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Preface 

African subsistence farmers have traditionally relied on diversity to ensure the 
stability of their food production systems. They have developed dil erse landraces 
and cropping practices adapted to local climatic, edaphic, social and cultural 
situations. They also harvest food from a wide variety of wild plants. However, 
national food policies in Africa still tend to be based on a few well-researched, 
uniform varieties of staple crops, rather than on the utilization of farmers' traditional 
crops and varieties. This has tended to erode not only the genetic diversity that 
these represent, but also the knowledge that local people have about this diversity. 

In recent years these developments have given rise to growing concern. How can 
the diversity of traditional African agriculture be protected, so that it can be 
harnessed for development? This was the theme of the seminar, "Safeguarding the 
Genetic Basis of Africa's Traditional Crops", held in Nairobi, Kenya from 5 to 9 
October, 1992 and co-sponsored by CTA, IBPGR, UNEP and KARL. The participants 
represented the so-called formal sector of agricultural research and the informal or 
NGO sector, at both national and international community levels. The invited 
presentations are brought together in this volume. 

After welcoming addresses by representatives of the sponsors and FAO, the seminar 
was officially opened by the representative of the Hon. Kirugi L. M'Mukindia, 
Minister of Research, Science and Technology of the Republic of Kenya. In his 
keynote address, Prof. B.N. Okigbo, Director, UNU Programme on Natural 
Resources in Africa, gave a broad overview of traditional African agriculture. He 
stressed its sustainability and called for vigorous efforts to protect the diversity of 
systems, practices, crops and landraces which make it so. 

A set of recommendations was drafted by four working groups following their in
depth deliberation of the key issues arising from the presentation and discussion of 
24 papers. After further discussion in a final plenary session the recommendations 
were adopted by the participants. 

The essence of the recommendations for conserving the genetic diversity of Africa's 
traditional crops is recognition of the need for cooperative action between the formal 
and informal sectors. The two are complementary: each needs - and needs to know 
about - the other. It is to be hoped that this volume will encourage the dialogue 
that is the necessary prelude to such a partnership. 



vi 

Pr6face 

Les cultivateurs africains pratiquant les cultures de subsistance ont 
traditionnellement maintenu la diversit6 pour s'assurer la stabilit6 de leurs systhmes 
de production alimentaire. Ils ont d6velopp6 plusieurs cultivars et des pratiques 
culturales adaptes aux conditions climatiques, cdaphiques et socio-culturelles 
locales. Ils utilisent 6galement ) diverses fins (par exemple en nutrition) des plantes 
sauvages de plusicurs espces. Cependant, les politiques nationales alimentaires en 
Afrique demeurent accrochces i quelques cultures de base de vari~tos uniformes et 
bien 6tudies, au lieu d'Otre ax~es sur lutilisation des cultures et vari6t~s 
traditionnelles dU cultivateur. Ceci tend non seulement Atignorer ]a diversit6 
genctique que ces cultures traditionnelles reprOsentent mais 6galement la 
connaissance que les populations locales ont de cette diversit6. 

Ces dernihres ann~es, ces 6volutions ont 6veill6 Ia conscience des gens. Comment 
peut-on prOserver la diversit6 de lagriculture traditionnelle africaine, de manibre A 
la mettre au service du diveloppement? Ce fut le thhine d'un s~minaire, La 
sauvegarde de la base g~nitique des cultures traditionnelles africaines", organise a 
Nairobi, Kenya, du 5 au 9 octobre 1992 et co-sponsoris6 par le CTA, IIBPGR, le 
PNUE et le KARl. Les participants 6taient les repr6sentants du secteur dit formel de 
la recherche agricole et du secteur informel ou secteur des ONG, A la fois aux 
niveaux national et international. Les diverses communications pr6sent~es i ce 
seminaire sont regrouipes dans cc volume. 

Aprhs les mots de bienvenue prononcs par les repr~sentants des bailleurs et de la 
FAO, le siminairc fut officiellement dclar' ouvert par le repr~sentant de Monsieur 
le Ministre Kirugi L. M'MUKINDIA, Ministre de la recherche scientifique et 
technologique de la Rpublique diu Kenya. Dans son discours-programme, le 
Professeur B.N. Okigbo, Directeur du Progr:amme des Nations-Unies pour les 
ressources naturelles pour l'Afrique, donna un aperqu g~n6ral de [agriculture 
traditionnelle africaine. I1mit [accent sur sa viabilit6 et r~clama de vigoureux efforts 
pour la protection de la diversit6 des systhmes, des pratiques, des cultures et des 
cultivars qui font la sp&ificit6 de [agriculture traditionnelle africaine. 

Un ensemble de recommandations ont &6 formul6es par quatre groupes de travail 
hi la suite de discussions approfondies sur les principaux problhmes engendr~s par 
la presentation et le d~bat stir les 24 communications. Apr&s d'amples discussions 
A la dernihre session plnihre, des recommandations ont &6 adoptdes par les 
participants. 

Lessence de ces recommandations sur la conservation de la diversit6 g~n~tique des 
cultures traditionnelles africaines est la reconnaissance de la n6cessit6 d'action 
coop6rative entre les secteurs formel et informel. Les deux sont compl~mentaires, 
chaque secteur a besoin de et doit connaitre lautre. Nous esp~rons que cc volume 
favorisera le dialogue qui est n&essaire pour amorcer un tel partenariat. 



vii 

List of Participants 

Ake Assi, L. 
Directeur, Centre National de Floristique 
Universite d'Abidjan 
22 B.P. 582, Abidjan 22 
COTE d'IVOIRE 

Anishettv, N.M. 
Senior Officer, Seed and Plant Genetic Resources Service 
Plant Production and Protection Division 
UN Food and Agriculture Organization 
Via delle Tern'e di Caracalla, 00100 Rome 
ITALY 

Assigbe, P. 
Responsable de l'Antenne Zou du Programme Rizicole 
BP 226, Bohicon 
BENIN 
Tel. 3002 64/510005 

Attere, A.F. 
IBPGR Group Leader for Sub-Saharan Africa 
c/o ILRAD, P0 Box 30709, Nairobi 
KENYA 
Tel. 254-2-632054 
Fax. 631499
 

Awori, A. 
Coordinator, Kenya Energy and Environment Organizations 
PO Box 48197, Nairobi 
KENYA 

BeVe, A.M. 
Coordina or CNRD, ISRA 
BP 211, Tambacounda 
SENEGAL 
Tel. 811278
 
Fax. 736052
 

Blake, C. 
IDRC, PU"Box 62064, Nairobi 
KENYA 



viii 

Boef, de, W.
 
Programme Coordinator
 
CGN, CP'RO-DLO
 
PO Box 16 6700, AA Wageningen
 
THE NEIIERLANDS
 
Tel. 31 8370 77076
 
Fax. 31 8370 16513
 

Chabeda, 1).
 
United Nations Environment Programme (UNEP)
 
PO Box 30552, Nairobi
 
KENYA
 
Tel. 254-2-230800)
 

Chigwe, C.F.B.
 
Bunda College of Agriculture
 
PC Box 219, Lilongwe
 
MALAWI
 
Tel: 277 222
 
Fax: (265) 277 364
 
Telex: 43827 BUNDA MI
 

Chweva, J.A.
 
Research & Post-Graduate Studies Coordinator
 
Department of Crop Science, University of Nairobi
 
PO Box 29053, Nairobi
 
KENYA
 
Tel. 632211 ext. 211
 

Cromwell, E.
 
Economist
 
Overseas Development Institute
 
Regent's College, Inner Circle
 
Regent's Park, London NW] 4NS
 
UNITED KINGDOM
 
Fax. 071 487 7590
 
Tel. 071 487 7413
 

Cunningham, A.B.
 
University of Namibia
 
PO Box 621, Tsumeb
 
NAMIBIA 
Fax: (671-3881 (Box 621) 
Tel: 0678 12203 



ix 

Djaneye, T.B.
 
Agent de Recherche
 
Institut National des Cultures Vivrieres (INCV)
 
B. 1). 2318 Lome
 
lOGO
 
Fax. 218792
 
Tel. 25 00 43 

Favemi, J.M. 
Sustainable Agriculture Coordinator 
Environment Liaison Centre International (ELCI) 
P0 Box 72461, Nairobi 
KENYA 
Tel. 562015/562022 

Fondoun, J.M. 
Research Officer, IRA 
Nkolbisson, BP 2123, Yaounde 
CAM EROON 
Telex. 1140 KN 
Fax. 237 221873 
Tel. 237 232644 

Gaifami, A. 
Coordinator for the Agricultural Sector 
Centro Internazional CROCEVIA 
Via Ferraironi 88/G, 00172 Rome 
ITALY 
Tel. 39 6 2413976 
Fax. 39 6 2424177 

Guarino, L. 
IBI'GR, c/o ILRAD 
PO Box 30709, Nairobi 
KENYA 
Tel. 254-2-632054 
Fax. 631499 

Hammer, K. 
Institute of Genetic and Crop Plant Research 
D-O-4325 Gatersleben 
GERMANY 
Tele. 49 3)482 5280 
Fax: 49 39482 53wi 
Tl-:K 351868 



x 

Hamon, P. 
BIOTROP, Laboratoire AGETROP 
BP 5035, 34032 Montpellier, Cedex 1 
FRANCE 
Tel. 33 6761 55 48 
Fax. 33 6761 57 92 

Hardon, J. 
Director, Centre for Genetic Resources 
PO Box 224, 6700 AE, Wageningen 
THE NETHERLANDS 
Fax: 08370-16513 
Tel. 31 8370 7707' '77000 

Hawtin, G. 
Director, IBPGR 
Via delle Sete Chiese 142, 00145 Rome 
ITALY 
Tel. 39 6 518921 
Fax: 39-6 5750309 

Hobbelink, 1-1. 
Coordinator, GRAIN 
Jonqueres 16-6-D E-08003, Barcelona 
SPAIN 
Tel. 34 3 3105909 
Fax. 34 3 310 5952 

Jackson, Alan C. 
Technical Adviser 
Technical Centre for Agricultural and Rural Cooperation (CTA) 
Postbus 380, 6700 AJ Wageningen 
THE NETHERLANDS 
Tel. 31 0 8380-60427 
Fax. 31 0 8380-31052 

Kabare, F. 
Agroforestry Extensionist, KENGO 
PO Box 774, Kitui 
KENYA 

Kabuye, C. 
Botanist, National Museums of Kenya 
PO Box 45166, Nairobi 
KENYA 
Tel. 743513 
Fax. 741424
 



xi 

Kahunde, S.
 
Programme Officer
 
The Community Action for Rural Development (CARD)
 
PO Box 71, Masindi
 
UGANDA
 
Tel. 281 Masindi 

Kamara, J. 
Programme Officer, UNEP 
PO Box 30552,'Nairobi 
KENYA 
Tel. 521840/521841 
Telex. 22068 UNEP KE 
Fax. 254 2 521933 

Kamau, H.N.
 
IBPGR, c/o ILRAD
 
PO Box 30709, Nairobi
 
KENYA
 
Tel. 254-2 632054 
Fax. 631499
 

Kemei, J.K. 
Research Officer, Genebank of Kenya 
Kenya Agricultural Research Institute, PO Box 781 
KENYA 
0154 32880/6
 

Kihia, L. 
Project Officer, KENGO 
PO Box 48197, Nairobi 
KENYA 
Tel. 748281/749747 
Fax.749382
 

Langley, P. 
PAID 
PO Box 4056, Douala 
CAMEROON 
Tel. (237) 421061 
Telex 6048 KN 
Fax c/o UNEDIL (237) 431746 



xii 

Longley, K. 
Resarch Associate 
University College of London 
Department of Anthropology 
Gower Street, London WC1E 6BT 
UNITED KINGDOM 
Tel. 44 71 387 7050 Ext. 2454 
Fax. 4471 380 7728 

Marandu, W.Y.F. 
Curator, National Plant Genetic Resources Centre 
PO Box 3024, Arusha 
TANZANIA 
Telex. 42002 TPRI TZ 
Fax: 255 057-8217 
Tel. 255 57-8813 15/8460 

Mingochi, D. S. 
Horticultural Research Officer 
Department of Agriculture 
National Irrigation Research Station 
PB S-3, Mazabuka 
ZAMBIA 
Tel. 032 30405 

Mirghani, Khogali Ahmed 
Chairman, Sudan National Committee for Plant Genetic Resources 
c/o Horticultural Research Section 
Agricultural Research Corporation, 
PO Box 126, Wad Medani 
SUDAN 
Tlx: 50009TXBOWD SD 

Mnzava, N.A. 
Horticulturist, SADC/AVRDC - CONVERDS 
Secretariat, Tengeru, PO Box 10 
Duluti, Arusha 
TANZANIA 
Tel. 8417 
Fax. 255 057 8220 

Monde, S. 
Director, Rice Research Station 
Rokupr, PMB 736, Freetown 
SIERRA LEONE 
Tlx: 3210 BOOTH S.L 
Cab: RICE ROKUPR 



XlII 

Mekbib, H.
 
Head, Germplasm Evaluation and Utilization Division
 
Plant Genetic Resources Centre
 
PO Box 30726, Addis Ababa
 
ETHIOPIA
 
Tel. 251 180381
 
Fax 251 1 517454
 

Mooney, P.
 
Executive Director
 
Rural Advancement Foundation International (RAFI)
 
71 Bank St., Suite 504
 
Ottawa, Ontario KIP 5N2
 
CANADA
 
Tel. 613 567 6880
 
Fax. 613 5676884
 

Mpande, R. 
Coordinator, Biodiversity Programme 
Zimbabwe Environmental Programme Research Organization (ZERO) 
P0 Box 5338, Harare 
ZIMBABWE 
Tel. 791333 
Fax 723858
 

Mukiibi, J. K. 
Secretary of Research 
Ministry of Agriculture, Animal Resources and Fisheries 
PO Box 102, Enfebbe 
UGANDA 
Telex. 61287 NATURE UGANDA 
Fax. 256 042 21047 
Tel. 20512 Entebbe 

Muntemba, S. 
Consultant, Rennie & Associates 
PO Box 76358, Nairobi 
KENYA 
Tel. 56428 
Fax. 566428
 

Mushita, T.A. 
Project Manager, Environment and Development Activities 
ENDA - Zimbabwe, PO Box 3492, Harare 
ZIMBABWE 
Tel. 34380/37773 
Fax.729204
 



xiv 

Muturi, R. H. 
Research Officer, Department of Research Development 
Ministry of Research Science and Technology 
PO Box 30568, Nairobi 
KENYA 
Tel. 219420 

Mwachiramba, R.M. 
Institut Africain pour le Developpement Economique et Social 
(INADES-FORMATION), PO Box 14022, Nairobi 
KENYA 
Tel. 442201 
Fax. 440516
 

Ndeberi, J. 
Chairman 
African Plant Biotechnology Network 
Faculty of Sciences, University of Burundi 
BP 2700, Bujumbura 
BURUNDI 
Telex: 5161 BDI UNIV 

Fax: 257 223578/223288 
Tel. 257/223578 

Ndiritu, C.G. 
Director, Kenya Agricultural Research Institute 
PO Box 57811, Nairobi 
KENYA 

Ngulo, W.K. 
Director of Research and Development 
Ministry of Research, Science and Technology 
PO Box 30568, Nair,,oi 
KENYA 

Nlandu ne Nsaku 
Coordinator of Regional Genebank of CEPCL Countries 
Institut de Recherche Agronomique et Zootechnique (IRAZ) 
BP 91, Gitega 
BURUNDI 
Tel. 257 040 2364 
Fax. 257 040 2324 

Norton, Harold L. 
FAO Representative in Kenya 
PO Box 30470, Nairobi 
KENYA 



xv 

Nzou, K. Susan
 
Farmer
 
PO Box 213, Kitui
 
KENYA
 

Obilana, A.T. 
Principal Sorghum Breeder, ICRISAT 
S,,rghlm/Millet Improvement Programme 
PO Box 776, Bulawayo 
ZIMBABWE 
Tel. 263 (19) 79563/263(183) 8311/314 
Telex. 33070 ICISAD-ZW 
Fax. 76658
 

Obomsawin, R. 
Onake International Review of Indigenous Knowledge Systems 
RR # 3, Crysler, Ontario KOA IRO 
CANADA
 

Ogbe, F.M. 
Senior Lecturer, Department of Botany 
Faculty of Science, University of Benin 
PMB 1154, Benin City 
NIGERIA 
Tel. 5 200250/2142 
Telex. 41365 UNIBEN NG 

Okigbo, B.N. 
Programme Director, United Nations University 
Institute for Natural Resources in Africa fUNU/INRA) 
c/o UNESCO/ROSTA, PO Bex 30592, Nairobi 
KENYA 
Tel. 520043 

Olembo, R. 
Assistant Executive Director, Office of the Environment Programme 
UNEP, PO Box 30552 
23, Nairobi 
KENYA 
Tel. 254-2 230800 

Oosterhout, van, S. 
Research Associate, Research and Specialist Services 
Agricultural Research Institute, PO Box 8108, Causeway, Harare 
ZIMBABWE 
Tel. 704531 
Fax. 263 4 732828 



Xvi 

Opole,M.
 
Senior Project Officer, Indigenous Vegetables-
Kenya Energy and Environment Organizations (KENGO) 
PO Box 48197, Nairobi 
KENYA 
Tel. 749747 

Perry, M. 
IBPGR, Via delle Sette Chiese 142 
00145 Rome 
ITALY 
Tel. 39 6 518921 

Putter, A. 
Editor 
5 Kings Road, Henley-on-Thames 
Oxon RG9 2DW 
UNITED KINGDOM 
Tel./Fax. 491 575564 

Raymond, R. 
Public Awareness, IBPGR 
Via delle Sette Chiese 142, 00145 Rome 
ITALY
 
Tel. 39 6 518921
 

Sandoval, V.N. 
Environment Studies Board 
College Eight, University of California 
Santa Cruz, CA 95064 
USA 
Tel: 408-459-3523 
Fax: 408-459-3518 

Seme, E.N. 
Officer-in-Charge, Genebank of Kenya 
PO Box 781, Kiknyu 
KENYA 
Tel. 32880 

Sene, D. 
President, Commission des Affaires Etrangeres 
Assemblee Nationale, BP 86, Dakar 
SENEGAL
 
Telex: 61265 ASNAT SG 
Tel. 235573 



xvii 

Stegemann, R.
 
International Coordinator, Seeds of Survival
 
PO Box 5977, Addis Ababa
 
ETHIOPIA
 
Tel. 251 1 613098
 
Fax. 251 1 552966
 

Sutton, J.E.G.
 
Director, The British Institute in E. Africa
 
PO Box 30710, Nairobi
 
KENYA
 
Tel. 43330
 

Thiam, Abou
 
Programme Coordinator
 
Environment and Development Activities (ENDA)
 
BP 3370 Dakar
 
SENEGAL
 
Tel. 221 225565/224229
 
Telex. 51456 SG
 
Fax. 221 222695
 

Wanyancha, .
 
Collection ar.d In-Situ Officer, SADCC Regional Genebank
 
Private Bag CH6, Lusaka
 
ZAMBIA
 
Fax: 260-1-290440
 
Tel. 260 1 290440
 

Zangre, R.G.
 
INERA, Centre de Recherches Agricoles et de formation de Kamboinse
 
01 BP 476, Ouagadougou 01
 
BURKINA FASO
 
Fax: (226) 31-92-06/31-02-74
 
fel. 226 319202/08/07
 

Zedan, H.
 
Coordin ator, Biodiversity and Biotechnology
 
United Nations Environment Programme (UNEP)
 
PO Box 30552, Nairobi
 
KENYA
 



xvi, 

Secretariat 

Amuri, L.M. 
Interpreter 
P0 Box 54708, Nairobi 
KENYA 

King-Ondoua, I'. 
Interpreter 
i'O Box 54708, Nairobi 
KENYA 

Mabale, It. 
Office Assistant, IBPGR 
P0 Box 30709, Nairobi 
KENYA 

Maranga, D. 
Secretary, IBI1GR 
PO Box 30709, Nairobi 
KENYA 

Assogba, El'. 
Interpreter 
PO Box 60804, Nairobi 
KENYA 

Shako, D. 
Secretary, IBI'GR 
P0 Box 30709, Nairobi 
KEN YA 

Sirnwa, E. 
Secretary, Genebank of Kenya 
PO Box 781, Kikuyu 
KENYA 



xix 

Abbreviations and Acronyms
 

AA-N Action Aid-Nepal 
AAASA Association for the Advancement of Agricultural Sciences in Africa 
AATG Action Aid The Gambia 
ABS Agricultural Bank of Sudan 
ACORD Agency for Cooperation and Research in Development 
AIC Agricultural Inputs Corporation (Nepal) 
AMCEN African Ministerial Conference on the Environment 
ARD Associates in Rural Development (US) 
ASC Agricultural Service Centre (Nepal) 
ASS African Seeds of Survival (Ethiopia) 
AVRDC Asian Vegetable Research and Development Centre, China 
BARC Bangladesh Agriculture Research Council 
BAU Bangladesh Agricultural University 
CEAO Communaute Economique de l'Afrique de 'Ouest 
CEPGL Communaute aaeconomique des Pays des Grands Lacs 
CESA Ecuadorian Centre for Agricultural Services 
CGIAR Consultative Group for International Agricultural Research 
CIAT International Centre for Tropical Agriculture 
CIC Centro Internazionale Crocevia 
CIDA Canadian International Development Authority 
CILSS Permanent Interstate Comittee for Drought Control in the Sahel 
CIP International Potato Centre 
CITES Convention on International Trade in Endangered Species of Wild 

Fauna and Flora (IUCN), Washington D.C. 
CLADES Latin American Consortium for Agroecology and Development 
CSB Community Seed Bank (Philippines) 
CSSTD Central Seed Science and Technology Division (Nepal) 
DAR Department of Agricultural Research (The Gambia) 
DAS Department of Agricultural Services (The Gambia) 
DOA Department of Agriculture (Nepal) 
EC European Community 
ECOWAS Economic Community of West African States 
ELC Environmental Liaison Centre International 
EMI Embu-Meru-Isiolo project (Kenya) 
ENDA Environment and Development Activities, Zimbabwe 
ENS Empresa Nacional de Sementes (Mozambique) 
ESC Ethiopia Seed Corporation 
FAO UN Food and Agriculture Organization 
F1 First filial generation hybrid 
FFHC Freedom From Hunger Campaign 
FV Farmers' variety 
GATT General Agreement on Tariffs and Trade 
GCU The Gambia Cooperative Union 
GDP Gross Domestic Product 
GEMS Global Environment Monitoring System 



xx 

GIS 
GNP 
GPMB 
GPSN 
GRAIN 
GRID 
GSM 
GTZ 
HYV 
IARC 
ICDA 
ICRISAT 

IDESSA 
IDRC 
IFOAM 
IITA 
lJO 
ILCA 
INIAP 
IRAT 
IRAZ 
IRRI 
ISTA 
IUCN 

IVO 
JICA 
KHAP 
KMP 
KSHP 
LEC 
MASIPAG 

MCC 
MIND 
MNC 
MONAP 
MV 
NARC 
NACGRAB 
NEF 
NGO 
NIIHORT 
N PK 
NRI 
NSA 

Geographic Information System 
Gross National Product 
Gambia Produce Marketing Board 
Niassa Seed Production Board (Mozambique) 
Genetic Resources Action International 
Global Resource Information Database 
Good Seed Mission (The Gambia) 
Deutsche Gesellschaft fur Technische Zusammenarbeit 
High Yielding Variety 
International Agricultural Research Centre 
International Coalition for Development Action 
International Crops Research Institute for the Semi-Arid Tropics 
(Ind ia) 
Institut des Savanes 
International Development Research Centre, Canada 
International Federation of Organic Agricultural Movements 
International Institute of Tropical Agriculture (Nigeria) 
International Jute Organization 
International Livestock Centre for Africa 
National Agricultural Research Institute (Ecuador) 
Institute for Research in Tropical Agriculture and Food Crops (France) 
Institut de Recherche Agronomique et Zootechnique de la CEPGL 
International Rice Research Institute (The Philippines) 
International Seed Testing Association 
World Conservation Union (formerly International Union for the 
Conservation of Nature and Natural Resources) 
Development Research Centre (The Netherlands) 
Japan International Cooperation Agency 
Koshi ftills Agriculture Project (Nepal) 
Peasant Movement of The Philippines 
Kebkabiya Smallholders' Project (Sudan) 
Livelihood Enhancement Committee (The Philippines) 
Farmers-Scientists Partnership for Agricultural Development (The 
Philippines) 
Mennonite Central Committee 
Mindoro Institute for Development Inc (The Philippines) 
Multi-National Corporation 
Mozambique Nordic Agriculture Programme 
Modern Variety 
National Agricultural Research Centre 
National Centre for Genetic Resources and Biotechnology 
Near East Foundation 
Non-Governmental Organization 
National Horticultural Research Institute of Nigeria 
Nitrogen-Plhosphorous-l'otassium fertilizer 
Natural Resources Instilute (UK) 
National Seed Administration (Sudan) 
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NSB National Seed Board (Bangladesh) 
ODA Overseas Development Administration (UK) 
ODI Overseas Development Institute (UK) 
OECD Organization for Economic Cooperation and Development 
OFSP On-Farm Seed Production Project (The Gambia and Senegal) 
OP Open-pollinated variety 
ORSTOM Office de la Recherche Scientifique et Technique d'Outre-Mer (France) 
PAC Pakhribas Agricultural Centre (Nepal) 
PA! Paran Agronomy Institute (Brazil) 
PARE Partnership in Agricultural Research and Extension (Bangladesh) 
PBR Plant Breeders' Rights 
PGR Plant Genetic Resources 
PGRC/E Plant Genetic Resources Centre/Ethiopia 
PPS Private Producer-Sellers Project (Nepal) 
RAFI Rural Advancement Foundation International 
RENAMO Mozambique National Resistance 
RSS Research and Specialist Services 
SADC Southern African Development Community 
SADCC Southern African Development Coordination Conference 
SAM Sahabat Alam Malaysia 
SCF Save the Children Federation (US) 
SEAN Seed Entrepreneurs Association of Nepal 
SEARICE South East Asia Regional Institute for Community Education 
SEMOC Sementes de Mozambique Lda. 
SIBAT Spring of Science and Technology (The Philippines) 
SPG Seed Producer Group (Nepal) 
SRGB SADC Regional Genebank 
STIP Seed Technology and Improvement Program (Nepal) 
STU Seed Technology Unit (The Gambia) 
UN United Nations 
UNCED UN Conference in Environment and Development 
UNESCO UN Educational, Scientific and Cultural Organization 
UPLB University of The Philippines at Los Banos 
USAID United States Agency for International Development 
USC Unitarian Service Committee (Canada) 
VRC Village Relief Committee (Sudan) 
WCMC World Conservation Monitoring Centre 
WIPO World Intellectual Property Organization 
WRI World Resources Institute 
WWF Worldwide Fund for Nature 
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Recommendations 

Recommendations of the seminar were made through group discussions and ratified 
in a plenary session. The discussion topics on which the recommendations were 
based were agreed upon as follows: 

1.0 Management of documentation and dissemination of knowledge 

1.1 Types of information 

It was recognized that there are multitudes of types of information systems, 
operating at different levels among different groups of actors, that are 
potentially useful in working to safeguard Africa's traditional crops. Within the 
context of the farmer and other users of information, it was thought that the 
inter-relationships between these types could be described as a web of 
information. Each component of this web could be an information system that, 
potentially, is inter-related with other information systems. 

Three general categories of information types were defined. It was 
recommended that the categories be used to identify areas of concern to action
oriented projects. These categories are: 

1.1.1 	 Information specific to a germplasm sample. This includes a 
description of plant accession or species. Such data are very detailed 
and include agronomic, botanical and morphological characters as 
well as a description of the plant's environmental origin: 

1.1.2 	 People's knowledge and practice systems. These include farming 
practices and systems that are used by both indigenous and formal 
sector germplasm users, and the social and cultural setting in which 
these systems are embedded. 

1.1.3 	 Agro-ecological systems. Information here will include that which is 
necessary to understand agronomic and ecological interactions that 
may be perceived to exist within or across geographical regions. 

1.2 Management, treatment and storage of information 

1.2.1 	 Enhancing local knowledge 
It was recommended that several specific areas be targeted to enhance 
knowledge at the local level: 

1.2.1.1 	 Incorporating into school curricula, local knowledge 
related to plant genetic resources. Areas to consider 
would include the involvement of older people in 
teaching, the use of experiential approaches, the 
production of teaching materials by NGOs, teacher 
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associations and in-service training of teachers regarding 
awareness of local knowledge of plant genetic resources. 
Functional literacy programmes should also be 
encouraged.
 

1.2.1.2 	 The restructuring of the extension system to change the 
attitudes of national and local extension systems such 
that they are sensitive to the value of local knowledge 
and practices concerning plant genetic resources 
management. 

1.2.1.3 	 Encouraging a change in national government attitudes 
or policies that will officially recognize local associations 
such as traditional groups and healers, etc., and promote 
the use of local languages and cultural practices. 

1.2.2 	 Recording, documenting and storing information 
It was recommended that many approaches should be investigated in 
terms of their applicability in recording and storing information. 
These include: 

1.2.2.1 	 The use of video and other technologies as they become 
more accessible at the village level. 

1.2.2.2 	 Training that will assist people in systematically ordering 
and recording their knowledge. 

1.2.2.3 	 The development of oral media approaches to plant 
genetic resources information documentation, e.g. music, 
drama, etc. 

1.2.2.4 	 The encouragement and use of various existing 
institutions that will play a role in the storage of 
information related to plant genetic resources. Such 
institutions may include national genebanks, herbaria, 
museums and cultural archives. It was recommended 
that these be promoted collectively with non
governmental and governmental assistance and 
continued governmental support. 

1.2.3 	 Using a multi-disciplinary approach in the collection of information 
and development of improved methodologies. An example of an 
irovative and participatory method is the involvement of school 
children in the collection of information. 

1.2.4 	 Developing guidelines to ensure that information is collected and 
disseminated in an ethical manner. This is necessary because there 
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are a number of cthical questions to be considered in the accession of 
information, especially information which is considered to be secret. 

1.3 Dissemination and utilization of information 

It was recommended that: 

1.3.1 Information flow be encouraged in all directions, e.g. from the formal 
to the informal sector and vice versa, and also within each sector. 
The most appropriate mechanism for a particular situation should be 
used to disseminate information. This may include high technologies 
such as computers, video, CD-ROM and other multi-media 
approaches for community viewing. It was recognized that the 
control and maintenance of this equipment may be a concern. 

1.3.2 Other innovative and practical methodologies for the dissemination 
of information be employed. These may include dissemination of 
information through advertising on media such as fertilizer bags, 
bread packages, matchboxes, etc. 

1.3.3 An analysis De conducted of how information that is generated from 
the formal sector could best be made accessible to local communities. 
Innovative mechanisms need to be developed. It was also suggested 
that certain international standards may be necessary for reporting the 
formal sector's findings, to encourage their use at the local level. 

1.3.4 The question of intellectual property rights for information be 
investigated with organizations such as WIPO (World Intellectual 
Property Organization) and the UNESCO Folklore Convention. 
Intellectual integrity should be respected and the ethics of research 
workers, in practice, held to high standard i.e. information collected 
in the course of research should be fed back to the origin of the 
research materials. 

1.3.5 The role of, and the collaboration between, CTA 
dissemination of knowledge should be emphasized. 

and IBPGR in 

1.3.6 Information from genebanks should be circulated to farmers. 

2.0 On-farm conservation and use of traditional crops in Africa and linkage to 
formal institutions (technical implications, integration of conservation 
strategies, management options and training) 

Recommendations: 

2.1 The formal system needs to recognize the informal system. The la'tter is a 
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valid system of knowledge, warranting research funding, support and 
marketing opportunities. National breeding programme objectives need to 

recognize the informal system when setting research objectives. 

2.2 	 Interactions among the NARs, IBPGR and NGOs should be strengthened and 
streamlined to maximize cooperation in the conservation of biodiversity 
through national capacity building and training. This should lead to the 
promotion of safe, rational planning of conservation and use of genetic 
resources, and harmonization of conservation with sustainable use and 
management. 

2.3 	 With funding and institutional support from international organizations, 
national research programmes need to look at the following aspects: 

2.3.1 	 Evaluation and documentation of the resources management 
strategies of farmers, (for example, multi- and intercropping systems). 

2.3.2 	 The selection criteria and maintenance of crop genepools by small
scale farmers; breeding systems and genetic diversity of crop species; 
and comparative taxonomic studies of landraces and their weedy and 
wild relatives. 

2.3.3 	 Research on home gardens and back yards. Emphasis should be 
placed on women farmers. So far, they have been neglected by the 
formal sector. 

2.3.4 	 Research on under-utilized crops and indigenous vegetables, 
medicinal plants and minor crop plants. 

2.3.5 	 Seed supply and seed production systems. 

2.4 	 A consultative forum consisting of representatives from farmers (organizations), 
researchers and policy makers, needs to be established at the international level 
to coordinate policy making at national level. This would allow governments 
to make policies supportive of farmers' needs and priorities. 

2.5 	 Coordination of community based genetic resources conservation needs to be 
integrated at the regional, national and sub-national levels to make full and 
efficient use of available manpower, funding and existing infrastructures. 

3.0 	 Policy issues 

3.1 	 Access and control of genetic resources was discussed at three levels: local, 
national and international. It was recommended that: 

Local level 
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3.1.1 	 When necessary, farmers should have access to their genetic material 
in genebanks. More information should be given to the farmers 
before and after the gene collection exercise, including the purpose, 
destination, characterization and evaluation results of the collections. 

3.1.2 	 There be cooperation between formal and informal sectors in 
collection, multiplication and storage of local seed varieties. 

3.1.3 	 Biotechnology be introduced within national genebanks to halt genetic 
erosion at the local level, i.e. tissue culture, DNA probes etc. 

3.1.4 	 Where the farmers' collections have yielded commercial benefits, the 
farmers should also benefit through an appropriate mechanism. 

National 	level 

3.1.5 	 National sovereignty be respected with regard to genetic resources. 

3.1.6 	 Breeders and policy makers take into account farmers' preferences. 

3.1.7 	 Collaboration be promoted, between NGOs, farmers and genebanks, 
through national germplasm programmes. 

3.1.8 	 All parties be involved in the development of the proposed plan of 
action on PGR, i.e. that FAO, in collaboration with IBPGR and other 
organizations, organize a technical conference on conservation and 
utilization of PGR, in 1995. The plan of action resulting from the 
conference should be the product of all parties involved in PGR. 

3.1.9 	 More genebanks assist national programmes in the multiplication of 

genetic material through allocation of financial support. 

3.2 Intellectual property rights and farmers' rights 

It was recommended that: 

3.2.1 	 More work be done to identify mechanisms of recognizing farmers' 
rights. 

3.2.2 	 National regulations on property rights, be set up. 

3.2.3 	 Mechanisms be set up to increase public awareness of the 
implications of intellectual property rights. 

3.2.4 	 Developing countries set up a bargaining mechanism to protect their 
genetic material from exploitation by powerful institutions in the 
North. 



xxviii 

3.2.5 	 A vigorous campaign be launched to secure international funds to 
support national PGR programmes in developing countries. 

3.2.6 	 The biodiversity network be involved in the international debate of 

intellectual property rights. 

3.3 	 Biotechnology 

The group recommended the following: 

3.3.1 	 Developing countries should have access to biotechnology through 
training and infrastructural investment which supports biotechnology 
activities. 

3.3.2 	 Regional cooperation in the application of biotechnology should be 

promoted to maximize resource use and reduce costs. 

3.4 	 Biodiversity Convention 

The group recommended that: 

3.4.1 	 More work be done on the Convention, with respect to the following: 

* 	 Legal aspects of the convention. These are still confusing. 

* 	 Genetic material in northern genebanks and research institutes. 
The Convention does not cover this. 

* 	 Mechanisms for implementing the convention. These are as yet 
undefined. 

3.4.2 	 The Convention be clearer on whether or not, under its provisions, 
genetic resources now in genebanks are excluded. The group 
recommends that these genetic resources be covered by the 
Convention (Ref. Article 15 of the Convention). 

3.4.3 	 The mect' pisms for implementing the provisions of the Convention 
be made c'-arer. 

3.5 	 Ethics of distribution of genetically engineered material 

The group recommended the following: 

3.5.1 	 National commissions should be set up to study the ethics of the 
introduction of genetically engineered material, i.e. the commissions 
already set up in Nigeria and Cameroon. 
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3.5.2 International institutions involved in genetics material work (e.g. 
IBPGR and NGOs) should be involved in the study and formulation 
of the ethics of distribution of genetically engineered plants or crops. 

3.5.3 Biosafety measures, formulated by 
producers and governments, should 
international levels. 

consumer 
be set up 

bodies, NGOs, 
at national and 

3.5.4 	 FAO's draft code of conduct on biotechnology activities should be 
finalized as soon as possible and circulated to all member countries. 

3.5.5 	 Whatever is adopted by national governments, in respect of this issue 
should have justice, peace and integrity of living beings, as the 
underlying principles. 

3.6 Access and control 

The working group recognized that FAO's draft code of conduct on germplasm 
collecting, could prove to be a useful guide, allowing local communities and 
national governments to facilitate the flow of germplasm among themselves. 

It was recommnended that: 

3.6.1 	 Each country submit to IBPGR, a PGR strategy programme that 
includes information on factors leading to genetic erosion. 

3.6.2 	 Each country have access to the necessary PGR conservation facilities 
while the regional genebank's approach should be encouraged in 
order to maximize resources use and cost-effectiveness. 

3.6.3 	 Information on, and access to, PGR held by international genebanks 

be made available. 

3.7 Intellectual property 

The working group noted that some developed countries, party to the GATT 
negotiations, are attempting to force developing countries to adopt intellectual 
property laws giving private companies exclusive rights. 

It was recommended that: 

3.7.1 	 No external pressure be used to force national governments to adopt 
the GATT formulation of IPR. 

3.7.2 	 The issue of ownership of PGR held in international genebanks be 
made clear. [See 3.4.2]. 
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4.0 	 Training 

Recommendations were as follows: 

4.1 	 Each country should evaluate its requirements for short- and long-term training 
in view of the need to build on and emphasize national and regional strengths 
in plant genetic resources. Evaluation of both formal and informal training 
requirements should, for comparative purposes, be done at national, 
subregional and regional levels. 

4.2 	 Each country should evaluate its budgetary requirements for short- and long
term training. 

Major international organizations, such as IBPGR and FAO, should take the 
initiative in encouraging and assisting governments in evaluating their training 
and budgetary requirements. This would strengthen national capacities to 
handle plant genetic resources. 

4.3 	 Exchange of information should be stepped up through the use of mass media, 
documentation, scientific and popular literature, meetings etc., to create and 
enhance awareness. This exchange of information should take account of the 
appropriate language for each target group. 

4.4 	 A policy decision should be taken by large donors, e.g. EC, FAO and UNDP, 
to create a small-grants facility to fund on-going training and other activities 
related to plant genetic resources. 

4.5 	 In order to strengthen national capacity, specific attention should be paid to 

professional level training in technology transfer. 

4.6 	 Because of the importance of women in conservation and utilization of 
traditional crops in Africa, major emphasis should be placed on gender issues 
at the design and implementation level of training programmes. In dealing 
with gender sensitive issues, it will be necessary to sensitize trainers. 

4.7 	 Since training is a continuous process, effort and resources must be invested in 
continuous evaluation activities and in-service training. 

4.8 	 Researchers in PGR at international and national levels must make a 
commitment to facilitate the feeding back of information from research into 
training programmes. 

4.8 	 Researchers in PGR at international and national levels must make a 
commitment to facilitate the feeding back of information from research into 
training programmes. 
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R6commendations 

Les recommandations ont &6 formulhes Ala suite de discussions de groupe et ont 
O6 ratifi6es en session pl6ni&e. 

1. La gestion de documentation et de diffusion du savoir 

1.1 Les types d'informations 

I1a &6t reconnu qu'il existe une multitude de syst~mes d'informations 
opdrationnels A diff~rents niveaux entre les divers groupes d'agents qui sont 
potentiellement utiles dans Ioeuvre de sauvegarde des cultures traditionnelles 
africaines. Dans le contexte du cultivateur et d'autres utilisateurs de 
l'information, ila 6t6 observ6 que les liens existant entre ces types pouvaient 
tre d6crits comine un r~seau d'informations, chaque composante de cc r6seau 

pouvant Ctre considur6e comme un systbme d'informations qui a des liens 
potentiels avec les autres systbmes d'irformations. 

Trois cat6gories g6n6rales de types d'informations ont t6 identifi6es. Une 
recommandation a et6 fornuL6e pour l'utilisation de cette classification dans 
lidentification des sujets d'intrt connus, devant produire des r6sultats precis. 
les trois categories identifies sont les suivantes: 

1.1.1 	 La premire est linformation sp6cifique correspondant Aun g6nome 
particulier et qui englobe la description du sp6cimen et de lespce. 
Une telle donn~e est bien dMtaill6e et comprend les caract6ristiques 
agronorniques, botaniques et morphologiques, de m6me qu'une 
description de l'origine 6cologique de ]a plante. 

1.1.2 	 La deuxibme cat6gorie est celle de la connaissance des populations et 
des pratiques culturales. Elle englobe les prat'ques et les syst~mes 
utilis~s A ]a fois par les utilisateurs locaux et ceux du secteur formel 
du g6nome, et du contexte socio-culturel duquel ces systbmes tirent 
leur source. 

1.1.3 	 La dernihre cat6gorie est celle des systbmes agro-6cologiques. Elle 
comprend tout cc qui permet de comprendre les liens agronomiques 
et 6cologiques qui existent ) lint~rieur ou au-delA des r6gions 
g6ographiques. 

1.2 La gestion, le traitement et le stockage de linformation 

1.2.1 	 L'approfondissement du savoir local 
II a 6t6 recommand6 de cibler plusieurs donraines sp6cifiques afin 
d'approfondir le savoir aI niveau local. 
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1.2.1.1 	 des 6tudes sur lint6gration du savoir local li aux 
ressources g~n~tiques v~g~tales dans les programmes 
scolaires, y compris la participation des personnes du 
troisihme ige and les equipes de formation, lutilisation 
des m6thodes exp~rimentales, la production de mat6riel 
didactiquc par les ONG, les associations d'enseignants et 
les stages de formation pour les enseignants actifs pour 
valoriser le savoir local des ressources g6n~tiques des 
plantes. L'on devrait 6galement encourager les 
programmes d'alphabetisation fonctionnels. 

1.2.1.2 	 un changement dcisif dans les attitudes concernant les 
systhmes locaux d'encadrement de faqon h les sensibiliser 
Aila valeur du savoir et des pratiques locales relatives A 
la gestion des ressources g6n6tiques v6g6tales. Ceci peut 
inclure une restructuration du systrme d'encadrement. 

1.2.1.3 	 d'encourager un changement dans les attitudes et 
politiques des gouvernements nationaux afin qu'ils 
reconnaissent officiellement des associations locales 
comme celles des gu6risseurs traditionnels et de 
promouvoir l'utilisation des langues et des pratiques 
culturales locales. 

1.2.2 	 Lenregistrement, la documentation et le stockage de linformation 
I1a 6t6 recommand6 que plusieurs approches soient 6tudi6es pour 
leur applicabilit6 dans lenregistrement et le stockage des 
informations. Celles-ci incluent: 

1.2.2.1 	 1utilisation de la vid6o et autres technologies lorsqu'elles 
sont plus accessibles atix villageois. 

1.2.2.2 	 la formation qui aidera les populations A adopter une 
attitude syst6matique dans Ia classification et 
lenregistrement de leur savoir. 

1.2.2.3 	 des 6tudes sur les possibilit6s de d6velopper les 
approches de la connaissance des problhmes lies h la 

conservation des ressources g6n~tiques des plantes par 
des m~dias oraux, par exemple la musique et les pices 
de th65tre. 

1.2.2.4 	 lencouragement et I'itilisation potentielle des diverses 
institutions existantes qui joueront un r6le dans le 
stockage d'informations Ii6es aux ressources gnetiques 
v6g6tales. Parmi ces institutions on peut citer les banques 
nationales de ghnes, les herbiers, les musdes et les 
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archives culturelles. La promotion collective de ces 
institutions par lassistance gouvernementale et non
gouvernementale, et un soutien gouvernemental continu 
a 6t6 recommand6e. 

1.2.3 II a 6t6 recommand6 d'utiliser une m6thode multidisciplinaire dans la 
collecte de l'information et Ion a insist6 sur la n6cessite de mettre au 
point des m6thodologies am61ior6es. Un exemple de cette m6thode 
novatrice et participative est lapport des 6coliers dans la collecte de 
linformation. 

1.2.4 L'Otude d'un certain nombre de questions d6ontologiques relatives i 
l'acc~s i [information, notamment linformation qui est consid6r~e 
secrete, a 6t6 recommand~e. Par cons6quent, les directives doivent 
&tre mises au point pour assurer la collecte et ]a diffusion de 
'information d'une mani re d6ontologique. 

1.3 La diffusion et l'utilisation de linformation 

Les recommandations suivantes ont 6t6 effectu6es: 

1.3.1 la promotion de la circulation de linformation dans toutes les 
directions, par exemple du secteur formel A l'informel et vice-versa 
et h l'int6rieur de chaque situation devrait &tre utilis6 pour la 
diffusion de l'information. Cela peut inclure lutilisation de hautes 
technolog;ies comme les ordinateurs, la video, le CD-ROM et tout 
autre moyen audio-visuel. II a 6t6 reconnue que le contr6le et la 
maintenance de cet 6quipement peuvent poser un problme. 

1.3.2 que soient utilis6es d'autres m6thodologies pratiques et novatrices de 
diffusion de l'information. Celles-ci peuvent comprendre la diffusion 
de linformation par des moyens tels que les sacs d'engrais, les 
emballages de pain, les boites d'allumettes, etc. 

1.3.3 la r6alisation d'une 6tude sur le meilleur moyen de rendre accessible 
aux communaut6s locales linformation qui provient du secteur formel 
et l'61aboration de m6canismes novateurs. 11 a 6t6 6galement 
recommand6 que certaines normes internationales puissent &tre 
necessaires dans la publication des r6sultats des recherches du secteur 
formel pour favoriser leur utilisation par les populations locales. 

1.3.4 l'examen du probl~me des droits d'auteurs en matire d'information 
avec des organisations telles que lOrganisation mondiale de la 
propri6t6 intellectuelle et la Convention sur le Folklore de lUNESCO. 
Lint6grit6 intellectuelle doit &tre respect~e et dans le me.me sens, la 
d~ontologie des chercheurs doit &trescrupuleusement respecte dans 
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la pratique. Par exemple, l'information recueillie au cours de la 
recherche doit 6tre renvoy6e lA o6 le materiel provient. 

1.3.5 	 le renforcement du r61e joue par le CTA et lIBPGR et leur 
collaboration dans la diffusion du savoir. 

1.3.6 	 la diffusion au b~ntfice des cultivateurs, des informations provenant 
des banques de ghnes. 

2. 	 De la conservation des champs et l'usage des cultures traditionnelles en 
Afrique en liaison avec les institutions formelles (les implications techniques, 
l'int.gration des strat6gies de conservation, les options de gestion et la 
formation) 

Recommanda tions: 

2.1 	 11est n~cessaire de favoriser la reconnaissance du syst&me informel par le 
systhme formel. Le secteur informel constitue un systhme valable de 
connaissance n6cessitant un financement de recherche, un soutien et des 
perspectives commerciales. Les objectifs des programmes nationaux 
d'amdlioration doivent reconnaitre le systhme informel lorsqu'ils fixent leurs 
objectifs de recherche. 

2.2 	 La collaboration du NARS, de l'IBPGR et des ONG devrait &tre renforc(e et 
rationalis~e afin de maximaliser ]a cooperation et la conservation de la 
biodiversit6 en tenant compte de la capacitO nationale. Ceci devrait conduire A 
la promotion d'une planification s6re et rationnelle et ) l'utilisation des 
ressources g~nctiques ainsi qul' I'harmonisation de ]a conservation grace Aune 
gestion et )Iune utilisation durables. 

2.3 	 Grace au financernent et au soutien institutio.,iel des organisations 
internationales, les programmes nationaux de recherche doivent examiner les 
aspects suivants: 

2.3.1 	 l'dvaluation et la documentation des strat6gies de gestion des 
ressources des cultivateurs, comme par exemple les systhmes de 
multiculture et de cultures associes. 

2.3.2 	 les crit&es de s6lection, lentretien des pools g6n~tiques des cultures 
par les petits cultivateurs, les systhmes d'am~lioration et de diversit6 
g(n~tique des espces et des Otudes taxonomiques comparativesdes 
cultivars 	traditionnels et de leurs parents herbeux et sauvages. 

2.3.3 	 les recherches sur les potagers avec un accent sur les cultivatrices qui 
ont &6tjusqu'h present n~glig~es par le secteur formel. 



2.3.4 	 les recherches sUr les cultures et les 16gumes locaux sous-utilis6s, les 
plantes m6dicinales et les plantes culturales de faible importance. 

2.3.5 	 des syst~mes de fourniture et de production de semences. 

2.4 	 L'Otablissement aul niveau international d'un forum consultatif compos6 des 
repr6sentants (des organisations) de cultivateurs, de chercheurs et des dcideurs 
pour la coordination des conceptions des politiques au niveau national. Ceci 
permettra aux gouvernements Lie concevoir des politiques qui tiennent compte 
des besoinF des cultivateurs et des priorits nationales. 

2.5 	 La coordination cle la conservation des ressources g~nOtiques provenant de la 
conmtunautO doit &tre intcgre aux niveaux regional, national et provincial pour 
Line utilisation pleine et efficace de la main d'oeuvre disponible, du financement 
et des infrastructtures existantes. 

3. 	 Politiques , adopter 

3.1 	 La discussion sur l'accs et le contr6le des ressources gcn6tiques s'est porte sur 
trois axes: local, national et international. II a t0 recommand6 quC stir: 

L'axe local 

3.1.1 	 les cultivateurs devraient avoir acc~s ati patrimoine g~n&tique des 
banques de genes, chaqtIe fois qu'il est ntcessaire. Plus d'informations 
devraient 6tre fournies aux cultivateurs avant et apr~s la collecte des 
genes en insistant stir les points stiivants: le but des recoltes, la 
destination, les caract~ristiques et lF'aluation des rstiltats. 

3.1.2 	 il devrait y avoir tine cooperation entre les secteurs formel et informel 
pendant la r~colte, ]a multiplications et le stockage des sen-iences des 
vari6t&s locales. 

3.1.3 	 la biotechnologie devrait ktre introduite dans les banques nationales 
de gLnes afin d'arr~ter l'Orosion gcn~tique au niveau local, par 
exemple la culture de tissus, les sondes i ADN, etc. 

3.1.4 	 Ia o6 les recoltes de cultivateurs ont g6n.r6 des gains commerciaux, 
ceux-ci devraient Ogalement en profiter grace la mise sur pied d'un 
m6canisme appropri6. 

L'axe national 

3.1.5 	 la souverainet6 nationale devrait ktre respecte en ce qui concerne les 
ressources g6n~tiques. 
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3.1.6 	 les 6leveurs et les dhcideurs devraient tenir compte des choix des 
cultivateurs. 

3.1.7 	 une collaboration devrait tre cr66e et renforcfe avec les ONG, les 
cultivateurs et les banques grAce des programmes nationaux de 
g6nomes. 

3.1.8 	 toutes les parties devraient participer dans l'6]aboration du plan 
d'action propos, sur les PGR [plant genetic resources], par exemple 
la FAO en collaboration avec I'IBPGR et d'autres organismes pour la 
tenue d'une conf6rence technique sur ]a conservation et I'lutilisation 
des PGR en 1995. le plan d'action qui Omanerait de cette conf6rence 
devrait etre tine oeuvre de toutes les parties qui traitent des PGR. 

3.1.9 	 davantage de banques de genes devraient &tre 6tablies aux niveaux 
national et r6gional. 

3.1.10 	 les banques internationale de g6nes devraient assister les programmes 
nationaux dans la multiplication du mat6riel gen6tique par loctroi 
d'ine assistance financi&re. 

3.2 Les droits d'auteurs et les droits des cultivateurs. 

II a 6te recommand6 que: 

3.2.1 	 Ion ddveloppe davantage lidentification des mcanismes de 
reconnaissance des droits des cultivateurs. 

3.2.2 	 Yon 6tablisse des rhglement3; nationaux sur les droits d'auteurs. 

3.2.3 	 la mconnaissance des implications des droits d'auteurs exige la mise 
sur pied de mfcanismes favorisant la prise de conscience du public. 

3.2.4 	 les pays en d6veloppement devraient mettre sur pied un m6canisme 
de n6gociation destin6 A prot~ger leur mat6riel gfn6tique contre les 
puissantes institutions dtu Nord. 

3.2.5 	 une campagne active afin d'obtenir des financements internationaux 
pour sotitenir les programmes nationaux de PGR dans les pays en 
d6veloppement soit lanc6e. 

3.2.6 	 le r6seau de biodiversit6 devrait tre implicud dans le d~bat 
international des droits d'auteurs. 

3.3 La biotechnologie 

Sur ce point, le groupe a formul les recommandations suivantes: 
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3.3.1 	 les pays en voie de d6veloppement devraient avoir acchs A la 
biotechnologie par la formation et linvestissement en infrastructure, 
soutien des activit6s biotechnologiques. 

3.3.2 	 La cooperation rtgionale dans les applications biotechnologiques 
devraient Otre encourag~e pour maximaliser l'utilisation des 
ressources et la r6duction des cofits. 

3.4 	 La Convention sur la Biodiversit6 

Le groupe a fait les recommandations suivantes: 

3.4.1 	 plus de travail doit tre effectu6 sur la Convention, en 6gard aux 
remarques suivantes: 

" 	 les aspects juridiques demeurent confus. 

* 	 la Convention ne couvre pas le materiel g~n~tique dans les 
banques de gbnes et les instituts de recherche des pays du nord. 

* 	 les m6canismes de mise en oeuvre de la Convention ne sont pas 
encore d6fin;s. 

3.4.2 	 la Convention devrait 6tre claire sur le fait de savoir si les ressources 
g6n6tiques qui sont actuellement dans les banques de ghnes sont 
exclues des dispositions de la Convention. Le groupe recommande 
que ces ressources g6n6tiques soient couvertes par la Convention (ref. 
article 15 de la Convention). 

3.4.3 	 le groupe recommande que les m6canismes de la mise en oeuvre des 
dispositions de la Convention soient plus clairement d~finis. 

3.5 	 La d~ontologie en materiel de distribution de materiel issu des manipulations 
g6n tiques 

Le groupe a formulO les recommandations suivantes: 

3.5.1 	 des commissions nationales comme celles d6ji mises sur pied au 
Nig6ria et au Cameroun devraient tre cr,6es pour examiner si 
l'introduction de mat6riel issu des manipulations g~n6tiques est 
conforme Ala d6ontologie. 

3.5.2 	 les institutions internationales travaillant dans le domaine du materiel 
g~n6tique comme lIBPGR et les ONG devraient &treimpliqu~es dans 
le d6bat sur la d6ontologie en matihre de distribution de materiel 
issue de manipulation g~n~tique. 
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3.5.3 	 lon doit prendre les mesures de sicurit6 biologique formulhes par les 
associations de consommateurs, les ONG, les producteurs et les 
gouvernements, aux niveaux national et international. 

3.5.4 	 le code de conduite sur les activits biotechnologiques produit par Ia 
FAO devrait Otre largement repandu dans tous les pays membres. 

3.5.5 	 la solution qui sera retenue par les gou\vernements nationaux stir ce 
sujet devrait avoir comme principes sous-jacents les principes de 
justice, tie paix et d'int~grit des ctres vivants. 

3.6 L'accrs et le controle 

Le groupe de travail a reconnu que le projet de code de conduite de la FAO sur 
Ia collecte Lie plasine gerruinatif potIVait Otre tin guide utile permettant aux 
comtInnaut6s locailes et aIx gouvernements nationaux ie faciliter le flux de 
genomes entre eti . recommande que la FAO finalise le plus t6tlI.e groupe 

possible et fasse largement circuler un code de conduite.
 

II a etc recommande que: 

3.6.1 	 chaque pays devrait remettre tin programme de strat6gie en PGR 
lIIBPGR comprenant des informations stir les facteurs responsables de 
l'rosion g0netique. 

3.6.2 	 chaquIe pays devrait avoir acc~s aux installations de conservation de 
PGR qui sont jt1gtes luii Otre necessaires quoique lapproche des 
banqtIes regionales de genes devrait tre encoUrag~e afin de 
maximaliser I'itilisation des ressources et la rentabilit6. 

3.6.3 	 l'information et I'accs atIx PGR conservt~es par les banques 
internationales ide g~nes doivent tre rendtus disponibles. 

3.6.4 	 le projet tie code de condUite des collecteurs de la FAO devrait tre 
conclti et distribu. 

3.7 La proprit6 intellectuelle 

Le grotipe de travail a observe que certains pays dvelopps qui participent atIx 
nt1gociations du GATT essaient de forcer les pays en dtAveloppement Aadopter 
des lois en matiere de propriet6 intellectuelle qui accordent aux soci~ts prives 
des droits exclusifs. 

3.7.1 	 Le groupe pense quaicune pression externe ne devrait Ctre exerc6e 
potir forcer les gouvernements nationaux ) adopter la formulation du 
GATT stir le droit de propritO intellecttielle. 
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3.7.2 	 Le probl~me de la propri~t6 des PGR conserv~es dans les banques 
internationales de g~nes devrait tre clarifid. 

4.0 	 La formation 

Les 	recommandations suivantes ont Ot6 formulhes: 

4.1 	 Chaque pays devrait 6valuer ses besoins en mati&e de formation a court et 
long terme en vue de mettre laccent sur les efforts r~gionaux et nationaux pour 
la conservation des ressources gtn6tiques v6getales. L'Ovaluation des besoins de 
formation devrait &tre effectue non seulement au niveau national mais 
6galement aux niveaux regional et sous-r~gional dans tin but comparatif A la 
fois pour la formation fornelle et informelle. 

4.2 	 Chaque pays devrait 6valuer ses besoins budg~taires pour les formations A 

court et i long terme. 

11a 	6t6 recommand6 que: 

Les grandes organisations internationales telles que I'IBPGR et la FAO devraient 
encourager et assister les gouvernements dans l'6valuation de leurs besoins 
budg6taires et de formation comme un moyen de renforcer leur capacit6 
nationale 	h s'occuper des ressources g6n6tiques v6g6tales. 

4.3 	 L'6change d'informations devrait tre renforc~e grace aux mass-media, i la 
documentation, aux publications populaires et scientifiques, aux rencontres, etc. 
afin de susciter et de promouvoir ]a prise de conscience. Cet 6change 
d'informations devrait tenir compte du choix linguistique ad6quat pour chaque 
cible. 

4.4 	 Une d6cision politique devrait tre prise par les grands bailleurs de fonds tels 
que la CEE, la FAO et le PNUD dans la cr6ation d'un programme de petites 
allocations d'6tudes pour financer les formations en cours et autres activit6s 
ayant trait aux ressources g~n6tiques v~g6tales. 

4.5 	 Afin de renforcer la capacitd nationale, une attention particulihre doit tre 
accorde /i la formation pour les transferts de technologies au niveau 
professionnel. 

