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INTRODUCTION 

Participants of the International Workshop on Coconut Genetic Resources called for the 
implementation of an international coconut genetic resources network and asked IBPGR to be the 
Executing Agency for Phase 1 (5 years) of this network. A comprehensive plan of actio 1i including 
a research programme, the implementation of an international database on coconut genetic resources, 
a worldwide strategy for the safe movement and conservation of the germplasm and collaborative 
activities fo: better use of the genetic resources was prepared on the basis of recommendations made 
by three specialized Working Groups. This plan of action, unanimously endorsed by participants at 
the Workshop, is described in Part I of the report. 

Participants nominated a Steering Committee to develop the global five-year programme in 
accordance with the recommendations of the Workshop, to plan the activities on an annual basis and 
to provide the overall scientific guidance of the network. They asked IBPGR to appoint as soon as 
possible a full-time network coordinator to be the secretary of the Steering Committee and to monitor 
the day-to-day activities of the network. Full details of the modus operandi of the network and on 
its coordination are provided in Part II of the report. 

The budget, considered to be the minimum amount to ensure the harmonious and successful 
development of the network, was also unanimously agreed and is presented in Part III of the report. 

The Agenda of the Workshop and the list of participants are provided in Appendices I and 
II respectively. 

All participants of the Workshop strongly emphasized that the successful implementation of 
the coconut genetic resources network will not by itself solve all the socio-economic problems of 
millions of small-scale farmers growing coconuts as well as those of many others working in the 
processing and marketing sectors. The need to take all socio-economic aspects of coconut growing 
into account was stressed and the Workshop galled for a stronger initiative on coconut research which 
would include the coconut genetic resources network as one of its essential components. 

Participants recognized, for example, that the problem of diseases and of their conti'ol under 
growing condihLions could not be satisfactorily addressed by the genetic resources network. 

Recognizing the complexity of the coconut-based ecosystem, the Workshop recommends a 
comprehensive study of the partitioning of growth resources between the components of a range of 
these ecosystems and the developmznt of a simulation model for system production (c.f. report of the 
Burotrop First African Coconut Seminar, Arusha, I anzania, February 1991). It further recommends 
that a linkage be developed between this production model and appropriate socio- economic models 
to aid decision-making on the use of new technology in a range of environments. 

Recognizing that coconut oil is regarded as a potential health risk in weste;n markets and noting that 
this perception is based on a simplistic comparison of saturated and unsaturated vegetable oils 
emanating from those who market unsaturated oils, participants recommended that indications that 
saturated oil is superior to unsaturated oil in certain diets be followed up with further research to 
verify and extend the list of potentially positive aspects of coconut oil in the diet. 

Participants, providing the three examples mentioned above, did not place them in any specific 
order of priority. They wished, however, to outline some of the research that will be required to 
ensure development of the coconut industry and promote self-sustainability in coconut producing 
countries. 
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REPORT
 

PART I THE PLAN OF ACTION 

CONSERVATION AND EXCHANGE 

Role of National/Regional Collections 

I. The individual national collections are considered as the basic components of the worldwide 
coconut collection. Through the international database, detailed arrangements will have to be 
finalized for the maintenance and safety replication of the unique part of the collections participating 
in the network. All countries will be invited to join. 

2. All original material should be replicated in another collection within the conservation 
network. 

3. The regional approach (for regional components see Part II, paragraph 4) is rccognized as the 
most appropriate way for step by step implementation of the worldwide collection, which, it is 
foreseen, will comprise elements of national collections as well as regional collections in the long 
term. Conservation protocols will be developed for adoption by all members of the network. 

4. The Workshop recommends tht the Steering Committee further investigates the advantages 
and disadvantages of the establishment of a multi-site international collection. 

Complementary Conservation Strategies 

5. The field genebanks are recognized as a basic element in the future conservation strategy. 
The Workshop welcomes the fact that cryopreservation and pollen conservation will soon be available 
as complementary conservation strategies. It recommends that the network starts to conserve valuable 
material using cryopreservation and conserve pollen, as soon as these techniques are available. 

6. Dried embryos and somatic embryos appear to be the emerging technologies for the future 
and their use as complementary conservation strategies will have to be considered in due time. The 
potential of in situ conservation and the practicabilities of its application will require further studies 
by the network. 

7. Curators should index their collections for the presence of virus/viroids. 

Safe Movement of Germplasm 

8. An international germplasm exchange programme will be developed as one of the activities 
of the network, and as a service to the international coconut community. 

9. The international network adopts the 1991 FAO/IBPGR technical guidelines for safe 
movement of coconut germplasm, for the trarnsfer of germplasm under its auspices. 
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GENETIC DIVERSITY AND UTILIZATION 

Collecting Activities 

10. The Workshop recognizes that further knowledge is required on coconut diversity and 
distribution and that gaps exist in present collections of coconut germplasm. Some geographical areas 
are inadequately explored. The Group agrees that a priority activity of the network is to identify those 
gaps by reference to existing national collections and regional programmes, to assign priorities for 
surveying and collecting from these areas, and to undertake the essential surveying and collecting 
activities. Breeders need to exploit this under-utilized diversity. 

II. Some institutes (Philipines, Mexico) emphasized the benefits derived by their programmes 
through the adoption of the Course Grid Collection method recommended by IBPGR. It was agreed 
that this method would b.- used as the reference basis for natioral programmes in their collecting 
strategies. When transmitting the results of its collecting missions to the international coconut 
database, each programme will outline any modifications to its strategy resulting from physical 
constraints or scientific considerations. The network will provide svpport for analysis of these data 
if the need arises. 

Breeding 

12. Participants recommend that the national programmes provide the network with 
comprehensive information on their on-going breeding programmes to avoid unnecessary duplication. 
However, it was recognized that the flow of information would be insufficient for breeders to develop 
standardized procedures and a minimum common strategy. It is therefore recommended that the 
network convene regular regiona! working sessions for breeders to discuss and agree on further 
studies related to: 

- selection criteria, combining ability evaluation
 
- long-term breeding strategies and any other topics relevant to coconut improvement.
 

13. Participants agree on the need for comparative regional trials and for detailed assessment 
of the interactions between genotype and environment. The Group believes that these objectives 
can be addressed by a single programme of multi-!ocation variety trials. 

14. In this regard, the Group endorses the conclusion reached by the BUROTROP first African 
Coconut Seminar at Arusha, Tanzania in February 1991 and recommends that these conclusions (see 
Appendix 1II) be extended to all other coconut growing regions by establishing similar regional 
programmes. The objectives of multi-location trials are to test and compare the best improved 
varieties/ hybrids produced by national programmes across a wide range of growing conditions. The 
group acknowledges that nationai breeding programmes have different aims in accordance with local 
constraints, markets and end uses. Nevertheless, such comparisons will enable member countries to 
benefit from the breeding achievcments of others and make possible a full assessment of the genotype 
x environmL , interaction. 

15. The Group recognizes that there are specific physiological traits associated with yield, such 
as light interception, partitioning of dry matter, photosynthetic rate, nitrate reductase level and rate 
of transpiration. The Group recommends the use of these traits to investigate differences in 
performance of specific populations (eg F, hybrids compared with parent populations) in order to 
improve methods of selecting superior individual palms and populations for future breeding work. 
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DOCUMENTATION AND INFORMATION 

International Coconut Database 

16. Participants agree on the need for a single central coconut database to be developed for the
initial stage of the network. The offer by CIRAD Montpellier to act as a host for this database was 
gratefully accepted. The Group recommended that once the database became well established, the 
possibilities of splitting responsibilities for further maintenance and exteinsion of the global database 
at a regional level be examined by the Steering Committee. 

17. All data that will be incorporated into the database and the genetic material that it refers to 
is to be freely available to network participants. 

18. It is recommended that in addition to the support that the designated host provide to the
compilation, distribution and maintenance of the database, additional funding should be obtained for 
operation. 

19. Owing to the lack of information on coconut databases from participating institutes, the Group
recommends that representatives from institutes that have established databases meet at the location 
of the host with copies of their data as soon as possible to determine the descriptois that will form
the international coconut database. This will also allow the database to be established in their 
presence and difficulties to be resolved much quicker. The results of this will be reported to the 
Steering Committee as well as recommendations for further action. As a basic recommendation all 
types of available passport data should be used. 

20. Some coconut collections will need assistance to develop documentation systems. The 
identification, assessment and development of these programmes should be undertaken on a regional
basis. This will include hardware acquisition/ development, software use and development and 
training in documentation. This activity is planned to take place after the initial development of the 
international coconut database. 

21. It is recommended that the development of software for use by collections becoconut 
examined after the finalization of descriptors and establishment of the central coconut database. This 
will be freely available to all participants and will help to provide some standardization of descriptors 
and aid in !he exchange of data. 

Descriptor List 

22. As the systematic description of coconut has not been undertaken internationally it is
recommended that the revised draft descriptor list be published as soon as possible after additional 
considerations have been made by the Steering Committee. This descriptor list should be used for 
a number of years and then revised. 

23. It is recommended that the Steering Committee provide input into the draft descriptor list for 
the standardization of techniques, colour chart usage and codes, periods of observation and growth
stages and that these are passed on to IBPGR for incorpoiation into the descriptor list as soon as 
possible. 
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Directory 

24. The Workshop was informed of Burotrop efforts to produce a comprehensive Directory on 
coconut activities. Participants also learned about the intentions of ISOCRAD organizers to publish 
acomprehensive list of coconut workers. It is recommended that the network, through IBPGR, liaise 
with both the above-mentioned organizations to assess the need for any complementary action. 

Further Circulation of Information 

25. In addition to the regular flow of information between the central database and the members 
of the network, and from the Steering Committee to members of the network, the Workshop agrees 
on the need for a wider forum to circulatc information regularly on the activities of the coconut 
genetic resources network. The systematic provision of space for this purpose within the Burotrop 
Newsletter was regarded as the optimum solution. 

RESEARCH
 

Conservation and Safe Movement 

26. The Workshop identified needs for further research in the following conservation techniques: 
cryopreservation, pollen storage, dried embryos and somatic embryos. It recommends that high
priority be given to research on new in vitro techniques that will ensure complementary conservation 
methods. 

,,7. The development of safe indexing techniques for cadang-cadang-like viroids and for 
mycoplasma-like organisms is of high priority for the safe movement of germplasm. Research in this 
area is an essential part of the coconut germplasm exchange programmc. 

28. Similarly the identification of threats to genetic resources from diseases of unknown aetiology 
should be one of the regular activities of the network (see also Part II, paragraph 2). 

29. Members emphasized that it is absolutely vital for the network to be able to respond quickly 
to emerging research issues (e.g. concerning conservation methods and safe movement of the 
germplasm). Provision has been made in the budget for this purpose (see Part Ill). 

Genetic Diversity and Utilization 

30. Considering the urgent need to analyze the genetic diversity in coconut for proper collecting, 
conservation and better utilization, and considering the relative limitations of enzymatic analysis in 
this field, the Workshop gives priority to the use of modern molecular techniques (RFLP, PCR, 
RAPD) for greater efficiency (see paragraph 33 below). The network should contact specialized 
laboratories to make propos, s for comprehensive projects dealing with thi!. area. 

31. Steps should be taken to improve the recording of all existing info:mat'an on past and on­
going observations related to adaptation traits, taking into consideration environmental conditions, 
historical background, etc. A small task force of two to three scientists including a statistician and 
aplysioiogist will analyze this preliminary information and will recommend the collation of physical 
datm, if it appears that these can be exploited to good purpose. 
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32. Recognizing the value of biochemical and molecular information as indicators of genetic 
distance between populations, participants recommend the use of these techniques to aid the 
development of new F, hybrids. 

33. Recognizing the potential value of RFLP markers for important traits such as drought 
tolerance, pest and disease resistance, it is recommended that assistance be sought to identify such 
markers so that these traits might be more rapidly incorporated into superior varieties. 

TRAINING AND MANPOWER DEVELOPMENT 

34. The network needs to ensure that all member countries have appropriately trained staff at all 
levels to fulfill its plan of action. 

35. Extensive necds for training were identified in the areas of disease indexing, embryo culture 
techniques and the maintenance of collections. Training in this area is an integral part of the coconut 
germplasm exchange programme. 

36. Training on all aspects of documentation, especially data requisition and data management, 
should be undertaken. 

37. Concerning utilization, training needs were identified at three levels: technicians, junior 
researchers and senior researchers. It was agreed that the first priority should be technicians. Four 
centres (India, Philippines, Vanuatu and Cote d'Ivoire) are now in a position to offer this type of 
training. However, there are some discrepancies in the techniques used and it is certainly advisable 
to standardize such training at the international level. It is recommended that these four centres, with 
the collaboration of other scientists as required, produce a guidebook for basic germplasm operations. 

38. Participants agree that training mechanisms should remain flexible. In certain conditions, 
training can be best achieved by sending a senior scientist to the country where training is needed or 
alternatively to the centre of expertise to work on an individuial or group basis. In other cases the 
production of training materials may be a prerequisite to further action. 

39. Finally, the Workshop recommends that the Steering Committee set up a special fund in the 
future to provide one or two study grants per year for PhDs linked to the network's research 
activities. 
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PART II COORDINATION 

MEMBERSHIP 

I. Participants recommend that other coconut-producing countries not represented at the 
Workshop be invited to join the network as soon as possible. Itwas further agreed that first contacts 
will be established within the five regions which form the network (see paragraph 4 below) by
members of the Steering Committee who represent those iegions (see Appendix IV). 

institutionalize membership of the network through official agreements 

2. Membership of the network implies the following commitments: 

i) to provide access to information and germplasm; 
ii) 
iii) 

to provide access to research personnel, identify training needs; 
to maintain existing collections and inform the network of potential losses of 
accessions as early as possible; 

iv) to maintain a national database; 
v) to use common guidelines; 
vi) to report pest and disease outbreaks. 

The following benefits derive from membership: 

i) access to information and germplasm from other members; 
ii) training and staff development opportunities; 
iii) 
iv) 
v) 

access to new technologies; 
the opportunity to join collaborative activities, e.g. regional comparative trials; 
security of collections. 

3. The Workshop recommends that the Steering Committee investigate possibilities to 
with the institutes/countries.

However, it was agreed that at an early stage expression of interest from an institute holding coconut 
accessions and the sending of requested information to th~e central coconut database hereafter would 
be sufficient for the country concerned to become a full member of the coconut genetic resources 
network. 

REGIONAL COMPONENTS 

4. There was a consensus that the regional approach was the most appropriate way to constitute 
an international cocout genetic resources network. The operational division of the network into five 
regions, viz. I) Africa and the Indian Ocean Islands, 2) Latin America and the Caribbean, 3) South 
Asia, 4) SouthEast/East Asia and 5) Pacific Islands and Papua, New Guinea, was agreed. 

STEERING COMMITTEE 

5. 	 The terms of reference of the Steering Committee are as follows: 
- To further develop and elaborate the global five year programme on the basis of the 

recommendations of the Workshop and to plan the first year's activities. 
-	 To set priorities on the research areas to be covered taking into account the recognized 

research gaps. 
- To determine the priority areas for collecting and surveys in coordination with the operators 

of the central database. 
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To formulate and propose research project(s) which are of common interest to regions and/or
 
the international network.
 
To decide on the prioitization of training needs of specific member countries/regions.

To monitor, coordinate and evaluate projects in relation to existing national/regional projects.

To decide on matters pertaining to the actual implementation of particular projects, e.g.

where, when and how these projects will be conducted and who will carry out the project.

To approve and endorse annual reports prepared by the coordinator.
 

6. It was agreed that a maximum of two members per region would be represented on tie
Steering Committee. Following consultation between participants of the Workshop (at a regional
level) ten participants were proposed as members of the Steering Committee and were unanimously
nominated by the Workshop. The preliminary membership of the Steering Committee is provided
in Appendix IVof the report. It was agreed that IBPGR would contact the authorities to whom each 
proposed member is responsible in order to obtain their full approval of this new assignment and 
subsequent commitments in working time. In two cases (Brazil and the South Pacific Commission)
the two respective organizations will be contacted for the nomination of an expert. 

7. The Chairman of the Steering Committee will be elected by its members for a three year 
period at its first meeting. 

8. Members are nominated for a five year period, but each region may decide, if it wishes, to 
nominate one of its members for a two year period in order to ensure better rotation. 

9. The Steering Committee will meet once a year, though it may be convened at more frequent
intervals, especially during the initial phase, by the Chairman in consultation with the Coordinator. 
Agendas of each meeting of the Steering Committee are distributed to all members of the network for 
them to provide their comments and discuss matters of concern with their regional representatives. 

10. The first meeting of the Steering Committee will be held in Singapore. Succeeding locations 
of the Steering Committee meetings will have to ibe decided by its members during the first meeting. 

11. Associate members of the Steering Committee are regional organizations, research 
organizations and donors who wish to be involved in the development of the network. Associate 
members will participate in the Steering Committee meetings at their own expense. 

12. Decisions are taken by members of the Steering Committee on a consensus basis. Associate 
members can participate actively in the discussions and they may be called upon by the Chairman to 
participate in the decision-making process when reaching concensus proves difficult. 

COORDINATOR 

13. The Coordinator is an IBPGR staff member and as such is under the general supervision of 
the IBPGR Director. 

14. The Steering Committee delegates the responsibility for preparing activities to the Coordinator 
for preparing research proposals, yearly plans and monitoring the agreed activities. The Coordinator 
reports to the Chairman at least every six months. Any single expenditures exceeding US 20,000
dollars will have to receive the approval of the Chairman of the Steering Committee. 

15. The Coordinator is an ex officio member of the Steering Committee. 
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16. The Coordinator produces an annual report with a financial statement on expenditures of the 
network for endorsement by the Steering Committee and onward transmission to members of the 
network and to donors. 

