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Trends and Challenges in Management of Genetic Resources of 
Trees in the Tropics during three decades1 

 
 

presented by  Lars Graudal2  
 

Prologue 
A Danish jounalist, Peter Thygesen, recently published a book, "Congo, I presume" 
(Thygesen 2001), in which he provides a macro and micro cosmos of Africa since the late 
1400. A brief chapter in this conglomerate of an epos is about "Growth".  
 
In 1996, Peter Thygesen met professor Leopold Ndjele at Kisangani University, once a 
flowering, prosperous and famous university of Central Africa, now almost fallen apart and 
covered by mould.  
 
Despite the collapse of the formal institution,  the professor and his colleagues in agronomy 
and botany continue their work in collaboration with the small-scale farmers living in the 
forests around Kisangani. In place of former shifting cultivation, they have adopted 
agroforestry, where trees and agricutural crops are grown together. The  Acacia trees enrich 
the soils with nitrogen and they provide fodder for the cattle. 
 
The researchers at the University also continue their search for new and useful species. 
Recently, they were taught by pygmees about the tree Pygraline nitida. The seeds of this tree 
can cure malaria. Another 'miracle' tree in the area just discovered is Treculia africana, with 
fruits the size of a football and seeds as rich in protein as meat. Flour of the seeds has helped 
poor children to overcome widespread protein deficiency, kwasiorkor. 
 
Trees for Development 
In essence, professor Ndjele, his fellow researchers, the farmers and the people of the forest 
address some of the most pressing challenges of natural resource management in Africa. 
Trees have always contributed to the households of Africa. Timber,  fuel, fodder, food, fibre, 
medicine, etc. Traditionally all this was - and often still is - collected in the wild. In many 
areas the natural supply is nowadays in shortage and the protective services of trees in the 
form of shelter, soil and watershed protection have been reduced or disappeared with the  
degradation of vegetation cover, largely caused by unsustainable utilisation practises. 
 
Early plantation development was in Africa, as in most other parts of the world, primarily for 
industrial purposes and not meant to meet the immediate needs of  the local households. 
However, this situation has been changing over the last couple of decades, where the role of 
forests and trees in development and environment has received increased attention. 
 
Conservation and sustainable use of forests have emerged as international political issues. 
Forests and trees serve a multitude of purposes of significant importance for the local as well 
as the global economy and environment. Sustainable forest management in existing and new 
forests, as well as conservation of forest and biological diversity are now of high priority. 

                                                 
1 Presentation given at the 14th Sahel Workshop, 2-4 January 2002. The text is basically a 'quotation mix' 
extracted from a number of recent DFSC publications. Main points of reference are given in the text and listed as 
references at the end. 
2 Danida Forest Seed Centre, Krogerupvej 21, DK-3050 Humlebaek, www.dfsc.dk, lgr@sns.dk 
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In a global perspective tree planting has been growing steadily over the past 30 years and 
prevailing policies in most countries will probably further strengthen this trend (FAO 2001). 
Tree planting is increasing in most developing countries and the deliberate management of 
forest and trees to improve the services and products provided, whether in the context of 
natural forest or manmade agricultural systems, is not only developing quite rapidly but also 
in a period of considerable change compared to the early stages of plantation development.  
 
Denmark has provided significant support to forest management and forest conservation as 
part of the Danish development and environmental assistance since the 1960'ies. The Danish 
policy in this context is to improve living conditions among the rural poor; to maintain or 
improve the environmentally protective functions of trees and forests; and to conserve 
biological diversity.  
 
Danida Forest Seed Centre (DFSC), estblished 1969, is part of the Danish development 
assistance programme and operates within this overall context. 
 
In line with Danida policies, the development objective of DFSC is to contribute to improve the 
benefits of growing trees for the well-being of poor people in developing countries now and in 
the future. The objective is pursued by keeping  a high standard of practical and scientific 
competence in support of sustainable management of genetic resources of trees in developing 
countries (DFSC 2000a and 2000b). Sustainable management imply an integration of use and 
conservation of the genetic resources of trees.  
 
