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Foreword 
So far quite a bit has been written and discussed on the conversion from conifer plantations towards 

forest of higher diversity managed through the principles of close-to-nature forestry. However, there is 

still very little precise advice on how such conversion should be undertaken in practice, especially in 

regards to advice based on systematic data collection.  

This manual has been created as part of the “EU LIFE – Forests Fit For Future” project, in short “4Forest" 

(the previous abbreviation was “Forfit”). The goal of the 4Forest project is to create more experience on 

close-to-nature forest management in areas presently dominated by conifer forest, especially the 

conversion of conifer plantations towards close-to-nature forestry. This manual has been created as part 

of the working groups A1 and B1.  

The purpose of this manual is to collect and outline the present experiences and recommendations 

regarding conversion of conifer plantations in Denmark and Schleswig-Holstein towards more resilient 

forest managed with close-to-nature forest management. It is, to our knowledge, the first manual on 

such conversion which is based on systematic data collection. In the first draft, the focus was on the 

Danish setting as COVID-19 inhibited site visits in Schleswig-Holstein during winter and spring 2021. In 

this current 2nd draft, the experience from Schleswig-Holstein are included which resulted in more 

conversion stand types, examples and recommendations. The experiences has been collected both 

through interviews with forest managers as well as measurements in the field. Additional information 

from various other work, both practical and scientific, is also included. The information will be updated 

throughout the eight years of the 4FOREST project as it progresses. 

Although based on systematic data collection and also previous research (by the authors, but also other 

researchers), the manual is not a scientific work. Instead, the manual has a practical angle and attempts 

to incorporate as many illustrations as possible. It is especially targeted to forest practitioners but also 

to forest owners. It assumes a forestry background and some previous knowledge on close-to-nature 

forest management. For readers without this, especially “Naturnær Skovdrift” by J. Bo Larsen is 

recommended, but also “Skovdyrkning i Praksis” by Andres Bergstedt and “Skoven og dens dyrkning” by 

H. A. Henriksen. Furthermore, it is also the hope that forestry students will learn about practical 

problems in relation to conversion of conifer plantations. For the practical conversion of different stand 

types, people can jump directly to chapter 4. 

The purpose of this manual is especially to present what has so far shown to work successfully. 

However, failures and possible solutions to failures will also be presented. The focus is on the 

silvicultural aspects of conversion, but the costs of different silvicultural activities will also be presented. 

It is at this point still difficult to give an estimate of the long-term costs of different conversion 

pathways. These have to be supplemented by modelling in later editions. 

The superior goal is, that the manual will contribute to more sustainable forest management practices in 

conifer forests of Denmark and Schleswig Holstein. This is an important topic as app. 50 % of the forest 

area in Denmark is covered by coniferous forest. In the areas where 4FOREST operates, the percentage 

of conifer is even much higher. In these areas, conifer forest will probably also be dominant in the 

future, although of a different kind than today. Conifer forest have high productivity relative to 

broadleaved forest, especially in the areas presently dominated by conifer plantations, resulting in a 



 
 
 
  

 
 

large potential for climate change mitigation. Furthermore, they deliver high quality products of which 

the demand is expected to rise in the future. 

While Department of Geosciences and Natural Resource Management, University of Copenhagen, has 

been responsible for writing the manual, many people have contributed and been indispensable in its 

creation. The Department would like to thank all the forest managers, from Schleswig-Holstein 

Landesforst, Sorø Akademi, Salten Langsø, Hededanmark and Naturstyrelsen, for contributing to sharing 

their expertise and experiences and well as commenting on the draft versions of the manuscript. The 

department would also like to thank Osvald Bjarup Bruun for his work on selected conversion models 

which has been incorporated into this manual.  

The contents of this publication are the sole responsibility of the partners in LIFE Forest Fit for Future 

and do not necessarily reflect the opinion of the European Union. 
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1. Introduction 
Due to historical reasons, many forest areas across Europe are still comprised of monoculture even-aged 

conifer plantations. This is also the case for many regions of Denmark and Schleswig-Holstein. Examples 

of such plantations in these regions are large areas of monoculture Omorika, Sitka and Norway spruce as 

well as areas that have previously been managed for Christmas tree or greenery production. The stands 

have been managed traditionally in a clearfelling system. As these plantations are considered 

suboptimal in many regards, there is a wish to convert these stands into production forest of both 

higher diversity and resistance. To a smaller degree, this is also valid in regards to conifer plantations 

that already contains some species mixture.  

Close-to-nature forestry (CNF) has been put forward as a solution on how to manage the plantation 

forests into the desired direction. Close to nature forest management differ from traditional forest 

management in several aspects. Natural regeneration is used to a high degree, and therefore site 

adapted species typically occurring in mixtures with high structural diversity are used. The system 

intends to mimic the natural disturbances occurring in the forest system (Figure 1.1), the management 

operations/disturbances occurring on a wide range of spatial scale (Figure 1.2ab). The forest 

development types for stirring long-term management are typically also in use. The definition of CNF 

that we will use in this manual is the following (definition is cited from EU 2018):   

“Close-to-nature forest management' (sometimes also referred to as 'ecologically sound forestry' or 

'continuous cover forestry') is characterised by practices which try to emulate natural processes and 

which aim to combine the economic use of forests with nature conservation. The result are actively 

managed but multi-storeyed and rich mixed forests which are relatively close to natural forests. The 

concept includes active forest management with timber harvest and thus should not be mistaken for 

approaches explicitly intending to preserve natural processes e.g. in wilderness areas. The practices 

typically used may vary slightly from one country to another but would be expected to include the 

following elements use of native or site-adapted tree species, natural regeneration, limited machine 

operation, inclusion of nature conservation measures, exclusion of fertilization or pesticide use, long 

rotation length, and single stem or group harvesting”. 
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Figure 1.1: How natural disturbance regimes inspires close-to-nature forest management at different development stages in the 
forest cycle. The first stage is the regeneration stage (the successional stage at which regeneration is establishing itself on the 
area). The next stage is the competition stage, the stage where competition becomes increasingly intense in the stand as stand 
density increases. The next stage starts when the stand reaches maturity and is ready for harvesting. The final stage is the old 
age stage when mortality starts. Disturbances, in Northwestern Europe typically either bark beetle or windthrow,  can at each 
stage direct the development back to the regeneration/successional stage - a situation that in conversion would be emulated by 
an extremely heavy shelterwood thinning/clearcut with retention conducted at various ages. Less drastic management would 
not change the overall stage back to the regeneration stage but would instead emulate other less severe disturbance regimes. In 
young stands, an example could be that a fungi might affect some parts of the stand, perhaps with a different species 
proportion, more than other part of the stand, creating a size gradient. Such management can be replicated by management by 
thinning more heavily in some part of the stand, typically the parts that are most developed. When the forest enter the mature 
forest stage, dependent on how much variable thinning/disturbance that have taken place, the stand is more or less 
homogeneous. Small scale disturbance regimes, irregular wind throw or small group-wise bark beetle outbreak, result in the 
emergence of gaps in the overstorey. Management-wise, this is often replicated in group-wise harvesting for converting mature 
conifer stands to introduce new species (although management will naturally rather use existing “disturbance gaps” than 
deliberately create them). Somewhat similar to the mature stage, at the old growth forest stage natural mortality starts being a 
dominant disturbance process (single-few trees dying opening up the stand), which is emulated in forest management especially 
through target diameter harvesting and single tree selection forest management. Larsen et al. (2022).      

 



 
 
 
  

Introduction     3 
 

 

a) 

 

b) 

Figure 1.2: Silvicultural systems and a) the spatial scale at which they operate and the disturbances that they mimic (translated 
from Emborg & Hahn 2005) and b) which that can be categorized as close-to-nature forestry. Translated from Madsen & Hahn 
(2005). 
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A central problem when applying the CNF system directly in conifer plantation areas is, that these 

forests are at the moment generally not consisting of mixed site adapted species with good long-term 

stability and growth. Thus, natural regeneration alone cannot be relied upon for future stand 

development. This means, that during the conversion phase suitable species needs to be introduced. In 

some cases, the stands will already be sufficiently stable and consisting of species mixtures, in those 

cases, natural regeneration or only limited introduction of new species will take place.  

When using introduced species, they should have demonstrated long-term stability at the site. A good 

example is Douglas fir, which on many sites regenerates well naturally, is tolerant to predicted climate 

change, has a fast production of high quality wood and has been in DK for several tree generations. 

While Douglas fir is relatively susceptible to bark damages, it is not browsed too much by game and can 

generally withstand a considerable game pressure. Other stable conifers with a large potential in close 

to nature forestry are grand fir, silver fir, Scots pine and larch. Furthermore, as broadleaves are generally 

the natural vegetation type of Denmark and Schleswig-Holstein, the goal should be to introduce some 

broadleaves as well, especially oak and beech. However, some of these species are in practice difficult to 

introduce due to high game pressure (silver fir and oak), too high light demand (oak, Scots pine and 

larch) or concern about their long term stability under climate change (larch). As a result, the most 

important species for introduction in conifer plantations at not too poor sites are Douglas fir, Grand fir 

and beech. Which species, and ultimately forest development type, that is chosen at a particular site is 

determined by several large and small scale factors (Figure 1.3).  
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Figure 1.3: The different steps taken when deciding on forest development types in Schleswig-Holstein. Translated from AöR 
(2010).  

Conversion from a plantation system towards CNF can be initiated using different scale of systems from  

Figure 1.2b:  

 Large scale systems (e.g. 100% underplanting of a shelterwood regeneration and often a relatively 

homogeneous thinning to establish the shelter) 

 Medium scale (e.g. group-wise harvesting and planting) 

 Smallest scale, the individual tree level (target diameter harvesting, possibly small-scale planting).  

Clearcutting is preferably not used for conversion. While the large scale shelterwood and underplanting 

represents the most direct way to a completely new species proportion (Figure 1.4), it is also expensive 

compared to smaller-scale conversion. 

What can be added to Figure 1.2, is the conception among forester for when they consider a felling to 

be a clearcut or a group harvesting/gap system. This conception vary with a tendency to that in the 

typical conifer plantation/new forest areas, gaps are often considered to be of larger large size, typically 

up to 2 ha. Such a clearing would typically be considered a clearcut in the old Danish forest regions. In 

this manual, which naturally especially associate itself with the new forest regions and their extensive 

plantations, the 2 ha gap is generally considered the maximum clearing size allowed.  
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As conversion progresses, spatial scale of operations decrease since operations are eventually carried 

out as target diameter harvesting. Similar to differences in terminology between forest areas, long 

terms goals, within the frame of close-to-nature forestry, may vary considerably between areas, not 

only related to tradition but also due to what is biologically meaningful. On some district, especially on 

poor dry soils, the goal will often not be a direct conversion of Norway spruce stands to the group 

selection or selection system. Instead, the goal will be to use the previous plantation to make it possible 

to create a new mixed stand, but the site will often not allow for a direct conversion to a highly 

structured system in the next generation as overstorey trees may not have the necessary stability. On 

districts with high precipitation and deep soil (Rold skov in Northern Denmark would be an archetypical 

example), the goal will more often be a direct conversion to a more or less uneven-aged stand. Still, this 

individual tree level management will typically not lead to pure single-tree selection (Swiss plenterwald 

forest management) since harvesting is conducted as target diameter harvesting – while there is not 

harvested smaller diameter trees. 

 

Figure 1.4: Overview of some various conversion paths from the original homogeneous conifer plantation. The stand can be 
completely converted to a new species distribution in one fast operation, i.e. the direct path using shelterwood with large scale 
underplanting, or the change in species can take more gradual using smaller scale operations. Nature could also, at least in 
theory, convert the system to a new species distribution following disturbances and succession, although this would naturally be 
a long process in plantations dominated by only one species presently. Larsen et al. (2005). 

It follows that CNF cannot readily be applied to any plantation stand or using a similar method. Site and 

previous treatment of that stand is important. Previous efforts to outline practical conversion methods 

(see “Naturnær Skovdrift” – Larsen et al. 2005) has had a strong focus on the overstorey and on how to 

adapt stands to conversion previously before the regeneration is introduced (termed stabilization and 
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structure generating thinning on Figure 1.4). This is in Naturnær Skovdrift termed the “passive” 

approach to conversion. An example was the models targeted at young stands which typically 

attempted to introduce a higher stability (higher crown ratio, lower H/D relation) and higher 

heterogeneity in tree size prior to the introduction of new species during the later stage following target 

diameter harvesting.  

The conversion schemes outlined in this manual generally have a slightly different focus compared to 

the models outlined in “Naturnær Skovdrift”. The focus is generally not on changing the stand structure 

in order to make the stand ready for conversion, what is in “Naturnær Skovdrift” termed the 

“Forberedelsesfase”, the preparation phase. The stand types and the associated guidelines on how to 

convert such stands focusses on stands where the new species introduction takes place now (in this 

regard the approach is active). If stands are less stable, different conversion methods are used, but the 

new species are still introduced now. The conversion methods presented in this manual do not cover 

conversion of all types of stands, e.g. in the case of highly destabilized stands – this is not rational 

economically or biologically. Such stands would need to be stabilized using the methods from “Naturnær 

Skovdrift”. To illustrate the difference in approach between this manual and “Naturnær Skovdrift” we 

can use the example of conversion of young Norway spruce stands. In “Naturnær skovdrift”, the 

outlined method goes through several thinnings to stabilize the stands before regeneration is 

introduced (a passive model). In the current project, the approach is active, bringing in new species 

initially, but also often targeted at a different kind of young stands – stands that typically have many 

weak areas often due to bark beetle attacks and  thus are expected to be short lived (or situated over so 

large areas that fast intervention is needed for future risk reduction). Finally, while the models in 

“Naturnær Skovdrift” was a necessary first step for providing important inspiration on how to do 

conversion, the goal of this manual is to provide experience-based example on what has worked and 

what has not worked. 

The goal of the conversion models presented in this manual is generally to provide as economic a 

conversion as possible given the above “active” approach. Thus, there is emphasis on identifying the 

minimum effort which is likely to results in a successful outcome at the given site, e.g. how low a 

percentage of the area the desired species can be introduced on with success. Thus, in regards to the 

regeneration, the conversion methods presented attempt to adhere to a passive conversion strategy (in 

contrast to especially the classical shelterwood thinning and subsequent 100 % bare-root underplanting 

with new species approach which can be considered the most active strategy of all). The focus of the 

manual is therefore generally a combination of the active and passive approach: Initiating conversion in 

the presented stand types now as economically as possible. 

In short, the goal of this manual is to present various forest stand types, illustrate and describe the 

experiences, and finally provide the best recommendations for converting such stands according to the 

principles described throughout this introduction. These results have been gathered both through 

interviews with managers and systematic data collection for a number of stands in the 4Forest region 

(see map in the next section) plus the incorporation of existing scientific and technical 

literature/knowledge.  

The shown experiences will cover both successes and failures. Conversion success/failure can be judged 

according to several criteria as the following example on conversion failures illustrate: 
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1: The species distribution in the next generation was not as planned. A typical example of this would be 

if a plantation of Norway spruce and silver fir was shelterwood thinned but only Norway spruce 

regeneration emerged.  

2: Undesired species took over the area, e.g. birch or Prunus serotina. Using the shelterwood example 

above, the resulting mixture could have turned out to be only birch. 

3: Regeneration did not come/did not survive. Using the shelterwood example above, no regeneration 

emerged at all.  

4: Following the conversion actions, the whole forest system was destroyed. This would be the case 

after a wind throw following the shelterwood thinning if a sensitive species had been planted.  

5: Following the conversion actions, the overstorey was destroyed but the understorey/introduced 

species survived. This would be the case if a wind throw happened after the shelterwood thinning took 

place which blew down the overstorey but the understorey survived despite the lack of forest climate. 

The reason for the large focus on regeneration in this project is that experience has shown that 

regeneration failure was often the reason why conversion to CNF failed in practice. Naturally, the goal of 

conversion is also to get favorable long-term results, e.g. in terms of the wood quality of the 

regeneration. Thus, it is important to document e.g. the effects of reduced expenses on regeneration, 

both for the short and long term. This will naturally not be possible during the 8 years of the 4Forest 

project. This will eventually be possible through the delineation of long-term experimental plots on 

conversion, which will run from 2021 and will be expected to last at least 50 years and likely more. At 

the present moment, as also highlighted in “Naturnær Skovdrift”, we still have a poor understanding of 

the long-term dynamics of the development of non-indigenous plantation on poor sites in the 4Forest 

region. 

The following chapters describes the general conditions and challenges to conversion in the 4Forest 

region. The first chapter is on the different growth regions within the 4Forest region, the next on the 

different options for establishing the new generation.  

2. Conversion experiences in growth regions 
The challenges in relation to conversion are widely different depending on geography and site 

conditions. The most intuitive division for systematizing findings is the major growth regions that are 

already used in Danish forestry as well as in Schleswig-Holstein. These growth regions have been used in 

much of the previous work in regards to CNF in Denmark and Schleswig-Holstein and will also be used 

for overall categorization in this manual. This growth region division was also used in the selection of 

stands for data collection (Figure 2.1). The growth region division naturally does not cover everything, 

since e.g. game populations do not always follow growth regions and may fluctuate widely within 

distances of few kilometer. Still, generally speaking, game damages in the conversion phase can also to 

some degree be related to these growth regions (Figure 2.2). Firstly, deer populations are generally 

higher in the poor soil regions, most pronounced in the large Danish heathland plantations with low 

recreational activity, where many plantations contain more than 10 red deer/100 ha. Secondly, the 

forest structure in these poor soil areas are generally still (although not always in Schleswig-Holstein) of 

a very homogeneous character – typically large areas of homogeneous spruce/pine stands. This makes 
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introduction of new species, in particular broadleaves, more difficult since the newly introduced species 

are naturally targeted much more by game than they would in better growth regions where the forest 

typically already is partly composed of broadleaves. Thirdly, these conifer plantations typically have a 

closed, dark structure with few light open regeneration areas also enhance browsing pressure when 

regeneration is attempted. Thus, the growth region division appear as a useful tool for categorizing 

conversion and will be used for the remainder of this manual. However, it needs to be emphasized that 

this overall framework should be used in combination with local knowledge on growth conditions.  

A total of 6 growth regions will be used in this manual (Eastern Schleswig-Holstein is not incorporated as 

it is not part of the 4Forest project area):  

1: Danish dune region. Poor fine sandy soil and strong winds carrying salt (1 on Figure 2.1). Forests are 

dominated by conifers. Browsing and bark stripping pressure is quite high, but variable and often lower 

than on similar districts further inland because recreation activities are often more common along the 

coast. Often large soil quality differences within short distance (less than 50 m) and conditions generally 

become increasingly difficult when moving further west/closer to the sea. Introduction of a relatively 

demanding species such as beech on larger areas is often complicated. There is a big difference between 

introducing beech on raised seabed previously subjected to sand drift compared to essentially moraine 

sites with a thin cover of drifting sand and there is also a large effect of the thickness of the sand layer. 

Soil are generally not cemented and the type of soil preparation is not so important. The largest 

complications in the dune region is the strong wind that also carry salt. West edges are generally rough 

on trees under such conditions. Lee is vital for establishing a successful next generation. Lee is generally 

given by a nearby stand for app. 5 times that structure’s height (if the stand is dense up to the total 

height which is normally not the case in conifers) in very windy sites, which as a rule of thumb can be 

integrated in planning. The wind will also reduce the wood quality of especially introduced broadleaves, 

although the effect is difficult to quantify.  

2: Danish heathland region (2 on Figure 2.1). Generally poor coarse sandy and often cemented soil. High 

precipitation and the highest late frost risk in the overall 4Forest region. Forests are completely 

dominated by conifers. High game pressure in combination with late frost and the slow early growth 

pose the largest restrictions to a successful conversion, in particular when introducing broadleaves. 

Generally, all broadleaves and silver fir have to be fenced. Hole drilling as soil preparation methods has 

reduced the problem with iron pans or gravel layers on the outwash plains substantially and should be 

preferred on such areas. On Saale moraine, or areas subjected to drifting sand this is less important. This 

highlights the benefit of a light shelter. 

3: Northern Danish sandy moraine region (3 on Figure 2.1). Deep, intermediate soils with relatively high 

precipitation gives favorable growth conditions especially for conifers. Generally no particular growth 

regions restrictions in regards to conversion. Especially in large forests (larger than 100 ha), conditions 

are favorable since there are few forest rims and there will be lee in most areas. In smaller forests, there 

can the common problems for regeneration always present in forestry, especially lack of proper forest 

climate.  

4: Eastern Danish loamy moraine region (4 on Figure 2.1 including Bornholm). Rich soils and lower 

precipitation means relatively better growth conditions for broadleaves than conifers and a landscape 
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dominated by broadleves. Knowledge about conversion of conifer plantations are so far limited, men 

the vigorous ground flora is generally a problem for the natural regeneration of conifers. 

5: Schleswig-Holstein “heathland” Northwestern region (NW, 5 on Figure 2.1). High precipitation. High 

frost risk and poor soil but both generally a bit more favorable than in the Danish heathland region. 

6: Schleswig-Holstein “heathland” Southwestern region (SW, 6 Figure 2.1). Lower precipitation, less 

windy more continental, generally a bit better soil compared to the Northwestern region in Schleswig 

Holstein. Less frost compared to in the Danish heathland region and NW. 

Soil and climate conditions in the majority of the plantations in Schleswig-Holstein are quite similar to 

the better parts of the Danish heathland region (Southern Jutland). However, conversion in the two 

areas is quite different due to a number of reason. First of all, game levels, and associated game 

damages, are generally much lower in SHLF compared to in Western Denmark. Secondly, the forests of 

Schleswig -Holstein is generally more diverse compared to the Danish heathland plantations and the 

amount of existing broadleaves is generally higher. It is here easier to further increase existing species, 

compared to in Danish plantations that are consisting only of spruce. This is not only because you can 

occasionally rely on natural regeneration. Planting of broadleaves will not be targeted as heavily by 

game when there is already broadleaves in the forest – apparently such plantings are not as “new and 

exciting” for the deer as in the classic monotonous heathland plantation (see also chapter 3). Beech can 

typically be established without fence, also without Trico, and on some district where there is already a 

lot of beech it has been reported to be browsed less than Douglas fir. Even silver fir can in some 

instances in Schleswig-Holstein NW and SW be planted without fence, provided that there is used Trico 

during the regeneration stage. 
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Figure 2.1: Forests in particular used as the basis for creating this manual (using field data and interviews with forest managers) 
and the growth regions they are situated in. Growth region 1 is the Danish dune region, 2 is the Danish heathland region, 3 is 
the Northern Danish region. 4 is the eastern Danish region, 5 is the Schleswig-Holstein Northwest, 6 is the Schleswig-Holstein 
Southwest. The border between growth region 5 and 6 is made up by the Kiel Canal. Danish growth regions are drawn based on 
Granat (2005), Schleswig-Holstein’s based on Gauer and Kroiher (2011). 
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a)                                                                           b) 

  

c)                                                                                      d)                       

Figure 2.2: Illustration of the deer problem even on better sites of edge moraine in homogeneous heathland plantations for 
beech plantings of originally 4000 trees/ha. a) St. Hjøllund (planted in 2007).  Photo is taken towards the west where the stand 
has been fenced. b) Same stand in St. Hjøllund, photo taken at the same spot but towards the east where the same intensive 
planting was not fenced. A few small browsed broadleaves of very poor quality is all that remains in a regeneration completely 
dominated by natural regeneration of conifers. c) Feldborg. Background in left side of illustration is fenced, foreground is not. d) 
For comparison, on the more representative poor sites in the Danish heathland plantation, beech planting without fence is 
presently even more difficult (although in this case only 1800 plant/ha was used). St. Hjøllund. St. Hjøllund and Feldborg are 
located on the boundary between the Danish heathland region and the Danish Northern region.  
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It is important to be aware that site quality has been steadily increasing for the last 100 years in the 

Danish dune and heathland region and well as the two western regions of Schleswig-Holstein NW and 

SW. In most places, it is now, in terms of soil fertility, realistic to introduce broadleaved trees, even 

sometimes sycamore maple – if they have the necessary protection from ungulates. At the same time 

the natural regeneration potential has also increased. However, there is still many areas where it is not 

realistic to introduce broadleaves (Figure 2.3). Some conifers, like Douglas fir and grand fir, also have 

distinctly slower growth on such sites, while silver fir, larch, Sitka spruce and Scots pine tolerate such 

low nutrient conditions considerably better. In general though, less productive areas do only have a 

minor focus in the 4Forest project. 