17. The post of Coordinator will be widely publicized and selection will be done by IBPGR in 
accordance with its roles and without discrimination on grounds of race, gender or nationality. 
Members of the Steering Committee will be fully consulted once a short list of candidates has been 
established. 

18. The Coordinator will be located in the IBPGR regional office for Asia and the Pacific. 
Pending the establishment of this new regional office, IBPGR will seek to arrange a temporary 
location in Singapore. 
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PART Ill BUDGET 
(PHASE 1, 5 years) 

I) COCONUT GERMPLASM EXCHANGE PROGRAMME 5-year budget Annual 
budget 

Us $ Us $ 
Research and indexing for viroids - including 
indexing of 2000 samples/year 425,000 85,000 

Research and indexing ibr MLO's and Phytomomas ­
including indexing of 2000 samples/year 425,000 85,000 

Support to international transfer of coconut germplasm 

including embryo culture 250,000 50,000 

Technical back up and manuals 70,000 14,000 

Subtotal 1,170,000 234,000 

2) GENETIC DIVERSITY AND UTILIZATION 

Complementary collecting funds (starting 1993) 200,000 40,000 

Two regional breeder's working sessions in five regions 
(20,000 each) 200,000 40,000 

Setting up of comparative varietal trials 40,000 8,000 

Joint meeting of physiologists and breeders 30,000 6,000 

Subtotal 470,000 94,000 

3) DOCUMENTATION AND INFORMATION 

Meeting for data compilation 80,000 16,000 

National programmes: hardware and software 90,000 18,000 

Subtotal 170,000 34,000 

4) RESEARCH 

Alternative conservation techniques 
(including cryopreservation) 409,000 80,000 

Special studies for genetic diversity (development of 
molecular techniques) 330,000 66,000 
Task force for adaptation traits 10,000 2,000 

Subtotal 740,000 148,000 



5-year budget Annual 
budget 

us $ us $ 

5) TRAINING 

Coconut germplasm exchange programme 325,000 65,000 

Genetic diversity and utilization 
(complementary to existing resources for urgent needs) 50,000 10,000 

Documentation 70,000 14,000 

Subtotal 445,000 89.000 

6) EMERGENCY/CONTINGENCIES 

Timely support to maintenance of collections, 
emerging research needs, etc. 400,000 80,000 

Subtotal 400,000 80,OOG 

7) COORDINATION 

Steering Committee (minimum 6 meetings) 200,000 40,000 

Coordinator (salary and benefits) 625,000 125,000 

Travel 125,000 25,000 

Part-time secretarial assistance 50,000 10,000 

Office supplies and reports 50,000 10,000 

Subtotal 1,050,000 210,000 

Total 4,445,000 889,000 

IBPGR over- 578,000 115,000 
head 13% 

Project total 5,023,000 1,004,600 



12
 

Appendix I 	 AGENDA 

Session 1: 	 Introduction
 
Welcome
 

Opening Addresses 

CGIAR consideration of coconut research 
(G. Persley) 

Crop genetic resources networks - an IBPGR 
viewpoint (P.M. Perret) 

Session 2: 	 Overview (Chairman: S.N. Darwis)
 
Coconut genetic resources: overview
 
(H. Harries) 

Coconut improvement: needs and opportunities 

(M. de Nuce de Lamonthe) 

- Discussion 

Session 3: 	 Status of existing collections 
(Chairman: G.A. Santos) 

Southeast Asia (S.N. Darwis) 

South Asia (M. K. Nair) 

The Pacific Islands (C. Calvez) 

Latin America and the Caribbean (F. Lafayette) 

Africa (A. Sangare) 

- Discussion 
Report from BUROTROP African Coconut Workshop 
(R. W. Smith) 
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Session 5: Safe movement of coconut germplasm (Chairman: B. Been) 

Presentation of guidelines (E. Frison) 

Disease indexing (J. Randles and F. W. Howard) 

Coconut germplasm movement programme (E. Frison) 

Session 6: Genetic diversity (Chairman: G. Persley) 

Status on knowledge of genetic diversity and 
needs for further research (M. Foale) 

Phenol analysis (. Meunier) 

Session 7: Maintenance of coconut genetic resources (Chairman: T. Ovasdru) 

New maintenance techniques including in vitro 
(F. Engclmann) 

Session 8: Evaluation and utilization (Chairman: M. K. Nair) 

Evaluation and utilization of collection (G.A. Santos) 

Session 9: Identification of training needs and leading 
training centre (Chairman: R. Mahindapala) 

Session 10: Formation of three Working Groups 

a) Documentation and information 
b) Conservation 
c) Genetic Diversity and Enhancement 

- Meeting of individual Working Group 

Session 11: Report of the three Working Groups 
(Chairman: R. Smith) 
- Discussion 

Final Session: 	Approval of the report and 
nomination of the Steering Committee 
(Chairman: D.H. Van Sloten) 
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Appendix II LIST OF PARTICIPANTS 

Dr. Reynaldo G. Abad 

Davao Research Center 

P.O. Box 295 

Philippines Coconut 

Davao City Authority (PCA) 

Philippines 8000
 

Dr. M. N. Anishetty 

AGP, FAO 

Via delle Terme di Caracalla 00100 
Rome
 
Italy 

Tel :5797.4652 


Dr. B. Been 

Coconut Industry Board 

P.O. Box 204 
Kingston 10
 
Jamaica 


Dr. D. Boland 

ICRAF 

P.O. Box 30677 
Nairobi,
 
Kenya 

Phone: (254-2)521450 


Dr. Claude Calvez 
Saraoutou Research Station 
P.O. Box 89, Santo 
Vanuatu 

Dr. S. N. Darwis 
RDCIC Bogor, 
JI. Tentara Pelajar I 
Bogor 
Indonesia 

Dr. M. de Nuce de Lamothe 
IRHO 
11 square Petrarque 
75116 Paris 
France 

Mr. 0. Dufour
 
BUROTROP
 
17 rue de la Tour
 
75016 Paris
 
France
 

Dr. S. Efu
 
Dept.of Agriculture Apia
 
P.O. Box 206, Apia
 
Western Samoa
 

Dr. F. Engelmann
 
ORSTOM
 
B.P. 5045 
34032 Montpellier
 
Cedex
 
France
 

Dr. A. Garcia Escobar
 
IICA Insurgentes Sur 933,
 
4 piso Col.Napoles
 
Mexico 0381 D.F.
 
Fax: 5361000
 

Dr. M. Foale
 
ACIAR/CSIRO
 
Cunninghan Laboratory
306 Carmody Rd. St. 
Lucia Queensland 4067 
Australia 
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Appendix III 	 MULTI-LOCATION VARIETY TRIALS 
(Extract from a report of the Burotrop First African 
Coconut Seminar, Arusha, Tanzania, February 1991) 

Main proposer: Cote d'lvoire 

Associates: 	 Benin, Cameroon, Ghana, Nigeria, Tanzania 

Concerned: 	 All other coconut growing countries 

Linkage: 	 Countries in other regions, APCC 

Background: 	 Improved varieties need to bc widely tested so that 
recommendations can be made that ensure planting 
material is well adapted to the specific ecological 
conditions. Interest in this topic was first 
expressed by FAO about 11 years ago, and more recently 
by the APCC. The Philippines have already planted 
MLVT. Vanuatu also. 

Problems: 	 Genotype x environmental interactions need evaluation. 

Status: 	 Refer to Cote d'Ivoire meeting document 2 (Annex I) 

Objectives: 	 To fii:d specific planting material that is well 
adapted to particular growing conditions. 

Outputs: 	 Information on performance complemented by making the 
preferred material available for wider in-country 
testing and, in due course, the appropriate parental 
material for commercial seed production. 

Inputs: 	 Agree on trial layouts and protocols. Produce 
standard planting material for control plots. 
Concurrently, produce regional and national planting 
material for test plots. Train regional staff to 
ensure correct implementation of protocols. Group 
assessment acivities. 

Times scale: 	 Refer to Cote d'Ivoire meeting document 2. 

NOTE: 	 Disease resistance trials, agronomy trials, and 
farming research trials are also multilocational 
variety trials, but they cannot be easily combined. 
National countries will have to decide their own 
priorities. 
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Appendix IV PROPOSED MEMBERSHIP OF THE STEERING COMMITTEE 

Latin America and the Caribbean 

Dr. B. Been 

Coconut Industry Board 

P.O. Box 204 

Kingston 10 

Jamaica 


Expert to be nominated 
Centro Nacional de Pesquisa do Coco 
Praia 13 de Julho 
49.000 Aracaju SE 

Brazil 

Phone:(99)2319116, tlx: 2318
 

Africa and Indian Ocean Islands 

Dr. A. Kullaya 
National Coconut Development Program 
P.O. Box 6226 
Dar-es-Salam
 
Tanzania 

fax: (255)51-74832 

tlx: 41456 NCDP 


Dr. A. Sangare 
Station Marc Delorme B.P. 13 
Abidjan, 
Ivory Coast 
phone: (225) 368872 
fax: (225) 214368 

Southeast and East Asia 

Dr. S. N. Darwis 
RDCIC Bogor, 
Jl. Tentara Pelajar I 
Bogor 
Indonesia 

Dr. G. A. Santos 
Philippine Coconut Authority 
Davao Research Center 
P.O. Box 295 
Davao City 
Philippines 8000 

South Asia 

Dr. R. Mahindapala 
Coconut Research Institute 
Lunuwila, 
Sri Lanka 
Tel:031,5300 Fax: 9431,7195 

Dr. M. K. Nair 
CPCRI 
Kasaragod 670 124 
Kerala, 
India 

Pacific Islands / Papua New Guinea 

Dr. Claude Calvez 
Saraoutou Research Station 
P.O. Box 89, Santo 
Vanuatu 

Agricultural Coordinator 
South Pacific Commission 
Noumea 
New Caledonia 



19
 

Appendix V WELCOME ADDRESS by the IBPGR Director 

Ladies and Gentlemen, 

First of all Iwould like to apologize for being unable to attend this workshop. On 9 October 
three Governments plus Italy, our host country, are due to sign the agreement which will allow 
IBPGR to become, duriag 1992, the International Plant Genetic Resources Institute, or IPGRI, which 
will operate as a fully autonomous CGIAR Institute. You will thus, I trust, understand the reasons 
of my absence, but I am fully confident that the IBPGR delegation will make a very positive 
contribution to the ultimate objective. of this workshop, which is a consensual agreement on a concrete 
plan of action for better conservqtion and use of coconut genetic resources, based on the sharing of 
workload, responsibilities and benefits. 

Four agencies have joined with IBPGR in providing financial support for this meeting. These 
are, in alphabetical order: A.C.I.A.R., Astialia, C.I.D.A., Canada, CTA and IDRC. I would like 
to express my deep gratitude to all four, not only for their important financial contributions but also 
for their support of the concept of enhancing coconut genetic resources activities through networking. 
Iwould also like to thank two additional sponsors, namely A.P.C.C. and Burotrop, as well as IRHO, 
France which has provided help for some organizational aspects of the meeting. Last but certainly 
not least, let me express my gratitude to our host country and especially to the Agency for 
Agricultural Research and Development which has welcomed and generously provided the facilities 
for this meeting, and in particular to the Central Research Institute for Industrial Crops, our direct 
host. I would like to add a personal, and special thank you to Dr Darwis, the Director of the host 
institute, for his very efficient and effective local organization. 

Coconut has been given a high priority for germplasm collection, especially in Southeast Asia 
and the Pacific. Between 1980 and 1985 some 320 accessions were collected and planted in different 
field genebanks, mainly in the Philippines, Indonesia, Malaysia and India. However, the problems 
encountered during collecting and exchange of germplasm, mainly caused by the large size of the 
seeds, led IBPGR to initiate research on in vitro collecting and conservation of coconut with the 
following objectives: (i) to develop in vitro methods for collecting and culturing mature zygotic
embryos. The most promising prospects for the long-term storage of coconut germplasm by
cryopreservation appear to lie with immature zygotic embryos and, perhaps, somatic embryos. 

Recently IBPGR organised a training course on the collecting, conservation and 
characterisation of coconut genetic resources in the Philippines where students were taught how to 
apply the latest techniques in in vitro collecting, characterisation (including isozyme analyses) and 
conservation. 

WHY PROPOSE FURTHER ACTION ON COCONUT INTHE FORM OF NETWORKING 

As a tool for improving the global status of crop genetic resources, IBPGR has launched in 
1989 a programme to catalyse the implementation of genetic resources network based on the concept 
of the crop genepool. 

The network is conceived as a partnership in learning and problem solving. Its activities are 
not only based on exchange of information on methodologies and results and the scientific consultation 
in planning, but also includes the sharing of material and data and defined commitments for all 
partners of the network and also the acceptance of special duties/responsibilities by the partners which 
are most advanced, in the best position to provide services which will bring benefits to all participants 
of the network. 



20 

Up to now, fully operational networks have been catalysed by IBPGR for Beta, barley, Musa
and rice, whereas an okra network and a sweet potato one for Asia and the Pacific network are now
established. Further efforts are being continued for the implementation of maize, medics, groundnut
and cassava genetic resources networks. We have also played an advisory role in the implementation
of the potato network which is at this stage focusing its activities on the Americas. 

IBPGR will continue to catalyse the creation of crop networks on request, but it is also
prepared to play from now on a leading role in the follow-up of some of them when requested by 
participants. 

I hope that the recommendations of this workshop will lead to the implementation of a global
plan of action for coconut genetic resources, including further exploration of its genetic diversity
(from a collecting as well as from a research point of view), safer and more effective conservation 
and better use of the germplasm. There is no doubt that all operational matters of such a plan of 
action cannot be fnalized within the coming four days but clearly we can expec, , significant start.
In my opinion this inaugural meeting should concentrate mainly on two aspects: firstly the 
identification of major constraints leading to the formulation of well d:fined objectives, assigning
priorities whenever possible, and secondly, equally important, the definition of the ntodus operandi
of the network. The election of a Steering Committee is, to me, a first essential step. Such Steering
Committee should have a mandate to initiate and monitor the agreed activities, proceed further with 
the formulation of additional activities designed to achieve the Network's objectives, and subsequently
address donors on behalf of all members to secure the additional funds needed. In summary it should 
act as the focal point for collaboration and donor support. Preliminary agreements reached during
this meeting on the nature of commitments of each partner within the network, on rules and principles
for the circulation and exchange of genetic material and of related information, will greatly facilitate 
the task of this committee. 

The enthusiasm and initial proposals of the members of the Organizing Committee of this 
meeting, whom I would like to thank, have shown that the objectives of this meeting are not over­
ambitious. The fact that the Technical Advisory Committee (TAC) of the CGIAR has recommended 
that an international coconut network be launched also proves the high interest of the CGIAR towards 
this initiative. 

Finally I want to assure you of IBPGR's willingness to be actively involved in the 
development of the network's activities. To the extent possible, we are willing to place our expertise
and facilities at the disposal of the network. We fully recognize the importance of coconuts to 
millions of small-scale farmers, as well as to te livelihood of many others involved in the processing
and marketing sectors. Within the limits of our mandate and the available resources, we stand ready
to consider, very positively, any role that the network members might wish us to assume. 
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Appendix VI CGIAR Consideration of Coconut Research 

G.J. Persley 
Agriculture and Rural Development Department 
World Bank, 1818 H St., N.W. 
Washington, DC 

INTRODUCTION 

The purpose of this brief presentation is to set the scene for the meeting, by giving a brief history
of the considerations of coconut research by the Consultative Group for International Agricultural
Research (CGIAR). It has been a long and winding road that has led us to this meeting today in
Indonesia. The CGIAR first considered coconut research in the mid-1980s. The review of the 
CGIAR priorities and future strategy, the CGIAR Technical Advisory Committee (TAC)
recommended that coconut was one of three new commodities appropriate for international research 
support (the others being fisheries and tropical vegetables). After accepting the 1986 priorities report,
the CGIAR then requested TAC to give further consideration to the scope and institutional 
arrangements for an international research initiative on coconut. 

TAC subsequently requested the Australian Centre for International Agricultural Research 
(ACIAR) to assist it in its further deliberations on coconut research. During 1988-89, consultations 
were held by ACIAR with representatives of producing countries, development agencies, research
institutions, and regional and international organizations. These consultations included participation
by ACIAR in the technical meeting of the Asian and Pacific Coconut Community (APCC) in Bangkok 
in May 1989. 

Also, a special meeting among representatives of national research programs was convened by
ACIAR in Singapore in September 1989, with the assistance of APCC and the International
Development Research Centre (IDRC). Some of those here today attended the Singapore meeting. 

TAC considered three papers on coconut research in 1988, 1989 and 1990, prepared by ACIAR
in the light of these consultations. These papers are synthesized in a working document for this 
meeting, entitled "Replanting the Tree of Life: Toward an International Agenda for Coconut Palm 
Research." 

In 1988, TAC was requested to consider a major expansion of the CGIAR systen to include not 
only the three earlier priorities (tropical vegetables, fisheries, and coconut) but also agroforestry and
forestry, soil and water management and other commodities, such as banana and plantain. 

In 1990, TAC made several recommendations to the CGIAR on coconut research, in the context 
of the proposed expansion of the CGIAR system. In summary, TAC's recommendations were: 

I. 	 A modest international initiative on coconut research should be established, under the 
auspices of the CGIAR. The rationale for international support for coconut research is 
based on the importance of coconut as a subsistence crop, a cash crop in many
countries, and as 	 aa component of long-term farming systems on coastal lands, also,
large number of the producing countries are small island countries where coconut 
contributes at least 50 percent of total export earnings, and 	 there are few alternative 
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crops for these fragile ecosystems. Thus, TAC considered that the importance of 
coconut was greater thai it would be if judged only by the value of its production. 

