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Preface of the translator 
 
 
 
 
 

The presented text is an English version of almost all papers published in the proceedings 
of the conference "Douglaska - strom roku 2014" (see original title page on the end). I decided to 
make this English version in the winter of 2019-20, although I have considered this possibility 
and talked to many people before. I was led to this by a lot of very detailed information in the 
articles contained, which even after the publication of the proceedings, not many foresters could 
get acquainted. As I later found out, they were only the authors of the contributions and the 
libraries of the cooperating organizations. The information contained in was unusable abroad due 
to the Czech edition only. 

Although in some cases the information may be outdated, many still have their permanence 
and it can be followed up to them. This was also one of the reasons for my translation. The 
authors of other follow-up publications can thus use this to cite a searchable source also for 
foreign interested parties. And foreign interested parties can follow the information of their 
Czech colleagues. 

THE TRANSLATION WAS NOT PROOFREAD, so it may contain errors. I can only tell 
potential critics that no one stopped them from doing the translation, which they did not. 
Everything and everyone can always be criticized, but it would be better to participate in a 
successful result. 
 
 
Štěpánovice, June 3rd , 2020 
 
 

Jiří Viewegh 
 

 - 4 -



Douglas-fir in numbers 
 
Vašíček Jaromír 
 
Forest Management Institute, Brandýs nad Labem, Czech Republic 
e-mail: vasicek.jaromir@uhul.cz 
 
 
 
 
 

Introduction 

My article shows a several most actual data sourcing from Forest Management Plans and 
lists, which are in the Institute’s database. 
 

Survey of the Douglas-fir stand area 

Douglas-fir stand area slowly increases in spite of the fact that it is taken among 
geographically unoriginal tree species and due to it is limited in different forest plans to plant. In 
1970, stand area was 2,819 ha and in 2013 5,818 ha. According to data shown in Graph 1, it 
results that stand area increased by 1,000 ha per every 10 years in average. The fact that the 
Douglas-fir area slowly increases could be cased beside artificial planting particularly its 
possibility to succeed in natural regeneration and its following fast height growth. If we made 
“top twenty” of representation, Douglas-fir takes 19th position between Quercus rubra and Pinus 
mugo with 0.22% from all stand area of Czechia forests. 

Stand area distribution according to age classes 

The largest stand area covers the 5th age class by 982 ha (Graph 2). Second position belongs 
to the 1st age class by 955 ha and 3rd position belongs to the 2nd age class by 845 ha. Irregular 
distribution of the age class is clear from this graph, since first five age classes summary covers 
4,407 ha, which is 76% of the all Douglas-fir stand area (5,818 ha), where area any of the first 
five age classes doesn’t decreases bellow 800 ha. 

Stand area distribution according to regions 

It could be stated according to closer studying of Douglas-fir distribution that the largest 
area is reached in the South-Bohemian Region, where Douglas-fir covers 1,553 ha, followed by 
Plzeňský region by 964 ha and Central-Bohemian region by 875 ha. Ústí and Liberec regions are 
on the end of the imaginary “top twenty” by nearly 100 ha and Praha by 10 ha (Graph 3). 

Stand area distribution according to Natural Forest Regions (NFR) 

The largest proportion of Douglas-fir stand area was found in NFR 10 (Středočeská 
pahorkatina – Central Bohemian Highland) by 23.49%. NFR 16 (Českomoravská vrchovina – 
Czech-Moravian highland) is on second position by 9.66% and third position belongs to NFR 12 
(Předhoří Šumavy a Novohradských hor – Foothills of Šumava and Novohradské hory) by 
7.28%. 

mailto:vasicek.jaromir@uhul.cz


 

 
Graph 1. Douglas-fir stand area 1979-2013 

 

 
age class 

 
Graph 2. Douglas-fir stand area according to age classes 
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Graph 3. Douglas-fir stand area according to regions 
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Douglas-fir stocks survey 

Timber stock 

Timber stock slowly increases in Douglas-fir stands. Total stock was 938,000 m3 w.b 
(without bark) in 2003. After ten years – in 2013, it increased to total 1,436,000 m3

 w.b. This is 
due to influence of total current increment (TCI), which moved from 10.8 to 12.4 m3 w.b. per ha 
during last ten years. As is known, TCI expresses total volume yield (TVY) of the tree species 
and relates to dominant and subdominant (thinned) stand. For example, a comparison with the 
TCI of all tree species can serve to compare the total volume yield of Douglas-fir, which moved 
from 7.8 to 8.3 m3

 w.b. per ha during last 10 years (Graphs 4 and 6). 

Stock distribution according to age classes 

This is similarly irregular as distribution of stand area. Timber stock rises sharply since the 
2nd age class up to volume of 324,000 m3w.b. in the 5th age class, to drop sharply in the 6th to 
91,000 m3

 w.b. per ha (Graph 5). 

Stock distribution of the Douglas-fir according to management sets of stands 

Douglas-fir is mainly present on target management set of stand 45 (nutrient stands of 
middle altitudes), where is 513,000 m3

 w.b. (i.e. 35.56% of the stock). Target management set of 
stand 43 (acidophilous stands of middle altitudes) is the second in order, where is 252,000 m3

 

w.b. (i.e. 17.55% of the stock). Next two target management sets of stand with the largest stock 
are 53 (acidophilous stands of higher altitudes) with 127,000 m3

 w.b. (i.e. 8.97% of the stock) and 
55 (nutrient stands of higher altitudes) with 122,000 m3

 w.b. (i.e. 8.45% of the stock). 

Stock distribution according to forest site types 

Douglas-fir occurs mostly in 3rd-5th FVZs (Forest Vegetation Zones), in S (3S, 4S, 5S) and 
K (3K, 4K, 5K) (details see in https://www.infodatasys.cz/typolog/typolog-en.htm). 

Logging possibilities of Douglas-fir estimated according to logging percent in premature 
and mature stands are totally about 5.5 m3

 w.b. per 1 ha in average. This estimation doesn’t 
deviate from average of logging per ha in Czechia. Diameters of the Douglas-fir stems will 
eliminate its mechanized logging on based cut off with the best probability. 
 

 
year 

 
Graph 4. Douglas-fir stock (million m3

 w.b.) 
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age class 

 
Graph 5. Douglas-fir stock (m3

 w.b.) according to age classes 

 

Increments 

Douglas-fir increment exceeds increments of autochthonous coniferous trees. TCI of 
Norway spruce was 9.22 m3

 w.b. per ha in average during last 10 years. TCI of Douglas-fir was 
11.67 m3

 w.b. per ha in average during the same period (Graph 7). By comparison of total 
average increment (TAI), which is possible to take as suitable index of potential production, we 
find that TAI of the Norway spruce was 7.81 m3

 w.b. per 1ha in average during last 10 years 
beside Douglas-fir with TAI in volume of 11.75 m3

 w.b. per 1ha (Graph 8). Douglas-fir exceeds 
Norway spruce in all age classes of both types of increments, by comparison of TCI and TAI 
between both tree species in individual age classes (Graphs 9 and 10). 
 

 
year 

 
Graph 6. TCI (m3 w.b./ha) comparison of Douglas-fir (CPB DC) with average of all tree species (CPB celkový průměr) 
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Graph 7. TCI (m3 w.b./ha) comparison between Norway spruce (CPB SM) and Douglas-fir (CPB DG) during last 10 years 

 

 
average 

 
Graph 8. TAI (m3 w.b./ha) comparison between Norway spruce (CPP SM) and Douglas-fir (CPP DG) during last 10 years 

 

 
 

Graph 9. TAI (m3 w.b./ha) comparison between Norway spruce (CPP-SM) and Douglas-fir (CPP-DG) according age classes 
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m3w.b./ha 

 
Graph 10. TCI (m3 w.b./ha) comparison between Norway spruce (CBP-SM) and Douglas-fir (CBP-DG) according age classes 
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Douglas-fir application in the Czech Republic, silviculture 
practices for implementing Douglas-fir to stand mixtures in 
the Czech Republic 
 
Slodičák Marian1, Mauer Oldřich2,  Podrázský Vilém3 

 
1Forestry and Game Management Research Institute, Opočno v Orlických horách, Czech 
Republic; e-mail: slodicak@vulhmop.cz  
2Mendel University in Brno, Faculty of Forestry and Wood Technology, Czech Republic; e-mail: 
omauer@mendelu.cz  
3Czech University of Life Sciences Prague, Faculty of Forestry and Wood Sciences, Czech 
Republic; e-mail: podrazsky@fld.czu.cz  
 
 
 
 
 
Abstract 
Douglas-fir is the most distributed introduced coniferous tree species in conditions of western 
and central Europe. In the Czech Republic, Douglas-fir is covered on total area of 5,800 ha, 
which is equal less than 0.25% of forests area in the republic. A long-time approach of the 
species composition entertains with its representation to about 2%. Douglas-fir is characteristic 
by its good wood quality and its versatile use. Valuable range of product may be reached by 
suitable way of silviculture. The main argument against Douglas-fir introduction into forest 
stands is adaptation lack among allochthonous tree species and autochthonous flora and fauna, 
which can cause to hardly monitored expansion and autochthonous plant communities and 
species suppression. Experiences in Czechia conditions indicate that there is no danger for 
Douglas-fir.  
Nevertheless, the need to find relevant sources by the next research still exists. That means 
foremost about: nursery stock growing, information about root system development, plantation 
establishment and mixed stands creation with a dominant commercial species, forest thinning 
with Douglas-fir, natural regeneration of this species, its influence on phytocoenoses and soil 
environment, and well-founded economical assessment of increased Douglas-fir representation in 
stands benefit. Project output will content drafts of silviculture techniques for Douglas-fir 
introduction into forest stands, with respect to forest function requirements, including an 
economic balance and minimization risks potentially resulting from its introduction. 
 
Key words 
Douglas-fir, silviculture technique, habitat, health condition 
 
 
 

 - 11 -

mailto:slodicak@vulhmop.cz
mailto:omauer@mendelu.cz
mailto:podrazsky@fld.czu.cz


Introduction and aim of the contribution 

Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) became subject of forest management 
interest due to considerable biomass production firstly, which surpasses production of 
autochthonous tree species.  

Douglas-fir is the most distributed introduced coniferous tree species in conditions of 
western and central Europe at present. In some countries, primarily in France, Great Britain and 
Germany, isn’t its growing strongly limited and it markedly participates on increasing of forest 
management competitiveness. Age the oldest stands listed in Czechia exceeds 120 years today. 

Douglas-fir stands stock in the age of 80 years is in average 200 m3grater than stock in the 
Norway stands of the same age (Šika 1983). Douglas-fir is characterized of the wood good 
quality and its versatile use. Valuable range of products production may be reached by suitable 
silviculture way. Meanwhile proven fact is a significant argument for greater Douglas-fir 
application, that it haven’t a negative influence on soil conditions, on humification and its 
conversion during mineralization and layer humification, especially. It’s relatively tolerant to 
anthropogenic stress in comparison to Norway spruce. In our conditions, Douglas-fir isn’t 
damaged by abiotic and biotic factors at the range higher than it’s considered normal in 
autochthonous conditions. It doesn’t damage stands stability by its feature, it doesn’t spread any 
diseases, and even it’s taken as soil-improving and firming woody species. It’s successfully 
useable in mixed stands in systems of ecologically oriented forest management. In suitable 
silviculture, it is capable of natural regeneration in Czechia conditions. It’s relatively resistant to 
summer draught in comparison to Norway spruce and other tree species (Kleinschmit 2000). 
Then, it has assumptions to be perspective as component species composition of forest stands 
with the expected climate changes and its silviculture won’t burdened with additional protection 
costs. 

The principal argument against Douglas-fir introduction to forest stands is the lack of co-
evolution (reciprocal adaptation) among allochthonous tree species and autochthonous flora and 
fauna, which may occurs only during long-time period of coexistence in the same region. 
Unusual needles chemistry, litter of assimilation organs, bark may cause undesirable chemical 
changes in the soil, allelopathy, to influence of litter and wood destructors, phytophages, etc. This 
may cause disruption of substance cycle, site conditions, live soil cover, consumer communities, 
etc. The application of outland elements in the environment can also lead to disruption of 
biological processes in the ecosystem (e.g. plant pollination, symbiotic relationships). 
Allochthonous tree species may also influence on birds abundance and composition due to 
specific growth forms, bark, branching, foliage, rough bark character, etc. This can create 
specific, in many cases less favourable or unfavourable, conditions for nesting and food 
collection. Current information on the Douglas-fir impact on these risks is still sporadic (Bürger-
Arnolt 2000). 