4.6 	 Comme consdquence de l'importance du r6le de la femme dans la conservation 
et lutilisation des cultures traditionnelles en Afrique, un grand accent devrait 
6tre mis sur les problhmes de repr6sentativit6 des femmes aux stades de 
conception et d'ex6cution des programmes de formation. Pour traiter ces 
problkmes de r6partition des t~ches, il est ncessaire de sensibiliser les 
formateurs Ace sujet. 
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4.7 	 Dans la mesure o6t la formation est un processus continu, des efforts et des 
ressources doivent tre investis dans les activit~s d'6valuation des programmes. 

4.8 	 Les chercheurs de PGR aux niveaux national et international doivent s'engager 
i faire circuler les informations dans le cadre des programmes de formation. 



Address on behalf of the United Nations Environment Programme 

J. Hurturbia, Coordinator of Enzlironmental Management, UNEP, Kenya 

Mr. Chairman, Distinguished Delegates, 

It is a great pleasure for me to represent the United Nations Environment Programme 
(UNEP) at, and to welcome you to, this seminar Due to pressing commitments outside 
Kenya, Di. M.K. Tolba, the Executive Director of UNEP, is unable to be here with you. I 
have the honour to convey to you his greetings and his best wishes for a successful meeting. 

On behalf of UNIP, I would like to express our profound appreciation to the International 
Board for Plant Genetic Resources (IBPGR), the Technical Centre for Agricultural and Rural 
Cooperation (CTA) and the Kenya Agricultural Research Institute (KARL) for co-sponsoring 
and organizing this meeting in our headquarters in Nairobi. 

We meet here at a time when Southern Africa is suffering the worst drought of this century. 
This is also the time when thousands of retugees have come to Kenya to escape drought, 
insecurity, inhospitable environment, political strife and civic turmoil. Hunger, disease 
and death are pervasive in the refugee camps. This reinforces the need for safeguarding 
the genetic basis of Africa's traditional crops. 

We consider that the role of IBPGR in the conservation and sustainable use of genetic 
resources, both for the development of viable agricultural systems in Africa (as in the rest 
of the Third World) and for the continued growth of the bioindustry, is of paramount 
significance. 

The improvement or adaptation of plant varieties to changing environments and demands is 
at the very heart of traditional crop farming systems. For example, when new diseases 
emerge plant breeders need to look into the pool of existing genetic resources to find traits of 
resistance in order to breed them into crops that can subsequently withstand such onslaughts 
by pests, pathogens and parasites. Farmers benefit but so do the consumers. Rarely do we 
realize how much we depend on genetic diversity to help provide us with new food products 
with the desired characteristics. 

Most of that genetic diversity originated in the Third World. It was in Africa, in Latin 
America, and in South East Asia, that plants evolved into a huge biological treasure chest 
and where peasants domesticated food crops. For thousands of years farmers in Africa and 
other Third World countries have been breeding and maintaining the genetic diversity upon 
which a large part of agriculture and world food security depend. 

Unfortunately, we are presently witnessing a rapid destruction of this patrimony and we 
are still unable to reflect this loss in our national resources accounts. As traditional plant 
varieties get replaced by modern, "high-tech" ones we continue to lose the genes that the 
former carry as well as access to those genes. We also lose any form of firm control over 
them. This "genetic erosion", which is really an economic loss, is already hitting small 
farmers in the Third World, and in Africa in particular, harder than anyone else. 

The problems associated with genetic erosion and the difficulties in conserving plant and 
other genetic resources at the global level have sparked off heated but healthy political 
debates. The debates hinge upon the question: Can Third World countries be expected to 
attain scientific and technological self-reliance for food security, based on sustainable 
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farming systems, when the very materials they require for plant and livestock breeding are 

disappearing and those remaining might be controlled elsewhere far in the North and in 
the boardrooms and genebanks of their Trans-National corporations? 

At the heart of the problem of conservation and sustainable use of biodiversity components 
is tile equitable sharing of benefits derivable therefrom through expansion of the 
biotechnology industry worldwide. But, we may ask: What kind of biotechnology 
development is feasible in tile South? How can grassroots initiatives that conserve and use 

local plant varieties be supported and strengthened? in essence, how can Africa's small 

farmers and their comlunities regain control over the now threatened crop varieties and 
domestic animal breeds their ancestors developed? Can this be achieved without a firm 

biotechnology base? 

The Convention on Biological Diversity, signed at the Earth Summit in Rio de Janeiro in 
June, 1992, by 157 countries and the European Comimunity, can be considered as a major 

practical and political breakthrough on how to slow down, to arrest, and, perhaps, reverse 

the massive genetic erosion rate now caused by adverse human activity. It is a 

comprehensive and systematic instrument that aims to ensure effective conservation and 
sustainable use of the full array of biodiversity components, together with the technologies 
and financial resources by which tle biological diversity can be best appreciated 
ecologically and economically, in perpetuity, for the benefit of humanity and the 
biosphere. 

Genetic erosion and control over genetic resources have become major political as well as 
ecological, technological, legal and economic issues of global dimensions. This was evident 
throughout the negotiations for the Convention on Biological Diversity and it was also so in 
Rio. The hottest battlefield of the war against biodiversity loss is in respect of 

conservation and sustainable use of plant genetic resources, for these, in their various 
manifestations, provide essential ingredients for man's survival and for the continued 
functioning of the biosphere. One of tile reasons for the geopolitical controversy on plant 
genetic resources in particular is the fact that breeders in the North have secured patent 

protection on crop varieties derived from genetic materials donated by Third World 
Countries. The North has accumulated the genetic resources and mobilized the necessary 
expertise while the South has been giving away genetic material freely only to buy back 
the patented, finished product at rather high cost. 

It is now 18 years since the establishment of II3PGR and eight years since the African 

Ministerial Conference on the Environment (AMCEN) launched an African Network for the 

conservation and management of genetic resources. Can we togeilher take stock of our 
achievements over the past eight or eighteen years and justifiably pronounce our 
satisfaction or otherwise? Much water has passed under the bridge over these years; the 
critical question is, what gullies of genetic erosion have been occasioned by the flow of time 
and tide in the coursc of this brief period, which in many ways has been a momentous 
period? 

A few years ago, in 1988, Dr. M.K. Tolba stood before another joint IBPGR/UNEP workshop 
held right here at UNEP. He posed the question: If Charles Darwin were alive today, 

what would he choose as a title for a sequel to his book "Origin of Species"? He 

volunteered the answer that he thought Darwin might call it "An Obituary of Species"! 

Again, much water has passed under the bridge between then and now. It has been a briefer 

and yet more momentous and historic period. There have emerged, during this period, a 

series of documents and legal instruments plus, capping it all, the Rio Earth Summit; an 
event of global significance to the survival of species and the well-being of planet Earth 
itself. I particularly refer to the following documents: 
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* 	 Caring for the Earth: A strategy for sustainable living by the World Conservation 
Union (IUCN), UNEP and the Worldwide Fund for Nature (WWF); 

* 	 The global Biodiversity Strategy by the World Resources Institute (WRI), UNEP 
and IUCN; 

* 	 Global Biodiversity Status Report by the World Conservation Monitoring Centre 
(WCMC), UNIT. WRI, IUCN; and 

* 	 Agenda 21 (an 800-page volume of the Rio Earth Summit). 

Also the following international legal instruments: 

* The Convention on Biological IDiversity; and 

* 	 The Convention on Climate Change. 

As 	scientists and specialists playing an increasingly crucial role in defining, tackling and 
resolving global environmental issues and questions affecting biodiversity encompassing
life support systems of the entire biospherc, it is incumbent upon each one of us to harness, to 
harmonize and to assure the full application of the actions and strategies proclaimed in the 
above documents and legal instruments. 

"Biotechnology" is a word that somewhat conjures a picture of a mystical world to a lot of 
people including scientists! It raises a lot of expectations, hopes, fears, doubts, controversy 
and, often, pla in confusion. Iven aong distinguishd academiciauis, it defies defin itioll 
and does tiot c wtierist in their Minlds as a sin,,'h' entity1; .lrt biott'cilio/ogy, as You a/lknow,
is real I/ an inite,'ratioli of a range of maIII, scit'liific disciplit's and techIniqIu's that are 
,iJpplied, as it to sulbslance's and processes.,cre, iatipimlate, liz,ili, 

Genetic engineering, for example, became possible when many separate scientific 
disciplines came together. Molecular biology, enzymology, cellular biology, molecular 
chemistry, and so on, can conspire and change genetic information in almost any desired 
direction. lowever, biotechnology is much more than the cutting and splicing of genes. 
Tissue culture, which provides the possibility for regenerating entire plants from single 
cells of tissues, is a cluster of powerful biotechnology techniques. Enzyme technology is 
another crucial part of biotechnology, while the classic and modern fermentation 
technology is important for the industrial mass production of complex substances produced 
by novel genetically engineered microorganisms. 

The Global Biodiversity Strategy addresses this issue and calls for action to strengthen 
crop and livestock genetic resources and to fifl major gaps in the protection of plant genetic 
resources. The status of several thousand plant species including lesser known crops, fruits, 
nuts, vegetables, root and tuber crops, oil and fibre plants, herbs and spices, beverage and 
forage plants, needs to be assessed; surveys undertaken; and those at risk of extinction or 
severe genetic erosion should be collected and rescued off-site (ex situ) or incorporated into 
special in ,;itu conservation programmes. 

The resultant economic, ecological and other benefits to the farmer and to the commnunal and 
global village must be given sound safety valves. I take note that it is widely believed in 
developing countries that progress in agrotechnology w.,ill provide the impetus for 
continuing growth in agricultural productivity leading to food security and self-sufficiency
in fibre and pharmaceutical products (among others), if not immediately, at least soon. 
Post-Rio signals suggest at least a firming tIp of the foundations so that sustainable 
improvements gained in IBIPGR programmes over the past 18 years can be consolidated in 
sclect sectors for su.stainable use by Third World Countries. Moreover, like all major 
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institutional changes, the application of modern biotechnology in IBPGR programmes 
whether or not for traditional crop agriculture in developing countries, will have 
differential impacts between adopters and non-adopters, between early and late adopters, 
between exporters and importers and, ultimately, between producers and con1sumiers. 

Modern biotechnology in the field of plant genetic resources need not be seen only in terms of 
competitive advantage for others. Mny other potential applications such as adaptation 
of traditional and other relevant crops to marginal environment., control of tropical 
diseases, more efficient biological nitrogen fixation and biological control agents which 
eliminate the need for chemical pesticides, are more ;cale-neutral and egalitarian and 
would undoubtedly benefit resource-poor farmers and disadvantaged people in the 
developing countries of Africa. 

Key policy consideration for developing coontries in this regard will be the degree to which 
they hope to be Slif-sufficient in biotechnology or, in contrast, the degree to which they 
envisage the establislmient of innovative mechanisms that allow them to become active 
members in joint ventures involving commercial and scientific collaboration, with fair, 
mutually beneficial linkages to other institutions and to tile world of international 
industrial complexes. A distinctive and pelaps survivai instinct of tile new creature 
called biotechnology is that it thrives only in so far as it iL,truly multi-disciplinary, multi

sectoral, inter-institu tional, transparent, international, public and private. What a 
complex, interlocking web but, at tile same time, what an attractive and important 
challenge! Every developing countrv that chooses this course, namely, integrated 
cooperation and collaboration invclyVing public/private sector interactions, must have in 
place policies ald practices that protect its self-interests without unduly interfering with 
its capacity, productively, to establish useful external collaboration and cooperation. 

Critical policy directions and options to be determined may be those regarding intellectual 

property protection for biological entities and processes. Protection of proprietary genes, 
plant parts and crop varieties will be of critical importance for both public and private 
institutions worldwide, in future years. The nature of policies in the field of intellectual 

property management will determine whether individual countries are isolated, are taken 
advantage ot, or join the work as full partners of genetic improvement of crop plants and all 
other genetic resources in the future. 

A nation's ability to characterize its plant genetic resources at molecular level, for iri,,tance, 
will make their germplasm collections more valuable. Biotechnlologies, when used to 
locate traits of importance to breeders or commercial application, would enable each nation 
and its centres of exce!lence to benefit from its own genetic resource base and collections. 
Con1tinued investment by the IBIPGIR by way of strengthenntg the capacities of National 
Agricultural Research Centres (NARCs) and cooperation with its sisters the International 
Agricultural Research Centres (IARCs) in ex situ coi"ervation and development of plant 
genetic resources through, aIong others, germplas:Ai-related technologies, is consistent with 
each national and international centre's objectives in the field of plant genetic resources. 

In conclusion, ladies and GentLien,, I wish to make the following observation: Developing 
countries have no choice but to acquire the skills to generate and access or borrow, adapt and 
assimilate modern biotechnology for their national purposes. Tile first task is organizing, 
through national policies, strategies and action plans, Ir as appropriate, their national 
research systems and priorities for application of modern biotechnological breakthroughs. 

With tile support and actiVe guidance of II3PGR and in the spirit of the Convention of 

Biologica' Diversity, the future of plant genetic resources of Africa and of other regions of 
the world may be assured. 

I thank you all. 



Welcome Address on behalf of the Technical Centre for Agricultural

and Rural Cooperation
 

A. C.Jackson, Technical Adviser, CTA 

Distinguished Guests, Ladies and Gentlemen, 

It is my very pleasant privilege this morning to extend a most sincere welcome to all of you 
to this joint CTA seminar on ways of safeguarding the genetic basis of Africa's traditional 
crops. I welcome you on my own behalf and oil behalf of Mr. Assoumou, CTA's Director and 
also on behalf of our Deputy Director, Dr. Treitz, who had hoped to join us but who now has 
other commitments which prevent his coming to Nairobi. 

I have set three objectives for my address to you this morning. The first is to welcome you to 
our meeting; the second is to tell you a little about CTA and my third objective is to 
recapitulate the context and purpose of our meeting. 

Today some of you may be encountering CTA for the first time. Because we offer a range of 
information services fot people in the African, Caribbean and Pacific (ACP) countries and, 
as most of you can benefit as you are from those countries, I would like to spend a few 
minutes explaining who we are and what it is that we do when we are not sponsoring 
meetings of this kind. 

CTA is an institute at the service of others. All our activities focus on the mandate given to 
us by the Lom&1 Convention: to improve access to technical information for agricultural 
development in the ACP States. All our pursuits are carried out in the context of the Lom6 
Convention, which is a cooperation agreement between the 12 member states of the 
European Community (the EC) and the 69 African, Caribbean and Pacific States who are co
signatories to the Convention. CTA is an institute of the Convention and is entirely funded 
by the Commission of the European Communities. The Centre's headquarters at Ede, near 
the Agricultural University of Wageningen in the Netherlands, were officially 
inaugurated in 1985. Our working languages are English and French, although we do 
occasionally publish in PoItuguese. 

CTA provides a range of services customized to the needs of individuals and institutions in 
ACP countries. I will briefly explain what these are: 

Firstly, we convene and pay for technical meetings, or seminars, of which this week's 
meeting is an example. We support the attendance of ACP nationals at other conferences 
and have recently commenced a programme of study visits. Our CTA publications and co
publications services are very substantial. Those of you who already know CTA, probably 
know us through reading our publication "Spore", which appears in English and French 
every two months. We publish the proceedings of our seminars and we commission and 
publish studies, bibliographies and directories. Through our co-publications service we 
purchase books at preferential rates; we jointly fund the production costs, which may 
include paying for translations, of joint publications. We also pay the not-inconsiderable 
costs of distributing these publications to ACP countries. 

A major feature of CTA's work has been the establishment of a Question-Answer Service. In 
addition to responding to specific technical enquiries, this service distributes CTA 
publications on request and delivers primary documents. We provide support services to 
rural broadcasters and offer our own short training courses for documentalists and those 
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invo.ved in scientific communication. All these services are available free-of-charge to
 
ACP countries.
 

In order to provide these services CTA maintains an Administrative Division and a 
Technical Division, which includes a Documentation Unit. There are, at present, some 
thirty-two staff at CTA's Headquarters in the Netherlands. Most of our work, however, is 
contracted out to specialized organizations. We maintain Regional Branch Offices in tile 
Caribbean and the Pacific and are developing National Focal Points in ACP countries. We 
also have a small tBranch Office in Brussels. A computerized mailing-list and database is 
maintained at our headquarters. 

I have taken time to outline the services we offer because it may be that they can be of use
 
to many of you in your work. Throughout the week I will be available to anyone who
 
wishes to discuss these services with me.
 

I would like now to say a little more about CTA's technical meetings, of which this is one. 
These meetings are relatively small seminars which generally focus not SO much on science 
itself but on the application of science to development issues. Elach year as a service to ACP 
countries we sponsor about six meetings si'milar to the one we are attending this week. We 
always implement these seminars in c Hllaboration with appropriately specialized 
organizations. These meetings are attended by experts from ACP countries, the EC and 
elsewhere. The Proceedings are always published and the conclusions are given wide 
publicity through "Spore" and other media. 

I now want to return to tile subject of this week's meeting and to begin by reminding you of 
the objectives we have set ourselves. Our intention is to examine tile management of plant 
genetic resources by African farmers, as well as the present status of landraces and other 
traditional crops and food plants in African agriculture. We shall be examining the 
technical implications of promoting conservation and breeding at the grassroots level so as 
to restore and maintain farmers' control over their own production systems. We shall also 
consider the acquisition, storage and dissemination of technical information in this context. 
Information handling is important to CTA, and the development of geographic information 
handling systems for genetic conservation is a particularly formidable challenge. Our 
meeting will provide an opportunity to discuss and evaluate tile status of conservation and 
utilization of landraces and food plants in African traditional agriculture. It will, we trust, 
identify the constraints associated with the conservation and use of landraces at tile farm 
level. It will identify research priorities and will also assess the needs for appropriate 
integrated conservation technologies for the management of these resources, while 
incorporating other sources of useful genes into traditional African agriculture. 

I have stated our objectives in the rather stark terminology which is appropriate to 
technical discussions. A couple of weeks ago I was reading a comment on the European unity 
debate from Professor Adam Roberts of Balliol College, Oxford, UK. Speaking of the 
present difficulties in that area, Prof. Roberts wrote: "It is partly the European 
Community's fault for being such a boring institution, concerned with things like agriculture 
rather than with things that catch the imagination like human rights". I am sorry if 
Oxford professors find agriculture boring and I suspect that few people in this room would be 
comfortable with Professor Roberts' sentiments. Perhaps he does have a point. As we have 
prepared for this seminar it has become increasingly obvious to me that many of the issues 
linked to the conservition of crop plants do catch the imagination. I suspect this may be 
because they involve fundamental principles relating to the equitable distribution of the 
world's natural resources, matters which the international community does not find boring 
at all. Furthermore, the fluctuating populations of plant genetic resources in farmers' fields 
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which underpin our basic food security are deliberate artefacts of mal which indicate the 
intimate relationship which exists between plant genetic resources and society. 

Whilst I have no wish to encourage a disregard for the utopian and romantic facets of life, I 
have to stress that the objective of our meeting here in Nairobi is to focus on technical 
matters and not to be drawn towards the more emotive issues. The international scientific 
community has a responsibility to give ACP countries the most soundly-based technical 
advice it can offer to help them tackle the complex challenges of countering the threats 
currently being posed to the genetic resources of African crops. This meeting is intended as a 
contribution towards that goal. 

Most African countries are thought of as having very limited resources with which to 
counter genetic erosion and it is generally agreed that these resources need to be used very 
efficiently. And yet there is a sense in which that perception is not entirely true. We often 
overvalue the importance of the scientific progress and institutional developments of the 
last hundred years or so. We forget that before the modern era crop development was 
carried out by farmers - and that most of these developments were complete even before the 
Pharaohs ceased ruling Egypt. African farmers invented complex and elegant systems for 
growing their traditional crops in sequences and mixtures. They later incorporated new 
crops from America and Asia into their systems. All this was done using resources and 
methods within their command. Until recently, we were oblivious to the fact that African 
farmers today are continuing this tradition. We now know better, and that is what makes 
the topic we are discussing this week so exciting. In the recent IT Publications book 
"Growing Diversity" the point is made that farmers' approaches to conserving, using and 
improving plant genetic resources should be supported by the formal system, not impeded by 
it. Our meeting will have made an important contribution if it can help to define how this 
might best be achieved from a technical perspective. 

I know that we are going to have a lively and stimulating meeting and that we will all 
benefit professionally from the opportunity to see problems from different perspectives, to 
develop new ideas and to share views throughout the week. Equally important is the 
opportunity to build lasting professional relationships with fellow scientists from within 
and beyond our own countries. Finally, I hope that each and every one of you will find your 
week with us to be an enjoyable and memorable experience. 

I would like to thank you all very much for your attention and, once again to warmly 
welcome all of you to our seminar. Thank you all very much indeed. 



Address on behalf of the Food and Agriculture Organization

of the United Nations
 

H. L.Norton, FAQ Representative in Kenya 

Mr. Chairman, Director of Research MSTR, Director of IBPGR, Deputy Director of CTA, 
Chief of UNEP Division, Honoured Guests, Distinguished Colleagues, Ladies and 
Gentlemen, 

As the FAO Representative, I am pleased to be here today to convey to you the wishes of 
Mr. Edouard Saouma, Director-General and the Agriculture Department of FAO, for a 
successful seminar. 

I want to thank the organizers for taking the initiative to organize this seminar which 
covers a critical area that needs the inputs and support of many organizations and people. 
Let me start, therefore, by expressing how pleased I am that FAO is associated with this 
important CTA/IBPGR/KARI Seminar on Safeguarding the Genetic Basis of Africa's 
Traditional Crops. The future of most developing countries and the world to feed its 
rapidly growing population will depend on innovative actions taken to find the 
mechanisms and ways that will allow the food and agriculture sections to use traditional 
and new findings to increase production. 

Thus, FAO recognizes the importance of genetics as a tool for research and the speeding up 
of development to meet the goals and needs of the world. FAG also feels that modern 
genetics should be used to complement, but not substitute, conventional technologies in 
problem-solving. To this end, it is important to provide the proper environment for the 
promotion of linkages between disciplines and implementation. The adoption of genetic 
policies for developing countries is critical and requires a proper definition of the 
strategies. 

As I understand, the seminar will attempt to examine the status of conservation and 
utilization of landraces and food plants by farmers and research scientists in the African 
traditional agriculture. FAO seeks to facilitate the transfer of technology and assist in the 
planning, programming and priority settings as well as advising and supporting the 
formulation of these strategies. 

FAG will, naturally, continue to cooperate with other agencies and organizations as well as 
with NGOs and others in assisting dcveloping countries to elaborate pertinent strategies for 
their policies. 

This can only be done if the transfer of plant .,,inimal genetics to the farmer can make 
the great leap forward to improve yields and p.oduction to meet the rapidly growing 
challenges of population and land pressures. 

It has also been indicated that plant genetic erosion can negatively affect the economic 
sectors of the developing countries, because the access to more competitive markets is being 
gradually limited and agricultural industrialization will inevitably restrict the access of 
the less developed countries. There are also further risks, the consequences of which are 
still pending. 

The management of plant genetic resources is often beyond the existing capabilities of many 
developing countries who have few trained people to operate this kind of system. Also, 
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most African countries do not have the financial resources to establish and, more 
importantly, maintain these significant systems. How do we help? We feel that one of the 
approaches is the sharing and transfer of genetic knowledge to developing countries. More 
recently, the international centres have been actively participating in the transfer of 
genetic developments to their counterparts - the national programmes - for practical 
application. 

FAO recognizes that proper management of genetic resources can help speed up 
development. FAO also feels that modern technologies should be used as complementary 
approaches but not as substitutes for conventional technologies. To this end it is important 
to create the proper environment for the promotion of linkages between these disciplines. 
The adoption of new technologies in developing countries requires a proper definition of 
strategies. FAO feels there is a need to assist developing countries in the planning, 
programming and formulation of strategies. 

Finally, FAO believes there is an important need to assist the African countries to manage 
plant genetic resources and to develop national strategies and policies to ensure the 
stability of their food production system to meet the serious challenges of today and, more 
importantly, for tomorrow. 

I wish you all success in your deliberations. 



Welcoming Address on behalf of the International Board
 
for Plant Genetic Resources
 

G. Hawtin, Director, IBPGR 

The term "biodiversity" encompasses the virtually infinite diversity of genetic information 
in living individuals expressed in an estimated 30 million species of plants, animals and 
micro-organisms. These species, in turn, form the basis of delicate life-supporting 
ecosystems. The third level of biodiversity, namely within-species diversity, is the key to 
the survival of species in nature in the long-term and the main concern of plant genetic 
resources programmes. 

The need to protect and conserve genetic resources was apparent to a few far-sighted
scientists as far back as the 1920s, yet it was not until the late 1960s that the dangers of 
genetic erosion were widely understood by the scientific community; by that time it had 
reached alarming proportions. Wild strains of agricultural plants, which carry genetic 
properties needed to breed more productive new strains, disappeared as development
destroyed their habitats. In the field, farmers abandoned traditional varieties in favour 
of new high-yielding types. 

The Consultative Group on International Agricultural Research (CGIAR) created the 
International Board for Plant Genetic Resources (IBPGR) in 1974 in response to calls for 
international action to stem the loss of these irreplaceable plant genetic resources. Since 
that time, IBPGR has been in the forefront of global efforts to collect, analyse and store 
traditional and wild plant genetic resources. 

The world has changed greatly in the past few decades and, with it, the priorities and 
needs of the genetic resources community. In 1974 there were fewer than ten fully
functioning national genetic resources programmes; now there are more than 120 and the 
number is growing every year. The number of regional and international programmes and 
non-governmental organizations involved in genetic resources activities has increased 
rapidly as well. 

The involvement of so many new players in the field of genetic resources has had a 
significant impact on the scope of genetic resources activities world-wide. There is now a 
fundamental recognition of the importance of building strong national genetic resources 
programmes and ensuring collaboration among them. 

IBPGR has long held this position, working for many years in partnership with other 
institutes. As a result, IBPGR has grown into an institute with the capability to provide a 
wide range of services in support of national, regional and international efforts to conserve 
plant genetic resources. This has led to the decision to establish the International Plant 
Genetic Resources Institute (IPGRI) as an independent centre of the CGIAR; (since its 
inception, IBPGR has been administered as a trust fund of the Food and Agriculture 
Organization of the United Nations). 

In October 1991, representatives of five governments, including that of Kenya, signed an 
agreement to establish the institute and it is anticipated that IPGRI will take over the 
duties of IBPGR early in 1993. 

The Strategic Plan of the new institute - "Diversity for Development" - explicitly
recognizes the crucial role of the "informal sector" in the conservation and use of plant 
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genetic resources and identifies collaboration and support for non-governmental and 

farmers' organizations as fundamental to the institute's strategic objectives. 

An important part of the genetic diversity of useful plants is conserved by farming 

communities. The methods used by these communities are not, generally, well-studied or 

documented. They have much to teach us about maintaining landraces and local cultivars, 
whether in the field or in genebanks. IPGRI will collaborate with partners to develop 

integrated conservation strategies using the most appropriate mix of methods for the 

genepool concerned. 

For many species, in situ conservation in protected areas may be the most appropriate 

method of conserving the genepool. To what extent these methods will prove effective for 

long-term conservation of genetic resources has still to be established. For a conservation 
effort to be sustainable, the long-term security of the germplasm must be assured as well as 

its availability and adequate information to make it useful. IPGRI, while maintaining its 

interest in ex situ conservation, will expand the scope of its activities to include in situ and 

on-farm conservation. IPGRI will focus especially on scientific studies to determine how 

best to conserve the genetic diversity of wild crop relatives and forest species in situ. Other 
aspects of in situ work requiring urgent attention are the identification of areas containing 
significant genetic diversity, the optimum size and location of sites for in situ conservation 
and the development of sound practices for managing in situ reserves. 

The conservation and use of plant genetic resources has a human dimension that IPGRI will 
make part of its agenda for the future. As the institute increases research and other 

activities concerning in situ and farm- or community-level conservation, social factors such 
as decision-making patterns and social organization must be taken into account. An 
understanding of gender variables will be critical to any such studies. The use of gender 
analysis to incorporate social variables into projects has great potential for improving 
results and will be introduced on a systematic basis into project development. 

It is of growing concern that indigenous knowledge about cultivated and wild species is 

being lost rapidly. Local knowledge about plants and the irnovation systems of individuals 
and communities are an invaluable resource in the search for new ways of conserving and 

using plants. Such knowledge provides a critically important adjunct to the normal 
passport, characterization and evaluation data. 

IPGRI will initiate research on indigenous knowledge in partnership v,ith national and 

other organizations, and will seek to develop appropriate strategies for conserving and 
making such knowledge available. A large share of this information is held by women and 

much of it is not in the public domain. For this reason, IPGRI will be careful to respect the 
rights of ownership of this critical resource. 

While a tremendous effort is already underway to conserve the world's plant genetic 
resources, for this effort to be truly successful, action is needed at all levels - local, national, 

regional and international. IPGRI is committed to working in partnership with other 

organizations sharing the same goal: the protection and sustainable use of the Earth's 
genetic heritage. 



Official Opening Address 

The Hon. Kirugi L.M'Mukindia, Minister of Research, Science and Technology, Kenya 

Mr. Chairman, Ladies and Gentlemen, 

It gives me great pleasure to be with you today at the official opening of the 
CTA/IBPGR/KARI/UNEP Seminar on "Safeguarding the Genetic Basis of Africa's 
Traditional Crops". This seminar is important because it brings together scientists, policy 
makers and international and local non-governmental organizations from within and 
beyond Africa to discuss the various ways to protect, conserve and utilize indigenous plant 
germplasri for food production, with emphasis on farmers' participation. 

Africa is endowed with a great diversity of plants. Among these are the cultivated 
landraces, their wild and weedy relatives as well as scores of other under-utilized or 
neglected species. Their contribution to agriculture, medicine, industry and the 
environment, worldwide, amounts to billions of dollars each year. Even if uses are not well 
known for some of these resources, they play an important role in many other ways, 
including stabilizing the climate, cycling of nutrients or controlling soil erosion and 
desertification. 

The African traditional farmers have relied on the genetic diversity of landraces to ensure 
the stability of their food production systems. They have developed diverse cropping 
practices adapted to their local ecological, social and cultural situations. They also 
harvest from the wild and from various plants which are used directly as sources of food. 
Traditional farmers in Africa are, therefore, the first to feel the impact of the loss of the 
indigenous crop genetic resources. 

Unfortunately, the African continent is today witnessing a serious loss of these useful food 
plants due to the erosion of "farming culture" and change of traditional feeding habits due 
to the introduction and adoption of new exotic and high-yielding crop varieties. This has 
been worsened by the change in land use systems and the loss of natural habitats and 
ecosystems. The loss of genetic diversity has an adverse effect because it limits future 
options for crop improvement programmes. 

National food policies for self-sufficiency in feeding the rapidly increasing population 
still tend to be based on a few well-researched, uniform varieties of staple food crops rather 
than on the utilization of the rich genetic diversity to be found among farmers' traditional 
varieties. This has tended to displace indigenous knowledge and the availability of 
traditional crops. In recent years these developments have given rise to growing scientific 
and public concern. 

These issues have been addressed through several international and regional fora. For 
example, in 1985 the first African Ministerial Conference on Environment held in Cairo, 
decided to establish a regional network on plant genetic resources in order to strengthen 
regional cooperation and accelerate the conservation and wise use of these valuable 
resources. This was followed by a workshop on Crop Genetic Resources of Africa held in 
Nairobi in this same venue in 1988. The UNCED Earth Summit, held in Brazil in June this 
year, further underscored the importance of genetic resources ti-trough the Biodiversity 
Convention and Agenda 21. 
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This seminar, therefore, serves as suitable and timely proof of further commitments to 
address the issues, especially the conservation of African traditional germplasm at the 
farm level. It is my hope that it will provide an opportunity to discuss and evaluate the 
status of conservation, utilization of landraces and food plants in African traditional 
agriculture and that it will identify the constraints associated with the conservation and 
use of landraces at the farm level. It will perhaps be necessary to assess the needs for 
appropriate integrated conservation technologies for the management of these resources, 
while incorporating other sources of useful genes into traditional African agriculture. 

The enormous task of conserving Africa's landraces will require an integrated approach 
involving the scientists, policy makers, economic planners and the farming communities in 
the development of appropriate conservation strategies for increased food production and 
economic growth. 

At this juncture, I wish to commend the efforts made by CTA, KARI, UNEP and IBPGR in 
organizing this seminar and, even more so, their contributions in prompting national, 
regional and international efforts for the conservation of plant genetic resources. 

Finally, on behalf of the Government of Kenya, I wish to welcome you all to Nairobi and to 
thank the organizers for choosing Nairobi as the venue for the seminar. 

I now have the pleasure of declaring this international seminar on "Safeguarding the 
Genetic Basis of Africa's Traditional Crops" officially open. 



Keynote Address 

Conservation and Use of Plant Germplasm inAfrican Traditional Agriculture
and Land Use Systems 

B. N.Okigbo Director, UNU Progranmme on Natural Resources in Africa, Kenya 

Hereditary material consists of various numbers of units of deoxyribonucleic acid (DNA) 
designated as genes which, for all practical purposes, are units of hereditary information. 
These genes, during the development of each organism, specify the nature of each 
characteristic possessed by the organism and the vital metabolic processes that are 
necessary for survival. In fact, there is a hypothesis that each gene is equivalent to one 
enzyme and each enzyme is responsible for regulating reactions for the development of a 
specific trait of an organism or member of an individual species. The germnplasn, as 
originally defined by De Vries, consists of a full complement of genes in the reproductive 
structures that produce gametes or germ cells of an organism, as opposed to the soiatoplasnI 
or body cells of the organism. Based on this concept, the plant germplasm consists of the 
reproductive structures of plants through which genes are transmitted from one generation 
to another and may include pollen, anthers or ovules. In this age of biotechnology, 
however, especially with respect to the advances in tissue culture techniques in which 
practically new plants can be regenerated from any part of the plant, differentiation 
between germplasm and somatoplasm, especially in plants, does not make much difference. 

The germplasm of all organisms manifests differing degrees of variability in the 
characteristics or traits that they possess as a result of heritable changes called mutations. 
These changes may occur in germ cells or in body cells. Usually, it is only the heritable 
changes in the germ cells that are phenotypically expressed. Expression of the changes 
depends on whether the genes are dominant or recessive, the nature of the allelic pairs, the 
degree of their inieraction with genes in other loci and the extent of environmental 
influence. In plants, bud sports arise from somatic or body cell mutations which may result 
in new varieties. Similarly, certain traits are transmitted through the cytoplasm. In 
general, however, it is the heritable changes that are transmitted from parents to 
offspring, that cause variability. It is this variability that is designated as biodiversity. 
All the biodiversity that exists in all organisms is the cumulative effect of 400 million 
years of evolution [WWF, 1989]. The variability exists or occurs at molecular, cell, organ, 
organism, species and ecosystem levels [Solbrig, 19911. Biodiversity is a fundamental 
property of life and, without it, no evolutionary changes are possible [Solbrig, 1991]. 
Without evolutionary changes in living things, there would have been no adaptation to 
changing environmental conditions and no natural selection could have occurred. In fact, 
without variability in living things, plant or animal breeding would be ineffective. 
Herein lies the importance given to the conservation of biodiversity. 

There are two main reasons advanced for the conservation of biodiversity. The first is a 
moral or ethical one while the second is related to the uses and diverse contributions they 
make to the well-being of man [WWF, 1989; Stuart et al, 1990]. 

1. Ethical and moral reasons arise from the facts that: 

* All species have an inherent right to exist and the ecological processes that 
support the diverse species of organisms and the integrity of the biosphere, 

j
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landscapes and habitats, have to be maintained; this can only be done when the 
various organisms that interact to bring about these processcs, can survive in their 
various forms. 

" 	 We live in an interdependent world in which the well-being and health of any one 
part depends on the well-being and health of all the other parts. 

" 	 Mankind is part of nature and is, in fact, one member of the animal kingdom subject 
to the immutable ecological laws of nature, as are all other species on earth. 
Because of the dependence of all life on the uninterrupted functioning of the natural 
systems of energy and nutrient cycles or supplies, it is the responsibility of all 
peoples to ensure survival, equity and security of all ecological communities 
worl dwi de. Huran culture sh oul d be bui It on a profotud respect for nature. 

" 	 Development activities should not be aimed, solely, at attaining limits of human 
endeavour but at keeping within the ecological limits that ensure that all human 
activities sustain environmental stability and diversity. 

* 	 The well-being of future generations should be the social responsibility of the 
present generation [WWF, 1989]. 

2. 	 Contributions to our well-being that are derived from conserved biodiversity, relate to: 

* 	 The maintenance of ecological stability by ensuring the continuing functioning of 
cycles of water, energy and nutrients, photosynthetic fixation of energy from the sun 
by green plants and its transfer to all components of ecosystems; regulation of 
climate at all levels; control of erosion of land, etc.; and 

* 	 The supply of all our consumptive needs for wood and other sources of energy, food 
from plants and animals, structural materials, etc., [Stuart et al., 19901. 

It is, therefore, not surprising that conservation of biodiversity is one of the vital 
components of sustainable development which must be borne in mind, not only in 
agricultural development, but in all other sectors on which our well-being and economic 
growth depend. This paper gives due consideration to the status of biodiversity in Africa 
with emphasis on plant biodiversity and discusses the problems of conservation of plant 
germplasm in relation to the prevailing agricultural and land use systems in Africa. 
Finally, recommendations are made for actions to be taken, sooner rather than later, to 
ensure that conservation of plant geoetic resources achieves the basic contribution it is 
expected to make to sustainable development in Africa and elsewhere. 

Conservation as aconcept and mode of action 

The word conservation used to be interpreted as being synonymous with preserving and 
protecting things from harm and for posterity, as is done in museums of old. The idea of 
conservation of this kind is unacceptable or revolting to developers, whose main interest is 
in converting resources to monetary gain or into forms that can be utilized to satisfy human 
needs, sometimes irrespective of the consequences of the activities involved in 
accomplishing these objectives. The United Nation's definition of conservation, based on 
concepts advanced by UNESCO and FAO, is that conservation means "the rational use of 
the earth's resources to achieve highest quality of living for mankind" [Dasmann et al., 
1973]. This definition does not minimize the conflict between developers and 
conservationists as to the interpretation of what "rational use" or "quality of living" is, 



Conservation and Use of Plant Gernplasm in Africa 

because it varies from one culture to another. These phrases can still be interpreted to 
support either group's point of view. The most important aspect of an acceptable definition 
of 	 conservation in this age of sustainable development is that it should involve 
management of resources to ensure that: 

* 	 human needs are satisfied without jeopardizing the ability of future generations to 
satisfy their needs; and 

* 	 the resource base, or environment, suffers no adverse effects in our utilizing natural 
resources in the development process. 

According to Jacobs [1988], the most appropriate definition of conservation is as an 
indispensable part of a broad field or discipline of "the wise utilization of natural 
resources aimed at utilization ad infinitum" in such a way that it involves the three 
cardinal components of the IUCN [19801 World Conservation Strategy, namely: 

1. 	 maintaining essential ecological processes and life support systems; 

2. 	 preserving genetic diversity; and 

3. 	 ensuring the sustainable utilization of species and ecosystems. 

Jacobs [19881 maintains that conservation, broadly speaking, encompasses the idea of 
preservation, consisting of (1) and (2) above and management, which entails (1) and (3). 
Thus it involves management of biological resources and environmental management of 
their ecosystems. Consequently, as an applied science, conservation entails the application 
of 	 our knowledge of ecology, animals and plants and their ways of life in various 
ecosystems including aspects of human geography, sociology and environmental legislation 
[Jacobs, 1988]. In this paper we regard conservation as involving elements of protective, 
preservative, usable and sustainable management of plant genetic resources that satisfy, 
with increasing efficiency and more or less in perpetuity, current and future needs of 
mankind and other organisms. 

Status of biodiversity inAfrica 

The highest degree of biodiversity in the world is found in the humid tropics. In general, 
however, the degree of biodiversity in different organisms varies among regions and within 
each major geographical region. There are many more species of fresh water fish in the 
tropics than in temperate countries [Pomeroy and Service, 1986]. It has also been reported 
that there are more species of breeding birds in Nigeria than in the whole of Europe which 
has ten times the area of Nigeria. Within the continent of Africa, the highest species 
diversity occurs in the equatorial areas because species diversity, just as with primary 
production, is highly correlated with annual rainfall. Of course, within each area there 
are other modifying factors such as the landscape, drainage, vegetation and soil type 
[Stuart et al., 19901. Environmental heterogeneity, in space and time, usually increases 
biodiversity. Consequently, within the continent of Africa, even among countries close to 
the equator, differences in biodiversity may be accounted for by variations in topography 
and other environmental factors which are responsible for habitat and ecosystem 
differences. As far as overall species difference is concerned, in the continent of Africa, 
very high levels of biodiversity are found in such countries as Zaire, not only because they 
are located astride the equator, but they also cover large areas of tropical rain forest, 
northern and southern savannas, wetlands, lakes and mountains [Stuart et at., 1990]. 
Overall, in order of decreasing levels of biodiversity, especially in the numbers of species 
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of plants, the 12 countries with highest levels of diversity in the continent are South 
Africa, (21,988 species), Zaire (13243 species), Tanzania (12,633 species), Madagascar 
(11,771 species), Cameroon (10,184 species), Kenya (9,370 species), Gabon (8,032 species), 
Ethiopia (6,986 species), Uganda (6,631 species), Angola (6,442 species), Zambia (5,974 
species), and Nigeria (5,949 species). It should be noted that, as far as species riversity in 
plants on the continent is concerned, variation in topography contributes a lot to the degree 
of biodiversity. One interesting aspect of this phenomenon is the level of concentration of 
species which are not found anywhere else, or what is designated as tile level of 
endemicity. Madagascar, for example, is not very rich in species but is very rich in endemic 
species, as are other islands such as the Comoros, Mauritius, Sao Tome and Principe and tile 
Seychelles. On the mainland, countries rich in endemic species include those with lowland 
forests such as Ivory Coast, liberia, Nigeria, Cameroon and Gabon, in addition to tile 
escarpment forests of Angola and the lowland and montane forests of eastern Zaire, western 
Uganda, Rwanda and the coastal areas of Kenya and Tanzania [Stuart ct al., 1990]. The 
wetlands of the Inner Niger Delta of Mali, seasonally flooded western Central African 
Republic, southern Chad, the Sudd region of the Sudan, Lake Kyoga in Uganda, parts of 
Zambia, the Okavango area of Botswana and the lakes of East and Central Africa, are 
very rich in fish. In the arid areas, major centres of endemicity include SoImalia, Ethiopia 
and Namibia. 

As far as plant diversity is concerned, which is the interest of this paper, African forests 
are regarded as floristically poorer than those of tropical America and Indo-Malaysia 
[Figure I]. Within Africa itself there is a higher species diversity in Zaire and Cameroon 
than in West Africa [Tables la and 1b]. 
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Figure 1.Species/area curves comparing West African forests with those outside Africa. 
African forests contain relatively few species compared with forests in tropical America and 
Malaysia. [From J.Bernhard-Reversat, etal., 1978]. 

Source: Pomeroy and Service, 1986. 
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Table la. 	 The number of species of flowering plants recorded intropical rainforests in 
four African countries 

Country 	 No. of species No. of genera No. of families 

Ivory Coast 600 (trees>10 cm GBH* 275 	 60 
only)

Nigeria 	 4 500 
Cameroon 	 8 000 1 800 220 
Zaire 11 000 	 

* GBH = girth measured at breast height 

Source: Anon., 1978 

Table lb. 	 The number of species and notes on the equitability of communities in 
smaller study areas intropical rainforests inthree African countries. 

Country Area of study No. of species 	 Notes on equitability 

Nigeria 18 ha 170(trees > 10 cm GBH) 	 18 species each contained > 100 
individuals; 90 species each 
contained < 10 individuals

Cameroon I are 230 (trees) 	 I species contained 150 
individuals; 125 species
contained I individual

Gabon 8 ares 122 (shrubs and trees >3m in 26 species of lines were recorded 
height) amongst 96 individual plants 

Source: Anon., 1978 

It has also been observed that the loci of species richness and endemism for birds, 
mammals, reptiles, amphibians, butterflies and flowering plants often coincide in areas 
which have remained tropical rain forest for long periods of time, even during glacial 
times. These are designated as Pleistocene refuges [Whitmore, 1990]. In Africa, these are 
in Upper Guinea, Cameroon and neighbouring areas in Gabon and the eastern rim of the 
Zaire basin [Whitmore, 1990; Figure 2]. 
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Figure 2. Present-day extent of tropical rain forest inAfrica. Areas of high species richness and 
endemism, which are postulated locations of pleistocene forest refuges, also shown [after Mayr 
and O'Hara, 1986] 
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Figure 3. The phylochoria of Africa (biogeographic units based on plant distribution). 
Source: Stuart etal., 1990 
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The 	Cameroon refuge is reported to have 138 species on several 0.64 ha. sample plots at 
Korup, compared with less than 100 species per hectare for non-refugial sites in the African 
rain forest. Areas with concentrations of endemic species should be given high priority in 
conservation, but, since the African rain forest is relatively poorer in plant species
diversity than the other tropical regions, as much as possible should be done to conserve 
the fewer species that are present. Figure 3 shows areas of Africa that have similar and 
different phytochoria. These give us a good idea of those areas with similarity in species
composition. For example, the tropical rain forests in West Africa and Zaire, share 
similarities in flora. 

Threats to biodiversity in Africa 

Biodiversity has been decreasing at different rates in all of Africaparts and this has 
contributed to differences among countries and areas within countries. Although not all 
existing species in different countries have been identified to facilitate quantitative
determination of the exact rate of decline, it is well known that some identified species
have either become extinct or have drastically decreased in number. Stuart et al., [1990]
have identified the following causes of the decline in biodiversity: 

1. 	 Population pressure: Human population pressure accentuated by improvements in 
health, sanitation arid standards of living has resulted in increasing pressure on 
resources for many development activities. 

2. 	 Food production practices: Food production methods and practices involving technologies
and 	slash-and-bum fallow systems that depend on expansion of area under cultivation 
for increasing agricultural productivity; overgrazing in savanna areas has resulted in 
land degradation and desertification. 

3. 	 Commercial land use methods: Deforestation and drastic ecosystem disturbance for the 
timber trade, cash crop production, mining, oil extraction and related activities have, 
in some cases, irreversibly destroyed the resource base, e.g. wetlands, forests and coral 
reefs, with concomitant reduced numbers of species that depend on these ecosystems. 

4. 	 Foreign debt servicing activities: With mean foreign debts averaging 58% of the GNP, 
many countries have adopted various agricultural and industrial practices that 
involve harvesting or mining of resources at unsustainable rates with devastating 
consequences on the resource base. 

5. 	 Over-harvesting: Harvesting of wildlife beyond their rate of natural increase has, for 
example, reduced the black rhino, in 20 years, from a population estimated at 70,000 to 
about 35,000. Over-grazing is causing environmental degradation, erosion and 
desertification in drier areas and over-harvesting of economically valuable species by
illegal means, often for the benefit of foreigners, is also of increasing concern. 

6. 	 Inviable populations of species: Numbers of some species have been reduced to such an 
extent that they lack the genetic diversity necessary for long-term survival. Very
small populations are often in danger of suffering severe losses due to the risk of fires, 
disease, natural disasters, etc. that have devastated the fauna of the Sahelian zone in 
the last 20 years. Some of the species that have become extinct, or nearly so, are those 
that play vital roles in the pollination, dispersal or germination of some plants. 
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7. 	 Climatic changes: Some areas, as in the Sahel, have experienced prolonged periods of 
drought, for which no appropriate responsive changes in land use or production systems 
have been introduced to minimize consequential environmental degradation. 

8. 	 Introduction of alien species: The introduction of such animal species as cats, goats, rats, 
deer and many plants, especially in island habitats, constitutes a major threat to 
biodiversity since these upset, permanently, the ecological balance and extinction of 
some species has occurred in Reunion, Mauritius and Rodrigues. Examples of 
introductions of alien species do not only involve introductions from outside Africa. For 
example, the introduction of the Nile Perch into Lake Victoria has resulted in the 
danger of extinction of over 100 species of fish. 

With regard to the biodiversity of crops, new varieties have displaced landraces 
and/or their production systems. This replacement of traditional, mixed or 
intercropping systems with monoculture constitutes a major threat to biodiversity. 
Related activities with damaging effects are: 

* 	 the increasing use of pesticides and herbicides which kill non-target organisms 
that play vital roles in the life cycles of some crops or their wild relatives; 

* 	 tillage systems which lay large areas bare; 

* 	 the introduction of weed species which displace wild relatives of crops and cause 
changes in ecosystems; and 

" 	 changes in food habits with the result that people are abandoning the harvesting 
of semi-wild or wild species to such an extent that the younger generation, 
increasingly, are becoming ignorant of them and may not even include such wild 
species in conservation programmes. This is because priority is very likely to be 
given to those species that are known to be useful and "edible". 

9. 	 Fire risk: A major threat to biodiversity, especially in the savanna areas, is inadequate 
fire management. Fires can result where there is a lot of dry material late in the dry 
season. Severe fires change ecosystem species composition and cause soil degradation. 

African plant and crop biodiversity 

Of the 275,000 - 400,000 higher plant species that are estimated to exist, 10 - 15% are 
believed not to have been discovered and identified. Only 73,900 species of the lower 
plants and 36,000 species of micro-organisms are known but total numbers of each are 
unknown [Wolf, 1987]. Houerou [1991] estimates that there are a minimum of 63,000 higher 
plants in Africa of which about 29,000 species are consumed by large wild herbivores and 
livestock. Of these 20,000, only 3,500 play major roles in such feeding. Further, 1,500 of 
these are grasses and 600 are legumes while 400 are browse plants in addition to the 
remaining 1,000 other species of pasture plants or forbs. African species of forage plants 
have contributed 70 - 75% of pasture and fodder grasses and 25 - 30% of legumes to the world 
fodder and pasture genepool. African flora are known to have contributed immensely to the 
forage grass genepools of Latin America and Australia. What is interesting in this regard 
is that while Africa has made highly significant contributions to the world pasture and 
forage species' genepools and many of these are undergoing genetic improvement, with the 
exceptions of Ethiopia,.where ILCA is engaged in substantial breeding and conservation 
work, and South Africa, very little is being done in national programmes. 
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Table 2a. List of indigenous African food plants [Okigbo, 1983] 

A.Cereals 
Digitaria exilis Fonio millet Savanna W. Africa 
Digitaria iburua Black fonio Savanna W. Africa
 
Brachiariadeflexa Animal millet 
 Savanna W. Africa
 
Eragrostis tef Teff Highland Tropics Ethiopia

Eleusine coracana Finger millet Savanna W/E./C. Africa 
Pennisetuniamericanumr Candle millet Savanna Trop. Africa
Oryza glaberrima African rice TRF/Savanna Trop. Africa
Sorghum bicolor Guinea corn Savanna Trop. Africa 

B.Grain legumes and other legumes 
Kerstingiela geocarpa Kersting's groundnut Forest/Sav. W. Africa 
Cajanuscajan Pigeon pea Forest/Sav. Trop. Africa
 
V gna unguiculata Cowpea Forest/Say. Trop. Africa
 
Vigna subterrana Bambara groundnut Forest 
 W/E. Africa 
Sphenostylis stenocarpa African yambean TRF/Savanna Trop. Africa
 
Mucuna sloanei Horse eye bean Trop. Forest TrOp. Africa
 
Alucuna pruri'nsvar. edulis Velvet bean Trop. Forest Trop. Africa
 

C.Cucurbits 
Citrullus lanatus Watermelon Savanna Trop. Africa
 
Coloynthes vulgaris Egusi melon TRF/Savanna W. Africa
 
Cucuneropsis edulis Egusi melon Savanna 
 W. Africa 
Cucumnis nelo Melon Savanna W. Africa 
Curinisanguria W. Indian Gherkin Savanna Trop. Africa
 
Lagenariasiceraria Gourd TRF/Savanna Trop. Africa
 
Telfairiaoccidenhlais Fluted pumpkin TRF 
 W. Africa 
Telfairia pedata Oyster nut Savanna E. Africa
 
Trichosanitws cucurneria Snake gourd TRF/Savanna W/E. Africa
 

D.Oil crops (seeds) 
Sesmianun idinm, Sesame Savanna Trop. Africa
 
Guizotia abyssir .:a Niger seed 
 Highland Ethiopia
Elaeisguineensis Oil palm TRF W. Africa 
Vitellaria paradc... Shea butter Savanna W. Africa
 
Brasaicajuncea Indian mustard Highland Ethiopia

Hyptis spicigera Black sesame Sav/highland Trop. Africa
 
Polygala butyracea Highland Trop. Africa
 
Ricinus communis Castor bean TRF/Savanna Trop. Africa
 
Tetracarpediumconophorumt Conophor 
 TRF W. Africa 
Pentaclethra nacrophylla Oil bean TRF W. Africa 

E.Vegetables 
Amarantus viridis African spinach TRF Trop. Africa 
Celosia argentia TRF Trop. Africa 
Hibiscus sabdariffa Roselle Savanna Trop. Africa
 
Abehnusclus esculentus Okra 
 TRF/Savanna Trop. Africa 
Ocimiuan virih Fever plant W. Africa 
Pterocarpussoyauxii Camwood TRF W. Africa 
Pterocarpusspp Camwood TRF/S W. Africa 
Afzelia bella var. bella Camwood TRF/S W. Africa 
Gongronemna latifolium TRF W. Africa 
Bmonax buonopezence Silk cotton TRF W. Africa 
Corchorusolttous Veg. Juice TRF/Savanna W. Africa 
Pennisetum purpureonu Elephant grass TRF W. Africa 
Sohnium marcrocanortm TRF/Savanna W. Africa 
Solanumn aethh,'ijcumn TRF/Savanna W. Africa 
Venionia amnygdaina Bitter leaf TRF/Savanna W. Africa 
Vitex spp. TRF W. Africa 
Adansonia digitata Baobab Savanna Trop. Africa 
Piperguineense Guinea pepper TRF Trop. Africa 
Piper umnbellatun TRF W. Africa 
Myrianthus arbmea TRF W. Africa 
Gnetu n africanumn TRF W. Africa 
Heinsia crenata TRF W. Africa 
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Table 2a. (contd) 

F.Roots and tubers 
Dioscorea cayen'nsis Yellow yam TRF W. Africa 
Dioscorea bulbifera Aerial yam TRF W. Africa 
D. duonetorutm Cluster yam TRF W. Africa 
D. proehtnsilis Forest yam TRF/Savanna W. Africa 
D. rotundata White Guinea yam TRF/Savanna W. Africa 
l'lectrantuls esculentus Risga FSM/Sav. Trop. Africa 
Solenostenon rotundifolius HIausea potato FSM/Sav. Trop. Africa 
Sphenostyllis stentocarpa African yam bean TRF/Savanna W. Africa 
Antorpltopluallus catmpanulatus Elephant yam TRF/Savanna Trop Africa 

G.Beverages 
Cola acuoinata Abata cola TRF 
C. nitida Gbanja cola TRF 
C verti'ilhta 
Coflia liherica Liberian coffee TRF W. Africa 
Coffea stenoplnylla W. Africa 
C. canephola Robusla coffee TRF C. Africa 
C. arabica Arabica coffee Highlands Ethiopia 
Raphhitiviifra Wine palm TRF 
Raphia spp. Wine palm TRF/FSM 

H.Spices and condiments 
Afranionuan ne'l'ueta Grain of paradise TRF W. Africa 
Dennettia tripetala TRF W. Africa 
Piper guineens, Guinea black pepper TRF W. Africa 
Xylopil aethiopicam Guinea pepper TRF W. Africa 
l'arkia clappertoniana Locust bean FSM/Sav. Trop. Africa 
Parkia biglobosa Musk tree TRF W. Africa 
Buchholzia coriacea African nutmeg TRF W. Africa 
Monodora ntyristica 

I.Miscellaneous tree crops, fruits and seeds 
;-fzelia africana TRF/FSM W. Africa 
Ctoariuo schl'einfurthii Elemi TRF Trop. Aft ica 
Chrysophyllum spp Star apple TRF W. Africa 
Detariun microcarpunt TRF/FSM W. Africa 
Cola spp TRF W. Africa 
Blrachystesiaspp TRF Trop. Africa 
Garcinia cola Bitter cola TRF/Savanna W. Africa 
Lndolphia spp Rubber vine TRF Trop. Africa 
Irvigiagabonensis African mango TRF W. Africa 
Dacrylodes edulis African pear TRF Trop. Africa 
Treculia africnta African breadfruit TRF W. Africa 
Pachystela breviceps TRF W. Africa 
Syns pallon duhficlo Miraculous fruit TRF W. Africa 
Ensete rentricosa Ensete Highland Ethiopia 
Dioscoreopylluo, cuininsif Miraculous berry TRF W. Africa 
Marntachloaspp Yoruba soft cane TRF W. Africa 
Spondias mombin yellow plum TRF/FSM Trop. Africa 
Dilitonguineense Velvet tamarind TRF W. Africa 
Tanarindusvidica Tamarind FSM/Sav. Trop. Africa 
Diospyros spp TRF/Sav. 
Ziziphus spp TRF/Sav. Trop. Africa 
Blig,hia sapiba Akee apple TRF W. Africa 
Myrianthusarbora TRF W. Africa 
Manontea africana Mammy TRF Trop. Africa 
Cola gigantea TRF W. Africa 
Cola hisph TRF W. Africa 
Funtuntia elostica Lagos rubber TRF W. Africa 
Acacia spp Gum arabic Sav./desert Trop. Africa 

TRF = Tropical rain forest FSM = Forest savanna mosaic 
Sources: Dalziel (1937), Harlan et al. (1976), Kokwaro (1976), Okafor (1979), Okigbo (1975, 1980, 1983), Okolo 
(1979), Oliver (1960), Sofowora (1982) and Vickery and Vickery (1979) 
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With regard to the 150 food crops consumed by man, indigenous African food crops [listed in 
Table 2a] consist of 115 species out of which, of those that contribute significantly (at least 
locally) to the subsistence requirements, there are five cereals, four legumes, three 
cucurbits, five oil seeds, twelve vegetables, four roots and tubers and 5 - 10 fruits or 
miscellaneous seeds. Of the major staples we consume, species such as wheat, maize, sugar
cane, banana/plantain, beans, cassava, Irish potato, cocoyams and sweet-potato, all are 
exotics [Tables 2b and 2cJ. Most of these are undergoing significant genetic improvement 
either in Africa or outside it. Of the African food crops, only sorghum, Pennisetuin millet, 
cowpeas and yams are undergoing routine breeding and/or research of sufficient scope. 
Generally, serious attention is given to their germplasm conservation and also to that of 
their wild relatives. 

Table 2b. Some crops grown inAfrica of Asian origin 

Scientific name Common name Family 	 Probable country of 
origin and route 

Introduced before 1500 A.D. 

Triticum dicoccum Schubl. 
T. durun Desf. 
T. aestivum L. 
Hordezn vulare L. 
Pisum satunum L. 

Emmer wheat 
Durum wheat 
Bread wheat 
Barley 
Pea 

Gramineae 
Gramineae 
Gramineae 
Gramineae 
Leguminosae 

S.W. Asia early to Ethiopia 
S.W. Asia early to Ethiopia 
S.W. Asia later to Ethiopia 
S.W. Asia early to Ethiopia 
S.W. Asia to Ethiopia 

Musa c,'s AA, AAA, AAB Bananas Musaceae Malaysia to Madagascar and 
Africa 

Cocos nucifera L. Coconut Palmae Pacific to E.Africa 
Saccharum cv's Sugarcane Graminae S.E. Asia to E.Africa 
Colocasia escuh'nta Schott Dasheen Araceae S.E.Asia to most of Africa 
Citrus spp. Orange, lemon etc. Rutaceae S.E. Asia to E.Africa 
Man,ifra indica L. Mango Anacardiaceae India to E.Africa 
Solanurn nielongena L. 
Cannabis sativa L. 
Oryza sativa L. 