2. 	 The priority research areas which merit an international effort are: 

a) 	 germplasm collecting, conservation, evaluation, and enhancement; 

b) 	 disease and pest control, especially in regard to the lethal diseases; 

c) 	 the productivity and sustainaLility of coconut-based agroforestry systems; 

d) 	 post-harvest handling and utilization; 

e) 	 socio-econoniics (a socio-economic component should be included within each of 
the above research areas). 

3. 	 In terms of institutional options, the recommendation of the consultations commissioned 
by ACIAR in 1988-89 was that the most desirable institutional option would be to 
establish an "International Coconut Research Council." Its purpose would be to identify, 
support, promote, aid undertake priority research of global significance on coconut. 

(This would be similar to the International Network for the Improvement of Banana and 
Plantain-INIBAP, which has recently become a member of the CGIAR system). 
TAC agreed that this comprehensive approach to coconut research would be the most 
desirable option in the long-term. However, in the present climate of the CGIAR, when 
it was considering expanding its mandate to include agroforestry, forestry, and several 
other new commodities, it would be more prudent for TAC to recommend to the 
CGIAR that an international initiative on coconut research be established within the 
framework of existing international institutions. 

4. 	 TAC considered that the first priority should be given to coconut germplasm research. 
As a first step, IBPGR should be invited to strengthen its work on coconut genetic 
resources.
 

In October 1990 the CGIAR accepted TAC's recommendation on the desirability of having an 
international initiative on coconut research. A group of donors (ACIAR, IDRC, CIDA, CTA)
subsequently agreed to co-sponsor, with IBPGR, a planning workshop for an international network 
for coconut genetic resources. The Agency for Agricultural Research, through its Central Research 
Institute for Industrial Crops in Indonesia, kindly agreed to host such a' meeting. 

IBPGR Crop Networks 

In recent years, IBPGR has reconsidered its approach to plant genetic resources. Some genetic 
resources conservation activities could be perceived as a sophisticated form of stamp collecting. 
Seeds are put into little packets and stored in a refrigerator, never to be looked at again. IBPGR's 
concept in establishing "crop genetic resources networks" is to make the link between the collectors 
and the users of genetic resources. IBPGR's strategy is to establish a series of internatioial crop 
genetic resources networks, linking scientists in national programs, and enabling them to collect, 
conserve and evaluate genetic resources and make them available to breeding programs for further 
use. IBPGR has fostered the establishment of several such crop networks over the past two years, 
and it has indicated its willingness to extend its experience to genetic resources of coconut. 
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The overwhelmingly positive responses to the invitations to participate in this meeting from some 
40 people from all parts of the world suggest that there is also a belief among coconut researchers 
that there would be value in establishing an international coconut genetic resources network, and that 
the time is right for this initiative. 

The key elements which we should bear in mind in considering the establishment of an 
international network are that: 

1.All members agree to participate and share in the work of the network as equal partners. 

2. 	 The network's activities should focus on those international aspects of genetic resources work 
which will bring added value to existing national efforts. 

In terms of our work here this week, the focus of the discussion needs to be on: 

I. 	What needs to be done? 
2. 	 Who should do it? 
3. What will it cost? 
4. 	 Who will pay for it? 

Competition 

It may be helpful o raise a few points in regard to competition. Agreement among all 
participants on the components of the international program is a key requirement along the way to 
preparing a cohercnt case for support for coconut research. 

Commodity competition 

Coconut isused to competition; as a commodity it competes (not always successfully) with other 
tropical oils, and the temperate oilseed crops. 

Coconut is also in competition with other commodities for the research dollar. What this means 
is that those concerned with coconut need to prepare a coherent case for support for coconut research, 
as this case will be considered in competition with proposals from equally ardent supporters for 
research on ba',:nas, fish, forests, vegetables and many others. 

Indeed, coconut was ranked approximately forty-third among tropical commodities, when ranked 
by TAC on the value of its production alone. TAC recognized that the production figures grossly
underestimated the real value of the species; these figures did not take account of the financial value 
of its many by-products, its sociai "alue in many countries and its environmental value in coastal and 
island ecosystems. Therefore, TAC concluded that the importance of coconut was much higher than 
when its value was judged on the basis of production statistics alone. 

National competition 

For the preparation of an international program for coconut research, it must be borne in mind 
that coconut exporting countries are also competitors in world markets. This may mean that there 
are commercially sensitive areas which are not appropriate to include in an international program; we 
should focus our discussion on idenitifying those areas where there is agreement on the value of an 
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international approach to the research problems, and where there will be free exchange of research 
results. 

International competition 

The other element is the potential competition among the various institutions concerned with 
coconut research. There are several national, regional and international institutions with varying
sponsors, responsibilities and cap ibilities. When one reflects on the five priority areas identified by
TAC as being appropriate for inte -national support, [1) genetic conservation and utilitization; 2) pests
and diseases; 3) sustainability of coconut-based agroforestry systems; 4) post harvest aspects; and 5)
socio-economics] it is clear that there is much work to be done. Therefore, we need to avoid any
perception that different institutions are competing with one another the same programs. Rather, we 
need to agree on who will take responsibility for doing what. 

This must be the most comprehensive group of coconut researchers assembled in the last 20 
years. One of the advantages of meeting here in an attractive but isolated location in the hills behind
Bogor is that we have nothing to do except talk to one another and think about coconut research.
Thus, this should provide the ideal opportunity to decide who is going to do what, and to resolve any
incipient conflicts. 

"'onclusion 

Two recommendations are made in "Replanting tie Tree of Life": namely, that in order to turn 
recommendations into reality, what needs to be done is to: 

1. establish an international coconut genetic resources network under the auspices of IBPGR; 

2. establish a "Coconut Donor Support Group" among members of the CGIAR with particular 
interests in coconut research. 

This week we shall be working on the first recommendation. 

In regard to the second recommendation, a group of donors interested in coconut research will
be meeting at the World Bank in Washington, D.C. on 31 October 1991 at the time of the CGIAR
annual meetings. It would be most helpful if the group this week focused on the questions of 1)what
needs to be done; 2) who will do it; and 3) what it will cost. The donor representatives here can then
take the specific recommendation of the meeting on these issu.es to the donors meeting in Washington.
The Washington meeting wiP1 provide an opportunity to seek some additional financial support for an 
international coconut genetic resources network. 

Over the past two decadc there have been several attempts to establish an international research
initiative on coconuts. Meetings have been held, proposals have been prepared, but when it comes 
to the point of establishing a sustained effort to bring additional resources to bear on the global
problems facing the crop, all these efforts have lapsed. This week we have a unique opportunity to 
make it over that last hurdle. 

At my first meetings with TAC in India in June 1988, 1 told a story which I first heard in the
Philippines about when the time comes to replantr the coconut palms, the grandfather takes his
grandchildren out to teach them how to replant coconuts. The next time replanting is required, say
in 70 years time, it will be those grandchildren who will have to do it (and teach their grandchildren, 
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and so the cycle of life continues). At the time, 1said to the members of TAC that I hoped we did 
not have to wait for our grandchildren to see an international program on coconut research 
established. When I told that same story to some of you in Singapore, someone said, "Actually, we 
have become grandfathers over the time that we have been going to these meetings." So, I can only
repeat what I said then - that this may well be our last chance to establish an international effort on 
coconut research. If we fail, we may indeed have to wait for our grandchildren to see such a 
program established. Best wishes for asuccessful meeting. 
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Appendix VII THE COCONUT GENETIC RESOURCES NETWORK:
 
AN IBPGR POINT OF VIEW
 

P.M. Perret
 
IBPGR Crops Network Coordinator
 

INTRODUCTION 

The launching of new initiatives on coconut has been of high concern to the CGIAR since 1985 
and more specifically in its Technical Advisory Committee (TAC). The latter, as you already know, 
asked IBPGR in 1990 to strengthen its work on coconut genetic resources by the establishment of a 
specific crop network. Hence IBPGR is expected to present to TAC a detailed proposal for the 
establishment of this network which could be funded as aspecial project by a consortium of interested 
donors. 

In the spirit of our programme for launching crop genetic resources networks, we are therefore 
convening this workshop for participants to discuss the form and extent of cooperation to agree on 
a consensus basis on a plan of operation which will form the backbone of the network and to further 
define its rules and modus operandi, if the formation of a network is agreed upon. 

Without preempting on recommendations of this Workshop which will be transmitted to TAC 
for its conside,'ation, I feel the necessity, as IBPGR Crop Network Coordinator, to emphasize afew 
points whic'i may be key elements for the future viability of a coconut genetic resources network. 

A PLAN OF ACTION 

The consensus on a plan of action with well-defined objectives isan obvious requirempit for the 
concrete development of the network. Such a plan of action has to be based on tie involvement of 
all concerned parties but primarily it will depend on the interest of national programmes which are 
sources of the germplasm and which are directly responsible for the provision ot' suitable material to 
the farmers. Those responsible for the national programmes have therefore t, see clear benefits if 
not immediately at least in a mid-term in directly participating within the network and thereby 
accepting some commitments and duties. 

The plan of action should include four aspects which are interdependent of each others. Those 

four aspects are: 

(i) The implementation of an international database on coconut genetic resources. 

(ii) A world-wide strategy for rational and safe conservation of the germplasm. 

(iii) Collaborative activities for better use of genetic resources. 

(iv) A research programme to solve most common bottlenecks. 

Since specialists in the respective areas will develop those aspects in the two coming days,
including suggestions for concrete action, I will outline only a few remarks of general relevance. 
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(i) The implementation of an international database on coconut genetic resources. 

Fast progress in this field is a sine qua non condition for the development of the 
network. Indeed only the collation of available data on genetic resources and its 
characteristics, and thereafter the analysis of those data, will allow further meaningful
expansion of collaborative activities for collecting, conservation and use. 

In the first stage, a minimum set of descriptors considered as essential to reach 
priority targets agreed by each participant should be defined. A commitment from 
an Institute to establish and maintain an international database and/or of several 
institutes establishing regional databases should be obtained. 

As a basic rule, the provision of required data to the central or regional databases
should also mean in principle free availability of the related material on the 
assumption that the phitosanitary requirements can be fulfilled for its exchange.
Membership of Institutes/national programmes in the network and hence full access 
to germplasm and its related information from other members of the network, could 
become effective with the sending of their data on their genetic resources to the 
designated database. 

ii) A world-wide strategy for rational and safe conservation of the germplasm. 

As a matter of fact, the existing ex situ coconut collections dispersed all over the 
world already constitute altogether the world-wide collection. What is called for 
within the network is that those responsible for each of those collections coordinate 
their activities inorder to share the workload and responsibilities for maintenance of 
the available material. An operational division of conservation efforts, avoiding
costly duplications and focusing on the most relevant material, may be a long-term 
process which will also depend on research results, with identification and cleaning
of diseased germplasm, with alternative conservation methods and with better
understanding of useful genetic diversity. Nevertheless the main lines of a 
conservation network could already be agreed at this Workshop, for example some
existing coconut field genebanks could assume, at a regional level, responsibility for 
safe "duplication" of the material identified as most original for maintenance ofor 
unique accessions which cannot be conserved by any other national programme from 
the region. 

ii) Collaborative activities for better use of genetic resources. 

There isno real incentive for anational programme to endeavour to maintain its local
material for the international community, if it isunable to exploit locally the wealth 
of available germplasn due to lack of funds or insufficient number of coconut 
specialists. Thus, the implementation of enhancement activities primarily oriented for 
fulfilling needs of coconut producing countries which cannot afford to sustain alarge
breeding programme is absolutely necessary for a network to be international. The 
sharing of workloads for conservation of the material to the benefit of the wealthiest 
breeding institutes is not defensible, either from an ethical point of view or from an 
operational one. 

It must also be emphasized in conclusion that meaningful enhancement can only be
done in full cooperation with extension services, agronomist industries, in short it 
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needs to take due account of all socio-economics aspects of coconut producing
countries. It is thus the vocation of a coconut genetic resources network, once 
established, to become the component of a larger initiative on coconut, or, at least, 
to search for dynamic interactions with other circles dealing with coconut. 

(iv) Research programme to solve most common bottlenecks. 

It is well known that compared to other oil-producing crops, coconut has received 
until now little attention and funding at an international level. Indeed there are so 
many research topics which need attention that prionies will have to be established 
by the Workshop. Without precluding on your conclusions, it seems that high
priority should be assigned to phitosanitary research for ensuring safe exchange of 
germplasm and hence an operative international ceaservation's network. Alternative 
conservation methods to field genebanks and any other research programme on use 
of germplasm for which results will benefit to a large majority of coconut producing 
countries also seem to be high ranking. 

That research may need to be commissioned to specific institutes, but the 
opportunity to involve national programmes, also through training components, should 
be given priority. 

STRUCTURE OF THE NETWORK 

All details of the global plan of operation of the network cannot be finalized within the few 
days of the Workshop and specialist groups may need to be established for further formulation of the 
projects. Many activities of the network, for example those regarding conservation can be regarded 
as a means of gaining maximum return from resources which are already committed. However,
nobody will contest the stringent need for supplementary funding to implement new initiatives such 
as research projects but also to help national programmes to fulfil all their commitments and 
responsibilities within the network. A network Steering Committee should be elected with the 
mandate to initiate and monitor agreed activities, proceed further with the formulation of additional 
activities designed to achieve the network's objectives and subsequently address donors on behalf of 
all members to secure the necessary funds. It should also be the mandate of this Steering Committee 
to reconvene plenary meetings for assessing the development of activities, proposing and promoting 
new alternative projects and modifying, if necessary, the nework's rules and structures. 

In conclusion to this short presevtation, i can only repeat the statement of the IBPGR Director 
in his welcome address: "In the limits o. our mandate and the available resources, we stand ready to 
consider very positively any role that the network members might wish us to assume". 
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Appendix VIII COCONUT GENETIC RESOURCES: OVERVIEW
 

Hugh C. Harries 
International Coconut Cultivar Registration Authority 
(ICCRA), P.O. Box 6226, Dar es Salaam, Tanzania 

ORIGIN 

An origin on the tropical coasts and off-shore islands of Gondwanaland can account for the lack of 
close botanical relatives to Cocos nucifera L. on any modern continents. 

DISSEMINATION 

Dissemination of the original wild-type by floating accounts for particular plant habit and fruit 
characteristics and locations on isolated islands across both Pacific and Indian Oceans. 

DOMESTICATION 

The coconut was possibly associated with man at early evolutionary stage, probably in the Asian-
Pacific region known as Malesia. 

DISPERSAL 

The movement of the domestic-type of coconut by early mariners accounts for the presence of other 
plant habit and ruiting characteristics at new locations (not reached by floating coconuts) as well as 
movement of pests and diseases. 

INTROGRESSION 

Introgressive hybridisation between the two contrasting types, and between subsequent gLnerations 
of the progeny, accounts for much of the variability encountered wherever the coconut grows. 

LOCATIONS 

The presence of fossils and archeological remains in New Zealand, India, Borneo, Papua New Guinea 
(2sites), Vanuatu and elsewhere in the Pacific can throw light on both human migrations and coconut 
evolution. 

CLASSIFICATION 

A number of classification systems have been attempted. The first ones were based on physical 
description, followed by botanical latinisation as typica, nana etc. These were simplified to habit 
descriptions such as tall, dwarf and hybrid or pollination categories such as allogamy and autogamy.
The use of fruit component analysis (FCA) identified the wild, domestic and introgressed types
mentioned above. It remains to be seen if isozymes, polyphenols and other analytical techniques can 
confirm any of the foregoing methods. 



30 

MOVEMENT OF GERMPLASM 

A time-table of coconut germplasm movement can be constructed: 

1,000 years 
- Polynesian 

500 years 
- Portuguese 
- Spanish 

100 years 
- German 
- British 

60 years 
- almost all coconut growing countries 

EXCHANGE 

The exchange of coconut germplasm in recent years has been recorded by a number of organisations: 

1969-82 FAO Coconut Breeders' 
progress reports. 

Consultative Committee issued annual 

1987-88 IBPGR/FAO held two working groups on genetic improvement. 

1990 Establishment of an Inte
Authority (ICCRA). 

rnational Coconut Cultivar Registration 

CONSERVATION 

The future of coconut conservation was considered at an IBPGR meeting in Jamaica (1976), and 
another in Rome (1978). The current meeting marks a revival of IBPGR concern. 

UTILISATION 

The topic of coconut germplasm utilisation was first rai, 4 internationally by the South Pacific 
Commission in 1953. 
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Appendix IX COCONUT IMPROVEMENT - NEEDS AND OPPORTUNITIES 

M. de Nucd de Lamothe 
Directeur-Adjoint des Relations Extdrieures
 
CIRAD, Paris France
 

I INTRODUCTION 

Coconut genetic improvement is a complex, longwinded task due to the plant's biological 
constraints, notably: 

- the length of the growth phase, meaning that 8 to 10 years, and sometimes even 12 to 14, 
elapse between generations, which is important if the production potential of varieties is to 
be studied; 

- the lack of a vegetative reproduction system and the low ability to reproduce from seed (150 
to 200 times lower than that of oil palm), meaning that large numbers of parents are needed 
to produce seednuts; 

- the fact that allogamy is predominant, but not strict, even in common "Tall" type coconuts, 
hence a variable and unpredictable proportion of selfs is obtained during open pollination; 

- large, heavy seeds without a dormancy period, which considerably limits germplasm 
exchanges;
 

- the bulk of the plant once adult, which calls for large experimental areas: for one trial 
involving 7 hybrids and a control, 10 ha are necessary at each experimental site, and I ha 
of seed garden only produces enough to plant 10 ha per year. Agermplasm collection takes 
1/2 to 2/3 ha per accession. 