 
Genetic resources of trees 
The tropical forests harbour enormous biological diversity, of which the genes constitute an 
intergenerational component. The term genetic resource describe 'genetic variation of 
potential or present benefit to human beings', i.e. a perception where:  
• Trees refers to all kinds of woody plants capable of providing valuable wood or non-wood 

products or services 
• Genetic refers to heritable variation of genetic origin. Genes as such, but also genetic 

patterns of variation at different levels: 1) variation between species, 2) variation between 
populations within species, and 3) variation between individual trees within populations. 
The largest variation is between species, and loss of whole species is therefore also the 
most dramatic loss of future options. Variation between populations  often reflects 
adaptation to different conditions of growth, and loss of variation at this level may reflect 
a dramatic loss of options for optimal utilisation of a species over a wide range of 
environments. The patterns of variation are therefore important in addition to the variation 
itself.  

• Resources refer to variation - in the broad sense stated above - considered to be of 
potential value for mankind at present or in the future. It is a resource because it possesses 
the possibility of improving the livelihood of present and future generations.  

 
The 'vehicle' for transfer of genetic resources to future generations is reproductive material, 
usually seed. Seed is the most common way  in which the genetic resources are 'packed' and 
the notion of 'tree seed' is often conceived as the broader concept of 'genetic resources of 
woody plants'.  
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The value of good seed 
A prerequisite for any planting programme is the availability of seed (or other reproductive 
material) in sufficient quantity and of sufficient quality. The value of planting trees and the 
cost-effectiveness of nursery, planting and tending activities can usually be considerably 
improved by using seed of known origin and proven value for the planting site; and by 
applying better seed handling techniques.  
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Figure1. Possible gain from the first cycle of tree improvement based on realised experience. 
Schematic relation between tree improvement intensity and economic gain of improved 
volume production. Level of tree improvement increases from left to right. The ‘red area’ is 
where many tree plantings originate and the ‘green area’ where they ought to originate.  Use 
of tested seed orchards (high level of improvement) requires establishment of field trials, 
whereas the untested seed orchards (medium level of improvement) are based on ‘simple’ 
selection and propagation of old, superior trees (based on data from Foster et al. 1995, cf. 
also Hansen and Kjaer 1999). 
 
Application of appropriate genetic material in good physiological condition is of crucial 
importance for the success of the planting, as it will have impact on all phases of the planting 
from establishment to harvest, and - if trees are allowed to regenerate naturally or if stands are 
subsequently used for seed collection - it will also decisively impact the success and quality 
of future tree generations. It will have positive influence on the amount and quality of the 
products deriving from the planting, the economic output, the buffering capacity against pests 
and diseases, and the stability. In contrast, application of inappropriate material may lead to 
lower outputs, reduced quality, reduced stability or outright failure of stands. 
 
National tree seed programmes 
Any country with substantial planting activities may therefore benefit from a well-organised tree 
seed programme. There are four main elements of such a programme: 
• Seed procurement 
• Tree improvement  

'Green area' 

'Red 
 area' 
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• Conservation of genetic resources 
• Institutional development in management of genetic resources of trees 
 
The four elements are also referred to in common as management of genetic resources of trees.  
 
The term ‘programme’ can be used in different ways. It may be confined to cover the 
activities of  a  centre or a central co-ordinating unit, but can also be used to denote the whole 
sub-sector involving the activities of all stakeholders.  Here it is used in the latter  broader 
meaning. 
 
Usually, many different institutions are involved in the management of tree genetic resources 
in a country. Among these are tree seed centres, forest services, forest research institutes, 
national parks’ services, agricultural extension services, local governments, non-
governmental organisations, etc. Institutional development should contribute to ensure that the 
relevant institutions are involved in and able (enabled) to take care of seed procurement, tree 
improvement and conservation of genetic resources in accordance with the objectives of a 
given tree seed programme.  
 