Eggplant 
Hemp 
Rice 

Solanaceae 
Cannabinaceae 
Gramir,eae 

S.E. Asia to E.Africa 
S.W. Asia to E.Africa 
Asia to E.Africa 

Areca cate'hu L. Betel nut Palmae India to Zanzibar 
Piper betI 
Zingiber officinaleRosc. 

Betel pepper 
Ginger 

Piperaceae 
Zingiberaceae 

India to E.African coast 
S.E. Asia to E.Africa 

Curcuma donesticaVal. 
Alliton CiTa L. 
Dioscorea alata L. 
Carthantustinctorius L. 
Cicerarietinurn L. 
Lens es'uh'nta Moench 

Turmeric 
Onion 
Greater yam 
Safflower 
Chick pea 
Lentil 

Zingiberaceae 
Alliaceae 
Dioscoreaceae 
Compositae 
Leguminosae 
Leguminosae 

S.E. Asia to E.and W.Africa 
S.W. Asia to tropical. Africa 
S.E. Asia via Madagascar 
S.W. Asia to Ethiopia 
S.W. Asia to Ethiopia 
S.W. Asia to Ethiopia 

Some later introductions 

Eugenia caniophyllbs Clove Myrtaceae Moluccas to Zanzibar via 
(Sprengel) Bullock & Reunion 
Harrison 
Canella sinensis (L.) 0. Tea Theaceae S.E. Asia to E.Africa 
Kuntze 
Al'urites mnontanl (lour.) Wils. Tung Euphorbiaceae S.China to Malawi 
Glycine max (L.) Merr. Soya bean Leguminosae China to E.Africa 

Source: Harlan et al.., 1976 
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Table 2c. Some crops grown inAfrica of New World origin: introduced after 1500 
A.D. 

Scientific name Common name 

Mainly early colonial (mainly Portuguese) 

Zea mays L. 
Arachis hypogaea L. 

Phascolus 'ular L. 

1).hoiatus L. 

Ipof 'a bataas (L.) Larn. 
Manihot esroh'ntaCrantz 

Capsicup anpuuon I. 

C.fructens 

Cucurt-bta spp. 

Nitcoana talac 1nL. 

Anfa'ardu, 0, Ci1,h'tah' .. 
A ffafffts (on 'tu (..) Merr. 


Pshfll~ ,ta lt I.. 


Cal'ln papalw .. 


Mostly late colonial 

X\apthosofa ,w'ttif01mm (1..) 
Scht t 
sohmunt ttbl''Iopn I.. 

orffn\ill. 

I/l'hbwn i ada 1 

I, l , ',h nsf SuIf 
1.11,,41'po ' htum Mill. 

(G,:..o.f/1fffl ihtffttut I.. 

(, 1I' ln ' I'' 

Source: Harlan et al., 1976 

laize 

Groundnut 


Comnwn bean 

Lima bean 

Sweet potato 
Cassava 

Chillies aIid sweet 
pepper 
Bird pepper 

Pumpkins 

]'obacco 

Cashew 

Pineapple 


hGuava 

Papaya 

Tannia 

lotato 
Avocado 

Co coa 

I'assion fruit 
'ornato 

Upland cottonf 

Sea I I,lld Cotht 

Family 

Gramineae 
Legurninosae 

Leguminosae 

Leguminosae 

Convol vulaceae 
Euphorbiacea 

Sola naceae 

Solanaceae 

Cucurbitaceae 

Solanaceae 

Anacardiaceae 
Bromeliaceae 

Myrtaceae 

Caricaceae 

Araceae 

Solanaceae 
Lauraceae 

Sterculiaceae 

Passifloraceae 
Solanaceae 

Malvaceae 

Mavaceae 

Probable country of 
origin and route 

Mexico to most of Africa 
S.America; early to W.
 
Africa
 
C. America to most of
 
Africa
 
C.& S. America to W. 
Africa 
Mexico to most of Africa 
S. America; earl)' to W.
 
Africa
 
C. America; early' to W.
 
Africa
 
C. America to tropical
 
Africa
 
C. America to most of
 
Africa
 
S.America to most of 
Africa
 
Brazil via India
 
S.America to tropical 
Africa 
Tropical America to 
tropical Africa 
C. America to tropical 
Africa 

Tropical America to W. 
Africa 
S.America to E.Africa 
C. America to tropical 
Africa 
S.America, first to W. 
Africa 
Brazil to most of Africa 
S. America to most of 
Africa 
N. America to tropical 
Africa 
N. America to Sudan & 
Egypt 
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African land use and traditional agricultural production systems

inrelation to the conservation of plant germplasm resources
 

I have been requested to discuss plant conservation in Africa in relation to prevailing land 
use and agricultural systems, but I do not find the current FAO and World Resources 
Institute land use classification systems suitable for doing this. The categories used by 
them [Table 3] are as follows: 

1. 	Cropland. The arable and permanently cropped land, at any one time, may be carrying: 
permanent crops which are usually woody species and are not planted, harvested and 
replanted every annual related crops are beyear; or field which to harvested 
sometime during the year; and/or remnants of crops in areas where harvesting has 
taken place. Conservation on such land usually invo!ves the farmer or farm family
members selecting and saving seed, for next year's planting, according to traditional 
practice. Permanent crops which may be dotted about the field are usually protected 
even on communal land. Very often, tree crops on such land consist of some purposefully 
planted ones growing side-by-side with volunteers Except for limited areas of 
smallholder plantations of one to three or more hectares of such crops as coffee and 
cocoa, not many improved varieties are grown. 

2. 	 Permanent pasture. This land is only found in the savanna areas where most permanent 
pasture land is over-grazed and burned annually. Not much effort has been made by
national programmes to make an inventory of, or to collect, study, categorize, evaluate 
and document information on pasture species. A major effort in conserving pasture 
species is currently being spearheaded by ICLA and national programmes networking 
with them. Losses in biodiversity are usually high except, to some extent, in reserves of 
various types if they are very securely protected. 

3. 	 Forest and woodland. In the humid and subhumid areas, most of the land is usually. 
under fallow or forest and woodland. 

4. 	 Other land may be grouped with forest and woodland where mainly wild species 
abound. 

Table 3. Land area and land use inAfrica in 1987-1989 

Land use 	 Area (million ha.) Percentage of total land 

Crop land 	 186.39 6.3 

Permanent pasture 	 890.90 30.1 

Forest and woodland 	 686.28 23.1 

Other land 	 1,200.57 40.5 

Total land area 	 2,964.14 100.0 

http:2,964.14
http:1,200.57
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Agricultural systems and land use 

There is no generally accepted topology for classification of agricultural systems in Africa. 
I hope that participants in this conference will bear with me for using a classification of 
farming systems which Dr. D.J. Greenland and I developed in 1976 based on a review of 
several classification systems that have been used worldwide including Africa [Table 41. 
This system recognizes two main systems, namely, traditional and transitional systems and 
"modern" systems and their local adaptations. 

Table 4. Farming systems intropical Africa. 

A. 	Traditional and transitional systems 

1. 	 (a) nomadic herding 
(b) shifting cultivation Phase I (L>10)* 

2. 	 Bush fallowing or land rotation: shifting cultivation Phase II (L=5-10) 
3. 	 Rudimentary sedentary agriculture: shifting cultivation Phase III (L=2-4) 
4. 	 Compound farming and extensive subsistence agriculture: shifting 

cultivation Phase IV (1.<2) 
(a) highland agriculture (unterraced) 
(b) terrace farming 

5. 	 Floodland or valley- bottom agriculture 

B. 	Modern farming systems and their local adaptations 

1. 	 Mixed farming 
2. 	 Livestock ranching 
3. 	 Intensive livestock production (poultry, pigs, dairying) 
4. 	 Large-scale farms and plantations 

(a) 	 large-scale tree crop plantations 
(b) 	 irrigation projects involving crop production 
(c) natural rainfall 

5. 	 Specialized horticulture 
(a) 	 market gardening 
(b) 	 truck gardening and fruit plantations 
(c) 	 commercial fruit and vegetable production for processing. 

L=C+F/C where C= cropping period, F= Fallow period and L= land use factors. 

Source: Okigbo and Greenland (1978) 

A. 	Traditional and transitional systems 

la. 	 Nomadic herding. This is an extensive system in which pastoralists use natural pastures 
and browse plants to feed their animals. The pastoralists usually migrate with the 
rains in search of fodder. Very rarely are improved pastures grazed and no 
genetically improved species of grasses or legumes are sown. Herders may burn 
pastures in the dry season in order to encourage uniform growth of fresh forage. The 
burning, unless controlled, may cause damage to vegetation and result in erosion and 
land degradation with loss of genetic diversity. 
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lb. 	 Shifting cultivation. This usually involves shifting of homesteads by farmers as they
abandon cultivated areas when crop yields decline after 2-3 years of cultivation. In 
this system, seeds of iandraces of cultivated crops are saved during harvesting and 
carried away by 	 the farm family for planting on newly cleared land. Genetically
improved crop varieties are usually not grown by the farm household. Many semi
wild or protected fruit trees and useful trees and shrubs are usually left dotted about 
the cultivated patches of farmland. With the exception of collecting seeds of the 
perennial trees and shrubs for planting on other locations close to the new homestead 
or in permanent home gardens, no regular germplasm conservation of tree crops in 
large quantities is practiced by these farmers Moreover, with the exception of a few 
stands of improved seedlings of such tree crops as oil palm and cocoa, no improved
varieties are usually grown by the farmer. 

2. 	 Bush fallowing or land rotation. Here we encounter, for the first time, the most important
change in the evolution of traditional and transitional farming systems in the tropics
of Africa. Farmers began to settle down on a more permanent basis and rotate 
cultivation from one area to another from a more or less permanent homestead or 
home garden. 

3. 	 Rudimentary sedentary agriculture. With a sedentary way of life, the traditional 
African farming system came to revolve around the homestead which is more or less 
at the centre from where paths lead to fields or cultivated plots of various sizes and 
at different distances. The homestead and its compound, which may be fenced or 
walled, is the location of a mixed farming system where crops (annual, perennial and 
horticultural) are grown and animals are kept. This is the centre of diversity. Such 
diversity is, as indicated before, highest in the humid tropical rain forest zone and 
lowest in the Sahelian countries where elaborate home gardens are absent and 
nomadic pastoralism is dominant. Figures 4 a and 4b are diagrams of a typical home 
garden where food crops, vegetables, fruit trees, condiments, nuts, drug plants, etc., 
are grown and animals are kept. Plants or crops at different levels of domestication 
are grown in the various field systems. Table 5, which is based on surveys in south
eastern Nigeria, an area of high population density, indicates that the species
diversity encountered may range from 6 - 62 in the humid tropical belt and from 0 - 65 
in the drier savanna zone, inland. 

The home gardens grow crops which range from a few stands of improved varieties 
and several typical more or less ancient traditional landraces to wild plants that are 
informally, experimentally planted. From the home garden to outlying fields, the 
following trends are observed: 

" number of species decreases with distance from the homestead; 

" 	 crops become limited to a few major staples on cultivated plots farthest away 
from the home garden; 

* 	 production systems become more extensive; 

* 	 more wild trees and plants which are protected, are associated with crops than 
domesticated cultivated ones; 

" 	 more of the vegetatively propagated crops are grown in the home garden than in 
the outlying fields; 
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" animals are less associated with the crops on outlying fields other than after 
harvest when the stubble left in the fields may be grazed by livestock, 
especially in savanna areas; 

" animals in the more humid areas are fed on crop residues or ol forage collected 
from the wild . In the savanna areas few animals are kept in the home garden 
but where some are kept they are fed ol crop residues or on pastures surrounding 
the home garden; 

" usually, there is a halo effect due to more intense grazing and/or cropping of the 
zone surrounding the home garden than further away [see Figures 4a and 4b]. The 
degraded area forming the halo around the homestead has low species diversity 
and only cultivars adapted to lower soil fertility or showing signs of stress 
growing side by side with forms of wild plants grow there 

The home garden becomes a regular feature in the traditional farming systems in the 
categories Nos. A3, A4a, A4b and A5 [Table 41. It is the most widespread feature in 
farming systems in tropical Africa. It is also in this component of traditional and 
transitional farming systems that there is regular selection and saving of seeds of 
annual crops. li situ germplasm conservation is regularly practiced, in that farmers 
bring wild species into the home garden, on an experimental basis. Moreover, new local 
cultivars or exotic species from neighbouring farmers' homes or fields are also grown in 
home gardens. In some home gardens, browse species such as Ricinodendron Iidelotii, 
Baphia nitidto and Ficus species may be brought in from the wild and grown for feeding 
goats in the dry season. Outside the home garden in situ conservation is practiced by 
farmers through protection of perennial tree crops and shrubs growing in the fields. 
Usually, however, the number of species of trees and shrubs protected or growing in 
fields away from home gardens is not as diverse as in the home garden, except in the 
intensively farmed parklands of the savanna areas. The parkland species, which vary 
from one ecological zone to another, consist of Parkia sp., Ficus sp., shea butter and 
Daniellia oliveri in the southern Guinea savanna; shea butter, Parkia sp., Ficus 
graphalocarpa and Ceiba pen tandra in the northern Guinea savanna; Faihderbia 
(Acacia) albida, baobab and the fan palm, (Borassus aethepicum), in the Sudan 
savanna; and Acacia tortilis,Balanites degyptiaca and the doum palm (Hyphaene 
thebaic) in the Sahel (Pullan, 1974). 

There is usually a threat to loss of genetic diversity in the home gardens when well-to
do, or affluent people decide to build their homes in rural villages and destroy fruit 
trees and other vegetation to build houses and concrete whole compounds allowing only 
a few fruit trees to grow near the homestead. In many situations only a few 
ornamentals or flowers are grown near homes and in small spaces allocated for 
gardening. 

In general, it should be noted that a high level of genetic variation exists among 
individual perennial trees, shrubs and crops grown by farmers in sub-Saharan Africa. 
This is because most tree crops are grown from seed and there is no guarantee that a 
seedling will develop to be genetically similar to the parent, as compared with 
vegetatively propagated plants. The extent of heterozygosity among the individual 
crop plants depends on whether the individual species of crops are cross- or self
pollinated. Thus, especially in tree crops grown from sexual seed, each plant is 
potentially a different variety or could be used to develop a new variety. Conservation 
of germplasm of such species of crops will involve collection of several more individual 
plant seeds than in improved varieties of narrow genetic bases. 
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5 3 

22 

Figure 4a. Spatial organization of land use inN'Gayene, Senegal [from Pellssler, 19661 
1. Houses and gardens; 2. permanent cultivation; 3. semi-permanent cultivation; 
4. intensive shifting cultivation; 5. bush and extensive shifting cultivation 
[after Ruttenberg, 1971]. 

(1)Schematic plan of house and 
associated farms 

S/ 0 JHouse with gate facing west 

Heavily manurod home garden 

Nearby farm, less manured 
Fields with very slight manuring, 
less fertility 

No manuring, bush rotation 
" . -', Radial system of bush paths 

Boundary of farmer's land 

(2)crop development inrelation to soil fertility

and manure application
 

Mixed millet and sorghum 
Peanut and late millet 

Figure 4b. Ahouse, home garden and associated cultivated fields in Nangodl, northern 
Ghana [after Hunter, 1975]. Source: Okigbo, 1991 
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B.Modern farming systems and their local adaptations 

The general practice in these systems is either to obtain seeds of improved varieties that 
are locally produced each season or to order them from relevant seed companies. Such 
companies sell seeds that have been tested and shown to be adapted and able to do well in 
certain areas of Africa. Where seeds are from hybrid varieties, saving seeds from them 
does not result in sustainable levels of productivity. Animal producers under these
'modern" systems usually plant selected pasture species on their farms and, with the 
exception of some legumes, not much local production of seeds is routinely practiced by 
farmers. In most situations grasses such as Panicimi i)iaxininui and star grasses (Cynodai 
spp.) are propagated vegetatively. Considerable variation exists among cultivars grown 
because varietal registration and purity are not ensured by legislation. In the market 
gardens, horticulturists often save and produce seeds of some species such as papaya and 
local vegetables but regular supply and conservation of seed is not assured except on 
research stations and, to some extent, on government parastatal farms. 

It 	 is obvious from the above that whether we are practicing African 
traditional/transitional production systems or modern farming systems, conservation of 
germplasm remains a serious problem. We face a greater danger of loss of biodiversity in 
indigenous food and useful crop plants for which there are no seed companies. Germplasm 
conservation is mainly practiced by IARCs for a few species of major importance. It is 
therefore necessary that steps are taken, in all African countries, to train enough personnel 
in 	plant germplasm conservation and to develop facilities that will promote long term 
conservation of biodiversity of both major staples and traditional landraces of only 
regional or local importance. 

Status of domestication of indigenous crops 

Indigenous African food crops vary considerably in their level of domestication which 
levels may, for convenience, be categorized as follows: 

" 	 fully domesticated, genetically improved varieties of such crops as sorghum, millet, oil 
palms, okra and cowpeas. These are only found on a small proportion of the farms and 
have narrow genetic bases; 

* 	 domesticated landraces, having wider genetic bases of such crops as sorghum, yams, 
millets, oil palm, Penniseturn, Telfaira spp., Eleusine spp., Digitaria spp., teff, 
African poar (Dacryodes e,:ht;ts) okr, and Bambara groundnut (Voandzeia 
subterranea); 

" 	 semi-wild or protected species such as the African breadfruit (Treculia africana), 
African mango (Irvingia spp.) and the oil bean (Pe'.acletthra spp.,) in the humid 
tropics and shea butter (Butyrospernumm paradoxuim) and baobab (Adansonia digitata) 
in the savanna zone; and 

* 	 wild species, for example, shea butter, Balanites spp., elephant grass (Pennisetum 
spp.), Lagos rubber (Laidolpliin spp.), Pterocarpusspp., etc. 

In general, it should be emphasized that introduced varieties have relegated indigenous 
African crops to the background and, with the exception of cowpeas, sorghum, coffee, oil 
palm, Pennisetuim millets and water melon, most crops grown by farmers are not undergoing 
intensive, or routine, genetic improvement nor subjected to serious germplasm conservation 
activities (collection, evaluation, documentation, storage, etc.). More of the species of our 
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indigenous edible crops are grown as seni-wild or wild crops than as regular domesticated 
landraces. About 70% of Africa's crop production is reported to be of American or Asian 
origin [Wood, 1988; Toll, 19911. These introduced crops are getting more attention and 
allocation of trained staff and research funds than many of the indigenous minor crops of 
secondary and local importance. 

The 	problems of conservation of the latter are related to the fact that one is more likely to 
find greater variation in home gardens where both dominant and recessive characters are 
manifested under artificial selection for economically and ecologically adaptive 
variation, than in other fields far from the home garden. It is mainly in the home garden 
that 	sexual seed producing varieties are used as the basis for selection each year or season 
and vegetatively propagated varieties are under observation and bud sports can be 
isolated. With the exception of a few experts in germplasm conservation, I do not think 
that, in collecting seeds for conservation, due consideration is given to the structure of the 
local farming system and the pattern of the genetic variability that may exist in the 
traditional farm. 

It may be concluded that: 

" 	 with the exception of those indigenous African crops that the IBPGR and the IARCs 
are working on or conserving, there is no serious long-term programme for the 
conservation of indigenous African crops; 

* 	 limited research on some of these crops, which was being conducted a decade or so ago, 
has recently declined due to unfavourable economic conditions, not least of which are 
the heavy debt burdens and adverse effects of structural adjustment programmes; 

* 	 many African graduates cannot identify, with certainty, those food crops that are 
indigenous to Africa, or separate indigenous food and useful crop plants from the 
introduced ones; 

" 	 African countries do not exchange information about indigenous food plants, useful 
plants and plant materials or their utilization; 

" 	 conservation of indigenous African plants is left to the farmers or to the herbalikts. The 
latter grow a few plant species or varieties in hidden areas of their back yard:, and rely 
on the bush for Most of the supplies of wild species for fear of exposing their secrets; 

* 	 pasture species of African origin are receiving more attention, in genetic improvement, 
outside Africa than within it; 

* 	 African food and useful plants are thus under serious threat of genetic erosion, since 
most of them remain neglected and underutilized. 

Suggestions to conserve, broaden and intensify research and utilization 
of germplasm of African plants 

Since most of the indigenous African food crops and useful plants are still semi-wild or wild 
and sometimes protected species, the various protected areas listed in Table 6 may 
constitute a sound basis for conserving them. Recommendations for using them as a basis for 
conservation must be explained to local people who must be properly oriented to 
participate in using these protected areas for the benefit of all concerned, while adhering 
to well established guidelines for achieving stipulated objectives. 
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It is imperative that, in all sectoral development plans and strategies, those responsible 
for implementing them should be made aware of measures to be taken to minimize the loss 
of both plant genetic diversity and the genetic diversity of organisms that ensure survival 
of the species that are of direct interest to us. It shc)uld not be left to tile trained experts 
alone There should be serious enlightenment programmes, not only for the general public, 
but especially fcr policy makers, political leaders and planners so that conservation of 
plant resources receives the attention it deserves in policies, plans, strategies, research and 
development activities for sustainable development. 

Table 6 	 IUCN management categories and objectives for protected areas. While all 
protected areas control human occupancy or use of resources to some extent, considerable 
latitude is available in the degree of such control. The following categories are arranged in 
ascending order of degree of human use permitted in the area. 

Scientific reserves/strict nature To protect nature and maintain natural processes in an undisturbedreserves state in order to have ecologically representative examples of thenatural environment available for scientific study, environmental 
monitoring and education, and for the maintenance of genetic 
resources in a dynamic and evolutionary state. 

Nationalpark 	 To protect relatively large natural and scenic areas of national orinternational significance for scientific, educational and 
recreational use under management by the highest competent
autht, :y of a nation. 

Naturalmonument/natural To protect and preserve nationally significant natural features 
landmark because of their special interest or unique characteristics 

Managed nature reserve/wildlife To ensure the natural conditions necessary to protect nationallysanctuary significant species, groups of species, biotic communities, or physicalfeatures of the environment when 	these require specific human 
manipulation for their perpetuation. 

Protected landscapes 	 To maintain nationally significant natural landscapes characteristic 
of the harmonious interaction of mail and land while providing
opportunities for public enjoyment through recreation and tourism 
within the normal life-style and economic activity of these areas. 

Resource reserves 	 To protect the natural resources of the area for future use and 
prevent or contain development activities that could affect the 
resource pending the establishment of objectives based on 
appropriate knowledge and planning. 

Naturalbiotic To allow the way of life of societies living in harmony with the
area/anthropological reserve environment to continue undisturbed by modem technology. 

Multiple-use management area/ To provide for the sustained production of water, timber, wildlife,
managed resource area pasture and outdoor recreation, with the conservation of natureprimarily oriented to the support of the economic activities (although

specific zones also can be designed within these areas to achieve 
specific conservation objectives). 

Source: Stuart etal., 1990, p.4 
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Specific recommendations that I deem necessary include the following: 

1. 	 Categories of protected areas for conservation of biodiversity Should be adopted by 
every country in Africa, not just on paper, but also in resource allocation, monitoring, 
evaluation and law enforcement in agriculture, removal of fuelwood, etc. 

2. 	 Among the protected areas should be included the sacred forests found in many 
communities at which people are gradually nibbling from various directions. 

3. 	 Home gardens in many ecological zones constitute agricultural and land use systems 
with the highest biodiversity but increasing affluenCe and urbanization are causing 
these agro-ecosvstems to disappear or be drastically disrupted. 

4. 	 Of all protected areas or reserves, the biosphere reserve concept which allows local 
people to use designated areas, should be encouraged because these areas can be used for 
research and training of the younger generation who are becoming increasingly ignorant 
of traditional uses of local plants. Biosphere reserves are not located in all countries. 
Many reserve areas with research, training and demonstration facilities need to be 
developed. 

5. 	 Special programmes should be developed for improving the curriculum at all 
educational levels so that students are made aware of the uses and roles of plants in the 
various ecosystems, including their roles in ensuring circulation of energy and materials 
and ensurin. environmental quality. 

6. 	 Every country should develop an integrated land use plan that caters for all the 
multiple land use requirements of various sectors including special facilities for 
conservation of African plants, reserves for wildlife, tourism, etc. 

7. 	 Every country should design,ate one institution for the development of indigenous 
capabilities for making plant and/or natural resource inventoris at regular intervals 
as resocur, s p.rmit and maintaining facilities for germplasm conservation. Such an 
inst itt, ti p ',JMId0,t , I coordinating institu tion and should be involved in 
agri( ultur, .i Ii ,hoddevelopment. Learning institutions should collaborate in 
training ,iut tal.iiomi',ts. 

8. 	 Th.re SI O ld hei ,i Afria-wide network of national institutions involved in plant 
germplasm (OwI,orvati(cn and exchange of information on the study and uses of local 
plants. lhis netwirk shh1d Collaborate with I13l)GR. 

9. There shOuId be no ir etIctive conservation of the germplasm tofindigenous African 
food plants by mean, c evaluating, selecting and elnouraging the domestication and 
greater utilizatito oftseveral under-utilized or wild edibh I ', iht are of local or 
reg'mnal importanm in various, parts of Africa. 

The United Nations Uiii,,ersitv I'rgramne on Natural .- iiii,.miiAfro a (LJNU/INRA 
Programne) is giving high priority to ,tudies and iw Ih iId I 1cirvation, genetic,t 
improvement, increased pri dutioii an ii rc uh ,real, ,Ii,,lci-,. i, us African food and,vi t 

useful plants, in addition to the Study and nj t11v,.if rdens theirIcM'ic and 
prod uctivity. As the Programme devel )s,t NI /INI<A will oOllahoraite with IBPGR, 
UNESCO and other institutions engaged in pmit ger ilii ic iiservatin, training and 
related institutional capability building. 
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The Convention on Biological Diversity 

P.Chabeda 

Background 

The final text of the Convention on Biological Diversity, as approved at the Earth Summit 
in Rio de Janeiro, Brazil (June, 1992) was the result of several years of negotiation and 
conceptual work on biodiversity. The United Nations Environment Programme (UNEP) 
country studies, CarinX for the lFart and the process which led to the publication, of the 
Global Biodiz''rsity' Strategy all contributed to the vision of what is involved in 
biodiversity conservation. The concepts included in the Biodiversitv Convention well 
reflect this vision. In a sense, the Convention marks a major change in the way governments 
wish to address the management of their biological resources. They now wish to make the 
issue much more comprehensive and place the conservation of biodiversity high on the 
international agenda. 

In an unprecedented show of international solidarity and unanimity, the Biodiversity 
Convention has been signed by 157 governments and the European Community (E.C.), making 
it the most widely supported international legal instrument in the history of mankind. It 
provides a framework which will enable each government to decide how best to conserve its 
countrv's biodiversity. 

In signing the Convention, governnents affirm that they have sovereign rights over their 
own biological resources but are responsible for conserving biodiversity and for using their 
biological resources in a sustainable manner. Governments agree that it is vital to address 
the causes of biodiversity loss at the sources and that in situ maintenance of ecosystems and 
habitats is the foundation for conserving biodiversity. While recognizing the importance 
of information and research, they do not accept scientific uncertainty as an excuse for 
postponing measures to reduce threats to biodiversity. Further, the Convention recognizes 
the traditional dependence of many indigenous and local communities on biological 
resources and the desirability of enabling local communities to share equitably in the 
benefits arising from the use of indigenous knowledge. 

The Convention commits governments to promote more intergovernmental cooperation as 
well as cooperation with the non-governmental organization (NGO) sector and with 
private corporations. Importantly, the Convention recognizes that more money is needed to 
conserve biodiversity and that increased investment will bring considerable environmental, 
economic and social benefits at local, national and global levels. 

New legal commitments on conservation, finance access, technology transfer and benefit 
sharing have been established by the Convention. These commitments are likely to be 
extremely important in the conservation of biological diversity in the years ahead. Both 
conservation and development objectives are embraced and the strong link between the 
needs of people and conservation with sustainable use is recognized. 

It is a "framework" convention: To be fully effective, its principles will need elaboration by 
future meetings of the Conference of the Parties or by protocols, annexes, etc. It will enter 
into force 90 days after ratification by 30 countries, ten of which must be from the 
developed/industrialized category. With the unanimity and great solidarity already 
shown in Nairobi in May, 1992 and at the Earth Summit in Rio de Janeiro in June, 1992 and, 

/(
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if I may also add, with a little bit of luck, the outcome of the former might be in force some 
time in 1993. 

At the Nairobi conference in May, 1992, governments resolved to establish interim 

arrangements to prepare for the Convention's entry into force. They invited tile UNEP 
Governing Council to consider requesting the Executive Director to convene an 
Intergovernmental Committee on tile Convention on Biological Diversity (ICBD), which 
would begin meeting in 1993. The ICBD would be supported by the UNEP secretariat, in full 

cooperation with FAO, UNESCO, IUCN, CGIAR and secretariats of related treaties, e.g. 
CITES, CMS, RAMSAR and World Heritage. 

The proposed ICBD may also consider possibie institutional arrangements for scientific 

cooperation among governments to help with early implementation of the Convention's 
provisions. Furthermore, during the period before the Convention enters into force tile 

proposed IC13D is to develop policy guidance, strategy and programme priorities for the 

designated interim funding nechanism, i.e. the restructured Global Environment Facility 

(GEF), as well as detailed criteria and guidelines regarding eligibility for financial 
resources. The ICBD is also charged with monitoring and evaluating the use of these 

resources. Once in force, the Convention calls for the establishment of a multidisciplinary 
subsidiary body of government representatives to provide scientific cooperation among 
governments to help with early implementation of the Convention. 

It is most important that developed countries (if you like, technically advanced countries, 

e.g. the E.C. members and Japan) ratify soon. This will allow funding and technology 
transfer provisions to be negotiated and implemented. It would also ensure that the other 

side of the coin, that is, access to genetic resources, is maintained and that conservation 

obligations can be met by the countries of origin. 

Agenda 21 and the Convention 

The UN Conference on Environment and Development (UNCED) will be remembered, in 
part, for its adoption in Rio de Janeiro of Agenda 21, a dynamic action plan for sustainable 
development well into the 21st century. Of its 40 chapters, number 15 covers the 
conservation of biological diversity and chapter 16, the environmentally sound 
management of biotechnology. Virtually every chapter, however, touches on some aspect of 
biodiversity, including the factors that affect it, how to assess and study it and the means 
to achieve its conservation. Chapters 15 and 16, the two Agenda 21 chapters on 
biodiversity and biotechnology respectively, were deliberately modified to complement 
and supplement relevant provisions on the Biodiversity convention. 

Global Biodiversity Strategy and the Convention 

The Global Biodiversity Strategy is also closely linked to the Convention. It was produced 
jointly by the World Resources Institute (WRI), the World Conservation Union (IUCN) and 

the UNEP, in consultation with the UN Food and Agriculture Organization (FAO) and the 
UN Educational, Scientific and Cultural Organization (UNESCO). It was developed 
through a process of research and consultation beginning in 1989 and involved six regional 

consultations, six workshops and more than 500 individuals worldwide. It contains 85 
specific proposals for action, offered to complement the negotiation process and eventual 
implementation of the Biodiversity Convention. The strategy outlines the diverse 

initiatives that governments and non-governmental actors will need to take, parallel to, or 
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within, the framework of the Convention. The consultative process of the Strategy
featured technical workshops, regional dialogues and systematic exchange of written 
drafts and materials from and among government administrators, scientists, as well as
representatives from the biological resource-using industry, conservation and development
non-governmental organizations, local communities, indigenous groups and women's 
organizations. 

Caring for the Earth (CFE) and the Convention 

A successor to the World Conservation Strategy of the 1980-1990 decade, CFE has a
challenging approach that defines broad lines for the advancement towards a world that 
must live within the carrying capacities of its life-supporting ecosystems, ecological 
processes and planetary services. The strategy outlines nine principles and lists 132 specific
actions required to establish a sustainable society. It sets targets for those actions as a 
means both of focusing the actions towards concrete goals and of evaluating the results. A 
critical mass of actions through local communities, governments and the global village, is
considered crucial. To measure progress towards a sustainable society, the strategy calls
for, and suggests some, indicators of sustainability in respect of quality of life and of 
ecological/biosphere sustainability. 

GEF and the issue of funding under the Convention 

One of the most controversial issues during the negotiations of the Convention was, not so 
much the enormous funding levels required under the Convention, but the issue of an 
appropriate financing mechanism for the Convention. The phrase "meeting the full 
incremental costs" was used frequently by governments though the concept has some
significant inherent difficulties for economists and lay people alike. The actions called for 
in the Convention are in the enlightened self-interests of the governments involved, or at
least should be so. If funding were to be available only for "incremental costs", then 
governments may be tempted to promote only those actions which would increase the 
amount of funding which might be provided to them. 

The optimistic hope of some developing countries that substantial untied funds would be 
made available through the Convention has yet to be realized. Indeed much remains to be
done in trying to determine exactly who pays how much for what. Many countries were
understandably concerned about the perceived top-down approach which seems to have 
characterized the GEF to date, preferring criteria for funding to be established by the 
countries involved. 

The interim funding mechanism is thus still subject to further negotiations. At the first 
meeting of the parties or signatories to the Convention, detailed criteria and guidelines of
eligibility for access and utilization of the financial resources will be considered. 

The Convention secretariat 

An interim secretariat has been established at UNEP. Kenya, Switzerland and Spain have 
pronounced their desire to house the permanent secretariat. The exact form remains to be
agreed upon among the parties ratifying the Convention. This will, presumably, take place
at the first meeting of the signatories (which can take place any time before entry into 
force); or at the first meeting of the Conference of the Parties (which will take place
within a year after the 30th country has ratified the Convention). 
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The Convention also calls for a subsidiary body to provide scientific and technical advice. 
It would provide scientific and technical assessments of the status of biodiversity; advise 
on the effects of the measures proposed; recommend appropriate technologies (including 
biotechnology) for conserving biodiversity and for using it sustainably; provide specific 
advice on scientific programmes and international cooperation in research and development 
(R and D) related to biodiversity; and provide other scientific and technical advice as 
might be required. 

The Convention on Biological Diversity in anutshell 

The Convention on Biological Diversity was adopted at UNEP headquarters in Nairobi on 
22 May, 1992 and opened for signature at the Earth Summit in Rio de Janeiro on 4 June, 1992. 
It was developed during a five-year process initiated in 1987 by the UNEP Governing 
Council. The wording of the Convention reflects the complex world of diplomacy at work 
during the negotiation process, with obligations being qualified by elastic (perhaps 
elusive?) phrases such as "as far as possible" and "as appropriate". 

The preamble contains many important principles, including innovations such as recognizing 
the "vital role that women play in the conservation of biological diversity"; asserting "the 
intrinsic value of biological diversity"; and entrenching "the desirability of sharing, 
equitably, benefits arising from the use of traditional knowledge, innovations and practices 
(of indigenous and local communities)". 

Reflecting the concern of many countries, especially developing countries, that the 
convention should not give the international community any unbridled rights over the 
management of a nation's biological resources, the preamble affirms that conservation of 
biological diversity is a common concern - but not a common heritage - of mankind; that 
states have sovereign rights over their own biological resources; and that states are 
responsible for using their biological resources sustainably. 

The preamble also reflects the consensus that in situ conservation is fundamental for the 
conservation of biological diversity, with ex situ measures having important 
complementary roles to play. 

The overall objective (Article 1) of the Convention is a three-tier affair, namely: the 
conservation of biological diversity; the sustainable use of its components; and the fair and 
equitable sharing of the benefits arising out of the utilization of genetic resources. 
Achievement of the third tier is to be by "appropriate" access to genetic resources, 
"appropriate" transfer of "relevant" technologies and by "appropriate" funding. 

Major actions called for under the Convention 

The Convention text covers the full range of issues affecting biodiversity but the major 
activities can be grouped under five broad headings, as follows: 

1. 	 Strategic planning and policy 

* 	 Preparing national strategies, plans and programmes for the conservation and 
sustainable use of biodiversity. 

" 	 Ensuring that conservation and sustainable use of biological resources is made part 
of national decision-making. 
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* 	 Integrating biodiversity concerns into relevant sectoral or cross-sectoral 
programmes. 

* 	 Providing appropriate economic and social incentives for conserving biodiversity 
and appropriate reflections of collapse in biodiversity status and value in the 
national system of accounts. 

2. 	In situ conservation 

" 	 Establishing systems of protected areas, based oil guidelines for tile selection, 
establishment and management of protected ai'eas. 

" 	 Ensuring the conservation and sustainable use of biological resources important for 
the conservation of biodiversity, whether inside or outside protected areas. 

* 	 Promoting environmentall sound and sustainable development around protected 
areas as a means of furthering their protection. 

" 	 Rehabilitating and restoring degraded ecosystems and promoting the recovery of 
threatened species. 

* 	 Preventing the introduction of exotic species and managing their impacts where 
they have been introduced. 

3. 	 Biological diversity science and ex situ facilities 

* 	 Developing ex itu conservation measures as a supplement to the in situ measures 
listed above. 

" Identifying and monitoring important components of biodiversity. 

" 	 Introducing environmental impact assessment procedures for all activities, 
programmes and policies that are likely to have significant adverse impacts on 
biodiversity. 

* 	 Establishing and maintaining programmes for scientific and technical education 
and training in measures for the identification, conservation and sustainable use of 
biodiversity and its components. 

" 	 Encouraging research which contributes to conserving biodiversity and to 
sustainable use. 

4. 	 Local communities and ethno-knowledge 

" 	 Conserving traditional knowledge by local people and promoting tile application of 
this knowledge with the full involvement of, and reward to, the local people. 

* 	 Encouraging customary use of biological resources in accordance with traditional 
cultural practices that are compatible with conservation and sustainable use. 

" 	 Promoting public participation, education and awareness concerning biodiversity 
issues. 
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5. 	 International cooperation and joint ventures 

" 	 Informing other governments of any threats to biodiversity which, to be addressed, 
require international cooperation. 

" 	 Creating conditions to facilitate access to genetic resources for appropriate uses, 
notwithstanding national sovereignty over them. 

* 	 Facilitating the exchange of information relevant to conservi,,g biodiversity, 
including technologies, training, inventories, specialized knowledge and indigenous 
knowledge. 

" 	 Mutually agreed terms for the joint ventures. 

The International Board for Plant Genetic Resources (IBPGR) 

The role of the II3PGR in the conservation and sustainable use of genetic resources, both for 
the development of viable agricultural systems in Africa (as in the rest of the Third 
World) and for the continued growth of the bio-industry, is of paramount significance. 
These genetic resources, physically embodied in the germplasm, code for characteristics of 
plants, such as height, potential yield, nutritional quality and resistance to pests or 
extreme weather. They are not only the first links in the food chain, but are the very 
building blocks of life itself. 

In other words, when loss of biodiversity occurs, it is not only an environmental issue; it is 
also a development concern, affecting agriculture, forestry, industry, health and, literally, 
all other sectors. It is a matter of life or death. All cultivated plants and domestic animals 
originate from wild species so it is imperative to protect their wild relatives as the basis 
for continuing genetic selection and improvement for food, fibre, fodder, forestry, fisheries, 
pharmaceuticals and other products. The genetic material contained in domesticated 
varieties of crop plants, trees and animals and their wild relatives is essential for breeding 
programmes by which genes are incorporated into commercial lines for the continued 
improvement in yields, nutritional quality, flavour, pest and disease resistance and 
responsiveness to different regimes of soils and climates. 

Furthermore, many undiscovered or undescribed species may be of significant valuv as 
sources of food, fibre, drugs, chemicals or other materials. It is noteworthy that, of all 
useful plant-derived drugs, only ten or so are synthesized in the laboratory and the rest are 
still extracted from plants, animals and microbes whose best home is not in the man-made 
laboratories but on Mother Nature's lap out there in the wild. In the same breath, I must 
hasten to state that the emergence of biotechnology clearly adds to, rather than 
diminishes, the need to maintain the richest possible pool of wild genes. 

We have been told in this seminar, and I quote ..... as scientists and specialists playing an 
increasingly crucial role in defining, tackling and resolving globa, environmental issues and 
questions affecting biodiversity ei icompassing life-support systems of the entire biosphere, 
it is incumbent upon each one of us to harness and harmonize the messages and actions and 
strategies proclaimed in the above documents and legal instruments". The documents 
referred to are the GBS, CFE, Agenda 21 and the G3SR. In my view, the harmonization, 
the harnessing and synthesis of the messages, actions, strategies, etc., can best be done at 
country level through the country study process. 
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During the past 14 months or so, a Biodiversitv Country Study exercise was initiated under 
the auspices of UNEIT in support of the negotiation process for the Convention on Biological 
Diversity. The aim was to shed light on the status of national biodiversity and on the 
needs of governments worldwide regarding the global costs, benefits and unmet needs 
associated with their effective conservation and sustainable use of natural resources. 

The country .studies, carried out within national programme trameworks and through 
provision of funds and echnical as'i',ance, as appropriate, are coordimated at national 
level by country-driven, goverlment-desiglated, National Biodiversity Units (NBUs). 
The ou tpuits from these COtnllltr' studies are tailored to Ichieve both global and national 
objectives and to t pL' fIndable and iniplementable meaSlres within the framework of 
the Conventit n,1 At the national level, the biod ivcrsity countryBiological I)i versity. 
studies aim to protvide information on both the st AUs of biod iversity and priorities for 
investments and tnlnding lnLTed', for illsitu as well as CX sitil conservation and sUs1ta inable use 
of biOdiversity com[)onents. The stldies are expected to identify where re'surces are needed 
most, detile the best opt tins upon which to take action and help the countries concerned in 
the preparation Of their national strategies and action plans for the effective conservation 
of biological diversity. At the international level, they will cootribute to the achievement 
of a global wytem of representative protected areas and tx situ conservation measures and 
the adoptiol of a financing mechanism for the implementation of the Convention ol 
Biotiv'ersitv and its tiitire protocols. They are also important for facilitating the sharing 
of information and tor revealing difficulties a COulntrv mav be having in biodiversity 
monitoring, data gatherinlg, managemIent, environmental impact assessmeint and economic 
evaluation of biodiversitv ctnopttnents. The country study exorcise is part of UNEI's sub
programme ),t, diversity.biolgical 

UNEP's sub-programme on biological diversity 

The purosttt of the UNITI' sub-program me is to assure the continuous implementation of 
national, regional and global programmes and strategies for the conservation of biological 
diversity and sustainable use of biological resources. 

The policI is to develop integrated methodologies based on scientific knowledge for 
meshing cttnservat iOn and sustainable utilization issues with economic, social, 
technological and ecol,'gical factors. In this context the following actions to support 
national efforts have been identified: biodiversity country studies; formulatiol of national 
biodivi'rsitv Strategies, action plans and programmes; national conservation strategies; 
preparation of regular gloal biodiversity status reports; ascribing \alues to biological 
resources; networks for exchange of data and information; support to relevant 
international/regional instrUlmen t,actions plans and programmes; and institutional and 
human resotulrces de'velopllnLt. 

The impact Otfthe implementation of Agenda 21 will reinforce linkages with afftrestation, 
desertification, (;FMS, (ARII), envirtmumental economics, natural resources O.iting, 
technology transfer and en\viromnrltal law. The countrv studies exercise will be used as a 
tool for assi.,ting the ctuntries in the implenentatitnl of the recommenda tions of CFEI, 
Global Biodiversity Strategy, chapters lc)and 17 of Agend a 21, the Biodi,''ersity 
Conventioo as well as relevant agreenIen ts and gthbal/regional programmes (iosphere 
Reserves, AMIIN, ILAC Action Plan, etc.) Ct0peralion bet ween IeA(), UNIFSC( ), IUCN, 
WRI and WWF and the interim Seretariat of the Convent ion oI iological Diversity will 
enhance and strengthen the implementation of the sub-prograile. 
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Conclusions 

I wish to make four observations for your consideration regarding the IBPGR initiatives in 
support of some crucial aspects for effective implementation of tile Convention: 

The research priorities ot lH'PGR-linked IARCs/NARCs should continue to ensure that 
the external research and development imdtustries do not: tend towards discrimin, ting 
policies agains-,t deveLhping CLIntry interest.S; tend to em phasie substi ition of products 
exported by developing c10ttrie,; i'o teld to focus ilthe problens of the agricultural 
sectors of thie industrialized coontries and thereby enhancv their capacity to penetrate 
internatiomal ,narkets,. IheV shoud, in the main, address developing country 
agricultire-based prt duct iCttO. problems. 

I 

and assciated ecological and environmental 

Many of thoe de C01n111101n to bth the North and SOLuth axes.
 

The abt \e tendencies are ItL n hIbe exLitedl,aNborne out by recent C)FC1) (1989) studies 
on tile trade ipacts i bititeci toolgy and I quote: "The developing countries lie mainly 
at the rcceiv Ing end Ot ch.arlv perceptibIl trade impact. trade impacts which are 
nearly all for red ucing th' tv,.iIl demand for primary prod ucts from developing 
countries". 

2. 	 Opportunities -,1htl1d be explored ior establishing commercial relations by way of joint 
ventUres with the IARC's ini, more importantly, with NARCs, so that revenues and 
royalties generated could provide an additional source of funding, particularly to the 
national centres. This ctUld operate in a manner similar to mechanisms established at 
universities or institutes for the receipt of royaltv payments. It should be recognized 
that iniLtstrialii'd countltrie.s lla' become ilncredsingl.y or somewhat Lineasy about 
allowing billteral development agencies to prtvide support for such centre-based 
research (in major ct uinnodities it it is perceived that this constitutes a form of subsidy 
that coLrnpetes with, or im pedes their export capabilities. 

3. 	 Biodiersity countr'v stud ies houlid incorporate a national biodiversity strategy and 
action plan ba.scd oin a classificationof national agricult,Lral research programmes 
accordilIg to their current capacity toI use vari(us applications of biotechnology. This 
would a both IARC-, in needs and abilities ofothistNAR(s and determining the their 
programme partners and enso': the tran.Ster of high-priority technologies. In addition, 
it would help define the, 1natiOnal and international outreach responsibilities attached 
to each new techi u logy. 

4. 	 In keeping with the spirit of the Convention oi biological Diversity, the transfer of 
technology for the conservation and sustainable use of plant genetic resources in support 
of Third World agricuIlture sho uld begin to shift more heavily towards mutually 
beneficial, joint ventures. In developing countries, the public research institutions at 
universities, institutes and NARCs, which are the traditional conduits of information 
and technology transfer, will have to collaborate throLigh new approaches and 
technologies to facilitate and regulate the flows of relevant technologies, genetic 
resource information and germplasm to serve national purposes. 
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Introduction 

Plant genetic diversity is a key ingredient for sustainable agricultural development. 
Modern plant breeders and biotechnologists rely on genetic variation in landraces, 
primitive cultivars and wild forms to produce better-adapted and higher-yielding crop 
varieties. It is vital, therefore, that a wider range of germplasm be conserved, both ex situ 
and in :;iti, for future use in adapting crops to new and changing environmental conditions 
and to sustain agricultural production and development. 

Sub-Saharan Africa 

Tropica! and sub-tropical Africa is a centre of diversity for a range of crops such as millet, 
sorghum, African rice, fonio, cowpea, bambarra groundnut, African oil palm, coffee, yam, 
okra, roselle and watermelon. The diversity of its ecologies and of its cultural practices has 
given rise to the use of a wide range of species and a variety of landraces in the cultivated 
species. For a long time this diversity has been naturally preserved by virtue of the 
region's traditional agriculture. However, the destruction of natural environments and 
resources and the shift to monoculture and more uniform varietie; over the last few decades 
as the region has strived to accommodate and feed its increasing population and frequent 
famine and drought, has led to erosion of ihis genetic diversity and biological resources in 
general. There is an urgent need to preserve this diversity, so vital to future efforts to 
provide sustainable increases in agricultural production. 

Many of the countries of sub-Saharan Africa rank among the poorest in the world. 
Population growth, rated at 2-3%4, per year, is among the highest in the world. Moreover, 
the agricultural production is not keeping pace with the population explosion; boosting 
productioni by bringing new land under cultivation cannot continue. The destruction of the 
tropical forest and degradation of the Savanna and Sahel is already at drastic and 
unsustainable levels. Loss of plant cover implies loss of species and genetic diversity. The 
pressure to increase food production can no longer be considered in isolation from the need to 
preserve this diversity. Increased productivity must be sought from existing farmlands and 
this draws heavily on genetic diversity for alternative farming systems, including crop 
diversification. 

The region is ecologically, agriculturally, culturally and climatically diverse. Rainfall 
ranges from zero in the Sahara desert to 300 mm, in the forest belt and in the coastal 
regions. Sub-Saharan Africa can be divided into three major agro-ecological zones: 

" 	 the Sahel with its livestock and crop livestock systems, the latter based on 
millet or sorghum; 

" 	 the savanna zone with mixed livestock and cropping, cultivating maize, 
sorghum, rice, groundnut, cowpea, cassava, yam, cotton, etc.; and 

" 	 the humid forest zone where importance is given to root and tuber crops and tree 
crops. 
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Sub-Saharan Africa presents a special challenge for agricultural research that in turn 
makes great demands on its genetic resources. Its ecologies are many and complex and the 
national agricultural research systems have a crucial role to play in developing and 
adapting new technologies, including biotechnologies, to fit their particular environments 
and the special needs of their farmers. Central to their activities are the national genetic 
resources programmes which provide the scientist with diverse genotypes of species and 
genes that can be manipulated to improve the region's many and different production 
systems. 

For the most part, the national research and development programmes in Africa are small. 
In an early stage of evolution following their colonial history, they had limited manpower 
and financial resources. Although, in relative terms, some countries 'have made substantial 
investments in research, in general, national agricultural research systems in these 
countries are inadequately futnded. In several Of the countries of Africa support activities, 
such as collection, preservation and use of plant genetic resources, are fragmented between 
programmes with inadequate staffing and finances, organizationally and, sometimes 
institutionally, apart from the crop improvement programmes. 

The international agricultural research centres of the CGIAR have an important part to 
play in strengthening national expertise and efforts in germplasm conservation. The genetic 
resources units Of IITA, WARDA, ICRISAT and ILCA undertake germplasm c,'nservation 
and utilization work in Africa. IIBPGR, since 1981, has established regional offices in 
Africa to promote and Coordinate genetic resources work in Africa. This has resulted in tle 
strengthening of some national programmes. However, the IARC's genetic resources 
programmes are serving, primarily, the needs of their own breeders' programmes. 
Therefore, opportunities for providing assistance and guidance to the national genetic 
resources programnles, calnnot always be realized. 

FAO Programme 

FAO is the United Nations' specialized agency for food and agriculture. As part of its 
constitution, FAQ has alwaVs prom -)ted and recommended national, regional and 
international action, with respect to agricultural research; such action to be aimed at the 
improvement of agricultural production and the conservation of natural resources, icltuding 
plant genetic resources. An active concern for the conservation and utilization of crop, 
pasture, forestry, a, well as animal genetic resources has, therefore, been part of FAO 
programmes since its founding in l1)45. 

The first FA(0) Technical Meeting on Plant Exploration and Introduction was held in 1961 
and Technical Conferences were subsequently held in 1967, 1973 and 1981. The FAQ Expert 
lanel on Plant I.EAploration and Introduction was established in 1965 and held six meetings 
up to 1974, when Il3'IGR was established. The panel set priorities for exploration, drafted 
proposals for an internlational network of genetic resource centres and drafted guidelines for 
international cooperation in seed conservation. FAO established its Crop Ecology and 
Genetic Re.sources Unit in I8. In the same year, the organization strengthened its forestry 
genetic resources programme by &' tablishing a panel of experts on Forest Gene Resource:;. 
This panel has had seven meeti:.Igs to date. 

Over the past four decades FAQ has carried out a series of activi.ties related to the 
conservation and sustainable use of genetic diversity, especially from threatened areas. 
Special attention has been given to crops not covered by the IARCs of the CGIAR. FAO 
holds the view that the development of modern biotechnologies will have a great impact 
on the conservation, use and availability of biological/genetic diversity. Biological 



51 FAQ Preoramill fo '11O71tiol f PGR 

diversity and biotechnology are interdependent and the latter will enhance the 
conservation and use of genetic diversity. FAO has been assisting member natio.ns, in 
particular developing countries, in the application of appropriate technologies for 
sustainable agricultural production. 

Programme Focus 

The philosophy of the FAO programme on crop genetic resources is based on a "farmers to 
farmers" approach which starts with the collection of landraces and primitive cultivars, 
progresses through domestication, genetic improvement and seed production and ends up
with the distribution, to farmers, of newly-developed and improved varieties. A strength 
of 	the FAO activities in plant genetic resources is that they are integrated into a broader 
framework of programmes to address the needs of member countries for research and 
sustainable agricultural development. 

FAO recognizes that conserved germplasm is mainly useful for those countries and 
institutions which have the technical, economic and human capability to utilize it and new 
biotechnologies for plant breeding and seed production. Conservation without utilization 
could become a burden, especially for developing countries. It is therefore a basic objective 
of 	FAO to strengthen these capabilities and capacities in less-developed member nations. 
In 	 order to achieve this, FA() has been collaborating, as appropriate, with other 
organizations. Cooperating institutions include: IBPGR for ex situ conservation; IARCs for 
germplasm management and utilization for development activities on crop and pasture 
species; and UNIP, UN'SCO and IUCN in work related to in situ conservation, biological 
diversity and ecosystem nanagement. 

Global System for Conservation and Utilization of Plant Genetic Resources 

FAO, since 1983, has been developing a Global System for Conservation and Utilization of 
Plant Genetic Resources, covering both agriculture and forestry, to coordinate actions that 
promote safe conservation (both ex situ and in situ), sustainable use and unrestricted 
availability of genetic diversity, for present and future generations. To achieve these 
objectives a flexible framework has been provided in the International Undertaking on 
Plant Genetic Resources and an inter-governmental forum in the Commission on Plant 
Genetic Resources. 

To date, the Global System comprises of 131 countries of which 113 have become members of 
the Commission on PGR and 107 countries have adhered to the International Undertaking 
on PGR (see Annex I). During the past nine years the Commission on PGR and its Working 
Group held four and six meetings respectively. These successive meetings have contributed 
to building the Global System and have facilitated its operation by developing a broader 
inter-governmental consensus on PGR. 

Elements of the Global System that are being developed actively, include: 

" 	 preparation of the codes of conduct on germplasm collecting and transfer, and on 
biotechnology; 

* 	 farmers' rights and their realization; 

* 	 establishment of ex situ and in situ networks; 

http:natio.ns
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" 	 development of global information and early warning system on PGR; 

* 	 access to genetic resources, information and technologies; and 

* 	 strengthening of national capacities. 

Fourth International Technical Conference on PGR (ICPGR) 

In view of FA'. major role as compiler, analyser and disseminator of information on world 
agriculture, the third session ot the Commission on IGR (April 1989) requested FAO to 
prepare periOlic reportS on the State of the World's lGR (SW/PGR) with the cooperation 
of other bodides concerned. 

The IhI trth se.SSon ot the Commission on lP(;R (April 11)91) recommended the convening of 
the Fourth International Techo Cl (onference on the Conservation and Utilization of PGR 
to be organized tv l:AC) and whiL h should concentrate on two main subjects: 

" 	 the 'tate (If the \'orld's 1'(;\; and 

* 	 a ;lobalI 'lan of Action for I'GR (; I'A/PG; ), taking into account the decisions 
reached bY UNCI:) On this subject. 

Being a technical confl.rence, it iS appropriate that the scientific and technological state of 
the art of conSe rvatil,n and utilization oft P ; alk be included in its agenda. 

The recom mend ations Of the Co1 iis I n e, st,betuerntlv endorsed by the FAO Council 
and ('on fereCe (199-11). The IFou rth International lech nical Con ference on Conservation and 
SuIstainable Utilization Ot N ;R (II'(;N) Ill b convened in mid-1995 and, currently, FAG 
is in the proctv,, O approa,,ehing the do(r-, hr t xtra-bud getary resources for both the ICPGR 
preparatory ptlcess aWidthe LOIVeing of t leonterence itselt. As on the previous occasions, 
it will be conventd in c.opera tI lin with otlier organizations, especially, IBIPGR 

Objectives 

1. 	 ttn describe, through the SW /I'GR report, the current situation of I'GR, identify 
gaps and t1eed., and propOSe prioritie- for action; 

2. 	 to secure agreemnL't on a C;I',./IP( which will complement SViPCR and build 
on tile outline plan ot action Of Agenda 21; and 

3. 	 to make available to the intern,1tional commuInity an up-to-date scientific and 
technological report, name!v, the State of the Art of Conservation and 
Utilization ot '( ;1\ (S\A/I'G. ). 

The prerequi.lsite for concerted action bv individual nation,, and by the international 
comImrnitv on the cane rvatiOn and u tilizatio.1 of plant genetic resources, is the 
availability Of authoritative information on the state of genetic resources collection, the 
slf't"v of stored germplasm and the usefuless of collections. This knowledge is needed by 
country, bv region and by crtip. There are three other critical issues which call for special 
attention: 
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" The growing importance of germplasm for the development of biotechnology 
know-how and the concomitant transfer of germplasm and technology between 
developing and developed countries within the of an agreedcontext 

mechanism.
 

" 	 The socio-economic implications for lPGR conservation and utilization. The crux 
of the matter here is the extent to which locally-developed varieties may be 
able to enhance the sustainability of plant genetic resources. 

" 	 The realization of the farmers' rights. This needs to be developed further in 
the light of the Convention on Biodiversity. 

The main products of the Conference will be the three reports mentioned above. 

State of the World's Plant Genetic Resources (SW/PGR) 

The SW/PGR report will describe the current situation of PGR and identify gaps and 
emergencies. In particular it will: 

* 	 assess, by country and by sub-region, the present state of genetic diversity, the 
degree of genetic erosion and the current coverage and status of in ritti and ex situ 
conservation and utilization of plant genetic resources for food and sustainable 
agriculture (PGRFA); 

" 	 identify major constraints to PGR conservation, utilization and exchange; 

" 	 assess national and regional capabilities for the conservation and utilization of 
PGRFA in terms of human resources, institutional structures, policies and 
methodologies pursued; and 

" 	 identify appropriate technologies in meeting the special needs of the 
de eloping countries and assess the current state and pattern of technology 
transfer in PGR. 

The scope of SW/PGR will not be restricted to igricultural plants but will cover all useful 
plants, including forest species. It will give balanced attention to new, as well as, 
traditional and indigenous technologies. A static "inventory" approach will be avoided by 
emphasizing actions which need to be carried out at national, regional and global levels. 

The first SW/PGR report will provide much needed knowledge for assessing priority needs 
and recommending national and regional actions to meet such needs. It will provide an 
authoritative analysis and interpretation of major issues in the global management of plant
genetic resources. Future reports on the state of the world s PGR will be produced at 
appropriate intervals to meet the requirements of the Commission with respect to future 
policy and strategy. 

Global Plan of Action on Plant Genetic Resources (GPA/PGR) 

The GPA/ PGR will complement and draw on SW/IPGR and have the aims of: 

1. 	 arresting the continued erosion ni plant genetic diversity; 



54 N. M. Anishetty 

2. enhancing the safe conservation and sustainable utilization of plant gernplasm 
for present and future generations under anl international mechanism acceptable 
to both donors and users of germplasm; and 

3. 	 ensuring the monitoring of plant genetic resources on a global scale. 