II The current state or research on coconut genetic improvement 

Many national coconut research centres and organizations have contributed, and are still 
contributing, to the search for agricultural information (nutrition, cropping techniques, coconut-based 
farming systems), crop protection and - to a lesser extent - post-harvest processing. It would be 
difficult to name all of them, but their contributions, even those limited in terms of time, have enabled 
progress to be made. Costs are low, as experiments can very often be carried out on growers' land, 
with contributions from the growers. 

The same cannot be said for genetic improvement, where: 

- most of 'he work has to be carried out on stations covering several hundred hectares; 

- programmes are always long-term and call for continuity in funding, which few national 
centres have so far benefitted from; 

- implementation of these programmes calls for cooperation and exchange agreements, which 
have rarely been signed. 
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This explains the considerable lack of genetic improvement incoconut research, as shown by the 
increasing gap between oil palm and coconut productivity. 

It is worth mentioning the pioneering role playe by centres such as CPCRI and its predecessors 
in India and CRI in Sri Lanka. Certain centres have made an interesting contribution, but over much 
too short a time, such as CIB in Jamaica and JCRS in the Solomon Islands. Even after 30 to 40 
years, the Marc Delorme Station in C6te d'lvoire and Saraoutou in Vanuatu, which are members of 
the informal network set up by IRHO, are still amongst the most active centres, implementing a 
coherent, continuous, long-term breeding programme. 

All the centres are facing financial difficulties, and it is not clea- whether they will be able to 
continue to maintain the achievements made to date: collections of original and improved material, 
parent tests under way, multiplication programmes. 

III Research requirements 

1 Gergnplasm collections 

The research centres currently only have access to a small proportion of the 
variability that exists within the species. Indonesia, the Pacific and - to a lesser 
extent - the Philippines are vast sources that have so far remained practically 
unexploited. The situation is all the more serious in that certain accessions are 
now in danger of dying out, due to the extension of the most widely grown 
varieties of hybrids and to urbanization. 

It seems essential to carry out surveys in the most threatened areas as soon as 
possible. 

The description of the existing collections that is due to be given will show their 

diversity and also their major weaknesses. It is essential to: 

- promote exchanges and the techniques that enable or facilitate exchanges; 

- define all the technical criteria to be applied, from the choice of the
 
original population, sampling and sample size to preserving accessions;
 

- organize an international network to ensure the effective preservation of
 
genetic resources and enable their use.
 

Experience has shown that, without permanent external technical and financial 
support, the existing research centres cannot preserve coconut genetic resources. It 
is undoubtedly the international community's duty to help them to be better 
organized, but also to contribute to the long-term financial effort. 

2 Improvement programmes 

There is a clear need for discussions at an international level, to decide on a long­
term coconut genetic improvement strategy. It is no longer enough to carry out a few 
hybrid trials between local coconuts, planted in a given environment, and consider 
them as improvement programmes. It is essential to propose improvement schemes 
and develop programmes that satisfy current and future development requirements. 
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Coordination on an international level would be most useful for exchanging 
information and planting material, defining the aims on an international or regional 
scale and preventing pointless duplication. It would also cover supervision of 
researcher training and exchanges. 

3 Multiplication programmes 

Resarch results arc only of use to development if it is possible to ensure the 
multiplication and distribution of improved material adapted to each ecology. Parent 
multiplication programmes by selfing, intercrossing or somatic embryogenesis will 
have to be developed at acertain number of centres, to serve the sites that produce
>1lanting material intended for plantations. 

IV Proposals 

I Creation of a genetic resources network 

New surveys, the creation or extension of collections and the assessment and 
preservation of the different accessions cannot be carried out effectively unless an 
international network is set up to guarantee the quality and continuity of the work 
carried out. 

2 Formulas could be considered: 

- The less complex option would involve choosing one or two centres for each major 
producer region, to be used as bases in the international network, at the head of a 
regional sub-network. The four or five bases in the network would ensure the 
preservation and duplication of the accessions through carefully planned exchanges 
(possibly involving quarantine stations). They would constitute a reserve and source 
of supply of planting material for breeders in each region. They would be guaranteed 
at least partial international funding. 

A supervisory committee aid secretariat would have to be set up. 

- The more complex formula would consist in setting up an international collection in one of 
the producer countries. The base set up would manage the network, overseen by a 
supervisory committee. 

In any event, it isclear that the current situation cannot continue without causing major 
problems, and that the possible solutions are technically and financially beyond the 
reach of isolated centres. 

2 Genetic improvement stationq 

The current situation does not give cause for optimism as regards the chances of seeing 
a number of coconut research centres developing and organizing themselves along the 
lines mentioned above (111.2 and 11i.3). 
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An attempt could be made to step up certain national programmes, but shifts in
governmental research policies are a considerable risk. The best solution from a
technical point of view would obviously be an international genetic improvement centre 
to guarantee the long-term continuity of research by ensuring top-level external
collaboration so as to reduce costs (universities, laboratories and other research 
organizations). 

The national centres would use the results obtained, adapting them to their own local
conditions (participation in multi-site trials, the search for disease tolerance, etc.) and 
ensure improved planting material production for growers. 

Any intermediate solutions could obviously also be considered. 

V CONCLUSION 

Coconut will only be able to maintain its position on the competitive international market if itsproduction potential is markedly improved. The crop's importance for millions of smallholders
should prompt the international community to look at ways of achieving this. 
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Appendix X Documentation: General Introduction Paper 

Mark Perry 
IBPGR Documentation/Information Coordinator 

I. Introduction 

The purpose of this paper is to present a general overview on documentation and information 
management in relation to crop network activities. The discussion will be very general and will 
provide some concepts that may generate discussion and possible action during the workshop. 

This paper will cover the following general areas related to documentation and information 
management: 

1. Why information is important 
2. What documentation is 
3. Specific types of genetic resources data 
4. The reason for central data management for network activities 
5. How to proceed with documentation activities in coconut 

Documentation of plant genetic resources data and its importance 

It is well recognized that all types of information related to plant genetic resources increase the 
usefulness of these plant genetic resources to regular and potential users. The availability of data 
describing conserved germplasm aids administrators, curators and users in monitoring inventories and 
seed germination, tracking requests for and shipping germplasm, assessing the genetic diversity in the 
collections (hence enhancing utilization and future collecting), selecting material for utilization, and 
coordinating activities between collections. The availability of reliable accession-specific information 
generally increases the potential accessibility, utlization and cost-effective conservation of genetic 
resources. 

For these reasons, it is obvious that the information on plant genetic resources is almost as 
important as the genetic resources themselves. The proper management of these data is important to 
ensure the accessibility and accuracy. How this information is managed is dependent on the amount 
of information, the method used for its management and the need for fast access and/or rationalization 
of it. 

Documentation of genetic resources refers to all functions related to the acquisition of data on 
germplasm samples, the classification (ordering) of the information, the storage and management of 
the data and the provision of the information to users of germplasm and others in the scientific 
community. 

III. Important type of data 

A. Data generating activities 

Genetic resources data are generated during the following activities: 

i. 	Plant collecting and introduction, The activities are responsible for accession origination, 
either in the field (collecting) or as the accession enters a country or institution where it will 
be maintained (introduction). 
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2. 	Characterization and evaluation trials. These activities are used for description of the genetic 
resources. They assist in the maintenance and use of the genetic material and are the basis 
for the rationalization of the genetic resources held in collections. 

3. Management of collections. These activities are essential for maintaining the viability of the 
genetic resources and their distribution to users. The activities, among other things, monitor 
the condition (viability, amount of stock, location of stock, etc.) of the genetic resources. 

B. Categories of genetic resources data 

The usefulness and exchangeability of any kind of data depends on the use of a standardized 
language. In plant genetic resources work, this language generally takes the form of crop descriptor
lists. IBPGR has been responsible for publishing over 60 such lists for various crops, all of which
have been developed and/or reviewed by international crop experts. Each of the lists has follow 'd 
astandard format for descriptor categories. The following are now used: 

I. 	Passport. These descriptors are used to describe characters of the accession observed at the
time of original field collection or those important when an accession is bred. They include 
the original identity of the accession (scientific name and collector's number) as well as the
identifier assigned to the accession after it enters into a collection. In the IBPGR descriptor
lists, they include both the accession and collection data sections. 

2. Characterization. These descriptors define characters that are highly heritable, that can be
easily seen and are equally expressed in all environments. For many highly inbred species,
data for these descriptors can be collected during multiplication trials, but more commonly
they are collected during characterization trials. 

3. Preliminary evaluation. These descriptors define characters that have beer, identified by
experts as important to the description/identification of the accession. It may be possible to
visually assess or easily measure these, but they are generally environmentally influenced. 

4. Evaluation. These descriptors define characters that ire linked to breeding programmes.
They require replicated trials for their accurate assessment. Because crop use varies from 
country to country, these descriptors are used or not depending on their importance within 
a particular country or region. 

5. 	Management. These descriptors are used to assist in stock control of collections. They help
to determine and assist in the management of multiplication and regeneration trials and when 
these should take place and in the recording of the distribution of material into and out of the 
genebank.
 

6. Generalon c.llections. Besides descriptor type ;nformation, data on the collections that hold 
material of a particular crop are very useful for .ocating alternative sources of germplasm and 
for providing asl~trt in locating other people wo, lg on similar crops. IBPGR has published
this type of information in its "Directories of germplasm collections". The information 
collected includes the complete name, address, contact numbers, a summary of the holdings
(genus and species names, geographical distribution of the material, documentation status, and 
quarantine restrictions that might apply). 
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IV. C.¢ntral crop datlawses 

A_. 	 Introduction and current databases 

For the purpose of this paper a central crop database is defined as: the database that results from 
compiling piedetermined accession-specific data from many collections holding the chosen crop. In
the past several of these have been compiled with IBPGR influence and support for many crops with 
va:,ying degrees of success. After the launch of IBPGR's crop network concept, the forration of 
these Jatabases has been considered by the network participants as an important primary activity 
necessary for directing and identifying the long-range goals of the network. 

The databases that are currently underway in conjunction with an IBPGR crop network are: 

barley, maize, Beta, rice, groundnut (wild Arachis), okra, Musa 

Other important central crop databases that have been compiled under other projects or 
arrangements are: 

Wild wheat and Aegilops, Mediterranean forages, Cucumis, Cocoa, Citrus 

Also to be noted are the European databases in the framework of the ECP/GR (Avena, 
sunflower, Allitun, forages...). 

B._ 	 Concepts and uses 

The rapid advances in computer technology and its increased availability have enabled the use 
of relatively powerfil microcomputers in many remote areas of the world. This has made the 
numerous advantages of integrating data or, germplasm held in different centres into one computer
database even easier to realize. General concepts behind the compilation of these databases we re 
developed early by IBPGR. These include: the databases should be organized separately for each 
crop and they should be located in an internationally recognized "centre of excellence" for the crop.
The final point helps to ensure dedicated support for the database and mak,.s available expertise for 
the verification of the data. 

Central crop databases have no purpose unless they are goin, to be used. In the context of a
network of collections, they can act as a tool to guide the networc activities and as a service to 
breeders tha, are cithei participants in the network or will be users of the data. a tool forAs 
management the database provides a means to: 

1. 	 Assess the current status of conservation a: .i characterization of the genetic resources 
in all participating collections; 

2 	 Provide an indication of juplication (including intentional security duplication) of 
material between collections; 

3. 	 Provide an indication of gaps that may exist in the representation of geographical 
provenance area of origin or phenotypic/genotypic variability among collections as well 
as study the phenotypic/genotypic variability inherent in the collection; 
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4. Assess the regeneration requirements at an international levcl. 

As aservice to breeders, the central crop database can provide current information on the content 
of specific collections and assist in the selection of germplasm that possesses specific attributes. 

C. Compilation of central crop databases 

Ctzural crop databases are compiled on an accession by accession basis usually by participating 
collections providing data for a number of descriptors on all the accessions of the crop in their 
collection. Because of the time that must be devoted to the incorporation of data, all participants
usually agree on a limited number of passport descriptors that will help the network realize certain 
agreed upon objectives. It is not realistic to consider developing a central database that tries to 
maintain information on all descriptors that may be found in asingle descriptor list. 

Because most collections have already compiled passport descriptors to some extent, these are 
us~Ially the ones the network gives priority to. Passport descriptors definitions are unambiguous
relative to characterization and evaluation descriptors. They are also a good source of information 
which may help to fulfill some of the initial objectives of the network. 

Characterization and preliminary evaluation descriptors are also useful, hut tne resulting data 
were usually compiled differently from collection to collection due to different descriptors definitions 
and the wide variation in the descriptor states that may be used. Direct and accurate translation into 
acommon format iseither difficult or not possible. It isgenerally not feasible to consider compiling 
other types of information into a central crop database, but this is dependent on the crop, the initial 
state of participating databases, and the organizational infrastructure of the network. 

If the data from individual collections isnot ina computer readable format, the network should 
facilitate this. All collections should also be able to utilize the database that isestablished. This, in 
general, means that the network has the responsibility to provide suitable hardware and software to 
collections that do not have it and cannot facilitate its acquisition themselves. Training in its use 
should also be provided. 

After the network participants have determined the objectives of the network including the 
establishment of a central crop database, the current state of participating collections should be 
determined. This is done to review the descriptors used, the proportion of the records that are in 
computer-readable form, the number of data records and the amount of work that the project islikely 
to take. The descriptors of most importance to the network objectives should then be determined. 
A host for the central crop database should then be designated. Funding for the compilation of the 
database should be found. After it iscompiied, the database should be distributed to all participants.
During a future meeting, the status and redefinition of the objectives of the network can be made and 
the database assessed. 

The database host should be willing to provide long-term, continuous effort towards the database. 
This includes provision of computer facilities and the expertise necessary to compile, rationalize and 
distribute the database. It must also be willing to maintain open channels of communication with data 
suppliers, verify the data against accepted standards and process requests for information. This 
generally requires up to full-time involvement of both crop and/or data processing experts. The 
funding thrt the host requires for this operation must either be donated by the host, be donated by the 
participants, or obtained from outside sources. 
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There have been many problems experienced during the process of database compilation.
Participating institutes may be slow in providing data. This can be attributed to lack of cooperation,
lack of the expertise needed to prepare data files for exchange or the large number of genebanks with 
only partially computerized genetic resources data. In addition, slow data integration may be caused 
by different physical data formats and/or descriptor schemes. The required data transformations may
be slow and cause inaccuracies. The management of a large database may cause problems due to the 
inadequate computer facilities, lack of expertise and heavy labour demands. Throughout the 
implementation phase, adjustments in the design of the database is often required. It is reasonable 
to expect that 3.5 years are needed to complete the project, but this depends on the initial size of the 
job (size of collections databases). It is also necessary to attempt to locate and add information that 
is initially missing. This essential but time consuming job may be done by the host or the collection 
that provides the information. 

To try to prevent or to resolve problems in the compilation of the database, a steering committee 
may be needed during the initial stages of development. This committee can be responsible for the 
development of standards and selection of the descriptors as well as to periodically monitor the 
development of the database and propose adjustments if needed. 

V. Coconut Centra)l Crop Database 

Within the context of the present meeting, objectives for a coconut network are likely to be 
developed. It is recommended that these objectives include the establishment of a database compiled
from accession-specific data from all participating coconut collections. A series of steps that will lead 
to the establishment of such a database and its distribution and use by the network participants is 
given: 

I. Objectives for the network include the development of a central database of iiftormation. 

2. An idea of the extent of the holdings represented by the participants is determined. This 
assessment also becomes the basis of a directory of germplasm collections for coconut. 

3. The network participants develop a descriptor list for coconut that will be followed by all 
participants in the network. 

4. A steering committee isdetermined that will help to guide the development of the central crop
database for coconut. The steering committee determines the data descriptors needed for the 
initial phase of the database. 

5. A central crop database host is nominated by the network or the steering committee. It will 
be responsible for the development of the database and will be the primary data-oriented 
contact for the network. 

6. 	 An assessment of the collections participating in the network is performed. The results 
are used to determine which may need assistance in providing their data to the network, 
as well as upgrading the documentation status and expertise that exists at the collection. 
Additional funding or outside sources of support may be needed. This may also be 
accomplished through the development of computer software that is provided to all 
participants. 
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7. 	 Participating collections provide the data to the host. The host reformats and compiles 
the data, seeking assistance when clarifications are needed. 

8. 	 After compilation, duplicates are identified, and general analysis is performed. The 
results of this are provided to the participants as well as copies of the database. 
Another meeting of the participants is held to determine the positive and negative 
aspects of the database and if and how it could accomplish the original objectives. 
Also, if desired, the descriptors are determined that will be used for database 
expansion. 

9. 	 The host maintains the database and is responsible for providing answers to queries for 
those that are not participating in the network. Participants send in updates 
periodically, and the host is responsible for providing an updated version of the 
database when appropriate. Participants may also send in data for additions' 
descriptors if the database is to be expanded. The database is then redistributed. 
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Appendix XI THE ISHS COCONUT REGISTRATION AUTHORITY 

Hugh C. Harries 
Registrar 
International Coconut Cultivar Registration Authority 
PO Box 6226, Dar es Salaam, Tanzania 

Coconut palms are supposed to have a thousand-and-one uses in India and as many uses as there 
are stars in the sky in Indonesia. They have almost as many names. 

Scientifically, there isonly one species of coconut (Cocos nucifera L.) with two plant habits (tall
or dwarf) and three basic colour forms (yellow, red and green). But the actual range of intermediate 
palm habits and colours, exhibit every possible combination. This is particularly so for the size,
shape and appearance of the fruits (the hard-shelled, dry, brown nut enclosed in a thick, fibrous,
smooth-skinned husk). Attributing the names and the descriptions to inherited genetic traits is 
extremely difficult. Even if the plant breeding work is done before the palms get too tall, the low
number of fruit set per pollination, the twelve months taken before the seed is mature and the five 
or more years it then takes to bring the next geaieration into bearing, make it practically impossible 
to study coconut genetics. 