 

Figure 2.3: On the poorest sites, it is still not realistic 
to introduce broadleaved species in the second 
generation of forest. This is illustrated in a 
conversion from Norway spruce to beech and silver 
fir, where silver fir, despite its very slow juvenile 
growth, is completely superior to beech (photo is 
taken in a meltwater valley 17 years after planting. 
Note that the area has been consistently fenced). 
Such sites are often found in the dune region, and in 
meltwater valleys and blowout area on outwash 
plains. Gludsted Plantage, Danish heathland region. 

 

  

 

 

 

 

 

 

This section will hopefully be supplemented with conditions on clayish soils in east DK later in the 

project. It must also be emphasis that throughout the project, we will gain more experience in regards 

to conversion on different specific soil type so that more specific information on this will be given. In the 

next section, we will go a bit more into details about regeneration. 

3. Artificial and natural regeneration 

Artificial regeneration 
As mentioned, when new species are introduced, the deer find it to be exotic looking and they will 

specifically target it, especially if that new introduced species is standing out, e.g. by being a bit higher 

than the other species in the regeneration (e.g. planted Douglas fir in Norway spruce natural 
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regeneration). The more a new species stands out the larger the areas is needed before it can be 

introduced to the area unfenced. It is difficult to quantify how large a percentage of a stand that a new 

species should constitute before deer stops finding it particularly interesting (depends on species, site 

and deer population information, results will hopefully emerge during 4FOREST). 

The choice of artificial regeneration methods depends on factors such as the size of area regenerated, 

the amount of natural regeneration in the stand (or the natural regeneration potential) and the deer 

population. 

A planted plant will always be more susceptible to browsing that a seeded plant due to the high 

nutritional content of nursery plants. Container plants and bareroot plants each have their advantages 

in a conversion setting.  Container plants are cheaper than bareroot plants, price for buying is app. 15 

cents/plant, container plants are therefore well suited in for introducing new species over a large area. 

However, due to their size container plants are small and more vulnerable, especially to game. A typical 

problem is that the red deer and fallow deer simply pull container plants directly out of the ground after 

planting. Fencing is therefore more frequently needed than for larger bareroot plants, especially in areas 

with red deer and fallow deer. In general, container plants are well suited for the conversion setting 

compared to the traditional clear-cut forestry setting. Due to their smaller size, they are more easily 

outcompeted by frost, ground vegetation and (in the case of conifers) killed by pine weevils on open 

sites and some shelter is a clear advantage.  

At the moment, there are still limited experience using container plants in a conversion setting in 

Denmark. In Schleswig-Holstein NW and SW, container plants have been used to a larger degree than in 

Denmark. On relatively favorable sites, experiences has been good, but the experiences has not been 

good on bad sites with high game populations. Forest district Ricklingen, which has poor soils resembling 

much of the Danish heathland region, and a red deer population of 800-900 animals on 3000 ha of 

forest has now mostly given up on using container plants as expenses in supplementary plantings were 

simply too high. The problem is that while the normal bareroot plant have 2 year where it was especially 

vulnerable, the container plants have about 6 years. The site is also a factor – the drier the climate/soil, 

the more risky it is to use container plants. Thus, container plants appear less suited for the typical 

Danish heathland setting on coarse dry soil and high red deer populations. 

In situations where deer are a large problem, groups of new plantings, whether container or bare-root, 

should be established close to forest roads. This has several purposes. It is easier to remember the 

planted group and ensure optimal management. In situations where fencing is needed, it is also easier 

regularly to check the fence for damages. Also, the larger recreational activities close to forest roads 

ensure less game activities in that specific area. 

Artificial seeding as opposed to natural seeding, can be used for bringing in a new species over a large 

area at a lower cost than would be possible with any type of planting, although it is more difficult. The 

cost of seeding an area is app. 20 % of the cost of a bare-root planting. Trees out of seeding have a 

better root development and in the long run they are expected to cope better with storms and changing 

water availability, especially compared to bareroot plantings. Bergstedt (2017) reports that seeding is in 

general most usability on not too clayey soil due to ground flora competition, and the method could 

thus be expected to be relevant in a CNF setting on the mainly sandy soils of the 4Forest project.  
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At the moment, there is in Denmark practically only experience in seeding with beech for conversion of 

Norway spruce. Beech is also perceived to be the species with which seeding can be used with the 

highest rate of success. SHLF has more extensive experience in seeding and have experience with other 

species than beech. These experience shows that seeding of oak generally works well (if seeds are 

available on the market). Seeding of spruce, scots pine and larch also works well. Seeding of Douglas fir 

is however difficult. Seeding of silver fir works well in the sense that germination is typically successful, 

however, the species sensitivity at the regeneration stage means that seeding mostly fail in practice.  

The disadvantage of using seeding in conversion is that the results are often unpredictable – what works 

in one stand might not work in another stand close by – the reason being unclear. This is at least true for 

not optimal site conditions, i.e. especially the Danish heathland region and Schleswig-Holstein, where 

there is also the most extensive experience with seeding in a conversion setting (there is no experience 

on dune sites and experience is limited on better site conditions such as sandy moraine). Experience in 

SHLF shows that an important factors for a successful seeding in beech is that the seeds are covered 

with 1-2 cm of soil which provide optimal conditions. Many seedings seems to fail because seeds are 

covered with too much soil. Furthermore, the soil needs to be “ready”, German foresters call this 

“Bodengare”. A good first step in determining if the soil is ready to be seeded is if there is already 

ground vegetation – preferably grass or flowers, but moss is also okay. A ground composed entirely of 

dead needles does not work – this substrate is too acid for seeding. Importantly in conversion situations 

is also that the basal area during the first three year after seeding is of very little importance, compared 

to the later development. 

A problem in regards to using seeding in conversion is that the treatment of the soil in relation to the 

seeding greatly increases the likehood of natural regeneration on that spot as well, meaning that the 

artificially seeded species will often face harsh competetion. Another disadvantage is that seeding, due 

to the slower development than planting, required a longer term stability of the shelter, probably at 

least 20 years (Larsen et al. 2005) 

Naturally, best results are obtained when larger areas are seeded (several ha’s), especially if the seeding 

consist of a less browse tolerant species, such as beech, which can then hide in natural regeneration of 

typically Norway spruce. This often makes it challenging to use seeding in a conversion setting, it is e.g. 

generally not advisable to use artificial seeding in small-scale gap regeneration. Despite that a large 

number of individuals are brought in over a large area, experience actually shows that fencing is for 

outwash plains necessary for getting a good result – mortality is otherwise too high. Even in Schleswig-

Holstein, with its generally better conditions, 50-60 % of all seeding are fenced. Seeding is generally 

more risky, especially concerning damages by wild life and birds. Seeding can potentially be used as a 

first step in stand regeneration which can then be followed or preceded by planting with bare root or 

container plants. Depending on the coverage of natural regeneration, 50%-70% of the area is normally 

seeded.  

In summary, seeding is difficult and planting should generally be preferred. Seeding large areas fenced 

under shelter can in some instances be relevant.   
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Natural regeneration 
Compared to the outline in “Skoven og dens dyrkning” by H. A. Henriksen from 1989, many perspectives 
on the use of natural regeneration in conifers has changed. First of all, it is clear that more recent 
experience has clearly shown that the potential for natural regeneration is larger in the 4Forest regions 
than previously anticipated, especially for species such as Norway spruce and Sitka spruce. It can 
probably especially due to increase in soil quality over time in the majority of the growth regions. At the 
same time, the potential for natural regeneration in silver fir is now more difficult to due increasing 
game levels. Table 3.1 provides a rough overview on the seeding attributes of common conifer species, 
although these estimates are from 1943 and the distance between good mast years must be considered 
a conservative estimate due to climate change. Later experience does however also indicate that for 
some of the species, estimates seem optimistic. Nordmann fir has been shown to be not so easily used 
for Natural regeneration, similar with mountain pine. In general, coarse sandy sites experience more 
frequent mast years than other sites since summer drought stress is more common, triggering heavy 
seeding in the following year (especially outwash plain sites in the Danish heathland region or Schleswig-
Holstein NW and SW). 

Table 3.1: Overview of natural regeneration attributes of most common conifer species. Translated and edited from Forstlig 
Lommehaandbog (1943), adding shade tolerance.  

Species Age required for natural 
regeneration (years) 

Distance between good 
mast years 

Shade tolerance 

Silver fir 40-50 2-3 High 
Grand fir 40-50 3 High 

Nordmann fir 30-40 2-3 High 
Noble fir 30-40 2 High 

Norway spruce 30-40 4-8 Intermediate 
Sitka spruce 15-25 3 Intermediate 
Douglas fir 25-30 4 Intermediate 
Scot’s pine 15 3-5 Low 

Mountain pine 10 Frequent Low 
European larch 15-20 2-3 Low 
Japanese larch 15 3 Low 

 

Especially in mixed conifer plantations, natural regeneration is the main regeneration type used in the 
conversion and it is a known fact from many silvicultural textbooks that natural regeneration is most 
easily conducted in mixed stands. Ungulates are typically not a large problem in natural seeding in 
conifers. Even conifers that are relatively susceptible to browsing damage compared to Norway spruce, 
such as Douglas fir and Grand fir, are present in numbers that do not require active preventive actions, 
although browsing can adjust the mixing distribution. Silver fir natural regeneration is however an 
exception which is targeted heavily by deer. Thus, although silver has good natural regeneration 
attributes, with plenty of natural regeneration emerging, the regeneration will typically be browsed 
completely away in areas with high pressure. Silver fir natural regeneration is typically browsed less 
when especially spruce natural regeneration can function as a cover, but the spruce regeneration can 
also outcompete the fir regeneration unless the shelter density is just right, the balance is difficult. Thus, 
natural regeneration of silver fir seem very difficult on most Danish sites without fencing in the Danish 
heathland region, and it seems difficult in the Danish Northern region as well (Figure 3.1).  
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Figure 3.1: Natural regeneration in mixed Norway spruce and silver fir, sadly the next generation is strongly dominated by 
Norway spruce. Plovmandshøj Plantation. Northern Danish region, but rather poor soil.  

The success of natural regeneration is highly dependent on maintaining the forest climate, which is the 

most important success criteria. If the overstorey consists of stable conifers, then it is important to keep 

these for as long as possible until the regeneration appears (of course with regard to light demand of 

the species). As soon as a rim effect appears and the new small trees are dried out by the wind, 

regeneration is much more difficult. There starts being a rim effect when there is a distance from the 

regeneration to the nearby lee giving stand of more than 5-20 times (depending on the windiness of the 

site) the stand sheltering height. This can easily be a problem in stands that technically have shelter 

above them, but not shelter to the windward side. It is difficult to say how far into a stand such a lack of 

forest climate extends when there is a lack of windward lee. Especially west and south edges are 

problematic, and supplementary plantings might be necessary. In such situations, a robust species such 

as Larch should be established at the edge as soon as possible to give shelter. Particularly silver fir is 

vulnerable to a desiccating wind (although it on the other hand typically tolerates the moist wind in the 

dune region close to the sea).  

Natural regenerations in conifers are easiest to achieve in the coniferous forest dominated area on more 

or less sandy sites of Western Denmark and Western Schleswig-Holstein. Experience has shown that, 

unlike what was previously thought, even poor soils with a thick moor layer have a good potential for 

naturel regeneration, especially if there is conducted soil preparation. Under eastern clayey conditions, 

heavy ground flora and strongly competing broadleaves can make natural regeneration highly difficult 

unless the target conifer species is sufficiently shade tolerant as in the case of Grand fir and silver fir.  
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Figure 3.2. An optimal ground flora for natural 
regeneration is moss dominated (As seen on the left). 
If the flora starts to become grass dominated, then 
this is an indication that the shelter is too thin. The 
optimal shelter density in order to get a moss flora 
and not a grass flora depends on site and stand 
conditions. Planting in broadleaves, and grand fir, 
generally creates a better humus of large practical 
importance for natural regeneration and grand fir 
stands also appear to be more likely to create a 
favorable moss ground flora. 

 

 

 

 

 

 

 

 

 

 

Experience has shown that it is typically not necessary to conduct any soil preparation prior to seed fall 

when the flora is moss dominated (Figure 3.2). If grass is apparent, because the shelter is too thin or the 

overstorey consists of light demanding species, then it is necessary to make soil preparation to aid 

regeneration (Figure 3.3). This should be done when the grass starts to establish itself. Larch can 

especially be necessary to plant on sites where there are a lot of Calamagrostis epigejos, naturally 

especially if there is an edge effect and no lee to the regeneration.  
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Figure 3.3. A small gap in a Norway spruce stand has gotten more grass than moss dominated and hole drilling has been 
performed to assist natural regeneration. 

The shelter naturally also keep unwanted pioneer species away, most pronounced birch and Prunus 

serotina. While birch and Prunus serotina can be problematic on light open sites, tsuga can be a large 

“problem” even under dense shelter. Exact shelter density to avoid this tsuga problem depends on the 

shelter species. Light demanding species (e.g. larch, pine) can experience tsuga invasion no matter how 

dense the stand is. For more shade tolerant species, such as Sitka spruce, the shelter density which 

would prevent tsuga invasion is slightly more difficult to establish, but even a dense shelter (30-35 

m2/ha) would not completely remove the risk of tsuga invasion (See Hale 2004 for more info). For these 

species, one speciment at the edge of a regenerated area is enough for them to occupy the entire area 
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and such specimens should be taken out (usually Tsuga is not a target). On good soil, sycamore maple 

can also show invasive character in conifer natural regeneration under shelter, if there is a nearby 

stands of sycamore maple.  

4. Converting different stand types  
The previous chapters have outlined general aspects of conversion in the 4Forest region. The rest of this 

manual is a catalogue on the conversion of various specific conifer stand types commonly occurring in 

the 4Forest region. The structure for each stand type is a short description, the typical goal of 

conversion, a presentation of the present conversion experiences and based on these experiences, 

recommendations are provided. Figures and pictures in this section are termed FS (forest stand type). 

Forest districts are linked to growth region in the caption of the first illustration that they feature on for 

each stand type (to allow the growth region concept to be a frame in the entire manual. 

The goal is to provide forest managers with direct practical solutions when they have to make decisions 

in the forest. In this second edition of the manual, 14 stand types are described (Table 4.1), this no. may 

increase/decrease in the next version of the manual as we get more experience.  
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Table 4.1: Description of the 14 stand types for conversion outlined in this manual. The 10 original 4Forest conversion models 
are shown for reference and linked to the recommendations for each stand since our experience for some stand types is still 
quite limited, and recommendations are for many stand types to some degree based on the original 4Forest models. See 
Appendix 2 for an overview of these original 4Forest models.  

Stand types Recommendations mostly based on these 4Forest 
conversion models 

Forest growth region mainly 
targeted 

1: Young Norway spruce (25-
50 years old), poor site 

Model 1: Middle-aged stands – underplanting in groups Danish heathland 

2: Young Omorica spruce (30-
50 years old), poor site.  

Model 1: Middle-aged stands – underplanting in groups 
Model 7: Shelter system in rows or irregular shelter 

Model 1: Danish heathland 
Model 7: Danish dune 

3: Old Norway spruce (mostly 
50-80 years), intact, relatively 
stable, poor site 

Model 5: Shelter in old stands with species introduction 
 

Danish heathland, Schleswig 
Holstein Northwest and 
Southwest 

4: Old Norway spruce (>50 
years) with gaps/ destabilized, 
poor site 

Model 8: Group-wise underplanting in destabilised  old 
stands 

Danish heathland, Schleswig 
Holstein Northwest and 
Soutwest 

5: Norway spruce, good site Model 2: Introduction of stabilizing broadleaves 
Model 8: Group-wise underplanting in destabilised  old 
stands 

Danish North 

6: Old Sitka spruce (>50 years) Model 8: Group-wise underplanting in destabilised  old 
stands 

Presently Danish dune – 
later also Danish heath, 
North and Schleswig-
Holstein 

7: Douglas fir (mainly >50 
years) 

Model 2: Introduction of stabilizing broadleaves All regions, except dune, 
experience from North, East 
and Schleswig-Holstein 
Northwest and Southwest. 

8: Old Larch (> 50 years) Model 2: Introduction of stabilizing broadleaves 
 

Mainly Schleswig-Holstein 
Northwest and Southwest 

9: Mixed old Scots pine and 
Norway spruce (> 50 years) 

Model 3: Natural seeding under shelter in old stands 
Model 5: Shelter in old stands with species introduction 

Schleswig-Holstein 
Northwest and Southwest, 
Danish heath region. 

10: Mixed old Sitka spruce and 
Larch (>50 years) 

Model 2: Introduction of stabilizing broadleaves 
Model 3: Natural seeding under shelter in old stands 

All, except eastern Danish 
conditions 

11: Other mixed old conifer 
plantations (>50 years). 

Model 2: Introduction of stabilizing broadleaves 
Model 3: Natural seeding under shelter in old stands 

All 

12: Stands with prolific conifer 
regeneration 

Model 4: Supplementing regeneration with long-lived 
conifers and broadleaves 

All 

13: Mountain pine Model 7: Shelter system in rows or irregular shelter Danish dune 

14: Outgrown Noble fir and 
Nordmann fir stands 

Model 6: Outgrown stands for Christmas tree and 
greenery production 
Model 7: Shelter system in rows or irregular shelter 

Model 6: Danish heathland, 
North, East 
Model 7: Danish dune 
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1. Young Norway spruce (25-50 years old), poor site 

The stand 
This category covers Norway spruce plantation areas of greater size, up to 200 ha, which have been 

planted in many areas, but mainly in the Danish heathland region after the storm in 1981. Stands are 

typically starting to show weak areas with bark beetles/wildlife damage/storm damage/poor growth, 

and are often expected to be short-lived (i.e. less than 20 years from the onset of the project). In 

practice, it is difficult, and expensive, to convert very young stands of Norway spruce (below 20 years in 

the heathland region). Crown expansion in very young stands is rapid, thus it requires almost annual 

thinning to regulate the shelter density and mortality of the next generation is in practice very high. 

Thus, in such very young stands, it is better to wait until the stand is at least 25 years old on typical 

heathland sites (FS 1.1). 

 

FS 1.1: The typical starting situation for conversion of young Norway spruce. Gludsted plantation, Danish heathland region. 

The goal of conversion 
The goal is to break up the typically large areas within this even-aged forest type and introduce a 

proportion of long-lived conifers and broadleaves in the new generation that will reduce the instability 

of the system in regards to especially bark beetle and storm and have a good natural regeneration 

potential. In situations where the system seems more unstable, a larger percentage of planting might be 

used, but otherwise the planting should be kept at a moderate level since conversion in young stands is 

expensive. The natural regeneration of Norway spruce will have an important role in the next generation 
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which will ideally be two-storey/uneven-aged (although it will not emerge before stand is older). Natural 

regeneration of multiple conifer species, potentially also of some broadleaves, is the long-term goal, so 

there in the next generation is introduced at least 15% of new stable species. 

Experiences 
The experience with conversion of this stand type is limited, but it will be undertaken on large scale 

during the 4Forest project activities from 2021-2028. The only experience for now is a stand in a 

heathland plantation in Southern Jutland which at age 27 (height app. 12 m) contained several gaps (12-

30 m diameter) from bark beetle attacks, which at this point was planted with beech (planting density 

1,75 x 1,75) without fencing.   

17 years later, the beech was 3-4 m high in the 20-30 m diameter gaps with insignificant mortality, a 

very satisfactory result (FS 1.2, FS 1.3). In smaller gaps in the stand, the development was generally also 

surprisingly good although slower than in the slightly larger gaps (FS 1.4).  

FS 1.2 Beech group 17 years after planting in 
bark beetle gap. Gap was originally app. 30 m 
diameter, now app. 35 m diameter. Stand is 
20 m high now, 44 years old. Note the land 
surveying stick for scaling purposes. Hønning 
plantation, Danish heathland region. 
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FS 1.3: Beech group planted in 20 m 
diameter bark beetle hole. Same stand as 
FS 1.2. Hønning plantation. 

 

 

 

 

 

 

 

 

 

 

  

a)                                                                  b) 

FS 1.4: Small groups of beech planted in a) 10 m wide 25m long gap b) app. 12 m diameter gap. Same stand as FS 1.2-FS 1.3. 
Hønning plantation. 

It has to be made clear that this beech conversion would not be as successful today. Hønning was one of 

the district hardest hit by the storm in 1999. As a result, browsing pressure was very low during the 

establishment of this conversion relative to today.   
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A few of the gaps were not planted and illustrate that natural regeneration potential in such young 

stands is very limited. At age 44, the natural regeneration were just beginning to emerge (FS 1.5). 

Similarly, natural regeneration was starting to emerge under the shelter (i.e. outside of the gaps) when 

shelter density was not more than 15 m2/ha. 

FS 1.5: Natural regeneration beginning to establish in 
gap, 17 years after conversion at age 44. Hønning. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The low natural regeneration potential means that the conversion is ideally targeted at existing gaps in 

the stand where there is planted intensively. This conversion method has also been shown to greatly 

increase health of the overstorey, probably since the desiccating wind can no longer penetrate into the 

stand through the gaps (which would otherwise have taken many decades to fill with natural 

regeneration).   

If a traditional shelterwood was established, it would require complete dense and expensive 

underplanting and meaning loss of growth. Conversion by partial shelterwood followed underplanting 

could in certain instances be a possibility/necessity to break up very large homogeneous blocks of young 

Norway spruce of several 100 ha to avoid too large risk from future large scale bark beetle attacks. In 

these cases, stands would typically be older at conversion than the stand referred to above, otherwise 

the operation would be expensive. A shelterwood thinning could then be made at e.g. 20 % of the area 

followed by underplanting. There is no documented experience on such conversions yet. Inspiration 

would have to be drawn from the conversion of older Norway spruce stands, although basal areas would 

have to be slightly lower for younger stands (where diameter is lower and stem number higher). Thus, 
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useful shelter densities in young stands would probably not be higher than app. 10 m2/ha for 

introduction of Douglas fir, 15 m2/ha for beech and 20 m2/ha for silver fir (see page 36-40 for more 

elaborate information). 