Building on tile skeleton programme of action in Agenda 21, it will: 

" 	 propose policies and strategies for conservation and utilization of PGR at the 
national, regional and global levels; 

* 	 provide a framework for the elaboration of plans or programmes of priority 
action for conservation activities at the national level; 

* 	 strengthen national capabilities for utilization of PGRFA, plant breeding and 
seed production capabilities; 

• 	 propose appropriate and feasible measures which will make the Global 
System for I(GR more effective; and 

* 	 provide guidelines for the promotion, management, monitoring and supervision 
of funds for the conservation and utilization of plant genetic resources. 

The GIPA/PGR will be a rolling plan of action and will be periodically updated; tile 
mechanisms for this will be Spelled out in the Global Plan of Action. 

Report on the Scientific and Technological State of the Ait of Conservation and utilization of PGR 

This report will examine areas of special interest to I'GRFA such as new biotechnologies, 
local technologies and other issues such as on-farm conservation. 

Methodologies and the Preparatory Process of the ICPGR 

All available country-based information will be utilized. It will be collated, in part, from 
a questionnaire requesting: 

* 	 facts about the national germplasm collections and their use, including 
institutions involved, storage facilities, crop improvement programmes, etc.; 
and 

* 	 information about each countrv's most crucial needs and priorities. 

Besides the questionnaire, the countries will be requested to prepare country reports baL;ed 
on guidelines provided by the FAO Secretariat. 1hese report. will be available at sub

regional meetings which will Le organized to review the country reports and to consolidate 
them into sub-regional studies. These meetings will involve scientists, relevant policy

makers and representatives of the private sector and N(;Os. Well-defined criteria, 
including geographic distribution and genetic diversity, will be used in the constitution of 
the sub-regions. 
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Building on these inputs, the State of the World and the State of the Art reports will be 
compiled. Thereafter the Global Plan of Action will be drafted based on the dialogue in 
these meetings and the information in the above reports. This Plan of Action will be 
reviewed and debated at the International Technical Conference before being considered by 
a session of the Commission on PGR which will be held immediately after the Fourth 
International Technical Conference on PGR. 
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Annex 1. 	 Members of the FAO Commission on Plant Genetic Resources and/or
 
Countries which have adhered to the International Undertaking on Plant
 
Genetic Resources
 

Africa 	 Asia & SW: Europe Latin America & Near East North
 
Pacific Caribbean America
 

Benin 1/2 	 us.,ah I /; Austria 1/2 Ailtgua S- Afghanistan 1I/ Canada I/ 
I Barbuda 2/
 

Botswana I/ - ngladesh 1/2 _101iunn1/2 Argentina I/2 [Bahrain 2/ _ USA 1/
 
Burkina Faso 1/2 Fiji 2/ IBuLaria 1/2 Barbados 1/2 1 Egypt 1/2


~ ~ in 	 Islamict ~ ~ -- IBlz1/ ~ i Re~p.
Cameroon 1/2 -India - 1/ C.i s /-


C 1/2 1 1/2 _
 

Cat erde 1/2 11lndOnMa I. CzechlosIo-vakia Bolivia I/ Iraq 1/2
 

Centr. Mr. Rep. 1 ,1 i U/ . . . nurk 1/2 B-rail 1/ ....... Jrda- I-1/ .
 
Chad 1/2 Koret , .en. Finland 1/2 Chile I/2/ Kuwait 2/ -- .... [
 
________l'eoples Rep I/2
 

-oAO 1-2 Korea, rep. of 1/2 France,1/2 Colombia-1/2 Lebanion 1/2 

Cote dIvoire 2/ \'Iannmar I Gernany 1/2 Costa Rica 1/2 Libvl 1/2 I _ 

Eq. Guinea 1/2 Nepl 2/ - - Greece 1/2 i Cuba 1/2 _ Oman 2/ I 

EtlhiopiaL /2 New Z, lahind 2/ 1Iiigarv 1/2 Dominica 1/2 Syria 1/2 

Gabon 2/ IPakistan I/ Iceland 1/2 Dominican Rep. Tunisia 1/2
3 I 1/2 	 ! 

1/2 

Ghana 1/2 Sua 1/2 iIsrael 1/2 i El Salvador 1/2 - t
 
Guinea 1/2 . . lomon Is. 2/ Italy 1/2 IGrenada 1/2 _ r
 

Gambia I 	 I'lI Iippines_1/2 Ireland 1/2 -Fcu..dor Yemen 1/2 . 

Goea -BisILau 	 I/ 1/2 Liechtenstein IGuatemala7-Sri tnka I/ 
1 2/ _______ ___ ______ 

Kenya 1/2 1 Thailand I/ JNetherlands tGtivan, I/
 
vav1/21/2 "-_1/2
 

•Lbra1/2 -Tonga; 2/_ Norway 1/2 It aiti I /2 I - i_____ 

MaIdagascar 1/2 Vanuatu I I Poland 1/2 1londuras 1/2 _ I 

Malawi_2/ 1~Portto'a 1/2 Jamaica 2/ -- ____________ _________
 

M,ali 1/2 _, T oniania 12/2 .... []Mexico 1/2 _ _
 

Mauritania 1/2 ! ............. Spain 1/2 i i ga 1/2 __________I2
 

Mauritius 1/2 -Sween 1/2 P anama 1/2
 
Morocco 1/2 - -. Switzerlanld 1/2 [',araguiv 2/

Mozamb ique2,' 1 _ Turkey' 1/2 TWPeruI/2 

Niger 1/2 UK 1/2 St. Christopher t
 

Niger_112______ &_Nevis I/

R7wanld' 1/2 T - USSR 2/ i St. Lucia / 

Senegal 1/2 Yugoslavia 1/2 1 St. \incent & I
 
tiGe Grenadinnes
 

__________________ 	 [1/ ! __ ____ 

I [ 

SouthAfrica2/ 1-I rii dad &
 
Sierra Leone 1/2 I 	 S-.-rini7 . 

-	 l7... . r:,-7i/z ~ 1 -........	 --- rtil,\ ______ ____
 

772,-77... .... 	 .. _7 . . !- .. <l,-- i- __ _ _ _1azai 1/2 - - ~ .	 eeul 

Zaire I! [ . 1_i
 

Z am bia 1/2 1,
.... . .. . . . . .... . .__ 

Zinmbabwe 1/2 

Notes: 	 1 Members of the Commission (113 countries).
 
2 Countries which have adhered to the International Undertaking (107 countries).
 

Total number of countries involved with either the Commission or the International 
Undertaking, or both = 131 



Recensement, Identification et Rdpartition Biogdographique des Esp ces 
Alimentaires Couramment Employ6es dans I'Agriculture Traditionnelle en 
Afrique de IOuest' 

L.Ake Assi 

Le recensement que nous avons effectu6, concernant les plantes cultiv~es de l'Ouest- africain, 
nous a permis de d6nombrer 83 taxons couramment employ~s dans l'Agriculture 
traditionnelle. En tant que plantes alimentaires, elles sont r6parties en 54 genres que 
regroupent 34 families, provenant principalement des regions tropicales. 

Les representants africains, plus nombreux, sont aul nombre de 34, soit 40,96%. Suivent, 
ensuite, par ordre dcroissant, les esphces pluricontinentales, d'abord les pantropicales, 11 
(13,25%); ls sud-am~ricaines, 11 (13,25%); les palkotropicales 9 (10,84%); les plantes 
d'Asie du Sud-Est, 8 (9,63%). Les autres taxons, afro-malgaches, afro- n~otropicaux, 
cosmopolites, des lies Mascareignes et de la Polynmsie, sont au nombre de 4 i 1 par cat~gorie 
chorologique. 

Les families fournissant le plus de plantes cultiv~es sont, par ordre dcroissant: Solanaceae, 
11 espbces, soit 13,25%; Papilionaceac, 9 (10,83%); Poaceac, 8 (9,63%); Dioscoreaceae, 7 
(8,43 %). Les autres familles comportent de 4 i I repr~sentants. 

On trouvera, dans les pages qui suivent, Lin tableau r~sumant cet inventaire. 

Dans cc tableau, les abrviations prc~dant les noms des espkces indiquent, sur la colonne de 
gauche:
 

A Taxon africain (Afrique intertropicale) 

AM Taxon commun h l'Afrique et i Madagascar (Afro-Malgache) 

AN Taxon commun i l'Afrique et Ai'Amrique tropicale (Afro-N6otropical) 

As Taxon asiatique ou quelquefois commun h l'Afrique et h l'Asie tropicale 

Cosm Taxon cosmopolite 

Mc Taxon commun T'Afrique et aux lies Mascareignes 

N Taxon originaire d'Am6rique (N~otropical) 

Pol Taxon originaire de la Polyn6sie 

PT Taxon pal~otropical: commun a lancien monde tropical (Afrique, Asie, 
Australie, lies du Pacifique)
 

pt Taxon pantropical: commun i tous les pays tropicaux du monde
 

Inventory and distribution of landraces InWest African traditional agriculture: some case studies and 
taxonomic issues. 

67 
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Sur la colonne de droite, concernant les Organes comestibles de la plante, les abr6viations 
d6signent: 

b bulbille 
Bb bulbe 

calice 
f feuille
 
Fr fruit
 
gr graine
 
rh rhizome
 
t tubercule
 
tg tige (Canne)
 

c 

Tableau Rdsumant le Recensement 

Affinite Famille Genre Espbce Organe 
chorologique comestible 

Amaranthaceae 
C-rn AniarrahIus cruetitus Linn. f 
PT Cclosia ar\entea Linn. f 

Araceae 
PT Colocasia cscuenta (Linn.) Schott var. esculenta rh 
PT Colocasia t'sculenta var. antiquorurn (Schott) rh 

1-lubbard et Rehder 
N Xantllostmia sagitttfiolion (Linn.) Schott rh 

Arecaceae
 

POL Cuocos nucifera Linn. Fr 

A Elacis g ineensis Jacq. Fr 

Asteracees 
A Crassocephalum biafrae (Of'iv. et Fliern) S. Moore f 
A Vernonia aiygidalinaDel. f 

A Vernonia colorata (Willd.) Drake f 
A Vernonia rihhardiapw (0. Ktze.) P. Sermolli f 

Basellacees 
pt Basella alba Linn. f 

Bromeliaceae 

IN A nanas coinosus Merr. f 

Caricaceae 
N Carica papaya Linn. f 
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Affinit6 
chorologique 

Famille Genre Espbce Organe 
comestible 

Csrn 
Chenopodiaceae 
Chenopldiunm anirosioides Linn. f 

N 
Convolvulaceae 
lponot'a batatas (Linn.) Lan. 

A 
Crassulaceae 
Kalanchoe crenata (Andr.) Haw. f 

PT 

A 
A 
A 

Cucurbitaceae 
Citrullus laalus (Chunb.) Mats. et Nakai 
Cucum,'ropsis mannii Naud. 
Cucumis zetulifirus Naud. 
Telfairia occidentahs Hook. f. 

gr 
gr 
Fr 
gr 

pt 
Cyperaceae 
Cyperus escilentus Linn. rh 

As 
pt 
A 
AN 
A 
As 
A 

Dioscoreaceae 
Dioscorea alata Linn. 
Dioscorea bulbifera Linn. 
Dioscorea l'urkillianaJ. Mitge 
Dioscorea cai,''t'zisis La-in. 
Dioscorea diouclorum (Kunth) Pa x 
Dioscorea cscuh'nCIh (Lour.) Burkill 
Dioscora prachensilis Benth. 

. 

t 

b 
t 
t 
t 
t 
t 

N 
Euphorbiaceae 
Manitolt tsctc'iita Crantz 

As 
A 

Lamiaceae 
Ociniuo Ihasilicuin Linn. 
Solenoslmnon rotundifilius (Poir.) Morton 

f 
t 

As 

As 

Liliaceae 
Aliho asc.doicunt Linn. 
Allin ce'a Linn. 

Bb 

Bb 

pt 
PT 
PT 

Malvaceae 
Htibiscus canabiiusLinn. 
Hibiscus ,sculh'nhis Linn. 
Hibiscus sabdariffa Linn. 

f 
f, Fr 
f,C,gr 

As 
As 
As 

Musaceae 
Musa cavendishii Lamb. 
Musa paradisiaca Linn. 
M usa sapientun Linn. 

Fr 
Fr 
Fr 
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Affinite Famille Genre Espece Organe 
chorologique comestible 

Papilionaceae 
N Arachis hyto;,aea Linn. gr 

As Cajnis calin (Linn.) Mill sp. gr 
N Cana,alia ensiforims (linn.) DC. gr 
A KerstinigMlia ,eocarpa I-Iarmns gr 
pt Lablab niger Medic. gr 
pt Phaseolus Innatls [,inn. gr 
A Splienostyi/is stelocarpa (IHIochst. ex A. Rich.) Harms t 

pt Vigna iingiiculata (Lann.) Walp. gr 
A Voa,.:eia sib!h'rrani'a1'houars gr 

Pedaliaceae 
A Ceraolitcca sesiamiodes End l. f 
A Linariopsts prostraha Welw. f 
A Sesamitnm alatiom Thonn. f,gr 
pt Ses;anijni indicm I.inn. f,gr 
pt Sesannm radiation Schum. et Thnn. f,gr 

Phytolaccaceae 
AM lMhytolacca dodcacdra l.'-trit. f 

Poaceae 
A Digitaritaexilis (Kippit) Stapf gr 
As Lleusiuie corac, a (I.inn.) Gaertn. gr 
A ()rt.zabarlht A.Chev. gr 
A )ryza Ibcrrinji -,tuud. gr 
As c'nnisetion atiericanppi(Linn.) K. Schum. gr 
A Saccharum officinarin Linn. tg 
PT Sorghum bicolor (Linn.) Moench gr 
N zea mays Linn. gYr 

Polygalaceae 
A Polgala bultyracea I heckel gr 

Portulacaceae 
PT Talin m portilaciJohion(Forsk.) Asch. et Schweinf. f 

AN Talinin tr:nguhar, (Jacq.) Willd. f 

Solanaceae 
N Capsicum almiin I.nn. Fr 
pt Capsicmnn fruh'scen, Li.nn. Fr 

A Solanun at'thiopirni linn. f, Fr 
A Solanum dasylphyllm Schum. et Thonn. Fr 
N Solamin gilt) Raddi var. Gilo Fr 
A SolanimiM indlictIi subsp. distichum (Thonn.) Bitter Fr 

var. distichum 



Affinit6 Famille Genre Esp~ce Org ane 
chorologique comestible 

Solanaceae 

%ic 
A 
Ctbil 

C~ilSl1,011M 

NSolunn 

lh;rsLl;II var. cerasiforme 
Vo', 

ohlalItt~ feotnt Linn. 
SolitutnL11 nu'oi,cn Linn. var. melongena 
st/a uIIIIII111, nI nn 

I a!rlez ah 

(Dunal) A. Fr 

f, Fr 
Fr 
f 
f, Fr 

A 
pt 

Tiliaceae 
CrOrIe>1111101t Its DO Wild. 
Corchwuriho nu!711 nin.f 

f 

A 
A 
PT 
As 

Zingiberaceae 
tAttil11botnll7 t1cl/)t171 (Sim~s) Ilepperf 

,Atf~ra tillII l'lctNit K'. S-chttrn 

Linen mnadolm-' 151i \'aletot 
z1 hlibt'r oftiah.o/ Ro ,C. 

gr 
rh 
r h 

01n ConIState qUe depulis pros dunM quart tie SiLMCl, pILuSiCUrs esp~ ces doe plantes alirnentaires de 
cueillette sont alFabandlon et enl voje cie disparition aui profit dle plantes plus performantes. 
d'introdUtlttiton rt'cenlte. 

Ain tic re~tdier a ctte perte de SOuIChes. gcnetiqLUeS importantes, n1OLS akvonS hiii Unl vaste 
proljLt d'inventa ire Lt Cte Publicatitin relatif ice patriniline dont onl trouvera le icie clans 
ICS paIges tiLii StLi\'ent. 

CreuIsemenI, Ia~t iitde financemient, trouve mionentani~ernet 
attendlant dles jotirs melilleUrs. 

Ma Ihen 	 cc trav'a ii se SuISpendu, enl 

Gnetaceae 

Gnetum africanum Weiwv., Trans. Linn. Soc. 27: 73; F.W.T.A. ed. 2: 33 (1954). 

Ot'scripitioui: Lane grle, atteignant 6m dle longueur. 1--euilles oppos~es, ov'ales
oblOn~gUeS. 

H a bit at: 	 Plan1te Lie SOUtS-b~i1 tie forc't. 

Ro;'a riitioi: 

\'t'(l., raphiIll,: sp~ce rt~panldLI CL Cameroun ati Zaire et l'Angola. 

LitillsaItion: 	 L~es jeunleS teujlille. hachc'es, servent a confectionner des SaUL's. 

( )bst'ruaI imn: 	 SUrevpioitee, cette plante die cuejilette risqueL die disparaitre si Von 
neviag1as deVS1g sa'I prtCSen1t, domestication. 
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Nymphaeaceae 

Nymohaea lotus Linn., Sp. Pl. 729 (1753); Keay, F.W.T.A. ed. 2, 1: 66 (1954). 

Plante a rhizome tubdreux. Feuilles orbiculaires, i bords dents, a long p6tiole
 
lacuneux. Fleurs blanches; COtamines a connectif des anth&res non prolong6 au sommet.
 
Fruits globuleux-dcprins, charnus, verts. Graines niombreLuses, entourees d'un arille
 
charnU.
 

Plante aquatique cosmopolite. On la trouve dans toute l'Afrique intertropicale.
 

Utilisatio
 
alimentaire: I.e rhizome et les graines s~ches se mangent cuits h l'eau.
 

* 	 Nymphaea rufescens Guill. et Perr., Fl. Seneg. 15 (1830); A. Chev., Fl. Viv. de I'Afr. 
Occid. Fr. 92 (1938); Keay, F.W.T.A. ed. 2, 1: 66 (1954). 

Fleurs bleues ou quelquefois blanches. 

Plante aquatique, poussant dans les mares en r6gion soudano-sah6lierme. 

Utilisation: Le rhizome et les graines se consomment cuits Al'eau. 

Capparidaceae 

Gynandropsis gynandra (Linn.) Briq., Ann. Conserv. Jard. Bot. Gen~v. 17; 382 (1914); Keay, 

F.W.T.A. ed. 2, 1: 88 (1954). 

Herbe atteignant 60cm de hauteur. Feuilles h 5 folioles. Fleurs blanches.
 
Espbce originaire d'Asie, cette plante est actuellement r~pandue dans tous les pays
 
tropicaux. En Afrique intertropicale elle est devenue subspontan6e ou quelquefois cultive.
 

Utilisation
 
alimen taire: Les feuilles, cuites h l'eau, se mangent en sauce ou en 6pinards.
 

Moringaceae 

Moringa oleifera Lam., Encycl. 1: 398 (1785); Keay, F.W.T.A. ed. 2, 1: 96 (1954). 

Arbuste atteignant 8m de hauteur. Feuilles compos~es-bipenn~es. Fleurs blanches, en 
panicules. 

Originaire du Nord de lInde, la plante est largement r6pandue pros des villages dans les 
r~gions tropicales sdchcs. 

En Afrique intertropicale, surtout en region soudano-sah6lienne, elle est souvent cultiv6e, 
mais quelquefois subspontan~e. 
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Utilisation 
alirnentaire: Les feuilles et jeunes pousses, cuites Al'eau, servent Aconfectionner 

des sauces ou se consomment en 6pinards. 

Des graines, on extrait une huile fine, blancie, appel~e huile de 
Ben, comestible. 

Observation: 	 Dans certaines rdgions, lusage de cette plante tend a disparaitre au 
profit d'autres plantes plus modernes, facilement accessibles. 

Brassicaceae 

Brassica intergrifolia (West) Rupecht; Keay, F.W.T.A. ed. 2, 1: 97 (1954). 

Herbe glauque atteignant 60cm de hauteur. Fleurs jaunes. 

Plante assez r6pandue en Am6rique et Asie tropicales. On la trouve en Afrique 
intertropicale, en r6gion de montagne, ob elle parait subspontan~e. Guin~e, Sierra Leone, 
C6te dIvoire. 

Utilisation
 
alimentaire: Les feuilles, cuites Al'eau, se consomment en sauce et en 6pinards.
 

Observation: 	 Etant donn6 la destruction g6n6ralis~e actuelle du couvert v6g~tal 
de l'Afrique tropicale, la plante est en voie d'extinction. 

Phytolaccaceae 

Phytolacca dodecandra l'Hrit., Stirp. 143, + 69; Baker et Wright, F.T.A. 6, 1: 97 (1909); 
Keay, F.W.T.A. ed. 2, 1:143 (1954). 

Plante sarmenteuse, dioique. Inflorescences en racrnes spiciformes plus longues que les 
feuilles. Fleurs mAles blanches ou jaunes verd~tre. Fruits rouges, Amaturit6. 

Espce se rencontrant en Afrique du Sud et AMadagascar; et aussi on la trouve en Guin6e, en 
Sierra leone, en C6te d'Ivoire, au Ghana, au Nigeria, au Cameroun et au Congo. 

Utilisation 
alimen taire: Les jeunes feuilles, cuites h leau, se mangent en sauce ou en 6pinards, 

aprbs plusieurs s~ries du cuisson. 

Observation: 	 La plante qui poussait autrefois en abondance dans les d~combres ne 
se rencontre, pr6sent, que rarement. 

Repartition 
geographique: Afrique du Sud-Madagascar. Afrique intertropicale: Guin~e, Sierra 

Leone, C6te d'Ivoire, Ghana, Nigeria, Cameroun, Congo. 
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Dilleniaceae 

Tetracera potatoria Afz. ex G. Don, Gen. Syst. 1: 69 (1881); Keay, F.W.T.A. ed. 2, 1:180 

(1954). 

Liane atteignant 20cm de hauteur. Feuilles obovales, coriaces. Fleurs blanches, en 

panicules. 

Ecologie: 	 Fort dense humide. 

Rpartition 
Espce r6pandue dans toute la r6gion guineo-congolaise, depuis legeographique: 
S6n6gal jusqu'h l'Ouganda. 

Utilisation 
alirnentaire: 	 Les portions de tige fraiches, d'environ 60cm de longueur et de 6-7cm 

de diamhtre, laissent s'6couler un liquide abondant, limpide, 
potable, qui sert pour se d6saltfrer en fort lorsque ion manque 

d'eau, en saison s&che par exemple. 



Conservation of Plant Genetic Resources inSub-Saharan Africa 

A.F.Attere 

Introduction 

Africa south of the Sahara is a source of genetic diversity of importance to the world's 
agriculture. A wide range of plant species has evolved as a result of the interaction of 
diverse climatic, ecological and edaphic factors and the culmination of thousands of years 
of natural evolution, mutation and, to some extent, human manipulation. Today, these 
species constitute, a pool of diversity from which plant scientists tap the raw material 
they need for their crop improvement programmes. 

The genetic diversity of crops in Africa was, for a long time, naturally preserved by virtue 
of the continent's traditional agriculture. However, during recent decades, there has been a 
rapid deterioration of natural resources resulting in loss of genetic diversity. The rapid 
increase in population has resulted in an ever increasing pressure on the environment and 
the destruction of natural habitats. To feed this growing population, new high-yielding 
and disease-resistant plant varieties have been introduced. This has led to the 
abandonment of the traditional varieties, rich in genetic diversity, and to significant 
changes in traditional farming practices with the adoption of monoculture. In addition, 
large areas of forest have been cleared in order to provide land for new farms and for urban 
development. This has also resulted in loss of genetic diversity of wild species. 
Overgrazing of most grasslands, an increase in both the number and frequency of bush fires 
and the spread of soil erosion have all played a major part in the reduction of the 
continent's genetic resources. 

In the early 1970s sub-Saharan Africa, especially the Sahel, was affected by a devastating 
and prolonged drought which inevitably brought increased pressure on land use and 
heightened the perception that the genetic diversity, so necessary for sustainable 
agriculture, was being severely and rapidly eroded. 

Established in 1974 by the CGIAR and based at FAO in Rome, the IBPGR has played, and 
continues to play, a major role in stimulating the action needed to sustain continued interest 
in the conservation of genetic resources in sub-Saharan Africa. 

Germplasm collection 

Before and during the 1970s very few collecting expeditions, with the primary goal of 
conservation of germplasm, took place in sub-Saharan Africa. Most countries were keeping 
some collections that comprised mainly exotic material and a few indigenous crop cultivars; 
there were few, if any, wild or weedy relatives in the collections. The composition of 
collections tended to reflect the interest of the breeders, their preoccupation at the time and 
the financial resources at their disposal [Attere, 1988]. During the 1970s, most expeditions 
were rescue missions targeted at endangered species and the collecting of specific crop 
species of major priority; mostly cereals and grain legumes. 

In 1979, a meeting of the international agricultural research centres (IARCs) involved in 
sub-Saharan Africa and other regional organizations was convened to plan collaborative 
action on the plant genetic resources of the continent. Following this meeting, IBPGR 
assumed more responsibility for coordinating and acting as a catalyst for the various plant 
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genetic resources activities. As a result, regional offices were set up in Niailay (Niger) and 

Nairobi (Kenya). During the 1980s, the priorities for collection were revised to include 
species such as forage legumes, grasses and vegetables [Table 1]. 

If during the 1970s, 	most collecting missions wer" made mainly in close collaboration with 

ORSTOM/IRAT, UNEIP and some of the major IARCs in Africa, namely IITA, ICRISAT and 

IRRI, the eighties saw the involvemen' of more n:tional research institutions and the 

establishment of national plant genetic resources programmes. 

Table 1. Regional collecting priorities 

Region 	 Priority Crops 

Ethiopia 	 1 coffee, millets, sorghum, wheat 
(Priority 1) 	 2 banana, chickpea, cotton, cowpea 

3 Brassica spp., barley, Pisum spp., Vicia faba 
4 teff 

West Africa 1 pearl millet, rice, sorghum 
(Priority 2) 2 cassava, cotton, cowpea, groundnut 

3 maize, yam, African oil palm 

East Africa 	 1 millets, Phaseolus spp., sorghum 
(Priority 3) 	 2 banana, cassava, cotton, rice, groundnut 

3 maize, pigeonpea, yam 
4 Dolichos spp., Lablali spp. 

Some major collecting missions 

During the 1970s and 1980s, considerable progress was made in germplasm collecting. 

Emphasis was placed on acquiring crop landraces and primitive cultivars. Some significant 

collections were made. Examples are the representative collections of sorghum and pearl 

millet from West and East Africa, the bean collection at Bunda College of Agriculture in 

Malawi and the yam collection in Cote d'Ivoire. Duplicate samFles of the collected 

material were left with the collaborating institutions. Tables 2, 3, 4 and 5 show the 

material (major species) that has been collected in collaboration with IBPGR during 1974 
1991 in West, Central, East and southern Africa and in Ethiopia. 

In 1976, FAO sub-contracted ORSTOM, using UNEP funds, to collect sorghum in the Sahel; 

this work was later taken over by IBPGR and ICRISAT. Numerous missions visited 

different countries in Africa until 1981 when the IBPGR/ICRISAT Committee revised its 

priorities. Thereafter, explorations continued in yet more countries, with increasing 
emphasis on wild and weedy species. In 1984, IBPGR published a summary of the genetic 

rsources in sorghum and reported that significant collections were held by ORSTOM and 
ICRISAT, [IBPGR, 1984a], but, on the basis of the 1981 priorities, sorghum still has to be 

obtained from Angola, Chad, Madagascar and Sierra Leone. 
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As with sorghum, the successive droughts in Africa have led to a considerable loss of pearl 
millet diversity. In 1985, IBPGR collaborated with the IUCN/WWF, ORSTOM and the 
national research organizations in surveying and collecting wild species of Pennisetum (and 
sorghum) in Mali and Niger and, later, in top priority countries requiring urgent attention 
namely, Burkina Faso, Niger and Sudan. Rice germplasm has been collected extensively in 
Africa by IBPGR, ORSTOM/IRAF/IDESSA, WARDA and IITA, often in collaboration 
with national programmes and universities. IBPGR has funded a substantial part of these 
activities. Rice has now been collected from 23 countries in Africa but many remote regions 
within these countries have not been visited. I3PGR has recently carried out 
ecogeographically-based missions to obtain wild and weedy species of rice from the inland 
delta of the Niger river. 

Missions, collaborative with IITA, collected cowpea germplasm between 1976 and 1983 in 
Burkina Faso, Ethiopia, Mali, Mozambique, Niger, Sudan, Tanzania, Kenya, Zaire, Benin, 
Togo, Guinea, Nigeria, Botswana, Malawi, Zambia and Zimbabwe. Many forage legumes 
,ire indigenous to Africa and, with IBPGR support, ILCA has systematically collected 
Trifolium species in the Ethiopian highlands. Among the numerous forage missions 
supported by IBPGR in conjunction with scientists from international centres are two of 
particular note: an IBPGR-funded mission of ILtCA and CIAT, in association with national 
scientists, to collect forage legumes and grasses in Tanzania in 1985; and IBPGR support for a 
CIAT collector, working in collaboration with the national institutes, to collect grass and 
legume samples in Burundi and Rwanda. 

Table 2. Crop samples from West Africa (1974-91) 

Cereals Legumes Forages 
Millets 5228 Vigtna 2923 Giass 293 
Rice 4897 Arachis 328 Legune 291 
Sorghum 8660 Phaseolus 893 Other 17 
Maize 971 

Roots Industrial Vegetables 
Dioscorea 1955 Coffee 160 Solan,imi 907 
p1Omoea 117 Abelnioschus 1696 
assava 100 

Table 3. Germplasm conserved at IITA (1991) 

Vigna unguiculate 16 000
 
Vigna spp. (sauvage) 1400
 
V. subterranea 2000 

Oryza sativa 9500 
0. glaberriia 2500
 
Oryza spp. (sauvage) 385
 

Zea mays 1 200 

Macrotylcma geocarpa 7 
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Table 4. Samples collected inEast Africa (1980-91) 

Species CEPGL NE Quadrant SADC Islands 

Major Maize 90 66 2(4 13 
cereals Sorghum 451 1281 1623 

Eleusine 12 969 857 
Rice 27 586 357 
Penntistl0 12 2 290 
Others 88 169 

Major PItas'olus 376 1 581 24 
food Visna 46 123 1686 13 
legumes GroundnuLs 81 4 1121 

Others 146 16 416 

Major Okra 1 178 269 17 
vegetables Cucurbits 47 275 1023 57 

A ntiaranthus 3 3 167 6 
Brassica spp. 52 104 21 
Capsicum 122 24 
Others 434 301 176 

Roots and Cassava 133 12 
tuber Sweet potato 40 
crops Mixtures 121 

Forages Grasses 310 242 620 
Legumes 148 462 713 

Industrial Fibre crops 732 418 
crops Oil crops 73 60 17 

Fruits 18 18 18 

Other 104 86 

Total 2109 6871 11505 876 

Grand total = 21349 
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Table 5. Germplasm conserved at the Ethiopian Plant Genetic Resources Centre 

Crop 	 Shurt-term storage Long-term storage 

Cereals 
Barley 3822 7402 
Maize 211 0 
Millets 575 714 
Sorghum 2751 5865 
Teff 1810 961 
Wheat 5948 

Pulses 
Beans 531 20 
Chickpea 418 373 
Faba bean 1199 61 
Field pea 845 239 
Grasspea 130 127 
Lentils 316 229 

Oil crops 
Castor bean 382 50 
Linseed 1425 1395 
Noog 527 682 
Rape seed 353 845 
Safflower 141 0 
Sesame 252 320 
Sunflower 14 7 

Other crops 
(6i different 1252 194 
species) 

Total 	 20059 25432 

Other collaborative collecting missions with IBPGR include: 

* 	 Sesbania species were collected in 1987 in collaboration with ILCA and IDRC in 
Tanzania and Kenya and, in 1991, in Malawi. 

* 	 In 1987 forage and wild sorghum were collected in Ethiopia, Sudan and Kenya in 
collaboration with NBPGR (India). 

* 	 Jute, kenaf and other fibre crops were collected in Kenya and Tanzania with the 
assistance of IJO. 
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" 	 Between 1982 and 1984 more than 1200 samples of horticultural species were 

collected in Sudan. 

" 	 Sorghum and millet were collected in Namibia in 1991. 

During the past decade alone, more than 100 collecting missions have been undertaken in 

sub-Saharan Africa in collaboration with national institutions. National institutions have 

been almost entirely responsible for proposing and implementing some 74 collecting 
missions. Emerging and existing national programmes in Africa will clearly play a far 

greater role, in the future, in the initiation and organization of collecting missions. Tihe 

trend in recent years towards specialized collecting and the acquisition of the wild 

relatives of crop species will continue as plant breeding techniques become more advanced 

and the value of these wild relatives is increasingly recognized. Also, while many of the 

early priorities were dictated by emergency situations, attention is increasingly being 

focused on a regional or country basis. This approach has several advantages: the need for 
collecting can be more easily assessed; professional links can be developed with a range of 

national organizations; and local scientists are becoming more involved in the entire 

process. 

Germplasm conservation 

Conservation is the vital link between the acquisition and utilization of plant genetic 

resources and includes all the ways in which plant germplasm is stored and preserved. The 

needs of conservation and the resources devoted to it vary widely with the crop. 

Germplasm can be conserved as seed, as vegetative material, as tissue cultures or as living 

plants in sitU or ex situ. One or more of these methods may be used for any crop [IBI3GR, 1985 

and 1986]. An integrated approach is recommended. 

The standards and strategies of conservation vary greatly between countries and 

institutions in sub-Saharan Africa, from those of high quality such as IITA, It-CA, 

PGRC/Ethiopia and GBK, to non-existent. Until recently, most germplasm was kept under 

extremely poor conditions. Indeed, many of the existing African cold stores for seeds have 

not 	worked and, often, management of the germplasm has been inadequate. 

IBIPGR has put major emphasis, esdecially during the past decade, on providing facilities 
and appropriate equipment such as dryers and freezers for seed storage. It has a,;sisted 

many countries in establishing basic cold stores for seeds. Recipient countries include 

Ilotswana, Bu rkina Faso, B:urundi, Cote dIvoire, Ethiopia, Ghana, Kenya, Madagascar, 
Mauritania, Mozambique, Niger, Nigeria, Senegal, Sudan, Tanzania, Togo, Zaire, Zambia 

and Zimbabwe. The Genetic Resources Unit of IITA wvas established in 1975 with initial 

financial assistance from IIPGI,. II.CA and PGRC/I- have also received IBIPGR support for 

their conservation efforts. 

There are currently too few well-equipped and adequately funded long-term storage 

facilities in Africa. However, some progress has been made, with assistance from IBPGR 

and other organizations, as shown by the following recent developments: 

Burundi, Rwanda, A genetic resources programme has been established with 

Zaire IRAZ and there are now long-term storage facilities in 
Burundi. 
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Cote dlvoire A genetic resources centre has been established in Bouake 
at IDESSA. 

Kenya 	 With the assistance of Germany, the Genebank of Kenya 
(GBK) is now fully operational. The bank has a mandate 
for conservation and documentation of a wide range of crop 
species. It is the focal point of the national programme on 
plant genetic resources. 

Nigeria 	 A new institute for dealing with crop genetic resources, 
NAGRABC, has recently been established in Nigeria 
with assistance from IBPGR and UNDP. Its 
establishment follows several years of cooperation 
between IBPGR, FAO and NIHORT (which was the 
IBPGR regional centre for vegetables such as okra, 
Amaran thus species and Celosia argentea). The 
institute's new mandate covers a wide range of crops. 

SADC 	 The Nordic Genebank and IBPGR are assisting in the 
establishment of a regional genebank in Lusaka, Zambia, 
to serve the SADC countries. The objective of the project 
is to strengthen national capabilities by establishing 
strong national programmes and basic conservation 
structures. The project will extend over a 20-year period 
and the Nordic countries have already pledged $US 10 
million. The Southern Regional Genebank (SRGB) is 
complete and has begun operation. 

Senegal 	 At present, genetic resources work in Senegal is located at 
several different places: Bambey (millet, groundnut, 
cowpea and sorghum); Djibelor (rice), Nioro (maize), 
Kaolack (cotton) and Camborene (horticultural crops). 
Plans are being drawn up to develop a centralized genetic 
resources centre, probably in Bambey. 

Zimbabwe 	 A conservation unit has been established at the Crop 
Breeding Institute (RSS), Harare. 

PGRC/Ethiopia 	 Table 4 shows the germplasm conserved here. 

Sudan 	 IBPGR assisted the Agricultural Research Corporation of 
the Sudan Agricultural Research Centre to establish a 
genebank for the conservation of vegetable genetic 
resources. Modem equipment was provided for running the 
bank. 

Several donor and development agencies, such as those of the Nordic countries, GTZ, 
USAID, the World Bank, JICA and NGOs have contributed to the development of 
conservation facilities in sub-Saharan Africa. With a World Bank grant, ISAR in Rwanda 
has completed a modem conservation unit in Butere. 
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Characterization and documentation 

Characterization of the collected resources, prior to storage, is essential for further 

utilization. Thus the potential of all accessions needs to be assessed. Equally important is 

the information (passport data) that is collected during the collecting of the germplasm. 

In most of the sub-Saharan countries, chaoacterization and documentation of indigenous 

germplasm has lagged way behind the collecting exercise. Early collections had no, or very 

little, passport data. The use of the IBiPGR descriptor lists and collecting forms during 
the distribution of these forms to all collecting institutions andcollecting missions and 

collectors has helped to standardize and initiate systematic characterization and 

documentation. Some other forms that seem convenient to our collaborators have been 

designed, with the main idea being to ensure that relevant information is collected during 

the collecting exercise. In many cases characterization was undertaken during the 

regeneration of old collections which were in a poor state due to the then lack of good 

conservation facilities. It is also sometimes initiated during the multiplication of small

sized samples before their storage. 

In the past, documentation was mainly done manually but with the increasing ivailability 

of micro-computers this practice is being replaced gradually by computerized databases. 

Characterization and documentation are primarily the responsibility of national 

programmes. IBPGR action has been to help and encourage the national programmes to 

systematically undertake these tasks. Funds and personnel are sometimes provided to 

further encourage and sustain the action. Although slow, some work was initiated and 

accomplished by the various national programmes of Kenya, Sudan, Cote d'Ivoire, Nigeria, 

Togo, Burundi, Zimbabwe, Madagascar, Burkina Faso, Niger and Botswana. 

Use of germplasm in breeding programmes 

Increased food production in the region using stable, high-yielding varieties can be 

achieved best by incorporating the useful adapted indigenous genotypes. In cases where the 

germplasm is well characterized and documented, further evaluation leads to its use in 

breeding programmes. 

In the past, the lack of properly managed indigenous germplasm collections, limited 

characterization and documentation, lack of breeding programmes with qualified personnel 

and lack of financial support, resulted in limited utilization of the local germplasm in the 

region. This is slowly changing, especially since most countries have now established 

breeding programmes for some major crops, e.g. sorghum, millet, maize, cassava, beans, 

cowpea and coffee. However, for the reasons meotioned earlier, the capacity to use 

indigenous germplasm still varies greatly from one breeding programme to another 

Screening of germplasm for resistance to insect attacks and tolerance to various stresses such 

as drought or poor soil fertility, is now becoming a routine undertaking by some national 

breeding programmes in the region. Identification of cassava mosaic disease (CMD)

resistant material, as well as CMD-tolerant varieties with high yield, is in progress in 

Kenya, Uganda, Tanzania, Nigeria and Zaire. Also, some high-yielding hybrids of maize 

which are tolerant to diseases and have great nutritional value were developed in Kenya, 

Nigeria, Zambia and Zimbabwe. Despite drought and other problems, the increased 

evaluation and documentation of germplasm has greatly contributed to the use of wheat, 

sorghum, chickpea, lentil and guizotia in the national breeding programmes of Ethiopia. 
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Breeding work at the IARCs is of great benefit to the national programmes, especially since 
they, together with national programmes, have started to evaluate the germplasm 
collected in the regions of origin (e.g. sorghum and millet with ICRISAT, forage with ILCA, 
bean with CIAT and sweet potato with CIIP). 

Training 

Training of manpower is a major component of the IBPGR overall programme because it is 
essential for the smooth development of plant genetic resources activities. Training 
opportunities include a one year, specialized MI.Sc. training course on conservation and 
utilization of plant genetic resources, and various short courses, in the UK. IBPGR has 
organized several short courses in sub-Saharan Africa during the past ten years. The IRACs 
and some universities across the world also offer specialized short courses on plant genetic 
resources (PGR) from time to time. 113PGR assists national scientists in obtaining 
sponsorship to attend most of these courses. Since 1974 more than 225 scientists and 
technicians from sub-Saharan Africa have attended various training courses. 

Constraints to PGR activities insub-Saharan Africa 

The main problems, with respect to plant germplasm conservation and utilization are: 

* 	 Availability of funds. Several countries still have no special budget from their 
government for PGR and there is a general tendency to rely solely on international 
organizations. Others have insufficient funding from their governments. 

* 	 Manpower. Most countries have few people trained in germplasm conservation. In 
many countries there are no full-time curators, and few technicians. There are also 
frequent changes of personnel in the ministries. Training opportunities are lacking. 

" 	 Equipment and storage facilities. Inmany of the African countries there is a shortage 
of facilities and equipment needed for conservation work. This is perhaps because 
many of the plant genetic resources genebanks or units have been set Ip only within 
the past five years and are thus still acquiring the necessary resources. The lack of 
vehicles and seed dryers is particularly noticeable. In some institutions, there is no 
electricity and water is not always available. 

* 	 Security-sensitive areas/war zones. Political problems in some countries have 
resulted in security-sensitive areas where collecting can be risky. 

" 	 Descriptor lists. Some countries have had problems because there are no descriptor 
lists available in their language. 

• 	 Pests and diseases. These problems have led to considerable loss of PGR. 

* 	 National conservation policies. Most countries lack national policies on plant 
germplasm exploration, collection, characterization and documentation. 

* 	 Perception of the need for conservation. Unawareness of the need for PGR 
conservation. 

" 	 Proper organization at national level. This is lacking inmost African countries. 



74 A. F. Attere 

New developments and prospects 

IBPGR has played a vital catalytic and coordinating role in Africa. Jn addition to its 

offices in West and East Africa, a germplasm collector for SADC has been stationed in 

Harare, Zimbabwe; interns in Ethiopia have been responsible for the development and 

testing of simple tissue cultural techniques for collecting; and another intern was in Togo to 

assist the national programme with characterization and documentation activities. 

Various studies such as ecogeographical studies and distribution of diversity were initiated 

to assist in the understanding of genepools of major species (Vi,,'na, Elelsilics, Corc'horusand 

Hibiscus, Solaium, etc.). A feasibility study of monitoring genetic erosion on a systematic 

basis was also undertaken. The use of GIS in collaboration with UNEPs GEMS section has 

been initiated. 'Ihe information generated is incorporated in the collecting database. This 

database on germplasm collected with IBPGR support was updated and reorganized and is 
being supplemented by a literature survey and distribution maps. 

Early PGR work in sub-Saharan Africa was conducted mainly through regional and 
international institutions. This has gradually changed and more and more national 
agricultural research centres (NARCs) are becoming involved in these activities. In the 

past, the acute lack of trained manpower and the lack of organization at national level 
prevented their full participation. 

1BPGR has been very active in initiating the development ot national PGR programmes in 
sub-Saharan Africa by assisting NARCs in defining a focal point and obtaining basic 
contlervation and seed processing facilities. Several national PGR programmes are now 
emerging. In its new strategy IBI3GR is putting special emphasis on the development and 
strengthening of national programmes which will take into consideration the priorities of 
the countries. IBPGR intends, together with the United Nations' University and UNEP, to 
incr(ase the training opportunities for sub-Saharan African scientists by iniiiating and 
supporting PGR training in the region. Some universities in southern, East and West Africa 
have been selected to offer post-graduate courses and short, specialized courses in PGR in 
collaboration with var&us genebanks in the region (PGRC/E, G3K, SRGB and NAGRABC). 

It will be difficult to set up and maintain a modern genebank, fully staffed and operational, 
in every country of sub-Saharan Africa. The running of sophisticated conservation and 
testing laboratories in each country may not be economical and efficient. Regional 
cooperation in aspects of crop genetic conservation and utilization is very important. The 
development of national PGR programmes will be complemented, whenever possible, with 
regional integration. Regional networks such as the one in the CEPGL countries or in SADC 
will be encouraged. In southern Africa the regional genebank (SRGB) in Lusaka, Zambia is 

the focal point for long term conservation, documentation and training. It might also be 
cost-effective to establish a few base collections in a limited number of countries and 
organize them on a regional basis, while each country holds an active collection. 

Recently, the AMCEN network for PGR activity was proposed and will comprise all 
African countries. PCRC/E has been designated as the regional coordinating unit (RCU) 
and its primary job will be the establishment of databases on the status of PGR activities in 
Africa. I3PGR has offered to assist the RCU in this very important task. 

The CILSS and CEAO countries of West Africa, in consultation with FAO and IBPGR, have 
initiated a study which will lead to the establishment of a large network in West Africa, 
probably including all the ECOWAS countries in the future. The involvement of non
government and grassroots organizations (close to farming communities ) can play a crucial 
role in accelerating the conservation of endangered species as well as in the promotion of 
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the use of traditional resources and the indigenous knowledge associated with them. 
UNCED and the Convention on Biodiversity have highlighted the lack of policies on 
conservation issues in most sub-Saharan African countries. This appears to be a serious 
handicap that needs to be addressed urgently. The level of awareness has increased 
considerably but it may not be at the level that will ensure serious mobilization of resources 
for speedy action at national level. 

Conclusion 

A great deal has been accomplished during the past two decades particularly in the 
collection and preservation of landraces and primitive cultivars of major crops. However, 
more needs to be done. Particular emphasis should continue to be placed on wild relatives of 
crops as well as on the so-called minor, non-CG centre or under-ut:lized crops which often 
are of high priority for the NARCs. 

In the wake of UNCED and Agenda 21 there seems to be the rediscovery of an old partner; 
the poor, forgotten or neglected peasant farmer of the developing world, long time custodian 
of these precious genetic resources. New partners have also emerged, offering opportunities 
in what could be a very challenging new era. I hope this era will be marked by the use of 
genetic diversity for sustainable development in a sound, clean, healthy and friendly 
environment for all. 



Le Devenir des Cultures Traditionnelles en Afrique:
Le Cas de ligname (Dioscorea)2 

P.Hamon, R.Dumont et J.Zoundjihekpon 

Selon des donn(es de 1,'FAO, des 1200 espbces v6gdtales cuIltivdes dans le monde, seulement 
une trentaine constituent l'essentiel de la consommation mondia!e. Le bd, le riz, le mais et 
la pomme de terre sonL les plus importantes, puis viennent l'orge, la patate douce et le 
manioc. 

Cette restriction dans l'utilisation concerne non seulement le nombre d'espOces utilisdes h des 
fins alimentaires, mais aussi le nombre de varidtas cultivdes par espce. 

Ainsi, pour le ble, l'essentiel de la production mondiale repose sur 4 h 5 varift~s 
selectionnees. 

L'erosion trL.s importante de la diversit6 genetique de nombreuses esp&ces cultives (h]a fois 
inter et intravari(tale) est due aux stratdgies de sdlection vgttale, a la gendralisation des 
m~thodes de culture intensive, et aux bouleversements 6cologiques [Pernbs, 1984]. 

La culture intensive ne concerne que les pays ddvelopps, le phdnomhne inverse s'observant 
dans les pays en developpement. 

Pour les cultivateurs traditionriels, la recherche et le maintien d'une diversite en culture ont 
de tout temps dtrune necessit6 pour: 

" 	 assurer une production minimale malgr6 des aldas climatiques; 

* 	 accroitre dans le temps les disponibilitds en 6talant la production et la 
conservation; 

• 	permettre des utlisati¢'ns culinaires et autres trhs varides; 

" 	 obtenir Une meilleur gestion Lie lespace !,-procddant hdes associations culturales. 

Aujourd'hui, les cultures traditionnelles sont menacdes. Les d6forestations massives en 
Amazonie, en Afrique (dans 30 ans, les fordts de C6te d'lvoire et du Nigdria auront sans 
doute disparu, INouaille, 19901) perturbent profonddment les 6cosvstbmes et menacent de 
trbs nombreuses esp&es sauvages. Or, chez l'igname, 14 sur 17 espLces sauvages recensces en 
Afrique Lie l'OtIest et du Centre sont forestibres [Hamon et a., soumis i l'IBPGR]. 

La modification des agrosystLmes traditionnels et les nouvelles contraintes economiques et 
sociales (concurrence tr~s forte de cultures commerciales et de produits alimentaires 
nouveaux) peuvent nuire ;icertaines cultures traditionnelles. 

E'n C6te dlvoire, la diffusion depUis pros de 15 1 20 ans d'tn clone d'igname, le florido, 
appartenant i I'espece D.alata (d'origine asiatique) est responsable de labandon dans de 
nombreux villages des varicts locales tardives, qu'elles soient D. cayenensis-rotiidataou 
D. alata [1-larnon, 1987; Zoundjihekpon, 1990]. 

2 Traditional Crops in Subsistence Agriculture. 
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I est donc n6cessaire de comprendre le fonctionnement des cultures traditionnelles (leur 
6volution, leur gestion, etc.), d'apprhender leurs richesses potentielles pour mieux les 
promouvoir. 

Nous prendrons l'exemple de ligname, plante A tubercule, essentiellement cultive dans les 
r6gions intertropicales, et nous nous attacherons a dcrire la situation observ6e en Afrique de 
I'Ouest. 

Les caract6ristiques de la culture digname 

Aliment de base pour les populations des r6gions intertropicales, ligname devient une 
culture de rente de plus en plus importante pour rtpondre h la demande croissante du milieu 
urbain. 

Cinq esp~ces sont essentlellement cultiv6es: 3 originaires d'Afrique et 2 d'Asie du Sud-Est. 
Dans la plupart des cas, cest en conditions traditionnelles, une culture plurisp6cifique (en 
culture pure ou associ6e) et plurivari~tale [Hamon et Ahoussou, 1988]. La pr6dominance de 
telle ou telle esp&ce varie selon la r6gion et le pays. En C6ted'Ivoire, de 2 A 12 vari6t~s sont 
co-cultiv6es par village [Hamon, 1987]. Comme culture de rente, elle est naturellement 
monovari6tale. 

Le passage a la culture de rente conduit h des modifications allant jusqu'a labandon des 
cultures traditionnelles. I1s'ensuit une trhs forte 6rosion g~n~tique. 

Dans le cadre de la culture traditionnelle inf6od6e A l'agriculture itindrante et aux 
associations culturales, la s6lection traditionnelle de ligname a favoris6 les vari6ts gros 
rendement par butte mais A faible rendement i I'hectare (3 000 A 5 000 buttes par ha en 
culture itinrante contre 10 000 a 12 000 buttes par ha en culture sfdentaris6e). 
Actuellement, malgr6 quelques tentatives faites pour am6liorer le materiel v~g6tal [cf. 
Degras, 1986, pour revue], on ne dispose pas r~ellement de materiel adapt6 A l'agriculture 
modernis~e. 

Les formes sauvages jouent un r6le important dans l'6volution des formes cultiv6es. La 
domestication des espces sauvages se poursuit toujours et a 6t6 observ~e dans diffdrents 
pays [Hiadik et al., 1984; Hamon et Tour6, 1990; Dumont et al., soumis; Zoundjihekpon, 
1991]. De plus l'volution des formes sauvages est fortement li~e ) la diversit6 des formes 
mises en culture [Dumont 1977, 1978; Hamon et al., 1992]. Cependant, peu de centres de 
recherches disposent de formes sauvages en collection et les inthgrent dans des programmes 
nationaux d'am6lioration vari6tale. Trop peu de travaux, exception faite des descriptions 
botaniques, les concernent [Hamon, 1987; Hamon et Tour6, 1988; Hamon et al., 1992]. 

La gestion traditionnelle des ressources g~n6tiques 

D'une mani re g~nrale, le systdme traditionnel de gestion r~pond Atrois r~gles essentielles: 

• 	 beaucoup de vari~t6s ont une valeur culturelle chez les africains, et sont maintenues 
Ace titre en culture; 

* 	 l'talement de la production (qui peut aller de Juillet A F~vrier) est r~alis6 en 
tenant compte A la fois des possibilit~s de production mais aussi de conservation des 
diffkrentes vari6t6s; 
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la demande commerciale favorise la pr6dominance de certaines varit6s dans 
lagriculture. 

Le cultivateur africain fait preuve d'une grande curiosit6, comme tous les cultivateurs et, 
concemant l'igname, on constate que toute innovation lint6resse a priori. 

Auparavant, les vari6t6s traditionnelles 6taient parfaitement identifi6es par le 
cultivateur et reconduites d'ann6e en anne. Aujourd'hui, on constate quo les paysans 
considhrent des ensembles dc vari6t6s plut6t que les vari6t6s individuellement. Ceci accroit 
certainement l'6rosion gtn6tique i court terme. 

D'autre part, des formes sauvages sont r6guliirement pr6lev6es et amen6es progressivement 
A la culture. Les introductions r6guii&es de mat6riel cultiv6 depuis une 6poque r6cente 
concourent Ade nouveaux brassages g6n6tiques avec les formes sauvages et cr6ent une certaine 
variabilit6 qui peut tre par la suite exploit6e. 

Les actions 6 mener 

La diversification de lagriculture est une strategie necessaire pour faire face aux besoins 
alimentaires que le d6veloppement d6mographique va susc'.er. II importe donc de voir se 
manifester une volont6 politique de faqon h ce que soient maintenues et d6velopp6es toutes 
les cultures pouvant apporter une solution au problhme de l'alimentation humaine. 

La conservation A la gestion du matfriel v6g6tal relZvent d'un domaine tr~s sp6cialis6, et 
n6cessitent la mi,,e en place de structures bien d6finies. 

Dans une prernire 6tape, il est n6cessaire d'organiser un reseau, ayant pour mission la 
coordination des activit6s dirig6es vers linventaire, l'6valuation et la conservation des 
ressources g6n6tiques. 

La majorit6 des pays d'Afrique de I'Ouest et du Centre ont dispos6, ou disposent, de 
collections repr6sentatives essentiellement du territoire national. Mais jusqu'A pr6sent, on 
n'a pas une vue d'ensemble des ressources g6n6tiques disponibles. De plus, il n'existe pas de 
structure pour conserver le materiel v~gdtal h l'6chelon r~gional. Les prospections doivent 
donc reprendre et mettre lacceitt sur les zones de culture marginales, l ob il y a le plus de 
chances de trouver des formes reliques et/ou originales. Une attention particulihre devra 
6tie apport6e h 'Thistoire" du materiel collect6, afin de situer son origine dans lespace et 
le temps. 

Pour de nombreuses plantes, les collectes ont longtemps concern6 les formes cultives et 
d~daign6 les formes sauvages. Les collections mondiales de gombo i 1USDA et de sorgho i 
FICRISAT sont r6v6latrices de cette tendance. Ceci est 6galement vrai chez ligname, bien 
que des efforts de collecte aient t6 r6alis6s par la C6te d'Ivoire avec la collaboration de 
l'IBPGR et de la CEE [Hamon et Ahoussou, 1988; Zoundjihekpon, 1990]. II est donc imp6ratif 
d'organiser la collecte des diff6rentes espces sauvages en mettant tout d'abord laccent sur 
les espces ayant des affinit6s avec les formes cultiv6es. Cependant, les collectes seules sont 
inutiles si elles ne sont pas imm6diatement associ6es A des projets de conservation puis 
d'6valuation. En effet, les collections maintenues in vivo annuellement sont soumises A des 
pertes 6normes, 5 40% de pertes chaque annie pour la collection de la C6te d'Ivoire. II en 
est probablement de m~me pour limportante collection constitu6e au Togo rcemment. De 
plus, ces collections sont trhs coOteuses en entretien, espace et temps. Pour faire face Aces 
contraintes, depuis prhs d'une quinzaine d'ann6es, divers instituts utilisent le 
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microbouturage in vitro pour la pr6servation de leur collection de travail. Bien que ce 

proc~d6 paraisse satisfaisant priori, deux problkmes importants doivent tre soulev6s: 

pendant combien de temps (combien de repiquages) une igname peut-elle ,tre 

conserve in vitro sans risque de variation g6n6tique? Ce risque est important chez 

le fraisier. Chez l'igname on peut penser qu'il est r~duit car cette plante se 

multiplie naturellement par voie v6g6tative. Elle n'est donc nIllement "forcoe" in 

vitro. Des 6tudes r6alisees stir la collection maintenue ' I)RSTOM ont montr6 que 

les caract6ristiques enzymatiques (donn6es non publi6es) et les nivea.ux de ploidie 

d'6chantillons in viz() et in vitro (apres tine vingtaine de repiquages) sont 

comparables [Hlamon et al., 1992]. Le risque de variation g6n6tique chez cette 

plante, bien qu'apparemment faible, reste cependant non Ovalu6; 

" en g6n6ral, la conservation est intCgr~e dans des programmes de recherches ou dans 

des financements i dur6e limit6e et, lorsque ceux-ci s'ach6'ent, se pose le probhbme 

du devenir de ces collection. Sans le programme de recherches, pendant combien de 

temps encore survivra la collection in vitro maintenue a I'ORSTOM, Montpellier? 
Sans cr6dits sp6cifiqUes, combien de temps pourra tenir la collection FAST a Abidjan 
(C6te dIvoire)? 

Enfin, r6cemment, tIne experience int6ressante de conservation perenne in situ a 6t6 mise en 

place en C6te dIvoire, dle mani&e a conserver h faible coait les formes cultiv6es et sauvages 

introduites dans la r6gion, et a suivre l'6volution ph6notypique des diff6rentes formes. 

Depuis peu, dans un but de conservation des ressources g6n6tiques h long terme, les techniques 

de cryoconservation sont d6velopp6es chez un certain nombre de plantes [cf. Englemann, 

1991, pour revuel. L'application de ces techniques h l'igname permettrait de prendre le 

relais des collections in vitro afin de minimiser les op6rations de manipulations et l'espace 

n6cessaire a la conservation. Signalons que la cryoconservation de suspensions cellulaires a 
d~jh M6 utilis6e chez Dioscorea deltoidea [Butenko et al., 1984]. Chez l'igname, on a peu 

d'information sur les caract6ristiques des graines, en dehors du fait qu'il y a une dormance. 

Est-elle de m6me dur6e pour toutes les espbces? Quelle est la dur6e de conservation et dans 
quelles conditions doit se r6aliser la conservation? 

L'6valuation est tine question 6galement importante, car une collection sans 6tiquette n'a 
aucune valeur. Elle devrait permettre l'limination des duplicatas et la constitution de 
"core collection" plus facile Ag6rer et h utiliser dans les programmes de s6lection vari(tale. 

Diff6rentes m6thodes d'6valuation agronomiques [Lyonga, 1976, 1983], faisant appel h des 
descripteurs morphologiques, enzymatiques, cytologiques par comptage direct des 
chromosomes et 6valuation des tencurs en ADN par cytom6trie en flux [Hamon et Tour6, 1990 
a, b; Zoundjihekpon et al., 1990; Hamon et al., 1992], ont d~ji 6t6 utilises chez ligname. 
D'autre n6cessitent une formation et des 6quipements sp6cialis6s. Les techniques d'analyse 
du polymorphisme de longueur des fragments de restriction (RFLP) sont des outils puissants 
pour letude de la diversit6 g~n~tique, lidentification des genotype et l'6laboration de 

cartographies du g~nome [Beckmann and Soller, 1983, 1986]. Chez l'igname, ces techniques 
ont 6t6 appliqu6es pour des 6tudes de phylog6nies par Terauchi et al. [1989, 1992]. 