All plants are essential to civilization and none more so than the coconut palm, which has had
 
a long association with mankind. It is important that plants should be named according to a precise,

stable and internationally accepted system. The International Code of Botanic,1 Nomenclature
 
governs the use of botanical names in Latin for both wild and cultivated plants. T;:2re is also all
international Code of Nomenclature for Cultivated Plants. This aims to promote uniformity, accuracy
-nd stability in the naming of cultivars (varieties). This is done through the establishment of
International R,gistration Authorities under the guidance of the International Society for Horticultural
 
Science (ISHS). There are registration authorities for many ornamental plants and for fruit tree crops,

such as mango. Until now there has not been one for any palm genera.
 

The International Coconut Cultivar Registration Authority has been set tp by the appointment
of an International Registrar and a work programme )ias been laid down. There are three stages: 

(a) to compile and publish a checklist of coconut cultivars; 
(b) to regularly add to, and amend, the checklist; and 
(c) to offer registration facilities for new cultivars and hybrids. 

The ISHS expressed an interest in making a checklist of coconut cultivars in 1973. At that time,
when F hybrid coconuts had begun to be produced in commercial quantitie., it became important to 
know all about the hybrids and about their parentage. In 1968 a Coconut Breeders' Consultative 
Committee had been set up by the Food and Agriculture Organization of the United Nations (FAO),
through its Technical Working Party on Coconut Production, Protection & Processing. This ad hoc
committee proposed the establishment of a Hybrid Register using the recommendations of the
International Code of Nomenclature for Cultivated Plants but the initiative did not survive the closure 
of the FAO Technical Working Party in 1981. 

The International Board for Plant Genetic Resources (IBPGR) began to take an interest in 
coconut germplasm in 1975 and there have been meetings (sponsored by IBPGR and FAO) in the
Philippines (1987) and in Thailand (1988) which have included recommendations for cataloguing and
characterizing coconut germplasm collections. National organizations, such as the Philippine Coconut 
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Authority and the listitut de Recherches des Huiles et Oldagineux also maintain coconut germplasm 
databases. It might be asked whether the new ICCRA database is needed if it m'erely duplicates the 
other national and international efforts. That is not the intention. 

National organizations that do research into coconuts nee to keep detailed records of the 
varieties that grow in their country and of any that are introduced for research purposes. In the same 
countries there are likely to be variety release committees who have to pass judgement on whether 
new varieties and hybrids are suitable to be grown by farmers. Because of the long generation time 
and other delays to successful breeding programmes, the release of new coconut varieties tends to be 
a fairly rare event, so that the existence of coconut cultivar registration authorities will assist variety 
release panels to make judgements that are consistent to generally accepted standards. Tile ICCRA 
would not attempt to interfere in these national, statutory, governmental operations. But it would 
encourage the responsible individuals from those national organizations to appoint one of their 
members to act as a national registrar, affiliated to the International Registration Committee. 

The possibility of a regional o," international coconut germplasm database, whether organized by 
the IBPGR or any other agency does not conflict with the ICCRA. In addition to identifying 
germplasm resources wherever they occur the IBPGR has a major role to play in ensuring that these 
resources are available to future generations. The IBPGR is concerned with encouraging national and 
international efforts to conserve coconut germplasm that is under threat of extinction from replanting 
with superior coconut varieties, or other crops, or from removal by logging or from devastation by 
pests, diseases or from rises insea level caused by global warming. Pie IBPGR database organizers 
might not need to be involved with ICCRA but a checklist of coconut cultivars and information on 
locations, origins, descriptions and so on, would greatly assist the further development of an IBPGR 
coconut databas, s. Similarly, the other coconut research organizations have many facets of research 
competing for first priority and germplasm will have to share attention with other subjects. The 
information that could be received from ICCRA will allow efforts to be concentrated on other equally 
important matters, such as improving disease and drought tolerance, and generally bringing coconut 
cultivation, processing and marketing into the twenty-first century. 

The ICCRA approach takes these important criteria into account but also concerns itself with 
aspects such as the sources used by, and the stocks held in, private and commercial seedgardens and 
nurseries; the interests of the palm society amateur gardener as well as the professional botanical 
garden superintendent; the information needs of the high-school teacher as well as those of the 
university taxonomist. By using commonly available computer hardware and software listings can 
be readily exchanged. Information will appear in scientific, technical or popular publications, as 
appropriate. Above all, by appointing voluntary registrars who will be bound only by their own 
interest and initiative, the ICCRA will be as useful as its contributors care to make it. 
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Appendix XII Safe movement of coconut germplasm: Presentation of guidelines 

E.A. Frison 
IBPGR 

A meeting to develop Technical Guidelines for the Safe Movement of Coconut Germplasm was 
held at Puncak, Indonesia from 4 to 6 October 1991. The meeting, hosted by the Central Research 
Institute for Industrial Crops, Bogor, Indonesia, was organized by IBPGR, incollaboration with FAO. 
It was attended by 14 specialists from II different countries. 

The purpose of the meeting was to discuss the phytosanitary problems associated with the 
movement of coconut ger-plasm and to produce a digest of all information available up to date and 
present the recommei,'-'u* s to the present workshop. 

The Technical Guidelines will be published jointly by FAO and IBPGR during 1992. The
document will include "General Recommendations" that apply to all types of material, and 
"Technical Recommendations" advising on which therapy and indexing procedures have to be applied
to each type of material. The document also includes a description of the major pests, providing
information on their geographical distribution, methods of transmission and on therapy and indexing 
measures. 

The General Recommendations are as follows: 

Germplasm should be collected from palms that appear healthy. 

Germplasm should not be moved from sites at which diseases of unknown etiology occur. 

Germplasm should preferabl, be moved as embryo cultures or pollen. 

Se2!nuts may be be transferred when a thorough pest risk assessment indicates that there 
are no problems of quarantine concern in the area from which they were collected. 
Transfer of seednuts from areas where diseases of quarantine concern are present may be 
acceptable only when embryo culture is not possible, in which case the seednuts should be 
germinated in quarantine. 

Seednuts should not be moved directly from areas where mycoplasma-like organisms or 
Phytomonas occur, to areas not affected by the same disease. 

Palms from which pollen is collected, embryos and seedlings should be indexed for 
cadang-cadang and other viroids*, and for coconut foliar decay virus (CFDV) where 
appropriate. 

The transfer of germplasm should be carefully planned in consultation with quarantine
authorities, the relevant indexing laboratory and, when appropriate, the intermediate 
quarantine facility. The material should be accompanied with the necessary documentation. 
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Appendix XIII INDEXING OF COCONUT GERMPLASM FOR VIROID
 
AND VIRUS
 

J.W. Randles and D. Hanold 

Coconut cadang-cadang viroid and related viroid-like sequences 

Coconut cadang-cadang viroid (CCCVd) causes a major disease of coconut palm in the central 
Philippines. Before 1986, it was thought to be confined to the Philippines, but a collection from oil 
palms and coconut palms in the Solomon Islands, and subsequently'from other countries in the 
tropics, showed the presence of viroid-like sequences related to, but not identical with, CCCVd. 

Viroids are small, circular, infectious RNAs. About 20 diseases have so far been found to be caused 
by them, and each has a unique sequence and structure which allows them to be detected by molecular 
methods. The viroids infecting coconut are CCCVd, and the related coconut tinangaja viroid (CTiVd) 
which occurs on Guam. 

ACIAR has supported a survey of coconut palms in the Pacific since 1986. Collections from Asia 
to French Polynesia have been tested by the most reliable method available, Northern blot assay. 
CCCVd-related viroid-like sequences were found in samples from all countries, and in a range of 
species. Table I shows the regional distribution of these viroid-like sequences in coconut, and Table 
2 shows the groups of plants testing positive in the countries surveyed. 

We have strong circumstantial evidence that the CCCVd-related viroid-like sequences from oil palm 
are both vertically transmitted (seedborne) and horizontally transmitted (spread between trees in 
plantations). The wide transmission of viroid in coconut probably occurs in a similar manner, 
although the epidemiology of CCCVd is still poorly understood. 

Coconut foliar decay 

Coconut foliar decay virus in Vanuatu causes the death of introduced coconut palm varieties, but local 
varieties exhibit tolerance. The agent is a new type of virus (CFDV) with a small circular single­
stranded DNA and is transmitted by a vector probably confined to Vanuatu and New Caledonia. We 
have cloned viral DNA which is used for diagnosis in a dot-blot assay. 

With this assay we have found that CFDV occurs throughout Vanuatu, bui areas outside Vanuatu are 
possibly free. Tests have shown that embryos and anthers contain detectable virus, and that CFDV 
must be treated as a quarantine risk. 

Assays ror indexing 

By using our molecular techniques based on the use of radioactive complementary RNA or DNA 
probes, practical methods are now ::vailable for testing germplasm for both viroid and virus. The 
testing system has been established under ACIAR sponsorship. Once support for a world-wide 
indexing program has been provided, techniques can be applied to indexing for the safe exchange of 
germplasm. 
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Table 1 Distribution of CCCVd-related viroid-like sequences in coconut 

SRI LANKA 
COCOS-KEELING 
S.E. ASIA 
MELANESIA 
AUSTRALIA 
POLYNESIA 
MICRONESIA 

8/10 
2/10 

112/282 
84/137 
6/43 

179/253 
53/133 

TOTAL 444/868 51% 

Fraction indicates number of' positives by number tested. 

Table 2 CCCVd-related viroid-like 
countries surveyed 

sequences in other monocotyledons in all 

OIL PALM 
OTHER PALMS 
PANDANUS 
COMMELINA + GRASSES 
ALPINIA + GINGER 
OTHERS 

214/335 
26/66 

101/130 
16/38 
26/99 
53/86 

64% 
39% 
78% 
42% 
26% 
62% 
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Appendix XIV COCONUT GENETIC DIVERSITY
 
PRESENT KNOWLEDGE AND FUTURE RESEARCH NEEDS
 

M. A. Foale 
Consultant to the Australian Centre for 
International Agricultural Research 

INTRODUCTION 

The genetic diversity contained in a plant species is the current outcome of all the genetic variation 
that has been generated and screened by natural and human selection. In the case of a geographically
widely dispersed species such as coconut the opportunity for development of diversity would appear 
to have been very great indeed. Beginning some time during the 80 Myr since the ancestors of 
modern palms first appeared in the paleontological record the coconut was carried by the tosea 
become established on the shores of islands and large land masses in the Indian and Pacific oceans 
(Harries, 1978). In its wild state coconut remains confined to a very narrow strip of land immediately
above the high tide level. There it has become adapted to a highly diverse range of soil conditions,
insect pests, and diseases, but a much more limited range of climate. Coconut is almost completely
confined to latitudes within the tropics as it ceases growth at a mean temperature below 21 'C (Foale,
1986) and requires well-distributed rainfall totalling 2000 mm per year. 

It is highly likely that established wild populations have become 'topped up' by the arrival of 
further seeds over a time frame of many millions of years. The well-recognised changes in the 
location of coastlines due to changing sea level (Chappell, 1989) would destroy established palms as 
the sea level rose, thereby reducing the possible dominance of ancient genetic material over that from 
other sources, which was constantly being washed up by the ocean. The population would be forced 
to re-establish as the sea level rose, and on the other hand newly arrived seeds would find a more 
open niche as the sea level fell. Finally, on a time scale of two million years there has been the 
addition of 'domesticated" genetic material by human colonisers (Harries, 1990). The easy
introduction of new material into ancient populations by both nature and man has therefore probably
reduced the inter-population diversity that might otherwise be expected in such a widely-dispersed 
species. 

Whereas morphological diversity between populations is easily recognised, adaptive traits in 
coconut, that relate to the local environment, are rarely morphologically recognisable. T"- process
of adaptation to environmental factors involves natural selection imposed on wide variation in internal 
processes or on a range of chemical molecules or physical properties that may play a protective role 
against invading pests or diseases, or make possible some adjustment to the stress induced by water 
deficit. 

Levels ofdiversity. 

There are two levels of diversity in coconut that must be recognised. Firstly there is diversity
between populations attributable to either natural or human selection, or both. Secondly there is the 
diversity found within an outcrossing (allogamous) population. All tall populations fit into this 
category, althoulgh a limited amount of autogamy has been identified in some populations (Bourdeix 
et al, 1988; Bourdeix, 1990). Many populations have very great diversity indeed, due to the 'recent' 
addition of contrasting genetic material by human agency which has brought about a process of 
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introgression. Dwarf populations on the other hand show a low level of internal variability because 
of the high level of autogamy in their breeding system. 

Utilising diversity. 

Where there is an interest in increasing the productivity, vigour and security of production of 
coconut in specific environments, and in increasing the usefulness of coconut products, attention can 
be concentrated on appropriate subsets of the total diversity that is available. The identification of 
diversity that might cor,:ribute to: increased yield; adaptation to specific environments; and prodLlcts 
that are favoured by the consumer should receive priority. 

High yield and adaptation are influenced by acomplex range of physiological factors. They cannot 
be related to simple physical or chemical measurements although yield potential is known to be set 
by total light intercention. Diversity in the end produc-, such as variation in oil concentration or 
flavour, of the kernel, or strength of the fibre, may be relatively simple to measure. 

In this paper diversity will be dealt with under four sections: morphology; phenology; adaptation; 
and physical and chemical properties. An outline of the type of measurement that has been done in 
the past will be followed by suggestions for the future development of methods for assessment of 
diversity in coconut. 

CURRENT KNOWLEDGE OF DIVERSITY IN COCONUT 

Early descriptions of coconut concentrated on the simple cosmetic and morphological traits such 
as colour, size and shape of the fruit, iobustness of the trunk, and size of tile crown (Child, 1964; 
Ohler, 1984). The effect of the environment on the expression of traits, and the amount of variability 
of specific traits within a particular prpulation received less attention. 

(1) Morphology. 

(a) Frond. (i) Juvenile. There is variation in the rank of the first frond in which some leaflets 
are separate (the pinnate form) from the 'entire' leaf lamina. Likewise the rank of the first frond 
on which all leaflets are separate (fully pinnate) also varies. 

(ii) Mature. Length of the petiole (free of leaflets) and of the main axis (bearing 
leaflets), thickness and strength of tile petiole and axis all vary. The Niu Leka dwarf type has a 
short petiole and the Rennell tall type aquite long one. 

(b) Crown. The size of ihe crown in determined by the length and number of the fronds, and also 
the mean declination from the vertical position. As a fully upright frond has an angle of 0' and 
ahorizontal frond has an angle of 90', a mean declination of 450 indicates acompact crown with 
high light interception. As the proportion of drooping fronds increases the mean angle of 
declination rises until a value of 900 indicates many drooping fronds accompanied by poor light 
interception. The potential amount of light that might be intercepted, determines the potential 
productivity of the individual palm. 

(c) Bunch. Varying traits are: overall length; number and length of branches; number of male 
and female flowers; and number of nuts that develop. There isan extreme bunch form which has 
only a single stem and no or very few branches, which is known as 'spicata'. 
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(d) Fruit. There is very great diversity in fruit characters between populations, including size,
shape and colour of the fruit, and the weight proportions of the four fruit components, viz. husk,
shell, endosperm and water. Within unselected tall populations there is also substantial variation 
in these characters which, in the case of husk, often show a coefficient of variation (c.v.) for
weight of over 100% (Foale, 1964) and in the case of endosperm weight a c.v. of 15% to 30% 
(Tore Ovasuru, pers. comm.). 

Based on the "fresh" weight of mature fruit there is at least a four-fold difference in weight of 
the fruit between asmall-fruited dwarf and a large-fruited tall. There is asimilar difference in the
weight of each solid component, and there is an eight-fold difference in the volume of water. 
Extremely low values for fruit weight occur under severe water deficit, but attention is confined 
here to the expression of traits in the absence of stress. Variation in nut shape from near-spherical 
to short and long-angular, and different degrees of expression of a pear shape are generally well 
known. The more rounded nut has been described as "domesticated" and the angular as "wild­
type" by Marries (1978). Dwarf populations generally show a quite uniform shape, size and 
colour, whiic a tall population may show more or less variation depending on its origin, degree
of allogamy, and exposure to introgression by an unrelated population. 

Variation in the proportions of the four components of a fresh nut is also substantial between 
populations, and the implications of such variation were drawn by Harries (1978) in formulating 
an hypothesis regarding the course of evolution and global dispersal of coconut. The range of
observed variation in percentage of the weight of the fresh fruit is approximately 25 to 70 for 
husk, Woto 15 for shell, 10 to 30 for water, and 20 to 33 for endosperm. 

Variation in the physical dimensions of the fruit and its components is of less immediate 
concern than variation in the weight, but may be useful where more intensive measurement is 
possible, in distinguishing populations and detecting introgression. 

(e) Sten or trunk. The extreme forms are a trunk of small diameter (200 mm) which is uniform 
from the ground up (the dwarf type), and a trunk of larger diameter (350mm) which has a much 
wider bole or basal portion (800mm or more). The difference between these tv,1, groups is based 
on genotype. Trunk diameter and rate of elongation within each group r-Lpond to growing
conditions. There is also some genetic variation within the tall and dwarf subgroups in the rate 
of elongation of the trunk, but this trait interacts strongly with the time of commencement 
(precocity), and the level, of fruit production. General observation reveals that the production of 
fruit results in a reduction in the length of trunk between each leaf scar. Detailed measurement 
of the relation between trunk and fruit dry matter production has not been done. 

(2) Phenology. 