Recommendations 
Due to the scarce information currently available, it is too early to give final recommendations for the 

conversion of this stand type in general. The conversion in small gaps of 12-30 m has shown successful 

for introducing beech in young stands under conditions with low browsing pressure. The experience can 

be recommended for similar stands, except that today these stands would need fencing.  

In case of larger management units, having larger groups introduced and often partly under a 

shelterwood regeneration, there is at the moment no experience available. Experience will be collected 

during 4Forest. We therefore refer here directly to the activities from model 1, which was suggested as 

a starting point of the 4Forest project (see Appendix 2, page 122).  

Based on conversion models 
Model 1: Middle-aged stands – underplanting in groups 

2. Young Omorica spruce (30-50 years old), poor site. 

The stand 
Omorica spruce was previously planted extensively in monocultures on poor sites in the Danish dune 

region and on some districts in the Danish heathland region (FS 2.1), especially in the 70’s and 80’s. 

However, the result have been disappointing, especially due to very slow growth, less resistance to salt 

spray than expected, low potential for natural regeneration and generally unhealthiness in the Danish 

environment.  

The setting for conversion of Omorica spruce in the heathland region have some similarities to young 

stands for Norway spruce: large areas planted after “recent” storms and too young for traditional 

shelter establishment. The experience is that its wind stability is better than Norway spruce.  
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FS 2.1 Typical heathland Omorica spruce for conversion. Klosterheden, Danish heathland region. Photo: Jens Peter Clausen. 

The goal of conversion 
The goal is to convert to a mixture of more healthy/stable and better producing conifer and broadleaves 

with higher natural regeneration potential. The old stand is used as a shelter to promote the new 

generation and extensify the planting and maintenance activities. Dependent on stability and local 

conditions, the old stand might be left, but in some cases its longevity will be limited (5-15 years). Thus, 

the next generation can be even-aged or two-storey. Natural regeneration of multiple conifer species, 

potentially also of some broadleaves, is the long-term goal, so that there in the next generation is 

introduced at least 30 % of new stable species. 

Experiences 
At the moment there are no experiences with conversion of Omorica spruce in the heathland 

plantations. Such experiences will come during the 4Forest project, mainly through the use of group 

harvesting conversion systems for conversion of large homogeneous areas, targeting 

unhealthy/unstocked spots. This is a method that have similarities to conversion of large areas of young 

Norway spruce, although involving more intensive species introduction.  

At present there is experience on the conversion of Omorica spruce in the dune plantations where the 

strip shelterwood system have been used. In most cases, the old stand have shown to be sufficiently 

stable – at least when converted stand is below 10 m high.  The strips provide good wind shelter to the 

newly established regeneration due to their long crowns. There is no documented experience on the 

conversion of Omorica towards stable high producing conifers. Experiences are only available for 

introduction of oak. In practice, on many of the areas where Omorica spruce has been planted, oak is 

the better choice than beech (as long as it is fenced) due to the typically low nutrient conditions. 
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The exact method used to introduce the oak is that, firstly there has been created extraction tracks in 

the stand at age 30 when the stand is app. 6 m high (FS 2.2). These extraction tracks create blocks of 

app. 14 m width, app. 6 rows. 8 years later, every 2nd block is harvested, leaving a distance of 20 m 

between remaining blocks and these are thinned strongly (FS 2.3, experience shows that the stability of 

the system allows for these two operations simultaneously). 

7 years after conversion, the oaks was still only 0.5m high, but this was mainly due to the very poor soil 

and the conversion can so far be considered successful, although not optimal (FS 2.4). Apart from 

requiring fencing, the area was invaded by birch, a typical problem in dune plantations and already 3 m 

high, and it was necessary to conduct pre-commercial thinning. Thus, the distance between the 

remaining strips should have been smaller to suppress the birch more. While growth of oak would then 

maybe also be slower, this would be acceptable as fencing is required anyway. 

Original suggestions for conversion in 4Forest has been to harvest roughly 3 out of 5 rows, resulting in a 

smaller gap between the rows. There is no data on such conversion yet, but based on the experiences 

reported above, such guideline seem meaningful in 9 m high stands, suppressing potentially invading 

birch more than in the above example, but probably being a bit too dark for introducing oak. Other 

suggestions, in case the old stand is not deemed stable, is to fell a lower share of the area, e.g. 20-40%, 

by thinning only some blocks between the 20 m extraction tracks, but there are no experiences with 

this. 
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FS 2.2: Creation of extraction tracks at app. age 30 (height app. 6 m). Lodbjerg Klitplantage, Danish dune region. Photo: COWI 
(2006).  
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FS 2.3: Conversion is initiated by removing every 2nd area between the timber tracks 8 years after the extraction tracks were 
made and thinning the remaining stand. Height app. 8-9 m. Photo: COWI (2014).
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FS 2.4: Conversion into oak 
using 20 m wide strips. 7 years 
since planting of 2000 oaks 
and 1000 red alder and Loft 
ploughing. Omorica spruce is 
now about 44 years old and 
12 m high. 1 year ago natural 
regeneration of birch was pre-
commercially thinned and 
spaced out on app. 2x2 m 
distance. Most red alder are 
dead since they do not grow 
well on such poor sites. 
Practically no natural 
regeneration of Omorica. 
Same stand as FS 2.2 and FS 
2.3. Blowout plain 
(afblæsningsflade) on raised 
seabed with high water table 
and soil is very poor. Oaks are 
easily recognized on the photo 
as they still have leaves on. 
Lodbjerg Klitplantage. Thy. 
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It has also been attempted to convert 

slightly younger stands (6.5m high) 

towards oak by removing two rows 

completely, and keeping the next two 

rows (FS 2.5). However, the spacing 

between strips were clearly too narrow 

in this case and all oaks died, despite 

that the area has been fenced and that 

the soil is better compared to FS 2.4. 

 

 

 

 

 

 

 

FS 2.5: Unsuccessful conversion into oak by 
removing two rows out of four. Open strips are 
app. 4 m wide. Photo taken 20 years after 
conversion. Omorica height now 13 m, probably 
around 6.5m high at conversion in 1995. Age 
about 44 years. Vigsø Klitplantage, Danish dune 
region. 

 

There is no experience on the conversions towards other broadleaves or conifers. Based on the 

experiences from conversion of noble fir (FS 14.3), 10 m strips seem to work well for the introduction of 

beech and silver fir on most dune sites.  

Recommendations 
Based on this, it seems like an optimal distance between remaining strip rows should be app. 10-15m 

when converting 9m high Omorica stands to oak. 15 m seem appropriate for oak, and 10 m for more 

shade tolerant species. If using the stand on FS 2.3 as example, this would mean removing the two rows 

closest to the extraction lines, and then leaving the two most central rows would seem optimal for the 

introduction of oak. Or alternatively having placed the extraction lines so that they were closer to each 

other originally (FS 2.2). Thus, it seems the 4Forest guidelines (Appendix 2, model 7, page 126) are on 

point.  

For the larger management unit stands, typically in the heathland forestry, there is for now referred to 

the broad recommendations in the original model 1 (Appendix 2, page 122), although there should be 

introduced at least 30 % of new species. 
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Based on conversion models 
Model 1: Middle-aged stands – underplanting in groups (no experience at present) 

Model 7: Shelter system in rows or irregular shelter 
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3. Old Norway spruce (mostly 50-80 years), intact, relatively stable, 

poor site  

The stand 
Large heathland plantation areas are covered by monoculture Norway spruce of old age (1930-1970). It 

is in the Danish heathland region the most common setting for conversion (FS 3.1), although the stand 

type is also common in both regions of Schleswig-Holstein. They are often growing on outwash plain 

with high risk of late frost, poor soil and large ungulate populations. With increasing age the potential 

for natural regeneration is greatly increased. This stand type often covers large areas where more stable 

species are missing.  

Old Norway spruce is the stand type where most conversion experience exist for. This manual divides up 

that overall stand type into still more or less intact stands (this stand type) and stands that are starting 

to be destabilized with storm and bark beetles gaps (the next stand type, where stands will often be a 

bit older). In practice, the two stand types will overlap. 

FS 3.1: Typical relatively 
stable/healthy Norway 
spruce heathland 
plantation before 
conversion. Age: 57 years. 
Height-diameter ratio: 
0.86 (mean tree). Top 
height: 18 m. Stem 
number: 1000. Basal 
area: app. 38 m2/ha. 
Bonitet: 3.7. Gludsted 
plantation, Danish 
heathland region. Photo: 
Brunner et al. 2005. 

 

 

 

 

 

The goal of conversion 
The goal is to bring in new species in particular under the still more or less intact canopy layer. The next 

generation is established under a long-lived shelter of the old forest, along with a gradual harvest of the 

old forest (over a period of 20-30 years) based on diameter-felling, but leaving a no. of seed source trees 

to ensure a stable seed supply. The next generation will consist of a self-sown mixed conifer stand of the 

original species but including the desired species introduced in this model. The area or % of new species 

will depend on the regeneration method, but the goal is to have a large percentage of conifers in the 

next generation. It is usually the goal to bring in app. 30% new species, mostly conifers. 
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Experiences 
For conversion of Norway spruce stand with intact shelter towards more sensitive but long lived stables 

species, the shelterwood system has shown to be preferable. For species introduction under shelter, the 

focus is naturally on more or less shade-tolerant trees which allows for a denser shelter. A dense shelter 

is generally recommendable since it reduces the risk of wind throw in the shelter. The stability of the 

shelter is indicated by the % of the height with crown, crown ratio, which should preferably be above 

50%, as well as the height diameter ratio which should be less than 90. “Stability” here is both in regards 

to the risk of wind throw as well as the general longevity that can be expected from the overstorey (how 

realistic it is to keep the present overstorey long into the next generation. In practice, it will not always 

in 4Forest be possible to keep trees from the original stand well into the next stand. 

There is most experience regarding introduction of silver fir and beech and Douglas fir. The experiences 

will be divided up into the experiences with planting and experiences with seeding and finally 

experiences with natural regeneration under shelter. 

Conversion using planting 

Experience are mainly available for conversions where a large proportion of the stand have been 
underplanted and not for situations where the plan is to rely on natural regeneration for most of the 
area. Experiences on less expensive conversion will be collected during 4Forest. But the important 
principles of underplanting shelters can still be illustrated (and the last section will illustrate principles of 
using natural regeneration under shelter). 
Planting should be done with a deep soil preparation, at least 30 cm depth, preferably hole drilling since 
many of the sites are located on outwash plain with some cemented nature. It is very important that the 
holes drilling does not damage the anchor roots of the shelter trees. 
The following section will show the results 20 years after introducing different species (silver fir, beech, 
Douglas fir) to the 57 year old stand shown on FS 3.1 (FS 3.2-FS 3.5, all introduced species established 
using a planting density of 4000 plants/ha), using a variety of shelterwood thinning.  All situations have 
been fenced (although in some situations the fence have been destroyed temporarily in wind throw. 
Silver fir is risky to introduce in monoculture since the understorey will be destroyed in case of wind 
throw in the overstorey (see FS 3.3). This aspect, combined with the high browsing pressure, means that 
it is tricky to introduce silver fir in the typical Danish heathland Norway spruce setting. However, for the 
optimal introduction of silver fir, the shelter should be reduced to not less than 20 m2/ha and then later 
to 15 m2/ha (FS 3.2). This ensures that risk of wind throw is minimized. Further, silver fir does not lose 
much growth by having the shelter quite dense, but there will not be much Norway spruce natural 
regeneration. It is much more intuitive to use grand fir than silver fir, and the above shelter 
recommendations will probably fit grand fir also, although there are no documented experience. 
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FS 3.2: How to introduce silver fir 
optimally under shelter. a) Initially 
reducing the shelter on FS 3.1 to 700 
trees/ha, app. 21 m2/ha., provides 
optimal conditions for establishing 
silver fir. This basal area should be 
kept for the first 10 years of the 
conversion. Photo: Brunner et al. 
2005. b) Having reduced the shelter 
density to app. 15 m2/ha 10 years 
after underplanting with silver fir, 
and kept this basal areal, this is the 
result 19 years after planting. 
Height≈ 3m. Fenced the first 15 years 
after planting. Gludsted plantation.  

 

 

 

a) 

 

 

 

 

 

 

 

 

 

 

b) 

Shelter density can be reduced immediately to a lower level than 20 m2/ha. But the risk of wind throw is 

greatly increased which will destroy all silver fir (FS 3.3). Some general advice to avoid wind throw in 

shelterwoods are: 

 Not to thin 2 trees standing next to each other in east-west direction. 

 Always thin in spring (after the stormy season and before the growing season starts). 

 Always thin out trees that starts to lean onto their neighbors (to avoid a “sail” effect). 
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Beech is more robust compared to silver fir (FS 3.3) and also tolerates a large amount of shade and as 

these species grow well planted together under shelter, this mixing strategy can minimize risk. Research 

have also confirmed that beech quality is better when planted under shelter (more optimal light 

environment, less browsing), relative to in gaps. Optimally for beech growth, if only beech is planted 

under shelter, it should be introduced at a lighter shelter than silver fir, down to 15 m2/ha (FS 3.4). 

  

FS 3.3: 19 years after establishing mixed beech, 
silver fir underplanting with wind throw 5 years 
after establishment. An underplanting of beech will, 
unlike of silver fir, typically not be completely 
destroyed (at least not if it has had a few years of 
growth under the shelter), but there will typically be 
high mortality and it will mainly serve as a seed 
source for the next generation as wood quality will 
be very inferior. All conifers present on photo is 
naturally regenerated Norway spruce except the 
two dead silver fir indicated by the red arrow. 
Gludsted plantage. 

 

 
 

 

 
 

 
 
 
 

 
FS 3.4: Reducing the shelter on FS 3.1 to 550 trees 
/ha, app. 17 m2/ha., to provide optimal conversion 
towards beech. Photo: Brunner et al. (2005). 
Gludsted plantage. 
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Experiences have shown that introducing Douglas fir optimally under shelter requires a strong reduction 

in shelter density to avoid high mortality and slow growth. FS 3.5 should be considered a dense shelter 

for the introduction of Douglas fir - optimal early shelter density is app. 10 m2/ha. And for optimal 

further development, shelter density should be reduced to around 5 m2/ha 5 years later. Douglas fir, 

compared to beech and silver fir, tolerates shelter loss and late frost better. 

FS 3.5: Reducing the shelter on FS 3.1 to app. 400 
trees/ha and app. 14 m2/ha. Still a too dense shelter 
for the optimal introduction of Douglas fir. Brunner et 
al. (2005). Gludsted Plantage. 

 

 

 

 

 

 

It follows that optimal introduction of Douglas fir under shelter will, dependent on the converted stand, 

be followed by a large loss of value production since a substantial amount of timber will have to be 

harvested before it has reached the target diameter (as well as increased wind throw risk). Thus, the 57 

year old homogeneous heathland plantation is not an optimal situation for the conversion towards 

Douglas fir. Douglas fir is better to introduce in stands that are either quite old, so that the amount of 

wood harvested before target diameter is minimized (and Douglas fir is not dependent on forest climate 

for long time). And/or stands were bark beetles/wind throw has already reduced stand density in part of 

the stand and formed a gap structure (see page 49-51). Alternatively, Douglas fir can be introduced at an 

absolute maximum shelter density of 20 m2/ha, which will slow its growth greatly down and result in 

higher, but typically not unacceptable mortality (at least if fenced).  

These shelter density recommendations naturally have to be adjusted if the stands to be converted is 

considerably larger than 18 m height when conversion starts. Several heathland district have good 

experience with slightly later shelterwood thinning when the stand is 20-24 m high. Although no shelter 

density recommendations can be provided here, the table below (From Feldborg) shows the timeline of 

interventions and their intensity. 

Year Description of intervention 
0 First preparatory thinning. Thin from above ( i.e. the tallest trees with the highest 

crown are cut) as well as "whippers", which are not considered to be able to 
become a stable stand. Take out app. 20% of the volume. 

3-4 Second preparatory thinning . Harvesting described as above under "year 0". 

6-7 Third and final preparatory harvest before planting. Harvest app. 30% of the 
volume from above thinning around the most deeply crowned trees. 
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8-9 One to two years after the last preparatory felling, hole drilling and planting. Do 
NOT drill too close to the larger "anchor roots" of the shelter trees. 

11-13 First overholder harvesting after planting. Harvest app. 25 % of the volume from 
above, to help the most stable overholders and the underplanting. 

15-18 Second overholder harvesting after planting.  
Harvest app. 30 % of the volume from above, to help the most stable overholders 
and the underplanting. 

21-24 Third overholder harvesting after planting. Harvest 30-40 % of the volume from 
above, to help the most stable overholders and the underplanting. 

28-32 Last overholder harvesting. Remove 80-90% of the remaining volume and leave the 
remaining trees for natural decay. Done when the underplanting is 5-7 meters high 
(depending on tree species). 

 

As mention in the goals section, especially when using planting, the optimal goal is typically only to 

introduce the new species on a small proportion of the area as conversion is otherwise unnecessary 

expensive. There is however surprisingly little experience regarding less intensive planting under shelter. 

The above mentioned experiences are mainly gathered from stand where intensive underplanting has 

been conducted. More information specifically on the less intensive plantings under shelter will have to 

come during 4Forest. Nevertheless, shelter density recommendations are still valid.  

Conversion using seeding 

Heathland districts in both Denmark and Germany have experience with converting old Norway spruce 

through seeding under shelter. Shelter density recommendations from the previous (planting) section 

holds, except that shelter density is less important the first 3 years after seeding. 

Seeding have in general been more successful in Germanys Norway spruce stands, typically found in 

forest that are more heterogeneous and containing more broadleaves compared to the homogeneous 

situation found in many Danish Heathland plantations, along with higher game levels and generally a bit 

poorer soil.   

In general, 20 kg/ha of beech seeds seems to be the optimal amount for most situations. This is on most 

district in Germany often sufficient to have a relative high chance of success also without fencing (FS 

3.9). But luck/factors outside of the managers control will always be a factor. Higher amounts, 100 kg 

/ha, provide much less risky conversion but does also not save costs relative to planting.  

In Denmark, fencing of beech seeding is paramount in heathland plantations even though it does not 

guarantee a good results. Seeding on large areas (>1 ha) combined with fencing is necessary to have a 

reasonable chance of success (FS 3.7, FS 3.8). Seeding in the cover of naturally regenerated Norway 

spruce under shelter can potentially have success (FS 3.8) if selective thinning is applied timely, but 

there are still no guidelines to how this should be done most efficient (e.g. shelter density), and timing is 

difficult. In very old stands (90 years and 25 m high) it seems a shelter of at least (>20 m2/ha) ensure 

that there are spruce regeneration but without killing the beech. The example from FS 3.7, FS 3.8 show 

that seeding can presently in Denmark only be used for producing a stand a high mortality and very low 

timber quality but it can be used for the introduction of seed sources. Containerized plants provide an 
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interesting solution for stocking incomplete seedings (FS 3.6, should be done 2 years after seeding). The 

conclusion is however, as a general rule, that planting should be preferred to seeding when conversion 

old Norway spruce shelters. 

 

 

FS 3.7: 11 years after seeding 2.8 ha of beech using 13.5 kg/ha. Data after 9 years: Average height 70 cm, max height 130 cm, 
300 seedlings/ ha, but unevenly distributed. In the background to the left, there is seen a 5 year older beech planting for 
comparison which is 4 m high now. Whole area fenced from age 6. After the first growing season, there was inside some small 
control fences 1200 seedlings/ha, outside the fence 600/ha. Stand now 105 year old, Basal area 30-38 m2/ha. Coverage of 
regeneration on the area span from 1-10% beech and 14-40 percent Norway spruce natural regeneration (most regeneration 
under lowest basal area). Klosterheden, Danish heathland region.   
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FS 3.8: 10 years after seeding beech on 5 ha (50% of stand area where natural regeneration, app. 0.5 m high, had not yet 
emerged, using 12.5 kg/ha), where the background area has been fenced while the foreground area has not. Apart from the 
unfenced exception to the right in the picture, where a sown beech has been hiding in Norway spruce regeneration, the 
unfenced beech is destroyed due to browsing. Data after 8 years (unfortunately no distinction between fenced and unfenced 
areas): Average height= 25 cm (max height= 90 cm), 220 seedlings/ha. 10 years later, the area covered with beech was less than 
1%, both inside and outside the fence. 105 year old stand. Basal area=19-32 m2/ha. Klosterheden. 
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FS 3.9: Successful “underseeding”, 16 years after 
seeding. Seed amount unknown. Max height of 
beech is 5 m, most are 2,5 m. Overstorey now 61 
years and 21 m high, basal area roughly 25 
m2/ha. Districk Hasselbusch, Schleswig-Holstein 
SW.  
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FS 3.10 Conversion towards beech and Douglas using a combination of seeding and container plants for both species on the 
same area in 121 year old Norway spruce stand. Seeding was conducted one year before the container planting and are for both 
species, 7 years after seeding, app. 50 % of the height of the planting. Planting should have been one year later to properly 
evaluate the quality of the seeding first, before the planting took place. District Glashütte, Schleswig-Holstein SW.  
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Natural regeneration under shelter 

Silvicultural textbooks were earlier critical about the 

use of natural regeneration in Norway spruce in the 

4Forest region, especially on former heathland. 

However, the experience from recent decades is that 

natural regeneration readily establishes, except that 

here are far been seed years (only 3 good years in 

the last 25 years, more frequent under very 

poor/stressed conditions). If natural regeneration is 

to be used, it is important that the shelter is ready 

and that the soil is covered with moss when the seed 

year comes. It can be assessed if the shelter is too 

dense for natural regeneration by comparing the 

vertical shoot length with the horizontal. If the 

vertical is shorter than the horizontal, then the 

regeneration needs more light and it will respond 

strongly growth-wise to this release (FS 3.11). 20 

m2/ha seems a usable shelter density guideline for 

natural regeneration in stands of 60-80 years, 

allowing for natural regeneration without 

destabilizing the stand to much. For older stands, 

shelter density can be higher, probably app. 25 

m2/ha.  

FS 3.11. Natural regeneration of Norway spruce under previously                                                                                                            
quite dense shelter where the shelter has been heavily thinned                                                                                                              
before the previous growing season. Czech research have shown                                                                                                                
that 30 % incoming light is needed Norway spruce to invest in                                                                                                                     
height growth, not lateral growth. 

Recommendations 
To sum up, we have good technical information on how the shelterwood system can be used for 

converting relatively stable Norway spruce stands towards more or less shade-tolerant species using 

different types of regeneration.  

In medium old intact stands (app. 50-70 years old, 17-20 m height), the most intuitive species to 

introduce is beech. A shelter density of 15-25 m2/ha should be used – lower shelter density for 

unfenced sites with game levels. Silver fir and Douglas fir are both more complicated to use, and for 

introduction of more stable conifers, grand fir should be preferred using a shelter density of 20-25 

m2/ha (same shelter density as beech). Beech/and or grand fir are planted, following hole drilling in a 

number of single species groups (due to uncertainty about the future development of this species 

mixture) on 30% of the area where the shelter density is naturally most suitable, preferably close to 

forest roads (areas covering 0,5-2ha). Planting 600 beech (planting density 4000 plant per treated ha) 

and 375 grand fir (planting density 2500 per treated area). With time, as the stand reaches the target 

diameter, the rest of the area will gradually be covered with regeneration. The whole area is fenced. 
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The conversion of older intact stands (e.g. >70 years, 20-25 m) will often be a combination of this stand 

type and the next since target diameter harvesting will soon create gaps of various size in them. The 

table from Feldborg can be used for optimizing harvesting operations, and the basal areas for the 

medium old category should be considered estimates on the lower side. Otherwise there is referred to 

the next stand types for recommendations of gap sizes and associated species. 