En conclusion, les trois points suivants nous paraissent essentiels: 

1. une prise de conscience au niveau politique est ncessaire et indispensable afin de 

favoriser les actions A entreprendre pour assurer la sauvegarde des ressources 
g~n~tiques; 

http:nivea.ux
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2. 	 devant limportante 6rosion g~n~tique observ&e chez ligname, ilest ncessaire de 
mettre en uvre tous les moyens utiles A la preservation des ressources g6n6tiques 
encore existantes; 

3. 	 la mise en place d'un rseau fonctionnel apparait comme une 6vidence et une 
n~cessit6 pour organiser la gestion et lutilisation rationnelle des ressources 
g~n6tiques. 
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Rice Biodiversity Conservation and Plant Improvement inSierra Leone 

S.S.Monde and P.Richards 

Introduction 

Sierra Leone lies at the heart of the West African Rice Zone - that part of the West 
African littoral (Senegal to Cote dIvoire) where rice is the principal subsistence crop. 
African rice (Or*yza glaberrinia) is an ancient domesticate of local wild rices and the basis 
for the emergence of settled society in this part of Africa, perhaps up to 2000 years ago. 
Today, most small-scale producers in Sierra Leone are still directly dependent on rice 
agriculture for a major part of their livelihood, though growing mainly 0. sativa types 
(introduced within the last 500 years). Per capita consumption of rice (c. 120 
kg/person/year) is one of the highest in Africa, accounting for 50 per cent of all energy in 
the national diet. The rice price is a focal point of national political debate and family 
life. Because no hospitality or social ritual is complete without rice, consumers resist a 
switch to foods such as cassava in a country where (except for its basic staple) "quality of 
life" is rated, by UNDP, as among the lowest in the world. Security of the rice harvest and 
food security in Sierra Leone are synonymous. 

In 1987, sample surveys in all major rice ecologies [Lipton, Pin and Richards, 1992], 
indicated that c. 150-200 local rice types (grouped in several major landraces according to 
cultivation practice) accounted for c. 80-85 per cent of all rice planted by small-scale 
producers. The balance was supplied by a number of research varieties, released by the 
national Rice Research Station at Rokupr over various periods from the early 1960s. 
Principal varieties were CP4, ROK 3, ROK 5, ROK 10, ROK 16 and ROK 17 (formerly 
LAC 23), but the older varieties Nachin 11, BD2 and SR 26 were also released. These 
varieties continue to make progress, and it may now be the case (five years later) that up to 
25 per cent, or more, of the national rice hectarage is planted to research varieties. Further 
expansion can be expected with the recent release of varieties ROK 17 to ROK 32. It would 
be reasonable to assume that within ten years half or more of all rice planted in Sierra 
Leone will derive from research station releases. 

This anticipated spread of research varieties implies a possible narrowing of the gene pool 
and the potential loss of rice germplasm biodiversity as farmers begin to place more 
reliance on research varieties. Breeders are well aware that without special attention to 
biodiversity conservation they could be cutting the ground, for further improvement, from 
under their feet. The point is especially well-understood at Rokupr where two of the most 
successful ROK-series releases, ROK 3 and ROK16 (the latter is a success in Cote dIvoire 
and Ghana as well as Sierra Leone), are pure-line selections from local materials. Among 
recent releases ROK 27 and ROK 33 are local selections, and other Rokupr varieties are 
crosses embodying some local parentage (e.g. local selection pa Wellington x SR 26 yielded 
ROK 4, 5, 8, 9 and BD2). 

Experience at Rokupr over several decades has shown that varieties incorporating local 
germplasm are often especially successful in adverse conditions (e.g. on upland soils of low 
or declining fertility). This is why recent work has placed more emphasis on collection and 
screening of local germplasm [Monde et al., 1988; RRSAR, 1985; 19861. Currently, particular 
attention is being paid to 0. glaberrima[Jusu and Monde, 19901. Rokupr accessions of this 
indigenous West African species frequently show promise both in soils with low available 
phosphorus, often the limiting factor in highly-leached forest-zone upland soils in Sierra 
Leone and adjacent areas [RRSAR, 1989; Monde et al., 1991)], and when screened for 



84 S. S. Monde and P. Richards 

tolerance to blast, a major pathogen in upland rice farming in West Africa, [Table 1]. Since 

0. glaberrima accounted frr only 5 per cent of all rice types in tile 1987 survey there is 

particular concern to conserve available biodiversity in this species. It is not found outside 

West Africa. 

A further urgent reason why special attention should now be paid to the conservation of 

native rice germplasm reserves in Sierra Leone is tile situation prevailing in the eastern 

and southern parts of the country following the invasion of rebels from Liberia in March, 
1991. Led by Burkinabe and Liberian mercenaries linked to Charles Taylor's National 

Patriotic Front of Liberia, these rebels took over Kailahun and large parts of the Kenema 

and Pujehun Districts during the early part of the farming season in 1991. They were beaten 

back towards the L.iberian border by government troops during the latter part of the year. 

The majority of the rural population in these districts was displaced either by the initial 

invasion or in subsequent fighting. Farming was at a standstill for six months or more and 

seed rice stocks were looted or lost. 
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Although the farming populations of the Kenema and Pujehun Districts are now largely 
resettled, a recent assessment of rehabilitation work in the war-affected zone [Richards, 
1992a] estimates that the rice area in 1992 is at least 50 per cent down on a normal year; 
the major limiting constraint is shortage of seed rice. Farmers are largely dependent on 
seed stocks supplied by the relief agencies, and these are mainly research varieties 
available through government seed multiplication sources. In every community visited 
recovery of lost local planting materials was a priority and, despite limited resources, 
some farmers had travelled up to fifty miles (often on foot) to beg or borrow the types 
they had lost. The situation in Kailahun is especially serious, since much of this district 
remains under rebel occupation and farming has been disrupted for a second consecutive 
season; displaced villagers are camped at Segbwema and Daru (in Sierra Leone) and 
across the international border, in Guinea. The northern part of Kailahun District is noted 
for rice biodiversity, especially forest-zone upland cultivars (e.g. the source for Rokupr 
pure-line selections ROK 3 and ROK 16, now among the most important upland releases 
country-wide). The likelihood of accelerated erosion of rice germplasm resources under 
the conditions just described is high. 

The rice germplasm collection record inSierra Leone 

Periodic attempts to collect and categorize rice germplasm in Sierra Leone began with the 
establishment of the Department of Agriculture's headquarters at Njala in 1912 [Richards, 
1986]. From 1934 responsibility for this work was transferred to Rokupr. Collection was 
irregular and, in the period up until the 1960s, more emphasis was placed on screening, 
selection and, latterly, breeding from exotic material. In part, this was because Rokupr's 
early mandate specified work relevant to the mangrove zone where rice cultivation had 
developed to meet the food needs of Freetown in the colonial period. Many of tile rices 
cultivated in the coastal mangrove zone were introductions through informal channels in 
the early 20th century. Only later was Rokupr's mandate extended to cover the uplands, 
inland valley swamps and other wetland environments where the bulk of the subsistence 
crop was (and is) grown using largely traditional methods and long-established selections. 

From time to time, Rokupr staff assemble working collections of potentially interesting 
material for selection and breeding purposes. For example, G.S. Banya acquired 
germplasm, later released as ROK 3 and ROK 16, while visiting the farm of a kinsman in 
Luawa Chiefdom, Kailahun District [Lipton et al., 1992]. A nation-wide rice germplasm 
survey exercise was undertaken (by IITA staff) in the 1970s, resulting in the deposition of 
about 400 distinct types in collections in Ibadan and Rokupr. Political disturbances at the 
station in 1980 resulted in the looting of cold room equipment and the Rokupr collection 
was lost. Since then staff at the station have continued to collect where and when they 
could but, hampered by lack of proper conservation facilities, accessions have to be 
planted out each year in observation plots, thus strictly limiting the amount of material 
than can be handled. 

In 1984, Rokupr made 235 accessions (0. saliva, 179; 0. glaberrima, 56) or (upland, 79; 
lowland 156) from germplasm collection activities in northern Sierra Leone. Promising 
types are now at an advanced stage in the screening process [RRSAR, 1985-1989]. Upland 
types were found to earlier ripening. Reaction of 212 accessions to diseases is recorded 
in Table 1. Upland (32) and lowland (148) types were also evaluated for reaction to Rice 
Yellow Mottle Virus (RYMV) and 5 were resistant, 41 moderately resistant and the rest 
susceptible. 
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Table 1. Disease reactions of 212 local rice cultivars from northern Sierra Leone 

Reaction/Disease leaf blast neck blast brown spot scald 

resistant 113 53 0 3 

moderately resistant 79 2 22 22 

moderately susceptible 18 77 174 175 

susceptible 0 52 12 8 
4 4no score 2 28 

Total 212 212 212 212 

In the course of a national sample survey of rice types, from October 1987 to February 1988, 

225 lowland and 343 upland samples belonging to about 150 distinct types according to 

farmers' categorizations were collected from all major ecologies in both forest and savanna 

transition zones (eight sites). They were deposited at Rokupr for evaluation under uniform 

conditions [Lipton, et al., 1992]. In an associated exercise in early 1988, Rokupr shaff 

collected a further 129 lowland and 201 upland samples from areas (including the riverine 
3grasslands) not covered in the Lipton survey . Data from observation plots at Rokupr are 

discussed below [see Figs. 2-5]. Some of the more interesting accessions have been evaluated 

for soil stress and diseases and promising types have been entered into preliminary yield 

trials [Monde et al., 1991; RRSAR, 1988; 19891. Lack of facilities at Rokupr means that any 

material not carried on within the trials programme has to be discarded. A more 

comprehensive approach to conservation of rice biodiversity in Sierra Leone will depend on 

the rehabilitation of the station's germplasm conservation unit. This (we argue in this 

paper) should be done within the context of a wider initiative to understand the nature of 

the resource (the national heritage of rice germplasm) and the processes and pressures 

conducive to the maintenance, amplification or erosion of this resource. 

3 In the last 12 years the WARDA unit based at Rokupr has collected 754 traditional 

mangrove swamp cultivars in West Africa, the majority of which were from Sierra 
Leone. 
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Crop biodiversity inAfrica: the need for social science inputs 

Traditional agriculture has its own built-in conservation principles - according to Grist 
[1954, citing Kikkawa, 1912], Japanese farmers grew dwarf varieties tor the "sake of 
curiositv" rather than for any practical value, long before breeders made systematic 
attempts to embody genes for dwarfing into high-yield, Green Revolution releases. 
Richards [1986] reports a Mende farmer in Sierra Leone corntiluilg to grow an impractically 
srnall-grained variety, kpewii, c (literally, "s(.mething very small") because "it made him 
laugh". That material of potential use in scientific breeding programmes survives through 
farmers' curiosity and sense of the absurd, is a pointer to the importance of a systematic 
understanding of the role played bv cultural and socio-economic factors in the on-farm 
management of local germplasm resources. The planning of crop germplasm biodiversity 
conservation in African countries, as vet only lightly affected bv processes otf agricultural 
modernization, requires a research partnership between biological and social scientists 
[Hodgkin and Ramanatla Rao, 1)1)21. In the particular case of Sierra leone, where rice is a 
crop of ancient lineage and deeply interwoven with all aspects of rural social life, a 
systematic account of rice farming practices cannot be usefully separated from a fuller 
account of local material culture and social organization [Richards, 1).N86. Such a situation 
is tailor-made, we would argue, tor partnership between plant-breeders/agronomists and 
anthropologists. [he present research aims to be a model instance of such collaboration. 

Rice types and farming systems inSierra Leone 

A main method for growing rice on small-holdings throughout Sierra Leone is to make use of 
a range of -oil moisture conditions to spread out labour requirements; labour shortage is the 
single most pressing constraint faced by small-scale rice cultivators. Many farmers group 
their rices into three major categories by duration: short (90-120 day), medium (130-150 
day), and long duration (160-200 day) types. Typically, short-duration types are planted 
first on moisture-retentive (silty) soils in low-lying places (often river terraces) and are 
ready for harvest in the hungry season (JilV-September). Mediul duration varieties are 
mainly planted on free-draining uplands when the rains are well set, and harvested 
October-November. I.ong-dUration types (mainly flood-tolerant wetland types) are 
planted in water coLrses and inland valley swamps fron July onwards and harvested 
December-February. Household dependents (married women and voung men) have a 
particular affinity for the cutlivation of these long-duration wetland types (the work is 
fitted in between other duties on the household farm) and much of the harvest, owned 
indiVidtualIly, is sold for cash. In some caSes separate plots will be cultivated for rices in 
each of these three categories; in other cases households will seek to combine all their 
activities on a single piece of land stretching from hill crest to valley floor and combining 
moisture-retentive, free-draining and hy d romorphic soils in catenary sequence. Typically, 
on a "traditional" farm about 10-15 per cent of land will be given over to short-duration rice 
grown for household subsistence and only ever sold under duress; 75-80 per cent will 
allocated to medit, m-duration rices, some to be reserved for household subsistence and some 
to be sold; and 5-10 per cent used for long-duration wetland types (known in Mende as yaka, 
lit. "handful", i.e. gleaning [?]) the bulk of which will be sold. 

This pattern of cultivation has a documented history reaching back to the 17th century 
[Richards, l192b] and still today provides the framework within which farmers group and 
classify their gernmplasm resources. The precise balance of emphasis between the three 
major categories of rice types, however, changes from place to place according to 
topography, population pressure and penetration of market forces. Farmers in the zone of 
ancient riverine deposits (below the main escarpment that divides Sierra l.eone NW-SE) 
have much greater expanses of moisture-retentive soils suited to the reliable cultivation of 
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short-duration rices than elsewhere in the country, and centres such as Bumpe Chiefdom 

(Bo District) are noted for the diversity of their germplasm resources in this respect. In 

parts of tile north-west of the country where uplands are degraded through heavy over-use 

and invasion of savanna grasses, and in parts of the south and east where cocoa, coffee and 

oil palm have begun to take up much of the better dryland soils, there has been a steady 

expansion over the last fifty years in the amount of rice grown in inland valley swamps. In 

most cases the main rices in inland valley swamps are long-duration tall types (including 

the Rokupr release, CP4, perhaps the most widely adopted research variety in Sierra 
Leone), grown with a minimum of water control. However, in areas along roads and close to 
towns some short-duration, short-straw, high-yielding varieties of the Green Revolution 

type are now grown in water-controlled paddies developed by a number of development 
agencies since about 1970. 

The major exceptions to the pattern just described are the three specialist ecologies in 

Sierra Leone where rice has been developed as a cash crop (in areas where land is unsuited 
to any other forms of cultivation). These are the estuaries around Rokupr, where rice is 

grown on mangrove soils prone to acidification upon drying but kept moist by daily tidal 
incursions; the area behind Turner's peninsula, where floating rices are cultivated in deep
flooding riverine grasslands; and the bolilands, an area of impoverished and seasonally
flooded grassland soils at the foot of the northern half of the main Sierra Leone 

escarpment. Each of these areas has been opened Ip to extensive rice cultivation only 
within the last 50-100 years, and locally-adapted germplasin (often associated with 
special cultivation techniques, e.g. ultra-short duration rices grown on the rising flood in 

the riverine grasslands) mingles with specialized exotics dating from the colonial period 
(e.g. salt-tolerant varieties in the mangrove zone and floating rices in the riverine 

grasslands). Even in these three specialized rice-growing environments, however, small

scale farmers struggle to secure a repertoire of adapted varieties of different durations to 

spread their labour burdens. This is an alternative, in the boliland and riverine grasslands, 
to the expensive and unreliable mechanization otherwise necessary to cope with 

intractable soils and a very short cultivation season. 

Patterns of rice germplasm use in 1987 

A 1987 national sample study [Lipton et al., 19921 attempted to discover: 

* 	 the main varieties in use on c. 600 farms in all major rice growing ecologies in Sierra 
Leone; 

" 	 how these varieties were used (e.g. whether they were planted early or late, and 

on which soils); 

" 	 what role was played by research releases; and 

* 	 the extent to which research varieties were displacing local selections. 

The main types encountered were collected and grown in observation plots at Rokupr, in 

1988, to determine principal growth characteristics. They have now been provisionally 

grouped and classified according to species (based on judgements about ligule, panicle form 

and grain type), duration (from germination to 50 per cent flowering) and culm length. All 

samples were grown under uniform conditions in one of two observation plots according to 

whether farmers considered them wetland or dryland types (about 10 per cent were wrongly 

classed and failed to mature). Farmers also supplied information about the source, date of 

first adoption of their current varieties and reasons for abandoning types grown previously. 
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In addition to this sample survey, detailed germplasm inventories were taken in two 
villages where the "standard" upland-catenary farming systems prevailed; one, 
Mogbuama (Kamajei Chiefdom) on tile forest-savanna transition and the other Lalehun 
(Gaura Chiefdom) a forest-edge settlement on the Liberian border (since affected by the 
rebel invasion). Tile Mogbuama inventory was part of a longitudinal studv of farming 
practices and social organization begun in 1983 [Richards, 1986; 1992b]. 

Most farming households planted between two and six types of rice, chosen according to 
duration and suitability for specific soil or topographic conditions. Judging by local names 
assigned to farmers' types alone, a typical medium-size village of approximately 400-500 
people divided into 80-90 farming households makes use of a total of 20 to 40 distinct types. 
Morphological inspection of grain characteristics suggests some (but not much) overlap in 
identity (i.e. single types bearing two or more names). 

Tile regional picture is less easy to discern. Names remain fairly co.nstant from village to 
village, at least within language provinces as most household members sampled had, as a 
mother-tongue, either Temne or Mende, the two most-widely spoken languages in tile 
provinces of Sierra Leone. However, results from the observation collection show that 
height and duration sometimes varies quite significantly among samples of a single named 
type collected from different farms and in different villages (cf. Figs 5a-c). This confirms 
that farmers' selections in Sierra Leone are better thought of as phenotypic expressions 
(certain regularly recurring types) within broad landrace groupings than as approximations 
to true varieties. The issue of how such landrace groupings emerge, and whether landraces 
are being maintained or diffused, are questions for future research [see below, cf. Hodgkin 
and Ramanatha Rao, 19921. 

The duration and culm height data do, however, broadly confirm what farmers told us 
about varieties and their use. The samples fall into the three broad duration categories 
discussed above (though the quickest rices are under-represented because the collection 
exercise was timed to coincide with the peak harvest season, October-February). The 
majority of wetland rices tend to be tall long-duration types [Figs 2 and 31. 0. glaberrina 
types tend to be a little quicker than the average modern upland releases. Hungry-season 
rices in the mangrove zone ripened in c. 150-60 days, as opposed to 175-200 days for other 
mangrove types, and so on. There were some clear cases of mis-identification by farmers, 
especially among research varieties (CP4 and ROK 3 are sometimc. used as generic labels 
for any recently introduced variety) and in one Lase a single label, "IDA" (in honour of the 
World Bank, sponsor of the Northern Area IADP) was applied to two (or more) research 
varieties [Fig 5a]. 

In all, the 1987 accessions appear to comprise about 150 distinct types. Among the upland 
rices it is possible to distinguish a "Temne" group of rices from a "Mende" group: 
0. glaberriina types are more frequent and important in tile Temne group, for example. The 
data to hand give little grounds for suspecting any major overlap between these two groups, 
except in cases where the name in question was an obvious transliteration or corruption of its 
Mende or Temne original. The selective pressures tending to group rice germplasm into 
landraces will be different in the heavily-forested south and east of tile country and in the 
more heavily populated and drier northern and western parts of the country. Farmers close 
to the border between the two linguistic areas (e.g. Mogbuama) draw readily upon rices 
from both groups, but are apt to categorize them as "Mende" or "Temne" rice. Rokupr's 
success with pure-line selections ROK 3 and ROK 16 based on germplasm from Kailahun 
District (ROK 3 is the most widely used upland research release in Temne-speaking 
communities NW Sierra Leone) indicates that there may still be potential to accelerate the 
exchange of potentially useful varieties between these two apparently somewhat distinct 
germplasm provinces in Sierra Leone. 
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Farmers mainly acquire varieties through informal channels (from friends and kin locally, 

or in neighbouring villages) and typically (according to the results of the longitudinal 

study in Mogbuama) retain each selection for about five years (i.e. the turnover rate for 

varieties is about 20,,/p.a., cf. Fig 6). Accidents, failures, change in circumstances (e.g. a 

change in farm site under shifting cultivation) and tile desire to try something better are 

important among reasons for changing types. Most farmers experiment in a small way 

before committing themselves to a new and unfamiliar selection. Some farmers seek out new 

types by collecting adventitious introductions (e.g. varieties spread by birds or in animal 

droppings) or selecting off-types at harvest for further observation and experiment 

[Richards, 1986; 1992b]. 

Rice varieties 
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Figure 6 Turnover of rice types, Mogbuama: 52 farmers working in1983 and 1987 

Local opinion stresses the importance of maintaining a wide range of distinct types with 
different maturation periods suited to specific micro-environments. The need to spread 
labour requirements, secure food in the hungry season, motivate dependents and minimize 
risks, are among the main reasons given to justify such a wide range of choice. Some farmers 

set out deliberately to increase their options in particular directions. Mogbuama farmers 

have selected for a reduction of maturation period among the hungry-season rices planted 

on moisture retentive soils. The use of local varieties in the 125-day range has declined in 

the last ten years in favour of other local selections ripening in 115-120 days. 

Research varieties are most common in specialized ecologies (e.g. the boliland zone) or on

road villages where development agencies have been active, but rarely do they account for 

more than a third of the total area planted in any given village [Lipton et al., 1992]. 

Farmers readily add research varieties to their repertoire of planting choices but are 

reluctant to discard older selections. In part this is because the yield advantage of research 

varieties over local types is not great in the absence of regular and affordable supplies of 
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fertilizer. But it also reflects a perception on the part of poor households that there is 
strength in diversity. Despite high rainfall, farming conditions vary markedly from year 
to year (untimely rainfall often handicaps farmers in wetter areas and the late rains are 
increasingly unreliable in those parts of the country experiencing savanna incursions). 
Furthermore, rotational fallow farming involves moving to a regular succession of different 
sites and farmers retain a strong sense of the diversity of land types they will encounter 
from year to year. Experience teaches the value of keeping a large number of adapted types 
in play, to cover these contingencies. 

Farmers rarely seek to conserve more seed types than are necessary to cover their 
immediate planting needs. When it becomes apparent that a specially adapted type 
might be advantageous, they rely upon being able to secure their choice through informal 
seed exchanges or by securing a loan in kind through family or friends. By custom, this 
involves repaying two bushels at harvest for every bushel borrowed in the planting season. 
This is not a commercial transaction since it barely covers the price swing between hungry 
season and harvest, or what the lenders might hope to make if they planted the rice 
themselves. It is best regarded as an element in the pre-market "moral economy" of village 
life [Richards, 19861. 

The effectiveness and efficiency of these informal processes for keeping a range of adapted 
planting materials (including research varieties) in play at the local level is an important 
issue in urgent need of further investigation [see below]. 

Rice germplasm resources inSierra Leone: anew approach 

The 1987 germplasm survey was undertaken primarily to provide evidence on the adoption 
and impact of Rokupr releases. A new and more comprehensive study is now needed, 
building on some of the insights of this earlier study, in order to achieve four main 
objectives: 

" 	 identify trends in the national rice germplasm resource base; 

* 	 formulate a national rice germplasm biodiversity management and conservation 
strategy; 

* 	 assemble and conserve rare and threatened material (especially 0. glaberrima, 
short-duration 0. satiVa types, and "hungry rice" [Digitaria exilis], a botanically 
unrelated species often used as an alternative to short-duration types in harsher 
environments); and 

" 	 assemble and evaluate farmer selections with potential for incorporation in a 
selection and breeding programme aimed at the needs of small-scale farmers in 
adverse or deteriorating conditions. 

The first of these objectives (discussed in more detail below) is the key to the remainder, 
since it will involve a comprehensive attempt to characterize the rice germplasm resource 
base of Sierra Leone, to identify trends within it, and to analyse and understand the 
biological, environmental, socio-economic and cultural forces responsible for these 
tendencies. Geologists have long since assayed the gold and diamond resources of Sierra 
Leone. Similar attention has not been paid to the rice germplasm resource base. Yet it can 
be argued that rice is (at least) as important as minerals to the long-term well-being of the 
country. 
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The final objective also requires some further comment. The station intends to emphasize 

the needs of small-scale low-resource farmers in future breeding work in order to 

complement all historical (and continuing) emphasis at Rokupr on specialized environments 

of potential commeicial importance. I-mphasis in this proposed new breeding programme 

will be placed both on varieties that are tolerant of diseases (such as blast) and are 

capable of performing adequately under low fertility, and on strategic enhancement of the 

low-resource farmer's repertoire of planting choices (by, for example, releasing short

duration hunger-breaker varieties, or non-labour-intensive varieties suited to cultivation in 

wornen's swamps). This new programme is intended, of course, to complement, not replace, 

existing programmes for higher-resource environments. It consolidates on an innovative 
interest at Rokupr in recent years in, for example, screening for horizontal resistance to blast 

and studies to understand the comparative advantage of 0. ghlaberria types in low

fertility conditions [Monde et al., 19911. The assembly and evaluation of hardy farmer

selections from within Sierra Leone is a natural first step of proven value (e.g. earlier 

release of ROK 3 and 16 and current work on hardy and quick-ripening types identified from 

the 1984 and 1987-87 collections) in any such programme. As a more general point, we would 

emphasize our belief that, for a small under-resourced national research programme, 

conservation interests will be best served vhen breeders can see a direct and strategic link 
between germplasm collection activities and their own interests. Otherwise there is the 

danger that with cy siti conservation, "out of sight is out of mind". 

It is also essential, here, to stress that the proposed study envisages an innovative 
combination of plant-science and anthropological/social-science fieldwork approaches. 
Conservation biologists have long recognized the important role of farmer selective 
pressure (under cultural and socio-economic constraints) in shaping, conserving or 
dissipating g -rmplasm resources of cultivated plants, but major examples of research using 

the full range of modern social-science fieldwork methods and concepts of cultural analysis 

are hard to find, especially in Africa [Hodgkin and Ramanatha Rao, 19921. This is a 
reflection of institutional constraints. The natural, comparative advantage for work of this 

kind lies with national agricultural research systems, where biological scientists often 

draw usefully upon participant knowledge of the local cultural setting. To fully capitalize 

on any such advantage there is need for formal training and expertise in cultural analysis. 

Where social scientists have been recruited by agricultural research stations, they have 

tended to be economists, or have tended to work within a universalist, socio-economic 
paradigm that treats loca. cultural factors as "externalities" incapable of coherent 

analysis. Also, socio-economists tend to be highly mobile internationally. Rokupr has 
found it difficult to recruit and retain such social scientists. It wishes to use the present 
possibility to rebuild socio-cultural analytic capacity among staff and associates, in order 

to service the needs of proposed programmes of on-farm, with-farmer research and other 

feedback and monitoring activities that assess the impact of its research innovations. The 
intention is to draw on the possibilities of a research link connecting staff at Rokupr, the 

Department of Anthropology at UCL (London) and the Danish Centre for Development 
Studies (Copenhagen). 

Proposed research activities 

1. 	 Document and analyse farmer selective pressure on the national rice germplasm resource 

base. (Basic question: what kinds of natural and cultural selective pressures shape and 

group bodies of rice germplasm in Sierra Leone?). The work will include the following 

areas of analysis: 

village-based case studies of planting and harvesting practices (including 

assessment of seed purity at planting and the extent to which panicle selection is 
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practised at harvest). Case studies will be chosen from "Temne" (NW, forest
savanna transition) and "Mende" (SE, high forest) germplasm provinces in SL, and 
compare communities where sickle- and knife-harvesting methods prevail. Data 
will be related to socio-cultural and socio-economic background. 

studies of the impact on the national germplasm resource base of seed storage and 
multiplication procedures, and changing formal and informal seed distribution 
processes. At what rate do farmers "lose" local types, for what reasons, and what 
are the consequences of such losses where the phenotypes belong to complex 
landrace clusters? How do we estimate what is being lost? What kinds of cultural 
factors (e.g. kinship links) are conducive or not to the in situ conservation of 
landrace materials? 

2. 	 Determine trends in the national germplasm resource base by means of: 

" 	 repeating the 1987 survey (using the same basic methodology) to assess rates of 
change 1987-93/4 (e.g. rates of continued adoption of research varieties); and 

* 	 analysing, specifically, the impact of war on germplasm resources in Sierra Leone; 
this will be based on surveys in war-zones, special investigations in Kailahun (if 
possible]), and a comparative re-survey of village germplasm case-studies 
(Mogbuama 1983, 1987 and 1993/4; and Lalehun 1989; 1993/4]). 

3. 	 Collect strategic germplasm (it is proposed to use volunteers from Earthwatch to cover 
collection bottlenecks). The work will involve the following: 

* 	 assembling and analysing strategic germplasm resources, aggregated according to a 
"model" derived from the above analyses; 

* 	 collecting germplasm in threatened environments and other salient or 
underexplored localities (e.g. scarp-foot zone around Bumpe; remote areas of 
Koinadugu District); and 

* 	 paying special attention to cultivars identified by farmers as being especially 
useful in harsh and stressful conditions (e.g. short-duration types of 0. sativa, 
0. 	glaberrima types; cultivars of Digitaria exilis). 

4. 	 Evaluate germplasm in laboratory or on research station. This will be done to: 

incorporate new field collections in current screening programmes for low fertility, 
diseases (e.g. RYMV), iron toxicity, weed suppression ability, and to draw on 
accessions with valuable properties in subsequent breeding activities aimed at the 
needs of small-holder farm households in low-resource environments; and 

follow up on recent advances in the classification of rice germplasm using techniques 
of molecular genetics (isozyme; restrictor DNA analysis). These techniques have 
not yet been used to test bodies of material aggregated according to predictions 
based on models incorporating relevant historical and socio-cultural analysis of 
seed selection and seed stock management. By so doing we hope to throw light on 
the character of rice "landraces" in West Africa and to develop a rational 
conservation strategy for West African landraces based on a firmer understanding of 
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how selective pressures from farmers, socio-economic trends (further spread of 
research varieties) and contingencies such as war, are currently impacting upon the 
region's germplasm inheritance. 

Outputs 

" a national rice germplasm conservation strategy; 
" valuable accessions for the low-resource breeding programme at Rokupr; and 
" an implemented germplasm bank at Rokupr. 
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Ex Situ Conservation of African Crop Germplasm 

E.N.Seine, P. W. Chahira and J.K.Kernel 

Introduction 

Rapid changes in land use, modernization of agricultural practices, adoption of new 
varieties possessing a narrow genetic base, and deforestation, etc., have led to the rapid 
disappearance of many landraces of cultivated crops and their wild relatives. Natural 
disasters such as desertification, drought and floods also contribute to genetic erosion. As a 
result of these pressures on the environment many plant cultivars have been threatened 
with extinction. 

In view of the above, there is an urgent need to collect and conserve germplasm for use in 
crop improvement programmes in the years to come. Ex situ conservation is one of the ways 
of addressing this need. It refers to methods of conservation that entail the removal of 
germplasm resources (seed, pollen or the whole plant) from their original habitats or 
natural environments and preserving them in other environments in order to ensure their 
safety. 

Ex situ conservation can include the use of botanic gardens, arboreta, genebanks etc. Botanic 
gardens and arboreta conserve living plants in their natural forms. Genebanks conserve 
seeds, pollen, parts of plants under conditions of modified temperature and humidity (tissue 
culture); or whole, live plants in field genebanks. Conservation at commodity level 
involves local communities maintaining samples of local cultivars at the farm level in 
gardens and stores. 

The traditional African crops include grains (cereals and pulses), roots and tubers, 
vegetables, fruits, beverages, oils, fibres and forage or fodder crops. For each crop, different 
conservation methods are used at both the genebank and farm levels. Many of these crops 
are threatened with extinction because of one or a combination of various genetic erosion 
factors. Consequently, conservation priorities differ with each crop and locality. 

Cereals and pulses 

Many of the millets and sorghums are traditional African staple foods. They are 
threatened because, in many areas, people's eating habits have changed in favour of other 
crops, including introduced high-priced cash crops and improved cultivars. This places 
millet and sorghums as high priority for conservation. Many of the traditional cultivars 
need to be collected and conserved under long-term storage conditions in genebanks. At farm 
level, farmers need to be educated about the importance of genetic resources and encouraged 
to maintain viable stocks of seed of every cultivar available in each locality. 

Pulses include field beans, pigeon peas, cowpeas, Lima beans, grams, etc. Their conservation 
methods are similar to those of the grains. 

Root and tuber crops 

Many of these crops, such as cassava, sweet potato and yam, are propagated either as tuber 
or root cuttings. They have to be maintained as living plants in field genebanks or small 

/ 0/ 
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plantations at farm level. These crops are regarded, in many communities, as "hard time" 

crops in that they are grown when conditions are unfavourable for other crops. They tend to 

be displaced in high potential areas by introduced, high-priced and high-yielding crops. 

Because of population pressure in high potential areas there is human movement from those 

areas to marginal lands. Root and tuber crops play a major role in human diet. It is 

therefore important to collect and conserve them for use, especially in marginal lands 

where they thrive better than do high-input, introduced crops. 

Traditional vegetables 

The use of traditional vegetables varies from one locality to another. The majority can be 

conserved as seed, in genebanks or on farms. In many communities traditional vegetables, 

such as pumpkin, are grown in kitchen gardens and can be preserved by continuous planting. 

Also, a substantial number of species grow in the wild as weeds (e.g. black night shade, 

Amaranthus); they need to be collected and conserved in genebanks. 

Fruits 

Many African fruits grow wild or are partially domesticated (e.g. gooseberries) while 

many introduced tropical and temperate fruits have become localized and can be considered 

as landraces. Examples of the latter include mango, citrus, papaya, plum and pear. The 

wild species are threatened by deforestation, changes in land use and changes in the way of 

life of many communities. Some fruits have recalcitrant seeds and cannot be conserved under 

cold storage conditions. Such fruit trees can be conserved in field genebanks or under in vitro 

conservation conditions. Fruits bearing orthodox seed can be conserved as seeds in genebanks 

or at farm level. The growing of fruit trees in orchards could also serve as a conservation 

method. 

Oil and fibre crops 

Some oil crop plants, e.g. Vernonia galamensis, have not been domesticated and many 
indigenous fibre plants are only partially domesticated, e.g. Urena lobata, Hibiscus 

can nabinus. All need to be collected and conserved. Of the introduced fibre and oil crops, 

many have adapted fairly well to our local conditions, e.g. cotton, sunflower and sisal. The 

majority of these crops are conserved in genebanks. 

Beverages 

Coffee is of African origin, while tea and cocoa are introductions which have adapted well 

in some regions in Africa. In this country, coffee and tea genetic resources are maintained in 

field genebanks Wild relatives of coffee need to be collected and conserved. 

Forage and fodder crops 

Kenya is a centre of diversity of many forage grasses and legumes. However, most of these 

plants have not been collected. The few that have been collected have played a major role 

in the improvement of forage biomass production in both the Americas and Australia. 

Unless collecting efforts are stepped up to save the genepool that is still in the wild, we are 
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likely to lose tile materials. The majority of the forage germplasm is conserved in 
genebanks as seeds. 

Constraints inconservation 

Genebanks are central points where germplasm is conserved. They are alwavs prone to 
calamnities such as fires, earthquakes, floods and acts of war. Breakdown of equipment and 
lack of spare parts increase the risks to tile conserved germplasm. Also, financial 
constraints limit genebank activities such as collection and tile number of conserved species 
in field genebanks. limited expertise and human resources reduce the effectiveness of a 
genebank. 

Conservation at farm level has also shown weaknesses in some parts of this country. If, for 
example, farmers in higher potential areas were asked to spare some areas for conservation 
purposes they would find it extremely difficult to do so, for socio-economic reasons, without 
some type ot compensation. Also some sectors that are highly knowledgeable, such as the 
scientific communities, often unconsciouslV play a major role in tile loss of our genetic 
resources. We have illnlind end users, including breeders, Who evaluate certain accessions of 
germnplan for a certain trade and if these accessions do not ecasure ipto the expectation of 
the enld usier, the ,ccessions, more often than not, are discarded. This is a loss of germplasm 
that could otherwise be very important and useful. It is the responsibility of genebanks in 
developing count ries to make su re that conservation of germplasm is stepped Ip. It is not 
pos.sible for the fe\' end users to identify the total usefulness of all\, given accession. 

Conclusion 

Many of the Atrica traditional crops are disappearing at a very fast rate both under 
cUltivation and in the vild. Ffforts, to collect and conserve these, need to be stepped up. 
?\ISo, duplicate accessions need to be ilnainltained illother locations by the genebanks. There 
is ned to eduicate farllers alld the extension agents of the need to conserve germplasm at 
foirm level. (ioordillation ot germplasmi-conserving agents needs to be strengthened at all 
level, to ,iVoid dllplicatioll o1 effors. 



Potential for Agronomic Improvement of Indigenous Plant Germplasm in 
African Agriculture -ACase Study of Indigenous Vegetables inKenya 

J.Chweya 

Introduction 

Agricultural development and cultivation in much of sub-Saharan Africa was, until 
recently, baecd upon two foundations. The first, had an emphasis on subsister.ce crops and 
edible weedv species and the second, on the cultivation or utilization of a wice diversity of 
food crops \'hose total number of species is anmg the largest in any regior of the world 
(Martin, Il)8.; I ea ky' and Wills, 1977; Tindall, 19771. With colonization and settling of the 
Furopeans, a third foundation was added: one based oil cash crops (for raw materials that 
would be e',ported to Eu rope) and e\otic crops (for consu mption by' the settlers). 

The emphasis oi subsiste'ce agriculture in much of Africa requires that all families grow or 
collect aI1most all of their food needs. For this ty pe of agricultural system to be successful 
the stabilit , of total crop yild is a in Lst. [his was achieved in Africa by developing a 
wide diversityVO food crops, including both cultivated and weed y species, grown in mixed 
crpp ing s Lem,. 110 i\ied crop ping agricultucilral s with many crops growing in theWstem 
,aie fields, sLipphlerted by the harvesting of weedv species, provides a higher degree of 
Stability thando,e ,cultivating 0nl\ a few food crops. In a mixed- or muIlti-crop subsistence 
s,,ystem, each crop species Ihas difalerent growing requirements at different times of the 
growing seaon thus bu ffering any env ironmnental stresses. This agricultu ral system has also 
been shw to red Lice soil erosion and improve soil Lertilit,' Martin, 1L)841. [he wide 

diversity ot crops used include's, depending onl the locality, several important cereals, roots 
and tlbe rs, le gciines and many vegetable crops a11-Iarlan it a., 1976; Martin, 11)84; Tindall, 
11)77; Plrescltt-Allen and Prescott-allen, IQ1)]. 

Indigenous vegetables 

\'eget ab leN,,epecially leafy types, play an important role in African agricultural and 
nutritional sVtems [Keller ('Ill., lq(I¢I. kigbo [11)831 lists over 160 endemic vegetables 
used in one small area in We.t Africa and Chweya [11851 and Juma [1989] list several leafy 
vegel abhI.'s, sedllin KeLn ,. LabIe I gives a list of some Colmmllon lv used Kenyan leafyr 
vegetable.s. Ilhee vegetlbles play an essentiai role in maintainling the nUtritional well 
being of local rrlI populations jKel'r ¢'t al., l169; Abe and linbarba, 11)77; (olez, 1)8l; 
('hweya, IN851. Ihese v,'getable, s,1pply in.uch, it not most, Of the popclation's required 
vitanins (epecially A, B" and C), ininerals fibres, ca rbohydrates and proteins [Ruberto, 
19)8.4; Martin, I08-1; ()kigbo, 11)83; ('lweva, 1)85; Flat t, L1)5; linbarnba, 1973a; Schmidt, 
JL)711. 'lo date, however, the linited agronomic research on subsistence crops has usually 
concent rated 01n cetermilling the major starch source (grains and tcbers) and/or legumes and 
has,, ignored the other vegetables [l-awkes, 1983; l.)unbar, I1969,l; Brush, 1986,, 1)89); Prescott-
Allen, 1)9)0]. 

('O
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Table 1. Some of the commonly used Kenyan leafy vegetables 

Species 	 Family 

Giinantdropsis gynan.ha Capparidaceae 
Crotalria brevidt-ns Leguminosae 
Corchorus olitoris Tiliaceae 
Anaranthws spp. Araranthaceae 
Stlanum ?li'rnl? Solanaceae 
AsYstasia sclinlperi 	 Acathaceae 
Vigna spp LeguinosiflOa2 

ClIcnr'bita spp. Cucurbitaceae 
Bast'lla alba Basellaceae 
O )1xgLIII! nsinlwtl 	 Polygonaceae 
CmnIMlinIa spp. Conrinelinaceae 
tBrassica spp. CrUciferae 
1iruca',trulnt arabicton Cruciferae 
Cl .'no/podiuo alublon Chenopodiaceae 
Lrythrocacca bong,,ensis Flphorbiaceae 
'riut 	 Tiliaceae
oftta annual 


I.aecnaria ulI'garis Cucurbitaceae 
Portilaca quadrifida Portu-lacaceae 
Tribilus terrest'is Zygopphyllaceae 
13idens pilosil Coipo sitae 
Galinsoy,,a parvlflora Conlpositae 
Launala cormita Colnpositae 
Oxalis latif(dia ()xalid aceae 
Clicnlois Spp. Cucurbitaceae 

Sources: 	 Imbamba, 1973a; Keller eta., 1969; Terry and Michieka. 1987; Juma, 1989; Chweya, 1990; Opole 
etal., 1991. 

Agronomic development 

Conventionally, the relative importance of a crop is assessed by its !otal recorded yield or 
total sales. Un fort una telV, the vatLue of a crop, with respect !otile nutritional contribution 
that it makes to a population, is usually ignored. Therefort subsistelce crops, especially 
vegetables, which alimlst aways lack documentatiol 01 their total yield and are rarely 
sold in the markets, are almost always, classified as "worldwide mi or" crops. 
Subsequently, these ,pecie s have been given a low priority in most agronomic research and 
development prograiumms lBru,,h, I;)81); I'resc tt-A Ih'ln a1d lI'resctt-Ale'n, 199); Altieri aId 
Merrick, 198)7; lrown, I1)8; Ruberto, Il)8,11. Verv little is known abot iany ifthese 
vegetable, in terw Of indigenous knowledge of utitization, let alne appropriate 
cultivation techulitues, tIhe t\tent and structure ot genetic variation and poteiial for crop 
inprlvemen t %ia, cltion or breeding. Very tew s'stematit studies in anv area have been 
ct dLictit' Ml theseu species and Iew, it any, sY-tC ic gerniplasmli collections have been 
made fN'Iartin, 1 lindall, IL)77].1d.1; 

People in 1 traditional African Commlniunily have a uniiqut' uldVrtallding and interpretatiOl 
of tiheir solirrotndings. [his includes in 1oinderstantf inlg o tilcrops an1d wteCs that are used 
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for food and medicine and their relationship to the environment. This unique understanding 
and interpretation has led to the ability of these people to cope in a harsh and 
unpredictable environment. Elders, in these communities, are the "banks" of information on 
identification, utilization, beliefs, growing habits, cultivation requirements, harvesting, 
nutritional value, fruiting and other information on edible indigenous plants. The 
indigenous knowledge has traditionally been passed on from the elders to their children. 
Unfortunately, with the present process of modernization, this information is slowly 
disappearing. It should be collected and scientifically evaluated for its national and 
global exploitation. 

The major agricultural problem faced by most African countries is that of integrating and 
balancing the need to feed their populations with the need to develop commercial crops for 
domestic and export markets. Current conventional methods of increasing food production in 
Africa follow one or other of two approaches. Firstly, cultivating high yielding varieties 
of cereals or other starch sources in a monoculture system, often with many and costly inputs. 
Secondly, by expanding the area under cultivation. Both approaches have proved, under 
certain conditions, to be extremely successful but at times have led to major ecological 
and/or economic problems. The second approach often leads to cultivation of virgin 
marginal lands of low fertility or destruction of the wild and/or weedy habitats 
surrounding farms [Hawkes, 1983]. 

A complementary approach for increasing productivity and improving nutrition, is to 
improve the productivity per unit area of land of the traditional subsistence crops. This 
has recently been applied in some areas where subsistence farming is very important 
[Altieri and Merrick, 1987; Oldfield and Alcorn, 1987; Brush, 1986]. It has been shown that 
these crops, especially the leafy species, when grown under appropriate agromanagement 
can effectively provide, often at low input levels, the minimum nutritional balance needed 
by the local populations [Hawkes, 1983; Schmidt, 1971; Prescott-Allen and Prescott-
Allen, 1990]. 

Agronomic potential (Kenya) 

One of the most efficient methods of improving the yield and nutritional value of 
subsistence crops is to improve the landraces or weedy species being grown, through 
selection and/or breeding. This should be combined with developing more efficient 
agromanagement systems with minimum, but appropriate, input application. In order to 
accomplish this, genetic stocks must be available for evaluation and analyses and basic 
biological, ethnobotanical and agronomic information, should be known. Unfortunately, no 
systematic genetic collections have been made in indigenous vegetable crops and very little 
research on their agronomic potential has been conducted. In addition, due to the dynamics 
of African development, combined with increased population size, serious genetic erosion is 
occurring in these crops and potentially valuable germplasm may be permanently lost 
[Mendlinger et al., 1992]. The importance of plant genetic resources from primitive 
landraces and weedy crops cannot be under-emphasized in safeguarding and maintaining 
the need for increased crop production. Genes that are important for breeding to improve 
yield and quality parameters have been found repeatedly in landraces and weedy types 
[Harlan et al., 1976]. 

Work done in Kenya [Opole et al., 1991] has shown that most indigenous plants are 
normally adapted to local environmental conditions. The plants may be tolerant/resistant 
to pests and diseases and since they are found in the wild and/or growing as weeds, they 
could be intercropped easily. Traditionally, indigenous vegetables are known and popular. 
Therefore, promoting their consumption in the rural areas may be easier than promoting use 
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of exotic types which are expensive to grow or buy as they require advanced agrotechniques.
 
At present, mainly exotic vegetables are found both in rural and urban markets. 3ecause
 
they are expensive, most rural populations are not consuming green leafy, vegetables. Opole
 
et al., [19911 have observed that indigenous vegetables may require minimal labour and
 
management and very little land for domestic cultivation. For example, a home garden of
 
about 6m 2 is adequate for producing vegetables for a household's consumption.
 

Preliminary study by the author has shown that leaf yields of indigenous green leafy 
vegetable plants could be as high as, or compare well with, exotic types IFable 2]. Most of 
the indigenous species, especially Solanunl nirui, A marant/ius spp. and Corchorus 
olitorius, may be harvested severally, as required, for up to four months, while a plant like 
Basella alba is perennial. 

Table 2. Fresh leaf yields of some Kenyan leafy vegetables 

Species Yield (Tonnes/ha) 

Indigenous: 
Gynandropsis gymindra 10
 
Solanuiiiigrim 30
 

Ainarant/mus spp. 45
 
Corciorits olitorius 7
 
Baseila alba 50
 

Exotic: 
Beta vularis 10
 
Latuca saliva 10
 
Brassica oleracea var. acephala 20
 
Brassica oh'racea var. capitata 26
 

The same study has shown that indigenous vegetables are as nutritious, or more so, than 
exotic ones [Table 31. The vegetables can supply enough of the vitamins and minerals 
required for good human nutrition. Table 4 shows the contribution (as a percentage) to 
reconmmended daily allowances (RI)A) of vitamins A and C, calcium and iron, for adult 
males or fernales, from sImLe Of the vegetables Under study. The vegetables can supply more 
than the recluired anlounts of vitamins A and C. 1owever, the vegetables are cooked befor-e 
coIns, m p tioIn and this may reduice tie percentage, Of the RIDA substantially. For exanlih, 
cooking (If Most of the, vegetables reduLces the percentage of the RDA for vitamin C by WIt)', 
[hntImgi, l )8). Indigt, IntIs vegetables may contribute greatly as sources of protein. The 
protein is high in lvyine cIntent [Table 5 1. Although the veget,hles are good sources of 
micro-lIntrien ts, tht' c nin lv CtIntain anti-11Ut rients such as phelijc cOm pounds, nitrates 
and oxalate.ln .'ohanmou ni1\rl1n and ,arant/mns spp. the levels of nitrates, hive been 
reported to range trom I ((1 mcg/10)()g fresh weight and 8-1-98 ncg/ ()()g fresh weight, 
respectivelyv; h,vll (I tall 'in fr the same species have ben rt,pIrted t1 range from 40-50 
mcg/l)(og Ire-Jh weight ,lt IW-17 gnig/IUg Iresh weight, respectively Imungi, Il )XLj. 
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Table 3. Nutrient contents of some Kenyan leafy vegetables (per lOOg edible portion) 

Species Protein (g) Vitamin A(mg Vitamin C Calcium Iron 
carotene) (mg) (mg) (mg) 

Gynandropsis gynandra 5.4-7.7 6.7-18.9 127-177 434 11 

Solanium nigrum 3.2-4.6 2.7-7.9 37-141 215 4 

Amaranthus spp. 4.0-4.3 5.3-8.7 92-159 800 4 

Crotalaria brevidens 4.2-4.9 2.9-8.7 115-129 270 4 

Corchorus olitorius 4.5-5.5 3.9-5.4 170-204 270 8 

Brassica spp. 3.6-3.8 3.7-5.7 102-142 520 6 

Cucurbita spp. 3.1-4.2 2.4-5.3 170-172 40 2 

Spinacia oleracea 2.3-3.1 2.8-7.4 1-59 60-595 1-5 

Brassica oleracea var. 1.4-3.3 Tr-4.8 20-220 30-204 1-2 
capitata 

Latuca sativa 0.8-1.6 0.2-7.8 3.33 17 1.4 

Source: Imungi [1989]. 

Table 4. 	 Percent contribution to recommended dietary allowance (RDA) of vitamins A 
and C,minerals, calcium and iron from consumption of 100g of leaves of 
some indigenous leafy vegetables by anormal adult male or female 

Vegetable 	 %RDA (raw leaves)
Vitamin A Vitamin C Calcium Iron 

Gynandropsis gynandra 196 437 56 80 
Solanum nigrum 	 122 210 27 34 
Amaranthus spp. 170 320 100 34 
Crotalaria brevidens 131 420 32 28 
Corchorus olitorius 113 521 32 56 
Cucurbitaspp. 110 467 5 17 
Vigna spp. 150 260 110 35 

Source: Imunqi [19891. 
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Table 5. Lysine content of some Kenyan leafy vegetables 

Species Lysine content (mg/g N) 

Crotalaria brevidens 262 
Corchorus olitorius 168 
Amarantlius lividus 330 
Gynaudropsis gyiiandra 245 
Cucurbita spp. 204 
Vigna spp. 273 
Solmuin nirunin 258 

Source: Imbamba, [1973b]. 

In collaboration with the Genebank of Kenya, the author has systematically collected over 
one hundred accessions of pumpkins (Cucurbita moschata) from several parts of Kenya. 
Preliminary evaluation of fruit weight and constituents has shown that there i; great 
variability between the accessions [Table 61. This implies that there is scope for selecting 
for higher yields and better fruit quality. 

Conclusion 

Indigenous vegetables have a direct role to play in improving the nutrition and diets of 
rural populations in Africa. These people are usually the last to receive food 
supplementation and aid during times of food scarcity. It is, therefore, important that 
programmes are implemented to increase yields and the nutritional quality of those 
traditional crops that are used at the present time by the rural people. 

Such programmes would widen and buffer the food base for rural populations and help 

ensure a stable and nutritional food source. It is imperative that the germplasin of these 
crops be systematically collected and evaluated for agronomic and nutritional traits. 
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Table 6. Fruit constituents in33 accession lines of pumpkins collected in Kenya, 
(n=5 in most lines). 

Accession Fresh wt. Dry wt. TSS (%) Reducing sugars 
line (kg.) (%fr. wt.)S (mg/g fr.wt.) 

6112 2.40 13.1 7.5 6.1 
6111 1.48 12.5 8.1 8.6 
6114 1.38 12.7 5.9 5.1 
6115 1.66 13.5 5.9 4.9 
6143 1.33 13.0 5.7 4.1 
6145 1.44 17.9 6.6 4.1 
6495 2.99 13.4 10.3 11.4 
6123 1.48 12.7 8.7 10.8 
6124 1.60 12.0 4.0 3.1 
6125 1.83 12.5 4.8 4.2 
6126 1.84 12.0 4.3 4.0 
6116 2.02 11.9 4.4 3.9 
6128 3.79 15.4 6.8 7.6 
6130 1.95 15.0 8.0 8.3 
6131 1.17 14.3 5.2 4.9 
6136 0.94 14.8 6.7 7.3 
6137 1.52 12.9 8.1 8.9 
6132 0.84 13.5 8.0 8.1 
6140 1.81 13.0 7.3 8.9 
0036 1.46 20.0 9.0 10.4 
0037 1.90 18.8 12.4 10.8 
6101 9.20 2.1 9.2 9.0 
6096 10.20 1.92 10.2 10.3 
6098 6.30 1.61 6.3 3.9 
6091 5.30 1.15 5.3 3.4 
6165 5.40 2.25 5.4 5.0 
6149 8.10 1.07 13.1 9.7 
6150 8.00 2.22 8.0 9.7 
6151 8.70 1.47 8.7 i0.0 
6161 13.70 3.49 13.7 14.5 
6160 9.40 2.26 9.4 11.8 
6157 10.40 0.87 10.4 11.1 
6159 7.70 1.97 7.7 9.1 

LSD 0.75 2.2 2.4 3.7 
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Local Management and Use of Plant Genetic Resources 

J.J.Hardon and W.S.de Boef 

Introduction 

Plant genetic resources 

Plant genetic resources (PGR), in the context of this paper, are that part of the overall 
biodiversitv of present and potential relevance to the improvement of plants useful for 
socioeconomic development [Hardon ct al., 19921. Hence, conservation of PGR is 
complementary to activities aimed at conserving overall biodiversitv and includes all 
agricultural crops, fruit, nut and forest trees, medicinal, aromatic and ornamental plants, 
unexploited plants of potential value and their wild and weedy relatives. 

In the classification of the FAO International Undertaking on PGR the following types of 
material are recognized as part of PlGR: 

I. commercial varieties (cultivars); 

2. obsolete, current and newly developed varieties; 

3. elite and breeder lines, as available; 

4. landraces (traditional or "folk" varieties); 

5. wild and weedy species; and 

6. special genetic stocks. 

The loss (i.e. extinction) of l1GR is caused by a multitude of factors, the most notable being 
the replacement of farmers' locally adapted varieties (landraces) by the more uniform so
called "high-yielding" (l1\'V) or "modern" (MV) varieties produced by public and private 
sector breeding programmes. Concern over genetic erosion has led to the establishment of ex 
situ genebank programmes with the objective to conserve, not only materials of direct 
relevance to ongoing breeding, but to maintain in long-term storage a reasonable sample of 
all available plant or crop genetic diversitv. Especially the first four above-mentioned 
types of material (1-4), are conserved in genebanks. At the same time, local initiatives to 
save and maintain valuable genetic diiversity have been launched by non-governmental 
organizations and private individuals throughout the world. Wild and weedy species 
related to crops (6 ) can be conServed in a system of in situ management of PGIR, in their 
natural or original habitat. 

In many areas of the tropics and subtropics, especially in areas with marginal conditions 
and resource-poor farmers (RI)Fs), landraces still are an integral part of the farming system. 
The local I'GR are maintained in a dynamic svstem with continuos human (farmers') 
selection and environniental adaptation. This is in contrast to the cx sit i conservation 
effort in which I1(;R are maintained in a static system where human selection and 
environmental adaptation are reduced as much as possible. However, R'F families and 
communities are the custodians of pools of important germplasm of many crops, especially 
those of local importance, in the dynamic system which we introd ice as "conservation
through-utilization". The primary goal of RIFs is food production in a risk-reducing 

/ /? 
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sustainable manner. Local diversity is an integral part of that strategy, though the 
conservation of that diversity is not the principal aim. 

PGR and biodiversity 

There is a growing realization that, where diversity in agriculture is concerned, human 
activities contribute considerably to the growth in genetic diversity through recombination 
and selection [Brush, 1982; Altieri and Merrick, 1987]. Man created environments where 
plants evolved under selective pressures that differed from those occurring in environments 
only marginally-, or un-disturbed by people. Farmers develop different approaches to 
agriculture for different environments, adding to variation in selective pressure 
[Richards, 19851. 

Plant genetic resources are a critical portion of global biodiversity. Single well-known 
mammals (e.g. panda's) and species-rich ecosystems (e.g. tropical rainforests) under threat 
of extinction or destruction are more evident in the public debate on biodiversity than is loss 
of plant genetic diversity. The survival of a species receives more attention than does the 
protection of diversity within species. In the long term, however, the diversity within 
species is the key to their survival in nature. Within species diversity is a major concern in 
PGR programmes for crop species. 

Threats to PGR 

The WRI/IUCN/UNEP (1992) global strategy on biodiversity lists six fundamental causes 
for the loss of biodiversity: 

* 	 the high rate of human population growth and unsustainable natural resource 

consumption; 

• 	 legal and institutional systems that promote unsustainable exploitation; 

" 	 the steadily narrowing spectrum of traded products from agriculture, forestry, and 
fisheries; 

" 	 economic systems and policies that fail to value the environment and its resources; 

" 	 inequity in the ownership, management and flow of benefits from both the use and 
conservation of biological resources; and 

" 	 deficiencies in knowledge and its application. 

The threats to the security of crop genetic resources have increased dramatically in the last 
two decades. Four issues directly relevant to programmes dealing with biodiversity, 
particularly PGR, are: 

1. 	 Demographic pressure has started to take its toll on ecosystems diversity. 
Population levels have forced the transformation of relatively undisturbed areas, 
into agricultural land. This is especially threatening to the diversity in the centres 
of origin of various crops. Often in situ conservation efforts are perceived by local 
communities as being in conflict with their economic survival. This emphasizes the 
critical importance of developing partnerships with the people living in the 
centres of biological diversity. In situ and community-level conservation efforts, 
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therefore, should be linked with peoples' - and rural development [Altieri and 
Merrick, 1987; Brush, 19911. 

2. 	 Disease and pest epidemics in monoculture areas with the same genetic origin of 
crops have indicated that genetic vulnerability to biotic and abiotic stress is 
significant in monoculture and can best be overcome through genetic diversity of 
plants. This threat was illustrated dramatically by the southern corn leaf blight 
epidemic in the United States in 1969-1970 [Adams, ct al., 19711. 

3. 	 Participation of a continuously growing number of farmers in the global exchange 
economy transforms local agricultural systems because it forces farmers' families to 
become competitive with others. Encouragement of the application of external 
inputs to modern agriculture eliminates any remaining regional difference in 
selective pressure [Norgaard, l9881. Economic forces push the farmers towards 
environmentally less sound and less adapted modes of agricultural production, 
including fewer regionally-adapted crops. They thereby force the farmers in a 
direction which has direct consequences for the genetic, species and ecosystem 
components of biodiversitv. 

