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1. Sustainable development

Sustainable development is a key element in the planning and management of Danish forests and landscape plantings. 

Sustainable development, the term originating from the work of the Brundtland Commission, includes economic, biological as well as social components. The overall objective of sustainability is to achieve a balance, where present activities and use of resources will not weaken or limit opportunities for future generations. 

In relation to forests and landscape plantings, sustainability may be characterized by healthy and productive populations of trees and shrubs, and in the long term by the ability to adapt to climate changes as well as changes in management priorities. 

2. The Genetics form the Backbone of Forests and Landscape Plantings

The development of our forests and landscape plantings reflect the natural characteristics (heredity) of the tree and shrub species used. 
External factors such as climate, soil conditions and management systems will have an impact on forests and plantings, but the genetic basis of the forests and plantings will continue to form the framework (the “genetic backbone”) for the future development.
Thus, use of appropriate genetic material is essential for the sustainable development of future forest and landscape plantings.     

3. New challenges – a future with changing climate and management priorities
Species of trees and shrubs have long rotation times, in most cases from 50 to 150 years. Within these long tree generations we expect changes in climate as well as in management priorities and objectives. 

Climate change will influence both growth and health of forests and plantings, but during a time span of 100 years or more of uncertain development, it will be difficult to predict future climate and growth conditions. 

Apart from climate change we foresee a continuous change of owner’s and society’s expectations and priorities in forest and landscape management. Viewed over the last 30 years the balance between priorities has changed – shifting from high priority on production of wood, over increased priority on protection and conservation of biodiversity to the present situation with high priority on recreation. And priorities will, beyond any doubt, change again. Possibly the next priority could be production of biomass as part of a CO2 and climate change strategy.
A specific challenge is related to the shift in forest management from the traditional “clear felling-and-replanting” towards a “close-to-nature” management system. In the traditional system it is possible to introduce new and improved genetic material after each tree generation. However, once the “close-to-nature” management is implemented, the new forests will – through natural regeneration - rest on the genetic basis of the previous generation. In the process of conversion from the traditional to “close-to-nature” management it is therefore of particular importance to ensure a genetic basis that is “future-oriented”, i.e. having a built-in capacity to adapt to future changes in climate and management.

	“Genetic diversity is the best tool 
to counter environmental change 
and to hedge against uncertainty” 
 “Worse than uncertainty, perhaps, 
is the assurance that whatever the
 conditions at the start of the rotation, 
they will change before the end”
(Ledig & Kitzmiller, 1992)



Thus, the main challenge is to ensure a genetic basis which is robust and adapted in the present situation, and at the same time is sufficiently flexible and adaptive to future changes.

4. Management of Genetic Resources
Development and maintenance of the genetic basis will require a long-term genetic resources programme. 
Tree improvement and seed production programmes will provide appropriate genetic materials (seeds and plants) for sowing and planting in the forests and landscape. The genetic material from these programmes should be well adapted to the existing planting conditions and it should fulfil the present management objectives. At the same time it must be sufficiently flexible in order to adapt to changes in climate or changes in management priorities. Genetic diversity in seeds and planting material is an efficient way of improving flexibility and robustness of the genetic material.

The long-term genetic diversity is maintained through the genetic conservation programme, in which the present genetic resources are protected and secured with the purpose of potential future utilization.

5. International responsibilities and agreements

Denmark is actively participating in the international work for protection and sustainable use of the biological diversity – including conservation and management of genetic diversity. 
Of particular relevance in the area of genetic resources is: 1) participation in the Rio Conference “Environment and Development” and the development of the biodiversity convention, 2) participation in the Pan-European co-operation on the protection of European forests (MCPFE), including the European co-operation programme on genetic forest resources (EUFORGEN) and 3) participation in the Nordic co-operation (NordGen). 
At the global, European and Nordic level, Denmark has participated in the development of agreements and resolutions of relevance for management of tree-genetic resources: The Ratification of the biodiversity convention in 2003, the MCPFE declaration in 2007 (the Warsaw Declaration) on promotion of conservation and use of genetic resources through the European co-operation, and the Nordic Council of Ministers Declaration from 2008 (the Selfoss Declaration) on sustainable forestry, including the emphasis on the tree improvement adaptation to climate changes. 