In some cases, the objections also focus on shifts in specific relationships in plant 
communities (Sukopp and Kowarik 1986). Intensive growth, particularly with regard to 
favourable nutritional conditions, plenty of water and light delight, intensive soil rooting and 
aggressive spread strategies may lead to difficult control and expansion of autochthonous plant 
communities and species, even in some cases autochthonous forest tree species. Experiences in 
the Czechia conditions indicate that there is no danger hard-to control Douglas-fir expansion 
associated with the suppression of autochthonous species. 
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The aim of this paper is to provide information on the ongoing project and expected 
summary outputs, which will include concrete proposals for silviculture practices for introducing 
Douglas-fir to forest stands, respecting the legitimate requirements for forest functions, including 
economic balance and minimizing potential risks arising from its introduction. 

Natural area and prerequisites for Douglas-fir introduction 

The present Douglas-fir natural area in Pacific Northwest America has a range of about 
3,500 km from north to south and about 1,500 km in the east-west direction. With regard to 
climatic and edaphic variability in this vast territory, various adaptive Douglas-fir types have 
developed during the evolution. In terms of variability in the large-scale concept, a distinction is 
made between the viridis variety (mainly coastal range) and, in areas of a more or less continental 
character, the glauca variety. In the south-western regions of British Columbia (Canada) and the 
northeast of Washington (USA), a relatively wide contact zone has been established for both 
varieties. Faster growing and more productive individuals of variety viridis  - green - reach 
heights of up to about 80 m and d.b.h. over 3 m in optimal conditions of coastal areas. Hofman 
(1964) published more detail information about Douglas-fir original distribution (natural range). 

When introducing from the natural range to other areas, genetically conditioned traits and 
characteristics of populations play a role, as well as environmental conditions. The same applies 
to Douglas-fir as to other exotic trees (Kleinschmit 2000). The genetic structure of populations 
(genetic variability, adaptability, degree of heterozygosithy) and environmental conditions 
(climate, soil, photoperiodicity) interact with each other. The genetic variability among 
individuals within a population, due to natural selection taking into account specific ecological 
conditions, allows the transfer of populations in a relatively wide frame of the environment. 
Individuals who are able to adapt to specific local habitats survive under the new conditions. 

An individual adaptability plays role besides genetically conditioned variability, mainly due 
to introduction to new environments. This plasticity (homeostasis) allows well-equipped 
individuals to survive in the new environment and reproduce under favourable conditions. 
Douglas fir was observed to exhibit great vitality and admirable production capability not only in 
areas of natural range but also in Europe. 

The evaluation of the provenance areas, especially the older ones, suggests that in European 
conditions, the selection is oriented to later flushing individuals in plantings, while individuals of 
different types are under to harmful influences. The evaluation of the provenance plots, especially 
the older ones, suggests that in European conditions, the selection is oriented to later flushing 
individuals in plantings, while individuals of different types are under to harmful influences 
(winter drought, late froze, etc.). Information from plantations made under different 
environmental conditions in European countries has shown that changes in genetic character are 
relatively small, despite the considerable differences of planting sites (Kleinschmit et al. 1987). 

This reality was documented also by results of several enzyme systems analyses. The 
comparison of the genetically determined composition of the parent stand and natural 
regeneration, carried out in Germany, showed that in the specific case the population from natural 
regeneration does not lead to an expected narrowing of the genetically conditioned variability 
(Kleinschmit 2000). It could be stated that the population from natural regeneration shows even 
more genetically conditioned variability than the parent stand. This fact is hypothetically 
explained either by the probable occurrence of low-frequency alleles in the old stand, which were 
not detected during sampling, or by the possible transfer of pollen from adjacent stands.  
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The information given indicates that Douglas-fir is a tree species that is characterized by a 
considerable adaptability to various environmental conditions. This fact is proven by the positive 
results of the introduction even in the relatively variable conditions of Europe. Douglas-fir should 
therefore continue to be considered as a tree, whose further use and application has a positive 
perspective from a genetic points of view. Analyzes of parent stands from natural regeneration 
show that even with natural reproduction there is no need to clearly narrow genetic variability as 
one might expect. 

Site conditions and Douglas-fir growing 

Douglas-fir is a tree species with very wide amplitude. This fact is documented primarily 
by the extensive area of the natural range in the North American subcontinent. As part of the 
survey carried out by Šika (1983) in the study of Douglas fir production in the Czech Republic, 
stands growing in very diverse habitats were registered and evaluated, from the beech-oak (Fagus 
sylvatica-Quercus petraea agg.) to the fir-beech (Abies alba-Fagus sylvatica) zones. Also the 
representation of forest site types and edaphic categories is quite wide. Douglas fir grows in the 
edaphic categories (Viewegh 2005) of water deficient, acid, medium nutrient rich, nutrient rich, 
enriched with humus, moist and stagnic (gleyed). Generally, it is not recommended to plant it in 
the middle and higher altitudes. However, the exact data of Douglas-stands at these habitats 
shows that even here the growth of Douglas-fir significantly exceeds that of the Norway spruce. 
Although it may be expected that there will be some increased wind risk at these sites, the risk of 
its damage is lower than that of Norway spruce. 

Summary of knowledge about silviculture practices in Douglas-fir 
stands 

Douglas-fir in the Czech Republic was planted primarily on narrower clear cuttings in the 
form of unmixed stands or groups, in some cases with Norway spruce, which was to be a 
“filling” wood. Precisely unmixed stands of exotic tree species (e.g. locust and black pine), 
including Douglas fir, are the cause of a very reserved attitude of nature protection authorities to 
the exotic tree species planting (Šindelář and Beran 2004). The main argument and objection is 
the lack of co-evolution, i.e. the mutual adaptation between allochthonous species and 
autochthonous flora and fauna, which may arise during long periods of coexistence at the same 
area. 

Another objection to Douglas-fir is the unusual chemistry of needles and, consequently, the 
litter of assimilation organs and other dying parts of trees, which can cause undesirable chemical 
changes in the soil when decomposed. This can disturb the circulation of substances, site 
conditions and living soil cover. 

Often mentioned objection to the introduction of Douglas fir is also the potential danger of 
hard-to-control expansion of the allochthonous species and the suppression of the autochthonous 
plant communities and species. Experience to date in Europe and the Czech Republic suggests 
that there is no similar risk of hard-controlled expansion in Douglas fir in the Czech Republic. 

In addition, the aforementioned risks can be significantly reduced to almost eliminated, 
provided that Douglas-fir is grown in a mixture with a significant to dominant proportion of 
autochthonous tree species. Beside that stands mixed with the proportion of autochthonous tree 
species are more acceptable from the point of view of formation and protection of the 
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environment, this method of management can be positive importance also in the fields of 
silviculture and forest protection.  

In connection with the tendency to grow Douglas-fir no longer in unmixed stands, but in 
suitable stand mixtures with autochthonous tree species, the procedure for establishing mixed 
stands is current. As already mentioned, it is assumed that for a relatively large range of habitats 
in the conditions of Central Europe it represents arrangement from the production and ecology 
point of view, e.g. Douglas-fir and European beech mixture. 

The appropriate thinning is crucial for successful development of forest stands with the 
admixture of Douglas-fir. The current findings summarized by Šindelář and Beran (2004) show 
that the young stands thinning should be oriented according to how the stands were arisen or 
were established. Intensive treatments in the youngest stands (decreasing the density of advance 
growth and juvenile thinning) are only necessary, when natural regeneration is very dense. In the 
case of stands established by planting, which is the significant majority in the case of the Czech 
Republic, it is necessary to manage the thinning treatments according to the method of 
establishment, i.e. according to the number of seedlings growing per unit area. The procedure can 
be very variable, it ranges between 2,000-5,000 plants per ha so far in our conditions. 

According to Wolf's recommendation (Wolf 1998), early selection of target trees of 100-
300 individuals per 1 ha is needed and the silviculture interval between thinning should not 
normally exceed 5 years. Treatments should be rather mild; pruning is very suitable, as Douglas-
fir is known for a very slow course of trunk cleaning from dry branches. This process is to some 
extent conditioned by the provenance of the target trees, as is known from provenance 
experiments.  

In the print of Šindelář and Beran (2004), the areas for further research are formulated 
based on an analysis of available literature and practical experience. Research on silviculture 
techniques could contribute to the positive results of the Douglas-fir application in the CZ 
forestry. In our conditions, it may be considered desirable to verify the ways of establishing 
mixed stands of Douglas-fir with suitable tree species, especially European beech and lindens 
(small- or large-leaved). It should also be a research of planting Douglas-fir under shelterwood. 
As was already described, the aim is to reduce the risk of damages by abiotic factors and to 
appropriately regulate the growth of Douglas-fir during youth. Attention should also be paid to 
the possibility of establishing mixed stands with Douglas-fir on clearings using auxiliary (filler) 
trees, as well as research into the aiming induction of natural regeneration and the control of self-
sowings and advance growths. 

Project focus 

The great interest in various aspects of Douglas-fir cultivation, on the one hand, and the 
aforementioned objections on the other, in increasing the share of Douglas-fir, leads to the need 
to obtain sufficiently extensive and relevant base for further research. It is mainly about solving 
the choice of suitable reproductive material, the specifics of planting material cultivation and lack 
of information about the development of the root system in relation to the conditions of the forest 
environment. Furthermore, for the successful introduction of Douglas-fir, exact information is 
needed on the establishment and method of creating mixed stands with the dominant commercial 
trees in ecologically oriented forest management, on stands thinning with Douglas-fir, especially 
with regard to production quality (pruning possibilities) and other forest functions. Attention 
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should be paid to the ongoing natural regeneration of this species, as well as its impact on the 
environment of forest soils and phytocoenoses, and an erudite economic evaluation of the 
benefits of increased Douglas-fir representation in stands. 

The project is focused on obtaining data for the use of Douglas-fir in stand mixtures with 
the aim of increasing the functional potential of forests in the Czech Republic. The project is a 
comprehensive solution to the issue of reproductive material and the specifics of seedlings 
growing, as well as the issue of establishing and creating mixed stands with the dominant 
commercial trees and their thinning in systems of ecologically oriented forest management. 
Attention is also paid to the influence of Douglas-fir on the forest soils environment and 
phytocoenoses and economic evaluation. The project is based on a multidisciplinary basis with a 
broad research base of the main forestry research institutes in the Czech Republic (Forest and 
Game Research Institute at Strnady, Faculty of Forestry and Wood Technology – Mendel 
University in Brno, Faculty of Forestry and Wood Sciences - CULS Prague). 

Expected benefits of the project 

The contribution of the project will be suggestions of silviculture procedures for 
introducing Douglas-fir into forest stands respecting the legitimate requirements for fulfilling 
forest functions, including economic balance and minimization of risks arising from its 
introduction. Assuming an increase in the current area of Douglas fir in the Czech Republic to the 
considered 2% (mainly in stand mixtures), its reduced stand area could reach about 52.000 ha, 
which, with a documented increase in production of about 200 m3 and wood price around CZK 
2.000 per 1 m3, could represent increased revenues for additional production by more than CZK 
20 billion for a rotation period of around 80 years. 

Partial project aims 

The partial aims of the project are based on the focus of the project and further specify the 
individual areas on which the research will focus in detail. These are mainly: 
1. Specification of suitable reproduction material of Douglas-fir based on a comprehensive 

evaluation of experimental plots established in the Czech Republic in the second half of the 
20th century. 

2. To determine silviculture technologies and to limit the use of Douglas-fir planting material. 
3. To find out the architecture, health condition and functionality of the Douglas-fir root system 

at nutrient sites. 
4. To find out the architecture, health and functionality of Douglas fir root system in 

acidophilous habitats. 
5. To establish procedures for introducing Douglas fir to the established stands of the dominant 

commercial tree species due to format functionally optimal admixtures. 
6. To establish principles of thinning and pruning in stands with Douglas-fir with regard to the 

quality of production and other forest functions. 
7. Evaluation of the influence of Douglas-fir on the state and development of forest soils and the 

state of phytocoenoses in forest stands. 
8. Evaluation of possibilities of natural regeneration of Douglas-fir at acidophilous habitats 

(School training forest in Písek) and nutrient habitats (University forests in Křtiny). 
9. Calculation of direct and complete prime costs of establishing and silviculture of Douglas-fir 

stands. 
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Abstract 
The thesis analyzes the architecture and health state of the Douglas-fir root system on all decisive 
habitats of the Czech Republic from the 2nd to the 7th forest vegetation zones at the age of 10 to 
80 years. Thanks to its architecture the Douglas-fir root system guarantees high mechanical 
stability of the tree with the possibility to draw water from deep soil horizons. It does not 
compete with other standing trees. Douglas-fir can be used as amelioration and reinforcing tree 
species in all nutrient and acidophilous habitats from the 2nd to the 7th vegetation zones, inclusive. 
Douglas-fir has assumptions that it can partially replace Norway spruce at nutrient sites of lower 
altitudes. Douglas-fir cannot be used in extreme and water-affected habitats. Careful planting is 
absolutely necessary. No differences were found between the Douglas-fir root systems from 
natural and artificial regeneration. 
 