4. 	 Future prospects for maintaining global and regional food security are undermined 
by the degradation of the environment and the potential changes of climate. A 
response to this requires advances in crop productivity while developing 
ecologically sustainable agricultural systems. Agricultural research can neither 
sustain the food security systems at the global and regional levels nor respond to 
climatic change and rises in sea levels if the international community fails to 
conserve I'GR and utilize them effectively [SAREC, 1992]. 

PGR conservation strategies 

Within 	the last two decades, attempts have been made to develop a global plant genetic 
resources system on four levels: local, national, regional and global. PGR conservation 
efforts can be carried out in various ways [Keystone Centre Report, 19911: 

" 	 ex sitit conservation in genebanks (as seed, tissue, or pollen), in field genebanks, or in 
other live collections; 

" 	 in situ conservation in natutral or original habitat; and 

" 	 lotcl/community conservation. 

Ex situconservation 

This conservation strategy involves collection, storage, regeneration, documentation 
and information systems, evaluation and enhancement. It has been set up at the 
national (NARS) and international (IARC) levels. Genebanks are part of an 
agricultural research system primarily focus.d on the development of better crops, 
with an emphasis on increasing yield. Maintaining sustainable production and 
adaptation to specific environments have, so far, received less attention 
[I lu:cknett ct al., 19831. The individual genebanks are part of an international 
network coordinated by the III3GIR. Germplasm accessions, varying from cultivars 
to landraces and wild relatives of major crops, are collected from their native 
habitats and the seed or vegetative material is stored in genebanks, or placed in 
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breeding collections, for evaluation and potential use. Ex situ conservation has 
facilitated the availability and use of germplasm for the improvement of a 
variety of crops [Frankel and Bennett, 1970]. It does not provide a panacea for 
coriserving natural sources of crop genetic resources [Oldfield, 19841 since it extracts 
the genetic diversity component from the other levels of biodiversity (species, 
ecosystems and human cultural). A major problem of ex situ conservation is that 
seed stor"ge freezes tile evolutionary process by preventing the evolution of new 
types or levels of adaptations or resistance [Simmonds, 19821, and even places the 
conserved germplasm, during regeneration out of the original cultural-ecological 
context, under a selective pressure of the foreign environment [Nabham, 1985]. 
However, ex situ conservation is certainly an essential element of the total strategy 
of conservation of PGR [Keystone Centre Report, 1991]. 

Insitu conservation 

In situ conservation links conservation at the species level of biodiversity with the 
ecosystem level. A number of scientists have emphasized the need for in situ 
conservation of crop genetic resources and the environments in which they occur, 
since it allows for the continued, dynamic adaptation of plants to the environment 
[Nabham, 1985; Prescott-Allen and Prescott-Allen, 1982; Wilkes, 19831. This 
conservation strategy may be particularly important in areas farmed by traditional 
methods, where crops are often enriched by gene exchange with wild or weed 
relatives [Harlan, 1965]. On the negative side it is argued that, in the absence of 
controlled monitoring, security is low. Natural habitats are lost and replacement of 
landraces, by other landraces and modern varieties, takes place as a normal part of 
cropping systems. Several approaches to in situ conservation have been suggested. 
Nabham [19851 suggested large systems of village-level landrace custodians whose 
purpose would be the continued cultivation of a limited sample of endangered 
landraces originating from that region. Wilkes [1983] suggested that governments 
set aside carefully chosen 5-by-20 kilometre strips, at as few as 100 sites around the 
world, where native agriculture would still be practiced; areas where both 
indigenous crops and their close wild relatives interbreed periodically. The idea of 
setting aside parks for crop relatives and landraces is a luxury in countries where 
farmland is already insufficient and disappearing. However, in situ conservation 
of landraces would require a return to, or the preservation of, primitive agricultural 
systems. Many scientists, conservationists and development workers would find 
this an unacceptable and non-workable proposition [Ingram and Williams, 1984]. 
Therefore, support has risen to link conservation and management of PGR, at the 
local level, with development actions [Altieri and Merrick, 1988; Brush, 1991]. 
This has been recognized as the third strategy at the local level [Keystone Centre 
Report, 1991]. It is proposed that this strategy be supported in the Biodiversity 
Programme; conservation through use, complementing, but not replacing, the need 
for ex sitit conservation. 

Local/community conservation 

Community and farmers' efforts in the management of PGR have been recognized, 
only recently, by the formal sector. Plant genetic resources managers are starting to 
realize that farmers are consciously trying to maintain diversity in various ways. 
An informal sector of PGR conservation is also becoming an active component in 
research on local farming systems, that is aimed at sustainable forms of agriculture 
(LEISA). Local crops and other sources of native germplasm are (and should 
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continue to be) incorporated in the design of LEISA, thereby ensuring the 
maintenance and availability of local diversity to the farmers. Community level 
conservation should include aspects of collection, storage, regeneration, appropriate 
documentation and information systems, evaluation, monitoring, research, training, 
and advocacy [Keystone Centre Report, 1991]. 

Several NGOs are already active at this level of conservation. They offer training 
and education tailored to community level conservation and utilization. NGOs 
foster public awareness of the importance of genetic diversity. An important 
element of community level conservation and training programmes is making 
farmers aware that reciprocal exchanges of seeds with genebanks are possible and 
that they have unconditional access to seeds held in genebanks. They can tap this 
source if they lose their seeds [Cooper et al., 19921. 

Organization of crop improvement 

The Keystone Dialogue Series on Plant Genetic Resources, involved participants 
from international and intergovernmental organizations, national government 
organizations, non-governmental organizations, corporations and research 
institutions from developed and developing countries (92 participants from 30 
countries). The participants addressed at considerable length, the issue of local 
conservation and use of plant genetic resources. It was concluded that essentially 
two types of organization of crop improvement and conservation operate side by 
side, with little interaction [Keystone Centre Report, 1991]: 

1. A formal institutional siystcm linking cx siti genebanks with institutional and 
private industry breeding, seed production and, ultimately, distribution to farmers. 
Such farmers thus benefit from genetic diversity in a linear mode of transfer. 

Modern varie',ies are adopted mainly in the more favourable production 
environments and generally require, for full exploitation of their improved yield 
potential, the use of exte'nal inputs such as fertilizers and additional control of 
biotic and abiotic stress factors. Hence, in most developing countries, the benefits of 
this system are restricted to only a minority of the more resource-rich farmers. 

2. 	 A non-institutional in'ormal system using local landraces and integrating 
conservation and utilization in a dynamic system of local crop improvement and 
seed production. 

This system is responsible for maintaining a large source of vet available genetic 
diversity of direct importance to the institutional system and covers the majority of 
farmers in developing countries. Nevertheless it does not benefit in any manner 
from advances in plant breeding or from cx situ institutional genebanks. 

While the role of local landraces under specific circumstances is acknowledged, 
institutional plant breeding efforts are directed, almost exclusively, at replacing 
such landraces with modern improved varieties in con1tilluous almost hit-and
(sometinies)-miss activities. A major problem appears to be a lack of systematic 
information on the informal system. What information there is, is limited largely 
to anecdotal descriptions of local practices. The Keystone Dialogue members 
concluded that local crop improvement should be recognized as an alternative to 
institutional plant breeding and as having a comparative advantage Under a range 
of environmental and socio-economic conditions. There are numerous examples of 
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minor crops and even major crops for more marginal and extremely diverse 
environments that for economic reasons will never justify costly separate 
institutional breeding programmes. Under such conditions farmers will continue to 
rely on local crop improvement and seed prodLuction. It is for these reasons that we 
want to stress the need for a more systematic study of local crop iinprovemCint 
systems and suggest ways in which these systems can better take advantage oI the 
formal institutional system. 

Rationale 

Local management of plant genetic resources 

* 	 Custody over and access to '(GR are being transferred from farmers to institutions 
(both national and international) through the introductiol of modern technology. 
At the same time, Intellectual Property Rights regimes favour control, over specific 
gene-plant combilations, by industrial companies. Both trends limit access of such 
PGR to the original holders who are often RIFs, especially in centres of diversity. 

" 	 The role that farlners and a rm ing comunnities play, in conserving plant genetic
resources and their involyemlent in a dynamic process of evolutionary crop 

improvement, is poorly Understood and inadequately recognitzed. 

" 	 Linkages between the institutional conser,,ation of PGR and plant breeding, on the 
one hand and local management Of R'WR and evolutionary breeding of landraces on 
the other, are poorly developed and can be improved to the advantage of both 
systems. 

Local crop improvement 

* 	 Environmental diversity in tropical and subtropical regions tends to be higher than 
in temperate zones. Formal plant breeding has been successful in the (sub)tropics for 
a number of major food crops (e.g. irrigated rice, wheat, corn and major grain 
legumes) and cash crops (oil-palm, soybean, sugarcane). Its spin-off has been 
limited to the more un iform and fa youUrable environments (tropical irrigated 
lowlald or" upland plainis) and, predomlinantly, to resource-rich farmers with access 
to external inputs (fertilizers, petWSicideS, irrigation). 

* 	 Agricultural research has reached a point where future prospects for maintaining 
food security are being underminUd by the increasing population and the 
degradation Of the environment. A respo)' to this requires significant advances in 
agricult, ral productivity in a suStainable mode; productivity developed through 
farmer participator. research (ITR). AgriclItumral research, including plant 
breeding, should allocate a larger part of its resources to sustainable agricultural 
development, managing natural rTSurces to enhance adaptation to the extremely 
variable envirConmental conditions of RI'Ts living in marginal areas of developing 
countries. 

The non-adoption of modern varieties and continued use of traditional landraces by 
RPI:s i- often explained by agricultural scientists as being due to the conservative 
attitude of RIPs, and their inability to obtain improved material and external 
inputs. However, in specific instances land races may, in a variety of cropping 
systems, provide better adaptation and more sustainable yield security than Luo 
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modern varieties. The value of landraces within those cropping systems and their 

value as a basis for adapting breeding material, is rarely acknowledged by 

agricultural scientists. 

Modern institutional plant breeding is limited in its potential to address all crops 

and other plants L.cltIL to man, especially those grown in marginal and often 

diverse production environments by RIFs in I.FISA. lnvironmental adaptation 

tends to be more complex in those marginal environments. The genetic basis of the 

level of adaptation of local material is not well understood thus complicating 

improvement through formal plant breeding. Agricultural research is rarely able 

to focus on minor crops which may be of local importance for the people. Minor crops 

may alk have an important function in the agro-ecological system or in the diet of 

the local people. 

The absence of reliable systematic knowledge of the local management of lPGR and crop 

improvement svstems leads to considerable misunderstanding and even to conflicts between 

institutional conservation and breeding efforts and community development programmes. 

The former continue to push for the adoption of modern varieties in packages of technology. 

The latter may reject such a technolog' push and stress the conservation of existing sy'sterns. 

They argue that existing systems are important in risk avoidance and both environmental 

and sociO-economIL ',ustainability. 

Gaps in knowledge 

It is evident that, at several levels, there are gaps in the knowledge of the local system of 

managemlent and use of PGR. Data are essential to fill those gaps. Such information may 

provide new options for conservation of PGR and for plant breeding. It may also lead to new 

approaches that provide better support and improve the management of PGR and crop 

improv\ement systems at the farm-level while maintaining the inherent characteristics of 

the tradition'al or local systems, incILiding socio-econom ic and en'ironmental 

siista inability. 

Performance landraces versus modern varieties 

There is little objective information available that compares the performance of modern 

varieties with local landraces or plant material under farmers' conditions in LEISA 

systems. lence, the reason why farmers in IFISA systems often prefer local plant 

material, is poorly understood. 

Landraces and environments 

Systematic information on the extent of genetic diversity in and between landraces within 

identified environments is also scarce. How variable are they? Is inbreeding a problem? 

What is the role of introgression from wild or weedy related species or from modern 

varieties? 

There is a serious lack of knowledge of tile importance of local specificity or the value of 

cal aIdaptation of landraces (genotype x environment interaction). Generally, there is 

little systematic knowledge of the nature of diversity (between and within crops) in 

farmers' fields, the reasons and importance of such Liversity, rates and levels of exchange 

between farners and Iali'ler conmut nities, rate of tUrn-over, etc. 
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Farmers' knowledge 

How do farmers select plant material for next years crop? What are their selection criteria 
and objectives? What is their taxonomic system? Do farmers encourage introgression and 
hybridization? Do they make selections and with what criteria and objectives (yield, 
taste, appearance, cooking quality, marketing aspects)? Do farmers employ field tests, 
record data, and name their varieties? What is the local knowledge of the maintenance of 
crop diversity, seed production and post-harvest technology? 

Interactions between landraces, farmers' knowledge and environment 

Because landraces and local knowledge on PGR are integral parts of environmental 
management, systematic knowledge of the various factors that influence this complex, is 
required. 

Abiotic and biotic stress factors 

Landraces are cultivated by farmers in resource-poor and, often, risk-prone environments, 
with various constraints limiting production. Little information is available on the local 
knowledge of, and local methods for dealing with, abiotic and biotic stress factors. The 
interactions with stress factors are the links between landraces and indigenous methods of 
(integrated) pest and disease management. 

Cropping and farming system 

Knowledge is lacking of interactions between cropping systems and landraces versus modern 
varieties. In modern agriculture, varieties are seen as an external input whereas, in the 
concept of LEISA, the landraces are seen more as an integral part of the cropping system. 
Interactions between local diversity and the other crops and activities (animal husbandry, 
local industry) are to be studied [Reijntjes et al., 19921. 

Crop origin 

Local diversity in the plant material of a crop largely depends on whether the crop 
originates from the region (centre of origin, centre of diversity) or whether it has been 
introdu,:ed. In the former situation, local landraces often reflect a broad range of diversity. 
Landraces may be grown in environments with related weed or wild species. Introgression 
may play a role in the local crop improvement. In the latter situation, the diversity 
within and between local landraces may be limited. Actions concerning introduction or 
conservation of genetic resources are influenced by these factors. Methods of local crop 
conservation and crop improvement will be developed at sites representing both situations. 

Minor crops 

Agricultural research has been focused mainly on major food- and cash Crops. Scarcely any 
research is done on region-specific minor and so-cal led iUnder-utilized crops (vegetables, 
legu mes, fruits, trees and lntdicilial plants) which may have very specilic functions in the 
farming system, nutrition and cltI ire of the farmers. Farmers' knowledge of these minor 
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crops will be important in developing strategies for conservation and improvement of those 
crops. 

Seed production systems 

Local conservation and improvement is linked to systems of seed production. Links between 
conservation, improvement and seed production systems have to be studied. Furthermore, 
the influence of local landraces on the organization of seed production at farm, village and 
regional levels has to investigated. Economic data on the importance of local systems o' 
seed production are scarce. 

Gender related issues 

In many regions of the world, the women farmers are most knowledgeable about local 
landraces and crop improvement. In many regions women are the major labour force. Seed 
selection and storage often are the duties of women. The consequences of this must be 
considered in the actions and methods developed. Any change in the farming systems may 
affect the position of the women in agriculture. Further, links between agricultural 
production and household economy are important in the management of the farm. 

Production factors 

Land, labour and capital are the production factors of agriculture. There is little 
knowledge available about the links between these factors and local systems of seed 
production, crop improvement and conservation. 

Nutrition 

Local food crops may play an essential role in the diet of resource-poor farmers. Local 
staple crops, as additional food crops (vegetables and fruits), are also important. Little 
systematic knowledge is available on the nutritional aspects of local crops and landraces. 

Discussion 

There is a need to recognize local crop improvement together with the use of landraces as a 
form of crop improvement which, under specific conditions, provides an alternative to, and 
complements, institutional plant breeding and seed production. 

This raises a number of questions which need to be answered. For example: 

" 	 Under what conditions and circumstances does local crop improvement provide a 
comparative advantage over institutional plant breeding? 

* 	 What are the real or perceived advantages of landraces over modern varieties 
under a diversity of conditions? 

Present information oa these issues is largely anecdotal and requires more systematic and 
comparative information. In essence this means the integration of genetic and technical 
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knowledge with local knowledge systems. This, in turn, often requires the application of 
social science methodologies. 

Agricultural research has tried to better analyse, at various levels, the situations of RPFs 

(among others, farming systems research), in order to improve the setting of priorities for 
on-station agricultural technology development [Harwood, 1979]. This was followed by tile 

adaptation of agricultural technology to farming conditions in local trials. However, the 

agricultural scientists were yet the ones setting priorities and managing tile research 

[Tripp, 1982]. RPFs rarely are encouraged to experiment themselves and, in general, 
scientists still ignore the essential knowledge of these farmers. Various approaches of 

farmers' participatory research (FPR) and participatory technology development (PTD) 

have been developed with an increased participation of farmers in the planning, design, 
implementation and evaluation of trials [Rhoades and Booth, 1982; Chambers and 

Ghildyal, 1985; Chambers and Jiggins, 1985; Chambers, Pacey and Thrupp, 1989; Farrington 
and Martin, 1990; Haverkort eLtal., 1991]. These types of approaches have been applied in 
the development of various forms of agricultural technology, but the local knowledge of 
RPFs still is largely ignored at the level of crop improvement and management of PGR. 
RPFs are seldom involved in tile development of crop varieties. This ignoring of RPFs' local 
knowledge and their capabilities is based primarily on the exclusively scientific basis of 
plant breeding, its institutional setting and the organizational and political bases thereof. 

The objective of such research, however, is not to integrate local crop improvement but 
rather to widen the suitability of modern varieties to replace such systems. This statement 
is not meant as a criticism. In the final analysis, farmers need to be provided with a choice 
and to select the material that is most appropriate for their conditions. The argument put 
forward here is that local crop improvement has an additional role to play and provides 
alternatives to institutional plant breeding that can and must be optimized 
[Cooper et al., 19921. Hence, local crop improvement needs to be provided with a scientific 

basis. In addition, the formal institutional system should, where appropriate, assist in 

strengthening that system, both technically and structurally. It may provide a new 
catalyst to plant breeding and conservation of PGR in the interests of large numbers of 
farmers that, so far, have not benefited from modern research and developments. 
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Seed Diffusion and Utilization Mechanisms: 
Lessons for Africa 

E.Cromwell 4 

The context of farmer seed systems 

In Africa some 60 million farmers, or 50% of the total farming population, live and work in 
areas of comparatively low agricultural potential [Mellor, 1988]; areas that Chambers 
[1989] classifies as "complex, diverse and risky (CDR)". These areas are characterized as 
being relatively remote from market centres, with no ready market for farmers' surplus 
production, nor with easy access to external farm inputs. They tend to have relatively 
infertile soils, lower and more variable rainfall and they are often outside the plains and 
valley bottoms, so are prone to problems related to cultivation on steep and unstable slopes. 
Traditionally, they have received little attention from formal sector agricultural research 
institutions, as have the crops grown in them, because the potential returns to research are 
low in these areas; because it is difficult to produce results for them using formal sector 
agricultural research methods; and it is difficult to reach the large number of small farmers 
living scattered throughout these areas with any suitable innovations that have been 
developed. Accordingly, farmers in CDR areas have developed highly diverse farming 
systems to cope with these constraints. They have tended to rely on their social relations 
within the local community and their family links, for credit, agricultural information and 
access to new technologies such as new varieties of seed. 

These farmers often have limited land; where they have access to large areas in absolute 
terms, almost invariably the land is of low potential. They usually have limited capital 
resources too; much farm production does not enter monetorized market systems and what 
cash there is from crop sales has to be used for other households needs. Many farmers are 
ineligible for credit, because they do not have title to their land and/or because they cannot 
repay loans in cash and/or because they do not want the modern production packages of 
which institutional agricultural credit generally consists. In addition, this kind of credit is 
often available only from distant offices with cumbersome procedures. Credit may be 
available from local money-lenders but, usually, at very high rates of interest so it is used 
only for emergency consumption needs. 

Thus, the only resource over which farmers have some control is labour. Even this may be in 
short supply for on-farm agricultural production. There is often a higher return to the 
household's most productive labour resources (mobile, adult males) in off-farm employment 
in towns or as migrant labour, so only the children, the old people and the women are left to 
work on the farm. The women, in particular, face conflicting demands on their time from 
domestic chores such as water and fuelwood collection, child care and food preparation. 

As a result of this, the agricultural production system of farmers in these areas is geared, 
primarily, to meeting domestic consumption needs for food and other natural resource 
products (roofing and fencing materials, animal fodder, etc.). It is still strongly influenced 

4 The author wishes to acknowledge the financial support of the UK Natural Resources 
Institute, the Rockerfeller Foundation and the UK Overseas Development Administration for 
the research on which this paper is based. (This is reported more fully in Cromwell, Friis-
Hansen and Turner, 1992; Friis-Hansen, 1992; Cromwell and Zambezi, 1992; and Cromwell and 
Wiggins with Wentzel, 1992). The views expressed in this paper are those of the author and 
do not necessarily reflect those of other individuals or institutions. 
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by the social relations of production operating within the wider community. However, the 

production system typically includes commercially-oriented activities such as some 

production of cash crops. Often, some commercial transactions take place as a by-product of 

food production activities (e.g. sale of surplus food crops, beer-brewing, etc.). Accordingly, 

the farming system has to be highly diverse to meet these needs. 

To re-cap, the majority of farmers in Africa have few domestic and external resources to 

allocate to on-farm production, so their aim is to secure a minimum level of food production. 

They achieve this by means of a highly complex farming system in which there are a 

diverse number of land uses and considerable diversity within each (particularly in terms 

of the number of cultivars of each crop grown). The farming system has to be highly 

dynamic; constantly changing in response to changes in internal (family life-cycle) and 

external conditions (climate, off-farm wage rates, new developments in agriculture, etc.). 

Related to this, there is also considerable variation within communities, between 

households at different stages in the family life-cycle and with different resource 

endowments. 

Farmers' seed needs5 

Under the above conditions, farmers require seed for a large number of different crops. They 

also want seed of numerous different cultivars of each crop, to allow for: 

* 	 the varied physical environments in which they plant each crop (valley bottom 
and hillside; different soil types; interplanted, stagger planted and pure stand; 
main season and off-season, etc.); 

* 	 the numerous end uses of each crop (human consumption of the grain and of the 

leaves and roots; beer-brewing; straw and stovers for animal fodder, roofing and 
fencing; storage as an emergency food stock; selling for cash); and 

" 	 coping with the uncertainty of the seasons in CDR areas without the use of external 
inputs, by growing different cultivars (e.g. early-maturing, late-maturing, those 
able to withstand dry spells). Varieties with a high degree of intra-varietal 
variation can be very important for this purpose; if there is some variation in the 

characteristics of different plants within one crop stand the chances of producing 

some harvest, whatever the season, will be increased. 

The cultivars used must yield without large applications of external inputs and 

characteristics, other than high potential grain yield, are also important. Depending on 

the crop and the situation, these can include: taste; processing and cooking qualities; 

storability; and yield of non-grain biomass (leaves, stalks, etc.). 

Finally, farmers need to be able to maintain their seed stocks on-farm for some years (unless 

climatic conditions prevent this, physiologically), without facing a dramatic deterioration 

in the genetic potential of the seed; they need cultivars which breed true to type, so far as 

this is allowed by the breeding system of the crop. Thus, for example, composite varieties 
of maize are more useful for this purpose than are F1 hybrids. 

It is important to consider the specific seed needs of women farmers. In many areas, female

headed households form a significant proportion of the community. Typically, relative, to 

other households, they are short of labour and cash and, therefore, make only limited use 

5 This section is based on Cromwell, Friis-ttansen and Turner, 1992. 
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of seed provided by the formal sector. Women within male-headed households are usually 
responsible for attending to the domestic food needs of the household and they are 
particularly concerned with the storage, processing, cooking and organoleptic qualities of 
cultivars used by the household. These requirements are often relatively neglected b", 
formal sector plant breeders who interface, primarily, with the :nale members of farming 
communities. Accordingly, new varieties generated by the formal sector can damage, 
considerably, the position of women. This was the case, for example, with the first hybrid 
maize varieties introduced in Malawi. The men took over these new varieties to produce a 
cash crop for sale, leaving the women to provide for food needs using the traditional, lower
yielding, local maize cultivars. The first hybrids were bred from soft-kernelled material 
which, unlike the harder local maizes, was prone to pest attack in storage (exacerbated by 
their incomplete sheathing) and crumbled badly when processed by traditional methods. 
These problems have been largely overcome now, with the release of two flinty hybrids, 
MH17 and MHS. 

The situation of women farmers does vary, of course, from place to place. In Swaziland, for 
example, fertilizer is readily available and female-headed households find that using 
hybrid maize varieties and applying fertilizer are useful means of increasing yields 
without the need for extra labour [Low, 1986]. 

To summarize, it is difficult for formal sector plant breeders to provide the kind of seeds 
wanted by the majority of farmers in Africa. This is because the formal sector is geared to 
generating a limited number of varieties each of which, is distinct, uniform and stable 
(DUS), displays wide environmental adaptability, and has potential in terms of high 
grain yield if grown with applications of external inputs. Variation is dealt with by 
releasing a stream of new varieties over time, each to replace the previous, rather than by 
generating a large range of varieties at any one time, between which farmers can choose. 
Furthermore, the formal sector has tended to concentrate on the limited number of crops 
that can be manipulated successfully using scientific plant breeding methods, the best 
known examples being the rices and wheats which produced the Green Revolution in Asia. 

It is less profitable for seed companies to distribute the kind of seeds wanted by farmers in 
CDR areas. The ideal crops from the seed companies' point of view are those that can be 
hybridized and/or have a rapid rate of genetic deterioration (for example, open
pollinated maize, sorghum and millet), as these secure recurrent seed sales. Other 
profitable crops are those with a high sowing rate, such as wheat and rice (because farmers 
have to buy more to plant a given area); and those with a high multiplication factor, such 
as maize (as this enables the company to produce more seed per sowing). Lastly, there can 
be a profitable niche in producing seed that for some reason cannot be maintained 
successfully on-farm. This includes temperate vegetable crops that do not set seed when 
grown under tropical conditions; and crops, such as soyabeans, for which seed cannot be 
stored successfully in hot, humid conditions. 

Thus, in many circumstances, it is seed kept locally by farmers that is more suited to their 
needs than are the modern varieties (MVs) produced by the formal seed sector. Overall, 
some 80% of the cropped area in developing countries is covered by seed which has not 
passed through any marketing channel [Delouche, 1982; Bal and Douglas, 1992]. This can be 
seed of landraces (although few true landraces are still in use in most areas) or it can be 
farmers' varieties (FVs). The latter can take various forms: 

selections from landraces made by farmers on the basis of visible characteristics 
(plant height and architecture, grain size and colour, etc.); an example of this is 
the "Balanka" wheat variety discovered recently being widely grown by farmers in 
eastern Nepal [Ashley and Khatiwada, 1992]; 
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* 	 past releases from the formal sector's agricultural research system, such as the 
"Bingo" maize variety (an adapted form of the 1960s' LHIl I hybrid maize release) 
in common use in many areas in Malawi; and 

* 	 other exotic material which has found its way into the farming system and has 
been maintained, on-farm, and incorporated into the farming system (typical 
examples include seed brought back by travellers and grains saved from 
distributions of food aid). In Malawi, the maize variety "Asikari" is an example 
of this, having been maintained by farmers from the seed handed out to soldiers on 
de-mobilization at the end of World War II. 

There can be an important role for MVs in certain circumstances, however, as where 
environmental change is forcing farmers to modify traditional farming systems. The use of 
early-maturing MVs can be a valuable method for coping with declining rainfall, for 
example. 

Seed diffusion mechanisms in small-farm areas 6 

What is the most economical and convenient method for farmers to obtain fresh seed when 
they require it? There is an important distinction between the acquisition of fresh seed of 
cultivars already in use and that of seed of new varieties. 

New varieties, by definition, require an initial infusion of seed from outside. For varieties 
produced by the formal sector, this is usually as packages of inputs distributed by the 
extension or agricultural credit services, or via sales from local seed company depots or 
their appointed dealers. The seed can be provided free, on credit or for cash; the full cost of 
production may be charged for it, but usually the price of MVs produced by the formal sector 
is subsidized to some extent. 

In practice, only a very small proportion of farmers are ever provided with new varieties 
by the above means. This is because of the limited capacity of these systems. Only a 
limited number of farmers go to the effort of establishing links with formal sector 
agricultural services, can pay cash for seed and are willing to try out new varieties before 
they are widely proven locally; they are usually the farmers with relatively more land 
and more formal education and they are often people with a traditional leadership role in 
the community. 

So, the majority of farmers in CDR areas obtain new varieties, at second hand, from the 
initial adopters within the community. In the Punjab area of Pakistan, for example, two 

thirds of the farmers that obtain new varieties of wheat seed do so by approaching 
neighbouring farmers rather than by going to the local Punjab Seed Corporation depot 

[Tetlay et al., 1990]. Farmers may obtain seed as a gift, as a loan to be re-paid, in-kind, at 

harvest, in return for labouring, or, less commonly, they may pay cash. The advantages for 

them of this system are that they can get very small quantities if they wish, they do not 

have to pay cash, they can see the seed growing and they can get hold of the seed in good 

time for planting (the nearness of farmer sources is not such an important issue;.farmers in 

most areas seem to be willing to travel considerable distances to get good seed). Where the 

cultivar is a FV, an additional consideration is that, in any case, it will not be stocked by 
formal sector seed sources. 

This sechion is based on Cromwell, 1990 and Cromwell and Wiggins with Wentzel, 1992 6 
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For farmers wanting to obtain fresh seed of cultivars already in use in the area, rather than 
seed of new varieties, the above considerations apply even more forcibly. For example, in 
Malawi two thirds of all bean seed used is obtained from neighbours, relatives and other 
local sources [Cromwell and Zambezi, 1992]; and in the Great Lakes region of East Africa 75
85% of bean seed is originally obtained from relatives [Sperling et al., 1992]. 

Aside from the variety considerations discussed in the previous section, seed systems for the 
majority of farmers in Africa must, therefore, provide the following services: 

Quantity 	 Small quantities of each cultivar are required. This is because each 
farmer grows many different cultivars, often plants at lower than 
recommended densities and replaces seed less frequently than 
recommended. Thus, only a handtul of fresh seed may be required each 
year, rather than the amounts provided by seed companies in their 
standard sized packs which, typically, contain sufficient to plant a 
whole hectare at recommended sowing rates. 

Quality 	 Optimum rather than maximum physiological quality is required. 
Farmers in CDR areas do not require that seed meets all the standards 
that ISTA-based certification systems provide; while the physical 
purity of seed and reasonable germination percentages are valued, 
uniform seed size, the genetic purity of varieties and their conformity 
to DUS conditions, are often irrelevant. Furthermore, farmers are 
generally unwilling to pay for the additional cost of packed seed 
(packaging of seed is an integral component of formal sector seed 
certification schemes) and, in any case, standard packs often are split 
up between relatives and neighbours. Instead, for supplies of fresh seed 
of cultivars already in use, farmers will happily use seed from crops 
they have seen growing on neighbours' land. Thus they substitute 
visible "neighbour certification" for the invisible benefits of formal 
seed certification. Formal certification does not guarantee seed quality 
because, often, seed is stored in poor conditions after leaving the 
processing plant. 

Timeliness 	 Delivery of seed in good time for planting is critical for farmers in CDR 
areas, for two reasons. Firstly, because delayed planting has a much 
greater impact on eventual yield in these areas than in higher 
potential areas [Edwards et al., 19881 and secondly, because when 
farmers in CDR areas have cash they cannot afford to tie it up in buying 
stocks of seed far in advance of the planting season. Seed companies in 
the formal sector, especially parastatals with bureaucratic procedures 
for the allocation of vehicles, often perform particularly badly with 
respect to timely deliveries. In addition, the task is more difficult in 
CDR areas which are usually remote and without good roads [Allen, 
19681. 

Price 	 Farmers are often unwilling to pay for seed, for a number of reasons. 
Firstly, because they cannot see its superior quality, they are often 
unwilling to pay a premium over grain prices for certified seed. This 
premium can be very high where grain prices are kept artificially low 
by government. 

Secondly, farmers see the cost of purchased seed as too large a 
proportion of their total production costs, as they rarely consider the 
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shadow cost of their own labour inputs. Including labour costs, seed costs 
are, in fact, only 2-5% of the total production costs for most crops [Ruigu, 
1988; Cromwell and Zambezi, 1992]. 

Thirdly, they see seed saved on-farm as an obvious substitute for 

purchased seed; they do not take into account the opportunity cost of 
saving seed in terms of reduced food availability and/or lower income 
from crop sales. 

Fourthly, as we saw earlier even when there appear to be advantages 
to purchasing seed from the formal sector, farmers may not have the 
cash to pay for seed. 

Finally, because demand for seed is a derived demand for its ultimate 
benefits (primarily, increased or more secure production), where the 
available varieties cannot provide these benefits, they will not be 

bought. This is often the case on farms in CDR areas. The constraints on 
allocating household labour to on-farm production can have an 
important influence on the demand for MVs; to yield well, many of 
these require extra labour for careful planting, extra weeding and 
harvesting, particularly if they are not fertilized [Allen, 1968]. In 
areas with high formal sector wage rates, or with a high proportion of 
female-headed households, this extra labour may not be available. 

The minimum grain : seed price ratios for different crops that provide 
commercial seed companies with a fair return are given in Table 1. 
These ratios can be considerably reduced when seed is produced tinder 
local multiplication schemes (transport is usually the single biggest 
cost of seed produced by the formal sector). However, in practice MVs 
produced by the formal seed sector are often artificially promoted by 
subsidizing the price at which they are sold to farmers and this results 
in an overblown reduction in the use of FVs and other more genetically 
diverse material. 

Table 1. Minimum grain :seed price ratios for different crops 

Crop Ratio 

Single cross maize hybrid 1:5
 
Three-way cross maize hybrid 1:3
 
Double cross maize hybrid 1:2
 

Groundnuts 1:2
 
Wheat 1:2
 
Rice 1:2
 

Note: Factory gate cost (i.e, processed and packed) ratios indeveloped countries are often higher. 

Source: Cromwell, Friis-Hansen and Turner, 1992 
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While the above points are valid as generalizations, the variation in tile seed needs of 
different households within individual farming communities can be substantial and is an 
important factor to take into consideration. Evidence from Malawi suggests that there are 
four distinct categories of seed users within communities in CDR areas, although the 
proportion of households in each category varies from place to place and households can be 
in different categories for different crops. The categories are: 

" 	 households that are seed secure and never obtain seed off-farm; 

* 	 those that obtain seed off-farm from time to time lY choice, in order to get fresh 
stocks of seed or new varieties to try; 

* 	 those that obtain seed off-farm from time to time because of a domestic crisis 
(harvest failure, death or illness in the family, etc.); and 

* 	 those that have a chronically inisecure seed supply, (most commonly due to shortage 
of labour) and consistently have to source seed off-farm [Cromwell and Zambezi, 
1992]. 

Research into the channels used by farmers in Rwanda and Burundi to obtain bean seed 
provides similar evidence of this intra-household variation [Sperling ct al, 19921. 

To conclude, it is not surprising that the vast majority of farmers in Africa still use 
community seed diffusion systems for most of their off-farm seed needs, because these 
provide seed in a manner which is accessible to small farmers: 

* 	 they deal with most zaricties of seed - local farmers' varieties as well as 
adaptations of MVs; 

* 	 the individual quantities of seed exchanged are often very small; 

* the quality of the seed provided does not meet formal sector certification standards 
but, except in environments where seed-borne diseases or off-season storage is a 
particular problem, it is appropriate for farmers' needs; 

* 	 a wide range of eXcham,.y nechanismius are used to transfer seed between individuals 
and households, including barter and transfers based on social obligations; 

* 	 they are informal in their organization, changing between locations and over time 
are and not subject to the same rigidities as formal sector organizations; 

* 	 they operate mainly at the comm unity h'1'el, alt l ugh lines of supply may extend 
over a relatively wide geographical area; and 

* 	 they are traditional; not necessarily static over time in the way they operate but 
well-established and often elaborate structures based on, and developing out of, tle 
traditional channels of information and exchange that exist within the community. 

Conclusions: implications for safeguarding Africa's plant genetic base 

How African farmers' seed systems match with cu rent thinking on the desirable plant 
genetic resource base in the sub-continent and what strategies are needed to ensure a better 
match, need to be assessed by those who are fully an fait with the technical aspects of the 
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current plant genetic resources debates. Nonetheless, what has emerged clearly from the 

socio-economic approach used in this paper is that there is a strong correlation between 

safeguarding the genetic base of Africa's traditional crops and providing for small farmers' 

plant genetic resources needs. Three points, in particular, stand out and these are flagged 

for consideration: 

* the economic circumstances of the majority of small farm households in Africa 

dictate ,n important role in farmers' variety portfolio.-. for MVs as well as for FVs 

and other traditional planting material; 

* there need., to be greater willingness to accept that many of the current generation 

of MVs are inappropriate for small farmers' needs, because of the plant breeding 

methods used in their development; and 

* 	 at the same time, there needs to be more recognition Of the value of community seed 

diffusion mechanisms in supplying farmers' seed needs and, therefore, of the value 

of supporting the structural aspects of seed diffusion as well as genetic resources 

conservation. 

These points can be illustrated with reference to Figure 1. This figure shows the various 

combinations of planting material and seed supply systems that are compatible with 

strengthening the sustainability of farming systems in CDR areas (and also those that 

have been tried but, in practice, art usually incompatible, for the reasons o,.,linmed in this 

paper). Ill terms of Figure 1, the key task is, therefore, to set up policy, programme 'md 

project initiatives which wil! fill the blank boxes. What sort of initiatives will be 

required for this to be achieved? 

Plant genetic resources conservation 

The single most important implication of this examination of farmer seed systems for the 

plant genetic resources debate, is that farmers in CDR areas want access to M\s, FVs and 

the range of genetic material in between. This fact is somIretimp,es forgotten in tile rush to 

conserve indigenous germplasm. It is important to avoid subst iiti:lg one ',lant genetics 

straight-jacket with another (i.e. promoting FVs rather than M Vs). lbhis has dallgerous,, 

externality effeCts for farmers in C DR areas because of the latlre Of plant genetiC resource 

conservation activities being for the public good (ill any cas,, in silo conservation of [Vs and 

,oourse, not the only method of preserving genetic diversity). Whilelandraces is, Of 
is important for the long-term sustainabiit of globalconserving genetic diversity 

agricullure, in the shi rt-term, it could be coisiderably nIon-beneficial (ill terms Of reduced 

productiton, etc.), for individual farmers to use only indigenous germplasm. 

TO enc umrage ta rmrs in (Il1R areas t i, ,e ,Wdiverse p1clt genetit' base and to make it worth 

their while to incre'ase diversity in their (turrent production ,vstelns, retjlires mac. 

economic price policy iitervel'tion. At the very It,ist, it rettiies all cIl to the common 

practice Of suihsidizing the (Ot ot MV 'eeL. More radically, it i, possible to make a Sound 

eco1ni Ls Ir c1Onpi't,,ating tarirs for manhaning the less protLuictive landraTes and 

I:Vs. jIll, (olv'elltiln on Bioiogical I )ivTrsi t, signeid ,it the t ))2,I UN ('ollt 'lCe o til e 

I[nvirnmnent antI l)evelopmlent ha , alr0ahy gone. sonIl way' towards rcogni/ilg this case, 

particularly in its ArticIts 8 and It. 
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Seed system/ 
variety 

Farmer9 varirties Enhanced FVs Locally adapted 
MVs 

Moderin 
varieties 

F,hybrid 

Self-poll/OP 

Emergency seed Concern, Sudan Concern, 
distribution Sudan 

Atghanaid, 
Afhganistan 

Community seed ACORD, Mali ACORD, 
banks Oxfam, Sudan Sudan 

NEF/Oxtam, Mali 

Farmer-saved 
seed and COMPATIBLE WITH STRENGTHENING 
community seed 
exchange FARMING SYSTEMS IN CDR AREAS 

Local seed ASS, Ethiopia (SCF, Gambia) CIC, Mozambique SCF Gambia 
multiplication MIND, Philippines CESA, Ecuador CESA. Ecuador 
and distribution FFHC, Gambia CIAT, Great Lakes AA Gamba 

GSY. Gambia 
Z-San Zimbabwe GSM, Gambia 

(MCC, FFHC, Gambia 
Bangladesh) PPS Nepal 
(KHAP, Nepal) KHAP Nepai 
AA, Nepal AA, Nepal 

PAI.Bfazil 
CIA], Colomb~a 

Govenment!MNC AIC, Nepal NSCM, 
seed companes PSC, Pakistan Malawi 

Zamseed, 
Zambia 

Figure 1. 	 Seed syotems inCDR areas 

Note: 	 FV = farmers' variety; OP = open-pollinated; 
MV = modern variety; MNC = multi-national company 

Combination of seed varieties and seed systems 
D = incompatible F1 =compatible 
with strengthening farming systems in CDR areas 

Source: 	 ODi records 
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Plant breeding 

There must be more exploration of the potential of indigenous germplasm to provide 

varieties with attributes wanted by farmers in CDR areas. This, for example, is already 

being done with considerable success by the Plant Genetic Resources Centre in Ethiopia. 

At the same time, plant breeders must pay more attention to generating MVs modified to 

suit farmers' needs, to improving existing FVs and to the whole range of genetic material in 

between. Breeders need to produce a large number of varieties, both IVs and F:Vs, including 

some displaying a degree of intra-varietal variation ('unfinished' varieties). This would 

make available portfolios of large numbers of different varieties to lit in with both the 

complex mixes of cultivars in use at anvy one time in (-DR areas and with the constant change 

in cultivar mixes over time. Such provision becomes increasiglV important in response to 

the climatic changes affecting farming systems in an increasing number of CDR areas. 

Plant breeders also need to give greater weight in their breeding objectives to the non-yield 

characteristics (taste, storability, etc.). Though valued by small farmers they are rarely 

given much importance by formal sector plant breeders. 

These changes in the orientation and products of plant breeding trogrammes will require 

changes in both the breeding objectives and the scientific methods used by the formal sector. 

For example, pla.,t breeders could capitalize on farmers' considerable plant breeding 

expertise by providing a range of material, including unfinished varieties, for the farmers 

themselves to manipulate. This would bring further benefits by reducing plant breeding 

costs and speeding up the release of material. It is the stabilizing of varieties, once they 

have been generated, that is often the lengthy part of formal sector plant breeding. 

on the free nioveinent ofThe introduction of these kinds of changes is entirely dependent 

germplasm which, in turn, requires the absence of inllectual property rights on plant 

genetic resources, particularly patents of the type Linder discussion in the current round of 

the General Agreement of Tariffs and Trade ((;ATT) talks. A relaxation of variety release 

seed standards, by permitting FVs and Other non-MV and non-formallyprocedures and 

certified types of eed to be traded as seed, would also help.
 

Seed supply systems 

Another implication which is worth emphasizing is that it may not always be seed Of new 

most want or need. Rather, it may be access to improved, or-farmvarieties that farmers 
seed care techniques and technologies (drying, storage structures and dressings; and pre

planting selection techniques). As with plant breeding, the need here is again to capitalize 

indigenous knowledge rather than to try to replicate techniques and technologies used byon 
the formal seed sector. 

farners may want better acce:,s to off-farm sources of fresh seed of cultivarsAlternatively, 

already in use. I'ossible initiatives here include distributing seed produced by the formal
 

sector through traditional community seed diffusion mechanisms rather than through cash

based cOMpalviydIealIrsiips and seed and fertilizer packages tHIa Inav not be relevant for 

farmers' ne'eds, in tither content or size. This is already being tried M a limited scale, but 

'.ill,I 1Y I iniber 4tnon-governii ental organization,,. Figure I gives examples.s (l"te-"-, 

If local inltiplication o sted tall also betecouraged, thi often has additional advantages 

in terms t redtl lig 1ed pFotltiMtioll (Osts, lot least becaulse transIort',rtis One 1tthe largest 

cost elmtnts ili .hormalIYtor sedt' supply systems. 
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The Role of Farmers inthe Domestication, Maintenance and Use 
of Traditional Crops 

Susan K.Nzou 

Traditional staple crops 

The traditional Akamba farmer grew crops that included millet, sorghum, cowpea, maize, 
sweet-potato, cassava, banana, finger millet, sugar-cane and pumpkin. With no farming 
tools to clear the farm, he used fire to destroy tree trunks and strong, sharpened poles to 
remove the stumps. 

Harvesting would start in February when the crops were dry. Thereafter, the crops were 
stored in traditional stores called Ikumbi to wait for the dry season in August. During the 
dry period the millet and sorghum would be crushed to separate the grain from the chaff 
(syiia a'ya mwee). After mixing the grain with ash, for preservation, it was stored in 
another traditional type of store called Kiinga. Maize kernels for eating were removed 
from the cobs, mixed with ash and then stored in a guard. Seed maize cobs would be tied 
together to the king post at the centre of the living hut, over the fireplace, to be preserved 
by smoke. 

Millet, sorghum, maize and finger millet were used to make an African dish called musandi 
porridge. Maize kernels were mixed with cowpeas and cooked to make muthele or githeri, 
or crushed using a mortar and pestle and cooked in other ways. Cowpeas were generally 
crushed into small pieces before being cooked; the leaves were used as vegetables. Sweet
potatoes, cassava and bananas are two-three season crops. When mature, they were taken 
home, cooked and eaten. Bananas could be stored for some days while ripening. Sugar cane 
was chewed raw or made into African beer called kaluvu. 

Indigenous vegetables 

Vegetable crops grown by traditional farmers included kitelele, kikowe, green leaves of 
cassava, musee,ndulu, mathookwe. The leaves were collected, cooked and consumed with 
nusandi. 

Indigenous fruits 

These include matoo, inaungoa maua, ngala, mum, matote, nakuyu, thumula and kiamba. 
These fruits were vital to the people especially in times of drought and famine. 

Indigenous medicinal plants 

Some indigenous plants were used medicinally. Examples are: kitongu which was used to 
treat abdominal pain; nthumula, the syrup of which was used to treat pneumonia; muteta 
was used to treat fever; niutungati was used to treat wounds; kilhdui was used to treat chest 
pains; kikolokolo fibres were chewed to treat coughs; and mukuli was used to treat colds. 
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Conclusions and recommendations 

1. 	 The use of indigenous plants for medicinal purposes is dying. 

2. 	 Some indigenous plants can be a source of money to the farmer, e.g. nthunuda and 
Iflll. 

Farmers have seen the value of indigenous plants and have collected their seeds for 
planting. These farmers should be provided with more mechanical knowledge on how to 
grow indigenous plants. 

Public education is needed because the younger generation is ignorant of the importance and 
use of indigenous plants. 



The Role of Ethnobotany and Customary Knowledge
inthe Conservation and Use of Plants. 

A.B.Cunningham 

Introduction 

There is an encouraging awareness among individuals and organizations represented at this 
seminar of the need for effective action to conserve useful wild plant species and crop plant 
variety. The issues and a conservation strategy have been well documented [Davis et al., 
1986; WRI, 19921. We arc also aware, however, of the shortage of money and manpower for 
this task, particularly at national and/or regional levels in Africa. Existing coverage of ex 
situ genebank conservation falls well short of the targets set for the next five year period 
[Table 11. Ethnobotanical research and customary knowledge of African farmers and 
resource users (the majority of whon are women) provide important means of addressing 
this problem. 

Table 1.Targets for genebank coverage [from WRI, 1992] 

Current number Target in5years 

Crop genepools 2 million 3.0 million
 
Forest species few thousands 1.5 million
 
Domesticated animals few thousands 0.5 million ?
 
Medicinal plants almost 0 0.5 million
 
Ecosystem rehabilitation almost 0 0.5 million
 
Locally important plants few hundred 1.0 million
 
Microorganisms 500 000 1.0 million
 

The value of folk taxonomy has long been recognized by academics [Berlin, 1992] and, often, 
has been adopted into l.innaean taxonomic classification (such as the African medicinal 
plant Mondia whitei after the Zulu specific name ionondi or the South American crop 
Arracaccia xan thorrhiza after the local name arracacha). However, both folk taxonomy 
and customary knowledge of important plant species remain underutilized in conservation 
strategies for both wild and crop plants. 

]/q )
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Customary knowledge7,collecting and conservation 

More effective use of customary knowledge of wild plants and landraces can be a major part 
of a more effective plant conservation strategy. For example, its value has been recognized 
and applied in developing a conservation strategy for medicinal plants in a complex 
situation dealing with over 400 indigenous and over 20 exotic medicinal plant species 
[Cunningham, 1990a, 1991]. The same complexity can apply to landraces of crop plants, 
whether in Africa or elsewhere. In the Andean mountains of South America, for example, 
farmers have selected thousands of Andean potato (Solaniurn) varieties over approximately 
8 000 years of cultivation, with up to 200 varieties grown in a single field [Vietmeyer, 1989]. 
Similarly, in West Africa, innovative work by Richards [1985] and colleagues [Monde and 
Richards, pers. comm.] has shown the value of using farmers' knowledge in rice breeding 
and germplasm conservation. 

In some cases, folk taxonomy takes a very different approach to that of Linnaean taxonomy. 
In the Zambezi valley in Zimbabwe, for example, all five cultivated races of sorghum occur 
(caffra, caudaturn, durra, bicolor and guinea) and l.innaean taxonomists distinguish between 
them most easily by their distinctive spikelets. Local peasant farmes do not recognize 
such divisions, however. They recognize varieties on the basis of a combination of 
morphology, ecological requirements and usage [van Oosterhout, 1990]. Similarly, African 
herbalists use bulb, root, bark or sap characters, as well as taste and smell, more frequently 
than flower, fruit or leaf characteristics [Cunningham, 1990b]. This can result in differing 
local names for a single species at a "variety" level, based on plant age or form. An 
example of this is the classification by Zulu and Tembe-Thonga speaking herbalists of 
large, older individuals of the African medicinal plant Schh'cterina initrostetimiatoides 
(Passifloraceae) as "ihlalanyosi-obonu", referring to the thicker red roots, while smaller 
plants, with thinner, paler roots are named "ihlalanyosi-omhlope". 

Rather than opposing one another, folk and Linnaean taxonomic systems need to be seen as 
complementary tools in making in situ and cx situ plant conservation more effective. There 
are many advantages in this approach, not the least of which is that working with local 
specialists, whether herbalists or expert farmers, is an instructive process for the formally 
trained researcher who is thus able to learn the use of plant taxonomic characters that are 
rarely, if ever, used in Ltinnaean taxonomy because taxonomists usually base their work on 
flower, leaf or fruit characters from dried material. 

In all cases, these folk taxonomy characters can be evaluated and used in plant 
classification, such as in the development of a key to bulbous medicinal plants (exclusive of 
leaf, flower or fruit characters) for use by medical doctors dealing with cases of overdosage 
and poisoning with herbal medicine, or conservation staff in identifying threatened species 
(Tait and Cunninghan, 19891. Similarly, a key to tuberous crop plants could be developed 
using a combination of leaf and tuber characters or tuber characters alone. In Kigezi, 
western Uganda, for example, Bakiga farmers recognize at least nine different sweet potato 
(Ipoinoea batatas) varieties [Table 2]. 

"7llt ttl.rm custtonliry k1l0'W'edgL' dubceraM\'ti- vU d n JId I' mortr tuitai lterlailjv Ii he more iilni l) v iIwtd 
Ien,r I,"r,lillOl1,1" tir "IIllg(j'nIOls " knowklid t', ILocal kln{ 'vledge is d 'l,ill',111a d c'hang;ing; it dhie hi.p. h 

,WL'01110 dtv new crops dnd I 1-IlndigtV1t0ls st' It's Is well as in rt'sponst' to 'ltuural t hang, bot inullg 
cutonmarv k now%,VhCdigwith hint Iloth *traditiul'" and "indgenous" untormtnatlv iiph'a stati, appriiih to 

t
whaLt is a dvnaniuc, Invtliv', isperlmwntal pro s, (O , hwervatuon an(d eperin'ntation 1v pp 'ohitlh,eand 
plants. 
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Table 2. Classification of sweet potato varieties inwestern Uganda 

Local name Characteristics 

enderera large tubers, pale skin, and pale inner tuber 
kyebandera red skin, pale inner tuber 
mukazi red skin, pale inner tuber, different leaf shape to "kvebandera" 
kanyasi smaller tubers than "enderera", pale "white" skin "Ind inner tuber, small 

leaves 
rushalita yellow skin which is bitter ta.,ting, pale inner tuber, large leaves 
nora vellow skin, pale inner tuber, narrow leaves 
magabali yellow skin, vellow inner tuber, has many "eves"; is good to eat rawred skin, white or red inner tuber senga
sunday yello, skin, yellow inner tuber, which does not grow as large as "nora" 

In the same area, farmers recognize and have local names for different varieties of other 
introduced crops such as cassava (Manilit utilissima), e.g. "kakoba" (white tubers and a 
hard eating consistency) and "pologoma", (reddish tubers); and for indigenous African crops 
like Eleusine coracana. 

At a time when unemployment is high and qualified personnel are sorely needed to develop 
the national and/or regional capacities for germplasm collection, it is a matter of urgency 
that the expertise of farmers and the value of local knowledge is recognized and 
incorporated to a greater degree in collecting programmes in eastern and southern Africa. 

Examples of folk taxonomic classification 

In order to illustrate the wealth of local knowledge, held by peasant farmers, with respect 
to important crop plants, I give two examples from climatically, culturally and 
biologically different parts of southern and eastern Africa. The first is watermelon 
(Citrullus lanatus), an indigenous crop plant with wild relatives in southern Africa; and 
the second, the banana, which has its centre of origin in South-East Asia, and was 
introduced into East Africa by lndo-Malayan immigrants and Arab traders [Swennen and 
Vuylsteke, 19911. 

1.Citrulluslanatus (Cucurbitaceae) 

Indigenous knowledge of variation within a single useful plant species, in terms of fruit 
yield, fruiting times or fruit quality, can be an important and cost-effective guide to 
collection of plant genetic material and seleciion for desirable characters in the 
development of cultivars. KwaNyama-speaking farmers in Namibia distinguish between, 
and can name, seven different varieties of Citrullus lanatus [Table 31 based on qualities of 
fruit size, taste, skin colour, seed colour or whether or not the seed margins are ridged. This 
folk taxonomy often reflects how the crop is used [Rodin, 1985]. 

It is likely that an equally detailed knowledge is held by gatherers of Cucumis and 
Citrullus species and possibly even Acanthosicytos in other pars of Namibia. The first two 
genera have been identified by SADCC as priorities for Botswana [SIDA, 1989] and the 
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same should apply to Namibia. Appropriate recognition should be given to traditional 

knowledge and it should be used more extensively as a guide to collecting a broad range of 

genotypes of these genera. This is to be the focus of a study by G. Maggs (National 

Herbarium, Windhoek). 

2. Matooke and other bananas (Musa species) 

Bananas are a major crop in the highlands of East Africa. The per capita consumption of 

bananas in this region is higher than anywhere else in the world [FAO, 1985]. Unlike 

commercial banana production in southern Africa, which is based mainly on the Cavendish 

variety, a rich diversity of banana types are grown by East African peasant farmers; an 

estimated 45 to 70 clones are cultivated in the highlands of Rwanda, Burundi, eastern 

Zaire, Uganda, western Tanzania and Kenya [Swennen and Vuylsteke, 1991]. 

Table 3. Classification of watermelon by some farmers inNamibia 

Local name 	 Characteristics 

etanga leliua 	 a large, elongated, dark green fruit which is eaten 
cooked;
 

etanga lomungengo 	 a small, round fruit, with a mottled green-and-yellow 
skin; because taste is bland the melons are fed to pigs 
but seeds are eaten raw; 

etanga lepuputa 	 similar fruit to "etanga lomungengo"; a sour taste, 
white seeds and a melon that is eaten cooked; 

ekanuma 	 an oblong, light green melon with dark green stripes, 
white or red flesh and reddish seeds; is eaten raw; 

omumbada 	 a soft, green, oblong fruit which is baked before flesh 
is eaten; white seeds that are eaten raw or fried; 

domaliua 	 has white flesh with seeds eaten raw; 

enuua 	 with yellow flesh and seeds that can be eaten raw. 

In south-western Uganda, for example, the three major categories, namely, cooking bananas 
or plantains (commi nly called "matooke"), bananas used for making beer and sweet or 

desert bananas, are divided into at least 20 different varieties, each with a local name. 
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Examples of Bakiga names for these three categories of bananas are: 

matooke cooking enjagata, mbwaziruma, empinda, marambi, 
banana/plantain varieties: enzerabahima, kyitika, the large enkurura plantain and 

the ngonja bananas, which are normally roasted, with 
the skin oil, next to a fire; 

beer (tonto) embiri, subi, musa, and endizi; 
making varieties: 

desert or sweet kabaragara, mbogoya, mujuba and the spectacular red 
bananas. skinned ekyijungu variety. 

This is an excellent illustration of the dynamic nature of local knowledge, which far from 
being "traditional" in the sense of being fixed in time, has developed a folk taxonomy for 
this relatively new crop to Africa. 

Most farmers cultivate 10 - 12 varieties in a single field, interplanted and producing 
bananas at different times of the year. They are able to distinguish different varieties on 
the basis of leaf, stem and fruit characters. At a time when black Sigatoka leaf spot 
disease is a major threat to food security in East Africa and an economic problem, the 
expertise, acute observation and interest of farmers could play a major role in breeding and 
selection programmes for disease resistance. 

Conclusion 

In Africa, a narrowing of the genetic base of crop plants with its concomitant threat to food 
security together with the threat to the presently or potentially important wild species, 
valued for medicinal or other purposes, will be an increasing problem in the foreseeable 
future. Not only are specialist plant users, such as herbalists or craft workers, and peasant 
farmers custodians of this diversity, but they can play a major role at the "cutting edge" of 
plant conservation efforts. ro be most effective, the common current practice of swift 
"collecting missions" often carried out by collectors from Europe, Japan or North America 
must be modified to place a greater emphasis on longer field trips which involve peasant 
farmers as research and plant conservation partners. The many advantages they offer must 
be recognized: great knowledge of local varieties, acute observation of plant and ecological 
characters, and the opportunity to collect and observe early and late producing varieties in 
a World where professional international staff are often too rushed. 
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The Role of Traditional Knowledge inGermplasm Collecting 

K.Hammer and D. N. Mbewe 

Introduction 

A number of crops have originated or have been domesticated in Africa. These include 
sorghum, pearl- and finger-millets, coffee, cowpea, African rice, Diitaria spp., Bambara 
groundnut, sesame, castor, oil palm, yam, watermelon, Gossyipiuni hLerbace'um, okra, roselle 
[Simmonds, 1979; Anishettv and Perret, 1981; Mooney, 1983; Paroda and Arora, 1991]. In 
addition, the continent is also a centre of diversity of crops, including durumi wheat 
(Triticum durum) and barley (tlordeunt vulgar). It therefore has a wealth of crop genetic 
diversity, both in terms of cultivated and wild forms. The genetic diversity is enhanced 
further by the presence of landraces of some of the introduced crop species, such as maize. 

The main "custodians" of this genetic diversity are the rural farmers [Mooney, 1983]. 
Among other uses, the peasant farmer has, over the years, used this material to produce 
food, fibre and medicines and as a source of fuel. Knowledge about crops, such as types, uses, 
cropping systems, cultivation methods, etc., has been handed down from generation to 
generation, mainly through local languages. 