Danida has over the years supported the development of a fairly large number number of  
national tree seed programmes (see box 1)  
 
All tree plantings should be based on an appropriate genetic foundation (cf. e.g. discussion in 
Hansen and Kjaer, 1999). The basic objective of a tree seed programmes is therefore to secure 
that good seed is used for tree plantings, today and in the future. The tasks of a tree seed 
programme may include (i) seed production and supply, (ii) protection and management of 
seed sources and gene conservation stands, (iii) genetic improvement, (iv) training of and 
advisory services to users, and (v) regulation of movement and use of seed. These tasks will 
comprise a number of field activities, both in the short, medium and long term 
 
A fully developed national tree seed programme has many facets including many partners in a 
network of organisations and institutions. Some activities are usually under the direct 
responsibility of a national centre, while other activities mainly support other stakeholders. 
Commercial activities thus typically go hand in hand with public sector services; and short 
term business goes hand in hand with medium and long term investments. 
 
The sustainability of national tree seed programmes 
Tree seed centres have been established in a number of African countries over the last 20 
years. Many have in the establishment phase received external support for periods, typically 
5-10 years, some longer. Considering the facts that tree planting is increasing  and that genetic 
improvement may lead to very large gains, one would expect these centres to be important 
focal points in national tree seed programmes in several countries, and therefore also 
recognised to be of high priority.  
 
However, this does certainly not always seem to be the case. Many centres are at present 
facing serious financial problems, and may in some cases even be considered  an economic 
burden rather than an important asset in the development of tree planting programmes. 
Symptoms of this ‘crisis’ are lack of funding following insufficient business in sale of seed 
and services, and lack of investments for maintenance of the non-commercial activities of the 
centres (Graudal and Kjaer 2000).  
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Box 1. DFSC’s project-support programme 

 
An important means to transfer know-how from Danida Forest Seed Centre (DFSC) is through 
technical support to tree-seed programmes. Over the years DFSC has provided such support to a 
number of national and regional programmes as shown on the map above.  
 
The objective of these programmes has typically been to improve the benefits of growing trees by 
promoting the use of better tree seed and seedlings.  
 
The programmes have received financial support mainly from Danida, but also from UNSO, 
DANCED, NORAD and the Nordic Development Bank. 
 
Services from DFSC have comprised advice on planning and implementing the programmes, and 
training and advice in the different technical subjects covered by DFSC. 
 
Services are implemented at the request of tree seed projects and planting programmes. This direct 
contact with practitioners keeps DFSC continuously informed about relevant problems in the countries 
concerned and contributes to define the research and development agenda of DFSC.  
 
Commitment to provide long-term support is of particular importance for the establishment of 
sustainable national programmes, in particular because trees live so long. The benefits to be gained 
from tree improvement are therefore first seen after quite some years.  Support to establishing a well-
functioning national tree seed programme may therefore often be required for 15-20 years or even 
more. 
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Why is this so? Have the national seed centres not been successful in identifying and solving 
their tasks? Are they based on wrong assumptions regarding their ability to become 
financially self-reliant? Have they been based on poorly adapted technology? Have they not 
been successful in establishment of the required co-operation with and support to all 
stakeholders in the tree seed sector? Has their institutional set-up not been sufficiently 
adapted to the local conditions and the changes in planting patterns? Are they evaluated on 
short term achievements even though their major objectives are long term?  
 
There are many and diverse reasons for the ‘crisis’, and the situation will vary from country to 
country.  
 
Some activities generate immediate income to the seed centres (e.g. commercial seed supply). 
Other activities generate income to the seed centres, but in the longer term (e.g. seed source 
establishment and management). Some activities generate income to other stakeholders (e.g. 
distribution of good planting material and extension of good practises to as many users as 
possible, including support to use of best available seed sources, research and development, 
guidelines and legislative measurements, and establishment of breeding programmes). Some 
activities generate benefits, which are difficult to quantify in terms of money (e.g. protection 
of genetic resources) even when they are important from a socio-economic point of view.   

Figure 2. Flow of costs and benefits of a tree improvement programme in teak (Kjaer & 
Foster 1996). 
 