Based on conversion models 
Model 5: Shelter in old stands with species introduction, although the model is quite altered  
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4. Old Norway spruce (>50 years) with gaps/ destabilized, poor site 

The stand 
In many cases, the Norway spruce heathland plantations are not particularly healthy due to patches of 

storm damage and bark beetle attacks (both in the Danish heathland region and in both the Western 

regions of Schleswig-Holstein). Here, the area with trees killed by bark beetles and storm, forms natural 

gaps in the overstorey for introduction of new species in groups. These groups will therefore vary 

considerably in size, from less than 0.1 to 2 ha and groups are enlarged in size as conversion progressed. 

The stands typically have a good potential for natural regeneration because of their old age. However, 

the stand will typically also have less years remaining, which can affect the choice of tree species used (if 

it is considered to have less than 20 years remaining). Seeding is less relevant in this type of stand since 

it relies on standing shelter for a least 20 years and should be carried out on larger areas. 

The goal of conversion  
The next generation will have a group-wise structure of not even-aged groups. In the gaps, and their 

surroundings, new long-lived, stable species have been introduced, while under the shelter, gradual 

felling of the mature trees increase the natural regeneration on the area.  These species and structure 

will ensure a stable resilient long-lived stand. Dependent on the stability of the stand, the new 

generation will be more or less uneven-aged. The percentage of new species brought in depends on the 

gap structure in the stand, but there will typically be brought in 15-30% of new highly producing stable 

species. 

Experiences 
This experience section will focus on the current experiences with gap regeneration. In many conversion 

settings for such stands, parts of the regeneration will also be established under the remaining shelter of 

the old overstorey. For guidelines on this, the reader is referred to the previous stand type, in particular 

page 36-40. 

In the typical heathland forest, natural seeding in Norway spruce is not that common (although under 

very poor/stressed conditions, natural seeding becomes more frequent). Thus, there is normally a good 

incentive to get gaps stocked with stable, fast growing trees as early as possible in the process.  

There are experience with establishing different tree species in gaps of old Norway spruce overstorey 

under poor site conditions. Most experiences are gathered for relatively small gaps.  
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Silver fir is not advisable to use in gaps 

under these site conditions. It is typically 

unhealthy, on frost exposed sites even in 

fenced relatively small gaps (FS 4.1). The 

problem is further enhanced because the 

browsing intensity is larger in the gap 

than under the shelter (FS 4.2). If Silver fir 

is the goal to use in such stands, it should 

be planted under shelter (following the 

instruction for the last stand type), but it 

is not normally advisable for this stand 

type because the stand must have at least 

20 year longevity for establishment of 

silver fir.  

 

 

 

 

 

 

 

FS 4.1: Large mortality and slow growth of silver fir 17 years after planting in 30 m gap (Despite that this gap emerged 11 years 
after planting). Fenced. Gludsted plantation, Danish heathland region. 
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On the other hand, Douglas fir 

responds very well to the gap 

situation across a range of gap 

sizes (evidently at 20-120 m 

diameter, FS 4.2-FS 4.4, FS 4.7). 

These illustrations also show that 

mixing Douglas fir with beech in 

varying gap sizes works very well. 

Although frost sensitive, Douglas 

fir is less frost sensitive than 

beech and can often function 

somewhat like a nurse crop (due 

to its faster early height growth), 

improving the growth of beech 

under more open conditions. 

Under most forest conditions, 

beech will be much more 

browsed than Douglas fir and 

require fencing to ensure long 

term timber quality (FS 4.3, 

although this is not the case for 

forests that already contain much 

beech, which is however atypical 

for this stand type).  Quality is 

also better when the gap is not 

too large (<25 m) due to the light 

environment. 

 

FS 4.2: Shelterwood thinning, where wind throw and bark beetles created gaps in the stand 5 years after underplanting. Photo is 
taken 19 years after planting). In the foreground and “middleground”, originally underplanted silver fir, but only one silver fir 
remains (red arrow) in the foreground bottom right corner, roughly 50 cm high and heavily bitten (despite having been fenced 
for the first 15 years of their life). In the middleground there is seen natural regeneration of Norway spruce. In the background 
mixed Douglas fir (orange arrows) and beech (beeches are shorter than Douglas fir and not visible). Douglas firs have a top 
height of 13.4 m, beeches growing beneath the Douglas fir, 10 m. Gludsted plantage.  
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FS 4.3: 28 year old conversion through planting a mixture of beech and Douglas in 1 ha gap in 105 year old stand without 
fencing. Although density is high, beech quality is still very bad from early browsing. District Glashütte, Schleswig-Holstein SW. 
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Experience has shown that 
it is best to plant a bit 
under the edge of the gap 
as well (under the 
overstorey) in order to 
close the wind coming out 
from the gap (FS 4.4). 
Otherwise, this will reduce 
the growth of the 
overstorey and 
understorey trees, but 
there is not yet any 
guidelines for how large 
the overlap should be.  
 
 
 
 
 
 
 
 

 

FS 4.4 Mixed Beech-Douglas fir 
planting in gap from wind throw 
in 2005. Area has been fenced 
since 6 years after planting and 
has a large recreational activity 
compared to the typical 
heathland plantation setting. 
Height in most of the gap is 4 m 
now. Klosterheden, Danish 
heathland region.  

In forests where birch is present, it may invade larger gaps (typically app. ≥40 m diameter gaps). There 

are mixed experiences regarding how problematic birch is in such gaps (FS 4.6). Some managers 

experience no significant problems, species like Douglas fir easily outgrow the birch, while other 

managers see the need to manage to the birch in conifer regenerations. More experience will come in 

4Forest. 

In some instances introducing oak might be the target when large gaps are present. On better sites in 

Schleswig-Holstein spruce can be converted into oak by planting in gaps of roughly 60 m diameter (in 

app. 30 m high stands). Fencing is paramount, but overall results is still often not very good and the 

resulting crop quality is typically mainly seed source trees (FS 4.5). Unless the forest is completely 
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composed of conifers, it has to be expected that birch needs to be cut down at least once to have 

success with oak introduction. 

 

 

a) 
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b) 

FS 4.5: a) Establishing oak in 56 m diameter bark beetle gap in 84 year old Norway spruce 31 years after planting and fencing, 
dominant height is only about 8 m. Original planting density unknown. b) Despite fencing, bark stripping are severe, mortality is 
quite high and timber quality is low. District Rickling, Schleswig-Holstein SW. 

Apart from planting, there are some experiences with the use of seeding in gaps as well. Generally, 

several aspects weight against the use of seeding in the conversion of this stand type. Especially in large 

gaps (>40m), it is difficult for the seeding to compete with e.g. birch (FS 4.6) or naturally regenerated 

Norway spruce/ground flora (FS 4.7) – both for Douglas fir and beech. Contrary, smaller gaps are too 

small in size to make it meaningful to seed. If seeding is to be used for the conversion of this stand type 

it should be done with shade tolerant species – most ideal beech under the shelter for large areas 

(according to the guidelines in the previous stand type, see page 40). 
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FS 4.6 Successful beech planting, despite heavy birch competition, and unsuccessful Douglas fir sowing (none visible since dead) 
in 40 m gap from Kyrill in 2005. 16 years after establishment without fence. District Hasselbusck, Schleswig-Holstein SW. 
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FS 4.7 16 years old Seeding of beech and planting of 
Douglas fir. a) Beech seeding are often struggling in 
the center of gaps (in this case a 20 m gap). b) The 
center can preferably be planted with Douglas fir 
while the beech can be seeded towards the edge of 
the gap and under the shelter. District Hasselbusch. 

 

 

a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) 

 

 



 
 
 
  

Old Norway spruce (>50 years) with gaps/ destabilized, poor site     56 
 

As disclaimed at the beginning of the chapter, the priority has been to show gap introduction 

experiences while referring to the previous stand type for introduction under shelter. In the 4Forest 

project, some conversions will in practice be a mixture of the two stand types. This is in particular when 

the goal is to convert destabilized stand with many gaps using an intensive model (see model 8b in 

Appendix 2, page 126), where much of the planting will be outside of the gaps since app. 60 % of the 

stand will be treated (planted). The main argument for using an intensive model is when a higher 

percentage of broadleaves are established, especially when using oak, or if the stand is highly 

destabilized and expected to be very short-lived.  

The general experience points strongly against using a species such as oak in this conversion stand type 

in the heathland plantations. In regards to the intensity, we mostly have experience with intensive 

shelter plantings (most of the area) and less intensive gap conversions (typically only planting in the gaps 

which is much less than 60% of the stand). However, combining our knowledge from species 

introduction in the two settings, our experience seems transferable. Generally, it seems like the 15-30% 

planting module is more meaningful, since broadleaves will have to be fenced in any case in conifer 

dominated plantations in Denmark. Trico will be expensive to apply on large scale conversion, and will 

probably not be sufficient in DK. There are in 2022 established Trico© experiments in Denmark both in 

the heathland and northern region, but primarily men primarily in regards to Douglas og grand fir, not 

broadleaves. 

Recommendations 
The typical goal/recommendation will be to introduce the new species on 15-30 % of the area in total, 

although to some degree depending on the amount of gap area. If the stand has a gap area that is 

larger than 30%, then planting should be focused on areas close to forest roads (to make sure that they 

are remembered, easier to access and have more traffic/disturbance). 

For the stand containing a variety of gaps/weak areas (typically 20-50 m in diameter), it is 

recommended to start conversion through stocking the gaps, including a several meter border zone 

around the gaps, by planting primarily groups of Douglas fir (density 2500 plants per planted ha) and 

possibly groups of beech (density 4000 plants per planted ha) dependent on management goals 

following hole drilling. A typical planting would be 0.2 ha (50 m diameter, a 30 m gap where there is 

planted app. 10 m under the shelter). Beech groups are fenced. In forest where there is already a lot of 

beech, and there is not so big a difference in the browsing level between the two species, the two 

species can be mixed and not fenced. In Denmark, beech groups will require fencing everywhere in the 

heathland region. In Germany it will typically be enough to apply Trico© to the beech. 

In stands where only a low percentage of the stand is gap/weak areas, a larger area around the gaps 

will typically be planted (planting spots of minimum 0.5 ha). Gaps stocked with Douglas fir should 

have planted grand fir adjacent (in conifer dominated forests, otherwise beech) reducing the 

bestockungsgrad to not higher than 0.8 (app. 25 m2/ha) for these adjacent areas. Similarly, for larger 

total areas, more adjacent areas to the gaps will also be planted (to avoid having to many small planting 

spots. Areas to the south angle of the gap should be focused on during this expansion/reducing of 

shelter density around the gap, increasingly creating the optimal environment (the east angle should not 

be touched). Planting might be done in one or more rounds and plantings spots and gaps might be 

enhanced. General recommendations for the speed at which the gaps should be enlarge is difficult to 
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give at the moment since there is no documented experience. This will be an aspect where the project 

activities will give important information.  

Larger gaps (probably app. > 1 ha) might under highly frost exposed conditions (outwash plain in central 

Jutland) call for introduction of other species, primarily larch, in the center of the gaps. The here listed 

recommendations are also dependent on that the site are not too poor to be suited for beech and 

Douglas fir. Otherwise converting the stand to a Sitka spruce and larch mixture, is more ideal.  

The rest of the area (70-85%) is expected gradually to regenerate naturally or the regeneration of this 

part of the area is beginning. Unless the stand is highly destabilized, typically because bark beetles are 

expected to kill the entire stand within the next 10 years, species introduction on more than 30 % of the 

stand, is overkill. 

Based on conversion models 
Model 8: Group-wise underplanting in destabilised  old stands 

5. Norway spruce, good site 

The stand 
Although the majority of the experience in relation to the conversion of Norway spruce is from the 
Danish and German heathland regions, there are also some experiences from the rest of Jutland. These 
experiences are primarily from the Northern growth regions on deep sandy moraine (examples could be 
Rold Skov or Salten Langsø). Under these conditions, Norway spruce is typically more healthy (well 
drained sites with good soil water supply deeper rooted) resulting in less bark beetle problems, less 
risk of wind throw and at the same time less problems with game and frost when establishing the new 
generation. Gaps will often be smaller than in the heathland region. Landscape-wise, Norway spruce 
also typically cover smaller areas which both means that rapid conversion is less urgent and that “new” 
species is less targeted by game. Very intensive conversion (reducing shelter density and underplanting 
almost 100 % of the stands with containerized plants) is typically not a rational choice.  
 
The typical situation for conversion will be a stable medium-old stand with small scale wind throw gaps, 
or an intact stand app. target diameter harvesting. Species introduction should not be done in stands 
not yet mature without gaps. If the goal is to convert a younger stand, then the techniques from 
“Naturnær skovdrift” should preferably be used to further increase stabilization, and then the actual 
species introduction should be done much later, preferably when initiating target diameter harvesting. 

The goal of conversion 
As in stand type 4, although the goal will be to introduce less new species as argued for above, typically 
maximum 15% of new species, the goal will often be to introduce a large quantity of broadleaves among 
these, as this stands grows on more favorable broadleaved sites. The next generation will typically be 
uneven-aged. 

 

Experiences 
A limitation is that there is only experience for good sites in combination with low(er) deer populations. 

Deer populations will have risen in most areas since the 00’s. The experiences shown here might not be 

possible as successfully with higher deer populations.  
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There is experience with both small scale plantings as well as seeding, mostly for beech. 

                                                                                      

Small scale beech plantings (app. 40 m 

diameter) works very well unfenced on deep 

sandy moraine conditions (FS 5.1). Species 

with aggressive juvenile growth like birch are 

naturally controlled and the low deer density 

is not a serious threat. Area could also have 

been planted with Douglas fir, experience 

from especially the previous stand type shows 

that gaps would likely have to be at least 20 m 

diameter before introduction of Douglas fir 

would be relevant.   

 

 

 

 

FS 5.1 Very successful small scale beech introduction into small scale wind throw gaps of app. 30 m diameter, from 2005 storm, 
into otherwise healthy very productive stand (now 27 m high, 55 year old). Planting extends a few m under the edge of the gap 
to create more lee. Planting density: 4000 beech plants/ha (two in each drilled hole). Age: 14 years old. Average height: 3.3 m. 
Stem density now, app. 2500 plants per treated ha. Rold skov, Danish Northern region. 

 

 

 

Planting gives a fast restocking of smaller gaps 

compared to the average waiting time, several 

years, for a Norway spruce seed year. 

Plantings are also more successful compared 

to if competition from natural regeneration is 

fiercer (e.g. in Sitka, Douglas, Grand fir). Thus, 

planting relatively fast after a gap has been 

created can be a good investment to avoid 

that grass/ground flora take over the area (FS 

5.2). For larger ground flora covered gaps, it 

can be necessary to hole drill and plant larch.  

 

FS 5.2: Same stand as FS 5.1. Area where planting was not conducted to let the area stock with natural regeneration. 
Unfortunately, the seed year did not come, and the area ended up being stocked with ground flora. Rold skov. 
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Beech can normally be planted in larger gaps 

with good success. Birch will typically invade in 

this region, which is rarely a problem for a 

beech planting which typically establish itself 

below the birch, with good stem quality, and 

eventually outgrow the birch (FS 5.3).  

FS 5.3: Same stand as FS 5.1, showing beech growing 
beneath the invading birch in a large gap (30 m N-S and 
70 m E-W). Same characteristics for the beech as in FS 
5.1, although average height of beeches is here unknown. 
Rold skov. 
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Seeding works considerably better 

than in the heathland region (even 

on unfences areas despite wind 

throw FS 5.4). Although less relevant 

than planting in the typical small 

scale conversion setting, seeding 

seems to be a usable, cheaper, 

solution for restocking larger wind 

thrown areas. 

 

 

 

 

 

 

 

FS 5.4: 8 year old beech seeding (unknown kg/ha of seed) where the shelter was destroyed in wind throw just after seeding was 
conducted. Still, the result has been quite successful. Unstocked patches have been planted with Douglas fir. Seeding conducted 
winter 2012/2013. Rold skov.  

Experiences outside 4Forest region 
The experiences reported here has mainly been for stand where wind throw has already guided the 

conversion. A foreign example is included for inspiration. In his book “Silvicultural systems” J. Matthews 

on p. 175-176 reports on Belgium experiences at the district of Grand Bois (Turner 1959) with 

conversion of frequently quite heavily thinned stands, with large crowns, on wind exposed, rich sites 

with moderately game levels and free drainage (comparable to many sites in the Danish Northern 

region) (FS 5.5). Good outcome under such conditions has been derived through making a preparatory 

thinning at age 60, isolating the best trees. 6 years later there is established two plots of 36 m diameter 

for each ha converted where there for each plot is thinned heavily in a 10 m wide belt perpendicular to 

the wind direction, meaning South-North in the 4Forest region, in the middle of the plot. Heavily 

thinned means that there only stands 4-5 trees in this 10 m belt afterwards. When the beech/silver fir 

(i.e. preferably grand fir for most 4Forest areas) planting and Norway spruce regeneration is established 

(1.5 m high), gaps are expanded by isolating dominant trees to the North of the plots and by removing 

suppressed trees to the east of the plot. Eventually the gap become a size where it is possible to plant in 

Douglas fir also. Eventually plots will coincide and the conversion is estimated to take 30 years with the 

end goal of app. 80 % Norway spruce, and app. 9 % Beech, app. 9% silver fir/Grand fir and a few percent 

Douglas fir in the next generation. The system is well equipped for controlling birch. 
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FS 5.5 Method for converting Norway spruce on good site conditions in Belgium. NS= Norway spruce. B=beech. SF=Silver fir. 
Graphic illustration of the description from Matthews (1989) cited from Turner (1959).  

Recommendations  
Medium old stands with small-medium size wind throw gaps should be stocked early in the process. The 

groups will typically not require fencing, and there should be planted on app. 10-15 % of the area 

following hole drilling (for smaller stands 15 %). As an example, in a 6 ha area, this could be 6 groups of 

0.1 ha each using 400 trees/group. If the area with gaps is naturally larger, areas close to forest roads 

are given preference. Gaps larger than generally 20 m diameter can be planted with Douglas fir, 

otherwise Grand fir or beech is used depending on management goals.  

In intact stands, conversion is delayed until gaps naturally emerge from target diameter harvesting. 

Dependent on age, techniques from “Naturnær Skovdrift” can be used to stabilize the stand. Dependent 

on pace of target diameter harvesting, there is planted beech/Grand fir in the earliest process and 

Douglas fir later.  We do not yet have any practical documented experience on the pace of target 

diameter harvesting that would suit the different species best. Modelling studies suggests harvesting at 

app. 50 % of trees that reach the target diameter for an economic conversion that will still create a long-

term uneven-aged forest system. 

Based on conversion models 
A combination of the following two models:  
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Model 2: Introduction of stabilizing broadleaves 
Model 8: Group-wise underplanting in destabilised  old stands 
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6. Old Sitka spruce (>50 years) 

The stand 
Similar to Norway spruce, Sitka spruce often show instability in the 4Forest region. In some regions, like 

central Jutland, problems with Sitka spruce may often be larger than with Norway spruce and care have 

to be taken at edges, where overstorey trees are easily weakened. It is generally more stable in the dune 

region due to the typically better water supply from the moist wind and the finer sand compared to on 

the outwash plains. Old stands will often contain gaps from Micans, forming natural starting points for 

conversion. Conversion of old Sitka spruce has some similarities to conversion of old Norway spruce, but 

especially two important differences.  

Firstly, with an overstorey of Sitka spruce, 

the understorey is much more at risk of 

drying out during a dry summer (FS 6.1) 

compared to with Norway spruce (or any 

other species) since Sitka spruce 

overholders have a very large water 

consumption. Sitka spruce stands are also 

more commonly located in the dune 

region of Denmark where wind 

conditions are severe, increasing the risk 

of wind throw during the conversion 

phase, but with limited frost risk. These 

consideration imply that Sitka spruce 

stands are often less ideally converted by 

introducing new species under shelter 

and more ideally by some gap system. 

 

 

 

 

 

 

FS 6.1 The classical round plate with 5-10m without regeneration around mature Sitka spruce shelter tree. Blokhus, Danish dune 
region.  

Secondly, Sitka spruce have more frequent and heavy natural seeding than Norway spruce under Danish 

conditions (In many situations there will be some seeding emerging spontaneously annually, even on 

sites with thick moor layers). Shade tolerance is quite similar to Norway spruce and it is easy to make 
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continued Sitka spruce with natural regeneration. Thus, the heavy competition from naturally 

regenerating Sitka spruce can make it difficult to introduce new species into gaps, although natural 

regeneration of Sitka also ensures that any planting is browsed less than under normal gap conditions.  

The goal of conversion 
Same as stand type 4, see page 47. 

Experiences 
There have only been gathered rather little documented experiences specifically for conversion of 

monoculture Sitka spruce and only for the typical large scale plantation setting in the dune region. 

It has shown to be successful to focus on large areas and not too large groups (otherwise resulting in a 

greater destabilizing of the stand). For a 75 ha area, stand age ranging 55-75 years, there was over 4 

rounds removed the best quality trees without regards to their positions (a target diameter harvesting 

for the best qualities) which resulted in a group-wise harvesting (as the good trees will often be standing 

in groups. The stand appeared almost like a very irregular shelter). In a total of three thinning, over the 

course of 11 years, there have in this way been taken out about 230 m2/ha.  

The gaps that gradually appeared were of a wide range of sizes, which determined the trees species and 

the number of individuals planted in each gap/opening. Over the 11 years, there was made 4 planting 

rounds, 4 ha being planted in each round, spread out over the stand (in total 16 ha). Beech and silver fir 

were planted in the smallest and darkest, in the larger gaps there are especially planted Douglas fir 

(Difficult to put a clear distinction between large and small gaps as no info on size distinction between 

small and large gaps). The groups were along the way enlarged progressively. Especially in the larger 

groups there were often heavy competition with the natural regeneration of Sitka, requiring pre-

commercial thinning (FS 6.2). In gaps that had not been planted, these were rapidly stocked with Sitka 

spruce regeneration, at least if these gaps had a certain size. Research has generally found that a gap 

size of 1-2 x tree height or a maximum shelter density of 30 m2/ha is needed for natural regeneration to 

occur in mature stands. 
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FS 6.2: The final results of a group harvesting in 84 year old Sitka spruce after Douglas fir (lighter green color) has been planted, 
app. 4000 plants per treated ha, in a group that has progressively been expanded since conversion started. Notice also the pre-
commercially thinned Sitka spruce in the foreground. Blokhus. 