Traditional crops are well adapted to the environment but suffer, in most cases, from the 
fact that they produce lower yields. As a result, more and more peasant farmers the world 
over have turned, and are still turning, to improved varieties with high yields but a 
narrower genetic base. This has lead to a significant number of peasant farmers abandoning 
the traditional crops, which action eventually contributes tc loss of genetic diversity. It 
should be pointed out, however, that the extent of the loss of genetic diversity as a result of 
the increased uSe of improved varieties, depends in part, on the cropping systems in use 
[Brush, 1991; Fsquivel and Hammer, 19921. In recent years, the rate of loss of genetic 
diversity in Africa through the adoption of improved varieties has been accelerated by the 
drive for food self-sufficiency. In a number of countries, government policies were 
deliberately aimed at the increased production of one staple crop (e.g. maize, at the 
expense of others such as sorghum, millets and cassava). 

As more and more farmers adopt the improved varieties, not only does the crop diversity 
diminish [L.aghetti et al., 1990)] but the knowledge about them also gets lost. This makes 
collection even more difficult. The situation is made worse bv the increasing migration of 
young people from the rural to urban areas resulting in lower numbers of farmers and 
consequently loss of traditional knowledge. It is imperative, therefore, that this 
knowledge be utilized as quickly as possible in collecting gernplasm, not only in Africa but 
in any other parts of the world, where applicable. A quote from the Keystone International 
Dialogue [1991] report is appropriate: "To be successful, the Global Initiative set forth in 
the report will require the joint efforts and involvement of all affected parties and 
institutions from all levels and from all parts of the world - including those who are 
contributors of germplasms, information, technology, funds and systems of information". 

This paper discusses how traditional knowledge (information) can be usL, inendancing the 
crop genetic base, which in turn will contribute to the Global Initiative in so far as the 
collection of germplasm is concerned. 
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Type of knowledge 

Normally, a germplasm collection strategy involves, among other things, the acquisition of 
information from country reports, regional/provincial documents, botanical maps and 
academic research publications [Arora, 19911. These give knowledge on climate, ecology, 
vegetation and agriculture. The contribution of the re,pective reports to this knowledge 
depends on their availability and, to some extent, the state of development of a particular 
country. The secondary information thus obtaled, is supplmented by knowledge from 
local people in the rural areas and peasant farmers. In most developing countries, e.g. those 
in Africa, where the written knowledge is scarce or sometimes non-existent, traditional 
knowledge assu mes even greater significance. 

The type of traditional knowledge that can be useful in co:lecting gerinplasm is vared, but 
it ilncludes information on the type of plant, use(s), role in the people's nutrition, the state 
of the plant (i.e. Cl lItivated or completely wild) the importance placed on the crop by the 
local people, cropping systems, agronomic practices [I squ ivel Vt al., 1990; Blixt, pers. 
comm.[, adaptation and quality, Such knowledge will not only give an idea of the best 
ways of maintaining the crop's genetic diversity, but also tihe potential utilization in 
breeding programmes. Information on multiple uses of a particular plant may explain the 
developmental pattern or introgressiVe developmnlt, e.g. beans which are used either as a 
vegetable or a5 grain; while information on til state of the plant may assist in placing 
collection priorities. For example, depending on the environmental threat, low priority can 
be placed on those plants that are completely wild. lliis will not only:save time, but also 
ti-, costs of collecting. Some ci idllectors have ltilized traditional know ledge to identify 
crops IFsLIqivel and Hammn ,er, 1988; IB R(, 199(, . 

1 rad itionAl knowledge c/l take many forms; it can be in the form of verbal cm0nLllication, 
local na mes, folk names ,r old ethlobotan icalI records [I.gighetti ct al., 1990]. Collecting in 
Georgia, Beridze it ill., 8-1 folk for their collection, while1191 utilized names Il ammer et 
a., [19851 used informationl ab(Iut "lriticUMilcoccou gathered from the local people during 

the collection mission in Italy. Maly such exampIes are readily available in the 
literatUre. 

As pointed oLit earlier, the extent of the know ldge is a function (f its availability. Apart 
from the negative effects of other factors ,ausing gene tic diversity loss, as more people of 
the Older generation die, tit Ithss the knowledge that will be aVailable. Lhis calIs for 
steps to Iescle the traditiomal knwledge tIOlIngh such projects as the "memory bank" 
project in the Philippime, that is beiIg coLducte 1)\ the International Pot atoo entrev (hMIPr) 
ill conj I nCt i(n with Ue Ir's I)erspect iVe with Ag r u Itotral Research a nd t)eveop(nL1t 

(UPWARI)) MIIIH'(R, 191) ]. Memory Ialks parallel the g,,nebanks but, instead of 
preserving the germplasn per .', they p'eserve tile traditional know ledge that can be 
helpful in futu re citle,.it in 

Traditional knowledge and the use of indicator crops ingermplasm collecting 

Colliing sin-,s can be tither ,pecific or broaIL based lArora, l-l ]1. In :-pecitic missions, 
the objective might be lI .illt,1 aterial with detined characteristics, while broad based 
ones are m,inv at multi-crop accessions. In the case (11theiimed Wikhectiig latter, the uAse 
Ot indit atur irip., has beei tiLlnd to hi' tllit' us-,eful [IIamnmm'lr 0' id., 198 1; 11)85; 1lammer 
i't 111.. I)1)(); l[e'tld/t' 0i A!., 11)S21. I r,ditii ,al knowledge oft (r tuSed to-ch tltps has bIee, 

ctllect germoplasrm ; tir e\,i tpli,, li.rild., till., I 19821 wem'e ablh h ust, kmno.Vhlidle 01 '.,peicies 
regarded as imiillc,ti ,". Ot lnrll i' puiptladtiomi' , '.g. r0ullil s'uaius, I.iilll Ii'OiI'lltilm 

and ,,Iuyr.u'ui iii (. m'lgi,. while' I lam,l ri' ut W., 11990l() iised kiiovwleilge, ginielIthu\,, 

http:citle,.it
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from the farmers, on Triticim dicoccon, to collect not only T. dicoccon itself, but also T. 
inonococcum, T. turgidumn, and landraces of T. aestivum, T. durun and Secale cereale' in 
soutLern Italy, as well as pulses and vegetables. Using this method, it is possible to cover a 
wider area; a useful approach when there is need to carry out rescue missions [Hammer et 
al., 1991]. 

In Africa, a number of general collecting missions have been undertaken, but the fast 
changing environment (as a result of global warming, for example:) will necessitate more 
rescue missions, especially in desert areas [Moss, 19901. In such cases, prior knowledge of 
some indicator crops would be very beneficial. Apart fron- the desert areas, other 
collections should be undertaken in areas which have not, or have only partially, been 
covered. Funding and time permitting, subsequent collecting missions can be more specific. 
Some scientists believe that collections in any particular area should be done at intervals of 
10 years [V. Dragavtsev, as quoted by II3PGR, 1990], but this would depend on the degree of 
evolutionary pressure as exerted by various fa,_ors, such as agricultural system and climate. 

Source of traditional knowledge 

The main sources of traditional knowledge, apart from the literature, are peasant farmers 
themselves. The farmers are the ones who practice traditional agriculture and, as such, 
they are the custodians of the know!edge about the plants they grow [Esquivel et al., 1990]. 
In most parts of Africa (as well other Third World areas), some farmers have continued to 
grow their own seeds as a safeguard against the disaster-prone, high-yielding varieties 
[Mooney, 19831. 

Farmers maintain their crops, not only in the normal field gardens, but also in home gardens 
or conucos [Escuivel and Hammer, 1988; Esquivel et al., 1988; Padoch and de Jong, 1991]. 
Many of these conucos contain a number of old plant cultivars and have developed a high 
level of plant diversity; they also vary in size, appearance and species combinations 
[Padoch and de Jong, 19911. In a detailed study of the home gardens or conucos in Cuba, 
Esquivel and Hammer [19881 found a wide variation in the type and size of gardens (small, 
medium, large) and genetic diversity knowledge which could be used for the collection of 
crop germplasm. To demonstrate the wealth of genetic diversity in such gardens, the 
authors reported 80 taxa in the cases investigated, consisting of ornamental Iplants (20), 
fruits (15), vegetables and spices (12), medicinal plants (8), grains (7), starchy plants (7), 
pulses (5) and others (6). In Africa, such home gardens or shanbas are common in East 
Africa, for example. It is clear, therefore, that more studies of this nature would be 
extremely useful in collecting missions. 

Over and above the source of information, the question that follows is, who, the men or the 
women, generally, have the monopoly of this traditional knowledge [see Anderson, 1952; 
and Heiser, 1973]? It is not possible to give a definite, affirmative response in favour of 
either. The answer is influenced by the society's social traditions, the type of crops and the 
type of gardens cultivated. Some studies on the distribution of labour in crop farming 
systems seem to indicate that women do more work than do men (60%, of all farm work), 
thus suggesting that women would have more traditional knowledge, hence women would 
be a good source of both genetic arid cultural information [IBPGR, 1990]. However, hi some 
societies, the type of ciop cultivated influences this aspect. In the case of vegetables and 
spices for example, women are more or less responsible for their cultivation; they would, 
therefore, be expected to have more knowledge on such crop plants; the reverse is largely 
true when it comes to nmst field crops [P. Hanelt; M. Esquivel, personal communication]. 
With respect to gardens, the smaller and nearer to the house the garden is, the more likely 
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it is that the womar. is responsible and would thus have more knowledge of the diver ity of 

the plants cultivated. The reverse may be true for larger and further away gardens. 

The above discussion suggests that would-be collectors would do well to have an idea of 

such information before embarking on a collecti.g mission. 

Influence of cultural history 

Some developmental patterns of plants, as indicated by traditional knowledge, may be a 

reflection of cultural or ethnic influence [Esquivel and Hammer, 19921. This influence may 

be reflected in the form of the plant which developed, e.g. in Brassica oleracea var. 

palmifolia (kale), there are some that are palm-leafed, while others are leaf types 

[Hammer et al., 19911. Such information can reflect the cultural background of the users, i. 

e. whether European, Asiatic, Indoamerican or African. Historical, linguistic and 

ethnobotanical information on Cuban plants revealed that about 30% of cultivated plants 

and their wild relatives in Cuba were of American origin [tEsquivel and Hammer, 1987] 

while about 11 may have originated in Africa [Esquivel and Hammer, 19881. Such 
information could explain some of the introgressive evolution or selection of some of the 

plants; this could enhance the plant germplasm collccting missions and hence is an 

important tool in meaningful germplasm Lollection in Africa and elsewhere. 

Ethnobotany and the use of checklists 

The preceding discussion has highlighted aspects of traditional knowledge and their uses. 

Some examples were given to illustrate these uses. The information constitutes part of the 

area of ethnobotanv or the relationship between plants and man [Wickens, 1990]. It can be 

stated, therefore, that ethnobotany formalizes this plant-man relationship as reflected, in 

part, by the information obtained from the local people, which is then used in the 
collection of plant material. 

A recent development in the process of formalizing the utilization of ethnobotanical 
(traditional) knowledge in identifying and collecting germplasm, is the use of checklists 

[Hammer, 1990; 1991]. The need for checklists has been exemplified mainly by the limited 

knowledge of plants, particularly their taxonomy [Anderson, 19521. This has been stated 

already by Darwin [18791. With notable exceptions. e.g. De Candolle [1886] and Vavilov 
[19511, there was, only recently, a major breakthrough in the form of a book, edited by 
Schliltze-Motel [19861, which contains information on 4800 cultivated species (excluding 
ornamentals and forestry plants). However, the input for some areas is limited. For this 
reason, a method was developed to make better use of the traditional knowledge of the 
farmers. 

Berlin, [1992], after compiling the results of various field studies, stated that traditional 
cultivators know more plants on the generic level (mean = 520) than do noncultivators 
(mean = 197). The number cited for cultivators refers also to cultivated plants. A high 
number of species under cultivation can be expected. To prove this hypothesis, a method 
was developed using checklists containing folk names, uses and other information on 

cultivated plant species. In this way it was possible, during collecting missions to 

effectively update the knowledge concerning the flora of cultivated plants in some areas. 

The first results from the work with these checklists gave an idea of the richness of 

cultivated plant species in particular areas, i.e. 1029 species in Cuba, 522 species in southern 

Italy, 515 species in Korea and 279 species in Libya [Esquivel et al., 1992]. For more 

information see Tables 1, 2 and 3. 



The Role of Traditional Knowledge 151 

Table 1. Summary of contents of the Gatersleben database for Cuba, Italy and Korea 

Cuba Italy Korea Total of different 
taxa etc. 

Taxa 1045 541 473 1648 
Species 1029 522 456 1597 
Genera 531 300 314 781 
Families 117 86 99 158 
Synonyms 727 347 358 1242 
Vernacular names 1671 2833 530 5034 
Literature 197 306 4 507 
references 

Note: taxa =species and intraspecific categories; the figures for Korea are not complete yet. 

Source: Knupffer, 1992 

Table 2. Plant families with the largest numbers of species In the Gatersleben 
database for Cuba, Italy and Korea (total >20 species) 

Family Number of Species 

Total of different Cuba Italy Korea 
spp 

Leguminosae 232 164 72 46
 
Gramineae 148 95 54 31
 
Compositae 75 44 32 32
 
Rosaceae 74 11 41 39
 
Rutaceae 63 55 18 13
 
Labiatae 51 26 27 18
 
Solanaceae 43 35 18 16
 
Myrtaceae 41 41 7 0
 
Liliaceae 48 17 16 21
 
Euphorbiaceae 35 33 1 4
 
Umbelliferae 32 14 16 22
 
Cucurbitaceae 25 22 12 12
 
Malvaceae 25 22 6 8
 
Moraceae 25 20 6 6
 
Cruciferae 24 11 20 10
 

Source: KnOpffer, 1992 
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Table 3. 	 Summary of the plant uses inthe Gatersleben database for Cuba, Italy and 
Korea (number of taxa for which a particular use is reported, and percentages calculated 
on the basis of the total number of taxa) 

Use 	 Cuba Italy Korea 

No. No. 	 No. 

M. (medicinal) 432 41.3 120 22.2 338 71.5 
Fr. (fruits) 262 25.0 106 19.6 48 10.1 
Fo. (forage) 173 16.5 87 16.1 60 12.7 
V. (vegetable) 99 9.5 119 22.0 79 16.7 
Sp. (spice and 60 5.7 59 10.9 16 3.4 

condiment) 
Fi. (fibre) 44 4.2 8 1.5 21 4.4 
I. (industrial) 41 3.9 49 9.1 17 3.6 
St. (starch) 31 3.0 7 1.3 4 0.8 
0i. (oil) 24 2.3 14 2.6 29 6.1 
C. (cereals) 	 9 0.9 21 3.9 15 3.2 

Total 1046 541 	 473 

Source: Knupffer, 1992 

Several of these species have not been reported in the global compilation of cultivated 
plants [Schultze-Motel. 19861. In this way the use of the traditional knowledge has led to 

the detection of new cultivated plant species from the category of underdeveloped and 

perspective crops. The folk name plays an important role for the collector because it 

enables him to ask the right questions. In Korea, for example, some rare crops or races were 

found by using the folk names [Baik et al., 1986; K. Hammer, et al., 1990]. New information 
can also be obtained from the use (and used parts) of the plant, e.g. a vegetable race of 

Cucumis melo from southern Italy as being a relic of former widespread cultivation 
[Hammer et al., 19861. Useful traditional information can be also included into, and 

obtained from, the distribution of the species in a certain area and from remarks on other 

noteworthy characteristics, e.g. variation or selection procedures. 

Checklists have, therefore, been shown to be very useful in identifying and collecting 
germplasm. Currently, there are known checklists for Cuba, southern Italy, Korea and 

Libya. Using these checklists, especially those from Libya, [Hammer et al., 1988] as a 

starting point, similar lists could be developed for the rest of Africa on a regional or country 
basis. 

Summary 

Traditional knowledge plays an important role in germplasm collecting. Methods and 
principles of ethnobotany should be used. As a complete ethnobotanical approach cannot be 
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achieved during collecting missions, a concentrated version has been developed by using 
checklists in exploring plant genetic resources. Checklists include tle most relevant data 
and provide information about the wealth of plant genetic resources in the area covered. 
Examples from Europe, Asia, northern Africa and I. atin America are cited which can be seen 

as models for projects in Africa. 

Conclusion 

With respect to plant genetic resources, a complete investigation of traditional knowledge 
of traditional agriculture needs to be studied comprehensively using the manyfold methods 
of ethnobotanv (see, for example, Jain [19911). Only elements of ethnobotanical research can 
be used on collecting missions which have their own dynamics. The use of checklists, which 
allow the effective inclusion of several items in relation to traditional knowledge, is 
advocated. l3v using this method, examples from Furope, Asia, northern Africa and Latin 
America can serve as models for ongoing research and collecting work in Africa. 
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The Role of NGOs inthe Conservation and Increased Use of Landraces; 
or: The Farmers First.... 

A.Onorati and A.Gaifani 

Let us assume that this meeting, joining government institutions, international institutions 
and NGOs around tile same table, is one further step in recognition of the search for a new 
direction to orientate future scientific investigations with regard to rural development. 

The scientific background upon which the Green Revolution was based, considered the 
farmer as a passive consumer of external technologies and inputs. Within that peculiar 
framework 1. was impossible to think ot them as active subjects, participating in a research 
process aimed at the re-activation of local farming systems. Fortunatel\, this kind of 
approach is continuously losing its supposed credibility, and it is more and more widely 
accepted that the local communities must have a say inl managing their own development 
and in the setting of priorities. 

It is not a matter of pushing back the course of history in order to re-establish some old 
agricultural systems that have since disappeared; rather, we can modify the productive 
system that is presently imposed on peasant farmers. More specifically, we can keep those 
systems which are based on a rural environment. There is no way, however, that this can be 
managed without the proper involvement of the farmers themselves, of the community
based organizations, the farmers' associations and unions, and the NGOs. 

Unfortunately, one of the main outputs of the Green Revolution has been the destruction of 
traditional local knowledge, techniques and habits. This caused disruption of the v'err 
sophisticated biological links connecting the natural environment to those traditional 
agricultural techniques which constituted tile basis of a11 sustainabilitv. Sampling of the 
local knowledge and genetic resources of the farming communities, and the subsequent 
storing of all such ilnformatiOn and materials in the genebanks and the research 
laboratories, expropriated the farmers' control over their own productive system. Today, it 
is difficult to go back. I lowever, it is acknowledged widely that these arc the reasons for 
the biodiversity as we find it now. It has taken years of con fronta tion, discussion and 
negotiation to reach a formal recogni tion of the farmer's rights due to their contribution to 
preserving, keeping and making available, plant genetic resources. Farmers, who thro-ugh 
their work and at risk to their own lives supplied an important contribution to the 
constitution of improved seed varieties and hybrids, are nw compelled to buy back products 
of which the verv price reflects the value of their work. 

As an NG(), ('rocevia is Very much concerned with measures which originate from the 
farmers needs alld grant them an effect ive way of controlling and self-managing their own 
system. This "informal" sector should be provided with the necessary means and decisional 
powers to maintain and improve their actions in order to save their culture through their 
environment and the maintenance of the biodiversitv which allowed them to evolve so 
many different waV of life. 

The strengthening of the informal rural sector, the guarantees regarding their right to self
representation and the concern for their inalienable right to self-determination, are high 
priorities which need to be integrated in the strategies of thl. C(GIAR system. The farmers' 
organizations sholId participate at managemenllt level in the orientation of research 
guidelines towards a differentiation of prod uction, conservation, use and evaluation of 
genetic diversity. They are' the only ones who cou ld supply' sustailabilitV and economlic 
reliability to these otherwise theoretical concepts. 
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In order for this to be realized, appropriate means are needed to provide the necessary 
training for decentralized, on-farm, conservation; appropriate technologies are required to 
support the production and distribution of seed ol a local basis; and government support is 
required, at least, to prevent those development activities that are menacing the genetic 
resources which the farmers need to preserve. 

With this particular perspective we believe that preservation is not to be considered as a 
final objective but only as a means for making it possible for someone to use the knowledge, 
seed or technique. 

Together with a number of partners in different countries of the world, Crocevia has been 
looking for funding for field projects that give support to the farmers' control over the two 
most important agricultural assets: land and genetic resources. Given that access to land 
remains the first pre-requisite for any rural activity, control over genetic resources follows 
immediately in importance. 

The very different situations proper to various rural environments taught us that no one 
example can be taken for granted in the implementation of another project. Considering 
that the main focus of this seminar is on Africa, we would like to present, briefly, the 
experience of two contrasting situations: 

1. 	 At Lichinga, in the Niassa region of northern Mozambique, the National Seed 
Company was supposed to build up a local production unit under the control of the 
central headquarters. After the onset of the civil war in that country, access to 
Lichinga became difficult and the technicians, Under contract to a private firm, were 
retrenched. Further, because it is no longer possible to depend on supplies from the 
Indian Ocean ports of Beira and Nacala, there is, at present, a desperate need for seed 
in the region. 

An agreement has been made between the National Directorate for Agriculture and 
Crocevia to take over the existing infrastructure and to elaborate a joint plan for seed 
production together with the relevant authorities in the region. Th basic assumption 
of the negotiations with the agricultural research station and the regional government 
was that the use of hybrid seed was inadvisable as supplies of the necessary inputs and 
transport could not be relied upon. 

The final draft of the general framework tor operations depicted the actikation (,f a 
seed chain from the scientific research institution to a commercial network for seed 
distribution. The main concept was the establishment of a social enterprise to 
coordinate seed prod uction activities and act as a link between the formal scientific 
research and the end- users. This new Board was intended to be an autonomous, self
reliant, econom ica llV viable institution, set up through a specific project. In its third 
year of operation, the (;abinctc dc Iro,lIi, dc 'enctiti'sdo Nissa was able to pay the 
salaries of its own technicians and field workers. 

The basic seed requiremnt was obtained, in part, from its own farm, and the remainder 
from the agricultural research station. It was distributed to contract growers were"'hIo 

given technical assistance and priority in the allocation of inputs. During the growing 
perioed, the techniciansI olIOwed procedures tor the produtction of h1.i1ly cIrtiied seed 
though this was not, at the time, officially ir'cognized . After harvesting, collected 
seed was transporte'd t cC treat inent plant where the tinal processing and selection 
t-.'as made manual ly and MIt, h1i llv, oniilmating in packaging and 'torage. 
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Though this seed production enterprise started because of the pressing need for seed 
supplies in an emergency situation, it was always clear that the second objective was to 
establish an economically viable and socially appropriate unit. The emergency supply 
was made possible because the funds allocated by the project were never used for the 
running costs (except for a partial contribution in the first couple of years) or for 
personnel expenses but only as an investment fund for improving the infrastructure. 

The second objective had two different aspects to be taken into consideration: an 
economic one and one with an eye to local knowledge and genetic resources. The actual 
establishment of a proper society has not yet happened due to the severe deterioration 
in the Mozambican economy, but it has been agreed that the society is to be under the 
shared control of the local government, the National Seed Company and local farmers, 
including the actual workers. At the same time, the field of 14 hectares, owned by the 
society., is being used partly as an experiment field to test local varieties, minor crops 
and local techniques, while the rest is under the direct management of the workers for 
providing their own crops. 

During the second year, the Gabinete was able to sell maize seed at a lower price than 
the advised national price. The production of 180 tons of maize seed is sufficient for 9 
000 hectares. 

Though it is not possible here to give more detailed accounts of the main problems that 
are being faced, it is worthwhile pointing out that the most dangerous threat to the 
continued existence of the Gabinetc comes from the free distribution of imported seed 
through uncontrolled, self-defined "aid agencies". 

2. 	 In quite the opposite way, in the Yatenga region of Burkina Faso close to the border 
with Mali, a seed production project is managed by Crocevia together with the 
Regional Directorate for Agriculture. Tile project involves a large number of small 
farmers in several villages. 

Burkina Faso has no national seed production facility. Thus the country relies on 
imported seed and that produced by local farmers themselves. FAO tried to set up a 
seed production project in the Yatenga region but it was abandoned after the first year 
with the only result being the fencing of an 11 hectares area to be used for seed 
multiplication. 

Crocevia then set up a new project in Yatenga in cooperation with the National Seed 
Service and the remaining local technicians. The agreement that we found useful for 
this situation was, after an intense effort to technically educate farmers identified by 
the village groups, to rely on village-level multiplication. The Regional Directorate 
and Crocevia have the responsibility of managing a small area for field tests, 
multiplying basic seed and collecting local varieties. 

In Yatenga, the need for improved seeds is a result of the trend, in the last 
approximately twenty years, of reduced rainy seasons. In certain years, this has 
resulted in a mere 47 days of rain. Thus, varieties reaching maturity in a 75 days cycle 
are needed to ensure food security for the household. Apparently, existing local 
varieties are not adapted to this pattern of quick changes in climate, so it has been 
necessary to look in other areas for very short-cycled material. 

The seed produced on the project farm is distributed to selected farmers in the villages. 
They are assisted during the very short rainy season to multiply the seeds to supply 
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other farmers in the village with seed for the following season. Considering that the 

farmers are used to reproducing the seed they need themselves, project seed will be 

introduced in the villages only once every couple of years. The seed farm will be used as 

a strategic reserve in case the relatively common situation arises in which crops fail 

because of the erratic rains. Crops involved in this production and dissemination 
scheme are the major food crops of the area, namely, sorghum, pearl millet, maize, 

groundnut and sesame; a total quantity of 10 tons of seed is produced. 

A different plan will be used for the horticultural crops. A farmers' cooperative, which 

is also running a small irrigation scheme, will directly manage the production of seed. 

Still to be faced is the difficulty in reproducing certain exotic crops, given that they 

need a minimum period of cold temperatures to flower, prevent bolting or to fill the 

pods. For the time being, priority is being focused on onions, okra, cowpeas and 

tomatoes. 

Conclusion 

We believe that the world economic crisis, which is making access to credit more and more 

difficult for the peasant farmers, makes it necessary to reduce the running costs of 

agriculture. The farmers are being pushed toward local self-sufficiency and they are forced 

to reduce the introduction of external inputs such as HYVs. The stagnation of the world 

agricultural markets and the prices which are barely remunerative exacerbate this 

situation. 

The strengthening of this informal sector must be supported, and acknowledgement of the 

farmers' rights over collected germplasm is one possible supportive measure. In this regard, 
the permanent lobbying and monitoring of the international system (FAO, CGIAR, World 

Bank, etc.) by NGOs and their networks, is to be stressed. 

It must be recognized that rural societies have the right to choose their ownl autonomous 

way of development. There needs to be restitution of the means to keep and enhance their 

own way of dealing with agricultural systems, based on the full use of the available 

resources in a sustainable way. 

We stress the right of rural populations to be rewarded for their capacity to modify and 

innovate the farming systems, beginning with the fair settlement of access to land: the 

ancestral land for the marginalized minorities of indigenous people. This, in turn, would 

benefit other sectors of the populations. 



Technical Issues inthe Conservation of Landraces 

A.T.Obilana 

Introduction 

In the broad sense, indigenous (landrace) conservation involves in situ (in natural or original 
environments), ex situ (in genebanks as live collections) and on-farm (farmers fie(,ds) 
protection and safe-keeping of the resources. It is widely accepted that in situ conservation 
is complementary to ex situ while in vitro colletions (tissue culture accessions) would be an 
addition to ex situ conservation, especially for those crops that are difficult to store under 
long term cold storage conditions. The components of Cx situ conservation, including 
collection, storage, documentation, evaluation, regeneration and enhancement, together 
with the complications of cold storage of live collections in genebanks, constitute technical 
issues of significant concern. 

In general, conservation techniques, be the\' based on high level scientific technology or at 
the level of the farner, are for the continued maintenance of available landrace resources. 
The intention is to guard against erosion, whether genetic or environmental, biotic or 
abiotic. It should be noted, however, that the farmer, while maintaining his landrace, 
also enhances it by selection. This raises the questions: conservation for what; where and 
how; and by and for whom? 

This paper reviews the several approaches to conserving landraces and identifies the 
technical issues, questions and concerns that arise. Ways of addressing these issues are 
highlighted and, where possible, some solutions to problematic areas are proposed. 

Approaches to landrace conservation issues 

Technical issues pertaining to conservation of landraces have been looked at from several 
perspectives, including: 

Organizational approach 

* 	 genetic diversity 
• 	 population genetics 
* 	 conservation/preservation strategies - in vitro and in vivo 
* 	 germplasm health 
* 	 germplasm documentation, characterization and evolution 
* 	 propagules: seeds, cuttings, tissues, embryos 
• 	 research liaison in genetic resources conservation. 

Data collection approach 

1. ernplasm acquisition and storage: 

* 	 inventory (documentation) 
• 	 wild and weedy species
 

traditional cUltivars (landraces)
 
* 	 breeders materials - special genetic stock 

- old/obsolete cultivars 
- current/new cultivars 
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* backup accessions
 
" backup systems and long term facilities
 
* 	 degree of access to new genetic resources/land races 
* 	 degree of access to information about germplasm. 

2. 	 Safety of landraces: 

" 	 knowledge of locations where landraces and weedy/wild species exist or are 
declining 

* 	 extinction problems that endanger landraces due to internal and social pressures 
* 	 identification /knowledge of declining species and their numbers. 

3. 	 Preservation of germplasn: 

* 	 viability of accessions: upon receipt and in storage 
* 	 regeneration procedures and standards used concerning: growing out, germination 

testing procedures and inaintenance/adequacy of integrity of accessions. 

4. 	 Description of accessions: 

* type of descriptive information available to germplasm users and conservators 
" farmer perception and description of landraces 
* 	 evaluation and characterization data available, its type and usefulness. 

5. 	 Utilization and enhancement of accessions: 

* 	 type and value of research and breeding activities on landraces 
* 	 type and degree of emphasis on collecting and preserving landraces in conjunction 

with research and improvement/breeding 
• 	 degree and level of interaction among collectors, breeders, conservationists and 

farmers as related to the demand for cultivars and improved landraces. 

6. 	 Size of genetic base: 

* 	 amount of diversity and variability in existing collections as related to improved 

current cultivars 
* 	 effect of developing genepools for specific traits 
* 	 reproductive pattern and implications for maintenance of landrace commodity 

groups. 

Answers to some of the issues raised in the data collection approach can be found in the 

report on plant gerrnplasm: the United States GAO/PEMD-91-5B [1990]. Other 
perspectives to answers on technical issues are presented in the papers of this meeting. 

Biological diversity approach 

The "Convention on Biological Diversity" [UNEP, 1992], a document negotiated and signed 

in Rio de Janeiro by world member countries during the United Nations Conference on the 

Environment and Development (UNCED), included generalized definitions and approaches 
to conservation of genetic resources. There was agreement for an action programme on 
technical issues including: 

a 	 in situ and ex situ conservation (the latter complementing in situ measures) 
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* 	 suitable use of components of biological diversity involving integration of its 
conservation into the national decision-making process 

* research and training taling into account the special needs of developing countries 
(including Africa which possesses several crop landrace species) 

* 	 impact ases men and minimizing adverse impacts through implementing 
proceduires that monitor environmental consequences and promote reciprocity in 
notification, exchange of intormlation and consultation on activities that affect 
(positively or negatively) biological diversity 

" 	 access to genetic res4ources and transfer of technology 

Stechnical and scientific cooperation 

* 	 identification and monitoring of: ecosystems and habitats of threatened species 
communities; wild relatives of domesticated or cultivated species; medicinal, 
agricultural and other economically valuable plants; plants of social, scientific or 
cultural importance 

* research into indicator species which have importance in the conservation and 
sustainable use of biological diversity, or described genomes, genes and genotypes. 

Other technical issues 

The Final ConsensulS Report of the Keystone International Dialogue [1991] identified tile 
following issues that also require special attention: 

* 	 Monitoring ind early warning of genetic erosion through adequate information 
systems from which one call access information on the existing range of genetic 
diversity and timely warnings of events that may affect such diversity. 

* 	 SuStainability. It is in the developmnt of techniques for sustainable advances in 
productivity that plant genetic resources play a pivotal role. It is possible to 
reduce tile use of chemical pesticides and fertilizers if naturally occurring genetic 
variability and diversity in landraces ar,: appropriately and effectively used to 
develop new crop strains which ca'-v a wide range of genes from the landraces. 

* 	 Research and training. It was concluded that a better scientific understanding is 
required to sol' the problens that hamper plant genetic resoutrces conservation. 
This can be achieved by intelsification of integrated and systematic research on 
technical and soctioeconolmic issue concerlning plant genetic resources coiwervation. 
It is reali ze.d that an epand1ed ad More effective conservation system will require 
additional and bettcr trained staff to inlplement plant genetic re-ources research 
and conservation. 

" 	 PUblic duication and awarte ness, about plant genetic resources conservation and its 
im plicatioW, and conseLlences. 

The several approaches to viewing the conservation of landraces (plant genetic resources) 
have sole themes in commn. Such themes are conceptual in nature, concern methodologies 
for improving old and establishing new strategie, and involve institutional or 
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organizational changes. A combination of the several approaches with the identified 
themes arising as a consequence of the approaches, result in five broadly defined technical 
issues which are: 

1. Conservation strategies 

2. Genetic issues 

3. Biodiversity and the environment 

4. New technologies 

5. Training and education 

Several questions arise from discussing these issues, some of which are brought out below 
and some are highlighted in other papers of this seminar. 

1. Conservation strategies 

Landrace conservation can be done in three basic ways: 

" in situ in natural or original habitat or in geneparks; 

" ex situ in genebanks as live collections in several forms; and 

" on-farm conservation. 

In situ conservation is now being seen and recognized as a complementary strategy to ex situ 
conservation. These two strategies rnay be backed by in vitro (tissue culture) techniques 
wherever and whenever required. This applies especially for those plants/crops, like 
many shrub species and vegetatively propagated cr,'ps, which cannot be preserved in long
term cold storage. According to the Keystone International IDialogue Report 1l991l 
approximately 150,)0,()0 accessions of such species are presently stored in field collections 
(field geneban ks) with about 200() accessions in illvitro collections. They estimate that IM0:,, 
of total future accs, ios llho ldings will be under such Storage conditions. f low do we 
tackle the logistics and technical implications of such poteltially huge activit,? llow 
much will it Cost? IIOw easy will it be for all osers, ilncluding flrmers, to acceSs them? 

Many existing storage, maintenance and regeneration strategies and t tacilities are
inadequate. There are several instInces Ohere aCCeSionS from geneban ks have be'n fond 

to be non-viable with zero germination. I low do we guarantee longevity and viability of 
collections in genebanks? I o secure are the in 'ito, tx itlu and even the in rot,ii 


conservation efforts? Also, ]iw set u ri would be the fieId genebanks and oln
farn/com unity conserved material? IFor all these situations, consider both biotic and 
abiotic disasters (such as drought, fhods and fires) including mans intervention. We may 
not, at present, be able to qluan ti fV and aIppreciate how miany plant genetic restrtines have 
been and are being lot due to wars in Mozaniabicque, Angola, Stud an and .LtntaIiai. 

Howv do we niiintain and regenerate at'cessions in genebanks ? SeveriI crop grttups are 
difficult to handle and do n ot respond t o conventional m ethods for 
ictintenance/ regeneration purpotses. Do we use ralldol-llating (isolation planting) as for 
cereals, Lontrolled pollination as for some legumes, or tissue fusion as for species stored in 
vit'?
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More collection expeditions are required for weedy and wild relatives of landraces. Minor 
crops or relatively under-exploited and under-utilized crops have been neglected and are in 
serious need of further collection. It should be emphasized that re-collection exercises are 
necessary for landraces in arid and semi-arid tropical and sub-tropical Africa where 
natural disasters like droughts and fires often occur. This would prevent loss of such 
potentially useful genetic resources. More targeted collections and re-collection exercises 
also can help to prevent or disturb the process of evolution which could be a long term 
problem for plant genetic resources stored in genebanks. 

Additional descriptors such as nutrient uptake capacities, end-use quality and those that 
incorporate local knowledge and farmers' perceptions (socio-cultural and cosmovisional) 
may need to be included in current descriptor lists of IBPGR and cooperating institutions. 
Such a move would address positively the issues of changing priorities and the emphasis on 
sustainable agriculture, and also improve the linkage between local knowledge and 
agricultural re.search. 

Characterization at biochemical and molecular level can be undertaken in a limited number 
of useful lines, to augment the normal agronomic level evaluation. Many programmes lack 
the ability or resources to evaluate or enhance the accessions they are conserving. Most 
national programmes also lack proper documentation. This does not augur well for adequate 
use of available plant genetic resources, especially the under-utilized and minor crops. 
Assistance from the International Agricultural Research Centres (IARC's), regional 
genebanks (such as the SRGB3-SADC i-.,ulonal genebank) and mentor institutions (such as the 
CPRO-DIO Centre for Genetic Resourc.?s, Wageningen, Netherlands and the Plant Genetic 
Resources Centre, Addis Ababa, Ethiopia) is urgently required for training and empirical 
work in documentation and info,.oation dissemination (especially for characterization and 
evaluation information). 

Multilocational evaluation and data collection and analyses are important preludes to 
enhancement of plant genetic resources. In some centres, the carrying out of these 
particularly valuable characterization exercises seems to be increasingly frequent and their 
quality can be continuously upgraded. Such exercises, aimed towards the effective 
enhancement of plant genetic resources, including basic research on the genetics of resistance 
to difficult diseases and pests (e.g. downy mildew and ergot of pearl millet and seedling rot 
in groundnut) require collaboration between genetic resources scientists, plant breeders, 
biotechnologists and other biological scientists in a cooperative programme. The 
management of the information on biotic problems from farmers in the diverse areas where 
these occur, could be useful and might involve social scientists and socio-agroiogists. It is 
sometimes erroneously assumed that certain blocks of characters or races of some species in 
comparable environments are similar. The nature of the basic migrant populations in the 
comparable areas and selective and diversifying forces at play could have been responsible 
for fixing such blocks of characters (e.g. in the Guinea and Durra Guinea races of sorghum in 
Africa and Central America). 

2. Genetic issues 

Plant population structures (and changes in those structural patterns) could be determinants 
in the conservation strategies used for different groups of crops. Major groups of crops in 
Africa, include the cereals, legumes, oil crops, fibre and horticultural crops. In order to 
determine appropriately what conservation strategies to use for these commodity groups, 
one would need to consider genetic structure and genetic changes together with the genetic x 
environmental effects which affect the population structure of the plant genetic resources 
(Obilana 1992a and 1992b]. Figure 1 shows the linkage between plant genetic resources and 
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population structure in most crop plants, and how diversifying forces would affect both 
natural and breeders' populations which are components of indigenous and enhanced 
germplasm, respectively. 

Both biotic (farmers, scientists and pests) and abiotic (drought, floods, chemical pollution 
and physical development or destruction of the environment) factors influence the genetic 
make-up and population structure of genetic resources. Obviously, therefore, what is 
required is an integrated approach to conservation strategies; one that involves all actors in 
conservation activities from farmer level to scientist level. 

3. Biodiversitv and environment 

Of concern is the interrelationship between human, plant and other biological species and 
the micro- or macro-habitats, in the totality of conserving diversity. This has been the 
focus of the recently concluded Convention on Biological Diversity which considered both 
technical and non-technical issues including legal implications. I do not intend to elaborate 
here on the themes, but I emphasize the implication of access to, and exchange of, genetic 
resources. Complications in exchange procedures can be political or the result of government 
policies (which ma' need looking into); and also due to a lack in the capacity and resources 
of genebanks to respond to requests. A major problem is that of quarantine (issues and 
facilities) which needs closer re-consideration, especially with regard to the introduction 
or spread of new diseases and insect pests into areas where these are hitherto unknown. 

4. New technologies 

Several laboratory techniques and statistical procedures have been used in the 
characterization, evaluation and documentation of plant genetic resources. Few of these 
have been used for indigenous African germplasm in national programmes. There is need to 
improve on the older methods and make available to conservators, the new ones, including 
in vitro (for crops such as plantain, cassava and yams) and allozyme variation techniques. 
The use of cluster and component analysis statistical methods need to be more widespread. 

Biotechnological approaches can be used for enhancing germplasm resources; gene mapping 
using RFLP's; genetic management of mapped genes for understanding interrelationships 
among landraces; and gene hybridization to generate new recombinations. 

It seems, however, that not much research has been done on new techniques for collection in 
the field. New computer software to generate thematic maps that indicate scatter 
diagrams of collection locations, type and size, and identify uncollected areas, would be 
useful to decide on collection expedition strategies. 

5. Training and education 

New and additional training and education strategies have to be worked out and 
implemented for the new approaches to indigenous genetic resources conservation to be 
properly and adequately utilized. Cooperation among the several actors involved in 
conservation is required for such interdisciplinary cooperative research and training in 
present techniques, and to develop new conservation strategies. 
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Training for Conservation and Use of Plant Genetic Resources at Farm Level: 
New Perspectives 

T.A.Mushita 

Introduction 

Training for conservation and use of plant genetic resources at farm level needs to be pursued 
through an agricultural revolution which mobilizes indigenous knowledge and skills. Such 
an approach would have profound implications for the training of agricultural 
professionals. 

Richards 11985) noted that many scientist, interested in cross-cultural studies of 
rationality" [c.f. Hollis and lukes, 1982; Horton, 1967] paid no attention to the issue of 

indigenous agricultural experimentation when debating the differences and similarities 
between "traditional" and "modern" systems of thought. He suggested that perhaps the 
answer was to be found in what Coomaraswany [19791 called "The Bugbear of Literacy", by 
which he meant a consistent downgrading of oral and practical skills (as if these were in 
some way sub-intellectual) by those who make their own living from "scholarship". 

The formal system of training is centralized with an established operational framework 
and mechanism while the informal system is decentralized, uncoordinated and relatively 
obscure. Agricultural training programmes should be designed with objectives, aspirations 
and thrust to make scientists aware of, and to facilitate, the technology development 
process. Also, the programmes should include a study of the linkage mechanism between 
agricultural research and extension and its role in technology transfer [K.V.Raman. 1989]. 

Training for conservation and utilization of plant genetic resources at farm level calls for 
the scientists to understand and appreciate the local farmers' present practices. Scientists 
should be prepared to understand and learn from the local farmers' agricultural 
development priorities at village, community and district levels. They need to be exposed 
to the rural setting in order to understand the training requirements of their clientele, with 
respect to the use of P(GR material. Such an approach would facilitate a broader 
understanding of the socio-economic constraints affecting the adoption and diffusion of 
technology at the local level. 

One ot the limiting factors in understanding local initiatives, practices and dynamics, with 
respect to conservation and ultilization of PGR material, is that of modern science's 
underlying article of faith which claims the spatial and temporal universality of its laws 
and theories lIHorton and Finnegan, 19731. Current scientific theories are neither wholly 
universal nor wholly specific to any society. They are mixtures that vary from field to 
field. There are increasingly large cultural biases as one moves from a rather abstract 
physical field, (e g. economics), to a much larger area of conflicts such as agriculture where 
specific environments, cultures and values interface [Dahlberg, 1979]. It is therefore 
important for scientists to understand and build on farmers' knowledge and experiences. 

Farmers' knowledge as the first step 

Our work at ENDA, Zimbabwe, provided us with the opportunity to understand the 
evolutionary approach of farmers to their knowledge of the management and utilization of 
local plant genetic resources. We have been able to realize why farmers are still 
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cultivating open-pollinated crop varieties despite the extensive introduction, promotion
and marketing of hybrids [see Fig. 11. This is largely because the distribution of the staple 
food crop cultivars is so closely related to that of the various soil and vegetation types as to 
allow the definition of corresponding agriculture systems. Currently in Zimbabwe, the 
commonly practiced sustainable agricultural practices are crop rotation, inter-cropping, 
winter ploughing, water/soil conservation and organic farming. 
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Figure 1. 	 Number of pollinated sorghum and pearl millet varieties cultivated in Mutoko, 
Chipinge, Zvishavane and Plumtree 

In a survey carried out by ENDA in Mutoko, Chipinge, Zvishavane and Plumtree, the above 
practices were employed by 19, 18, 16 and 13 percent of the farmers, respectively. They 
identified benefits associated with these practices as being higher yields, risk aversion 
measures, pest control and soil nutrient improvement. These practices were employed in 
ideal agro-ecological zones. 

Though the extension department has been promoting the adoption of mono-cropping, 
farmers, to this day, still practice inter-cropping as a risk aversion measure, particularly in 
drought-stricken areas. These practices are complemented by the cultivation of crops with 
a wider genetic base. The above information calls for the recognition of the inherent 
soundness, under natural conditions, of farmers' knowledge and their agricultural practices. 

Our comprehensive, village-level studies in the semi-arid tropical areas of Zimbabwe 
revealed several ways in which local farmers' knowledge on the management of 
traditional farming systems was applied. 

Mixed cropping or inter-cropping, involving a combination of crops with different food 
va!ues, maturity periods, capacity to withstand calamities and salvage possibilities, 
represented one of the most important practices that characterized traditional farming 
systems. Indeed, inter-cropping and crop diversification can minimize crop fluctuations and 
the number of total crop failures, thereby helping to stabilize income and food supply. 

In each of the four areas researched by ENDA (i.e. Mutoko, Chipinge, Zvishavane and 
Plumtree), farmers cultivated an average of eight sorghum (Sorghum bicolour) and five 
pearl-millet (Pennisetum typhoides) local varieties. 

The preferred characteristics and attributes of the above crop varieties included, earliness, 
overall agronomic stability, yield potential, drought tolerance, grain colour, palatability 
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and storage quality. One or two of the above crop varieties met more than one of the above 
mentioned attributes in each area. Though we observed that the genetic base is narrowing, 
we and the farmers agreed that the maintenance of a wider genetic base as a risk aversion 
measure was, and still is, important. 

Farmers in the researched area cultivate a combination of short-, medium- and long
seasoned varieties of sorghum and pearl millet (see Figs 2a and 2b). Tile proportional 
distribution of the crops cultivated according to their growth cycle is as follows: 

12.21% 	 12.21% 

*Short seasoned (90 days to 
physiological maturity) 

[] 	Medium seasoned (120 days t 
physiological maturity) 

Q3 	 Long seasoned (150 days to 
physiological maturity) 

75.58% 

Figure 2a. Growth cycle of sorghum 

11.00% 
21.00% 

Short seasoned (90 days to 

physiological maturity) 

o 	 Medium seasoned (120 days t(
physiological maturity) 

] 	 Long seasoned (150 days to 
physiological maturity) 

68.00% 

Figure 2b. Growth cycle of pearl millet 
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Short seasoned varieties are preferred for their earliness in times of drought. However, 
they are not ideal when rainfall is well distributed throughout the season. 

Medium seasoned varieties are preferred by farmers because they comprise of a number of 
desirable characteristics and traits such as yield potential, grain size, drought tolerance 
and good storage quality. They have the ability to cope with moderate climatic 
conditions. 

Long seasoned varieties are usually tall crops which are heavy yielders but require 
favourable rainfall. Their uses include food, construction and animal feed. 

The spread of high yielding varieties in low potential areas at the cost of acreage and 
production of open-pollinated and environmentally adapted crops has resulted in increased 
vulnerability of farmers to food insecurity and malnutrition. The improvement in maize 
production, as a result of a plant breeding strategy to increase yields, over-compensated for 
the possible decline in nutritional well-being of the people from the decline in pulse and 
other nutritious crop production. Crop improvement programmes during the pre
independence period in Zimbabwe emphasized export crops such as tobacco, tea, coffee, 
maize and oil seeds [Collins, 19841. 

Seed selection 

Farmers knowledge and experience with respect to seed selection assumes a gender 
dimension in which women are the most skilled. Seed selection is carried out either pre- or 
post-harvest. 

Pre-harvest selection 

Most farmers in the research areas practice this method. Selection is based on the 
overall agronomic plant stand and performance, disease incidence level, head shape 
(true to type), grain size and insect infestations. Desirable plants are marked either by 
tying a leaf around the head or to tying them to another plant. The plants are 
harvested separately. 

Post-harvest selection 

Farmers who employ this method also consider the above characteristics. However, 
selection is carried out at threshing places. The retained seed is selected from 
harvested heads. 

Selected seed is preserved by various methods and techniques such as: 

" mixing of seed with finger-millet ash; 

* selected heads are hung in the kitchen and treated with smoke; 

" seed is sealed in clay pots; 

* selected heads are kept together with millets to avoid infestation; 

* mixing of seed with cow dung. 
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The farmers' methods also allow the creation, maintenance and promotion of crop genetic 
diversity as most of the materials are cultivated as mixtures. Seed exchange among 
farmers ensured conservation and utilization of a wider genetic base, by a community 
conscious of nature's variable limitations. 

Usually farmers befriend farmers from different agro-ecological zones as a means to gaining 
access to crop varieties adapted to similar environments. Such relationships are often 
based on barter or exchange networks at the grassroots level. 

These barter/exchange systems of economy are not based on monetary values. The farmers 
carry out on-farm characterization and evaluation of the crop cultivars received. In 
addition, farmers evaluate the overall performance of any improved material in 
comparison with their own local crop cultivars. While plant breeders and agronomists look 
for yield per se, farmers are interested in a number of factors that are difficult to combine by 
conventional plant breedir.g methods. If it were possible, a wonder variety would result; 
suitable for all agro-ecolo-ical zones in the whole countrv. 

Further reasons why farmers' prefer to cultivate crops with a broader genetic base include 
the following: 

" staggered labour demand over various peak periods; 

" increased ability to cope with different environmental factors; 

* greater provision for different end-utilization i.e. food, beer and storage quality; 

" required palatability obtained; and 

" broader nutrition base. 

Training 

Agricultural advancement through crop improvement should be viewed as one element in a 
farming system. Its success, effectiveness and ability to address the food security equation, 
depend on its interaction with other elements. For example, the interaction between the 
promotion of a specific crop type and soil and water conservation are well known but local 
biodiversity conservation practices are not known. This frequently results in serieus 
degradation of the genetic base. 

To ensure the sustainability of the agricultural production there is a need for manpower 
education and training in all related fields of agriculture - especially local biodiversity 
conservation practices. An integrated rural development approach and training should be 
based on an understanding of the framework within which the small farmer lives and 
works. Improvements should be developed from the characteristics of that framework. 

Planning and implementation of any crop improvement programme must be accompanied by 
a well organized training programme geared to the needs of the farmer and his family as 
well as to those of the various levels of administration and extension personnel involved. 
The main problem with scientists is that they have approached agricultural development 
with the idea that they had all the answers in their briefcases. Due to this attitude, a lot 
of resources and time have been invested with limited success. Not only are policy changes 
called for to incorporate farmers' knowledge in agricultural research, but there is also a 
need for training. 
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Agricultural technology development 

When we talk of "food security" we are talking of productive agriculture. A reversal in 
agricultural research and extension is required in order to put farm families first, to 
incorporate their local knowledge in the "food cycle" and to support and involve them in 
the generation of new technologies. Instead of a "package of practices", research and 
extension have to generate and offer a basket of choices. Instead of a message, farmers need 
methods and techniques to handle practical problems in their daily farming. The basket of 
choices should relate to aspects such as local PGR conservation, seed selection, improvement 
and storage, and local values of utilization, etc. This calls for the introduction, through the 
vehicle of research and development, of practicable farming systems which appreciate 
local farmers' knowledge and farming systems. It entails diversifying in order to produce 
more. Therefore, for the exercise to succeed, it must have practical relevance to living 
conditions and be developed with an eye on the value of tile systems of the society 
[Kagogo, 19921. 

In a nutshell, agricultural technology development, which is tightly linked to food 
security, requires an integrated approach which appreciates PGR conservation, utilization 
practices of the local people and modern crop improvement practices. 

Technology transfer 

One of the hotly debated subjects today is whether capital-intensive farming systems have 
been the cure and solution to all ills of food insecurity in our society, particularly the rural 
communities. Certain basic questions have to be answered in this context. How, if at all, 
have modern farming systems changed the lifestyles of our rural people? What 
characteristics distinguish a "good" technology from a "bad" one? What has modern plant 
breeding and crop improvement achieved? Can capital-intensive farming systems raise the 
standard of living of our people while maintaining their value systems and the genetic 
diversity? What are the conditions that are required to be fulfilled before new 
technologies can become part and parcel of the rural arena of our farming communities? 

In my opinion, any technology transfer should be tested for adaptability to the prevailing 
environmental, socio-economic and cultural conditions and the sustainability thereof. 

Conclusion 

It is important to note that modern crop improvement training programmes have only 
managed to assist farmers located in high potential areas with the relevant socio-economic 
base. There are gaps where minor crops of local importance play a pivotal role in the 
provision of food security. In these localities, the adoption of modem technologies has been 
minimal or the effect has been negative. As a result, training and policy have to be 
changed to accommodate the local people's integrated farming systems and their 
knowledge of all stages and aspects of crop production and maintenance of the genetic base. 
There is need, therefore, to understand the importance and value of the local farming 
systems as they form the basis of local people's survival strategies. 
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The Development of Dynamic Conservation Measures for Indigenous Crop
Landraces: Limitations Imposed by the Hegemony of Western Science 

S.van Oosterhout 

Introduction 

In this paper I present information about the uses of sorghum landraces by small-scale 
farmers in Zimbabwe. With these examples I want to illustrate that the traditional way 
in which scientific methodology has been used has limited our understanding of the 
dynamics surrounding the conservation of sorghum landraces. 

A rich and varied genepool of sorghum landraces has been selected and built-up over the 
centuries in Zimbabwe. To date, however, breeding efforts have focused mainly on green 
revolution technologies using imported germplasm [Mushita, pers. comm.] and small-scale 
farmers have been encouraged to concentrate on a small number of high-yielding varieties 
(HYV's). As the landraces of indigenous food crops have become increasingly displaced, by 
HYV's and by maize, the genetic resource base of the landraces has become progressively 
narrowed. 

Recently, serious attention has been given at the international level to the conservation of 
crop landraces [Keystone Dialogue Report, 1991; SAREC, 19921. However, it needs to be seen 
that conservation is a dynamic process which can be fixed neither in a given system of 
knowledge (epistomologically) nor in time (temporally). Thus three key areas for 
diz;cussion are identified. These fall into the political, social and agronomic, and the 
biological arenas. 

Political dimensions 

Limitations of scientific methodology 

Where knowledge is equated with science, the broader implications of knowledge are 
diminished in that we lose the connection with the political, economic and religious 
struggles of the people who grow the landraces. I therefore challenge the view that science 
gives an objective representation of reality. Science is a particular system of knowledge and 
it therefore supports certain values and interest groups. On the other hand, science is a 
particular methodology with clearly defined procedures. The basis of this methodology is 
falsifiability. Thus, rigorous scientific testing can formalize the advantages of a 
particular management system which is based on indigenous knowledge. However, the 
discrepancy between the knowledge system of small-scale farmers and the more dominant 
objectives of breeders has frustrated efforts to build a scientifically falsifiable 
methodology for the former. 

The methodology developed for the green revolution, which is still in use in mUch of 
agricultural science today, was based on Newtonian science. Newtonian science has a 
reductionist and mechanistic approach. It has objectified the farmer. It has isolat.ed the 
farmer from her crops and her management practices and has isolated the crops from their 
environment. Germplasm was removed from the fields, breeding experiments were 
conducted on research stations and in the laboratory and then, voila!, the ignorant farmer is 
presented with improved varieties without any of the farmers' own selection criteria or 
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management strategies being taken into account. Then we are surprised that new 

technologies fail and that improved varieties do not produce as expected. 

Empowerment of small-scale farmer communities 

Small-scale farmers in Zimbabwe experience a severe sense of expropriation and 
dispossession which relates not only to their removal during colonial times from their 
ancestral lands and resources [Page and Page, 1991; Carter et al., in press], but also from a 

lack of ,cknowledgement and validation of their customary knowledge. This has affected 
that sense of power which is inherent in people who are able to affect their own destiny 

and have control over their own future and resources. lFmpowerment of small-scale farmer 
communities through participatorybreeding and conservation efforts is thus seen as the key 

to more effective and long-term conservation of crop genetic resources. 

Gender issues 

I would like to speak about the marginalization of women, both as farmers and as 
researchers. Yes, somte farmers are indeed men!!. A quick analysis of the gender 
composition of the participants present here has revealed that approximately less than 
10% are female. Scientific research, in which gender-based dominance relations have 
allowed the distortion of content, context, meaning and uses of that knowledge, has failed 
to address the knowledge of female farmers [Keller, 1985; Spender, 1985; Cashlnan, 19911. 
This means that it has been limited both in analysis and in application. In .ther words, 
much of it can be termed poor science IRocheleau, 1991]. This may also partly explain why 
conservation efforts have failed to reach local communities: the approaches at both the 
national and international level; have been designed by men and are taught by men for men. 
Recognition of the role that women famers play in conservation of resources will lead to 

better and more effective science. 

Social and agronomic dimensions 

To enable policy makers t develop an appropriate conservation plan, it is important to 
understand which strateci jes farmers employ in their selections of landraces. We may thus 

ask the following (1uest',ns: 

What do farmers do? 

Sorghum farmers in Zimbabwe live mainly in those parts of the country where rainfall is 
variable and unreliable and temperatures are high. Many different sorghum varieties are 
grown in each of the study areas (Musikavanhu, n = 10; Gokwe, n = 13; Siabuwa, n = 8), 

[Figure I]. Individual farmers grow two to tour varieties each [Figure 2]. Some of these 
varieties are grown by around 80"1, of farmers and may be called .ce'ral purpose varieties. 
Other varieties are grown by around 20., of farmer- and are more specific varieties. These 

differences may be important in breeding for broadly- adapted or ,ite-specific, improved 

varieties. Electrophoretic studies are currently underway to invesJgate whether there are 

genetic differences betwUen these two types Of varieties. 
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Figure 1. 	 Percentago respondents growing each sorghum variety inMusikavanhu, 
Gokwe and Siabuwa. 

Where do the varieties originate? 

Some varieties such as inutode, mbondo, inuchaina, chindindindi, dewe and ipwa have been 
present in the area for a few generations (i.e. about the turn of the century). However, since 
the process of germplasm exchange is most probably an old and regular practice, distinctions 
between 'old' and 'new', 'traditional' and 'modern' varieties are difficult to distinguish. 
Most farmers who were interviewed asked for varieties from other areas for testing on their 
own farms. 

Which criteria do farmers choose? 

The criteria used by farmers to describe their varieties were grouped into three classes: 
agronomic, gastronomic and morphological. Agronomic descriptions included maturity 
period, soil and water requirements, their tolerance of weeds, insects, pathogens and 
drought during ihe growing season and susceptibility to bird damage. Gastronomic 
descriptions included the following: threshability, ease of winnowing, pounding and 
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milling, good taste for beer and sadza (traditional porridge), colour of resultant food 
products, time required in cooking, keeping quality of the cooked grain, texture of endosperm 
and suitability for use in multiple food products and storage quality. Morphological 
descriptions included yield, plant height, grain and fodder yield and tillering potential. 
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Figure 2. Maximum number of sorghum varieties grown by small-scale farmers in the 
study areas inMusikavanhu, Gokwe and Siabuwa. 

The frequency with which each type of description was used was analysed by direct matrix 
ranking and is shown in Figure 3. In Musikavanhu, agronomic and gastronomic criteria were 
considered to be of equal importance while in Gokwe, agronomic criteria were used more 
frequently than in Musikavanhu. At this stage it is not quite clear why gastronomic 
criteria were said to be more than twice as important in Musikavanhu than in (Gokwe. 
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The culinary qualities and the taste of sorghum varieties were considered to be the most 
important gastronomic traits. However, in some varieties, early maturing is tolerated 
despite poor taste and poor storage qualities. In general, late maturing varieties are grown 
for their much-desired taste and cooking qualities despite the higher labour inputs which 
they require in terms of weeding and scaring of birds. Higher prices are paid for beer made 
from a favourite variety, such as long-season rongwe [Billing et al., 1984]. 