Figure 2 shows that a considerable but relatively moderate amount of investment capital is 
required. The time span from investment to gain is very long. The gain achieved is enormous. 
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The point in this context is that the institutions or people who undertake the required research 
and development, and establish the orchards to produce the improved material are hardly ever 
the same as the institutions or people who establish the plantations and gain the value added 
from the initial improvement activities.  In the example the gain is increase in wood 
production. Similar gains may be achieved for other products and for environmental services; 
in the latter case they are, however, more difficult to quantify.  
 
The role of the tree seed centre as a service institution entails that it should respond to the 
needs of the different customers on the market, whether actual or potential, whether rich or 
poor. The customers of tree seed centres can often be roughly divided in the following two 
groups: 
• farmers and communities in rural areas using and planting trees for a multitude of 

purposes and  
• more organised enterprises or agencies, or private investors often undertaking 

afforestation on a larger scale, in general for industrial purposes. 
 
The latter group will typically have the ability to pay for the seed and their priorities in terms of 
species are usually fairly well-known. For the former group, a certain degree of self-sufficiency 
in supply of plants is likely to be an important way to achieve sustainability. Often their 
priorities are not very well known by the tree seed programmes and will have to be identified 
when setting priorities. The extension of improved practices to this group can usually not be 
financed by the planters themselves, but is an important public responsibility to be included in 
national tree seed programmes.  
 
Such activities are like roads: everybody wants to use them, but few would like (or can 
afford) to pay them. Still, many roads (albeit not all) should be built, because they support 
economic growth and release huge benefits of many kinds. Benefits from tree plantings will 
be increased by well functioning seed programmes, because best, and continuously better, 
seed is made available for the tree planters at present and over the years. 
 
 
Meeting the future challenges 
The need for conservation and wise use of tree genetic resources is more important than ever.  
Sustainable utilisation of natural resources in rural areas and the protection of the local and 
global environment are major goals in the Danish development and environment policies. 
International collaboration and assistance is  required; and there will be a need for Danish 
financial assistance as well as Danish expertise.  
 
The major challenges in the years to come are 
• The changing concept of integrated tree seed programmes 
• The focus on farmers 
• Increasing priority of conservation 
• The many ‘local’ multipurpose  species 
• The new perspectives of outreach 
 
In order to meet the challenges DFSC has identified five ‘focus-areas’, within which the 
activities will be concentrated in the coming years.  
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Integrated Tree Seed Programmes: the changing concept 
Tree planting is increasingly taking place outside the public forestry sector, on-farm and for 
environmental protection purposes involving the private sector, individual farmers and local 
communities. Tree planting is becoming more diversified, with a larger number of tree 
species being used; and many more stakeholders are active in tree planting, including a more 
prominent role of the private sector. The role of the forest genetic resources has been 
identified as of significant importance to tree planting and forest management. During the 
latest decade the institutional and organisational set-up has changed in many developing 
countries, and in most cases there is a trend towards decentralisation of the seed supply and 
plant production activities. These changes will to a great extent influence the practical 
implementation of the seed programmes, and the main challenge will therefore be to identify 
the needs and to establish effective programmes that will match the local conditions and fit 
into the institutional set-up of the countries.  
 
The lack of tree seed, seedlings and other planting material is repeatedly identified as one of 
the most important constraints to the greater adoption of agroforestry innovations. In addition 
to the challenge of projecting and meeting the quantitative demands of farmers, issues of seed 
quality and genetic diversity must also be addressed when designing and implementing 
effective seed supply strategies and policies. Over-dependence on centralised, government-
supported seed supply facilities has often ended in disappointment. As a result, during the last 
decade, there has been a clear call for greater decentralisation of seed supply with greater 
involvement of individuals, communities and the private sector (DFSC 2000a, ICRAF 2000). 
 