Key words 
Douglas-fir, root system, habitat, health state 
 
 
 

Introduction and aim of the work 

Douglas-fir is the most important introduced wood for the Czech Republic's forestry, 
mainly due to its excellent growth properties and universally utilizable wood up to now. Šika 
(1988) states, that favourable conditions for growth in an area of over 1 million ha are found in 
the forests of the Czech Republic, when its focus should be on nutrient medium-rich habitats 
from hornbeam-oak (Carpinus betulus-Quercus petraea)  forests to beech-fir (Fagus sylvatica-
Abies alba) forests. However, Douglas-fir starts to be appreciated because, unlike autochthonous 
coniferous trees, it is more resistant to most of the damaging biotic and abiotic factors and with 
severe weather and drought changes at present. 

A number of data are available in the literature about the high production potential and 
good silviculture properties of Douglas-fir (Hofman 1964, Šika and Vinš 1980, Huss 1996, 
Kantor 2006, 2008). There are also a number of articles describing the positive effect of Douglas-
fir on the habitat (e.g. Podrázský and Remeš 2006). Relatively contradictory, often too general 

 - 18 -

mailto:omauer@mendelu.cz


and insufficient in terms of the number of messages, is information on the development of the 
Douglas-fir root system. Some authors describe the Douglas-fir root system as cordial, others 
found no distinction between horizontal and vertical roots, as well as it is some information about 
the surface Douglas-fir root system. All authors agree that the Douglas-fir root system does not 
grow into water and strongly compacted (mostly gleyed = stagned) horizons and its architecture 
(with the exception of surface root systems) ensures high mechanical stability of Douglas-fir 
(Podrázský and Remeš 2006). During a mechanical onslaught, Douglas-fir does not uproot, but 
breaks. The aim of the verification was to find out how it is evolving, what is the architecture and 
health state of the Douglas-fir root system in all crucial habitats of the Czech Republic from the 
2nd to the 7th forest vegetation zones (FVZ details in Viewegh 2005). All extreme habitats were 
excluded from the verification because the Douglas-fir does not compare to autochthonous tree 
species with its growth properties. 

Methods and material used 

The survey included stands between the ages of 10 and 80 years (older trees were not 
included due to the high effort of lifting). All roots were lifted by hand in an archaeological way. 
After cleaning, up to 36 parameters and characters were detected on each root system. Deciding 
criteria are mentioned in the article.  
• Root system type - root system consists of: 

1. Perpendicular and oblique anchors from the base + horizontal skeletal roots (signed as 
HKK in the result tables). 

2. Only vertical anchors from base + horizontal skeletal roots. 
3. Only oblique anchors from base + horizontal skeletal roots. 
4. Taproot system + horizontal skeletal roots. 
5. Only skeletal roots without anchors. 
6. Only horizontal skeletal roots with anchors from these roots. 
7. Universally developed root system. 

• Number of roots (pcs) – horizontal skeletal roots, perpendicular and oblique anchors from 
base, anchors from horizontal skeletal roots. 

• Rooting depth (cm) - the average distance from the soil surface to the tips of the 
perpendicular and inclined anchors from the base. 

• Length of horizontal skeletal roots (cm) - distance from the foot trunk to the tip of the root 
• The size of the root system (expressed as Ip). It is a calculated parameter that gives us the size 

of the root system to the length of the above-ground part of the tree. The number indicates the 
area (in mm2) of the cross-sections of all skeletal roots to the length of the above-ground part 
(in cm). The larger the number - the larger the root system. The Ip value was calculated for 
the whole tree and to determine the anchor proportion on the root system size separately and 
for all anchors (only all anchor roots were included in the calculation). 

• Every root system was examined for possible damage by biotic and abiotic factors; each root 
was cut longitudinally due to detect its rot. 

• Losses were observed on all monitored sites three years after planting. 

Special monitoring procedures have been used to verify the growth of Douglas-fir on 
water-affected habitats, to monitor the development of the Douglas-fir root system in a mixed 
forest, and to monitor the effects of root system deformations on its development and health state 
(briefly described in Results below). 
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Results 

Development and health state of root systems in nutrient, acidophilous and stony 
habitats from 2nd to 7th forest vegetation zones 

Table 1 shows that no significant losses were found after planting at any of the monitored 
sites. (Douglas-fir had higher production than other tree species on all monitored habitats). With 
the exception of stony soils, Douglas-fir always creates a strong anchor root system, consisting of 
perpendicular and oblique anchors growing from the stem base and horizontal skeletal roots. 
Their proportion in the formation of the root system is more than 50%. The rooting depth is large 
(the anchors continue to branch) and often reaches up to 1.5 m. Horizontal skeletal roots are short 
and do not exceed the crown projection with the exception of individual roots. The honey fungus 
(Armillaria mellea Quél.) was found on some root systems; only in acid and oligotrophic habitats 
(the honey fungus didn't become evident by defoliation). Douglas fir creates a strong anchor root 
system even on stony soils. Douglas fir creates a strong anchor root system even on stony soils. 
Therefore, there are often no perpendicular anchors from base, sometimes inclined anchors from 
base or anchors from horizontal skeletal roots, but the tree always creates one type of very strong 
and deep anchors at least. Tables 2 and 3 and Figures 1 and 2 show the development of the 
Douglas-fir root system on acid and nutrient habitats depending on the age of the trees. In both 
cases the Douglas fir formed a strong anchor root system. The basic architecture was already 
created at the age of ten on the nutrient habitats (analyzes were made on deep mesotrophic 
cambisols). With the increasing above-ground part, Douglas-fir reacted by increasing the number 
of anchors and the depth of rooting. All skeletal roots also grew fat and thus significantly 
increased Ip values. On acid sites (the analyzes were carried out on oligo-mesotrophic cambisols, 
the impermeable layers were at a depth of about 115 cm), the Douglas-fir made the basic 
architecture at the age of twelve, at the age of twenty it reached the maximum possible depth of 
rooting, at the age of forty, when trees already hadn't more increment, it created a stable root 
system that has not changed much. 

Development and health state of root systems on water-affected habitats from 2nd 
to 7th forest vegetation zones 

Table 4 shows, that Douglas-fir was unacceptable losses on all observed habitats (however, 
surviving Douglas-fir had higher production than other tree species on all the habitats). The 
Douglas fir created a shallow surface root system on all monitored sites; the proportion of 
anchors was minimal. In contrast to equally grown-up Douglas-fir on nutrient or acid habitats, the 
Douglas fir has formed one or two horizontal skeletal roots on the water table. All Douglas-fir 
root systems on water-affected habitats have been significantly attacked by honey fungus and 
often (in some cases all analyzed trees) root rot have been detected. The external manifestation of 
root system rot was often partial defoliation of the needles. Windfalls are a frequent manifestation 
of stands at these habitats. 

The development of the Douglas-fir root system at different habitats is very well 
demonstrated by analyzes of the same aged Douglas-fir in the same area (Tabs. 5, 6 and 7; Figs. 
3, 4 and 5). 
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Development of the Douglas-fir root system from artificial and natural 
regeneration 

The analyses included the oldest found stands, surely founded by artificial and natural 
regeneration (without replenishment) in the same habitat and at the same area. The results clearly 
show (Table 8, Fig. 6) that no differences were found between the two types of stand 
establishment. 

Influence of Douglas-fir root system deformation on development and health state 
of root system 

The root system deformations of the planting material used or the deformations induced by 
inadequate planting are serious problem that significantly adversely affects the development and 
health state of the Douglas-fir root system. These are deformations into the capitulum in most 
cases. This deformation is irreversible, the tree always creates only a superficial (mostly one-
sided) root system, which is further attacked by honey fungus and rots (Fig. 9). In all our 
investigations, such trees (although they were originally dug) were not included in the analyses. 
However, we found stands with significant defoliation and stagnation of growth during our stands 
reconnaissance on nutrient and acid habitats - all this was caused by deformation of the root 
system (ascertained by uncovering the root systems). Therefore, we also analyzed the root 
systems of 14 Douglas-fir cultures on nutrient and acid habitats, with 30 trees analyzed in each 
culture. The result - 82% of the trees harvested had the most serious root system deformations. 

Development of the Douglas-fir root system in mixed stands 

Although we have found by all our analyses that Douglas-fir creates a striking anchor root 
system and the horizontal roots do not exceed the crown projection (however, the analyzes were 
made in stands with 100% or very high Douglas-fir representation). We also carried out analyses 
of the Douglas-fir root systems in mixed stands, comparing the development of the Douglas-fir 
root system and besides standing tree species of the same age. Altogether 24 situations on acid 
and nutrient habitats were analyzed, Norway spruce, Scotch pine, European larch, European 
beech and small-leaved linden were the beside standing tree species. The analyses were carried 
out in such a way, that firstly the trees were carefully surveyed, then dug, measured, photographic 
documented and with the help of photomontage the root systems were "placed" in the original 
position. The results showed (for example, two stand situations in Figs. 7 and 8), that the 
Douglas-fir root system does not grow into the root system zone of another tree species. If the 
trees grow side by side, the Douglas-fir does not form horizontal skeletal roots in this direction, 
or they immediately turn into a positive geotropic direction of growth. Exceptionally, the 
Douglas-fir root grows into the root system zone of another tree species, but in absolutely 
different soil horizons than the roots of this tree species (mostly at greater depths) grow. 

Conclusions 
By comparing all partial analyses, the following conclusions can be drawn: 
• Douglas-fir can be used as amelioration and reinforcing tree species (from our analyses as a 

reinforcing tree species mainly) on all nutrient and acid habitats from the 2nd to the 7th forest 
vegetation zones incl. 

• Douglas-fir provides assumptions, that it can partially replace Norway spruce on nutrient 
habitats of lower altitudes. 
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• Douglas-fir cannot be used in extreme and water-affected habitats and its careful planting is 
absolutely necessary. 

• No differences were found between the Douglas-fir root systems from natural and artificial 
regeneration. 