(a) Germination. The rate of germination varies between populations when measured on nuts that 
have been harvested at a uniform stage of maturity (Harries, 1981). A high degree of atmospheric
dryness in the field, or particular storage conditions, may induce artificial dormancy (Foale, 1992).
Care is therefore needed to allow for any effect of dormancy before concluding that there is a 
genetic difference. 

(b) Precocity of fruiting. The timing of floral initiation and the appearance of the first 
inflorescence vary greatly between and within populations. First flowering also responds to the 
method of raising and planting the seedling in the field, as well as to the overall environment. It 
is a trait of particular importance to commercial coconut projects, as these seek the earliest 
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possible cash flow. Precocity interacts with rate of height increase in young palms in that a more 
precocious palm grows in height less rapidly as it invests less dry matter in trunk growth. 

(c) Leafarea. Total leaf area of a palm depends on the rate of frond production and senescence, 
and on frond size. These traits vary between populations and are quite sensitive to cultural and 
climatic conditions. For example, water deficit retards frond emergence and hastens frond 
senescence. Total leaf area of a palm and the pattern of display of the fronds determine its 
potential capacity to intercept light. The rate of frond production also sets the potential rate of 
bunch production. Few data are available from a comparison of populations for the traits related 
to leaf area, light interception and potential productivity. 

(d) Flowering. The duration and timing of the male and female phases of flowering vary between 
dwarf and tall populations. Within tall populations the "normal" situation is complete allogamy 
(outcrossing) but there is variation in the amount of overlap between floral phases on successive 
bunches due to seasonal variation in the rate of appearance of the inflorescences. This rate is 
sensitive to environmental conditions and therefore varies according to the specitic genotype by 
environment interaction of a population. 

(3) Adaptation. 

The diversity of coconut environments with respect to biotic and edaphic (soil) factors has resulted 
in extensive adaptation which is not usually readily discernible until coconut populations from 
contrasting environments are grown together. 

(a) Water deficit. Most environments in which coconut is found have at least a short annual 
period of seasonal water deficit. This is often mitigated by the presence of a water table within 
the root zone, but the presence of salt in the ground water, which is common on atolls during 
drought, imparts a lowered water potential that mimics water deficit. Adaptation to water deficit 
was recognised when populations from particularly favoured environments were found to perform 
poorly where a well-defined and extended dry season occurred (Table I). It is likely that highly 
adapted populations are present on some of the drier atolls of the Pacific, and some progress has 
been made in selecting for adaptation in Sri Lanka (R. Peries, pers. comm.). 

(b) Temperature. Tolera.,ce of seasonal moderately high or low extremes of daily mean 
temperature would be a useful trait in coconut, allowing an extension of its narrow range of 
cultivation with respect to mean temperature to higher latitude and altitude. There is no evidence 
at present to suggest that diversity for this trait does exist in wild populations. It appears that 
coconuts that are descended from a wild porulation on an island located at a high latitude such as 
Tongatapu, or Rarotonga (15 to 20'C), with a seasonal amplitude of 5 to 7°C in mean 
temperature, grow quite vigorously throughout the year. Observation in Vanuatu (Lat. 15 to 
20°C)by C-H. Calvez (pers. comm.), however, showed that about 60% of nuts matured in the 
warmer half of the year and 40% in the cooler half. It remains to be confirmed that a population 
originating from close to the equator, where there is no seasonal variation in the mean temperature 
of c. 28'C, grows less well at a high latitude than the local, possibly "adapted", population at that 
latitude. 

Occasional extremes of low temperature affect coconut in areas like Hainan Island (China), and 
Florida (USA). Mao (1986) calculated that the low temperature extreme for survival of an adult 
palm was 8'C. There is no published evidence that the coconut population ol Hainan Island has 
or has not become adapted in any way to the generally annual episode of low temperature that is 
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experienced there. An unpublished IRHO report however reveals that an introduced tall population 
showed more severe signs of cold damage than the local population. 

(c) Soil. The coconut is tolerant of a wide range of variation in soil texture, pH and salinity, but 
there is little indication of variation in the level of tolerance of extremes of any of these properties.
However, some populations introduced to atolls do less well than the "indigenous" population. 

(d) Insect pests. The coconut has been exposed to a very wide range of insects, especially where 
it grows on the fringe of a large land mass adjacent to a forest zone rich in insects. Some of the
smaller insect pests which are easily transported have become widespread, such as the scale 
Aspidiotus destructor, whereas large insects such as Or.ctes are present only in specific regions
within particular countries. Such insects are often brought in accidentally by human commerce. 
Coconut palms exposed to insects foreign to the source of the population often suffer severe
damage. This is a ciear indication that genetic resistance or tolerance has developed in relation 
to such insects. Tabie I lists several examples of adaptatioii to an insect pest. 

(e) Diseases. As with insects, there are examples of damage to one population while another is 
unaffected (Table I). The Coconut Foliar Decay Virus (CFDV) is a good example of this. The
indigenous tall and dwarf populations in Vanuatu show no symptoms of disease whilc carrying the 
CFDV, whereas exotic populations are severely affected (Calvez et al., 1985). Recently a viroid 
has been found in quite a high proportion of symptomless palms in many parts of the world. It 
bears some resemblance to the Cadang Cadang viroid of Philippines but either it ;sdifferent in a 
crucial way or the infected palms are tolerant because thty do not show the progressive decline 
attributed to the lethal form of the Cadang Cadang ,,iroid. A high level of damage by
lelminthosporiwn leafspot has been found in the introduced Rangiroa (Polynesian) tall compared 
to a low level in Solomon Islands and Vanuatu tall populations in those respective countries (Table
2). High incidence of Phytophthora budrot in exotic hybrids contrasts with low incidence in local 
populations in Indonesia (FAO 1990). In Jamaica the only tolerance to lethal yellowing disease 
has been found in domestic population types. 

(f) Shade. Coconut palms appear to grow vigorously under the shade of taller trees, though they
produce long internodes and little fruit in this situation. There are no data to suggest that any
particular population might behave differently under shade from other populations. 

(g) Wind. The coconut is especially vulnerable to wind damage between 4 years and 10 years of 
age. Wind above 60 km/hr is likely to break the palm off where the roots emerge from the trunk 
at its b.se, due to ln-k of strength, as a result of the paucity and slow growth of peripheral roots. 
The dwarf type is more susceptible to this breakage as it has a much narrower base (200 to 
400 mm) on the trunk and therefore less mechanical strength than the tall type which has a base 
that is 600 to 1000 mm wide. The experience with cyclonic wind in Vanuatu has been that dwarf 
palms of any age fall over easily, while tails less than 10 years old also fall over in strong wind.
Older tall palms are more liable to snap off high up on the trunk (Marty et al, 1986). There is 
unpublished evidence from Solomon Islands that some tall populations withstand such damaging 
wind better than others (M. Oliouou, pers. comm.). 

(h) Low atmospheric humidity. This can arrest the development of fruit, especially when 
combined with extreme iigh temperature. It is possible that a population from an environment 
subject to a regular hot dry season in a location such as Oman might tolerate such conditions better 
than others, but no data are available. 
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(4) Physicaland chemical properties 

(a) Physical. This refers to traits such as the hardness of the surface of the husk, and strength 
of its individual fibres, and the firmness of attachment of the endosperm to the shell. These are 
matters relevant to processing, or, in the case of fibre strength, to the potential for manufacture 
of specific by-products. There is some diversity, particularly between populations, in these traits, 
but they have not been studied in detail. 

(b) Chenical. The concentration of oil in the endosperm is the main factor to consider, as sonic 
differences between populations are well known. Generally, tall populations contain a higher 
concentration of oil than dwarf populations, and within groups of tall populations there is a small 
but significant raoge from high values for Indian Ocean types to lower values in Pacific 
populations (Table 2). No data have been published on variation of oil concentration within a 
population. Romney (1972) showed that oil concentration responded quite strongly to difference 
in nutritional status of the palm. Any effect of the environment would therefore need to be 
eliminated before making selections for oil concentration. 

The flavour and palatability of food and drink derived from coconut varies agreat deal between 
populations but there is little documentation of this. When greater empha:;is is placed on the 
marketing of food products, diversity of ilavour will become more important, and will require the 
attention of the coconut breeder. 

Chemical diversity at the level of enzyme systems (isozymes) and polyphenol production has 
been studied in an attempt to gain a measure of genetic distance between populations. There is 
significant diversity between populations in polyphenols (Jay et al, 1988), which may provide a 
useful re;earch tool. It may also be at this level that diversity has contributed to the resistance of 
a population to a particular pest or disease. 

FUTURE RESEARCH NEEDS 

(I) Description of genetic diverity. 

The extent of genetic diversity in morphological charaoers between populations was not 
appreciated until the 1960s when fruit analysis and morphological description were first arried out 
on aglobal scale (Whitehead, 1966). It was then realised that practically every region or large island 
had apopulation with distinctive morphological and phenological traits. Even though variability was 
found to be high in every tall population described, mean values for whole fruit weight and 
endosnerm weight were often significantly different (Whitehead, 1966). It was also possible to 
recogitise particular grouping and geographical linkage between populations, generally within a region 
(Foale, 1987). 

Recognition of diversity in adaptation came later as poplations were transferred to new areas. 
It is now clear that a detailed description of the pest, disease, soil and climate factors associated with 
a source location of a population is needed to predict its adapt;ve traits. Where there has been a 
recent iitroduction of exotic material, such that introgression is presently taking place, there would 
be increased diversity for adaptive traits within the current population, but presumably a decrease in 
overall fitness. 

Much work remains to be done in verifying adaptation in particular populations. Thorough study 
of the environment of the source population, linked with knowledge of the - rformance ofpopulations 
that have been taken from related environments, should allow preliminary screening to be done. This 
would eliminate the introduction of populations that face a high risk of failure. The total number of 
populations that might therefore be sought for a breeding program, to provide a foundation of genetic 
material, could be reduced, and expense thereby saved. 
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Description of genetic diversity within a population is the specialised task of the geneticist. it is 
this diversity that provides a large part of the opportunity for long-term genetic improvement for yield 
or for other, more specific, traits, such as drought or disease recistance. A lack of understanding of 
the large amount of morphological variation due to the interaction of genotype and environment has 
in the past led to unrealistic expectations for yield improvement in coconut. There are many 
examples of selection of parent palms for high yield that was done where variation in the environment 
was a confounding influence. The outcome in such cases was predictably poor. 

Further genetic diversity can be generated by crossing identified populations and then producing 
F, and later populations from the first cross. Such diversity will also be valuable for the occasional 
outstanding individual plants that might appear. in the future it may be possible to multiply such 
individuals using somatic embryo-genesis. 

(2) Utilisation ofgenetic diversity. 

Diversity has until now been used principally to achieve an increase in the yield of copra and oil. 
However, experience with pests and diseases has led to greater interest in making use of diversity in 
adaptive attributes to impart greater security of yield to high-yielding hybrids. In Jamaica the 
tolerance of certain populations to lethal yellowing disease led to the development of a tolerant hybrid. 

it appears that high yield in hybrids has been achieved by making use of three main traits: 
increased precocity of fruiting; an increased rate of leaf production - which implies increased leaf area 
per palm and greater light interception; and a higher harvest index. The best dwarf by tall hybrids
have a relatively narrow trunk with a low rate of elongation, and also have a high proportion of 
endosperm in the nut. Both these traits contribute to an improved harvest index. 

(a) Yield securitv. There is a need to identify clearly the main insect and disease hazards faced 
by imported germplasm, and also to recognise any potential limiting feature of the climate, 
especially the incidence of regular or occasional drought. A particular feature of the soil, such 
as periodic salinity or an extreme pH level, must also be noted. Hybrids developed elsewhere, 
and preferably also their parents, should be grown in a new environment, in variety trials under 
realistic management, for observation over at least ten years, before adecision is made for large­
scale adoption. The combining ability of both parents of an introduced hybrid with the dominant 
local population should also be tested during this introductory period, as an element of local 
adaptation may be essential for success (Tore Ovasuru, pers. comm.). 

As diversity for yield-related traits such as percentage of endosperm and precocity, can be 
observed easily, an improved subset of the local population could also be developed by selection 
on these traits during the early phase of an improvement program. If it becomes clear that the 
imported hybrid lacks essential adaptation, then the selected local population can be used to 
generate a new hybrid in combination with another suitable parent population. 

(b) Yield increase. Further selection in the parent populations which have been used to generate 
successful hybrids should lead to incremental improvement in yield. Two highly effective selection 
criteria are precocity and percentage of kernel. Some further increase may be possible using these 
but the greatest increase is likely to be through increased light interception. Careful observation 
is needed to discover if there is useable diversity for crown size, particularly in terms of number 
of fronds (which is dependent upon the rate of frond production and the longevity of the fronds), 
and upon crown shape. There appears to be a critical fall-off in light interception beginning at 
about 20 years, when twe crown begins to show an 'x' shape. This shape appears when the crown 
is viewed from any direction on a horizontal rlane, when there are few fronds in the near­
horizontal position. The younger fronds retain v high angle for about one year and then fall 
rapidly to a lower position angled downwards around the trunk, leaving the intermediate zone, 
around the horizontal position, with few fronds present. 
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There are no data available on photosynthetic rate or light use efficiency of different coconut 
populations. Itcould be useful to te t for diversity in basic photosynthetic performance between 
populations, as this trait was found to vary between oil palm progenies (Corley et al, 1973),
although more recent reports of its value in oil palm are lacking. 

(c) Combining ability. Certain population pairs have been shown to combine well and have 
produced very useful hybrids that out-yield both parents. It appears that a tall by dwarf 
combination is best, as the hybrid is usually precocious and has a good harvest index, which is 
defined as the fraction of above-ground dry matter production partitioned to the kernel nut. There 
may also be a further, less predictable, character of certain combined pairs that results in vigorous
leaf growth and a high rate of accumulation of leaf area. Parent populations with a relatively high
degree of uniformity have been shown to combine well (de Nuce, 1970), and the high uniformity
of the resultant hybrid population is an attractive feature. Ithas been suggested that heterosis takes 
place but the physiological form of its expression has not been identified. The hypothesis that 
greater 'genetic distance' results in greater hybrid vigour has been put forward. The search for 
suitable chemical markers that indicate genetic distance has been pursued, but coconut has so far 
shown less diversity at the molecular level than was expected. 

CONCLUSION 

Not only does the coconut occupy a unique position as an agricultural crop well-suited to a low­
input system, but it has a unique evolutionary history that has created a wide range of adaptation to 
certain environmental factors but only limited morphological diversity compared with the large
number of wild species that is related to many other crop plants. Much research remains to be done 
to achieve recognition of the full range of diversity of adaptation to the environment, which would 
then allow selection and breeding for increased security of production. The task of describing and 
using within-population diversity, and of generating further diversity by strategic crossing, is longer
term and requires the special skills of the geneticist. This approach does offer hope of a substantial 
further increase in yield in the more distant future. 
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Table 1. Examples of particular coconut populations that show proven or likely evidence of adaptation or tolerance to insect or disease organism, or to 

a climatic factor. 

CATEGORY 

A. Insects 

FACTOR 

1. Scapanes 

beetle/Rhyncophorus 

LOCATION 

Papua New Guinea 

COCONUT POPULATION 

Gazelle tall and Kar Kar tall. 

REFERENCE 

T. Ovasuru, pers. comm. 

2. Brontispabeetle a. Solomon Islands. Solomons tall and Rennell tall. M. Foale, unpubl. 

B. Diseases 1. Foliar decay virus. 

b. Indonesia. 

Vanuatu 

Pakuwan tall. 

Vanuatu tall and its hybrid 
with Rennell tall. 

H. Luntungan, pers. 

Calvez et al, 198C. 

comm. 

2. Phytophthorapalmivora 
(bud rot). 

Indonesia (Manado) Tails: Malayan, Rennell, 
Polynesian. Dwarfs: Raja, 
Nias, Malayan yellow. 

Zainal Mahmud, pers. comm. 

3. Phytophthorapalmivora (nut 
fall) 

Indonesia (Manado) Raja and Nias dwarf, Malayan 
tall. 

Zainal Mahmud, pers. comm. 

4. Helminthosporium leafspot 

5. Helminthosporium leafspot 

6. Lethal yellowing (MLO). 

Solomon Islands 

Vanuatu 

Jamaica 

Solomon Islands, Malayan and 
Rennell tall. 

Vanuatu tall and dwarf. 

M. A. Foale, unpubl. 

C-H. Calvez, pers. comm. 

7. Drechsleraincurvata C6te d'lvoire 
Malayan red dwarf and its 
hybrid with Panama tall. 

Harries (1970) 

8. Phytophthoraheveae C6te d'Ivoire West African tall. M. de Nuce, pers. comm. 

Selected progenies of West 
African tall. 

M. de Nuce, pers. comm. 



Table I (cont.) 

CATEGORY FACTOR LOCATION COCONUT POPULATION REFERENCE 

C. Climate 1. Strong wind (cyclone) (i) Solomon Islands Malayan red dwarf x Rennell, 
hybrid, and Rennell tall. 

M. M. Oliouou, pers. comm. 

2. 

3. 

Water deficit (drought) 

Low temperature 

(ii) Vanuatu 

(iii) W. Samoa 

(i) Kiritimati, Kiribati 

(ii) Sri Lanka 

(iii) C6te d'lvoire 

Hainan (China) 

Tall populations. 

Tall and Niu Le'a 

populations. 

Kiritimati tail 

Ambekelle 'special' 

Mawa hybrid. 

Hainan tall. 

tall. 

Marty et al, (1986). 

S. Efi, pers. comm. 

J. Barr, pers. comm. 

R. Peries, pers. comm. 

M. de Nuce, pers. comm. 

Mao (1986). 
M. de Nuce, pers. comm. 
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Table 2. Variation between populations in oil concentration in copra (% 
on dry matter). (Romney, 1972; N. de Nuce, pers. comm.). 