6. Strategy and Action Plan for the Genetic Resources of Trees and Shrub species
The Danish Ministry of Environment, Forest and Nature Agency, is actively participating in tree improvement, gene conservation and seed supply for Danish forests and landscape plantings. During the past 20 years there has been an increasing focus on developing “future-oriented” genetic material – i.e. robust and adaptable to changes - for forests and landscape plantings. By 2020, when seed sources have reached its optimal production, the Forest and Nature Agency will be able to cover 50-75 per cent of the Danish demand for appropriate quality seeds for forest and landscape plantings. 
The Forest and Nature Agency has in 2009 drawn up the strategy “The Genetic Resources of Trees and Shrub species – objectives, strategy and action plans”. 
Billede, side 1: The genetic basis. Seedlings of beech on the forest floor. 

BOX: 

6.1 Genetic Resources of Trees and Shrub species, objectives and strategy
The overall objective for development and management of genetic resources of trees and shrub species is as follows: 

Danish forests and landscape plantings are based on genetic material, which 

1) will fulfil the requirements of the owners and of the society, 

2) will ensure the long term stability and adaptability to climate changes  

A coherent strategy including two sub strategies is developed in order to fulfil the objectives:

Sub strategy no 1: Conservation and utilization of the genetic diversity.

Conservation of the genetic diversity will ensure the availability of the genetic resource to be utilized for future development of improved genetic material.

The practical utilization of the genetic resources is done through seed sources (seed stands and seed orchards) producing genetic material, which meets the present requirements of owners and society, and which at the same time is capable of adapting to the expected climate change. 

Sub strategy no 2: Ensuring a sufficient and continuous supply of the best suited seeds. 

By supplies of seeds, the forest owners and the tree planters are getting access to the best suited seeds and planting materials. This, however, requires that sufficient amount of seeds can be made available – not only in good seed years, but also in the years between seed years. 

The supply of seeds must be followed by information and advice about optimal use of genetic material.    

6.2 Sub strategies - immediate goals and 5 year action plans 

The following pages describe the contents of the sub-strategies. 

Each sub strategy has a number of concrete immediate goals (outputs) as well as priority activities, supporting the sub strategy in question. 

The immediate goals (output) and activities focus on the coming 5-year period.

In connection with each sub strategy there a brief status report is presented. 

BOX: 

6.2.1 Sub strategy no 1 
Conservation and utilization of genetic diversity
The Biodiversity Convention forms the basis of the international obligation to conserve the biological diversity – including genetic diversity. The Danish Forest- and Nature Agency is responsible for the implementation of the national gene conservation programme for species of trees and shrubs (Strategy from 1994).

In the long term, conservation of genetic diversity is essential for the development of new seed sources for practical use. The diversity of the gene resource will make it possible continuously to adapt to changes. Also, the diversity will be the “building blocks” which form the backbone for development of new seed sources.

Sub-strategy 1 also includes the utilization aspects of the genetic resource, i.e. the continuous development of genetically improved seed sources. The objective of these seed sources will be to meet the immediate requirements and demands of the owners and of the society, and secondly to ensure the capability of adapting to changes in climate and management priorities. 

In some cases the seed sources will be designed to focus on specific purposes (e.g. resistance to specific diseases), whereas in other cases emphasis will be on general characteristics such as robustness and long term adaptability. Generally it is possible to combine the utilization aspects with long term conservation of the genetic resources. For example, seed sources having a large genetic diversity may fulfil different goals at the same time: Firstly the conservation of the genetic diversity within the actual seed source, secondly the conservation of the diversity through the practical use of the material, and finally the supply of seeds that are highly adaptable to future climate changes. 

In this sub-strategy, the goal is to reach a supply potential from improved seed sources in the state owned forests of 50-75 per cent of the anticipated future demand of seeds in Denmark. The remaining 25-50 per cent is expected to be supplied from ordinarily selected forest stands or from imports. 

Concerning the conversion to “close-to-nature” forestry, the strategy – based on the assessment of the existing genetic material (the natural seed source) in the forests – is to ensure that the genetic basis is sufficiently adaptable to long-ranging climate changes. 

The Danish Forest- and Nature Agency may provide guidance and assistance including access to basic genetic materials when possible to private owners who wish to establish seed sources.    

The conservation of genetic diversity is of great importance in a European context, as it forms the basis for common European action in meeting the climate challenge. The objective of the strategy is to participate in the European cooperation. 