• By architecture of its root system, the Douglas-fir guarantees high mechanical stability of the 
tree with the possibility to draw water from deep soil horizons. It does not compete to other 
beside standing trees. 
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 Table 1. Losses after planting, development and health state of the Douglas-fir root system on acid, nutrient and stony habitats 
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2H 14 8 8x1 1061 5.4 2.3 2.3 2.1 91.7 88.5 0/0 14.4 8.9 
2B 7 6 6x1 3190 5.0 4.5 6.0 6.2 122.0 146.2 0/0 35.8 25.9 
2C 11 6 6x1 2250 7.0 4.0 3.1 5.2 177.3 142.0 0/0 98.6 73.1 
2M 17 6 6x1 1960 6.1 2.3 2.1 5.6 136.0 122.7 2/0 42.4 19.7 
2K 26 6 6x1 2214 5.7 3.2 1.9 6.4 147.8 142.7 0/0 39.9 26.1 
3H 12 6 6x1 2147 6.0 3.3 4.1 4.5 108.5 152.7 0/0 24.2 15.6 
3A 6 6 6x1 2166 5.7 2.7 3.9 6.3 125.1 83.1 0/0 47.3 30.1 
3B 16 6 6x1 3375 6.1 4.0 3.2 8.9 151.2 169.3 0/0 41.2 33.7 
3K 21 6 6x1 2670 8.0 2.0 4.3 3.7 115.5 185.4 2/0 36.5 21.5 
3N 20 6 6x3 1508 7.2 0.0 4.7 1.8 81.1 96.9 1/0 28.7 15.3 
3S 12 6 6x1 2119 5.6 4.2 4.3 5.1 137.7 117.6 0/0 39.4 32.6 
3M 10 6 6x1 770 9.2 2.0 2.8 3.8 91.1 313.7 0/0 23.6 11.6 
3W 17 6 6x1 2010 4.7 2.9 3.1 4.7 108.2 114.9 2/0 45.7 24.5 
4K 9 6 6x1 2406 7.7 2.0 4.0 4.3 104.7 162.9 3/0 47.6 19.9 
4B 14 6 6x1 1726 8.8 2.2 2.8 3.2 108.7 173.6 0/0 46.5 25.6 
4S 24 6 6x1 2020 7.2 3.1 1.9 4.1 141.3 165.6 0/0 36.4 24.4 
4H 17 10 10x1 902 5.4 2.3 2.3 2.1 91.7 88.5 0/0 14.4 8.9 
4M 24 10 10x1 993 7.1 1.2 2.7 1.3 91.3 124.6 2/0 23.7 15.2 
4F 13 6 6x3 1840 10.0 0.0 6.0 7.3 107.3 130.6 0/0 53.1 23.5 
5K 16 6 6x1 2850 8.7 1.5 3.8 4.8 115.0 226.2 2/0 45.1 24.2 
5B 12 6 6x1 2680 5.3 3.4 3.2 5.1 147.2 201.3 0/0 37.2 21.1 
6K 13 8 8x1 2163 6.7 3.3 3.7 7.7 108.2 149.5 0/0 35.5 20.4 
7K 7 6 6x1 872 5.0 2.1 3.0 4.7 108.5 105.1 0/0 26.4 15.5 

1 details in Viewegh 2005 
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Table 2. Development and health state of the Douglas-fir root system on nutrient habitats 
 

Age / Forest Site Type Complex)1 
Parameter 

10 /3B 20 / 2H 30 / 3H 60 / 2B 80 / 3B
Amount of tree analyses (pcs) 10 8 6 6 6 
Type of root system (in amout of trees) 10x1 8x1 6x1 6x1 6x1 
Lenght of above-ground part (cm) 387 1061 2147 3190 3375 
Amount (pcs) - HKK 4.3 5.4 6.0 5.0 6.1 
                     - perpendicular anchors from the base   2.3 2.3 3.3 4.5 4.0 
                     - oblique anchors from the base 3.0 2.3 4.1 6.0 3.2 
                     - anchor from the HKK - 2.1 4.5 6.2 8.9 
Rooting depth (cm) 81.0 91.7 108.5 122.0 151.2 
Lenght of HKK (cm) 58.2 88.5 152.7 146.2 169.3 
Amount of  trees attacted by honey fungus / rot 0/0 0/0 0/0 0/0 0/0 
IP - of all the tree 4.3 14.4 24.2 35.8 41.2 
    - of the all anchors 2.8 8.9 15.6 25.9 33.7 

1 details in Viewegh 2005 
 
 

Table 3. Development and health state of Douglas-fir root system on acid habitats 
 

Age / Forest Site Type Complexes (FSTC)1 
Parameter 

12 / 4K 20 /4K 40 /4K 55 / 5K 78 /5K
Amount of tree analyses (pcs) 10 10 6 6 3 
Type of root system (in amount of trees) 10x1 10x1 6x1 6x1 3x1 
Length of above-ground part (cm) 873 1626 2406 2850 2978 
Amount (pcs) - HKK 9.4 8/.8 7.7 8.7 8.6 
                     - perpendicular anchors from the base   1.8 2.2 2.0 1.5 1.6 
                     - oblique anchors from the base 3.0 2.8 4.0 3.8 3.4 
                     - anchor from the HKK 1.7 3.2 4.3 4.8 5.0 
Rooting depth (cm) 71.5 108.7 104.7 115.0 109.3 
Length of HKK (cm) 82.2 173.6 162.9 226.2 217.2 
Amount of  trees attacked by honey fungus / rot 0/0 0/0 3/0 2/0 1/0 
IP - of all the tree 14.3 15.7 47.6 45.1 46.2 
    - of the all anchors 9.3 6.9 18.9 24.2 25.3 

1 details in Viewegh 2005 
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Table 4. Losses after planting, development and health state of the Douglas-fir root system on water-affected habitats 
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2O 37 10 10x5 1102 13,4 0,0 0,0 3,0 19,2 192,6 7/7 19,8 3,3 
2P 41 10 10x5 1210 15,2 0,0 0,0 0,0 17,2 173,6 10/8 21,4 0,0 
3O 26 10 10x5 1226 12,7 0,0 0,0 5,0 21,3 202,2 6/3 24,2 2,8 
3P 54 6 6x5 2371 16,6 0,0 0,0 7,3 22,4 198,2 10/10 36,2 4,8 
4O 49 10 10x5 1029 12,8 0,0 0,0 7,4 20,5 115,8 4/2 26,9 2,9 
5O 58 6 6x5 1812 12,3 0,0 0,0 9,0 27,2 135,8 3/1 53,1 9,3 

1 details in Viewegh 2005 
 
 

Table. 5. Development and health state of the Douglas-fir root system on different habitats (in the same area) 
 

Forest Site Type Complexes (FSTC)1 
Parameter 

3M 3K 3N 3O 
Amount of tree analyses (pcs) 6 6 6 6 
Type of root system (in amount of trees) 6x1 6x1 6x3 6x1 
Length of above-ground part (cm) 770 810 850 831 
Amount (pcs) - HKK 9.2 9.1 8.3 12.0 
                     - perpendicular anchors from the base   2.0 2.1 0.0 2.3 
                     - oblique anchors from the base 2.8 2.9 0.0 2.0 
                     - anchor from the HKK 3.8 3.9 4.1 2.7 
Rooting depth (cm) 91.1 95.5 67.0 17.1 
Length of HKK (cm) 131.7 143.7 151.1 141.5 
Amount of  trees attacked by honey fungus / rot 0/0 0/0 0/0 1/0 
IP - of all the tree 23.6 24.7 43.6 28.0 
    - of the all anchors 11.6 11.1 14.7 11.2 

1 details in Viewegh 2005 
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Table 6. Development and health state of the Douglas-fir root system on different habitats (in the same area) 
 

Forest Site Type Complexes)1 
Parameter 

4B 4F 5O 
Amount of tree analyses (pcs) 6 6 6 
Type of root system (in amount of trees) 6x1 6x3 6x5 
Length of above-ground part (cm) 1726 1840 1812 
Amount (pcs) - HKK 8.8 10.0 12.3 
                     - perpendicular anchors from the base   2.2 0.0 0.0 
                     - oblique anchors from the base 2.8 6.0 0.0 
                     - anchor from the HKK 3.2 7.3 9.0 
Rooting depth (cm) 108.7 107.3 27.2 
Length of HKK (cm) 173.6 130.6 135.8 
Amount of  trees attacked by honey fungus / rot 0/0 0/0 3/1 
IP - of all the tree 46.5 53.1 23.1 
    - of the all anchors 25.6 23.5 9.3 

1 details in Viewegh 2005 

 
 

Table 7. Development and health state of the Douglas-fir root system on different habitats (in the same area) 
  

Forest Site Type Complexes)1 
Parameter 

4M 4K 4O 
Amount of tree analyses (pcs) 10 10 10 
Type of root system (in amount of trees) 10x1 10x1 10x5 
Length of above-ground part (cm) 993 1176 1029 
Amount (pcs) - HKK 7.1 7.0 12.8 
                     - perpendicular anchors from the base   1.2 1.7 0.0 
                     - oblique anchors from the base 2.7 3.3 0.0 
                     - anchor from the HKK 1.3 1.3 7.4 
Rooting depth (cm) 71.3 81.0 20.5 
Length of HKK (cm) 124.6 149.5 115.8 
Amount of  trees attacked by honey fungus / rot 2/0 3/0 4/2 
IP - of all the tree 23.7 23.7 26.9 
    - of the all anchors 15.2 17.2 2.9 

1 details in Viewegh 2005 
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Table 8. Development with the health state of the Douglas-fir root system from artificial and natural regeneration 
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natural 3K 10 10x1 876 10.1 2.3 3.4 2.4 80.1 112.1 0.0 16.6 5.1 
artificial 3K 10 10x1 887 10.5 2.3 2.5 2.5 80.4 117.7 0.0 15.9 5.3 
natural 4H 10 10x1 865 9.7 0.0 4.5 2.3 60.6 105.9 0.0 17.3 4.9 
natural 4H 10 10x1 865 5.7 2.5 2.3 1.4 80.4 100.0 0.0 17.7 8.6 
artificial 4H 10 10x1 902 5.4 2.3 2.3 2.1 91.7 88.5 0.0 14.4 8.9 

1 details in Viewegh 2005 
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Fig. 1. Douglas-fir root system on nutrient habitats (see Table 2) 
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Fig. 2. Douglas-fir root system on acid habitats (see Table 3) 
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Fig. 3. Douglas-fir root system on different habitats in the same area (see Table 5) 
 

 
 

Fig. 4. Douglas-fir root system on different habitats in the same area (see Table 6) 
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Fig. 5. Douglas-fir root system on different habitats in the same area and the same stand (43 years) 
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Fig. 6. Douglas-fir root system from the natural and artificial regenerations (see Table 8) 
 
 
 

 
 

Fig. 7. Development of root system beside standing trees - Douglas-fir (left) and European beech (right) - distance 1.6 m age 56 
years, Forest Site Type Complexes 4S)1 
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Fig. 8. Development of root system beside standing trees - Douglas-fir (left) and Norway spruce (right) - distance 1.8 m age 48 

years, Forest Site Type Complexes 4K  (details in Viewegh 2005) 
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Fig. 9. Deformations and rots of the Douglas-fir root system due to inappropriate planting (on top 5 years after planting; in the 

middle 16 years after planting; bottom 25 years after planting) 
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Abstract 
The paper is focused on the first results obtained within the research project NAZVQI112A172 in 
the field of Douglas-fir thinning. Attention is paid both to pure Douglas-fir stands and to mixtures 
with autochthonous tree species (Norway spruce, Scotch pine). The issue of pruning is also 
discussed. Based on the results of the newly established experimental base, Douglas-fir reacts 
very well and immediately to thinning by increasing the intensity of growth and improving 
stability. Furthermore, the positive effect of thinning treatments on admixed tree species was 
identified, which responded to the release even more intensively than the Douglas-fir. 
Confirmation of the thinning effect must be based on multi-year observation. 
 
Key words 
Douglas-fir, stand thinning, pruning, mixed stands, introduced tree species 
 
 
 

Introduction 

Thanks to its good growth properties, Douglas-fir (Pseudotsuga menziesii Mirb.) Franco) 
has gradually become the most widespread introduced tree species in the forested countries of 
Western and Central Europe. Douglas-fir is relatively resistant to anthropogenic stress and in our 
conditions it is not significantly threatened by harmful abiotic or biotic factors. In addition, it can 
make higher volume production compared to our economically most important species – Norway 
spruce (Hofman 1964, Kantor 2008, Tauchman et al. 2010). Also, the assumption of a 
significantly negative effect on the upper soil horizons was not confirmed in our conditions 
(Podrázský and Remeš 2008, Podrázský et al. 2010). Conversely, among the favourable and well-
founded properties of Douglas-fir is its considerable potential for natural regeneration, especially 
in acid habitats of beech-oak (Fagus sylvatica – Quercus petraea) and oak-beech (Quercus 
petraea – Fagus sylvatica) forest vegetation zones (Bušina 2007, Kantor et al. 2010). 

Despite the above-mentioned features of Douglas-fir, its potential in forest management of 
the Czech Republic is not yet sufficiently utilized and its portion is minimal (up to 0.2%) in the 
species composition of our forests. A little experience with its silviculture is probably the reason 
in some cases. The negative attitude of nature conservation authorities to afforestation by this 
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species is often one of the barriers to wider Douglas-fir distribution in commercial forests. In 
order to improve this situation, the collection and verification of exactly substantiated knowledge 
on the silviculture of this species was initiated in the form of the project NAZVQI112A172 
"Silviculture procedures in the introduction of Douglas-fir to the stand mixtures in the Czech 
Republic" (2011-2014). The project is currently in the final year of solution and its gradually 
published outputs are the basis for the rational use of Douglas-fir in our forests.  

The present paper is based on the solution of the mentioned project and is focused on 
aspects of stand thinning of young Douglas-fir stands. Attention is paid as to the pure Douglas-fir 
stands as to the mixtures with autochthonous tree species. The issue of pruning is also mentioned. 
The issue of pruning is also mentioned. 