In both areas, morphological criteria were least frequently referred to. In contrast, 
morphological criteria have received the bulk of breeders' attention [House, 1987; Obilana, 
1988; ICRISAT, 1990]. In this study, there was no instance of yield being identified by 
farmers as an important criterion. Extremely poor yields of less than 1.0 t/ha in both study 
areas may partly account for this. Nevertheless, in general, small-scale farmers consider 
consistent, 	 reliable and stable yield more important than high yield [Richards, 1985; 
Conway and Barbier, 1990]. 

Musikavanhu 	 Gokwe 

8.00% 	 12.00% 

4 Agronomic
47.00% 

68.00% 
GastronomicE3 

Li Morphological 

Figure 3. 	 Relative importance of local criteria used for sorghum variety classification in 
Musikavanhu and Gokwe. 

The different varieties were also said to differ in their resistance to storage pests. Some 
varieties such as imuchaina (Musikavanhu), rongzve, inabeja (Gokwe) and maila-tonga 
(Siabuwa) can be stored for up to three years due to their hard, comeous endosperm. In this 
respect, these varieties offer a measure of food security since they are available for 
consumption once the soft-endosperm varieties (such as chidhoineni, nibondo, chivenda, and 
chibuku), which do not store well, have been finished. 

How do farmers manage highly variable rainfall? 

Individual farmers generally grow two short-season, one medium and one long-season 
variety, in different fields [Figure 4]. Taken together, 50% of all varieties grown in 
Musikavanhu, Gokwe and Siabuwa are short-season and the remainder are either medium 
or long-season. Planting and harvesting dates vary not only for different varieties with 
different maturinig periods but also for those with similar maturing periods. Planting is 
spread over the period from mid-October to the beginning of January and harvesting is done 
from the beginning of March to the end of May. Management of a variable maturation 
period gives farmers three main advantages. Firstly, it allows farmers who have no cattle 
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to plant later than those who own cattle [Shumba, 1984; Cousins et al., 1988; Amin, 1989; 
Stanning, 1989]. Secondly, since the coefficient of variation for annual rainfall in 
Musikavanhu, Gokwe and Siabuwa is between 30 and 40 percent [Bradley, 1992] and the 
mean median length of the growing season only 96 days [Hussein, 1987], it allows farmers to 
manipulate planting and harvesting dates depending on the nature of the season. Thirdly, 
staggered planting and harvesting times help farmers cope with eventual food shortages, 
should any one variety have poor yields or experience crop failure. The end result is that 
farmers have an increaseJ flexibility in the way that they can meet the demands of a 
heterogeneous environment. 

Small-scale farmers are extremely vulnerable to the exigencies of external factors (such as 
off-farm incomes, environmental conditions and national policies) as well as internal 
factors (such as the demands of other crops in the farming system, labour availability and 
availability of animal draught power). Flexibility of farming operations is, therefore, an 
essential and fundamental component and is partly achieved by growing a number of 
varieties of differing maturity periods each having different planting and harvesting 
times. 

Musikavanhu 	 Gokwe 

20.00% 	 23.00% 

50.00% 
5% 54.00% 

30.00% 	 Short season 23.00% ,( 

] Medium season 

O Long season 

Figure 4. 	 Relative importance of short-, medium- and long-season sorghum varieties 
grown inMusikavanhu and Gokwe. 

Note: 	 short season = c. 90 days to maturity; medium season =c. 120 days to maturity; 
long season more than 120 days to maturity 

Biological dimensions 

Conservation programmes have also failed to a large extent due to the failures of scientific 
imethodology to encompass the complexity of biological systems. I will give two examples 
here. 

i. 	 System complexity: Whereas extension agents have harassed farmers into growing 
uniform crops in pure stands, weedy and wild sorghum is allowed to mature in the 
fields of all varieties of cultivated sorghum. Although unverbalized, this practice 
allows for a persistent, low-level gene exchange between cultivated varieties and 



183 Dynamic Conservation Measuresfor lndigenous Crops 

weedy and wild sorghum. The process is controlled to some degree in that obvious'off-types' are selected againstby the farmer. The result is that genes which do not 
markedly affect the phenotype or which agree with the farmer's internalized 
concept of the 'archetype' of the variety, enter the genepool of the next season's 
seedstocks. Such genes, providing they do not have pleiotropic effects which affect 
the phenotype, may confer qualities which have been selected for in the natural 
habitat. Qualities such as disease resistance and drought tolerance may be 
incorporated into the cultivated crop in this manner. Evolutionary changes
occurring in crop pathogens and crop pests, as well as changes in ecological 
conditions, which are tracked by the weedy and wild sorghums are thus 
incorporated in the cultivated crop. 

2. 	 Temporal and spatial components: In contrast to the interactive process of gene
exchange described above, ex-situ genebank collections are isolated temporally and 
spatially from the very evolutionary processes which produced them. This means 
that a more dynamic approach incorporating aspects of small-scale farmer 
management, for example introgression, is needed for the conservation of indigenous 
sorghum genetic resources. 

Implications 

Haugerud and Collinson [19901 have pointed out that "in Africa, the IARC's have spent 
more per head, hectare and tonne of food, with less to show for the effort than elsewhere". 
The 	loss of financial returns has been, partly, a result of ecological and economic constraints 
[Baker and Siebert, 1984; Matlon and Spencer, 1984]. However, the loss is also attributable 
to a methodological mismatch which has its roots in the 'technological-package-solve-all' 
approach adopted by green revolution agriculturists. This approach created an artificial 
divide between the farmers and their management of the farming system and the crop 
genetic resources themselves. 

The success of a breeding programme can be measured by its relevance to farmers' existing 
management strategies and their everyday experiences [Altieri, 1987; Conway and Barbier, 
1990; Haugerud and Collinson, 1990; Nazarea-Sandoval, 1991a and b]. The investigation 
above of farmers' choices indicates the urgent need for improved communication between 
farmers and breeders. 

A participatory method, appropriate in breeding, is shown as a conceptual model in 
Figure 5. Essentially it views the small-scale farmer as the central source of crop genetic 
diversity, complemented and supported by the national or regional genebank and breeding 
institutions. The method is based on selection of germplasm by breeders, in full consultation 
with the target farmers, starting with the most popular varieties in an area (such as 
chidliorneni, inutode, rnbondo and inuchaina in Musikavanhu and tsveta, inabeja, fumbati, 
and chitate in Gokwe) as the primary building blocks of an improvement programme. 
Selection criteria are identified by farmers and there is frequent feedback between farmers 
and breeders via agricultural extension workers. This is followed by the early release of a 
number of improved varieties for evaluation and selection by farmers under farmers' 
conditions of management. Finally, the farmers' evaluations are coordinated by
agricultural scientists and breeders and the farmer-selected material tested in subsequent 
trials. 

Such a participatory methodology has two major advantages: Firstly, a- wider range of 
farmers can be targeted. Secondly, farmer selection methods allow rapid screening for a 
wide range of variables under conditions suited to their particular constraints. 
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Furthermore, as discussed earlier, involvement of the farmers at this level empowers 

farmers and minimizes their objectification. Thus where breeding is integrated with 

conservation of indigenous genetic resources, as in the participatory breeding methodology 

outlined above, farmers remain the decision makers in the selection processes, they thereby 

retain power over their own destiny. Recent research in identifying the 'keepers of 

diversity' in a community has also shown that management of genetic diversity cannot be 

divorced from the broader issues ofgeneral resource ?nanayteLent. As was pointed out in tile 

paper by Elizabeth Cromwell (this seminar), farmers are interested and willing to 

experiment with different varieties and this in turn points to the need for a decentralized 
seed suppliy system where farmers can choose varieties according to their own needs. 

While recognition is given to the valuable role played by genebanks in the ex-sitil 
conservation of crop genetic resources, the need for attention to in--situ conservation is 

extremely urgent. This of course implies a substantial shift in thinking about genetic 

conservation and cultural diversity arid a mneaninful commitment from the international 

scientific community concerned with crop genetic resources. 
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L'Impact des Nouvelles Technologies sur la Conservation et lUtilisation des 
Germeplasmes V6g6taux. 8 

J.Ndeberi 

Concept de la biodiversit 

Dans le cadre de ce s~minaire, oii nous avons Adiscuter de la conservation des ressources 
g6n6tiques des cultures traditionnelles africaines, ilconvient que nous nous entendions 
d'abord sur le terme biodiversit6, lequel sera abondamment abord6 au cours de ce s6minaire. 
Pour nous, la biodiversit6 est un terme g6n6rique qui exprime le degr6 de variabilit6 qu'offre 
la nature, laquelle s'entend: 

1" Au niveau gMtique. 

La diversit6 g~netique est exprim~e par la variation g~n~tique au sein d'une m~me 
espce, rnais la diversit6 g~n6tique peut 6galement s'exprimer au sein d'une m~me 
population. 

2" Au niveau des espi'ces. 

Pr~sentera une plus giande diversit6, une r6gion qui dans la m6me famille compte le 
plus grand nombre d'esphces. 

3" Au niveau des C&osyst'ies. 

Les diffrents kcosystmes seront habit~s par des populations diff~rentes en fonction 
de leur adaptabilit6 Aces 6cosysthmes. I convient donc de prendre en consid6ration 
l'existence de ce crithre dans l'valuation de la biodiversit6 dans son ensemble. 

4" Au niveau culturel. 

Cette diversit6 se retrouve au niveau artistique, au niveau des langues, au niveau 
religieux, au niveau social et autres. Celle-ci a naturellement un impact direct sur 
la conception de la biodiversit6, la conservation ou la degradation des 6cosyst~mes. 
II convient donc de toujours tenir compte de cette diversitd dans toute analyse qui 
aurait trait h la conservation de la biodiversit6 pour un d~veloppement durable. 

La biodiversit6 ainsi d6finie constitue la base mrme de notre existence. Les populations qui 
nont pas su s'adapter n'ont pas surv6cu. C'est pourquoi notre degr de civilisation, au lieu 
de nous faire oublier cette triste r alit6 Lie la vie, devrait plut6t nous inciter A nous 
conscientiser sur ce qui est en train de nous arriver. 

C'est pourquoi noIs ne devons en aucun cas accepter de devenir les wagons de la locomotive 
du d~veloppement, nous devons tre et rester les machinistes de cette locomotive. Nous 
devons rester lucides afin de percevoir de loin l'approche d'un tournant, et ralentir s'il le 
faut ]a locomotive pour mieux le negocier. 

8 Impact of New Technologies on Conservation and Use of Plant Germplasm 

IO 
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Le d6veloppement mis en cause dans la d6gradation de la biodiversit6 

De tout temps, lhomme a su se maintenir dans le syst~me dvolutif dont ii n'est qu'un 
616ment. I1a su utiliser ses connaissances pour maintenir la biodiversit6. I1a su tirer profit 

de cette biodiversit6 pour se soigner, fabriquer les outils dont il avait besoin. I1a su lutter 
contre les maladies des plantes et contre les prddateurs qui mena~aient ses rdcoltes, etc. 
Mais, depuis ]a "Revolution verte", une certaine fissure s'est faite dans le monde des 
hommes: ihomme du "Nord" s'est vu propuls6 dans un autre monde, dans lequel il essaye 
d'entrainer 'homme du "Sud". L'homme du Nord a su tirer profit des innovations qui ont eu 
cours dans les ann~es 50 et 60 et, est rest6 plus ou moins maitre du ddveloppement, avant d'en 
devenir lui-m~me victime, ce que rious allons voir plus loin. L'homme du Sud, par contre, 
n'est plus le machiniste de sa locomotive: Aest pris dans un engrenage qu'il contr6le de plus 
en plus difficilement, ne dominant pas tous les tenants et aboutissants du d6veloppement 
dans lequel il est, bon gr6 - mal gr6, oblig6 de faire parti. Les choses 6voluent trhs vite 
autour de lui, et souvent il nest que trhs peu ou pas associ6 aux grandes ddcisions qui le 
concernent directement en mati~re d'environnement. 

La "Rdvolution verte" a permis le d6veloppement de nouvelles varidtds, plus performantes, 
la mise au point de certains proc~ds chimiques, qui ont permis l'essor de lagro-industrie; 
elle a aussi introdu:t la m6canisation agricole h outrance. 

L'homme du Sud n'a subit que des retomb6es de ce ddveloppement du Nord: vente des 
semences ddveloppds ou manipuldes dans le Nord, lesquelles semences n6cessitaient 
l'application d'intrants fabriqu6s dans le Nord, et que l'homme du Sud ne pouvait 
financirement s'offrir. Cette introduction innocente ne pouvait manquer d'avoir des 
consdquences ndfastes sur la hiodiversit6. L'introduction d'une nouvelle espce ou varit6 
constitue en soit un enrichissement de la biodiversit6, mais qui dit semence sdlectionnde dit 
aussi produit fragile. Cest ainsi que l'on a vu se ddvelopper certaines maladies jusque lM 
inconnues dans la r6gion (cassava Mosak Virus), certains prdateurs ont fait irrption, un 
nouvel 6quilibre et un nouvel 6cosyst~me se sont install6s. Les nombreuses varid6ts locales, 
mises au point au cours des ddcennies mais moins performantes que les nouvelles varidt6s, ont 
dCi faire place ,i ces dernibres et ont disparu, exemple de notre mauvais ddveloppement. 
L'explosion ddmographique dans les pays en voie de ddveloppement a forc6 les populations 
h produire plus pour nourrir une population sans cesse croissante. Ne pouvant s'offrir les 
semences plus performantes et les intrants qui vont avec, ces populations navaient d'autres 
alternatives que de ddforester et ddtruire la biodiversit6 que renfermaient ces forts. 

L'introduction des pesticides a vu certains insectes disparaitre, mais avec eux leurs 

prddateurs, ce qui a conduit A la modification de l'6quilibre biologique existant. Certains 
pesticides ayant des cons6quences r6elles et directes sur Ihomme et lenvironnement. 

Le ddveloppement a engendr6 un autre mode de vie et des nouveaux besoins. L'homme 
d6foreste non pas seulement pour ses besoins en bois de chauffe, mais 6galement pour le bois 
de construction ou d'art. Lhomme chasse et massacre les 6ldphants, les rhinoc6ros pour leur 

ivoire, Ihomme tue les crocodiles, les iguanes ou les pythons pour leurs peaux recherch6es 
dans la maroquinerie. 

Les pluies acides sont aussi des manifestations d'un developpement pas toujours maitris6. Le 

dernier produit de notre ddveloppement est l'industrie du nucldaire, dont il nest pas toujours 

facile de d&barrasser les d6chets. Le d6veloppement de lindustrie chimique n'est pas non 
plus innocente dans la ddgradation de notre biodiversit6. Quelques industriels peu 
scrupuleux se d6barrassent de ces d6 hets en pleine mer sans consid6rer que les mers et les 
oceans regorgent d'une multitude de biodiversitds et que quelque part Ihomme est en aval de 
cette pollution. 



191 L Inipact des Nouvelles Technologies 

I1est vrai que le d~veloppement est une trajectoire oblig~e de i'histoire, il est 6galement 
vrai que le d~veloppement a ses avantages et ses inconv~nients, c'est pourquoi nous devons 
rester maitre Abord pour contr6ler notre environnement, sinon nous serons victimes de notre 
propre d~veloppement, et ce Atr~s brhve 6ch0nce. 

Nous devons mettre Aprofit nos connaissances pour contr6ler la biodiversit6, et ainsi asseoir 
un d~veloppement durable, faute de quoi le tout va s'effondrer comme un chateau de sable. 

L'impact des nouvelles technologies sur la conservation et lutilisation des germeplasmes 
vdgdtaux.
 

Toute innovation, dans le domaine des technologies, participe au d~veloppement. II est 
donc int~ressant de voir en quoi l'humanit6, et principalement les pays en d~veloppement, 
peuvent tirer parti du d~veloppement de la science. 

Les cultures des tissus permettent Lin assainissement viral et une multiplication clonale. 
Ceci veut dire qu'une fois l'esphce clon~e, on peut la conserver ind6finiment sous forme de 
cultures cellulaires ou sous forme de vitroplants. Pour cette raison, une cellule de culture des 
tissus devrait faire partie int~grante des acquisitions des banques de materiels v~g6taux. En 
effet, partout se trouvent des esphces v'g~tales en voie d'instinction et dont la 
multiplication par graine est relativement difficile. Pour ces v~g6taux en danger, la 
micropropagation offre Line chance de survie. De m~me, dans les r6gions en voie de 
d~sertification, certaines espces naturelles qui apparemment r~sistent aux changements 
climatiques peuvent encore une fois 6tre micropropag~es et utilis6es dans la reforestation de 
la r~gion en daniger. 

Hier, Dr P. Hamon a laiss6 planer un certain doute sur la fiabilit6 de la stabilit6 g~n6tique 
d'un materiel ainsi conserv6. Personnellement, noIs croyons que nous pouvons avoir confiance 
en la stabilit6 de ce materiel g~n~tique. Les variations somaclonales n'6tant A craindre que 
sp6cialement dans des cultures oL Ion doit passer par le stade calls, et 1IAencore, la 
cartographie g6n~tique nous permet de contr6ler nos spcimens. 

Actuellement, la biologie molculaire nous permet d'dtablir une carte d'identit6 g~n~tique 
pour chaque esp&ce. Cette technique est devenue un outil indispensable pour quiconque doit 
proc6der i la conservation des germesplasmes. En effet, la cartographie g~n~tique permet A 
tout moment de vrifier si l'espce en collection, ou qui rentre en collection, est oui ou non 
identique Aune autre d6jh en collection. Un plante en multiplication pour la collection peut 
subir une mutation quelconque difficilement d6celable dans l'imm~diat car pr~sentant les 
m~mes caract6ristiques morphologiques; la cartographie g~n~tique sera l pour trancher. 

Encore une fois, la biologie molculaire permet d'identifier certains ghnes int6ressants, leur 
isolation et leur conservation. La technique dite de transformation permet d'introduire une 
nouvelle biodiversit6 g6n~tique. Si la culture des tissus permet la conservation d'espces 
soit en culture cellulaires, soit sous forme de vitroplants, la biologie moldculaire nous offre 
une nouvelle forme de conservation simplifi~e sous forme de g~nes (ADN). 

Voici, bri~vement 6voqus, les avantages des biotechnologies v6g~tales dans la 
conservation et dans l'utilisation des germeplasmes v~g6taux. Ceci est plus facile Adire 
qu'A faire. En effet, au stade actuel du d~veloppement des biotechnologies, en Afrique, les 
biotechnologies sont encore au stade embryonnaire. I1serait donc trhs hasardeux de nous 
lancer dans ce genre d'entreprise la tote baiss6e, car le chemin est plein d'embCIches qu'il 
convient d'dviter assez rapidement en regardant oU nous mettons le pied. 
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Ncessit d'un ordre biologique nouveau pour un d6veloppement durable 

Pour que des gens puissent continuer Aifaire de la recherche. ilfaut que celle-ci soit 
r6mun~ratrice. La seule forme de r~munration en vogue est la bevdtation. I1est un fait 
qu'actuellement les seuls chercheurs susceptibles de pouvoir b~n~ficier d'un brevet sont les 
chercheurs du Nord. La plupart des organismes sur lesquels ils ont travaiIll sont des 
organismes qui int6ressent sp&ialement les pays en d~veloppement. Les discussions 
actuellement en cours visent Addterminer si un chercheur qui acquiert Lin mat6riel g~ntique 
du Sud peut, sans autre forme de compassion, proc~der h la manipulation g&n tique de cc 
materiel et s'en approprier le titre par brev~tation, arguant que le matriel g6n~tique du 
Sud est du domaine de l'Hritage Commun". Sommes-nous actuellement en droit de 
revendiquer le rapatriement de notre materiel g~n~tique au m~me titre que les monuments 
historiques autrefois emmenis vers les mdtropoles par nos anciens colonisateurs? La 
discussion est ouverte. 

Peut-6tre peut-on freiner le temps, mais peut-on arrCter le temps ou I'histoire? II se fait que 
nous avons enregistr6 un trs grand retard dans beaucoup de domaines et principalement en 
biotechnologies, moteur du d~veloppement. 

Nous savons que l'Afrique, en gdn6ral, ne vit que de son agriculture (agriculture de rente). 
Nous savons 6galement que l'Afrique est le continent le plus assist6 sur le plan alimentaire, 
ce qui est paradoxal pour un continent essentiellement agricole. Toutefois, sans entrer dans 
les d6tails, en faisant une simple analyse, au train ob vont les choses, si nous acceptons le 
principe de brev6tation, nous serons amen6s h acheter nos semences dans le Nord au prix 
auquel le Nord VOudra nous ies vendre, produire pour le Nord au prix auquel le Nord voudra 
bien acheter. Devons-nous, pour cette raison, freiner tout d6veloppement dans le Nord? Et 
d'ailleurs sommes-nous capables de Iarr6ter? Je ne crois pas. Cest pourquoi je reste 
persuad6 qu'une n~gociation avec nos partenaires du Nord s'impose, pour chercher les 
616ments de base de l'6tablissement d'un ordre biologique nouveau, oil tout le monde 
trouverait son compte. 



information Management inOn-Farm Conservation 

C.Blake 

I should in the firsi instance state that the topic I am about to introduce falls, generally 
into two subject areas, one with which I feel quite comfortable and the other in which I 
cannot even claim even cursory competence. However, because of the pervasiveness of the 
"information" imperative that stalks all disciplines these days, we are all compelled to 
take excursions into areas that have organic linkages that hitherto have not been 
recognized by scholars and researchers. It is against this background that I am going to 
attempt to introduce the topic "Information Management in On-Farm Conservation. 

It is now widely recognized that indigenous knowledge plays a significant role in the day
to-day life of people in the South, notwithstanding the tremendous reFources that have 
been expended by governments and international bodies in their efforts to introduce so
called "modern" knowledge to inhabitants of the southern hemisphere. The knowledge 
base used for this modernization has, generally, come from the North even though we know 
that several western scholars did their research in the South and produced "knowledge" 
and "information" they deemed important to improve the lot of the South. 

As we are all aware, not much has been achieved over the last thirty years in many 
African states. It is perhaps this failure that has prompted the international community 
to pay attention to those researchers, in the North and South, that have been calling for 
more in-depth studies of the traditional/indigenous knowledge systems that have guided 
rural societies for centuries. Among the fields that are now concerned with the importance 
of indigenous knowledge systems are information sciences and environmental studies. Given 
the above, it is incumbent on those who are conducting research and/or engaged in pedagogy 
in the subject matter with which we are dealing, to realize that information on the 
conservation of plant genetic resources and the local management of such resources, form the 
bases for our work. If our work is to be meaningful, we have to put information systems in 
situ to help the farmer systematize what s/he already knows and practices, so as to build 
on this knowledge base and improve on it as necessary. 

As it stands currently, we cannot talk about the management of information in on-farm 
conservation without first establishing an information system. The knowledge that exists 
among farmers, especially those that cannot read or write, is housed in their heads. It is 
used repeatedly and transmitted to offspring, clan members and/or others closely related to 
the immediate community. In order to get at this information, those interested (who 
generally are researchers or policy makers) have to rely on interviews, either directly 
with the farmers or through informants. When the information is obtained, it is taken out 
of the community, analysed, interpreted and published. Research could reveal the extent 
to which the findings are used. Some may argue that such findings are hardly used beyond 
their analysis for publication purposes. In essence, the analysed information may be out of 
reach of its source. 

The question now is how does one go about dealing with information management in on-farm 
conservation? I propose we review the following steps: 

1. 	 The agg.egation and organization of extant knowledge through methods that the 
farmers can understand and replicate. 
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2. 	 In the process of aggregating this knowledge, all attempts should be made to 
highlight the roles, functions and rituals involved in its practice. This is crucial, 
particularly for gender and other socio-cultural issues. 

3. 	 Promotion of the use of the aggregated knowledge beyond the immediate 
community so as to improve, modify and/or facilitate access to a wider audience, at 

any given time. 

With regard to step one, the interested researcher/information science specialist would 
have to work in close collaboration with experts in plant genetic resources in order to ask of 
the farmers, pertinent questions that would yield information that could be appropriately 
recorded. It is critical for the farmers to participate in the recording of the information 
th2y provide, and for them to understand that others will have access to this information. 
The reasons for ascertaining such participation are twofold: first of all, the farmers have to 

maintain their credibility, requiring them to be forthright in providing the information 
sought. Secondly, they have to be in a position whereby they can aggregate and organize 
information even after the initial phase that involved "experts" from "outside". In this 
vein, the farmers have to "manage" the information they provide. 

One method that could be considered in developing the information system mentioned 
above is the use of video cassettes. Several years ago, the United Nations University 
sponsored a dissemination activity called Village Video Network, implemented by 
Martha Stuart Communications, New York. The essential feature of this activity was to 
introduce the video system at the village level by teaching the villagers how to use the 
machines to capture, on video. :;uccessful innovations and other useful development 
programmes. Activities such as biogas production were recorded. The tapes were 
transported from village to village, particularly to those that did not produce biogas but 
could do so, if taught. 

Villagers in the various countries in which the project was carried out taught each other 
through information sharing The biogas project was recorded by Chinese villagers who not 
only shared this knowledge with fellow Chinese citizens but also with villagers in the 
Caribbean, thousands of miles away. Skills and knowledge peculiar to other sectors were 
similarly captured on video by villagers in Mali, Nigeria and other African states, and 
disseminated to other areas in the world as information that could be used by others. 

Groups that had full responsibility for producing and managing the information were 
formed in the villages. The dissemination of the tapes outside of the villages was 
managed by Martha Stuart Communications. The essential point, however, is that 
villagers were taught how to organize their knowledge into a system that could be accessed 
by them whenever needed, and by others outside of their communities. Most importantly, 
the groups managed the systems. 

It is my firm conviction that by encouraging farmers to participate in the organization and 
systematization of information on plant genetic resources based on indigenous knowledge, 
and emphasizing the importance and potential use of this information by members of their 
communities and others, a management culture could be nurtured to ensure continuity and 

effectiveness. The acquisition of the management skills required for maintaining such 
systems could be enhanced as a result of the interactive characteristic feature of the 
method advocated herein. 

The above position is stated because the dominant mode of transmitting agricultural 
information among illiterate farmers in the South is through apprenticeship. With what I 
am proffering now, the transmission of agricultural knowledge could be enhanced through 
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the use of a medium that can reach more people, at a given time, than by apprenticeship 
alone. Also, those who would have primary access to such knowledge through 
apprenticeships can refine their knowledge during their leisure periods through community 
viewing of video cassettes. 

Among the kinds of information that could form the basis of such an on-farm managed 
system would be data on landraces, farmers' knowledge of the selection of plant materials, 
criteria for selection, pest and disease management, management of environmental stress 
factors, uses of minor or under-utilized crops, methocs of local conservation of crops and 
equipment/instruments used. 

Stemming from the above, we now look briefly at the second step mentioned, that is, the 
socio-cultural dimension. If the information that we seek to systematize in the on-farm 
context is to be useful, it should be organized in a holistic manner. That is to say that if, for 
example, we use the video as a medium, it would be important to capture the rituals that go 
along with agricultural practices in the localities in which we are interested. The rituals 
constitute an essential element of the quality of the information we seek to organize. Since 
the organization of the information is for an intended group of users and not just for exotic 
purposes, we would fail in servicing the needs of would-be information seekers on issues 
pertaining to plant genetic resources in a given locale, if we ignored such socio-cultural 
information. 

The same concern for a holistic information system should be manifested in capturing the 
significant role played by women in the entire agricultural sector, particular!y the 
physical aspects of farming. Added to their physical contribution, to put it bluntly, their 
labour, is the knowledge they harbour and use in this crucial sector that represents the life
stream of their communities. Since the lot of the African woman in public is to be seen and 
not heard, even though she works the hardest, the video can bring her contribution into 
sharper focus than has hitherto been seen. 

The third and final step involves the promotion and utilization of the system beyond its 
immediate environment. The information aggregated and systematized on-farm, should not 
be perceived as a mere archival exercise, in the old sense of the term. We are not talking 
about the setting tip of a traditional library in the form of a depository, housing what we 
know as library holdings. The information is meant to be disseminated and applied, hence 
the importance of its management. Since the approach to its aggregation was user-oriented, 
promotion of its use should be an aspect of the management of the system. Through such 
promotion within and outside of the immediate locale, modifications could be made to 
enhance the quality of the information as a result of new discoveries and other innovations. 
It is precisely because of the possibilities of such improvements that a system of 
aggregation and systematization should be one which the ordinary illiterate farmer could 
use. 

There are, of course, risks involved in the promotion and utilization of such information 
systems outside of their original locale. The risks include modifications to the system that 
are not conducive to application in a given environmental context. Nonetheless, one cannot 
expect much use from an information system that is stagnant and not susceptible to 
modifications that could conceivably improve the quality of information contained in the 
system. 

What I have tried io do in this paper is to introduce my biases with regard to the manner in 
which information systems on traditional/indigenous resource realms could be set up. I 
provided only one means of aggregating and organizing such a system. There are other 
methods that could be considered. Since my concern was with farming populations that are 
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largely non-reading communities, I chose to adopt a method that does not require reading 
and writing for people to understand and manage the system. One area that is lacking, 
perhaps among many others, is the maintenance of the video system - video cassette 
recorders (VCRs) and monitors. As part of the operation of such a system, consideration 
should be given to link extension workers with the system. They could then assist in either 
bringing in video repair personnel or facilitate the training of one or two members of the 
group responsible for the operation of the information system. The management component 
would, of necessity, have to be nurtured. 



Information Management for Ex SituGenebanks 

M.C. Perry 

Introduction 

Conservation and use of genetic resources have been recognized as important activities 
needed to sustain and improve production of agricultural and forestry crops. This 
realization has lead to a considerable expansion in the number and sizes of germplasm 
collections over the past few decades, and to an increased emphasis on the efficiency of 
their manner of utilization and management. There has also been a realization that the 
data related to germplasm samples as well as other similar information are potentially as 
important as the genetic material itself. 

The management of data and information associated with plant genetic resources can be one 
of the most active functions of a genetic resources centre. Ultimately, this information is 
referred to in all genetic resources communications. In general, these data are used by the 
conservation, research and development community within, and associated with, the 
centre; they may also be used by administration departments for reporting, planning, 
determining fiscal policy and publicity. On a broader scale, combining data for a crop, from 
many national germplasm collections, can provide the basis on which to plan international 
genetic resources activities. This type of cooperation may help to reduce duplication of 
effort in the areas of conservation, regeneration, multiplication and collecting. 

The purpose of this paper is to describe, in general, the management of genetic resources 
information associated with ex situ germplasm collections. An attempt has also been made 
to describe the types of data that could be associated with ex situ genetic resources 
collections that, currently, are not considered a priority to manage. In addition, there is a 
short discussion of the problems relating to information management and international data 
management, that exist at many germplasm collection sites. 

Importance of information ingenebanks 

Information management for ex situ genetic resources collections is generally centred around 
the management of a database of sample-specific data that have been accumulated 
through the use of crop-specific descriptors. Broadly speaking, a genetic resources 
database can be described as a collection of data fundamental to a genetic resources 
collection or system. This definition does not imply the marner in which the data will be 
maintained, i.e. with either a manual- or a computer-based system. Depending on the type 
of maintenance, the crops held and the specific objectives of the genebank, there may be a 
great variation in the data found in genetic resources databases. The need for an organized, 
easily used database increases proportionally to the number of accessions and the number of 
parameters that are important for its management. 

Databases provide logical means of organizing the information on collections and provide 
accessible inventories of collections' holdings. Several factors relating to germplasm 
databases need to be taken into account: 

* 	 The size of a germplasm collection may be limited due to financial or physical 
constraints. Appropriate data and information is needed to decide whether or 
not to include material. 

/ 7
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* 	 The collection curator requires data for monitoring viability, quantity and 
location of seed or the location of stocks in a germplasm nursery, as well as for 
determining how the collection should be augmented through further collecting 
efforts or exchange. 

" 	 Decisions will need to be made on the choice of material to use in breeding and 
research programmes. Such decisions can only be based on the data that is 
available on the accessions in the collection. 

" 	 Efforts to coordinate global genetic resources activities can be successful only if 
the data on germplasm collections is sufficiently complete to provide a basic 
understanding of the initial global or regional status. 

Data generation ingenetic resources 

Much of the information generated by a functioning genetic resources collection is of interest 
and value to some part of the scientific community. Information from specific studies will 
often be published in reports, catalogues or journals. Some of the information produced 
during genebank activities may or may not be of interest to other scientists but is of value in 
genebank management for setting priorities, planning activities and managing resources. 
Genetic resources data are generated during the following activities: 

* Plant collecting and introduction (registration). These 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). 

* 	 Characterization and evaluation trials. These activities are used for 
describing 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. 

* 	 Management of collections. This is essential for maintaining the viability of 
the genetic resources and their distribution to users. Management activities 
include, among others, monitoring the condition (viability, amount of stock, 
etc.) of the genetic resources. 

Categories of ex situ genetic resources data 

A. Descriptors and common categories of genetic resources data 

A descriptor is generally defined as an identifiable and measurable trait or character of a 
plant accession. Examples include a descriptor name, a descriptor definition and possibly a 
list of descriptor states and codes used for the descriptor states. The selection of descriptors 
made during the establishment of the database will determine not only the size of the 
resulting database, but its usefulness. The choice of descriptors and descriptor states will 
also help to establish a standard type of language for the exchange and use of data. The 
use of descriptor lists that have been developed by an international group of crop-specific 
experts will generally effect compatibility of data during exchange. IBPGR has been 
responsible for publishing over 60 crop-specific descriptor lists, each of which follows a 
standard format for descriptor categories. 
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Most descriptors that are used in plant genetic resources databases for ex situ cultivated 
species can be placed in one of the following categories: 

Passport descriptors describe characters observed at the time of original field 
collection or when an accession is bred. Included are the original identity of the 
accession (scientific name and collector's number), the identifier assigned to the 
accession after it enters into a collection, provenance and detailed collection site 
characteristics The last two can help define the adaptation of the genetic 
material which can guide multiplication, characterization and evaluation trials, 
as well as utilization. IBPGR descriptor lists include both the accession and 
collection data sections. 

" 	 Characterization traits are highly heritable, 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.
 

" 	 Preliminary evaluation traits may not be equally expressed in all environments, may be
 
more difficult to score than characterization descriptors but have been determined
 
for their importance for collection management and use by a consensus of users of the
 
particular crop. Even though non-replicated trial data are environmentally
 
influenced, they are generally used for genetic resources collections.
 

* 	 Evaluation traits are closely linked to breeding programmes. To gain an adequate 
understanding of the genetic attributes of the accession, replicated trials are 
needed. Because crop use varies from country to country, these descriptors may or 
may not be used depending on their importance within a particular country or 
region. 

" 	 Management descriptors are used to assist in stock control of ex situ (seed stores, in
 
vitro and field) collections. They help to determine and assist in the timing and
 
management of multiplication and regeneration trials and in tracking the location,
 
distribution and receipt of samples.
 

* 	 General information on collections. Besides descriptor type information, data on
 
collections of a particular crop are very useful for locating alternative sources of
 
germplasm and for providing a start in locating other people working on the same,
 
or similar, crops. IBPGR has published this type of information in its Directoriesof 
Gerniplasin Collections. The information collected includes the complete name, 
address, contact numbers and a summary of the holdings (genus and species names, 
geographical distribution of the material, documentation status and quarantine 
restrictions that might apply). 

Due to its recently extended involvement in the documentation of certain woody species, 
IBPGR has begun to see an expansion and, in some cases, a reclassification in the types of 
data that need to be maintained by certain genetic resources collections. This has been 
especially true in the case of coconut and woody species. At a recent meeting on coconut 
genetic resources data (19-22 May, 1992, Montpellier, France) the types of descriptors that 
are required for adequate management, use and exchange of genetic resources were shown to 
not always fit well into the definitions given above. 
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B. Categories of data used less commonly for ex situ collections 

As noted above, certain descriptors may be more important for certain crops and/or types of 
germplasm. For most cultivated vegetative species, the above categories and descriptors 
are quite commonly used for many collections. However, to maintain as much genetic 
variability as possible and to carry out successful regeneration of wild relatives of many 
cultivated species, much more detailed environmental data must be known about the 
original site of collection. 

The specific data requirements, for tile genetic resources of many forestry and multipurpose 
tree (MPT) species that are maintained ex situ, also have different priorities. In these 
cases, the extent of information on the accession's provenance, specifically the climatic and 
soil conditions, can be used for selection of germplasm, its establishment in another location 
and regeneration and multiplication. For species that have extremely long juvenile 
periods, those for which the seed is not easily obtained and for forest species, the 
provenance and locality data may indicate the area of the ii siti stand where the 
germplasm is found and hence may indicate, at a future date, the only source of seed. 

Indigenous (traditional, local) knowledge has not always been given the level of 
importance that it deserves with regard to documentation. Plant collectors have, in many 
cases, collected data related to the accession's vernacular name, the distribution, 
appL -'ance, properties, uses and origins, the cultural management practices and 
environmental conditions with which the accession is associated and how the accession has 
been affected by changes in farming practices and natural habitats [Guarino, in press]. 
However, the use of this data has not been widespread due to the small amount of effort 
that has been put into the overall documentation practices including the thoroughness of 
data collection and transcription, the inability to readily classify the different types of 
knowledge obtained and the incorporation of data into computerized information systems. 
The last point also creates problems for computer storage and retrieval and, therefore, use 
of the data. Events and publications leading up to, and including, the United Nations 
Conference on the Environment and Development (UNCED) have promoted the importance 
of recording and utilizing indigenous knowledge. Hence, the information management 
aspect of this problem is now getting increased attention [Morin-l.abatut and Akhtar, 19921. 
IBPGR will also dedicate resources to the information management/technology issues 
related to this area. 

Information management systems 

A. Definitions and requirements 

After the database is designed and established it is important, particularly for larger 
databases, to determine the system that will be used to manage it. These can be manual or 
computer-based. The latter are generally referred to as database management systems 
(DBMS). Whether the database should be maintained manually or using a computer is 
determined by the experiences, resources and the size of the database that does, or will, 
exist. The database and the system that is used to minage it are generally referred to as an 
information management system. An information system should have, at least, the 
following design requirements: 

* 	 it must take into consideration the overall structure and operating procedures of the 
rganlization the system is to serve; 
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it must either define, or be designed around, the specific methods that will be used 
to carry out activities related to data definition, storage, retrieval, auditing, etc.; 

* it must take into account the type, quality and quantity of data to be maintained; 

* 	 it should provide users with logical, fast and flexible information retrieval and
 
storage mechanisms.
 

B. Information system compatibility 

Consideration must occasionally be given to compatibility of data between information 
systems that are similar with respect to the subject matter. This can be physical format 
compatibility or logical compatibility. Physical formats can be changed to accommodate 
the 	receiving institute. If incompatibility exists, it is necessary to reformat the data by 
writing it in an ASCII fixed field format. 

Logical compatibility refers to the use of different or inexact descriptor states for the same 
descriptor. The use of standard descriptor lists assists with the exchange of data between 
institutes that maintain or are interested in the same crop. Logical data incompatibility 
exists if descriptors with nonequivalent definitions or non-convertible descriptor states or 
coding schemes are used. For many plant morphological or agronomic descriptors, the 
conversion between two descriptor lists that utilize different descriptor states, is generally 
not possible. 

Data incompatibility may also result from the use of different standards. These may 
include names for countries, taxonomy, institutes, etc. A single standard set of names for 
these descriptors will probably not be used in the foreseeable future but many different 
organizations are working in this direction. A possible solution is to communicate with the 
institute that supplied the data and to create a table of equivalent conversion values that 
can be used to translate the descriptor values and hence ensure compatibility at the 
receiving institute. 

C. Information systems inuse 

The relatively low cost and wide availability of computer technology have provided the 
basis on which to establish information management systems in genebanks in most areas of 
the world. These vary considerably in operation, complexity and design. The simplest 
design may utilize a personal computer and a simple text editor or word processor for data 
management. More complex systems are designed to work for many different germplasm 
collections in different locations. The resulting databases are complex and require, in many 
cases, several people to maintain them over and above those that manage the data 
[Mowder and Stoner, 1989]. Many of the information systems that are designed for small- to 
medium-sized genebanks have been developed to operate on a single personal computer and 
utilize a PC-relational database management system (DBMS) software package [IBPGR, 
1985]. Computer programs that utilize the DBMS' programming language are usually 
designed and written to facilitate data management as determined by daily genebank 
routines. 
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Problems associated with ex situ information management 

It has not been possible for many national or local genebanks to develop information 
management and/or suitable documentation systems that meet their particular needs. This 
causes delays, inaccuracies and mistakes in data use and may actually lead to a loss in 
genetic diversity or genetic resources due to incorrectly or poorly managed conservation 
practices. These problems are usually caused by: 

* 	 the lack of, or inability to keep, properly trained documentation staff who are
 
responsible for data management at the genebank. This could be caused by a low
 
level of resources and/or a low level of prestige;
 

• 	 the inability to acquire funding to purchase the necessary computer technology; 

* 	 the lack of organization of genebank procedures and processes that will generate
 
data in a coherent and logical manner; or
 

• 	 a combination of any of the above points. 

Development of sound information practices at a genebank must start with the recognition 
of the importance of the function. This must be demonstrated by the dedication of resources 
to provide the function. Also, it is necessary for the genebank management to recognize that 
the documentation and information functions are vital and integral parts of the operation of 
the genebank. They alone can help to elevate the prestige of the information management 
function. 

International databases 

A.Central crop databases 

This general discussion has been focused primarily on genetic resources databases important 
to a single institute or group of institutes within a particular genetic resources programme 
and within a particular country. A concerted effort is now being made to establish crop
specific genetic resources networks. The basic idea behind these networks is to develop 
cooperation and share information between and within all groups that are working on the 
genetic resources aspects of a particular crop. One of the initial activities of these networks 
is to plan a research and conservation agenda to set tile stage for global activities. This 
approach stimulates communication and helps to reduce duplication of effort. In the 
experience of IBPGR, one of the activities started after the first planning meeting is the 
establishment of a central crop database. This is a database that results from compiling 
predetermined accession-specific data from all participating germplasm collections of the 
particular crop. In the past, several of these have been compiled with varying degrees of 
success. After the launch of IBPGR's crop network concept, the formation of these databases 
has been considered by the network participants as an important primary activity 
necessary for directing and identifying the long-range goals of the network. 

Databases that are currently under way in conjunction with an IBPGR crop network are: 
barley, maize, Beta, rice, groundnut (wild Araclis), okra, Musa, coconut and cassava. 
Other important central crop databases that have been compiled under other projects or 
arrangements are: wild wheat, Aegilops, Avea, Cucumis, Cacao and Citrus. 
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B.Concepts and uses 

The rapid advances in computer technology and its increased availability have enabled 
the use of relatively powerful microcomputers in many remote areas of the world. This has 
made it even easier to realize the numerous advantages of integrating into one computer 
database, data on germplasm held in different centres. General concepts behind the 
compilation of these databases were developed earl' by IBPGR. These include the criteria 
that databases should be organized separately for each crop and that they should be 
located in an internationally recognized "centre of excellence" for the crop. The latter point 
helps to ensure dedicated support for the database and makes available expertise for the 
verification of the data. The compilation of the central crop database, for which there are 
many thousands of accessions and many different collections from locations throughout the 
world, may be facilitated by setting up and rationalizing several regional databases first 
and, later, compiling these into a global database. This approach spreads out the overall 
workload and allows the participants, most familiar with the data to have a close input 
into its rationalization in conjunction with geographically similar collections where there 
may be a great deal of initial duplication of material. 

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

" 	 assess the current status of conservation and characterization of the genetic
 
resources in all participating collections;
 

* 	 provide an indication of duplication (including intentional security duplication) of
 
material between collections;
 

* 	 provide an indication of gaps that may exist in the representation of geographical
 
provenance or phenotypic/ genotypic variability among collections as well as study
 
the phenotypic/genotypic variability inherent in the collection; and
 

" 	 assess the regeneration requirements at an international level. 

As a service 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. 
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Opportunities 

The opportunities for cooperation between community-based (informal) and institution
based (formal) systems for the conservation and improvement of genetic resources are almost 
without limit. Each system perfectly mirrors the other in purpose and function and each 
can enhance the work of the other. There is virtually no part of a national or IBPGR 
germplasm strategy that cannot benefit from the participation of local communities and 
NGOs. 

It must also be acknowledged that each system needs the other. Neither is perfect unto 
itself. Farming communities have been conserving and improving agricultural germplasm 
for more than ten thousand years. Genebanks have been doing the same job for only half a 
century. Despite the best efforts of the informal system, approximately 70% of the genetic 
diversity of the world's major food crops has disappeared from the field. Losses in 
genebanks - again despite the best efforts of curators - have also been severe. Conservation 
is forever. We are not in the business of conserving agricultural diversity for the 
foreseeable future. We must conserve genetic resources for the unforseeable future. It is in 
all of our interests to work to see that the short-term perspective on political issues and 
undue commercial interests can be laid aside in a common effort to make sure that future 
generations of farmers have access to a sustainable supply of genetic material for 
improvemenL. 

Some examples of potential areas of cooperation might help us all appreciate the value of 
working together. 

Together, the two systems could develop an Early Warning System to identify urgent areas 
for collection of endangered germplasm. NGOs and farmers' associations working in rural 
areas could cooperate with the national system through a number of uncomplicated and 
inexpensive mechanisms including through access to a "hot line" phone number (and 
mailing address) that is widely circulated. Among others, expatriate NGOs and private 
companies working in rural areas could also be asked to (voluntarily and at their own 
expense) participate in an annual seminar on national genetic resources management that 
would give them the opportunity to advise the national programme of any developments 
that could require additional collection work. In some countries, however, the need to 
protect the rights of civil society may make it difficult to achieve this level of 
cooperation. 

If the two systems can work together, it is possible to imagine that communities could 
undertake much of the national collection and documentation work themselves. Local 
people can collect both the early-maturing and late-maturing samples in a field and can 
provide much more useful documentation and characterization data for each sample. In 
these ways, costs could be substantially reduced for the formal system. Collaboration is 
also possible in improving safety and efficiency in rejuvenating genebank accessions whose 
germination rates have fallen too low. Seeds could be returned to the original community 
or, where passport data is missing, to a community with a similar agro-ecological 
environment where the seeds could be multiplied and samples shared with the genebank. 

A number of real policy considerations must be resolved before this cooperation is possible. 
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Considerations 

Despite years of debate and discussion at FAO, the rights of farming communities, or 
"Farmers' Rights", have not been fully developed or understood. In considering 
collaborative programmes between the two systems, national and international germplasm 
committees should bear in mind at least four rights: 

* 	 the Farmers' Right to retain their folk varieties within home or community genebanks; 

* 	 the Farmers' Right to know what is being done with folk varieties and to have access to 
information generated from folk varieties; 

• 	 the Farmers' Right to innovate and to participate in innovations related to genetic 
resources; 

* 	 the Farmers' Right to benefit from the commercialization of materials derived, 
partially or wholly, from their genetic resources. 

Until there is acceptance of the need to safeguard the intellectual integrity of farmers, it 
will be difficult to achieve the collaboration for which we all wish. The greatest barrier 
to acceptance of farmers' integrity is the spread of intellectual property systems that usurp 
the genius of local communities. This is a critical topic we must all address in meetings like 
this. 

Integrity and trusteeship 

Some of the concern in protecting farmers' integrity in the face of intellectual property 
expropriation relates to the status of international genebanks. RAFI is in the early phases 
of 	an evaluation of the trusteeship role of the Consultative Group on International 
Agricultural Research (CGIAR) and its International Agricultural Research Centres 
(IARCs) with respect to their ex situ collections of genetic material. The trend in policy 
formulation within CGIAR is to argue that each Centre holds genebank materials "in trust" 
on behalf of farmers in developing countries. As laudable as this position is, it raises a 
number of difficult questions: 

1. 	 Is the legal status of each genebank clear? Most IARC arrangements suggest that 
genebanks are an asset of the IARC and, therefore, ultimately the property of the 
country hosting the IARC. 

2. 	 If not an asset but a "trust", who entrusted CGIAR with this responsibility and what 
are the conditions of the trust? The IARCs are currently negotiating with FAO to be 
given retroactive "trust" but this is, at least, convoluted since the IARCs seem to want 
unconditional trust (everlasting love). 

3. 	 Most especially, where does genebank material (and, therefore, "trust") end and where 
do IARC research products begin? Do IARCs have the right to claim ownership over 
products based on genebank materials? Is there a "trust" element in their ownership? 

4. 	 More specifically, can IARCs patent genebank material or trade this material as part 
of intellectual property or technology transfer deals with private companies? 

Most of the accessions in genebanks are so-called "landraces" (folkseeds or farmers' 
varieties are better term'O These accessions form part of the intellectual integrity of 
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farming communities. Together with information, funds, technologies and systems, 
germplasm makes up a genetic resource whose importance to conventional plant breeding 
and biotechnology increases daily. Genetic resources are quite incorrectly described as "raw 
material" for biotechnology. They are not. They represent the current intellectual 
contributions of informal innovators but the resources can only be appropriated by companies 
if their intellectual content is demeaned. 

It should be absolutely clear that there is no evidence (and little likelihood) that any 
IARC has ever expropriated material held in trust for its own commercial advantage. It 
seems that IARC thinking, on the parameters of intellectual property ownership questions, 
is pretty fuzzy. Hope Shand of RAFI has identified some recent situations in which IARCs 
may have overstepped their (self-appointed) role as trustees and used farmers' material as 
a bargaining chip in negotiations that are resulting in patents. Five examples that raise 
doubts, follow: 

1. 	 Rice research financed by the Rockerfeller Foundation and involving the co

participation of the International Rice Research Institute (IRRI) in the Philippines 
and Cornell University, has led to Cornell applying for a series of patents and offering 
to sell access to their information, to biotech boutiques in the United States. 

2. 	 In 1991, the International Potato Centre (CIP) in Peru signed a contract with Plant 
Genetic Systems (PGS) of Belgium to trade genebank material for access to a transgenic 
potato (resistant to potato tuber moth) that was derived from that material. PGS has 
exclusive rights to the germplasm in industrialized countries and CIP has the right to 
use the material in the South. For the first time, CIP is obliged to refuse requests for 
th isgermplasm from the North. 

3. 	 A Pepsico subsidiary, Frito-Lay, was allowed to come to CIP to screen genebank 
accessions for potato chip processing qualities. Frito-Lay took useful germplasm 
samples back to the United States and is now developing proprietary (patentable) 
varieties which could be marketed in such countries as Korea and Taiwan where Frito-
Lay has large operations. CIP traded access to the genebank for access to (some or all 
of) Frito-Lay's screening documentation. 

4. 	 IscaGenetics, another US agricultural biotechnology boutique, has also obtained 
germplasm from CIP which it is turning into patentable material. EscaGenetics is 
testing its new potatoes in a number of developing countries including Colombia, 
Venezuela, Argentina, Mexico and Egypt. 

5. 	 The International Centre for Tropical Agriculture (CIAT), in Colombia, is negotiating 
intellectual property rights, over two new bean varieties, with a French public sector 
institution. Royalties will be disposed of by CIAT. Officials concede that one of the 
varieties is based heavily on a Chilean accession in their genebank and have wondered 
if they should turn over the profits to Chile. 

CIP officials argue that their genebank is their "comparative advantage" in negotiating 
technology transfers with private companies. Was this in the invisible "trust" agreement 
with farmers? Have even the governments (from whose sovereign lands the germplasm 
came) been consulted? 

If informal innovators establish working relations with institutes that accept the 
possibility of patent monopolies over genetic resources, what are the implications for 
farmers? Will recognition of the informal system simply lead to the expropriation of not 
only farmers' varieties but also farmers' knowledge about those varieties? How can this be 
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prevented and/or how can farmers be compensated? These issues also apply to national 
agricultural research services and universities who are also becoming interested in 
patenting living materials. 

It is difficult to quantify the intellectual contribution of Third World farmers to 
industrialized countries. Most genebank directors in the North privately (or publicly) 
acknowledge that the contributionl of farmers' varieties is enormous. A great deal of the 
most commercially usable material flowing to the North passes through International 
Agricultural Research Centres either directly from their genebanks oi as "improved" 
material for field trials. RAFI is attempting to establish reasonable calculations on the 
value of farmers' varieties exported in this way. 

The best information is available for wheat material obtained by the North through the 
International Maize and Wheat Improvement Centre (CIMMYT), in Mexico. Our 
preliminary estimates are based on information from only four industrialized countries and 
the base figures are drawn from three national research institutes. For the United States, 
our estimates are based on a 1982 Organization for Fconomic Cooperation and Development 
(OECD) report that, somewhat cryptically, estimated the value of Third World wheat 
germplasm to the United States at US' 500 million per annum. An internal 1983 study by 
Canadian and American government wheat breeders came up with a similar figure 
specifically related to CIMMYT germplasm. RAFI believes these figures are a minimal 
estimate. Two studies by Dama Dalrymple of USAID (1981 and 1986) show that 21% of the 
entire US wheat crop was sown to semi-dwarf material derived from CIMMYT. RAFI 
estimated the value of the CIMMYT contribution at (roughly) US$ 1.8 billion in the mid
eighties. 

In a report for The Crawford Fund for International Agricultural Research in Australia, 
Derek Tribe, in 1991, offered three different calculations for the value of CIMMYT material 
to that country. The low estimate was about US$ 75 million per annum while the high 
estimate (based on RAFI's extrapolation of other figures cited by Tribe) was approximately 
US$ 122 million. Tribe also cites a 1990 New Zealand estimate that CIMMYT's 
contribution to that country could be valued at NZ$ 338 000 per annum. 

In 1992, a ,Mudy from IN'TAGRES, a CGIAR documentation and information centre based in 
Rome, con,:luded that CIMMYT's annual contribution to the Italian durum wheat crop was 
not less than US$ 300 million. 

The total value of CIMMYT wheat germplasm to the four industrialized countries is not less 
than US$ 875 million a year, according to governmental or semi-governmental estimates 
[Fig. 11. 
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Benefit to 4 States 

US$ 500 million 

US$ 75 million 

US$ 0.3 million 

US$ 300 million 

ConservativeAnmal 
Total US$ 875.3 millions 

Figure 1. Understanding the IARChy; CIMMYT's Contribution to Wheat 

Source: RAFI diskfile: cgbentot Disk: p/hd File: 72 

In Table 1 below, RAFI takes each estimate from each of the four countries discussed above 
and applies them over all industrialized countries on tl.,basis of the percentage of total 
wheat production in the North. Thus, the United 'Itates (which averaged 18% of the 
North's entire wheat production in an average year over the 1986-90 period) is measured by
the US dollar estimates made by thc OICD in 1982; by RAFI, based on USAID acreage data 
in 1986; by Trice's estimates for Australia and New Zealand; and by INTAGRES's estimate 
for Italy. Each country is measu red the same way. The result is a range, estimating the 
total annual Value of CIMMYT material to the North, running from less than USS 300 
million (based on New Zealand's rate) to more than US$ 11.5 billion (based on 
INTAGRFS's Italin rate). The extrapolation of the OI:CD data and the high end of 
Tribe's Australian data both come close to US$ 2.7 billion per annum. RAFI thinks this is a 
reasonable estimate of CIMMYT's real value to the North. CIMMYT's budget, in 1990, was 
US$ 27.1 millioa. CIMMYT's return to the North, then, is one hundred fold. 
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Table 1: CIMMYT and Wheat inthe North - Various Estimates of Annual Value 

State 	 Prod. Av. W I %N OECD USA AUS#1I AUS#2 Italy NZ ($0.3)
 
('86-'90) (S500) (1800) ($75) (5122) ($300)
 

World 	 539448 00 -

South 	 220727 4] 
North 	 59 i 100 S2720 $9780 1 S1 630 S2650 S11 540 $300 
USA 58697 1-18 s U $1801 I $300 $m 2U5 
AUS 14565 3 5,$124 $447 $74 $121 $527 $14 
Italy 8391 2 3 $72 2 $43 $70 L $8 

NZ 249 1 0 52 $8 $1 $2 S9 $ 

Notes: 
1. 	 Estimates are based on the extrapolation of national estimates from the four countries described in 

Table 1,above. 
2. 	 Percentages are based on FAO AGROSTAT disks. "%W" indicates the share of world production in 

thousands of metric tons averaged over the 1986-90 period. 
3. 	 All currency figures are in US$ millions. 

Operating on the same basis (percentage of annual production in the North), RAFI has also 
tried to estimate the value of IRRI and CIAT rice material, CIAT beans and CIMMYT 
maize. Once again, we have to caution that these figures might only offer a very crude 
"ballpark" understanding of the contribution of informal innovators. In the final analysis, 
probably the most accurate thing to be said is that Third World farmers are contributing 
enormousliy to the North. 

A 1986 USAID study (by Dana Dalrymple) showed that 73% of the semi-dwarf rice 
acreage in the United States was based on IRRI material. Semi-dwarfs accounted for about 
22% of the entire US rice crop. Extrapolating from this, RAFI estimated that the annual 
farmgate contribution made by IRRI amounted to about US$ 176 million in 1984. The semi
dwarf share of the American harvest has continued to grow but RAFI has kept the figure at 
the 1984 level. Since the US crop equals about 26% of the North's total rice production, the 
total value of IRRI material to the North is extrapolated to be about US$ 677 million per 
year. In 1990, IRRI's budget was US$ 30.6 million offering the North a 22-fold return on 
investment per annum. 

Yet another US study (by Major Goodman at North Carolina) of maize shows that, in 1985, 
perhaps only one-tenth of one percent of the value of the American maize crop was based on 
"tropical" exotic germplasm. In the mid-Eighties, this tiny percentage still equaled US$ 
20 million of the annual farmgate value of the crop. Since US maize is equal to about 68% of 
all maize production in the North, the total value of Third World germplasm to the North 
is only about US$ 29 million. Were all this material derived from CIMMYT, this would 
afford Northern donors an even return on their investment. Of course, CIMMYT's US$ 27 
million budget is also for wheat, barley and triticale. 

Recently, CIMMYT maize breeders reported that about 300%of the requests they receive for 
farmers' varieties of tropical maize now come from private companies and that this 
percentage is growing rapidly. 
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The U S accounts for an average (over the 1986-90 period) of 54% of the North's dry bean 
production. According to CIAT authorities, CIAT material contributes US$ 60 million to 
the US agricultural economy every year. Extrapolating this figure, the North gains about 
US$ 111 million from a CIAT (1990) budget of US$ 28.1 million - a four fold return. 

It is worth remembering that these figures are crude estimates for just four crops. CIP's 
contribution in potatoes is probably enormous. ICRISAT virtually established the 
Australian chickpea industry based on 16 000 farmers' varieties given to Australian 
breeders. There are no estimates for barley from CIMMYT and of vegetables from AVRDC, 
for exampie. 

In one sense, both IARCs and farmers could, and should, take pride in their contribution to 
global agriculture. In principle, there is no reason why the North should not benefit. The 
problem arises when there is neither acknowledgement of, nor compensation for, the 
commercial value flowing North. The situation worsens massively when Northern 
governments allow the patenting of material wholly or partially derived from farmer's 
varieties. As private companies move into Third World seed markets, farmers are finding 
themselves paying for the end product of their own genius. The North is becoming a huge
klepto-monopoly taking freely-given germplasm from the South and winning patent 
monopolies in the North. Informal innovator, - and their NGO supporters - need a policy
toward this situation and toward institutional research systems that are involved in the 
flow of material and information. 