 
Quality Seeds and Plants to Tree Planting Farmers: the focus on farmers 
A large proportion of tree plantings in many developing countries is taking place in rural 
areas outside the traditional forests, and there is a local need for adequate seed and plant 
production methods and techniques in order to ensure quality plantings. Seed collection and 
plant production are normally done locally, and in many cases the existing national 
programmes have not been able to reach the farmers planting trees. There is consequently a 
need to concentrate activities on the implementation of applied techniques and methods that 
will ensure that quality seeds and plants will be available to these farmers. Resource-poor 
farmers in developing countries constitute an important group of end-users of information and 
assistance on management and conservation of forest genetic resources, and is a group of 
beneficiaries who should be given higher priority and with whom more interaction will be 
required in the future (see also article on the 'Petrea' programme). 
 
 
Conservation of Forest Genetic Resources for Future Use: increasing priority of conservation 
The genetic diversity constitutes one part of the biological diversity. The genetic resources 
constitute the base for future domestication and they secure the evolutionary potential of species. 
Domestication and conservation of forest genetic resources are to be seen as closely linked 
activities and integral parts of sustainable forest management. The genetic resources are under 
pressure in many developing countries, and there is an increased need for the conservation of 
these resources. The challenge will be to develop and implement practical conservation 
methods that can be applied on a large scale by the countries, while the population at the same 
time should be able to derive benefits from the forest resources. Management of genetic 
resources should be  part of the management of natural forests and of nature conservation. 
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Box 2. Studies on conservation of forest genetic resources 
 
Danida Forest Seed Centre (DFSC) supports tropical countries in developing and implementing 
management plans for conserved areas.  
 
One of DFSC’s main activities is to develop models for conservation of forest genetic resources. In 
1996, FAO, DFSC and national institutes responsible for conservation of forest genetic resources in 
some tropical countries agreed to make an overall evaluation of existing in situ and ex situ 
conservation efforts for a number of tree species. 
 
For in situ conservation, Tectona grandis (teak), Pinus merkusii, Baikiaea plurijuga (Zambezi teak) 
and Acacia senegal were selected. For each of these species, previous conservation efforts were 
evaluated and a conservation plan was developed. The plans are now at different stages of 
implementation.  
 
At the same time, the status and use of ex situ conservation stands of tropical pines in eight countries 
were assessed. Most of the stands still existed but also exposed some of the major problems to be 
addressed in the establishment and management of ex situ conservation stands of tropical tree species 
in general 
.  
Conservation programmes without local participation and partnership are rarely successful. It is 
therefore important to decide how (and if) the stands could be used without conflict with the 
conservation objective. Transition to conservation  activities based on participatory approach is given 
high priority in many conservation areas .  
 
The practical experience gained from the studies will contribute to the formulation of more general 
guidelines for planning and implementation of in situ and ex situ conservation of forest genetic 
resources. 
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Enhanced Use of the Diversity of Tree Species:  the many ‘local’ multipurpose  species 
A relatively limited number of tree species is being used in planting programmes today, and 
only very few of these species have been tested or included in genetic improvement 
programmes.  
 

 
 
 
In many countries there is an increasing interest in including “new” - often local - and 
potentially very useful tree species in the planting programmes for purposes of  production, 
environmental protection as well as promotion of biological diversity. Practical planting 
experience is often lacking, and specific seed or planting problems may form a  “bottle-neck” 
preventing  the practical use of the species (see box 3).  
 
The optimal utilisation of the genetic potentials of these species requires that existing 
knowledge is compiled and made available to the users, and that efforts are made to identify 
and remove the “bottle-neck” problems preventing the use of these species. Benefits are 
captured through domestication processes where wild populations of tree species are brought 
into human use (see box 4). Benefits are also captured through the positive effect the use of 
many indigenous species may have on the biological diversity. Conservation and 
domestication of these species presents an enormous challenge. 
 
 



 11

Box 3. A bottleneck in seed procurement 
 
There is one group of tree seeds called ‘recalcitrant’ because they are difficult to handle. They either 
germinate very fast or die soon after they have been collected from the tree. Other tree seeds can be 
kept alive for years as long as they are kept dry and cool, but recalcitrant seeds cannot be dried and are 
often damaged at low temperatures.  
 