Recommendations 
It is too early to provide very specific recommendations at the moment. Generally, model 8a (Appendix 

2) is recommended, although with some modifications:  

Planting activities take place starting in the weak areas of the stand (in intact stands in the gaps arising 

through target diameter harvesting), and covers in total 15-30% of the area of the stand during the 

project period. The soil is scarified (not necessarily hole drilling in the dune region, superficial soil 

preparation is enough) and planting spots are 0,5-2/4 ha in size - (less spot size in smaller areas) and 

these spots are planted with long-lived conifers and broadleaves (primarily beech, Douglas fir, grand 

fir). Generally, there is planted 2500 trees per treated ha if only conifers are established (on the poor 

sites) and on average 3250 plants per treated ha if there is established both conifers and broadleaves on 

the better sites (beech and grand fir should be established in species-specific groups). The rest of the 

area (70-85%) will gradually regenerate naturally (in older stands dependent on the pace of target 

diameter harvesting). In most dune regions, repellents are typically enough to establish beech and 

fencing is typically not needed.   

Based on conversion models 
Model 8: Group-wise underplanting in destabilised  old stands 
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7. Douglas fir (mainly >50 years) 

The stand 
Douglas fir stands are primarily occurring on moderately fertile to moderately poor site conditions (e.g. 

sandy young moraine, Saale or edge moraine). Consequently, conversion is relevant in most growth 

regions, depending on the local site. Old stands (>50 years) are much more stable than Norway and Sitka 

spruce. Douglas fir has quite frequent seeding, although not as heavy or dominating as Sitka spruce, and 

the setting is substantially different from conversion of Norway spruce. Due to good health of Douglas 

fir in the 4Forest region, young stands are generally not relevant to convert (unless they contain wind 

throw gaps). Opening up young stands is also dangerous due to the high top/root ratio in youth and 

subsequent wind throw risk.   

The goal of conversion 
Increased stability, and a large change in tree species composition is typically not the goal since the 

stand is already stable and productive. Large-scale conversion (e.g. using shelterwood and 

underplanting) would rarely be the target except on clayish sites or very poor sites where Douglas fir is 

not well suited but also rarely planted. The goal is normally to have a more structurally varied forest 

system including some native species, typically in small groups, which grows well together with Douglas 

fir and ensures a larger biodiversity in this otherwise biodiversity poor forest type. Thus, the goal is 

typically to introduce the new species on less than 10 % of the area. In some cases, the goal might also 

be to use only natural regeneration. The next generation will have an uneven-aged group-wise 

structure.  
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Experiences 
There are very limited experience with the conversion of old 

even-aged Douglas fir under poor soil conditions or clayey 

sites. It has been observed that on rich sites in the East Danish 

region with low deer populations, it is in practice much more 

difficult to naturally regenerate Douglas fir compared to on 

most sites in Jutland. Due to the intermediate shade tolerance 

of Douglas fir, the shelter has to be kept quite light to get 

natural regeneration (bestockungsgrad  =0.6-0.7 at maximum). 

The result will often be unfavorable ground flora or strongly 

competitive tree species with heavy seeding (typically 

sycamore maple which is at optimum on rich sites with no 

deer), invading the area (FS 7.1). 

 

 

 

 

 

 

FS 7.1 On rich sites, ground flora (e.g. bracken) and Sycamore maple regeneration colonizing from nearby stands can completely 
take over the next generation, making it practically difficult to keep Douglas fir. Unfenced, harrowed area. Shelter density≈19 
m2/ha. Age 82 years, height 40 m. Sorø Akademi, Danish Eastern region. Photo: Jens Kristian Poulsen. 

 

The situation is different on intermediate sites, e.g. most of the Danish Northern region, where the 

experience, as in silvicultural textbooks, is that natural regeneration easily happens without soil 

preparation. These are also the sites with the most experience with introduction of new species, at the 

moment mainly with introducing beech into Douglas fir stands. This is a meaningful conversion since 

research have shown that mixing with beech results in faster growth of Douglas fir. 

The heavy seeding of Douglas fir on intermediate sites can make it difficult to introduce beech in gaps. 

Since the seeding is frequent and growth of Douglas fir is fast in gaps of e.g. 0.15 ha a planted beech 

group is typically outcompeted/unnecessary (FS 7.2). If wind throw gaps occur in young stands (when 

Douglas fir is sensitive to wind throw), fast introduction before seeding get more frequent with higher 

age is an advantage. 
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FS 7.2 Introduction of beech is difficult/unnecessary in large gaps on 
sandy moraine where Douglas fir natural regeneration typically 
outcompetes a planted beech stand before it established properly. 
Gap 25m wide and 75 m long, stocked with natural regeneration 
(however, this gap was not planted with beech originally). Stand is 54 
year old now. Gap initiated at age 39 years old and 29 m high. Rold 
skov. Himmerland. Danish Northern region. 

 

 

 

 

 

 

 

 

 

In SHLF it has been tried to convert Douglas fir though artificial seeding with beech. This was a now 6 ha 

63 year old stand which was seeded on the whole area with beech. Beeches were never protected using 

either Trico or fence and the area had a relatively large roe deer population (for Schleswig Holstein). 

There were a few small gaps of various size in the stand (max 15 m diameter). 2 years later, beech 

seedlings covered 1.6 ha and 12 years later 0.7 ha - mainly in the small gaps (FS 7.3). The 

bestockungsgrad in the overstorey was 0.8 (app. 28 m2/ha) when the seeding was conducted, and 0.9 

(app. 33 m2/ha) 10 years later. Thus, shelter was too dense, in combination with the use of seeding 

which prolonged the time that the beech regeneration was subjected to browsing. A better solution 

would have been to plant and focus on areas where small gaps had formed and thin these areas to 

locally lower the shelter density to app. 20 m2/ha on e.g. a 40x40 m area.   

In this particular stand, Douglas fir began being a serious competitor to beech when the gap was app. 15 

m in diameter (diameter with open sky, FS 7.4).  When the gaps were app. half of that, there were no 

Douglas regeneration in the gaps (FS 7.3). These experiences are also relevant for managing natural 

regeneration in Douglas fir. FS 7.5 shows an impressive only 5 year old seeding that have been the result 

of a very careful management of overstorey basal area and fencing the area. This is not a result that can 

be expected from seeding! 
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a) 

b) 

FS 7.3: a) Gaps with app. 8 m diameter where Douglas fir natural regeneration is not yet a competitor to the beech planting.  b) 
fisheye photo of the overstorey situation. 63 years old, top height of 34 m, stand bestockungsgrad=0.9. Stand basal area≈33 
m2/ha.  District Hasselbusch. Schleswig-Holstein SW. 
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a) 

 

b) 
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c) 

FS 7.4: a) Gaps with app 15 m diameter when Douglas natural regeneration starts to compete with beech. b) close up of 
regeneration. c) fisheye photo of the overstorey situation. Same stand as FS 7.3. 
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FS 7.5: Very successful 5 year old seeding of beech using 25 kg of beech seed under 69 year old Douglas fir shelter and fenced. 
Basal area app. 25 m2/ha. Bestockungsgrad=0.7. Thinning every 3 years.  District Glashütte. Schleswig-Holstein SW. 

Overall, the most favorable, and most economical, method to convert old stable stands of Douglas fir is 

to plant beech in some small gaps/small area of light shelter across the stand. Since the introduced 

beech grow slowly under such light conditions, and fencing is complicated for small groups, it is easier to 

use this method on relatively favorable beech sites with low deer populations. Experience has shown 

that after 17 years, the beeches will have grown to about 4.5 m height if the shelter density is reduced 

to app. 20 m2 on sandy moraine.  

Recommendations 
To convert 50-60 year old stands (app. 30-33) m high stands on intermediate sites (nutrient supply 3-4), 

groups of future seed trees of beech are planted on 5-8% of the area following hole drilling (inspired 

by model 2, Appendix 2, page 123). In a 5 ha area this could be 3 groups of 0.1 ha established each using 

400 trees/group. On these planting sites, the shelter density should be reduced to approximate 20 

m2/ha. The groups need fencing in the Danish heathland region, probably not on most sandy morainic 

sites in Northern region and often not in Schleswig Holstein NW and SW. When target diameter 

harvesting is initiated, natural regeneration will quickly fill the emerging gaps without soil preparation. 

Alternatively, if there are already natural gaps present in the stand, these can be utilized for beech 

planting, if they are not too large, maximum gap size should be 15 m diameter. Larger gaps should be 

left for natural regeneration of Douglas fir (its winged seed disperse quite far), except if gaps are very 
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large (still unknown how large). It follows that it is more difficult to introduce beech in Douglas fir stands 

as age proceed and target diameter harvesting gradually reduces the shelter density. 

Based on conversion models 
Model 2: Introduction of stabilizing broadleaves 
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8. Old Larch (> 50 years) 

The stand 
While not a central conversion topic in Danish forestry, large areas of uniform typically Japanese larch 

(hereafter just larch) forest is approaching conversion in both the Northwestern and Southwestern 

Schleswig-Holstein. These stands have typically been planted after the Second World War, and are often 

of bad provenance showing poor growth, due to lack of plants at the time and the necessity for fast 

reforestation, with less care for species suitability on a particular soil (FS 8.1). Furthermore, larch is 

poorly adapted to climate change in the 4Forest region. As a consequent, a significantly higher future 

production can be expected by converting towards especially Douglas fir. 

Larch conversion is characterized by better stability compared to spruce. Stands are typically more 

complete when conversion is initiated (fewer gaps). Larch stands are also typically thinned more heavily 

(too avoid swaying damages from its flexible stem, and due to its light demand). On the other hand, it 

diameter growth response to strong thinning at old age is poor. Stands must generally not be converted 

too late, as tree/stand growth is normally very low after the age of 50. In old age, stands have often 

practically stopped growing and harvesting before the target diameter is reached might be necessary.  

 

FS 8.1 64 year old larch. Klosterheden. Danish heathland region. Photo: Jens Peter Clausen. 

The goal of conversion 
Depending on the provenance, the goal will typically be to bring in a substantial amount of other species 

than larch resulting in a mixed uneven-aged system. This would often be beech and or Douglas fir, with 

which larch grows well, typically introducing these species on 50-75 % of the area. Should the 
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provenance be acceptable, then natural regeneration should play a large role especially when the 

district has a large game population. The next generation should not be kept as an uneven-aged stand, 

since larch slows down its growth much more at a younger age than spruce. 

Experiences 

Experience is mainly for conversion of poor provenances in Germany and none of the experiences 

reported below are for situations with good provenances under high game pressure. Both these factors 

would argue for less intensive conversion (and might require fencing). Since these condition would be 

the norm in Denmark, the experiences are only relevant for Germany.  

Conversion is easy compared to spruce. As larch stands do not give much shade, is fairly stable and is 

normally managed in a heavy thinning regime, more or less shade tolerant species are easy to establish 

under larch shelter. A potential problem is the high water demand, although it has not been a serious 

problem in the reported conversion experiences.  

The species introduction which there is most experience with is beech. Practical experience from 

underplanting with beech in SHLF shows that there should be used a “Bestockungsgrad” of 0.8 

(supported by scientific studies from underplantings in Scots pine which are app. equally light giving but 

less water demanding). When the shelter density is 20 m2/ha, growth of natural regeneration of larch is 

about 50% of the growth under open conditions, suppressing the larch satisfactory. The first step in 

conversion towards beech will typically only be a slight extra thinning since the typical larch stand has a 

“Bestockungsgrad” of close to 0.8 (often the extra thinning will not even be needed, FS 8.2a). FS 8.3 

shows an older beech conversion in an area with a bit higher browsing pressure and less good soil. 

Survival is still satisfactory but the wood quality is quite poor.    

An intuitive conversion method for large area with unfavorable provenances would be seeding large 

areas with beech directly under the larch “shelter”. There are still very limited experience with this, 

although 4Forest activities from 2020-2028 will bring more knowledge. A problem could be that larch 

forest floors might not provide the best seeding substrate as it is very slow to decompose and highly 

acidic. Correct soil preparation for seeding might be (even more) important. Large scale container 

planting of shade tolerant broadleaves/conifers under shelter could also be interesting and will be tried 

out during 2020-2028. 

Introduction of intermediately shade tolerant species like Douglas fir is also easily done under larch 

shelter where there is good experience with just thinning the shelter slightly more over the Douglas fir 

groups (FS 8.2bc). The general experience is that a bestockungsgrad of 0.6-0.7 is optimal for the 

introduction of Douglas fir. In practice, the shelter will therefore often be composed of a large number 

of very small “gaps” (e.g. 10 m diameter). 

Introducing light demanding species, typically oak, is generally not relevant. Larger gaps (app. > 40m 

diameter) are rarely present, but should be restocked with natural regeneration. To get natural 

regeneration, it is necessary to do soil preparation or at least do some disturbance of the soil. Superior 

juvenile growth of larch makes it difficult to introduce new species. Species introduction before target 

diameter harvesting is initiated would generally give the planting/seeding a head start to the natural 

regeneration before gaps become large enough for larch regeneration. 
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a) 
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b)                                                                                                c) 

FS 8.2: Introducing new species in old larch a) Beech established 8 years ago under intact shelter. b) Douglas fir established 7 
years ago in small opening in shelter. c) Overstorey situation over the Douglas fir planting. Planting density app. 3500/treated 
ha. Stand now 97 year, 21.5 m high, it has not been growing at all for at least the last 10 years. General bestockungsgrad in 
stand is 0.7. Most are 1.5 m height now. District Christianenthal. Schleswig-Holstein SW. 
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FS 8.3: Older conversion towards beech, 18 years after planting, under shelter of 71 year old stand, established without fence, 
heavily browsed in youth strongly affecting wood quality. Planting density app. 1.5 x 1.5m (4000 trees/ha). District Hasselbusch. 
Schleswig-Holstein SW. 

Recommendations 

Recommendations below are for sites with moderate game pressure and stocked with low quality 

provenances the typical Schleswig-Holstein SW and NW situation. Otherwise, there is referred to model 

2 in Appendix 2, page 123.  

Stand are preferably converted not later than 50 years old, otherwise as soon as possible. The shelter is 

kept at an average bestockungsgrad 0.8 and container plants of beech/Grandfir (silver fir in Germany), 

are planted on the darkest areas under the shelter of the stand using a planting density of 4000/2500 

plants/ha following hole drilling or other soil preparation excavating the mineral soil. Ratio between 

these depends on management goals. Plantings should not be made too close to overstorey trees. The 

lighter parts of the shelter/small scale gaps, are planted with container Douglas fir with similar soil 

preparation. The central part of bark beetle gaps >40 m diameter (rare) are left for natural regeneration 

and similar soil preparation is made unless there is already some disturbance of the soil. When the 

target diameter is reached, Douglas fir is planted on the parts of the stand unstocked with beech/grand 

fir. Treated area is generally the total stand area not composed of gaps larger than 40 m, but maximum 

75% of affected area. The treated area is fenced.  

Based on conversion models 
Model 10: Conversion with a high level of broadleaves and using container plants. 
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9. Mixed old Scots pine and Norway spruce (> 50 years) 

The stand 
Mixtures of Scots pine and Norway spruce are occurring throughout Schleswig-Holstein SW, NW, the 

Danish heathland region and the sandiest sites in the Danish Northern region as both species were some 

of the most actively used in the heathland cultivation programs in the 19th century. However, experience 

with the conversion of this type of forest is larger in Germany compared to in Denmark since Scots pine 

for a large part failed due to the use of unsuccessful provenances for Danish conditions. Norway spruce 

is neither native, wind throw resistant nor acclimatized to the future predicted climate in the 4Forest 

project areas, while all is the case for Scots pine. At the same time, Norway typically has higher wood 

quality than Scots pine and Scots pine exhibit relatively slow growth compared to other conifer in the 

4Forest region. Beneficial effects of the mixture on the productivity in this stand type is limited, and a 

much higher productivity can be expected by bringing in new tree species.  

The goal of conversion 
The goal for this stand can be very different. If there is wished for a cheap conversion, then the long 

term goal could be an uneven-aged stand of Scots pine and Norway spruce. These species grow well, 

and naturally together in more or less uneven-aged systems in the boreal region. The more inferior the 

site conditions, the more pine dominated the future stand will be.  

However, on not too poor site conditions, and in situations where the goal is to create stable highly 

productive forest, the goal would often be to significantly change trees species and reduce the 

proportion of both Scots pine and Norway spruce. They would typically be exchanged for high yielding 

conifers, which would often be introduced on a large proportion of the area. Some broadleaves might 

also be introduced. App. 30 % new species introduction will typically be the goal. 

Experiences 
It is most intuitive to convert this stand type not to early due to the good stability of the Scots pine – 
most meaningful is when harvesting is initiated.  
There is at present only little experience in the 4Forest region with using only natural regeneration for 
conversion and since it is mostly relevant on very poor sites, where it makes sense to keep a large 
percentage of pine in the next generation, such conversion will not be discussed much further. Natural 
regeneration depends on the mixing composition. British research has shown that as a rule of thumb, 
half the basal area in spruce compared to Scots pine will yield the same light levels at the ground. If the 
stand is largely composed of Norway spruce, basal area should not be kept much higher than 10 m2/ha if 
natural regeneration of pine is desired. The Scots pine seeds can, however, disperse 2 times tree height 
(Steven and Carlisle 1959, Booth 1984). Experience has shown that, although Scot’s pine has mast years 
more often than Norway spruce in the 4Forest region, it is in practice difficult to utilize natural 
regeneration of Scots pine, unless it is a large area where everything except Scots pine has been cut. 
Even in large gaps (experience has not yet shown precisely how large), on the typical sites in the 4Forest 
region, Norway spruce natural regeneration is often more competitive than Scots pine. And other light 
demanding species with large spreading capacity, birch and larch, totally dominates Scots pine in natural 
regeneration even if only a few overholders are present.   
The most intuitive method for using natural regeneration of Scots pine is, assuming that the stand is 
harvest ready at the time of the conversion, to focus harvesting on the higher priced, less stable Norway 
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spruce. Even If the goal was to continue even-aged management, it would make sense to leave many 
Scot’s pine overholders as their deep rooting system and low water consumption and high wind stability 
makes them no serious competitor to the understorey. Since wood quality is often not satisfactory on 
the Scots pine, at least for sale on the present Danish marked, they will typically be worth more by 
providing forest climate. In typically 2 harvest operations, all spruce is taken out leaving a very thin 
shelter behind. If the converted stand is relatively young (<50 years), there will be less natural 
regeneration of spruce and due to the thin shelter there will also be some Scots pine natural 
regeneration (FS 9.1 is from such a stand, although it is clear that natural regeneration of spruce is 
actually dominating this area).  
 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

FS 9.1: Conversion of stand that at beginning of conversion was 47 years old and 90 % Norway spruce and 10 % Scots pine. 
Almost all Norway spruce was taken out in two harvesting operations (10 years apart). Site is not too poor, and there has been 
performed hole drilling (2600 holes/ha) to assist natural regeneration. 14 years after conversion was initiated. Højkol. Danish 
Northern region (but relatively poor site). 
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New species introduction 

Scots pine natural regeneration is rarely a problem in relation to an underplanting in gaps/larger open 
areas types (FS 9.2). This is also rarely the case for Norway spruce especially due to its infrequent mast 
years. 
 

 

FS 9.2: Despite taking up a large proportion of the stand, there is only little Scots pine in this planted gap despite soil 
preparation. Stand presently 75 years old. Ricklingen. Schleswig-Holstein SW.  

There is experience with both cheap small scale and large scale species introduction.  
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The cheap conversion, natural 

regeneration assisted by seed source 

introduction, has been used with 

success on medium poor sites with 

low game population, planting in small 

groups of beech on app. 5 % (325 

plants/ha) of the area unfenced (FS 

9.3) – in combination with the 

previously used method of felling only 

the Scots pine. In the heathland 

plantations this is however not 

possible, and it would likely not have 

been possible with present increases 

in game populations. Although it is 

cheap, the small scale introduction 

strategy might also be questioned on 

medium poor sites were the benefits 

of bringing in larger amounts of new 

species, particularly Douglas fir, is 

large. 

 

 

 

 

FS 9.3 Small scale introduction of beech 14 years after planting. Overstorey now 61 years old. Højkol. Danish Northern region. 

FS 9.4 shows an example of a radical change of tree species towards Douglas fir, Sitka spruce, larch and 

some beech on a slightly poorer site in the Danish heathland region using container plants under fence. 

The strategy in the overstorey has also here been to take out the Norway spruce. The use of container 

plants in this situation reduces the planting costs from the intensive underplanting and the results is 

very successful. 

There is no experience at present with using an intermediate species introduction intensity (between 5-

100 % of area planted). If this is the goal (which it will typically be in Forfit), then it will typically make 

sense not to take out all the Norway spruce, in order to have some natural regeneration of Norway 

spruce stocking up the next generation. These remaining Norway spruce should be left to the west of 

groups of Scots pines to increase Norway spruce stability. 



 
 
 
  

Mixed old Scots pine and Norway spruce (> 50 years)     84 
 

 

FS 9.4: Radical change of tree species from Norway spruce-Scots pine attempting to save costs by using container plants (except 
beech that are bareroot). Species choice works well since container grown Douglas fir and Sitka spruce are not exposed to the 
same planting chock, while larch, which never really suffer from planting chock, has a smaller planting size – resulting in that the 
other conifers more naturally keep up with larch,  Birkebæk plantage. Danish heathland region. 

As already touched on, shelter density recommendations for pure Norway spruce needs to be modified 

depending on the mixing percentage of Scots pine. Based on the rule of thumb described previously, 

basal area recommendations for underplanting in mixed Scots pine-Norway spruce stands can be given 

according to: 

Corresponding basal area in Norway spruce = Basal area in mixed stand*(1+mixing percentage) 

, where mixing percentage is stated as decimal number, i.e. 0,1 if 10 % Scots pine. For example, shelter 

density recommendations for underplanting in a 50-50% mixed stand of Scot’s pine and Norway spruce 

would be app. 50 % higher than in pure Norway spruce. For underplanting in older stands, the same 

relationship between basal area in Norway spruce and in the mixture is naturally valid.  

There are no documented experience on the longer aspects of conversion. 
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Recommendations 
Overall, it is recommended to not conduct the conversion before the stands are ready for harvesting 

(typically 35 cm diameter).  

If the site is not too poor (typical sites in the Danish heathland region and SHLF NW and SW) and the 

Scots pine composes at least 20 % of the stand and are quite evenly spread out in the stand, then 

all/most of the spruce can be taken out, doing this in two harvesting operations makes it more clear 

how the distribution of shelter trees will be. The more grouped the stabilizing pine is standing, the more 

of the spruce makes sense to keep to make it stabilized from the pine groups. There is then planted on 

at least 30% of the stand with highly productive conifers and some stabilizing broadleaves, introducing 

Douglas fir on 25% of the area and beech on 5 % of the area. Any already existing spruce/pine 

regeneration in the stand is kept. After the regeneration phase is ended there should only be kept few 

trees in the overstorey as seed source, e.g. 10 trees per ha. 

On very poor sites, the species mixture is kept, and conversion is conducted using only natural 

regeneration. There is hole drilled 1000-1500 spots per ha. Similarly to above, there should only be kept 

e.g. 10 trees per ha after the regeneration phase has ended.  