Methods 

Experiments with Douglas-fir silviculture were established between 2011 and 2012 in 
different age stands (Table 1). These are always in pairs (each with an area of 0.02 to 0.04 ha, 
depending on the age of the stand), one of which is left as a control (without intentional 
treatments) and the second has been subjected to a strong low thinning treatment (see chapter 
Results). Each year after the growth season, diameters at breast height of all trees were measured 
on permanently marked measurement point and with an accuracy of 0.1 cm and height (about 30 
trees on each sub-area) with an accuracy of about 0.5 m. Height curves were calculated according 
to Näslund (1937). 

In 2012, pruning of part of the target trees selected at random was made on the treatment 
plot variants at Odolov, Polánky, Havlovice and Obora. Only dry branches up to 5m were 
removed on older plots (Obora and Havlovice). On younger plots, the pruning height was also 5 
m, but the green branches were also removed. On the youngest plots (Odolov), it was ensured to 
remain five upper whorls on the trees after pruning at least. All trees are repeatedly measured 
(thickness and height) in framework of annual revisions. 

Given that only a few growth seasons have elapsed after the treatments, the reported results 
should be considered preliminary. 
 

Table 1. Overview of the experimental base established and monitored in the framework of the project 
 

  year of research establishment plot tree species represented age
2011 Polánky I Dpoglas-fir 17 
2011 Polánky II Douglas fir, Scotch pine, Norway spruce 17 
2011 Písek Chata I Douglas-fir, Norway spruce 25 
2011 Písek Chata II Douglas-fir, Norway spruce, European larch, Silver fir 25 
2011 Písek Mlazina I Douglas-fir 8 
2011 Písek Mlazina II Douglas-fir 8 
2012 Odolov I Douglas-fir, rowan, European birch, European beech 11 
2012 Odolov II Douglas-fir, rowan, European birch 11 
2012 Havlovice I Douglas-fir, Norway spruce, European larch 24 
2012 Havlovice II Douglas-fir, Norway spruce, European larch 24 
2011 Obora Douglas-fir 41 
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Results and discussion 

Thinning of Douglas-fir pure stands 

Experiments with pure Douglas-fir stands (Polánky I on Forest Site Type Complexes-FSTC 
2K) (FSTC details in Viewegh 2005) and Douglas-fir stands with interspersed other tree species 
(Odolov I and II on FSTC 5K 1) were included in this section. Experimental stands at the age of 
20 years reached a density in the range of 3 to 4 thousand individuals per hectare and basal area 
of about 12 to 20 m 2 per hectare (Fig. 1). The cleanings were very strong in the sub-dominant 
and partial in the dominant tree layers. 70-75% of the trees amount corresponding to 60-65% of 
the basal area has been removed. After treatments 950 to 1300 individuals per hectare were left 
on the areas with thinning. The strength of the treatment is obvious from a comparison with the 
table values of Schober (1987) for 1st to 3rd yield class. A stronger reduction in the number of 
individuals in the first treatments follows on the experience of Norway spruce stands (Slodičák 
and Novák 2007), where such reduction (especially sub-dominant and partial dominant tree 
layers) ensured future stability of young stands against snow damage and improved primary 
production conditions (increased income light and moisture). The production base of young 
stands is not endangered at this stage, as individuals lagging behind in growth are preferentially 
removed. This is also evident from the comparison with the table values for the basal area (Fig. 
1). 

The need for treatment in the thicket phase is evident from the values of the slenderness 
quotient of the mean stem, which exceeded 1.0 in the 17-year stand of the Polánky I experiment 
and 0.9 in the younger stand of the Odolov experiment (11 years) (Table 2). Again, as with 
Norway spruce, height increment culminates in stand of this age, which leads to a decrease in 
stability to snow in the over-dense stands. Although only short-term measurements are available 
since the treatments were made (especially in the Odolov plots), there is an apparent trend of 
improvement (decreasing) in the slenderness quotient values on the treatment plots. 

 

 
Fig. 1. Development of the number of trees (N) and the basal area (G) in experiments with the thinning of young Douglas-fir 

stands in comparison with Schober (1987) tables for 1st - 3rd yield classes (K - control stands without treatment, Z - stands with 
thinning). 
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Table 2. Development of slenderness coefficient (h / d) of mean stem in experiments with thinning of young Douglas-fir stands 
(K - control stands without treatment, Z - stands with thinning) 

 
Plot Polánky I (K) Polánky I (Z) Odolov I (K) Odolov I (Z) Odolov II (K) Odolov II (Z) 
h/d when setting up 

the experiment 
1.1 1.16 0.91 0.96 0.90 0.93 

h/d after 1 year 1.11 1.4 0.88 0.90 0.85 0.86 
h/d after 2 years 1.14 0.99         
h/d after 3 years 1.12 0.94         

 

Thinning stands with Douglas-fir from natural regeneration 

On three plots with control and treatment variants (Písek Mlazina I, II, III on FSTC 3K1), 
the initial hectare numbers of trees  ranged from 12,900 to 52,800 trees per hectare at the time of 
experiment establishment. The age at the time of its establishment was 8 years and it was a 
Douglas-fir thicket from natural regeneration without the admixture of other trees and without 
any silviculture treatment. After the basic measurement, 20 dominant individuals (2000 trees per 
hectare) were selected on each sub-plot (0.01 ha) for further observation. All other trees were 
removed on the plots of treatment and the selected trees were left in the canopy on the control 
plots. 

It is still early to detect trends after the second growth season, however, in all three plots, 
there were signs of more intensive increment as on the basal area as on the average diameter of 
the observed dominant trees after the treatment. Apart from the third plot, faster hint of 
improvement was also indicated in static stability after the treatment (Table 3). 

The need to start with thinning of Douglas-fir stands already at a mean stand height of 3-5 
m, i.e. approximately at the age of 10-15 years is already mentioned in the literature (Reukema 
1975) available assortments. For example, if it is desirable to achieve diameter of 20 cm, the pre-
commercial treatment should result in a reduction in the number of individuals per hectare to 
1000, and at a desired diameter of 25 cm, reduction to 750. From this point of view, the thinning 
we carry out can still be considered to be delayed and mild, although the cited recommendations 
relate to Douglas-fir forests in the US and their application in the conditions of Central Europe is 
not reliably verified.  

Concerns about the deterioration in the future quality of Douglas-fir wood due to intensive 
thinning in youth have not been confirmed by research made in southern Italy (Todaro and 
Macchioni 2004). On the basis of experiments with thinning of young Douglas-fir stands in 
British Columbia (Omule 1985) it is stated that thinning treatments led to an increase in diameter 
increment without appreciable effect on height increment. 

On the contrary, after 42 years of observation of the experiment in south-western 
Washington (Steele 1955), it was found that the thinning initiated in the nine-year Douglas-fir 
stand resulted in a significantly higher height increment compared to control. 
 

                                                 
1 details in Viewegh 2005 



Table 3. Basic data for plots Písek Mlazina I, II and III (N - number of trees, G - basal area, d - mean stand diameter, h - mean 
height of observed trees, h / d - slenderness ratio, K - control stands without thinning ( treatment), Z - thinning stands) 

 

  age 
N 

(ha-1) 
G 

(m3ha-1)
d 

(cm)
h 

(m)
h/d

N 
(ha-1) 

G 
(m3ha-1) 

d 
(cm) 

h 
(m) 

h/d

Plot    Mlazina I (K) Mlazina I (Z) 
2011 coppice-with-stand 8 24,000 3.08 1.3 2.3 1.79 24,000 3.08 1.3 2.1 1.65
2011 dominant stand 8 2,000 0.82 2.3 3.0 1.32 1,900 0.89 2.4 3.4 1.39
2012 coppice-with-stand 9 2,000 1.08 2.6 3.3 1.27 1,900 1.27 2.9 3.5 1.19
2013 coppice-with-stand 10 2,000 1.42 3.0 3.7 1.23 1,900 1.58 3.3 3.8 1.15
increment     0.6 0.7 0.7 -0.1   0.7 0.9 0.4 -0.2
increment (%)     73 32 23 -6   77 35 12 -17

  
Plocha   Mlazina II (K) Mlazina II (Z) 
2011 coppice-with-stand 8 52,000 3.00 0.9 1.9 2.28 52,800 3.00 0.9 1.9 2.24
2011 dominant stand 8 2,000 1.07 2.6 3.3 1.25 2,000 0.56 1.9 2.8 1.49
2012 coppice-with-stand 9 2,000 1.43 3.0 3.8 1.26 2,000 0.83 2.2 3.2 1.41
2013 coppice-with-stand 10 2,000 2 3.6 4.3 1.19 1,900 1.06 2.7 3.3 1.22
increment     0.9 1.0 1.0 -0.1   0.5 0.8 0.5 -0.3
increment (%)     87 38 2 -4   89 44 18 -18

  
Plocha                       
2011 coppice-with-stand 8 12,900 1.18 1.1 2.0 1.85 12,900 1.18 1.1 1.9 1.79
2011 dominant stand 8 2,000 0.71 2.1 2.8 1.32 2,000 0.57 1.9 2.5 1.33
2012 coppice-with-stand 9 2,000 1.38 3.0 3.3 1.12 2,000 1.13 2.7 3.1 1.16
2013 coppice-with-stand 10 2,000 2 3.6 3.9 1.08 2,000 1.62 3.2 3.4 1.06
increment     1.3 1.5 1.1 -0.2   1.1 1.3 0.9 -0.3
increment (%)     182 70 39 -18   184 68 34 -20

 

Thinning mixed stands with Douglas-fir 

The area of Polánky II on FSTC 2K, where the Douglas-fir with Scotch pine, and the area 
of Chata I on FSTC 3K, where the Douglas-fir with Norway spruce were mixed, were selected 
for the results representation of the experiment with thinning in mixed stands.  

In the year of establishment of the Polánky II plot, mixed Douglas-fir and Scotch pine stand 
reached the age of 17 years. Douglas-fir forms about 1/2 of the basal area of the whole stand due 
to worse growth conditions and higher admixture of the Scotch pine. The plot consists of a 
control part and a treatment part, each with an area of 0.04 ha. The hectare stand density reached 
5,775 trees in establishment on control (part) and 4,125 trees on the area of intervention (Table 
4). The total basal area per hectare was almost identical on both plots (19.58 and 19.40 m2). The 
differences in mean diameter, which were negligible on the Douglas-fir (4.8 and 4.5 cm) in 
treatment part, the mean breast height diameter of Scotch pine on the treatment part were about 1 
cm less than on the control (part). The experimental treatment was very strong also in this part of 
plot. 50% of the trees of both dominant tree species (DG and SP) and 54 and 50% of the circular 
(ring) base were removed mainly by negative selection at the sub-étage. In the next three growing 
seasons, the stand responded to the thinning by increasing the intensity of growth at the basal 
area compared to control. The total basal area increased by 75% in the treatment area (by 40% for 
the DG), while by only 38% in the control area (by 14% for the DG). The intensity of DG 
diameter increment was also doubled after the treatment (control 8.5%, treatment 16%). A lower 
slenderness ratio was also recorded in this area (control 1.27, treatment 1.18) in spite of the 
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almost identical height increment. However, the tendency to decrease the slenderness ratio after 
the treatment has not been established yet. Preliminary results suggest that at this stage, more 
Scotch pine (an increase of about 46%) than Douglas-fir (an increase of about 16%) benefited 
from this treatment at this site. According to the findings of other authors (e.g. Hofman 1964) 
Scotch pine can soon be outgrown by Douglas-fir, which has not been reflected in our experiment 
yet. 

Stand in the Písek Chata I experiment was founded by artificial regeneration and showed 
the initial hectare numbers of trees about 2,000 pieces at the time of the experiment. The age was 
25 years at the time of establishment and the stand was not treated until the start of the 
experiment. The area consists of a control and treatment part (each with size of 0.04 ha). The 
stand density reached 2,175 trees per 1 ha on control when established (of which DG 775) and 
1,875 trees on the treatment part (of which DG 700). Douglas-fir constituted 52% of the basal 
area on the control part and 41% of the basal area on the treatment part (Table 5). 
 