In their natural environment, most recalcitrant seeds sow themselves and germinate readily under the 
mother trees. But when tree planters want to use these species somewhere else (possibly far away from 
the mother trees), problems arise.   
 
Some of the species that have recalcitrant seeds are highly useful and desirable species, e.g. 
dipterocarp species. But the difficult seed-handling situation is a bottleneck for their use. In order to 
overcome the problem, the International Plant Genetic Resources Institute (IPGRI) and Danida Forest 
Seed Centre (DFSC) are running a project in collaboration with 30 institutions in 26 countries.  
 
The institutions work together in pairs in different combinations in order to establish the correct water 
content of the seed and temperature conditions in order to prolong the period of safe storage between 
collection and germination. For instance, a gentle drying of the seeds or storage at a certain 
temperature will in some cases make it possible to keep the seeds for a couple of months instead of a 
few weeks.  
 
These results may make all the difference for the use of the species. In some tropical countries, e.g. 
Vietnam, there are more than a thousand indigenous species and out of these some hundreds would be 
desirable to grow. If proper seed handling methods can be established, some of these species can be 
included in tree planting programmes greatly improving the national economy and the biodiversity of 
the country.  
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Box 4. The International Neem Network and Danida Forest Seed Centre 
 
Neem (Azadiracta indica) is an evergreen multipurpose tree native to the Indian subcontinent and 
Southeast Asia. The species is adapted to dry and harsh sites where it provides a range of valuable 
products and services including wood, medicines, natural pesticides, shade and wind protection. 
Because of these useful characteristics, the species has been widely planted in many countries in Asia, 
Africa and Latin America.  
 
In many places where the species has been introduced, the genetic variation is narrow as introduction 
of the species has been based on seed from very few mother trees. The narrow genetic base is believed 
to be the underlying cause of serious die back of the species in many African countries.  
 
In 1994 the International Neem Network was established with the long term objective to improve the 
genetic quality and adaptability of neem and to improve its utilization world-wide, with special focus 
on meeting the needs of rural people. At present, national institutes in 20 countries collaborate within 
the framework of this network. FAO is responsible for global co-ordination of the network and DFSC 
is providing technical support to all network activities. Focus is on testing different seed sources 
representing various parts of the natural range. This work includes the establishment of a series of 
trials in 17 countries. 
  
Collection of data from the trials was initiated by network members and DFSC is helping members 
with the analysis of data. Results from the trails will constitute important information for selecting 
more suitable seed sources for future plantings. 
 
In addition to the above activities, the network has decided to focus on seed physiology and 
technology, genetic diversity and reproductive biology as well as studies on variation in chemical 
compounds. 
 
DFSC is involved in similar networks for other species, viz.teak, gmelina, tropical pines and several 
multipurpose dry zone species in the genera Acacia and Prosopis.  
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Outreach: the new challenges 
The increasing complexity of tree seed programmes, in particular the acknowledgement of a 
great variety of stakeholders poses new challenges of outreach. Closer direct or indirect 
interaction with new beneficiaries e.g. farmers, extension services or NGOs, will be necessary 
and require that DFSC makes more extensive direct and indirect use of participatory 
techniques, and becomes more involved in the promotion and production of extension 
material. The importance of raising the awareness of sound utilisation and conservation of 
forest genetic resources is not only an issue for the users, but also at the policy level and 
among decision makers.  
 
The programme 
The institutional goal of DFSC is that a high standard of relevant, practical and scientific 
competence is kept and continuously developed in support of sustainable management of 
genetic resources of trees in developing countries. 
 
Development and strengthening of partnerships with institutions in developing countries are 
crucial in the process of capacity building and mobilisation to gradually ‘outsource’ activities 
to these institutions in order to effectively extend the competence and achieve large-scale 
impact. 
 
All activities are carried out in dialogue with or at the request of and in close collaboration 
with relevant national partners in countries concerned.  
 
The impact of good management of the tree genetic resources is far reaching, whereas the 
direct return from commercial seed sale usually is quite limited.  Public support in the broad 
domain of genetic resource management is therefore critical and expected to be necessary for 
many years to come.  
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