantine problems, accompanied by haphazard communication and unawareness of ways and needs, resulted in a very
poor distribution of germplasm, especially in
South-East Asia.
Breeding Most planting material produced in
the cocoa world today comes from seedlings of
mixed hybrid origin. Usually the one group of parent clones are of Upper Amazon descent and the
other consists of local selections. The parents are
cloned and planted in biclonal or polyclonal seed
gardens. Seed is usually produced by handpollination between parents belonging to the two
groups. Each major cocoa-producing country
produces its own hybrid mix. Since parents are
not inbred, the term hybrid should not be interpreted to indicate an F l hybrid, implying loss of
productivity in the next generation.
Most cocoa plantings in Malaysia were established with nursery plants from seeds from polyclonal seed gardens, producing a hybrid mix. In
Sabah, large areas were successfully planted with
West African Amelonado stock. Commercial estates in Malaysia are establishing major plantations with budded plants of mixtures of clones
selected from the mixed hybrid plantings.
Exceptionally, Indonesia bred a synthetic variety
on the basis of about 50 highly selected clones
from a large stand of Malaysian hybrid mixture.
Breeding objectives for South-East Asia are: vigorous juvenile growth, early and precocious cropping, good pod and bean values, good bulk cocoa
quality, and resistance or tolerance to diseases
such as vascular streak die-back (VSD),
Phytophthora bark canker and pod-rot, depending
on local ecology.
Prospects In Malaysia, environmental and
socio-economic conditions and availability of land
are favourable for considerable expansion of cocoa
cultivation. In Indonesia, further development
will depend on availability of new areas with
suitable soils. In both countries, but especially in
Indonesia, there is considerable scope for converting suitable land now under old rubber and oil
palm to cocoa.
The high early yields of Upper Amazon hybrids
and high cocoa prices make this conversion attractive. In Papua New Guinea, large areas of suitable
soils are available but whether they will be planted to cocoa will depend on government support. In
the Philippines, the main limitation is the cocoa
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pod-borer, and real expansion of cocoa cultivation
will depend on effective control of this pest.
There are good prospects for expansion of cocoa
cultivation in South-East Asia. The cocoa podborer is, however, a very serious threat to cocoa in
the entire region. The cocoa pod-borer is well established in the Philippines, in parts of Indonesia,
Sarawak and Sabah, and the insect has proved difficult to control. Strict quarantine measures have
to be observed to prevent the insect from spreading into new areas. Large research efforts are required to find a long-term solution for the very
dangerous cocoa pod-borer.
Literature | 1 | Anonymous, 1953. Handleiding
voor de cacaocultuur en cacaobereiding. Centrale
Proefstations Vereniging, Bogor. 429 pp. |2| Cuatrecasas, J., 1964. Cacao and its allies: a taxonomie revision ofthe genus Theobroma. Contributions from the United States National Herbarium
35:379-614. |3|Kennedy, A.J., 1985.The International Cocoa Genebank Trinidad. Cocoa Growers'
Bulletin 36:5-10. |4| Toxopeus, H., 1969. Cacao.
In: Ferwerda, F.P. & Wit, F. (Editors): Outlines of
perennial crop breeding in the tropics. Miscellaneous Papers Landbouwhogeschool Wageningen 4.
p. 79-109. |5|Toxopeus, H. &Wessel, P.C.(Editors),
1983. Cocoa research in Indonesia 1900—1950.
History ofcocoa and cocoa research; the cocoa podborer moth; biological control of Helopeltis;
papers on the mating system, genetics and breeding. Archives of Cocoa Research 2. 293 pp. |6| Wessel, M. 1981. Nieuwe ontwikkelingen in de
cacaocultuur van Maleisië en Indonesië. Landbouwkundig Tijdschrift 93:229-333. |7| Wood,
G.A.R. & Lass, R.A. (Editors), 1985. Cocoa. Longman, London. 620 pp.
(M. Wessel & H. Toxopeus)