Bases on conversion models 
Model 3: Natural seeding under shelter in old stands 

Model 5: Shelter in old stands with species introduction 

10. Mixed old Sitka spruce and Larch (>50 years) 

The stand 
Mixtures of spruce (especially Sitka spruce) and Larch (normally Japanese) are commonly occurring 

throughout the 4Forest region, except the eastern Danish region, although to a larger degree in western 

Jutland and Northern Schleswig-Holstein. Optimal conversion depends on the local conditions, especially 

the stability of the Sitka, and the larch provenance. Conversion in such stands is in practice often started 

by wind throw, probably because the spruce is susceptible to wind throw when growing together with 

the deciduous larch (FS 10.1). There will also typically be existing natural regeneration of spruce in the 

stands due to the less shade giving larch. Both species, especially Sitka spruce have high water 

consumption in the overstorey, and the stand type is not well suited for underplanting. 
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FS 10.1: Mixed Sitka spruce larch stands affected by patchy wind throw. Højkol. Danish Northern region. Photo: Jan Østergaard.  

The goal of conversion 
The goal is dependent on the local conditions. The stability of Sitka varies quite considerably and in 

areas where its stability is often not very good (such as central Jutland), the goal will typically be to 

reduce the Sitka spruce proportion. In Schleswig-Holstein, the goal will often be to reduce the larch 

proportion drastically, since the larch provenances are often of very inferior quality showing very poor 

growth.  Often the goal will also be small scale introduction of stabilizing broadleaves/new conifers as 

larch, with its large water demand, is not considered resilient towards climate change in the 4Forest 

region and Sitka spruce often have stability issues (especially Micans and wind throw). The introduction 

of new species will typically take place on 0-30% of the stand area. The aim is to create an uneven-aged 

stand. 

Experiences 
Regenerating stand 
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Sitka spruce and larch are the species that manages best under high deer populations and fencing is not 

required anywhere. Both species have heavy and frequent seeding, but differ in their natural 

regeneration attributes. Natural regeneration of Sitka spruce generally easily happens spontaneously as 

long as the site is covered with moss. Larch is much more depending on some scratching of top soil. On 

moss dominated sites, which are unknown in pure larch stands but occurs in these mixed stands, some 

light scratching such as harvesting activities, will typically be enough to stimulate natural regeneration. 

The typical situations is, however, that soil preparation is needed to stimulate larch natural 

regeneration. The shade tolerance of the two species is also widely different. Thus, both shelter density 

and soil preparation can work as instruments for stirring the stand towards the desired direction. If 

nothing is done, then the stands 

becomes Sitka spruce. British 

studies on similar latitude as the 

4Forest region, have shown that 

under larch shelter, shelter density 

should not be larger than 20 m2/ha 

for natural regeneration of larch, 

while under Sitka spruce canopy, 

the basal area should not be higher 

than 30 m2/ha for natural 

regeneration of Sitka spruce. A 

shelter density in Sitka spruce of 12 

m2/ha is equivalent to 25 m2/ha 

shelter in larch. These examples 

show that the local overstorey 

composition in the stand have huge 

importance for the natural 

regeneration potential in mixed 

stands. If Sitka spruce dominated 

parts of shelter is kept above 10 

m2/ha and larch dominated parts 

are kept above 20 m2/ha then very 

little larch regeneration will emerge 

and grow (The shelter density in 

larch to not get any natural 

regeneration is connected to some 

uncertainty). 

 

FS 10.2 Larch outcompeting Sitka spruce at basal areas below 10 m2/ha. Brøns. Danish heathland region. 

When the shelter locally is below 10 m2/ha in a wind throw gap previously stocked mainly with Sitka 

spruce, thus a good moss ground flora that has been sufficient disturbed by the extraction, then larch 

become increasingly dominant and it might introduce a need for pre-commercial thinning due to the 

rapid juvenile growth of larch (FS 10.4a). Assuming surrounding dense canopy, British research for 
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comparable conditions recommend gaps sizes of 1.5 x stand height for sitka spruce and 2x stand height 

for larch.  

To optimize stand stability, conversion harvesting is initially concentrated on the spruce, which also 

nearly always have a lower target diameter. If the Sitka spruce is considered quite stable (H/D relations 

of lower than 90 and or crown ratio of at least 50 %), and the current larch is of unsuitable provenance, 

then it will be wise-versa. In many situations most of the Sitka Spruce will have been blown down 

leaving the Larch behind and are already giving the natural gaps for conversion (before larch reaches its 

target diameter). In these situations, it is important to react fast when the goal is to introduce new 

species. 

Introducing new species 

It is tricky to introduce new species into mixed Sitka spruce larch stands. In 0.2 ha (app. diameter 50 m, 

2 times stand height) gaps in SHLF, on not frost exposed sites, introduction of silver fir typically requires 

pre-commercial thinning of Sitka spruce two times - 7 years after establishment and then one more time 

later (FS 10.3). If no pre-commercial thinning is conducted, Silver fir is outcompeted (unless it is planted 

in dark places). Drawing on the experience from Norway spruce, silver fir could be introduced under 

Sitka spruce dominated parts of the stand with app. 25 m2/ha, without pre-commercial thinning. The 

experience is that in SHLF, Trico is enough for silver fir planted in gaps on not frost exposed sites or 

under not too dense, because growth is faster under these conditions than under dense shelter even for 

the shade tolerant silver fir. 

FS 10.3: Species introduction (left silverfir, right Douglas fir and beech) in relatively large gaps, just after the first pre-commercial 
thinning have been performed 7 years after establishment. District Langenberg. Schleswig-Holstein NW. 
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Other species, typically beech and Douglas fir, typically needs one only need one pre-commercial 

thinning in similar gap sizes, also after app. 7 years (FS 10.3).  

If there is also regeneration in the stand when conversion is initiated, then see stand type 12, page 95, 

for information on how beech can be introduced in already existing Sitka spruce larch regenerations. 

Managing regeneration 

Subsequent management of the dense understorey require pre-commercial thinning. Sitka spruce may 

be a species where planted stands perform relatively favorable unthinned, but experience has shown 

that this is not the case for natural regeneration. The heavy seeding of Sitka Spruce, combined with the 

strongly competing larch, means that in the smaller gaps (<2 times tree height), pre-commercial thinning 

of Sitka spruce is needed while in the larger gaps, pre-commercial thinning of larch is needed in areas 

where there is Sitka to avoid that the area in time turns into mostly larch monoculture (FS 10.4). Larch 

wolf trees (“krukker”) should be taken out at the same time. Experience has shown good results from 

carrying out these thinning 10 years after establishment (FS 10.4a).  

Despite the competitiveness of both species, experience indicates that birch, if present, is a problem on 

large open sites (typically from wind throw of the Sitka, FS 10.4b). 

 

a)                                                             b) 
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c) 

FS 10.4: Situations from mixed Sitka spruce-larch stands. a) Larch is a too strong competitor on the open sites for Sitka spruce 
and require pre-commercial thinning. b) Large wind throw gap in area with some birch can cause problems. Pictures is after 
three times of selective pre-commercial thinning in the birch, 20 years after gap creation c) In smaller gaps, <2 x tree height, 
there is will be no larch regeneration. Brøns (Danish heathland region) and Åsbæk (Danish Northern region). 

Recommendations 
In summary, this stand type is easy to convert to a mixed uneven-aged forest of Sitka spruce and larch, 

but it is more difficult to introduce other species.  

The recommendations will depend on the specific setting: 

Acceptable larch provenance: Sitka spruce is harvested when it reaches the target diameter (typically 

before the larch does). Dependent on mixing proportion, target diameter harvesting of Sitka may be 

prolonged to make sure the correct basal area is kept in the stand for desired species distribution in the 

next generation (some Sitka might be kept longer to ensure a larger Sitka spruce proportion). When the 

target diameter is initiated, up to 8 % of the area under dense shelter (25-30 m2/ha if dominated by 

Sitka spruce) is hole drilled, plus all the lighter areas of the stand. These spots under the dense shelter 

is planted with beech, 4 % of the stand area in smaller gaps (less than 2 times stand height) are planted 

with Douglas fir. Trico© is carried out on the beeches annually. Pre-commercial thinning is carried out 

for all gap areas after app. 10 years old. It is difficult to estimate how much of the naturally 

regenerated area that needs hole drilling, the 30% (as used in model 3) will be used here as a estimate. 
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If the larch provenance is poor and the Sitka spruce considered relatively stable, then larch should be 

removed before Sitka (otherwise similar treatment). No hole drilling for natural regeneration should 

take place. The amount of species introduction will depend on the mixing percentage of larch. 

If both species are considered relatively stable and productive compared to other species, e.g. on poor 

sites (especially Danish heathland region), species introduction is not used (model 3, Appendix 2). On 

the parts of the area where there is wished larch regeneration, the soil is scratched using hole drilling 

(assuming on 30% of the total area), while nothing is done on the area where there is wished Sitka 

spruce. Scarification should naturally be done in mast years.   

Based on conversion models 
Model 2: Introduction of stabilizing broadleaves 

Model 3: Natural seeding under shelter in old stands 

11. Other mixed old conifer plantations (>50 years).  

The stand 
The mixed stands that have been individually treated in the previous stand types has been the individual 
mixtures that we have the most experience with. In this chapter there will be outlined a bit more 
general principles about how to convert mixtures and give some examples using different mixing types. 

The incentive to have expenses for introducing new species is naturally lesser when the shelter already 

contains a mixture, with at least some stable species and natural regeneration is the main regeneration 

form, and the goal is mainly to convert the same species pattern to a more structurally diverse stand. 

Mixtures are thus mainly converted at old age (typically from 1930 -1960) so that the natural 

regeneration capacity is already large (although some species already have large regeneration potential 

at lower age, see Table 3.1) and a fair number of individuals hold the optimal diameter for harvesting. In 

some cases, especially if the stand is younger and does not yet carry much natural regeneration, 

broadleaves may be introduced to a limited part of the area.  

In this draft manual there will be presented the experiences for selected typical mixtures of one rather 

instable species, Norway spruce and Sitka spruce, together with some more stable species. Norway 

spruce especially occur in mixture with a variety of more stable species such as Scots pine, silver fir and 

Grand fir.  

The goal of conversion 
The next generation is established under a long-lived shelter of the old forest. Along with this the old 

forest is gradually harvested (during a period of 20-30 years) based on diameter felling but leaving 

behind seed source trees. The next generation will consist of a self-sown mixed conifer stand potentially 

with a small percentage of broadleaves (if broadleaves are introduced). How much that is introduced 

strongly depend on the mixing type. In stable mixtures, no species introduction will generally take place. 

In instable mixtures (primarily Sitka spruce and Norway spruce), small scale introduction of 5-8 % of the 

area of stabilizing broadleaves might be relevant.  
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Experiences 
Dividing mixed species stands into different types of conversion is tricky as many categories are needed 

for a proper assessment. Natural regeneration capacity depends greatly on whether the species is 

pioneer or climax. For the pioneer species (pine and larch), soil preparation is generally needed for 

natural regeneration. For the other species, soil preparation is less needed for natural regeneration, in 

particular so for grand fir and Sitka spruce. The use of soil preparation is therefore an important tool for 

stirring conversion in mixtures between pioneer species and climax species. There is also a difference in 

the age of adulthood between pioneer and climax species, but this is of no practical importance since 

the mixed stands for conversion are typically rather old. In regards to how often there is seed years, 

there is mainly a distinction between Norway spruce (rare seed years) and the other species which have 

more common seed years (Table 3.1). Shade tolerance groups the species into three main categories 

(Table 3.1). Competitiveness of regeneration is difficult to generalize due to the dependence on shade 

tolerant and exact light regime. However, in regards to browsing tolerance, silver fir stands out from the 

other species as much more heavily browsed. In regards to stability, Norway spruce and Sitka spruce are 

the most susceptible to wind throw, while experience has shown that grand fir and silver fir are also 

susceptible if strongly thinned at an old age.  

Thus, generally, as long as you have a least one stable species in the shelter, the conversion success rate 

is quite high since you can just leave the shelter standing sufficiently long until regeneration appear. This 

type of mixture (at least one stable species) is also practically the only mixture type that we have 

experience with. If the shelter is only composed of pioneer trees (rarely the case in the 4Forest region) 

then soil preparation will be necessary. If the shelter is partly composed of silver fir, and silver fir is part 

of the goal for the next generation, fencing will be needed at least on parts of the area, except for much 

of Schleswig-Holstein. The shelter density when conversion/the regeneration phase starts should be 

adjusted to the shade tolerance of the species (see Table 3.1). British research on conifers have shown 

that light demanding species generally require basal areas at maximum 20 m2/ha of their species for 

natural regeneration. Intermediately shade tolerant species generally require maximum 30 m2/ha, and 

shade tolerant species require maximum 40m2/ha. The rule of thumb that a certain shelter density in 

light demanding species is giving shade only equivalent to half that shelter density in intermediately 

shade tolerant species such as spruce, and even less in shade tolerant species such as fir is important 

info. This is naturally tricky in mixtures, and the exact shelter density will in practice depend on the 

mixing type, the more clustered the mixing, the easier it is.  

In the following, the experiences connected to converting different mixture types of Norway spruce and 

Sitka spruce will be presented. These are chosen since they are classic mixture types with one instable 

species, and cover most of the mixed stands in the Forfit region, while Norway spruce and Sitka spruce, 

although being similar in many ways, also differ widely due to their large difference in mast year 

frequency and seeding intensity. 

Mixed stands of Norway spruce 

When Norway spruce is mixed with silver fir the next generation will easily become a monoculture of 

Norway spruce. On more light open areas, Norway spruce easily outcompetes the slow growing silver fir. 

Under shelter, silver fir is competitive but grows slower and is heavily browsed. Thus, the best solution 

for natural regeneration in mixed stands where there is a wish for continued silver fir is to allow a dense 
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regeneration of Norway spruce where silver fir can hide in some of the natural regeneration of spruce. 

Thus, the shelter have to be light enough for Norway spruce regeneration to emerge and dense enough 

for Norway spruce not to get too much in front of silver fir until silver fir is at a size where it is less 

susceptible to game. A suitable density seems to be 20-25 m2/ha (although this depends on stand 

height) this will also not increase the risk of wind throw too much. Proper gaps of a certain size should 

not be deliberately created. Later, pre-commercial thinning needs to be conducted in the natural 

regeneration before silver fir is outcompeted when the shelter is typically made lighter through target 

diameter harvestings (or wind throw) in the shelter. There is not any experience on when this pre-

commercial thinning should take place. This is a difficult balance. Unless that the area is fenced or there 

is a low deer population in the area, there will be a low percentage of silver fir in the next generation 

(probably not covering more than a few percent of the area, FS 11.1).  

 

FS 11.1: Attempting natural regeneration of a mixed Norway spruce-silver fir stand (in the foreground there is also a small 
planting of oak. The percentage of silver fir is very low in the next generation. Plovmandshøj Plantage. Danish Northern region. 

Mixtures of Norway spruce and grand fir are rather different as these do not need fences. Simply 

keeping the shelter density high, probably higher than 20 m2/ha, adjusts the mixing proportion in favor 

of grand fir. There are no documented experience with the conversion of Norway spruce- Douglas fir 

mixtures yet.  

For mixing of Norway spruce with Scots pine, see stand type 9, page 80. Norway spruce-larch mixtures 

can be treated similar to Sitka spruce larch mixtures (page 85) in regards to shelter density 

recommendations and the dependence on the quality of the larch provenance, although the stand type 

is more dependent on soil scarification and regeneration is more difficult (in that regard, this stand type 

is closer to the mixed Norway spruce-Scots pine stand). Mixed stands of Norway spruce, larch and Scots 
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pine are also fairly common and can also be treated similar to Sitka spruce larch mixtures in terms of 

shelter density recommendations. Although both pioneer species, larch is more competitive than Scots 

pine in the regeneration, but there are no specific recommendations in regards to management yet. 

The mixture of Norway spruce-Sitka spruce represents the only commonly occurring instable mixture. 

Here it makes sense to make some small scale species introduction, app. 5 %, primarily under shelter as 

the vigorous regeneration of Sitka spruce quickly fill up gaps in the overstorey. It is not documented how 

much pre-commercial thinning is needed to keep much Norway spruce in the stand. 

Mixed Douglas fir and Sitka spruce. 

Sitka spruce dominates the natural regeneration of Douglas fir, even on favorable sites for Douglas fir 

with low game populations, at least if the basal area of the stand is higher than 20 m2/ha (although 

experience shows various results in relation to this). Unless special attendance is given, the next 

generation will usually turn into a quite monotonous Sitka spruce stand. The key to avoid this is to keep 

the density of the stand high (>35 m2/ha, to avoid Sitka spruce regeneration) before the stand is 

regenerated, and then there should be created dedicated gaps for Douglas fir regeneration (at least 30 

m in diameter). 

Recommendations 
Conversion is initiated when the target diameter harvesting stage is reached. In a mixture composed of 

only pioneer species/Norway spruce, there is eventually made soil preparation (hole drilling) on a rather 

large proportion of the area. The exact area is still unknown, but an early guess is that soil preparation 

should be performed on 30 % of the area (similar to in the initial model 3 in the Forfit project). The soil 

preparation should take place in years of seeding. For other species mixture combinations, there is only 

made soil preparation if grass starts to cover the area. Thus, the amount of area where there is made 

soil preparation on here depends on the clustering of the mixing. Unless silver fir is part of the stand, it 

is not fenced.  

In instable mixtures (primarily Norway spruce and Sitka spruce), it is relevant to introduce 5-8 % 

broadleaves.  

Based on conversion models 
Model 2: Introduction of stabilizing broadleaves 

Model 3: Natural seeding under shelter in old stands 
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12. Stands with prolific conifer regeneration 

The stand 
In some areas proliferate regeneration has led to monocultures of Sitka spruce, Norway spruce, larch or 

pine sp. or mixtures of not stable species. In such stands, it is desirable to introduce some stabilizing 

long-lived species. If the species distribution is not regulated, the same non-resilient stand type will be 

present in the next generation, and the conversion towards CNF will have to wait a generation.  

The goal of conversion 
To remove part of the natural regeneration (in exceptional cases of a planting) to give some space for 

the desired species and get the transformation into CNF started now. The goal is to have seed trees of 

all the desired species in the next generation. Due to the expense of removing existing regeneration, the 

area that the new species is introduced on is low, typically 10% of the area. Depending on stability and 

management of the overstorey, and the microclimate of the site, the overstorey may be carried into the 

next generation or it may be harvested during the regeneration stage. 

Experiences 
The experiences are so far very limited. Forest managers have generally been satisfied with prolific 

natural regeneration established at no cost, or the species introduced has been established 

simultaneous with the natural regeneration. There is some experience for introducing beech into dense 

natural regeneration of monoculture Sitka spruce or Sitka spruce mixed with larch (FS 12.1).  

FS 12.1: Mixed natural regeneration of larch and Sitka 
spruce where there has been performed the first pre-
commercial thinning three years ago with a brush cutter. 13 
years old. Åsbæk. Danish Northern region.   
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When the beech is introduced into mixtures of 

Sitka spruce and larch rather late, e.g. age 10 

year, the beech becomes an understorey to 

especially the larch (FS 12.2). Preferably beech 

should have been introduced earlier. Survival in 

the beech is 1/3 now, having in some area 

reached 5 m height, but generally about 3 

m.The growth relation between the larch and 

beech can be controlled by the rate in which the 

overstorey trees are extracted (the shelter was 

very light on FS 12.2). The stem form of the 

beech is notably good, probably because of the 

several pre-commercial thinnings carried out 

combined with the light crown of the larch. 

 

 

 

 

 

 

FS 12.2: Beech introduced into mixed Sitka spruce and Larch natural regeneration by planting 2000/ha without soil preparation 
10 years after natural regeneration establishment (which is now 23 years). There has in total been made 3 pre-commercial 
thinning. Åsbæk. Danish Northern region. 

In pure Sitka spruce regenerations, beech has been introduced through opening up the spruce with a 

brush cutter (spacing out to 1x1 m) when the natural regeneration was 5-8 years old (1 m high), and 

then planting beech (2500 plants /ha) following hole drilling. Almost all remaining Sitka spruce was then 

removed 13 years after planting of beech (FS 12.3). Beech survival 16 years after planting was 98% and 

height was 5 m (in another nearby stand arisen in a similar way but with a few overholders left, poorer 

soil and better microclimate, survival was 64% at age 17 and height was 9m). The high success is 

probably because the natural regeneration of Sitka has acted as a nurse crop for the beech. This is 

valuable on sites where late frost is a major factor, or there is no wind lee. It would also provide 

protection toward high game populations, however, in this case browsing pressure was very low after 

the storm in 1999, meaning that reduction in browsing pressure was likely not an important factor for 

the good development.  
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Thus, the example shown can 

be considered a possibility to 

introduce beech under 

circumstances where there is 

not really a forest climate. 

However, it represent an 

expensive substitution of a, at 

the moment, healthy stand.  

An alternative could have been 

to bring in the beech already at 

knee height (cheaper), but, 

mortality from frost damages 

would likely have been larger. 

 

FS 12.3: Result 16 years after planting 
beech into dense Sitka spruce natural 
regeneration. All overholders were 
removed in storm 21 years ago. Most 
Sitka spruce have been removed three 
years ago, a few have been kept. The 
resulting beech stand is generally very 
successful considering that the area is 
frost exposed and that there were 
almost no overholders and a lack of 
lee towards S and W. In some parts of 
the stand, the planting was less 
successful due to a combination of 
bracken and frost. Lindet Skov. Very 
rich soil for the Danish heathland 
region. 

 

Recommendations 
Since the experiences using this model is limited for now, and the few experiences represents expensive 

conversions, the activities outlined in the 4FOREST application (Appendix 2, model 4, page 124) will be 

referred to for now, only with little modification: 

Regulation of the species distribution takes place through introducing the new species into the natural 

regeneration at e.g. 1 m height. Either planting takes place directly into the natural regeneration with a 

spade (typically in smaller area), or in spots of 0,25-0,5 ha in size altogether covering 10% of the stand, 

the present not-desired regeneration is chrushed, and the long-lived conifer species or broadleaved sp. 

are  introduced. Apart from removal of the undesired sp., the chrushing scarifies the soil which allows 

better planting. The spots may be fenced. If plants are planted directly with a spade in the natural 
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regeneration which is removed on the planting spot only, this allows the surrounding regeneration to 

act as a barrier to deer damages. 

Based on conversion models 
Model 4: Supplementing regeneration with long-lived conifers and broadleaves 

13. Mountain pine 

The stand 
Mountain pine stands are low producing and not long living and should therefore on many sites be 

converted to better producing species with longer lives and with a good self-sowing potential.  

Mountain pine areas are still common in poor and/or wind exposed parts of the Danish dune region, e.g. 

in Thy (FS 13.1), while they now very rare inland in the heathland region.  

 

FS 13.1: Typical starting situation for conversion of the common mountain pine, 5-6 m high stand. Thy. Danish dune region 
Photo: Per Kynde. 