Table 4. Basic data for plot Polánky II (N - number of trees, G – basal area, d - mean stand diameter, Z - stands with treatment, 
DG - Douglas-fir, SP - Scotch pine) 

 

     
age 

NDG 
(ha) 

Ntotal 
(ha) 

GDG 
(m3ha-1) 

Gtotal 
(m3ha-1) 

dDG  
(cm) 

dSP  
(cm) 

hDG  
(m) 

h/d  DG

Polánky II  (K) 
2010 coppice-with-stand 17 5,775 7,700 10.44 19.58 4.8 7.4 5.4 1.13 
2010 dominant stand 17 5,625 7,550 10.19 18.3 4.8 7.4 5.4 1.12 
2011 coppice-with stand 18 5,500 7,550 11.17 20.42 5.0 8.0 6.2 1.24 
2012 coppice-with-stand 19 5,450 7,425 11.34 22.55 5.1 8.8 6.5 1.27 
2013 coppice-with-stand 20   7,375 11.63 24.84 5.21 9.63 6.6 1.27 
increment       1.4 6.8 0.4 2.3 1.2 0.1 
increment (%)       14 38 9 31 22 13 

  
  

Polánky II  (Z) 
2010 coppice-with-stand 17 4,125 8,175 6.79 19.40 4.5 6.3 5.1 1.13 
2010 dominant stand 17 2,050 4,050 3.64 9.77 4.6 6.3 5.1 1.11 
2011 coppice-with-stand 18 2,050 4,050 4.26 11.74 5.0 7.0 5.9 1.18 
2012 coppice-with-stand 19 2,125 4,050 4.86 14.46 5.3 8.2 6.2 1.15 
2013 coppice-with-stand 20 2,100 4,000 5.8 17.7 5.4 9.2 6.3 1.18 
increment        1.4 7.3 0.7 2.9 1.2 0.1 
increment (%)       40 75 16 46 23 6 

 

Experimental thinning in this area removed about 50% of trees in both dominant tree 
species (DG and NS) by negative selection at the sub-étage. A total of 34% of the basal area was 
removed (27% in DG) due to greater differentiation. DG's proportion increased from 41% to 45% 
after thinning and the proportion of NS accordingly decreased from 59% to 55%. Thus the 
thinning reduced the proportion of Norway spruce in favour of Douglas-fir. After two years of 
monitoring, Douglas's basal area (G) increased at control (part) by 8% (overall 4%), while on 
thinning part by 12% (overall 16%). Douglas-fir maintains a more favourable slenderness ratio 
on the thinning part than on control. It is clear from the data, that admixed tree species benefited 
more from thinning on this area, especially Norway spruce. Without the support of thinning, 
Norway spruce would probably be able to upgrowth Douglas-fir only on the sites of its 
production optimum (Hofman 1964). On the contrary, the mixture of Norway spruce with 
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Douglas-fir is not generally considered too suitable, because of the upgrowth Norway spruce by 
Douglas-fir (Šindelář and Beran 2004, Bartoš and Kacálek 2011). For example, a mixture of 
Douglas-fir and Giant fir is considered more appropriate (Hofman 1964). 
    
Table 5. Basic data for plot Písek Chata I (N - number of trees, G – basal area, d - mean stand diameter, Z - stands with treatment, 

DG - Douglas-fir, NS – Norway spruce) 
 

  
age

NDG

(ha)
Ntotal 
(ha) 

GDG 

(m3ha-1)
Gtotal 

(m3ha-1)
dDG 
(cm)

dNS 
(cm)

hDG 
(m) 

h/d  DG 

Písek Chata I  (K) 
2011 coppice-with-stand 25 775 2,175 18.50 35.68 17.5 12.4 17.5 1.00 
2011 dominant stand 25 775 1,950 18.50 34.01 17.5 12.9 17.5 1.00 
2012 coppice-with-stand 26 775 1,950 19.50 35.92 17.9 13.3 17.7 099 
2013 coppice-with-stand 27 775 1,850 20.00 35.44 18.1 13.4 18.7 1.3 
increment       1.5 1.4 0.6 0.5 1.2 0.03 
increment (%)       8 4 3 4 7 3 

  
Písek Chata I  (Z)   

2011 coppice-with-stand 25 700 1,875 13.38 32.85 15.6 15.1 16 1.3 
2011 dominant stand 25 375 900 9.74 21.84 18.2 17.7 17.4 096 
2012 coppice-with-stand 26 375 900 10.51 23.96 18.9 18.7 17.8 0.94 
2013 coppice-with-stand 27 375 900 10.89 25.29 19.2 19.3 18.7 0.97 
increment       1.2 3.5 1.0 1.6 1.3 0.01 
increment (%)       12 16 6 9 7 1 

 

Douglas-fir pruning 

Many authors mention the importance of pruning as a measure to improve the quality of 
Douglas-fir production (Blechschmidt 1954, Henman 1963, Hofman 1964, Šindelář and Beran 
2004, Bartoš and Kacálek 2011). Monitoring of the pruning effect on the state of Douglas-fir 
stands in our experiments was started in 2012. Therefore, available data for increment are after 
one growing season only, at present. The pruning of the monitored trees did not lead to changes 
in the diameter increment (Table 6) one year after the execution. There were cases when trees on 
the control part (plots Polánky I and II and Havlovice II) grew better, but also cases where the 
opposite was true (especially plots of Obora and Odolov II). The incremental differences did not 
exceed the standard deviation values from the average values. 
 

Table 6. Diameter increment (iD) of pruned and unpruned trees one year after realization (mean values with standard 
deviations sx) 

pruned unpruned 
Plot age 

iD (cm) sx iD (cm) sx 
Odolov I 12 0.71 0.25 0.66 0.30 
Odolov II 12 0.79 0.21 0.84 0.23 
Polánky I 20 0.77 0.26 0.89 0.35 
Polánky II 20 0.27 0.17 0.37 0.15 

Havlovice I 25 0.62 0.26 0.64 0.30 
Havlovice II 25 0.59 0.33 0.64 0.25 

Obora 44 0.93 0.30 0.59 0.48 
average 0.67   0.66   
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Conclusion 
Based on the results from the newly established experimental base, the following conclusions can 
be formulated: 
• Douglas-fir responds very well to the thinning by increasing intensity of the increment. Signs 

of stabilization (improvement in slenderness ratio) of the released trees already after the first 
growth period were recorded. 

• The positive effect of the thinning was also confirmed in very dense tickets resulting from 
natural regeneration of Douglas-fir. 

• A positive effect of thinning on the admixed tree species was identified, which responded to 
clearing even more intensively than Douglas-firs. Thus, the preservation of the mixture in the 
stands was promoted. 

• Improving the quality of Douglas-by pruning the target trees is often a recommended 
measure. However, confirmation of the effect of these thinning must be documented on a 
multiannual observation. 

These conclusions have to be considered preliminary because of the short-term monitoring only. 
A more detailed evaluation of these experiments is planned only after the following growing 
seasons. 
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Abstract 
In 2007, experimental plots of Douglas-fir (up to 150,000 pcs.ha-1) were established on acid sites 
(School Training Forest Hůrky) in which four different density cuttings were compared: 
A) an individual selection 
B) a schematic thinning 
C) a combined thinning 
D) a prunings on the so-called "high stubble". 
Regeneration density, total height, height increments during the last four years and root collar 
diameter were evaluated in all variants. These variants are evaluated as in silviculturely so 
economically, in conclusion. 
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Acid habitats of middle altitudes, recommendation 
 
 
 

Introduction 

The first planting of Douglas-fir at the Hůrka School Training Forest (current area of 658 
ha) dates back to the end of the 19th century. The oldest still standing stand was established in 
1885. Douglas-fir began to be introduced here systematically from the beginning of the 1920s 
(the current 9th age class), in an unprecedented extent between 1930 and 1939 (25.06 ha stands 
area). After 1940, the number of newly established stands group with Douglas-fir grow regularly 
by 29 to 70 (5.34 to 12.43 ha). But in fact, it is registered in 175 stand groups (43.2%) in the 
range of 1 to 10% (reduced area 10.72 ha). In total, 158 groups (45.28 ha) represent Douglas-fir 
11 to 50% and 55 groups (28.54 ha) 51 to 98%. Douglas-fir occurs in 17 groups with a total area 
of 4.73 ha in monocultural position. The representation of Douglas-fir on a total of 89.27 ha of 
the timber land (13.8%) does not appear to have an equivalent in the Czech Republic on 
properties of a similar size. 
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Methods 

Five plots based on the Hůrka School Training Forest in 2007 were used to solve this 
activity. The plots are stabilized by wooden poles; they are directly adjacent and have a size of 
100 m2. The stands are on flat and belong to FSTC 3K – Querceto-Fagetum acidophilum (details 
in Viewegh 2005).  

As a result of salvage cutting between 1998 and 2002, the monitored plots were thinned 
(the stand density reduced to 0.6 to 0.7) and followed by spontaneous natural regeneration of 
Douglas-fir. The density of regeneration in advance growths varied here from 35 to 150 
thousands pcs.ha-1. Various thinning variants were used on four plots and the fifth control plot 
was left without thinning; specifically these were: A- an individual selection, B- a schematic 
thinning, C- a combined thinning, D- a prunings on the so-called "high stubble” and E – control 
plot without thinning. 

The research itself followed the data on the intensity of thinning in 2007 and was realized 
after the end of the growing season 2011, in the months of October 2011 to March 2012. The 
height of each individual was measured to within 1 cm, the last four increments, and the root 
collar diameter to within 1 mm. 

Results 
Variant A - individual selection: Plot with the highest density – 148,900 pcs.ha-1 were registered 
before the thinning. The most arduous, extraordinarily strong individual selection in 2007 
eliminated 91% of individuals and the density was reduced to 13,100 pcs.ha-1. During the 
investigation in 2012 there were recorded 9,000 pcs.ha-1, mortality (by self-thinning) of this 
growth has reached 31% in the last four years. The minimum height of young trees was 192 cm 
and the maximum height was 509 cm (average 309 cm). The diameter of the root collar varied 
here from 1.7 cm to 8.3 cm (average 3.6 cm). 
Variant B – schematic thinning: On this plot, 50% of all Douglas-fir were removed in regular 
strips about 0.75 m wide. At the time of the establishment of the plot in 2007, the growth density 
reached 39,800 ks.ha-1, after the thinning of 19,900 ks.ha-1. In the course of four years, additional 
7,400 pcs.ha-1 (i.e. 37%) died here, so the growth density was recorded at 12,500 pcs.ha-1, during 
the last measurement in 2011/2012. In 2012 the lowest height of Douglas-fir was 100 cm; the 
highest was 318 cm (average 190 cm). The diameter of the root collar varied from 0.9 cm to 3.9 
cm (2.0 cm in average).  
Variant C - combined thinning (schematic + individual thinning): In this way, 50% of the 
individuals (stripes about 0.75 cm wide) were schematically thinned and, individual thinning was 
made on the remaining part of the plot at the same time. Before the thinning in 2007, there were 
registered 79,000 pcs.ha-1, after the treatment 15,800 pcs.ha-1; decreasing the density was thus 
80%. In 2012, there were only 9,500 ks.ha-1 registered, so 40% of Douglas-fire have died on this 
plot during the last four years. The average growth height was 181 cm (minimum 107 cm, 
maximum 286 cm) here in 2012. The diameter of the root collar ranged from 0.9 cm to 4.2 cm 
(average 2.1 cm).  
Variant D - prunings on the so-called "high stubble”: In a simple and relatively fast way, about 
9,500 pcs.ha-1 of hopeful Douglas-fir from the original number of 35,700 pcs.ha-1 were released 
in a regular spacing of about 1m x 1m. In 2007, at a height of about 1.3 m, a brush cutter 
accumulated 73% of young trees, with the assumption that this "sub-étage" will gradually die 
away. The density of full-length Douglas-fire decreased to 7,600 pcs.ha-1 (mortality 20%) during 
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the next four years. The average height of the growth reached 300 cm (minimum 127 cm, 
maximum 404 cm) in 2012. The diameter of the root collar varied here between 1.7 cm and 5.2 
cm (3.3 cm in average).  
Variant E - control plot without thinning: The total density of the growth at the time of the plot 
establishment 2007 was high, namely 70,800 pcs.ha-1. Norway spruce (34, 900 pcs.ha-1) was 
greatly regenerated besides Douglas-fir (35,900 pcs.ha-1) on this plot only. 22,200 pcs. of 
Douglas-fire per ha were there (mortality 38%) and 8,100 significantly lower Norway spruces 
(mortality 77%) after four years, in 2011/2012. The lowest Douglas-fire here had a height of 137 
cm, the highest 342 cm (average 219 cm) in 2012. The diameter of the root collar ranged between 
1.3 cm and 3.6 cm (diameter 2.4 cm). 
It is apparent from the height increments of Douglas fir on research plots in the years 2007 to 
2011, that  the height increments were absolutely the highest (range 32 cm to 37 cm) in variant A 
(individual selection). On the other plots, they all had an increasing tendency, especially for 
variant D ("high stubble"), where they almost doubled between 2007 and 2011 (increase in 2007 
- 20 cm and in 2011 - 38 cm; Fig. 1). 