ROMNEY 1972 de NUCE 

Population Oil % Population Oil % 

'falls Tails 

Bodiri 69.0 West Africian 70.6 

Con Thembili 70.0 Mozambique 70.2 

Kamandalu 69.6 Polynesia 67.4 

Navasi 70.7 Vanuatu 68.0 

King 68.4 Rotuma 67.0 

Navasi Thembili 68.9 Solomons 67.9 

Ran Thembili 68.9 Karkar (PNG) 66.7 

Typica 69.9 Cambodia 67.0 

Jamaica 70.2 Malaysia 67.1 

Panama 67.7 & 69.3 Philippines 64.5 

Fiji 67.9 India 70.0 

Rotuma 69.5 Sri Lanka 66.9 

Dwarfs Dwarfs 

Malayan red 64.2 Cameroun 66.1 

Malayan green 65.3 PNG Brown 71.1 

Malayan yellow 64.1 Polynesian 69.3 

Sri Lanka green 70.7 Sri Lanka 70.6 

Sri Lanka red 67.7 Malayan yellow 65.8 

Sri Lanka yellow 69.0 Cambodia green 62.0 
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Appendix XV GENETIC DIVERSITY IN COCONUT 
A brief survey of IRHO's work 

J. Meunier 

I - ISOZYME ELECTROPHORESIS 
(G. Benoit - M. Ghesquiere) 

In view to better understand the structure of genetic diversity in coconut, IRHO undertook 
research on isozyme electrophoresis in 1978. 

In a first phase, the research was aimed at adapting the electrophoresis technics to the coconut 

palm. 

17 enzymatic systems were used in the preliminary study (table I). 

The study was carried on 9 different genetic materials: 4 dwarfs + 4 tails ecotypes and one
Dwarf x Tall hybrid, and 6 different tissues were used: i.e., pollen, haustorium, embryo, leaf, root,
shoot (table 11). The various experiments (52 different buffers, 10 migration pattern on starch and 
on polyacrylamid) gave the following results. 

- Pollen, haustorium and embryo give clearly readable patterns. Leaf, root and shoot tissues 
are rapidly oxydated, making extraction and interpretation difficult. 

- Using the more polymorphic ecotype (Polynesian Tall) genetic determinism was attempted 

and was clearly defined for only 6 systems (Est, LAP, Amy, Perox, MDH and GOT). 

Further studies, including Niu Leka dwarf (NLD), allow for the following general findings: 

- At species level a variability is found for all systems, as usually observed in other plants.
But a very low general polymorphism appears (maximum 2 alleles per locus for systems 
analysed). 

- There is a cleai difference for the within ecotype variability which is lower in dwarfs
(except for NLD) and higher in Tails on average. For tails, all situations can be found 
from highly poymorphic (PYT) to total monomorphism (WAT). 

- There is no apparent structure at the inter-ecotype level. Distance calculation and
hierarchical classification are unable to give a clear understanding of genetic diversity in 
coconut (Fig. I). 

For instance, with such techniques, it appears impossible to differentiate Malayan Yellow 
Dwarf from West African Tall (Fig. 2). 

This situation can be explained in relation with the specific distribution of the coconut where
random distribution cannot be admitted and where genetic drift and foundation effects have been the
rule. Thus, through two different processes, MYD (self pollination) and WAT (genetic drift), cannot 
be separated for the systems analysed. 
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CONCLUSION 

Isozyme electrophoresis can be used for specific aims (progeny legitimacy, identifiction) but 
isunable to analyse the original genetic diversity of coconut unless more. systems could be determined 
and carefully analysed. 

Research by T. White, G. Moran and R.B. Knox (1988) within an A.C.I.A.R project on 
coconut improvement studying twenty enzyme systems and approximately 30 loci seems to reach very 
similar conclusion. 

II - FOLIAR POLYPHENOLS 
(M. Jay, R. Bourdeix) 

Following the disappointing results obtained from isozymes, IRHO decided to study other 
means to try and analyse genetic diversity. Incooperation with Lyon University, phenolic compounds 
were extracted (0. methanol method) from 171 palms from 32 ecotypes, and thereafter separated 
through chromatography (Fig. 3) 14 peaks were identified and subsequently analysed. 

This analysis (F:g. 4) (Olagineux, 1989, 44 n"3) gives a rather good picture of the genetic 
diversity inaccordance with what isknown about the history of coconut. 

In particular, there is a clear distribution of ecotypes between Asian, Pacific and African 
sources. All green dwarves are located in South East Asia and Cameroon; red dwarf appears in the 
Pacific region, fitting historical hypothesis. 

These encouraging results prompted IRHO to study more about possible environmental effects 
on phenolic compounds. 

Recent studies by SOCIENTO (1991 unpublished) (Fig. 5) gave contradictory results. 
Whereas general results were inagreement with previous findings, Rennell tails in two different sites 
appear separated and Malayan Yellow Dwarf isslightly different from Nias Dwarf. These results, 
however, are under reexamination for furthef checking and interpretation and must be taken very 
carefully. 

GENERAL CONCLUSIONS 

Isozymes electrophoresis seems rather ineffective in analysing genetic diversity in coconut. 
Phenol polymorphism appears quite promising, but needs further research. It could certainly be used 
to assess genetic diversity of prospected materials in one cnvironment, but remains a heavy and 
expensive technology. 

Facing these difficulties and in view of the urgent necessity to better understand genetic 
diversity in coconut palms, we strongly advocate the use of molecular biology techniques to analyse 
genetic diversity. 

These technologies are now available and will give undisputable pictures of diversity. 

Moreover, they will be highly valuable, in the context of the numerous, complex, diseases 
affecting coconut. Breeding for disease resistance, for adaptation traits, for improved combining 
ability, will necessitate Marker Assisted Selection. Molecular biology should provide avery efficient 
tool for such research. 
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Table 1: 17 enzyme systems analysed on coconut
 

HYDROLASES 

Esterases 
Leucine Amino Peptidase 
Acide Phosphatases 
Amylases 

OXYDOREDUCTASES 

Poroxydases 
Polyphenol oxydase 
Isocitrate deshydrogenase 
Glucose 6 Phosphate Deshydro. 
Alcool deshydrogenase 
Lactate 
Malate 

TRANSFERASES 

Glutamate Oxalo Transferase 

ISOMERASES 

Phosphoglucose Isomerase 

:ITHERS 

Lipases 
Lipoproteases 

+ + clear polymorphism, easy to analyse 
+ polymorphism difficult to analyse 
(+) unconsistant polymorphism 
- no polymorphism found 

Est 
LAP 
Ac. Phos. 
Amy 

Perox 
P.P. ox 
IDH 
G6PDH 
ADH 
LDH 
MDH 

GOT 


PGI 


Lip 

Lip. pro.
 

+ + 
+ + 
+ 
+ + 

+ + 
+ 
+ 
+ 
-
-
+ + 

+ + 

+ 

(+) 
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Table II: origin of the material analysed
 

9 CULTIVARS 

Cameroons Red Dwarf CRD ) 
Malayan Yellow 
Brazilian Green 

MYD 
BGD 

)
) 20 palms per ecotype 

Sri Lanka Green SGD ) 

West African Tall WAT 
Polynesian PYT 
Vanuatu VTT ) 30 palms per ecotype 
Rennell RLT ) 

MYD x WAT PB 121 30 palms 

6 ORGANS 

Pollen ) reactive tissues with 
haustorium ) consistant results 
embryo 

Leaves ) inconsistant results 
roots ) due to phenolic 
shoots ) oxydation 



RZ~ 

DWARVES TALLS 

MYD ] PYT
 

TffiM]Tl MYT
CR D 

NLD [ VTT 

SGD WAT 

Fig. 1: Genetic distances according to ascending hierarchical classification 
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WAT 

Fig. 2: Position of 8 ecotypes on axis 1-2 after main component analysis (look at MJD and WAT locations) 
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Fig. 3: Primary results of polyphenol chromatography 



.vp tac (PGD ta) 
Extr6rnu ;iefl? 

(Fa, East) 

Afrique (Afacel 

Onrv (VRD) 

2 gmni (ML 7 nvp pil 
* nv', 'FGD) (PGD pd) 

(TOO) Onyp cat (POD cat) 
nca CAT) 

(SGDJ 
goa ake 

nig 
IGYD) 

~gtn (TNTTio 
Onrm (MRD) 

J74gd(RLTJ / 
(Corir- gnz (MZTJ 

(WATaeka) 

/MY ffgpa (PAT) 90oa(WATI 

nbn INBO goa oul (WAT Odj 
gcb7 (GBT7T e (NDTe)gnci 

gvt I 

nrc (CRD) gtg (TGT) 

lgrt (RrT) 5 und7 (ND 77) 

nnl (NLD/ 

Pacinfifie gpyl (PYTI) 

(Paocik 

Grand (Tali) Nain (Dwarf, 

wPy2 (PY72j Extreme-Orient (Fareast) 02 0 

Pacifique (Pacific) 0] 0 
Afrique (Africa) 40 
Ocan Indien (Indian Ocean) 0 

Axe 1 America (America) 

Fig. 4: Discriminant analysis of individual palms according to the "ecotype" criterion 



Tableau II: Plan Factoriel - 2 d'une Analyse en Composantes Principales 
Normde sur rdsultats phytochimiques (Compos6s Phdnoliques) relevant d'une 
Collection de Gdnotypes de Cocotier:
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Fig. 5: Analysis of several ecotypes planted in different locations (SOGIENTO, 1991) 
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Appendix XVI MAINTENANCE OF COCONUT GENETIC RESOURCES
 
IN VITRO TECHNIQUES FOR MEDIUM AND LONG-TERM CONSERVATION
 

F. Engelmann (*) and B. Assy-Bah (**) 

INTRODUCTION 

The preservation of genetic resources of coconut is a prioritary obN-tive for the development of 
present and future breeding programs (IBPGR, 1985). This task is made difficult due to the 
characteristics of the nut, which is recalcitrant and is very large (King and Roberts, 1980). The use 
of in vitro techniques offers very practical and elegant solutions for collecting and culturing coconut 
embryos, thus facilitating the exchange of germplasm. However, the safe conservation of coconut 
germplasm is impossible to consider without an efficient long-term storage technique. Only
cryopreservation in liquid nitrogen (-196"C) presently offers a long-term conservation option. 

This paper summarizes the work carried out by ORSTOM/IRHO during the last eight years for 
developing techniques of collection, in vitro culture, medium and long-term storage of coconut 
embryos. 

RESULTS 

I) In vitro .. of mature embryos in field conditions 

During collecting mis!;ions, the amount of germplasm which can be harvested is limited by the size 
of the nuts. The most convenient alternative is to extract the embryos and to inoculate them in vitro 
in sterile test tubes in field conditions. Such a technique has been developed by ORSTOM/IRHO and 
published in 1987 (Assy Bah et al., 1987). Itgives satisfactory results since an average of 10% only
of the collected embryos are lost due to c'-ntaminations (Table I). Moreover, experiments showed 
that the embryos can be kept in these conditions for 2 months before being grown under controlled 
environment in the laboratory. This technique is now routinely used in C6te d'Ivoire and was 
recently successfully employed in Indonesia for collecting coconut germplasm. If the inoculation of 
the embryos is carried out in the laboratory instead of field conditions, the contamination rate can 
drop down to 2-3% only. 

2) ht vitro culture of mature embryos 

An efficient technique has been set up for the in vitro culture of mature embryos (Table I). It is 
characterized by its simplicity, since only one culture medium is used during the whole process. Its 
composition is as follows: 

I(*) ORSTOM (Institut Franqais de Recherche Scientifique pour le Ddveloppement en 
C,;opdration) 

911 av. Agropolis, BP 5045, 34032 Montpellier C6dex 01, France. 

(**) IRHO (Institut de Recherche pour les Huiles et Oldagineux)
 
Station de La Md, 13 BP 969, Adidjan 13, C6te d'Ivoire.
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Murashige and Skoog's (1962) macro and microelements, Morel and Wetmore's (1951) vitamins, 
"
41 mg.l- Fe EDTA, 100 mg.1j sodium ascorbate, 60 g.Isucrose, 2 g.l1 activated charcoal, 7 

g.l agar, pH 5.5. 

After 5 months in culture, up to 80% of the inoculated embryos have developed into plantlets
which can be transferred in vivo. After 6 months in the prenursery, they are "lanted in the field 
without almost any further loss. This technique has been extensively described by Assy Bah (1986) 
and Assy Bah et al. (1989). 

3) In vitro culture of immature embryos 

Small and young (i.e. highly meristematic) structures are more likely to withstand freezing in
liquid nitrogen. Mature embryos are very large and comprize a large amount of vacuolated cells in 
the haustorium, which makes them potentially very susceptible to freezing. Therefore, from a 
cryopreservation point of view, the use of immature embryos (7 to 8 months after pollination), which 
present the characteristics requested, seemed very interesting. However, if simple media can be used 
for the culture of mature embryos, it is not the case for immature ones. The composition of the 
culture medium set up for immature embryos is as follows: 

Monnier's (1971) macro and microelements, Morel and Wetmore's (1951) vitamins, I mg.I" Fe 
EDTA, 34 g.l' sucrose, 45 g.I1 gluscose, 0.01 mg.I 1 biotin, 200 mg.I' glutamine and casein, 100 

"
mg.l" inositol and sodium ascorbate, 2 g.lactivated charcoal, 7 g.l'l agar. The pH is adjusted 
to 4.6. 

However, contrarily to mature embryos, which develop very rapidly and at a high rate, only a 
limited number of immature embryos could give rise to well-developed plantlets (Table 2). 

4) Medium-term storage of mature embryos 

In optimal culture conditions, the germination and development of mature embryos is very rapid.
However, it can be interesting for various purposes (prolonged transport duration, quarantine
requirements) to have the possibility of de!aying their germination. The experiment conducted for 
evaluating the medium term storage possibilities was as follows: mature embryos were stored for 6 
months at 27"C in the dark on media containing various sucrose concentrations (60,20, 15, 10, 5 and 
0 g.l ') with or without 2 g.l activated charcoal. At the end of the storage period, the embryos were 
transferred on the standard culture medium and their development was followed. 

On the medium containing charcoal, germination during storage gradually slowed down in line 
with the reduction in sugar concentration, rising in fact from 6% to 100% non-germinated embryos.
On media not containing charcoal, except with 60 g.l*' of sugar where half the embryos germinated,
all the other conditions led to almost total inhibition of germination (94 to 100% non-germinated 
embryos). 

Two months after transfer to standard medium, the germination of embryos stored with charcoal 
was satisfactory (from 62.5% to 100%). However, without charcoal, the germination rate was much 
lower (38 to 49%), except for embryos stored on 60 g.l of '.,iar. 

It was shown during this experiment that sugar plays an important role in embryo growth: the 
lower the sugar concentration, the slower the growth. The presence of charcoal during storage is 
essential for ensuring that embryos maintain a high germination capacity. The two optimal sets of 
storage conditions are therefore: 2 g.I of charcoal, 0 or 5 g.l of sucrose. A delay was also 
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observed in embryo development due to storage, compared to embryos which have not been kept in 
storage, but no decrease in development rate was notd. 

5) Cryopreservation of immature embryos 

Numerous experiments were carried out in order to successfully freeze immature embryos. The 
following process led to positive results (Assy-Bah and Engelmann, 1992): 

the embryos were pregrown for 4 hours on a medium with 600 g.l' glucose added with 5 to 15% 
sorbitol, glycerol or polyethyleneglycol 6000. They were then frozen v'nd thawed rapidly and 
transferred on standard medium. 

In the controls (Table 3) there was no difference in survival according to pretreatment. Three sets 
of conditions ensured survival after freezing in liquid nitrogen: 10 and 15% glycerol and 10% 
sorbitol. After 2,5 months culturing, the different conditions led to no difference in germination rate 
in the control embryos. The frozen embryos developed more slowly and an embryo has already given 
a gemmule and a root (pretreatment with 15% glycerol). Embryo survival was also achieved Linder 
the same conditions in two additional trials. 

This experiment showed that it is possible to successfully freeze immature coconut embryos. 
However, due to the difficulties encountered with their in vitro culture, the efficiency of this technique 
is somewhat low. 

6) Cryopreservation of mature embryos 

Our most recent experiments focused on trying to adapt the technique set up with immature 
embryos to mature ones. Indeed, since the conditions for their in vitro culture are well-mastered, 
mature embryos appeared as the best material for the long-term preservation of coconut germplasm. 
The technique experimented was as follows (Assy-Bah and Engelmann, 1992): 

mature embryos were first desiccated for 4 hours in the air current of a laminar flow cabinet. 
They were then pregrown for I I to 20 hours on a medium containing 600 g.l glucose and 15% 
glycerol in open Petri dishes under the laminar flow. The embryos were frozen in liquid nitrogen 
and thawed rapidly and then transferred on standard medium. This experiment was carried out 
on 4 varieties: thc hybrid PB 121, Cameroon Red Dwarf (CRD), Renell Tall (RLT) and Indian 
Tall (NDT). 

The results observed after one month culturing are presented in Table 4. The survival of control 
embryos is generally high, whatever the pregrowth conditions. The germination of RLT and ND7 
embryos is slower than that of PB 121 and CRD. No embryos could survive to freezing in liquid 
nitrogen without desiccation and pregrowth. The survival and germination rates of embryos 
desiccated and pregrown for various durations and frozen in liquid nitrogen are satisfactory. The 
maximal germination rate (78%) is observed with CRD embryos pretreated for 20 hours. The 
germination of RLT and NDT frozen embryos is also slower than that of PB 121 and CRD. 