The goal of conversion 
The long term goal is to convert to a stable stand of multiple sp. and sp. with longer lives and good self-

regenerative capacity. However, the real two-storey or group system with long-lived sp. will typically not 

come into function until the following generation (2nd generation after mountain pine), since the old 

mountain pine is believed to normally only lasts app. 15 years after conversion is initiated. Similarly, 

broadleaved sp. are missing and should eventually be introduced, but often not in the first generation 

(due to the typical poor site quality). Thus, the first generation established will typically be more or less 

even-aged and one-storeyed. The goal is to substantial change the species distribution, planting new 

species on more than 50% of the area. 
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Experiences 
Conversion of mountain pine stands is often initiated when the stand is app. 5-6 m high (for the 

common mountain pine, not the one-stemmed French variety). Experience has shown that strip 

wise/row wise shelter regeneration (Danish: Kulisse foryngelse) can be used for such conversion. This 

method has been used since the wood chip marked emerged. The remaining strips provide shelter to 

the introduced species against the wind. Due to the low height of the stand, wind throw is not an issue 

and it could also be possible to make a shelterwood regeneration with intensive underplanting (often 

used to convert mountain pine in previous times on frost exposed former heathland as well as in the 

dune region). However, underplanting is less relevant in the dune region due to its smaller frost risk, and 

dense remaining strips provide efficient wind cover for the regeneration. 

There are limited experience with the conversion of mountain pine in the dune region directly to 

broadleaves or long-lived stable conifers. The following aerial photographs (FS 13.2-FS 13.6) illustrate 

the well-documented technique that has been used to make strip-wise shelter in a mountain pine stands 

for the conversion into Sitka spruce. 

Initially, app. 50 % of the stand was taken out in 1994 (FS 13.2). Each removed and remaining strip was 

about 12 m.  In the following intervention in 2002, every second of the remaining strips was taken out 

(FS 13.3). Finally in the third intervention, in 2008, all the remaining mountain pine strips was removed 

(FS 13.4). Every time an area/strip was taken out there has been planted Sitka spruce there afterwards 

(planting density about 3000 trees/ha), except that there was not planted following the removal of the 

last mountain pines in 2008. The stand also illustrated that mountain pine strip shelter should be able to 

stand for 14 years. 

FS 13.5 and FS 13.6 show the final result of the conversion 26 years after conversion towards Sitka 

spruce was initiated. A problem is that in 2020, the unplanted areas were not stocked with new trees 

(due to the lack of nearby trees with natural regeneration capacities, although there could probably 

have been natural regeneration from the visible Scots pines in the background if there had been made 

soil preparation), resulting in loss of production and maybe a less optimal forest climate. Considering 

that lee is provided to downwind areas by at least 5 times the height of the lee giving obstacle, it seems 

meaningful that the last unstocked area had been replanted when then oldest Sitka spruces had been 2-

3 m high which they must have been in 2008. Note that following the system illustrated on the airial 

photographs, the last planted strips will be standing next to the earliest planted, and most lee giving, 

older Sitka spruce. In 2021 the Sitka spruce from 1994 was roughly 11 m tall, while the Sitka spruce from 

2002 was roughly 6 m tall.   
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FS 13.2: Aerial photograph from 1995 of mountain pine conversion 1 year after 50% stand removal. Tvorup Klit plantage. Danish 
dune region. Photo: COWI (1995).   
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FS 13.3: Aerial photograph from 2002 after every 2th remaining mountain pine strip were removed. The Sitka spruce planting 
from 1995 is now visible. Tvorup Klitplantage. Photo: COWI (2002). 
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FS 13.4: Aerial photograph from 2010, 2 years after remaining mountain pine was removed (after which there was not planted 
Sitka spruce). Remaining elements is Sitka spruce planted in 1994 and 2002. Tvorup Klitplantage. Photo: COWI (2010). 
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FS 13.5: Aerial photograph from 2020 showing final results of mountain pine conversion. About ¾ of the stand has in total been 
regenerated and the Sitka spruce regeneration has been well established. It is seen that there is little natural regeneration on 
the last unplanted part which remains unstocked in 2020. Red ring marks position of FS 13.6 photos. Tvorup Klitplantage. Photo: 
COWI (2020). 
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FS 13.6:  Final result of mountain pine conversion in 2021 from ground perspective taken at position indicated by red ring on FS 
13.5. Left photo is taken toward NNE. Right picture is taken perpendicular to the angle of the left picture from the position of the 
person on the picture (towards WNW). The stripe behind the person on the right picture is a young strip of Sitka spruce planted 
in 2002. The front strip, visible on both the left and right photo and with an unstocked spot, which the right photo is taken 
through, is 27 years old from 1994. The bare area is where one of the last mountain pine strip was standing before it was 
removed in 2008, 13 years ago (and which was not planted afterwards in this case). Tvorup Klitplantage. 

Recommendations 
The case reported provided a generally favorable conversion to the much higher producing Sitka 

spruce and is recommended and it is roughly equal to model 7 in 4Forest (see Appendix 2, page 126). 

The only comment is that due to the poor soil and microclimate and lack of self-seeding stable trees for 

most localities where this conversion is relevant, it is typically necessary to plant also after the last 

mountain pines strips have been removed. Meaning that 100% of the area will have to be planted with 

the new species. Furthermore, it would be interesting to explore if the mountain pine shelter could be 

kept for shorter time, reducing the delay of the planting of the new high yielding crop (will be site 

dependent).  

Based on conversion models 
Model 7: Shelter system in rows or irregular shelter 
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14. Outgrown Noble fir and Nordmann fir stands 

The stand 
Given the large Christmas tree and greenery production in Denmark, and the restricted tree dimensions 

where such production is relevant, an important conversion stand type is to convert such outgrown 

stands of Nordmann fir and Noble fir to stable productive forest. Conversion is relevant across all growth 

regions of Denmark, the optimal method depends on the site and stand dimension.  The trees will be 

too tall or the quality to poor for the original production purpose and both Noble fir and Nordmann fir is 

low producing when it comes to high-quality wood. Stands have often started with high stem number, 

but later density depends on the supplementary plantings if Christmas trees have been produced and 

spacing can be large. If greenery cutting has been conducted, trees have small crowns. Christmas 

tree/greenery sites have typically been fertilized so that site conditions are better than the site would 

natural imply.  

Conversion of this stand type will be relevant for a wide range of heights, since there are many Noble fir 

/Nordmann fir stands that have continued to grow for many years after the original purpose has ended 

and before conversion or other measures has been initiated. The typical height in stands to be 

converted is probably 10-15m.  

The goal of conversion 
The old stands can be used as shelters for a new generation of species producing better and being more 

long-lived and being self-regenerating. The goal is typically more or less a totally new species 

distribution established under the shelter of the old stand and maintaining a large no. of individuals 

from the old stand to maintain closed cover and shelter for the new generation. How much of the old 

stand that is taken out would depend on the conversion method used. At times Noble fir is seeding and 

regenerating well, especially on sandy soil, and this sp. can be used to supplement the planted trees. 

Since both Noble fir and Nordmann fir is giving much shade, the goal will often be to introduce shade 

tolerant trees in the next generation. 

Experiences 
Conversion of young stands 

Conversions are tricky at height much below 10m. It is often difficult to combine Christmas tree 

production/greenery production with underplanting and introduction of a new species. The activities 

that are required for maintaining the Christmas tree production often end up damaging the newly 

introduced species. Also, it is necessary to have a quite dense stand for the Christmas tree/greenery 

production compared to what is optimal for the underplanting which is a typical reason why conversion 

of young Nordmann fir stands fail (FS 14.1).  
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FS 14.1: 10 years after having underplanted a young stand of Nordmann fir following hole drilling with groups of beech (2x2 m) 
on 40% of the area. Now, most beeches are dead, only covering about 2 % of the area. Many beeches are severely browsed as 
local browsing pressure is high and area is not fenced. Age of Nordmann fir stand= 5-20 years since it has been supplement 
planted several times, but it was generally about 4 m high when the underplanting was conducted. Nordmann fir has been 
thinned once since establishment of beech, three years ago where 50% of stems were taken out. Now, height of Nordmann fir =6 
m, basal area=12-20 m2/ha. Tved Plantage, Danish dune region (but good site conditions (moraine with thin layer of sand, 
fertilized).  

On FS 14.1, the thinning has neither been heavy or frequent enough, and the trees should have been 

spaced out much more before the underplanting were conducted (although this would have clashed 

with the greenery production). The stand should in this particular case have been fenced. A possibility 

could be to thin stronger now although the stem form is not good.   

A better result is achieved by introducing the new species once both Christmas tree production, as well 

as possible later greenery production has ended. This, together with the generally strong seeding of 

Noble fir especially on sandy soil, is why stands of Noble fir are typically converted at a later age than 

Nordmann fir.  

Conversion of older stands 

For conversion of older stands, there is only experience with underplanting below a quite slim range in 

shelter basal area of a 50-year-old Nordmann fir stand, being app. 20 m high and growing on good 
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moraine soil with low browsing pressure. Here, 2000 beeches were introduced without fence following 

hole drilling.  

At a basal area of between 26-31 m2/ha, the introduced beech grew to a height of 1.1 m in 6 years. No 

natural regeneration were present, illustrating that the natural regeneration capacity of Nordmann fir, 

under this shelter density, is rather limited. Beech survival has been about 30%, probably due to 

browsing and beech cover app 6 % of the area now. Ideally, for the understorey, the shelter could have 

been lighter, probably about 20 m2/ha, which would have responded in faster growth of the beech, and 

lower mortality (see also FS 3.4). But, this would of course have increased wind throw risk and resulted 

in a substantial loss in production. 

Conversion of Noble fir and Nordmann fir in the dune region. 

Noble fir and Nordmann fir has also been used in the search for suitable species in the windy dune 

regions forestry. Similar to conversion of Omorica spruce and mountain pine under these conditions, the 

strip shelterwood system has mainly been used, since Noble fir and Nordmann fir are typically more 

wind stable than the spruces, and giving lee to the understorey is a primary concern. The technique is 

rather similar as in Omorica spruce, although the higher production of Noble fir and Nordmann fir 

means less willingness to sacrifice the overstorey, and the wind stability is considered a bit less than 

Omorica spruce. 

Similar to Omorica spruce, when the stand is 10 m high (common outline in the dune region) there 

should be roughly 10 m between rows. This typically implies felling 3 out of 5 rows (FS 14.2-FS 14.3). The 

available experience indicate that this system is wind stable. Many district have seen wind throw in 

Nordmann fir in general management, but it seems like this system initiated at relatively low height, 

appear stable. 

The result 6 years after conversion is displayed on FS 14.4, which shows two nearby similar strip 

conversions in the eastern part of a dune plantation with quite high browsing pressure (FS 14.4a is the 

same stand as displayed on FS 14.2-FS 14.3). Soil preparation has been made with a loft plough followed 

by the planting of beech with density of 1,7 x 1,7 m. In the stand showed on FS 14.4a there is also 

planted silver fir at this same density, with nurse crop of red alder (1 red alder for every 2 silver fir). 

Silver fir is, based on experience, difficult to establish with strip systems in the dune region without a 

nurse crop.  

On FS 14.4a, strips are oriented slightly SW-NW. Beech is about 1 m high inside the fence although only 

about knee height outside of the fence. Area covered with beech was 6% outside the fence and 15% 

inside the fence. Silver fir were only planted inside the fence but most were still only knee high and 

covered 15% of the area. There was also planted some sycamore maple outside the fence, but all died.  

FS 14.4b show conversion towards beech but displaying a much more favorable development – at least 

as good as inside the fence on FS 14.2a. The difference seems to be that there is better lee in the stand 

on FS 14.4b than a. A better results on FS 14.4a could maybe have been achieved with a different 

orientation of the strips, e.g. NW-SE.  

Natural regeneration of Noble fir were not plentiful. It only covered 6 % of the area in the most 

successful of the conversions (similar inside and outside the fence) and only 1% in the least successful 
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stand (this stand was not described in this chapter because soil is very poor). But it must also be 

remembered that these stands were rather young still (40-43 yeard old at initiation of conversion).  

Apart from the direct experiences with Nordmann fir and Noble fir, the experiences from conversion of 

Omorica spruce using the strip system could be valid (see page 28-33). However, the experiences for 

Omorica spruce are at the moment only for conversion towards oak. Given that Nordmann fir and Noble 

fir are more shade giving than Omorica spruce, and have typically been planted on better sites where 

beech can grow satisfactory, there is no reason to generally recommend the conversion towards oak.  
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FS 14.2: Orthophoto of Noble fir stand before conversion. Hvidbjerg Klitplantage. COWI (2012).  
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FS 14.3: Orthophotos of stand after conversion. Hvidbjerg Klitplantage. COWI (2016). 
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a)                                                                                    b) 

FS 14.4 Result 6 years after conversion of app. 50 year old Noble fir and Nordmann fir towards beech. a) In a more wind exposed 
position (stand from FS 14.2-FS 14.3). Foreground is unfenced, background is fenced. b)  A more sheltered location unfenced. 
Planting density of 1.7x 1.7m on the treated areas (3460 plants/treated ha). 80 % of area planted. Hvidbjerg Klitplantage. Thy.  
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FS 14.5: Conversion towards silver fir under fence (same stand as FS 14.4). Hvidbjerg Klitplantage. 

Recommendations 
It is recommended to not start the conversion too early. For young stands, the conversion should be 

delayed until at least 10 m height (or when greenery production has ended).  

For app. 10 m high stands, there are at present little systematic experiences using shelterwood and 

underplanting, and it is too early to give recommendations on conversion of such stands. Reduction in 

basal would likely have to be very pronounced – grand fir, silver fir or beech would be preferred for 

underplanting.  

For yet older stands, experiences are limited. Under good site conditions and low deer populations, app. 

20m high stands can be converted to beech according to the experience referred to. However, since 

deer population have generally increased since data was collected, it might be necessary to reduce the 

shelter density more, probably to around 20 m2/ha, to allow faster height growth of the underplanting. 

Grand fir, which is equally shade tolerant as beech, could also be introduced on a proportion of the area 

to have not only beech in the next generation (similar planting density could be used). Extensive 

information on conversion of this stand type is collected during 4Forest, and results for different site 

and stand conditions will be available. The reported conversion using a planting density of 2000 per ha 

might be fine for some sites (there is only results from a good site), but for now, the recommendations 

of 2500 plants/ha from model 6 in model 7 in Appendix 2, page 126, is kept.  
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For conversion of stands 10 m high specifically in the dune region, the overall experiences show that the 

reported strip shelterwood system is stable and suited for the introduction of both silver fir (with 

nurse crop) and beech. Orientation of strip seem important for creating optimal conditions for the 

underplanting and should preferably be NW-SE. On most sites, silver fir should be exchanged with grand 

fir (apart from very nutrient poor sites). Since we have limited experience with the long term 

development of mixed beech grand fir stands, it is probably less risky to introduced grand fir and beech 

in species-specific groups. Otherwise experiences can be recommended (strongly in line with model 7 in 

Appendix 2).   

Based on conversion models 
Model 6: Outgrown stands for Christmas tree and greenery production 

Model 7: Shelter system in rows or irregular shelter 
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Appendix 1 

Estimates of costs on conversion of stand types 
This section on the costs of conversion has been adjusted for the recommendations provided. However, 

the underlying estimates (e.g. the costs of establishment per group of 0.1 ha) are still based only on the 

estimates derived from the initiation of 4Forest project when the models in Appendix 2 was formulated. 

As economic data is collected from actual conversions during the project, estimates will get substantially 

more precise in later versions of the manual as the project proceeds.   

Stand type 1: Young Norway spruce (25-50 years old), poor site  

Due to the limited experience: the costs below are mostly copied from the original 4Forest estimates for 

model 1. Cost calculations here are for an app. average example where 20 % of the stand is planted with 

new species (20 % treated area). The cost example referred to first here is for the case when larger areas 

of the stand is planted together (typically from 0.5-2 ha), as originally defined in model 1 (typically for 

larger Norway spruce spruce units that needs to be broken up). E.g. if there is a few bark beetle holes 

per ha and there is planted greatly outside of these and gaps are then expanded. But it could also be in 

other cases when large areas are conversted and shelter density is reduced on 20 % of the area and then 

planted. 

Price of plants, planting, soil preparation is 1,3 €/plant. With a number of plants up to 2.500 plants/ha, 

the expense is 3.250 €/ha treated area. For the affected (20% treated area) the cost will be 670€/ha. 

Fence (1,40 - 1,60m height,  steel-fence) including the full price of the fence, poles etc. and 

establishment of the fence costs 5,4 €/m for small fenced areas and 4 €/m for larger areas. This amounts 

to 1.472 € for fencing 0,5 ha and 2.945 € for fencing 2 ha, i.e. 1.472-2.945 €/ha fenced area. When 

treated area is 20% this is 295-589 €/ha for the fence for the affected area. In total the model costs 669 

€/ha without fence and 964-1.258 €/ha incl. fence for the affected area. If the full area of e.g. 20 ha, if a 

square, is fenced the cost is 7.229 € (1.800 m *4 E/m). This reduces the price to just 361 €/ha, and this 

method is of course recommended from an economical point of view as well as it will be easier to 

control the fence.  

If the stand consist of a number of small gaps that is planted, typically plantings of 0.1-0.2 ha, which the 

experiences show will occur and is recommended in these cases, these estimates have to be moderated 

(because fencing will be more expensive. Planting will probably also be more expensive, but here we 

assume the same price per plant i.e. 1.3 €/plant). Thus, using the estimated prices for fencing two 

groups of 0.1 ha per affected ha (20 % treated area), the above total prices per affected ha is increased 

with 803-1097 € per ha. Thus, instead of a total price per affected area of 964-1.258 €/ha, the price is 

now 2061 €/ha (keep in mind that stand production is also reduced less since there is not here made 

additional heavy thinning in not yet mature stands).  

Stand type 2: Young Omorica spruce (30-50 years old), poor site 

For strip-wise shelter on wind exposed dune land sites:  

The model is intensive, underplanting  with up to 2.500-3.000 pl/ha.  The price is around 4.418 €/ha incl. 

fence on treated area, and the cost is 3.213 €/ha for the stand/affected area. 
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For the typically larger heathland units/blocks (there is presently no experience, costs is tentative taken 

from model 1 in Appendix 2):  

Price of plants, planting, soil preparation is 1,3 €/plant. With a number of plants up to 2.500 plants/ha, 

the expense is 3.250 €/ha treated area. For the affected area (30% treated area) the cost will be 

1.005€/ha. Fence (1,40 - 1,60m height,  steel-fence) including the full price of the fence, poles etc. and 

establishment of the fence costs 5,4 €/m for small fenced areas and 4 €/m for larger areas. This amounts 

to 1.472 € for fencing 0,5 ha and 2.945 € for fencing 2 ha, i.e. 1.472-2.945 €/ha fenced area. When 

treated area is 30% this is 443-884 €/ha for the fence for the affected area. In total the model costs 

1.005 €/ha without fence and 1.448-1.889 €/ha incl. fence for the affected area. If the full area of e.g. 20 

ha if a square is fenced the cost is 7.229 € (1.800 m *4 €/m). This reduces the price to just 361 €/ha, and 

this method is of course recommended from an economical point of view as well as it will be easier to 

control the fence.  

Stand type 3: Old Norway spruce (mostly>50-80 years), intact, relatively stable, poor site     

Underplanting: Underplanting 30 % of the area with beech and grand fir in species-specific groups (50% 

of treated area with beech and grand fir, respectively). Planting density beech=4000 trees per treated 

ha. Planting density grand fir= 2500 trees per treated ha. In total 4000*0,15=600 beeches and 

2500*0,15= 375 grand fir planted per affected ha. Price 1,3 €/plant i.e. 1267,5 €/ affected ha. The fence 

will cost 4 €/m, depending on the size of the area this amounts to 402-1.070 €/ha. Additional costs 

might be needed for hole drilling to get natural regeneration to emerge in the rest of the stands. Costs 

for this are unsure at the moment. 

Stand type 4: Old Norway spruce (>50 years) with gaps/ destabilized, poor site  

Price of conversion will depend on how the planting is conducted, is it in larger area of the stand where 

the shelter density is further reduced or is it in typically smaller groups in existing gaps and also whether 

only Douglas fir is used (in which case the areas does not need fencing in conifer dominated forest).  

First case, planting larger area of minimum 0.5 ha of Douglas fir on 20% of area unfenced: Price of 

plants, planting, soil preparation is 1,3 €/plant. Plants amount to 2.500 plants/ha if only Douglas fir is 

planted in gaps, therefore the expense is 3.347 E/ha treated area, for the stand where 20% is treated 

the cost will be 669 €/ha (affected area). 

Second case planting larger areas of minimum 0.5 ha, using Douglas fir on 10% of area (unfenced) and 

beech on 10 % of the area (fenced): Price of Douglas fir planting is 669 €/2=335 € per affected ha. Areas 

planted with beech need fencing and higher planting density. Fence (1,40 m, Danish steel fence) 

including the full price of the fence, poles etc. and establishment of the fence costs 5,4 €/m for small 

fenced areas and 4 €/m for larger areas. This amounts to 1.473 € for fencing 0,5 ha and 2.945 € for 

fencing 2 ha, this is 1.473-2.945 €/ha fenced area. Thus, if half of the total treated areas (10% out of 20 

%) is planted with beech, an example could be that one 0.5 ha area in a 5 ha stand is fenced, price is 

then 1473€/5= 295 € per affected ha. Then there is the extra planting costs for beech (not 2500 

plants/ha like Douglas fir, but rather 4000 plants/ha), which is 1,3 €*1500=1950 € per treated ha, 

meaning 1950€ /5 ha = 390 € /affected ha. Summing up, the total extra cost per affected ha of 

establishing beech relative to Douglas fir is 390€+295€=685 €/affected ha, which brings the total price of 
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establishing beech per affected ha to 335€+685€=1020€/affected ha. The total price per affected ha 

(Beech+Douglas fir planting) is then 335€+1020€=1355 €/affected ha. 

Using smaller species specific groups, typically directly in gaps: Price per 0.2 ha group without fence is 

804 €, and the price of fencing the individual groups is 864 € (160 m of fence * 5,4 €/m). Price pr group 

incl. fence is thus 1668€. These estimate equals the result per ha if 20 % is treated.  

Stand type 5: Norway spruce, good site 

Price per 0.1 ha group without fence is 402 €, since there is one group per ha, it means that the price ha 

affected area is also 402 €. 

Stand type 6: Old Sitka spruce (>50 years): 

Cost example for a not too poor site where there is planted both conifer and broadleaves (50-50). 

Price of plants, planting, soil preparation is 1,3 €/plant. Plants amount to 3250 plants/ha, therefore the 

expense is 1,3*3250 plants/ha= 4.225 €/ha treated area. On the poorer sites, only conifers will be 

introduced using a planting density of 2500 plants/per treated ha. For the stand where 20% is treated 

the cost will be 4.225 €*0.20%= 845 €/ha. In most dune plantations fencing is not required. But beech 

might need Trico © (cost unknown).  

In other areas, fence might be needed. Fence (1,40 m, Danish steel fence) including the full price of the 

fence, poles etc. and establishment of the fence costs 5,4 €/m for small fenced areas and 4 €/m for 

larger areas. This amounts to 1.473 € for fencing 0,5 ha and 2.945 € for fencing 2 ha, this is 1.473-2.945 

€/ha fenced area. When treated area is 20% this is 294-589 €/ha for the fence in the affected area. The 

total price per affected area is then 1139-1434 €/ha. 