Conclusion 

The analysis of the first tendings - prunigs  in Douglas--fir' growths at the Hůrka School 
Training Forest can be summarized in comparisons to each other and comparison with the control 
(variant) into the following conclusions, according to the variants: 
A – individual selection is financially demanding and its possible application must be carried out 
at a growths height of 0.6 m to 1.0 m. In this case, the pruning was made in 2007 only at a mean 
height of 1.7 m, which had a negative effect on wet snow damage (over-slendermess of the 
Douglas-fir) and also on increased risk of roe deer frying. 
B – schematic thinning is probably the simplest and also the least expensive pruning. However, 
from a silviculture point of view it practically does not solve tending in dense, respectively over-
grown strips, where there is a danger of young trees being damaged by wet snow. In addition, the 
stripes removed schematically allow the roe deer to enter the stands easily and increase the risk of 
marginal Douglas-fir frying. 
C - combined thinning (schematic + individual thinning) it is also costly and conclusions are 
regarded the same as for individual selection (see A). 
D - prunings on the so-called "high stubble” are probably the most effective way of tending in 
dense and over-dense Douglas-fir growths. Their indisputable advantage is the simple 
implementation, moreover, significantly complicate access of roe deer to growth and significantly 
improve the slenderness ratio of Douglas-fir, which also reduces the risk of young trees damage 
by wet snow. 
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Fig. 1. Mean height increment of Douglas-fir on research  plots of variants A – individual selection, B – schematic thinning, C - 

combined thinning, D - prunings on the so-called "high stubble” and E - control during four years (2008 – 2011). 
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Abstract 
The work analyzes some problematic parts of Douglas-fir planting stock - influence and methods 
of pre-sowing preparation, sowing time, nursery period, increasing frost resistance of planting 
stock, way of transporting, placing and storage of planting stock, influence of habitat and clearing 
area protection on regeneration success, influence of used planting stock, weeds and wildlife on 
growing of plantings. Based on exact research, proposals for solutions are submitted for each 
before mentioned heading. 
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Introduction and aim of the work 

Unlike other tree species, the silviculture of planting material and the establishment of 
Douglas-fir stands pose quite considerable problems. The main reason is probably that Douglas-
fir is constantly identified with Norway spruce in forestry practice, which is a tree of different 
properties, ecovalency and due to its some different steps of its silviculture and stands 
establishment.  

The aim of the paper is not to give a comprehensive guide to planting material growing and 
stands establishment, but to provide more explanation and information about the places and 
ranges, where the most mistakes are made, which the biggest problems and where the most 
uncertainty are made. However, it is important to become aware that forest regeneration is a 
complex and closed system where a mistake in one aspect can be negatively reflected in 
completely different aspects, both temporally and relatively distant. 

Since each addressed aspect required different methodological approaches, their detailed 
description is always given directly with the results of the verification. 
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Each solved issue was monitored and assessed repeatedly in several stands, nurseries or 
subsequently in several consecutive years. Therefore, all the outputs presented are not results of 
one measurement, but repeated measurements. 

Influence of provenance on the quality of grown planting material 

It is generally known that Douglas-fir (perhaps most of all introduced tree species used in 
the Czech Republic) quality of production and resistance to external influences very strongly 
influences its provenance. However, there is very little information on how provenance affects 
the quality of the planting stock. For this purpose, sowing of 16 Douglas-fir provenances was 
carried out, 14 of them were introduced (but all of them are potentially intended for silviculture in 
the Czech Republic or Western European countries), 2 of the provenances came from stands in 
the Czech Republic. The sowings were repeatedly made into uncovered mineral soil and under 
plastic foil covers. All results are identical. The provenance used significantly affects not only the 
height of the young trees cultivated, but also their losses. The results ranked according to the 
height of the cultivated three-year seedlings are in Table 1. The Table shows that differences 
between the highest and lowest height above ground part provenance were up to 100%. 
Furthermore, the table shows that the provenance with lower seedlings heights had almost no 
losses (caused by frost) and the higher the seedlings' heights of provenance, the greater the losses. 
This is due to the fact that the provenance with low seedlings heights go up to three weeks to 
dormancy rather than the ones with higher seedlings heights, and they leave the dormancy later in 
about the same time. Since we have planted seedlings in the stand, we can confirm that the 
provenance with their low height is minimally damaged after planting by frost. 

Pre-sowing preparation and sowing time 

It is a well-known fact that some Douglas fir proveniences require cold stratification before 
sowing, while others grow up without any pre-sowing preparation. 

In the first phase, the influence of different pre-sowing methods on seed emergence rate 
was verified. Seeds from the certified CZ-1-2C-DG-374-10-C unit, which is normally used 
without stratification, were used for the verification. The pre-sowing preparation was carried out 
in four ways (K - control without pre-sowing preparation, M - soaking in water at 2 ° C for 48 
hours, M + 21 - soaking in water at 2 ° C for 48 hours and subsequent stratification without 
medium at 2 ° C for 21 days, M + 30 soak in water at 2 ° C for 48 hours followed by stratification 
without medium at 2 ° C for 30 days, 30 ME - stratification with medium, sand / peat mixture in a 
ratio of 1: 4, at 2 ° C for 30 days). The results show (Graph 1) that the lowest emergence rate and 
germination energy had variant K, the best variant was M + 30, and the remaining variants were 
approximately the same. 

In the second phase, only stratification without media at 2 ° C for 21, 35 and 49 days were 
verified, and the sowing time was also verified. The results show that during the sowing in March 
(Graph 2) no significant differences in overall emergence rate were found between the variants, 
but the speed of emergence rate was higher during longer stratification than in the variant without 
any pre-sowing preparation. In May sowing (Graph 3) no significant differences were found 
between stratification variants, but control without stratification had almost 30% less emergence 
rate and the speed of emergence rate was considerably worse.  

The above mentioned verifications show that cold stratification also increases seed 
emergence even for seed that does not require stratification, and for later sowing also total seed 
emergence. 
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Furthermore, the influence of sowing time and cold stratification on emergence and 
seedlings growth in situ was investigated. Two provenances seeds were used for verification (A - 
CZ-1-1-DG-240-16-4-J and B - CZ-2-2A-DG-1740-3-3-P). The sowing was carried out into the 
uncovered mineral soil during the whole year, in both provenances simultaneously without 
stratification (in table marked as dry) and after cold stratification without medium at 2 ° C for 21 
days (in the table marked as stratified). All sowings were carried out in the same way (except for 
sowing on snow) and all sowings were treated in the same way. The results show (Table 2): 
• the seed emergence after cold stratification was somewhat greater in all sowings carried out 

before the beginning of May, the effect of cold stratification on emergence did not occur in all 
later sowings, 

• all sowings realized in the spring had a higher height of the above-ground part than sowings 
realized in the autumn (the difference is up to three times), the effect of stratification did not 
significantly affect the height of the above-ground part, 

• the sowings on snow was unsuccessful in terms of both emergence and seedling growth. 
Surveys show that early spring months are the most suitable time for Douglas-fir sowings; seed 
emergence could be increased by cold stratification in this time. 

In order to find out what causes dormancy and why cold stratification positively affects the 
seed emergence and the rate of emergence, we have determined the content of abscisic acid in 
different provenance of the seed and in seed in different ways picked and extracted. FromTable3, 
it can be concluded that the increased content of abscisic acid in the seed can also induce the time 
of picking and cone-extracting. 

Possibilities of increasing planting material frost resistance 

Planting material and Douglas-fir cultures suffer from early and especially late frosts. The 
aim of the verification was to determine whether their frost resistance could be increased by using 
chemical products. At the same time, three methods of determining the frost resistance of the 
planting material were tested (methods can be used not only for Douglas-fir planting stock).  

The results presented were preceded by a number of tests of various preparations on the 
principle of increasing the sugars or phytohormones contents plant tissues, a combination of 
various macro- and micro- elements in nutrition and preparations for increasing vitality 
(especially of agricultural crops). These preliminary tests clearly showed that only boron-based 
products can be used. Two preparations were used for verification - Borsan forte (11% boron 
content - marked BOR) and Solubor (17.5% boron content - marked SOL). Application of these 
preparations was realized in three variants marked: 
• 1 - one-time application (March 3rd) 
• 14 - application every 14 days (5 applications) 
• 7 - application made every 7 days (9 applications) 
• KON - control plants without application of the preparation. 
The frost-proof tests were carried out from the May 25th to May 30th, i.e. 9 weeks after the first 
application and were exposed to two-year container-grown young trees. The test took 12 hours; 
the temperature was gradually lowered from +4 °C to -4 °C for 2 hours; the plants were exposed 
to -4 ° C for 4 hours and the temperature was gradually raised to +4 °C over the last 4 hours. 
Graph 4 shows that both 5 and 9 applications of both against frost preparations significantly 
increased plant resistance. There were no significant differences between 5 and 9 applications; 
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preparation Solubor had a slightly better effect (plants showing 1-15 needles rust-coloured are 
marked as partially damaged in graph). 

Among the tested methods for determining the frost-resistance of the planting stock, the 
method for determining the chlorophyll fluorescence has proved to be very good; methods of 
measuring the cells electrolyte conductivity or visual assessment of plants after exposure to frost 
are less suitable. 

Influence of transplanting season of bare-rooted young trees 

In nursery practice it is said that autumn transplanting of Douglas-fir is unsuccessful. We 
therefore transplanted two-year bare-rooted young trees in autumn and spring time. Transplanting 
was carried out by the system "from soil to soil", autumn transplanting was winterized and young 
trees were irrigated according to need. The results show (Graph 5) that in both periods the 
Douglas-fir young trees can be successfully transplanted with careful work and mulching. 

Influence of the size and coverage of the clearing, planting season and used 
planting stock on the growth of Douglas-fir 

Already during the reconstruction of plantings it was apparent that the Douglas-fir showed 
large losses on large and uncovered clearings. We therefore evaluated several tens plantings of 
the same year of planting, which differed in size and coverage of the clearing and habitat type. 
The cover of the clearing was evaluated in three stages: 
• 1 - the clearing is not wider than 35 m and it is covered by the surrounding vegetation from 3 

sides at least, 
• 2 - the clearing is covered by the surrounding vegetation from 2 sides and the distance of the 

clearing from the stand providing cover does not exceed 1.5 times its height. Its size does not 
exceed 0.50 ha, 

• 3 - the clearing is covered by the surrounding vegetation from 1 side or it is not covered at all. 
Table 4 becomes clear, that losses significantly increase with decreasing coverage, the height of 
the young trees decreases and their vitality is reduced. The planting of Douglas-fir on water-
influenced habitats and extreme habitats uses to be minimally successful (very often up to 100% 
losses). 

Tables 5a and 5b show the planting results on small, large, and under-planting areas - 
always in a mesotrophic and acidic habitats, with very careful planting, depending on the planting 
season and the type of planting stock used. No differences were found between acidic and 
mesotrophic habitats. Since very careful planting was carried out by the system "from soil to 
soil", it can generally be stated that the planting season did not have a major influence in the 
under-plantings and small clearings. However, the results were influenced by other important 
factors - weevil feeding in the under-plantings, on large clearings due to frost and on small 
clearings due to both of these factors, but especially by the weevil feeding. Bare-rooted young 
trees survived significantly better than container-rooted young trees. 

Although we have found that with very careful handling and planting, Douglas-fir can be 
planted throughout the year, but such careful handling and planting couldn't be carried out in the 
forestry practice. Therefore, we established a number of "standard" plantings, which differed in 
the planting season, covering the clearing and the type of used planting stock. Table 6 shows that 
the best planting season is the buds flushing moment regardless of the clearing cover; a very 
suitable planting season is also autumn planting, after the growth of the above-ground part is 
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completed. Unsuitable are: planting at a time when a new terminal begins to flush and a late 
autumn planting. The highest losses were in the largest clearing (0.65 ha); the plants somewhat 
stagnated in their growth in the under-planting and on the largest clearing. 