Observations performed after 2 and 3 months of culture (data not shown) indicate that the 
germination rate of cryopreserved embryos can reach 80% and that 'here is no delay in their 
development, compared with control embryos. The cryopreservation technique experim-nted during 
this preliminary trial is thus efficient. 
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CONCLUSION
 

Since this research program started 8 years ago, decisive progresses have been made in various 
aspects. Efficient techniques for field collection and in vitro culture of coconut embryos can now be 
routinely employed. Indeed, starting from 100 embryos, up to 75 plantlets can be trai. ferred in the 
field, I I months after the collection of the embryos. Moreover, the germination of mature embryos 
can be delayed for 6 months, without any decrease in the germination rate, and experiments are under 
way in order to extend this duration to one year. Finally, the preliminary cryopreservation 
experiments carried out with mature embryos are very promising for the long-term conservation of 
coconut germplasm. Research is going on in order to improve these results and to apply this process 
to a larger range of varieties. 

In conclusion, all the techniques described in this paper should play a more important role and 
facilitate in a near future both the safe exchange and long-term conservation of coconut genetic 
resources. 
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Time Work carried out Effectives 

! 0 inoculation in vitro 100 
N of embryos 

V 
1 

I month transfer +/- 90 

T 2 months transfer +/- 80 
R 
O 3 months transfer + elimination 

of haustorium 

4 months transfer 

! 5 months transfer to prenursery up to 77 
N on sand 

V 7 months transfer to prenursery up to 75 
I on leaf mould 
V 
O II months transfer on the field up to 75 

Table I: Successive operations carried out for the growth in vitro of coconut embryos and 
development in vivio of plantlets. 

weight of embryos 

<10mg 10< <20mg 

embryos observed 74 49 

malformed 53 13 
(72%) (27%) 

dead 2 I 
(3%) (2%) 

leaf 13 21 
(17%) (43%) 

leaf + root 6 14 
(8%) (28%) 

Table 2: Development of immature embryos as a function of their initial weight. 



-pgr +pgr GLYCEROL (M) SORBITOL (1) PEG (t) 

2 5 10 15 2 5 10 15 2 5 10 15i 

-LN 17/20 
85% 

20/20 
100 

18/19 
95% 

19/20 
95% 

17/18 
94% 

11/15 
73% 

19/19 
100% 

19/19 
100% 

17/18 
94% 

* 19/19 
100% 

14/18 
78% 

17/20 
85% 

+LN 0/20 0/20 0/19 0/20 5/20 2/20 0/20 0/20 3/7 0/20 0/20 0/20 0/20 
_0% 0% 0% 0% 25% 10% 0% 0% 43% 0% 0% 0% 0% 

Table 3: Survival of control (-LN) and frozen (+LN) immature embryos as a function of pregrowth conditions. 

Pregrowth 
duration 

- LN + LN 

(rs) 0 11 13 15 20 0 11 13 17 20 

PB 121 Survival 18/18
(100%) 

6/17 
(35%) 

8/15 
(53%) 

7/14 
(50%) 

13/14 
(93%) 

0/8 
(0%) 

13/13 
(100%) 

15/15 
(100%) 

13/15 
(87%) 

13/15 
(87%) 

Germina-
tion 

3/18 
(17%) 

0/4 
(0%) 

1/6 
(17%) 

1/7 
(14%) 

9/13 
(69%) 

0/8 
(0%) 

3/13 
(23%) 

1/15 
(7%) 

6/13 
(46%) 

4/13 
(31%) 

N. 

CRD Survival 15/15 
(100%) 

11/18 
(61%) 

11/15 
(73%) 

10/17 
(59%) 

14/25 
(56%) 

0/15 
(0%) 

12/18 
(67%) 

13/17 
(76%) 

15/23 
(65%) 

14/18 
(78%) 

Germina-
tion 

5/15 
(33%) 

6/11 
(55%) 

7/10 
(70%) 

0/10 
(0%) 

10/14 
(71%) 

0/15 
(0%) 

12/18 
(67%) 

13/17 
(76%) 

15/23 
(65%) 

14/18 
(78%) 

RLT Survival 20/20 
(100%) 

1/15 
(%) 

2/17 
(12%) 

8/21 
(38%) 

18/21 
(86%) 

0/20 
(0%) 

18/18 
(100%) 

14/16 
(88%) 

18/21 
(86%) 

19/23 
(83%) 

Germina-
tion 

2/20 
(10%) 

0 
(0%) 

0 
(0%) 

0/6 
(05) 

0/17 
(0%) 

0/20 
(0%) 

2/18 
(11%) 

0/14 
(0%) 

1./18 
(6%) 

1/19 
(5%) 

NDT Survival 13/13 
(100%) 

1/15 
(7%) 

5/19 
(26%) 

4/17 
(23%) 

15/17 
(88%) 

0/13 
(0%) 

15/15 
(100%) 

18/18 
(100%) 

14/17 
(82%) 

17/17 
(100%) 

Germina-
tion 

0/13 
(0%) 

0/1 
(0%) 

1/2 
(50%) 

0/3 
(0%) 

0/13 
(0%) 

0/13 
(0%) 

0/15 
(0%) 

0/18 
(0%) 

0/13 
(0%) 

0/17 
(0%) 

Table 4: 
Survival and germination rate of control (-LN) and cryopreserved (+ LN) mature embryos as a function of their p-j~rowth

conditions.
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Appendix XVII EVALUATION AND UTILIZATION
 
OF COCONUT GENETIC RESOURCES
 

G.A. Santos (**) and A. Sangare (***) 

INTROI)UCTION 

Collecting representative coconut populations for purposes of breeding and selection is a tedious 
process. This is not only due to the fact that coconut is so widespread but also because of the high
variability observed even in a supposedly pure population or variety. 

UnIlike in other crops where highly organized Genetic E:valuation and U1tilization (GE) and 
International Gerniplasin Te'ting units exist, coconut varietal improvement is left to national 
programmes with little support from International Agencies. 

I)uring the last 20 years. najority of the coconut hybrids and cultivars were bred and developed 
out of necessity. They came about out of practical consid,.rat ions by iiidiVilual breeders who serve 
as conservationist. iathologist. agronomist and extensionist a: the same time. 

The purpose of this paper is to present and describe past and current evaluation and utilization 
techniques in coconlt varietal improvement with the aim of outlining asystematic Genetic Evaluation 
and Utilization procedure fOr the crop. 

Breeding Objectives 

The parameters used in the evaluation of genetic materials vary according to the breeding
objectives. III coconut, breeding objectives generally involve the improvement of economically useful 
traits such as copra and oil yield in combination with other traits such as earliness, pest and disease 
resistance and wide adaptability to varying agro-cliniatic conditions and farming system. 

Specific objective!, are aimed ai improving protein content, free fatty acids (FFA) content and other 
unique chemical propeities. 

Pre-requisiles for effeclive evaluation and utilization 
of cocortUl genetic resouirces 

The conservation and use of crop genetic resources are two inseparable components of varietal 
improvement. Systemiiatic evaltiation for any trait is a costly and time-consuming process. Therefore,
goals should be clearly defined and procedures properly designed before testing begins, and colleagues
in related disciplines should be coisulted during the planning and testing stages. 

Following the procedures used in most breeding centres, a flow chart outlining the necessary steps 
in systematic evaluation and utilization for coconut is shown in Fig. I. 

(*) Division Chief III, Philippine Coconut Authority, Zamboanga Research Center, San Ramon. 
Zamboanga City (Present Address: PCA-DRC. Bago-Oshiro, Davao City P.O. Box 295 8000).

(**) Director, IRHO. Marc Delorme Station, Port Couet, C6te d'lvoire. 

2 
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Basic Requirements in Coconut Improvement 

Proper evaluation prior to and following efficient collection and field establishment precedes the 
utilization of the best cultivars, improved varieties and/or variey hybrids. During the past two 
decades, quite a number of coconut ccllections have been used in developing an array of promising
varieties and variety hybrids which are now commonly used in coconut development and rehabilitation 
programmes. 

Sometime in the early 1980's, the IBPGR held a training course on genetic conservation wheie the 
Coarse Grid Sampling Strategy was first introduced to the participants. It was very relevant and 
practical as it offered a systematic means of obtaining representative samples from very 6ifficult 
sampling areas such as the many coconut growing islands in Asia and the Pacific. 

With varying degrees of success, important coconut collections were prospected, collected and 
established in this manner. Hereunder are the most basic requirements for the effective evaluation 
and utilization of coconut genetic resources. 

1. Population Size 

By experience, it is worth emphasizing that unless a certain variety would have a population size 
of at least 50 individuals (for tails) and 30 individuals (for dwarfs), selection and breeding work using 
this variety will have limited practical or commercial value. 

In this workshop aquestionnaire for an inventory of coconut varieties held in national collections 
purposely devote special emphasis on population size. Understandably, the focal point of the exercise 
is to catalogue the collections which meets this requirements. 

2. Pollination Control 

Another factor which is all too often neglected is in the conduct of controlled pollination. Proven 
techniques are now available and they only require persistent application. 

3. Rearing of Seedlings and Local Control 

Field planting, farm upkeep, fertilizer application and general site suitability variably influence 
coconut growth and development. Varying field conditions like soil heterogeneity could prove critical 
in the final evaluation of entries. Hence, it is important to attain acceptable degrees of local 
(experimental) control. 

ro obtain accurate results, a minimum of 15 palms per plot replicated 5 to 6 times in Completely 
Randomized (CRD) or Randomized Complete Block Design (RCB) appears reasonable and practical. 
The use of too small plot sizes and the inclusion of too many sources of variation in the trial could 
ruin the validity of a coconut experiment. 

4. Screening in Nurseries and Field Plots 

Initial evaluation starts in the nursery where seedlings are observed for differences in pigmentation, 
speed and percentage of germination. 
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In the field, variation in leaf production and girth size are the two most important traits to reckon 
at least in the first three to four years. Later, as the palms begin to flower and finally reach the 
reproductive stage, variation in yield components are noted. 

The specific traits which are given much attention at the adult stage are those which are directly 
linked to yield performance like regularity in nut and bunch production. Nut component characters, 
fruit composition, nut shape and size are features which are considered to improve the materials' 
acceptability to farmers. 

In areas where climatic disturbances frequently occur, annual heighi increment, root distribution 
and root density are evaluated for these characters are believed to have some bearing on the relative 
resistance or tolerance of certain types. 

Morphological characters like length of the petiole and peduncle in some varieties as well as stem 
size are also considered in specific situations, e.g. in areas often visited by typhoons and strong 
winds. 

Selection for adaptive traits like tolerance and early recovery to drought prone conditions and pest 
and disease resistance are likewise paid much attention to in coconut breeding. Of late, resistance 
to Phytopthora and drought tolerance are among the most studied productivity factors in coconut. 

As regards diseases, studies on phytoalexin levels in different cultivars and hybrids, histochenical 
differences and characterization of strains in relation to sensitivity of ecotypes are now being done, 
e.g. studies on bud and nut rot are being conducted tnder an FAO/IPM project and an EEC funded 
project on Phytoptohora. 

Finally, since majority of coconut farmers in the important coconut growing countries are small, 
and due to the popular concern regarding the higher requirement of improved varieties for fertilizers, 
it is necessary to consider the type of cultural manageme, or farming system that will be required 
by the improved material. 

Breeding Methods Applicable to Coconut 

The existence of dwarf and tall coconut isof common knowledge. Perceptible differences between 
the two types include growth stature, size of stein, floral biology and pollination habit as well as 
precocity in leaf production and flowering. 

The summarized result of genetic studies to prove that tails are more heterozygous while dwarfs 

are more homogeneous is shown in table I. 

Mass Selection 

Mass selection have been used for many years iii coconut to develop indigenous material for direct 
distribution to farmers and in improving the genetic base of breeding collections. It is based on 
characters with high heritability. Its basic limitations are well known but it is believed that as long 
as modern techniques are not perfected for coconut, mass selection will remain applicable to coconut. 
Two types of mass selection are popular in coconut. These are mother paln and plantation block 
selection. 
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Selfing and Hybridzation 

In practice, most coconut breeders use disassortative phenotypic mating or complementation of 
characters as basis for parental selection. With varied breeding objectives, breeders :'lude a few 
other criteria (table 2) in choosing the most promising variety(ies) and variety hybrids. 

Sel/ing serves to homogenize genetically heterogeneous populations. Selfings done in the BAO 
and LAG tails (two local coconut populations form the Philippines) led to the development of earlier 
flowering palms in the resultant population as compared to the base population (Fig.2). 

On the other hand, the exploitation of heterosis is the main objective in hybridization. Outright 
crossing of varieties have led to the successful evolution of superior 'coconut genotypes and their 
commercial use as exemplified by the MYD x WAT hybrid. 

The current approach is to test the general combining ability (GCA) of various populations on the 
basis oforigin. To improve the best hybrid, testing of individual combining ability (ICA) on the basis 
of recurrent selection following selfing in the more heterozygous parent is done. 

To obtain faster results, selfing and hybridization of the selected parents are done simultaneously. 

Backcrossing 

The persistent nature of coconut allows baccrossing to be done to any of the original parent(s) 
as needs arise without the necessity of selfing. The recurrent parents, however, should have been 
pre-selected for uniformity to achieve better results. 

Applications or Tissue Culture Technologies to Coconut 

Tissue culture can be useful in many ways such as: 

I) quick production of homogeneous and homozygous breeding material; 
2) cloning of elite palms for outright distribution; 
3) to facilitate safe germplasm exchange; 
4) storage and/or preservation of genetic resources; 

as well as 
5) in producing disease-free planting material for screening purposes or mass 

propagation. 

Genetic Trials 

The space, time and costs required in testing coconut varieties prohibit the use of 
sophisticated and complex designs. 

Nevertheless, establishment of genetic trials should follow basic principles in experimental 
desig's and in the imposition of suitable local contiols and reasonable population and/or plot size. 

The number of crosses per trial should be limited to no more than 7 entries to give ample 
space for enough replication sand ensure the experiment's sustainability. Too large experiments run 
the r,k of abandonment on account of shortage of maintenance funds. 
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Regional Testing in Farmer's Fields 

Advanced tests for selected hybrids and cultivars involve the establishment of trials in 
farmer's fields. This is necessary to determine the response of the material to varying agro-climatic 
conditions and test the acceptability of the materials to the farmer-end users. 

Regional tests enable the selection of specific materials for specific conditions and permits 
the identification of the parental populations to be established for mas. propagation for the ultimate 
commercial utilization of the improved variety. 

The initial steps to follow in regional testing is the identification of the best materials and 
the test sites. Since regional tests would necessarily involve more test materials and their 
simultaneous distribution to the test sites, proper planning and coordination are extremely needed. 

*ro minimize age differences in the test materials, synchronization of controlled pollination 

activitits and seednut distribution as well as conduct of uniform nursery techniques are also important. 

Lastly, a well-oriented and highly-organized set of personnel isobviously indispensable. 

Records system and Information Dissemination 

Watching coconuts grow and develop needs a lot of patience and perseverance. The 
availability of user-friendly computer softwares has tremendously improved data storage and retrieval 
in coconut research where vuluminou, data are periodically gathered. 

Systematic recording of reproductive data every forty-five days and regular semi-annual 
indexing for leaf production are the two most important aspects of data gathering in adult coconut. 

Depending on the breeding objective, other traits are regularly recorded over time which 
usually takes a few years observation to become valid. 

Mass Propagation 

Pending the development of cloning techniques, the mass propagation of coconut planting
materials would necessarily in,.olve the us,:'-f isolat.J seed gardens. The idea isto establish parental 
palms in isolated blocks so that substitution could easily be done when a certain hybrid becomes 
obsolete. For obvious reasons, palms to be used as female parents are planted in bigger numbers than 
the male parents. 

Techniques for the mass coliection of pollen require the establishment of pollen drying 
rooms where temperature can 'e automatically controlled at 40'C, storage facilities and a crew of 
trained technicians. 
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Table 1. Percentage of brown and green seedlings in crosses of varioug categories.* 

CATEGORY 	 % GREEN % BROWN 

Selfed green tall 	 a) expected 100 0 
b) observed 68 32 

Selfed Brown tall 	 a) expected 0 I00 
b) observed 55 45 

Open pollinated tall 	 a) expected 50 50 
b) observed 74 26 

GD x BAO green 	 a) expected 100 0 
b) observed 71 29 

GD x LAG g-, en 	 a) expected 100 0 
b) observed 85 15 

GD x BAO brown 	 a) expected 50 50 
b) observed 55 45 

GD x LAG brown 	 a) expected 50 50 
b) observed 45 55 

GD x GD 	 a) expected 100 0 
b) observed 100 0 

*No of nuts observed per category -	 288 
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Table 2. Basic characteristics of tall and dwarf coconut. 

TRAITS 


Geographic distribution 


Stem circumference 

Mode of pollination 

Pigmentation of nuts 
and petiole of leaves 

Height increment per year 

Years to start of 
reproductive maturity 

Expected lifespan 

Nut size (whole) 

Phenotypic variation 
- within cultivar 
- between cultivars 

Root distribution 

Reaction to adverse 

Cultural requirement 

Leaf and bunch attachment 

TALL 

More widely distributed 
and commercial 

Enlarged and with a bulbous 
base 

Highly crossed 

Most are mixtures 
of greens & browns 

Greater than 50 cm 

Late (5 to 7 years) 

More than 50 years 

Very small to large 

High 
High 

Generally more dense 
and plentiful 

Gernerally less sensitive 

Average 

Very strong 

DWARF 

Less widely distributed 
and non-commercial 

Thin and either with a 
cylindrical or tapering base 

Highly selfed 

Either pure greens, browns, 
yellows and reds 

Less than 50 cm 

Early (3 to 4 years) 

Less than 50 years 

Very small to medium 

Low 
High 

Less dense and few 

Sensitive to hypersensitive 

High input required 

[ragile 
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