Stand type 7: Douglas fir (mainly >50 years): 

Price per group without fence 402 €, and the price of fencing the individual groups is 696 € (130 m of 

fence * 5,4 €/m). Price pr group incl. fence is thus 1.098 €. Covering 6% of the area the price per ha of 

the affected area is 241 €/ha without fence and 656 €/ha with fence. If the whole area of e.g. 10 ha is 

fenced the price of the fence will be 5.140 € (1280 m*4 €/m) or 514 €/ha.   

Stand type 8: Old Larch (>50 years) 

Underplanting with container plants:  App. 0,25 €/container plant and including the expenses per hole 

drilled (app. 0,27 €), expenses is typically ap. 3250*0,52€ = 1690€ per treated ha if there is planted 3250 

plants per treated area (50% beech, planting density 4000 plants /ha, and 50 % 

grandfir/silverfir/Douglas fir, planting density 2500 plants/ha). If 75 % of the area is treated area, then 

the cost per affected ha is 1690€*0,75= 1.268 €. The fence will cost 4 €/m, depending on the size of the 

area this amounts to 402-1.070 €/ha. This is in total 1.670-2338 € per affected ha. 

Stand type 9: Mixed old Scots pine and Norway spruce (> 50 years) 
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On poor sites (nutrient score 1 in the Danish and German system), there is only hole drilled 30 % of the 

area. The cost of this is 0,33 €/spot, and assuming treatment on 30 % of the area, using 800-1.500 

spots/ha of the affected area, the cost will be 268-502 €/ha of the affected area. 

On less poor sites, the costs are: Price 1,3 €/plant i.e. 1300 €/ha without fence for planting 1000 plants. 

The fence will cost 4 €/m, depending on the size of the area this amounts to 402-1.070 €/ha. 

 

Stand type 10: Mixed old Sitka spruce and Larch (>50 years) 

If only natural regeneration is used, and the larch provenance is acceptable, the best estimate on costs is 

the costs from model 3 in Appendix 2, although there is still some doubt about how much hole drilling 

that optimally would need to be made for the conversion of a mixed Sitka spruce-larch stand. The cost 

of machine-established planting spots is 0,33 €/spot, and assuming treatment on 30 % of the area, using 

800-1.500 spots/ha of the affected area, the cost will be 268-502 €/ha of the affected area. 

If the larch provenance is bad and there is planted new species on 8 % of the area: Price per group 

without fence 402 €, and the price of fencing the individual groups is 696 € (130 m of fence * 5,4 €/m). 

Price per group incl. fence is thus 1.098 €. Covering 8% of the area the price per ha of the affected area 

is 321 €/ha without fence and 878 €/ha with fence. Dependent on if soil scarification is used additionally 

to assist natural regeneration, this would be an additional 0,33*560-1260 spots/ha=185-416€ needed to 

cover the other % of the area, that is not planted.  

 

Stand type 11: Other mixed old stable conifer plantations (>50 years) 

Cost for the conversion models used to generally manage mixed stands (model 2 and model 3): 

If only natural regeneration is used: The cost of machine-established planting spots is 0,33 €/spot, and 

using 800-1.500 spots/ha of the affected area, the cost will be 268-502 €/ha of the affected area. If silver 

fir is part of the stand, fence will per ha of affected area cost 402-1.070 €/ha depending on the size of 

the area. 

If small groups are planted (primarily for Sitka spruce Norway spruce mixtures): Price per group without 

fence 402 €, and the price of fencing the individual groups is 696 € (130 m of fence * 5,4 €/m). Price per 

group incl. fence is thus 1.098 €. Covering 6% of the area the price per ha of the affected area is 241 

€/ha without fence and 656 €/ha with fence. If the whole area of e.g. 10 ha is fenced the price of the 

fence will be 5.140 € (1280 m*4 €/m) or 514 €/ha.   

The cost of machine-established planting spots is 0,33 €/spot, and using 800-1.500 spots/ha of the 

affected area, the cost will be 268-502 €/ha of the affected area. Using a plough (stripes) costs 268 € per 

ha treated i.e.  80 €/ha of the stand. Fencing of the full area (not just 30% treated area) costs 402-1.070 

€/ha depending on the size of the area.  Price of the activity is 80-502 €/ha without fence and with fence 

482-1.556 €/ha of affected area.   

Stand type 12: Stands with prolific conifer regeneration 



 
 
 
  

     121 
 

Crushing costs 669 €/ha treated and planting costs 4.016 €/ha treated (more than 3.347 €/ha since 

groups are small), this amount to 4.685 DKK/ha treated and with a 10% coverage this is 469 €/ha for the 

affected area. Fencing costs 5,4 €/m in 0,25 ha spots the fence is 200 m, this adds  1.070 € for a 0,25 ha 

spot, e.g. 4.284 €/ha treated.  Price 469 €/ha without fence and 897 €/ha with fence. Planting directly in 

the regeneration of e.g. 200 trees/ha will cost around 2 E/plant or 402 €/ha. 

Stand type 13: Mountain pine 

The cost estimates are mostly in line with the costs from model 7 (Appendix 2). Except that it is in 

practice shown necessary to often eventually plant everything (planting also after the last mountain 

pine strips have been removed). Meaning that treated and affected areas in the long run are the same. 

Thus, for Sitka spruce, planting with up to 2.500-3.000 pl/ha the price is about 3100 €/ha since fencing is 

not needed. For most other species, fencing would be needed and the price would be 4418 €/ha. 

For areas less dominated by mountain pine (where there are nearby seed sources to restock the later 

unplanted line), the treated area is 75% of the affected area. The original estimates of model 7 are valid 

here meaning 3300 €/ha if using species that need to be fenced and 2366 €/ha for species that do not 

need fence. 

Stand type 14: Outgrown Noble fir and Nordmann fir stands 

The costs for the underplanting of the total area is around 3.347 €/ha excl. fence and 4.685 €/ha incl. 

fence, using 2500 plants per ha. Treated area and affected area are the same for the underplanting case. 

For the dune region when the strip-wise regeneration method is used, the treated area is smaller than 

the affected area, and cost from experiences are perfectly aligned with model 7 (and there should not 

be planted less). The model is intensive , underplanting  with up to 2.500-3.000 pl/affected ha. The price 

is around 4.418 €/ha incl. fence on treated area, and the cost is 3.213 €/ha for the stand/affected area. 
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Appendix 2  

Silvicultural models for conversion as originally defined in 4Forest 

Model 1: Middle-aged stands – underplanting in groups 
This model can be applied in the following stands: 

Uniform plantation areas of greater size up to 200 ha, too young and unstable for traditional shelter-

establishment, and starting slowly too show weak areas with bark beetles/wildlife damage/storm 

damage/poor growth, and expected to be shortlived (ie. less than 20 years from the onset of the 

project). Typically in DK areas planted in the 1970’ies and areasplanted after  the great storm in 1981 as 

monocultures of Picea abies or Picea omorika.  

Activities: 

Planting activities take place starting in the weak areas of the stand, increasing to a total cover of 15-

30% of the area of the stand during the project period. Planting spots are up to 2 ha in size - (smaller 

spot size in smaller areas) and are planted with long-lived  conifers and broadleaves, securing variation 

and introduction of seed sources of the next tree generation and the stabilizing effect of broadleaved. 

The rest of the area 70-85% is expected gradually to regenerate naturally.  The spots may be fenced 

individually but it may be less expensive to fence the total area. At the rim of the planted spots the old 

stand will typically continue to weaken, but  species seeding at an early age (Acer pseudoplatanus, Larix 

sp.) the latter being relatively resistant to browsing by red deer, will be introduced to cover these areas 

by natural regeneration. Their function will be to act as windbreakers and to maintain the closed cover 

system. 

The goal:  

As a result of model 1, long-lived conifers and broadleaves will be available in the new generation 

including species with a long life-span and a stabilizing effect regarding storm and believed also to allow 

a more diverse soil microfauna. These species will ensure a stable, resilient and long-lived upper storey 

and natural seeding of the desired species on the full area in the following tree generation.  This stand 

structure i.e. two storeys or uneven-aged groups and gradually self regeneration of multiple conifer 

species is the goal. The underplanting also has a sanitary purpose, stabilizing the old stands, and 

maintaining the closed cover system. 

Costs:  

Price of plants, planting, soil preparation is 1,3 €/plant. With a number of plants up to 2.500 plants/ha, 

the expense is 3.250 €/ha treated area. For the affected (20% treated area) the cost will be 670€/ha. 

Fence (1,40 - 1,60m height,  steel-fence) including the full price of the fence, poles etc. and 

establishment of the fence costs 5,4 €/m for small fenced areas and 4 €/m for larger areas. This amounts 

to 1.472 € for fencing 0,5 ha and 2.945 € for fencing 2 ha, i.e. 1.472-2.945 €/ha fenced area. When 

treated area is 20% this is 295-589 €/ha for the fence for the affected area. In total the model costs 669 

€/ha without fence and 964-1.258 €/ha incl. fence for the affected area. If the full area of e.g. 20 ha if a 

square is fenced the cost is 7.229 € (1.800 m *4 €/m). This reduces the price to just 361 €/ha, and this 
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method is of course recommended from an economical point of view as well as it will be easier to 

control the fence.  

Model 2: Introduction of stabilizing broadleaves 
This model can be applied in the following stands: 

Mixed and sound conifer plantation showing a good mix of conifer species but without any long-lived 

stabilizing broadleaved species.  

Activities: 

Groups of future seed trees of broadleaved species are introduced on 5-8% of the area. In a 10 ha area 

this would be 6 groups of 0,1 ha each using 300 trees/group. However, the model is also used in smaller 

areas, where groups may be less in size if shade-tolerant sp. are used.  The groups may need fencing.  

The goal: 

In the next generation, a forest of self-sown mixed conifers will be supplemented with the natural 

seeding from the broadleaved groups.  

Costs: 

Price per group without fence 402 €, and the price of fencing the individual groups is 696 € (130 m of 

fence * 5,4 €/m). Price per group incl. fence is thus 1.098 €. Covering 6% of the area the price per ha of 

the affected area is 241 €/ha without fence and 656 €/ha with fence. If the whole area of e.g. 10 ha is 

fenced the price of the fence will be 5.140 € (1280 m*4 €/m) or 514 €/ha.   

Model 3: Natural seeding under shelter in old stands 
This model can be applied in the following stands: 

Mixed conifer plantation of old age (1930-1960) with a good potential for natural regeneration. The 

stand includes conifers which are long-lived and in most cases also holds of long-lived broadleaves If this 

is not the case, the broadleaves are introduced.  The stands are healthy and the risk of establishing a 

shelter is therefore considered less. A fair number of individuals hold the optimal diameter for 

harvesting. The stand may already be an established shelter but still without much regeneration. 

Activities: 

The regeneration is promoted by (either spots around 1 m2 size or stripes 0,5 m broad) scarification of 

the soil surface (<10 cm deep) deep covering around 30% of the area, and the whole area may be 

fenced. No planting activity except for possible introduction of broadleaves. The soil scarification on part 

of the surface supplies a good sowing bed for the seed. The activity should take place in years of 

seeding. 

The goal: 

The next generation is established under a long-lived shelter of the old forest. Along with this the old 

forest is gradually harvested (during a period of 20-30 years) based on diameter-felling but leaving 
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behind seed source trees. The next generation will consist of a self-sown mixed conifer stand with a 

small percentage of broadleaves.  

Costs: 

The cost of machine-established planting spots is 0,33 €/spot, and using 800-1.500 spots/ha of the 

affected area, the cost will be 268-502 €/ha of the affected area. Using a plough (stripes) costs 268 € per 

ha treated i.e. 80 €/ha of the stand. Fencing of the full area (not just 30% treated area) costs 402-1.070 

€/ha depending on the size of the area.  Price of the activity is 80-502 €/ha without fence and with fence 

482-1.556 €/ha of affected area.   

Model 4: Supplementing regeneration with long-lived conifers and broadleaves 
This model can be applied in the following stands: 

In some areas proliferate regeneration has led to monocultures of f.ex. Picea sitchensis or Picea abies or 

Larix or Pinus sp., and the opportunity to regulate the species distribution or to supplement with other 

species has been lost.  In these stands the desired species must be introduced. If we do not regulate the 

species distribution, we shall see the same non-resilient stand type in the next generation, thus we did 

not bring the CNF any further, and we “loose” a generation. 

Activities: 

In spots of 0,25-0,5 ha in size altogether covering 10% of the stand the  present not-desired 

regeneration is chrushed and the long-lived conifer species introduced. Apart from removal of the 

undesired sp. the chrushing scarifies the soil which allows better planting. The spots may be fenced. 

Another version of this model will be used in smaller areas, where plants are planted directly with a 

spade in the natural regeneration which is removed on the planting spot only, allowing the surrounding 

regeneration to act as a barrier to wildlife. 

The goal: 

By removing part of the regeneration and planting the desired species the transformation into CNF gets 

started in this generation, and in the next generation we shall have seed trees of all desired species and 

long-lived species allowing us to reach the forest stand we aim at in the full area.  

Costs: 

Crushing costs 669 €/ha treated and planting costs 4.016 €/ha treated (more than 3.347 €/ha since 

groups are small), this amount to 4.685 DKK/ha treated and with a 10% coverage this is 469 €/ha for the 

affected area. Fencing costs 5,4 €/m in 0,25 ha spots the fence is 200 m, this adds  1.070 € for a 0,25 ha 

spot, e.g. 4.284 €/ha treated.  Price 469 €/ha without fence and 897 €/ha with fence. Planting directly in 

the regeneration of e.g. 200 trees/ha will cost around 2 €/plant or 402 €/ha. 

Model 5: Shelter in old stands with species introduction 
This model can be applied in the following stands: 
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Large plantation areas are covered by monoculture of Picea sitchensis, Picea abies, or Pinus sylvestris of 

old age (1930-1960) and with a good potential for natural regeneration but where the desired species 

are missing, e.g. only one species is present.  

Activities: 

The old stand is used as shelter. The soil is scarified (as planting spots) with 500-1.000 spots/ha in which 

long-lived  conifers and broadleaved sp. are planted with/without fence. The natural regeneration is 

used to supplement the planted species, therefore the no. of plants planted is much reduced. The 

original species, however, will compose only a minor percentage of the final stand.  The intensity of the 

planting spots can be increased if f. ex. the area serves as a comparison between treatments. 

The goal: 

The next generation is established under a long-lived shelter of the old forest, along with a gradually 

harvest of the old forest (over a period of 20-30 years) based on diameter-felling, but leaving a no. of 

seed source trees to ensure a stable seed supply. The next generation will consist of a self-sown mixed 

conifer stand of the original species but including the desired species  introduced in this model. During 

the following years the forester is gradually felling in favor of the introduced species which will take over 

the area and become dominating. 

Costs: 

Price 1,3 €/plant i.e. 669-1.339 €/ha without fence. The fence will cost 4 €/m, depending on the size of 

the area this amounts to 402-1.070 €/ha.  Treated area and affected area are the same. 

Model 6: Outgrown stands for Christmas tree and greenery production 
This model can be applied in the following stands: 

A number of stands typically at 12-20 m’s height of the species Abies nobilis and Abies nordmanniana 

established for greenery and/or Christmas tree production where the trees are outgrown, too tall or the 

quality to poor for the original production purpose. They are low producing when it comes to high-

quality wood, and the trees are often spaced at a large distance and with small crowns due to the 

greenery cutting. The old stands can be used as shelters for a new generation of species producing 

better and being more long-lived and being self-regenerating. At times though Abies nobilis is seeding 

and regenerating well, and this sp. can be used to supplement the planted trees. 

Activities: 

This is an intensive model, where the area is underplanted with the desired species mixture at 2.500 

plants/ha, because all the future desired species are missing at the starting point. Underplanting can 

take place in two steps as the old stand is gradually felled. 

The goal: 

A totally new species distribution established under the shelter of the old stand and maintaining a large 

no. of individuals from the old stand to maintain closed cover and shelter for the new generation. 

Costs: 
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This costs around 3.347 €/ha excl. fence and 4.685 €/ha incl. fence. Treated area and affected area are 

the same. 

Model 7: Shelter system in rows or irregular shelter  
This model can be applied in the following stands: 

The species Picea omorika, Pinus mugo, and other low value and low increment species are found in 

monoculture stands in many plantations. These stands are low producing and not long-lived.  Therefore, 

they should be converted to better producing species with longer lives and with a good self-sowing 

potential. Broadleaved sp. are missing and should be introduced.  

 

Activities: 

In some cases, the old stand is deemed relatively stable. Therefore, felling 3 out of 5 rows is possible and 

the two left over rows will function as a “systematical” shelter for some critical starting years in the life 

of the next generation.  In other cases the old stand is not deemed stable and felling a share of the area 

e.g. 20-40% in blocks e.g. between timber tracks at a distance of 20 m is a safer way. The desired sp. are 

planted after soil scarification and the area may be fenced. 

 

The goal: 

To convert the stands to a stable stand of multiple sp. and sp. with longer lives and good self-

regenerative capacity. Using the old stand as a shelter will promote the new generation and extensify 

the planting and maintenance activities. When the stand is established the old stand is expected to last 

for 5-15 years, and these 40% of the area may be cultivated at that time, now proliferating from the 

shelter of the formerly planted area. However, the real two-storey or group system with long-lived sp. 

will not come into function until the following generation. Thus, the generation established will most 

likely be even-aged and one-storeyed.  

 

Costs: 

The model is intensive , underplanting  with up to 2.500-3.000 pl/ha.  The price is around 4.418 €/ha 

incl. fence on treated area, and the cost is 3.213 €/ha for the stand/affected area. 

Model 8: Group-wise underplanting in destabilised  old stands  
This model can be applied in the following stands: 

Conifers mixed or in monoculture often consisting of mainly Picea sitchensis, Picea abies, Larix 

kaempferi or Pinus sylvestris and of old age (established (1910/1930-1960) and with a good potential for 

natural regeneration. Still, the stand is not deemed sufficiently stable to be converted to a shelter. 

Therefore, the next generation has to be established in minor groups, from where the old stand is 

gradually felled. Groups of roughly 2ha /planting site are established like in model 1.  
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The goal:  

The next generation will have a group-wise structure of not even-aged groups. Introduction of long-lived 

conifers and broadleaves has taken place, promoting the stabilization of the stands in terms of 

aboveground connectivity and belowground micro fauna and –fungi.  . These species and structure will 

ensure a stable resilient long-lived stand with self regeneration of multiple conifer and broad-leafed 

species,  securing variation and seed sources of the new tree generation.  

Version 8a – less intensive 

Activities: 

Planting activities take place starting in the weak areas of the stand, and covering in total 15-30% of the 

area of the stand during the project period. The soil is scarified and planting spots are 0,5-2/4 ha in size - 

(less spot size in smaller areas) and these spots are planted with long-lived conifers and broadleaves. 

The rest of the area (70-85%) is expected gradually to regenerate naturally or the regeneration of this 

part of the area is beginning. The spots may be fenced individually but it may be less expensive to fence 

the total area. In areas with a moderate wildlife of ungulates, it is possible to protect the young trees by 

repellents.   

Costs:  

Price of plants, planting, soil preparation is 1,3 €/plant. Plants amount to 2.500 plants/ha, therefore the 

expense is 3.347 E/ha treated area, for the stand where 20% is treated the cost will be 669 €/ha. Fence 

(1,40 m, Danish steel fence) including the full price of the fence, poles etc. and establishment of the 

fence costs 5,4 €/m for small fenced areas and 4 €/m for larger areas. This amounts to 1.473 € for 

fencing 0,5 ha and 2.945 € for fencing 2 ha, this is 1.473-2.945 €/ha fenced area. When treated area is 

20% this is 294-589 €/ha for the fence in the affected area. In total the model costs 669 €/ha without 

fence and 964-1.258 €/ha incl. fence for the affected area. If the full area of e.g. 20 ha in a square is 

fenced the cost is 7.229 € (1.800 m *4 €/m). This gives a price of just 361 €/ha, and this method is of 

course recommended from an economical point of view as well as it will be easier to control the fence.  

Version 8b – more intensive 

Activities:  

In this model, a large no. of plants pr ha is applied and a large no. of broadleaved are included. 60% of 

the stand area is treated, and 55% of the treated area is planted with 5.000 beech/ha and 25% is 

planted with 2.500 douglas fir pr ha and 20% is planted with oak at 8.000 pl/ha. The soil is scarified in 

lines with an excavator. The whole area is fenced.  

Costs: 

Plants and planting cost on average 1 €/plant. Soil preparation costs 700 E/ha. Fence costs 5,4 €/m. In 

total pr ha treated area 7.554 €/ha. 60% of the area will be treated, therefore the price pr ha of affected 

area is 4.532 €/ha. 
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Model 9: Seeding group-wise and in stripes. 
This model can be applied in following stands: 

Monocultures or mixed stands of conifers (broadleaved trees less than 10%) which are deemed stabile, 

mostly monoculture stands of Picea abies, Picea sitchensis, Larix kaempferi or Pinus sylvestris  and of 

older age, established 1920 – 1965. 

The goal: 

The old stands are maintained for a long period as a shelter, a  two-storey structure is obtained. The 

species mixture gives a mixed forests stand with a high percentage of broadleaved trees of good quality, 

but still comprises a considerable conifer production. The species mixture is considered to provide 

health and stability. Trees out of seeding have a better root development and in the long run they are 

expected to cope better with storms and changing water availability. Seeding is of higher risk, but at a 

comparatively low cost.  

Activities: 

Actions take place in stands which were insufficiently regenerated by self-seeding. The most successful 

sp. for seeding is beech, which will be introduced to the soil with a seeding machine. The seeding 

machine ensures the necessary soil scarification and covering of the seed at once. Smaller plots can be 

seeded by hand. Seeding has a higher risk, especially concerning damages by wildlife or birds, but it 

provides an optimal root development compared to bare root plants from nurseries. Seeding can also be 

a first step in stand regeneration, which can be followed or preceded by techniques described in model 

8 and 10 depending on the success of it. Depending on the coverage of natural regeneration, 50%-70% 

of the area will be seeded. 

Costs: 

Seeds consist in a mixture as follows 

 Kg-price 

Douglas fir (1 KG/ha) 550,00 € 

fir (20 KG/ha) 100,00 € 

beech (38 KG/ha) 21,00 € 

oak (250 KG/ha) 6,00 € 
 

Including the cost of seeds and sowing the total price is 1780€/ha treated area.  

Model 10: Conversion with a high level of broadleaves and using container plants 
This model can be applied in the following stands: 

The same as model 8 and 9. 

 

Goal: 
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Transformation of conifer stands or damaged stands into a close to nature forestry stand with a high 

level of broadleaves and with lower risks of plant mortality by using container plants.  

Activities: 

The soil will be superficially scarified at the planting lines. Mortality of young plants grown in containers 

is lower than of bare root plants since the roots of container plans are intact and is expected to develop 

deeper into the soil and have a better development of the root system. This facilitates resistance to 

storm damage in the long run.  

Beech-Douglas fir with 70% of beech (4000/ha) and 30% of Douglas fir (2500/ha) in the treated area. 

The area will be protected by repellents. The intensity of planting depends in the amount of existing 

natural regeneration on the area. In average 50% of the area is treated. The rest is naturally 

regenerated.  

Costs:  

The costs including fencing and treatment with repellents totals 3704 €/ha on the treated area and if 

50% of the area is planted 1.852 €/ha affected. 