Voacanga grandifolia (Miq.) Rolfe
Journ. Bot. London 21: 202 (1883).
APOCYNACEAE

2/1= 22
Synonyms Pootia grandifolia Miq. (1857), Orchipeda grandifolia (Miq.) Miq. (1864), Voacanga
papuana (F. v. Muell.) K. Schum. (1895).
Vernacular names Java/ID: kalak kambing,
kalantong; Madura/ID: pong-kapong; N. Sulawe
si/ID: mariango, beta intolun, mahang-kaliti
saputan; Makassar/ID: bunga yinai marawah
lambuto; Sumbawa/ID: piko, peko odè; toula won
donjaro; Flores/ID: menggé; Philippines: abubu
pangi, tapadak; Papua New Guinea: bahira, ba
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heira, boma latuata, fegha, kaffekkaffef, mampalo, pegatig.
Origin and geographic distribution This species is found in Indonesia (Java, Sumba, Flores,
Sulawesi, northern Moluccas, Irian Jaya), Philippines (Mindanao) and Papua New Guinea.
U s e s In Java, the young leaves are mashed and
rubbed on the stomach against illness from
worms and diarrhoea. In Papua New Guinea, the
plant is used as a medicine for malaria.
Properties Interest is mainly directed towards
the alkaloids, some of which have cardiotonic or
oncolytic properties. From various parts of the
plant, very low contents of vobtusine, voacamine,
voacangine, akuammidine and tabersonine have
been isolated.
Description Shrub or small tree, 2 - 1 5 m high.
Leaves sessile and even connate-perfoliolate to 50
mm long-petiolate; blade herbaceous when fresh,
papery orchartaceous when dry, elliptic, narrowly
ellipticornarrowly obovate,2- 4 x as long as wide,
8—40 cm x 2 - 1 4 cm, acuminate or acute at the
apex, glabrous or sometimes sparsely pubescent
above, glabrous or pubescent beneath. Inflorescencewith longpeduncle and few tomany flowers;

Voacanga grandifolia (Miq.) Rolfe - 1. Branch
with flowers; 2. fruit.

calyx green, nearly cylindrical, 10—20 mm x
4 - 1 2 ( - 1 5 ) mm with usually obovate lobes; corolla white, creamy or sometimes yellow, tube
0 . 7 - 2 x as long as the calyx, 9 - 2 4 mm long, lobes
0.8—2.2x as long as the tube, elliptic or obovate,
0.8-1.5 x as long as wide, 9 - 4 0 mm x 1 0 - 3 7
mm, rounded, truncate, or emarginate at the
apex, spreading to recurved; stamens slightly exserted to barely included. Fruit of two free, partly
or completely united carpels; separate carpels
subglobose; fused carpels forming a laterally compressed, transversely elliptic fruit. Seed subellipsoid, 8 - 1 3 mm x 4 - 7 mm.
E c o l o g y This plant is found from sea-level to altitude 1000 m, in bush or light forest, often on
heavy clay on river and creek banks. It is probably
flowering and fruiting the whole year.
Literature | 1 | Leeuwenberg, A.J.M. (Editor),
1985. Series of revisions of Apocynaceae 15.
Agricultural University Wageningen Papers
8 5 - 3 . 122 pp.
(A.J.M. Leeuwenberg)
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MAP OF SOUTH-EAST ASIA FOR PROSEA
Names of countries in capital letters and islands in lower case;
numbers refer to the key.
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Keyof islands (/'),states (s), regions (r)and provinces(p).
MALAYSIA
East Malaysia r13-14
Johor s12
Kedah s 3
Kelantan s 6
Langkawi / 2

Melaka s11
Negeri Sembilan s10
Pahang s 8
Peninsular Malaysia
(West Malaysia) r 1-12
Perak s 5
Perlis s 1
Pinang s 4
Sabah s14
Sarawak s13
Selangor s 9
Terengganu s 7

4ILIPPINES

1

i4
»3 1 .
-- \ Mindanao

61 V
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fêj4;r-7 5

INDONESIA
Aceh p 36
Ambon /79
Aru Islands / 82
Bali ;67
Bangka / 49
Belitung / 50
Bengkulu p 47
Buru i 77
Butung / 66
Central Java p 53
Central Kalimantan p 58
Central Sulawesi p 63
East Java p 55
East Kalimantan p 60
Flores /'71
Halmahera /'74
Irian Jaya p 84
Jambi p 46
Kai Islands / 83
Lampung p 51
Lingga / 44
Lombok ; 68
Madura ; 56

PHILIPPINES
Babuyan Islands /16
Basilan / 34
Bicol r 21
Bohol /'29
Cagayan Valley r 18
Cebu / 28
Central Mindanao r 32
Central Luzon r19
llocos r17
Leyte / 26
Masbate / 24
Mindoro / 22
Negros /'27
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PAPUA NEW GUINEA
Bougainville Island /87
D'Entrecasteaux Islands ; 8;
Louisiade Archipelago / 89
New Britain ; 86
Papua r 85

..a
*%
Bismarck
Archipelago

84

\

V
'?.'• 80

West Kalimantan p 57
West Sumatra p 41
Yogyakarta p 54

CO=
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79

West Java p 52

J'
<?

~%Moluccas

Morotai ;'73
Nias i 39
North Sulawesi p 62
North Sumatra p 38
Obi /75
Riau p 40
RiauArchipelago / 43
Seram /'78
Siberut ; 42
Simeuluë /37
Singkep / 45
South-East Sulawesi p 65
South Kalimantan p 59
South Sulawesi p 64
South Sumatra p 48
Sula Islands i 76
Sumba /'70
Sumbawa ; 69
Talaud Islands / 61
Tanimbar Islands ;81
Timor i 72
West Daya Islands /'80

Northern Mindanao r 30
Palawan /'15
Panay ;'23
Samar /'25
Southern Tagalog r 20
Southern Mindanao r 31
Sulu Archipelago ; 35
Western Mindanao r 33
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