Tabel med aktiviteter
6.2.2 Status

In 1994, the Danish Forest and Nature Agency prepared a national gene conservation strategy for species of trees and shrubs. The strategy, which was implemented over a longer period of time, includes a total of 75 tree and shrub species. The gene conservation stands are located in the state forests. The genetic resources strategy is incorporated in the operational planning procedures of the state forests, which also includes the development of “genetic resources maps”. 

The state owned forests (Danish Forest and Nature Agency) has since the early 1950s established seed sources for production of genetically improved seeds for Danish forestry. In the beginning, the main focus was on forest tree species, and the primary objective was to produce genetically improved seeds for production forestry.   

From the mid 1980s, the objectives gradually changed and focused more on genetic characteristics such as health and robust, and at the same time adaptability under different growth conditions.  

Around 1990 the seed production programme (termed “The Seed Production Package”) was launched (Status report in 2000). The aim of the Package was to establish sufficient seed sources to ensure that the anticipated future seed demand could be met by genetically suitable seeds and plants. The Package includes tree species as well as shrub species. The overall priorities of the programme are as follows: 1) Improved health and robustness, 2) Improved wood quality, 3) Improved adaptability. 

Around 2000 a new combined gene conservation / seed production programme on landscape species was launched (termed “The Shrub Species Programme”). This programme is carried out in close cooperation with Forest & Landscape, University of Copenhagen. The purpose of the programme is partly to develop seed sources of Danish landscape species, and partly to conserve the gene pool of indigenous Danish landscape species. The programme includes approximately 35 landscape species.    

Picture 1, page 7: Seed sources established in the state forests. Broadleaved tree species, 2008 status. 

Picture 2: seed sources established in the state forests. Coniferous tree species, 2008 status. 

The seed sources are placed in selected localities in the state forests. 

Picture 3: Genetic forest map showing the location of genetic resources, to be used in coordination of nation-wide management. 

6.3.1 Sub strategy 2

Sufficient and continuous supply of the best suitable seeds. 

Active marketing of the seeds is needed in order to make improved genetic material available for the tree planters. Use of improved seed will on the one hand ensure the optimal use of the genetically improved seed sources – and on the other hand it will limit the use of seeds and plants of poorer genetic quality (for example unknown, imported materials from eastern and southern European areas).  

The Danish Forest and Nature Agency will market the seeds to forest owners, forest nurseries as well as private seed merchants in Denmark. Seeds will only be marketed abroad after domestic demand has been met. 

A continuous supply is only possible by storing seeds during the good seed years, enabling the seed buyers to be assured supplies of the best genetic material independent of the seed year. 

The physiological quality of the seed is ensured partly by use of optimal techniques and seed handling, and partly by a current quality control of the seed processing and supply. It is the intention to offer supply of pre-treated seeds, allowing the customers to begin sowing immediately after receiving the seeds. Use of optimal techniques and seed handling procedures requires a continuous updating of professional knowledge.   

Society’s long-ranging interests cannot always be fulfiled through traditional market forces or by forest owners’ and tree planters’ own choice of planting material. This may be due to lack of economic incentives for long-ranging investments, but it may also be caused by a lack of knowledge about the genetic material and its potentials. 

The strategy therefore includes support to economic analyses, which may illustrate the economic advantages of using improved seeds and plants in forests and in landscape plantings. 
The strategy also includes contribution to the development of economic incentives (grant schemes), which may encourage tree planters to use the best genetic material. Finally, the strategy is to promote advisory systems which will allow forest owners and tree planters to have easy access to information about seed sources and their potentials.   

Tabel med aktiviteter
6.3.2 Status:

Up to 50 per cent of the total amount of forest seeds collected in Denmark 1999-2006 were collected by the Forest and Nature Agency. The remaining 50 per cent was collected by private seed source owners or by private seed merchants. The import of seed is predominantly carried out by private seed merchants. With the amount of imported seeds included, the Danish Forest and Nature Agency’s share of seeds is estimated to around 30-40 per cent of the total seed supply.    

In order to improve the advisory services on choice of suitable seeds and planting material, the Danish Forest and Nature Agency in collaboration with Forest & Landscape have developed an electronic advisory system www.plantevalg.dk, which enables the user to choose plants of suitable seed sources that are suited for the specific planting location. 
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