Although Douglas-fir under-planting uses to be relatively successful, we have established 
under-plantings in differently stocked stands. Table 7 shows, that Douglas-fir tolerates the high 
shading only the first years after planting, large losses and growth stagnation are later. 

Douglas-fir suffers after planting by frost, over-transpiration, drought, wildlife and weevil. 
The magnitude of these losses can greatly affect the type and maturity of the used planting stock. 
Not only from Table 8 shows that strong young plants guarantee more successful regeneration 
than young trees (even container-rooted young trees). 

Influence of handling, planting season and shortening of the root system on the 
Douglas-fir growth. 

In forestry practice it is generally said that Douglas-fir planting stock is sensitive to its 
handling; contradictory views are on the possibility of root system shortening before planting. 

Douglas fir young trees (1 + 2) with shortened and unshorten root system were planted on 
the covered clearing area of 0.20 ha, Forest Site Type Complexes 3B – Querceto-Fagetum 
mesotrophicum (Viewegh 2005), (1/4 to 1/3 of the root system volume was cut off and the root 
system volume was xylometrically detected for part of the plants for the determination of the rate 
of root system regeneration; for the same plants, the root system volume was also found also in 
the evaluation). All handling and pit planting itself were very careful; "from soil to soil" system 
was applied consistently. Table 9 shows that neither the planting season nor the root system 
cutting had any effect on losses and increments (the increase was smaller in plants planted in 
autumn). It is also interesting to note that the volume of the root system of some shortened plants 
was often greater after two years than in plants with an unshorten root system. By further 
verifications we wanted to find out how the planting season, the quality of planting stock 
establishment, root system shortening and the  plant exposure range before planting (the plants 
were laid freely on the soil surface and exposed to atmospheric factors) influence an after 
planting losses. Young trees 1 + 2 were tested, plantings were carried out on covered clearing 
0.40 ha, FSTC 4K – Fagetum acidophilum (Viewegh 2005), plants were transported in PE bags 
out of nursery. Perfect placing - 1 week, plants placed individually in Norway spruce stands with 
the stocking of 0.8, covered by brushwood after placing. Bad placing - 1 week, the plants in a 
bunch in a Scotch pine stand with a 0.4 stocking, after placing weren’t covered. Table 10 shows 
that bad placing without exposure generates up to 5 times greater losses than perfect placing 
without exposure. Perfect placing without exposure did not affect the losses after the root system 
shortening; the losses of plants with shortened root system were up to 20 % greater in bad 
placing. Exposure 10 min. before planting significantly increased losses only in plants at the time 
of bud flushing and plant flushed; exposure 30 min. before planting had the same negative effects 
as bad placing, and caused 100% losses in flushing plants.  

Influence of planting season, placing and storage of planting stock 

Douglas-fir (1 + 2) and Norway spruce (2 + 2) were tested simultaneously. In the nursery 
both tree species were placed on partially covered beds (in bunches, 6 days; at the fourth planting 
3 days). They were therefore already partially weakened. The plants were transported from the 
nursery in PE bags. After transport, the plants were planted immediately (marked - no placing) 
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and placed for 1 and 2 weeks (in bunches under the Norway spruce stand, stocking 0.7) or left in 
PE bags for the same time and then planted (Table 11). 

Douglas-fir without placing had acceptable losses only when they were planted during 
flushing the bud. Douglas-fir placed for 1 week losses further increased unacceptably, especially 
at planting during flushing buds and terminals growth. Douglas-fir 2 weeks placed, planted in 
early spring terms, had losses of over 50%, and at the time of flushing buds and terminals growth 
of 100%. In all cases of placing (with the exception of flushed plants), Douglas-fir placed in PE 
bags had less losses than Douglas-fir placed into the soil. It is interesting to note, that a Norway 
spruce had up to three times less losses than Douglas-fir with the exception of planting young 
trees with a fresh growing terminal. 

Table 12 shows the results of planting after placing of bare- and container-rooted young 
trees of Douglas-fir in refrigerated storage (storage temperature + 2 ° C, relative air humidity 
98%, planting - FSTC Fagetum acidophilum, clearing area of 0.36 ha, cover 2nd type, pit 
planting). The plants were placed in storage at various phenophases - at air temperatures of + 6 ° 
C, 3 weeks after first placing, and at the time of shooting buds. The plants were placed in storage 
at various phenophases - at air temperatures of + 6 ° C, 3 weeks after first placing, and at the time 
of shooting buds. If the plants were placed in storage at a later time, the four-day storage had 
already caused great losses; plants storage with shooting buds is unacceptable. The results are the 
same for both bare- and container-rooted young trees. 

The effect of the weeds on Douglas-fir growth plantings 

The weed has a positive and negative influence on plantings growth generally. Good forest 
managers always have Douglas-fir plantings treated in such a way that the effect of the weed has 
been minimized (mowing, herbicide application). Since the Douglas-fir requires covering and 
shade after planting, we have carried out a number of verifications, where we have observed the 
growth of the Douglas-fir in large-area, mowed, after herbicide applying and untreated 
plantations. Since the Douglas-fir requires covering and shade after planting, we have carried out 
a number of verifications, where we have observed the growth of the Douglas-fir in large-area 
mowed, mowed in strips, after herbicide applying and untreated plantations. The results from all 
surveys are the same; examples are in Table 13. 

At sites of FSTC 5S – Abieto-Fagetum oligo-mesotrophicum (50% Rubus idaeus + R. 
fruticosus agg, 50% Calamagrostis epigejos) and 4K – Fagetum acidophilum  (30% Rubus 
idaeus + R. fruticosus agg, 70% Calamagrostis epigejos), after planting Douglas-fir 1 + 2, half of 
the area was regularly mowed and half of the area was left without treatment. The growth of 
Douglas-fir, the amount of falling solar radiation, the soil moisture at a depth of 15 cm were 
observed during 3 years on both surfaces (in both mowed and un-mowed areas); and since the 
weed can negatively influence nutrient competition, chemical analyses of the dry assimilation 
apparatus have been carried out. The results clearly show that the Douglas-fir in the un-mowed 
part of the planting grew equally or faster than in the mowed part; the weed had no effect on 
losses; soil moisture measurements showed that the soil moisture was only 3 to 5% lower in the 
un-mowed area; there were no differences in the chemical composition of the Douglas- fir 
assimilation apparatus in the mowed and un-mowed parts; and by measuring of solar radiation, it 
was found that Douglas-fir was enough 20% of the solar enjoyment at the top of the young tree 
crown after planting.  
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Influence of mechanical damage of above-ground parts (wildlife damages) on the 
growth of Douglas-fir plantings 

Douglas-fir is one of the trees that are directly sought by wildlife. Plantings and younger 
established stands are damaged by fraying and browsing. The growth of the above-ground part is 
also negatively influenced by frost. Although Douglas-fir is said to have a great regenerative 
ability, we have established a number of plots to simulate mechanical damage (browse).  

At sites of FSTC 5S – Abieto-Fagetum oligo-mesotrophicum (50% Rubus idaeus + R. 
fruticosus agg, 50% Calamagrostis epigejos) and 4K – Fagetum acidophilum  (30% Rubus 
idaeus + R. fruticosus agg, 70% Calamagrostis epigejos), after planting Douglas-fir 1 + 2, we 
simulated the following wildlife damage a year after planting: 
1. breaking the terminal bud, 
2. cutting off the terminal shoot under the bud, 
3. cut off the 1/2 terminal shoot, 
4. reduction of lateral branches by 25% with intact terminal bud, 
5. reduction of lateral branches by 50% with intact terminal bud, 
6. reduction of lateral branches by 100% with intact terminal bud, 
7. reduction of lateral branches by 25% with simultaneous cutting off the terminal under the 

bud, 
8. reducing the lateral branches by 50% with cutting off  the terminal under the bud, 
9. reducing the lateral branches by 100% with cutting off the terminal under the bud, 
10. control variant without damage. 

Table 14 shows the results of the parameters of each variant after simulated damage. 
Evaluation of the average height and average root collar diameter of the young trees yielded clear 
conclusions after the three years of growth since the damage. None of the studied variants 
showed statistically significant differences in these parameters even in comparison with the 
control (undamaged) variant. In the case of trunk ripple evaluation, only very small differences 
occurred between variants, when all or almost all (most often 90%) young trees had trunk ripples 
up to 5 cm after three years of growth, no multiple stems (trunks) were formed. Also, losses in all 
variants were very similar and practically zero, even in variants with maximum damage (100% 
cutting off branches, cutting off the terminal under the bud). 

Conclusions 
• The chosen provenance can significantly affect the quality of the planted material (especially 

its length) and its resistance to frost damage. 
• Cold stratification for at least 21 days significantly increases seed emergence rate and 

germination energy, even for seeds not requiring stratification. 
• The early spring months are the best time for sows, and cold stratification has also a positive 

effect in this season. Autumn sows and sows on snow are not successful. 
• The increased content of abscisic acid in the seeds (and hence the initiation of dormancy or 

the reduction of its emergence rate) may cause the collection season and the way of cone-
drying. 

• Effective products (boron-based) have been tested, which significantly increase the frost 
resistance of planting stock Appropriate methods for frost-resistance of planting stock have 
been verified. 
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• Bare rooted young trees can be successfully planted in spring and autumn by careful work 
and wintering. 

• Douglas fir can only be successfully planted on small and covered clearings, acidic and 
mesotrophic sites. Planting is often unsuccessful on extreme and water-influenced habitats. 

• Douglas-fir requires coverage and shade after planting, but later requires sunlight about (after 
three years). Covering can be ensured by planting on small covered clearings, under-planting 
under stocking of 0.2 (0.3), two-phase regeneration, and also can be used high weed for 
covering. 

• If high-quality planting stock is used for planting and planting is carried out by "from soil to 
soil" system, Douglas-fir can be planted throughout the year, except of the intensive terminal 
increment and late autumn. Generally, the most suitable planting season is however the 
period before and at the period of the buds shooting and autumn planting after completion 
and increment lignification. 

• Plants are more suitable for successful regeneration than young trees (even container rooted). 
• Weevil feeding and repeated strong frost can cause up to 100% failure of planting, especially 

on large uncovered sites and when young trees are used. 
• Douglas-fir is very sensitive to handling, much more sensitive than Norway spruce. Even a 

very short drying up of the root system or bad placing causes up to 100% losses. 
Inappropriate handling of planting stock can overlap all other factors influencing the success 
of regeneration. 

• Planting stock cannot be placed in the period of shooting buds and growth of the above-
ground part, in other periods the maximum placing period is within one week (depending on 
weather conditions and quality of planting stock). 

• It is preferable to place (and to transport) the planting stock in PE bags rather than less 
carefully placing the planting stock into the soil. 

• In an air-conditioned warehouse, planting stock can only be stored, when it is brought into the 
warehouse in the earliest spring period (in deep dormancy). 

• Shortening the root system before planting does not affect losses if the Douglas-fir planting 
stock is adequately supplied by water and it is not stressed; otherwise, shortening the root 
system deepens losses significantly. 

• The weed does not have a negative effect on the Douglas-fir growth after planting; it often 
stimulates the height increase. 

• Plantings do not need to be treated against the weed when the weed does not directly deform 
the above-ground part of the young trees or strangles them and the terminal of the planted 
Douglas-fir has at least 20% of the light enjoyment of the open plot. The weed taller than 
young trees is necessary to tread before the start of winter season. 

• Douglas-fir has a very strong regenerative ability of the above-ground part after mechanical 
damage. For example, the Douglas-fir have the same height as the undamaged trees 3 years 
after cutting off the terminal shoot and cutting off all the lateral branches, do not form forks 
and stem (trunk) ripple is up to 5 cm. 
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Graph 1. Influence of different stratification methods on emergence rate of Douglas-fir seeds 
 

 
Graph 2. The emergence rate of Douglas-fir seeds from the March sowing 
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Graph 3. The emergence rate of Douglas-fir seeds from May sowing 

 

 
 

Graph 4. Influence of Borosan and Solubor application on frost resistance of Douglas-fir planting stock 

 

 
 

Graph 5. Influence of Douglas-fir (2 + 0) lining out period on losses 
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Table 1. Influence of provenance on young trees growth (sowing May 2, 2011 into uncovered mineral soil, cold stratification 21 days) 

 
Type of root 
system (%) 

frost damage 
(%) 

losses 
(%) Number of 

provenance 
Provenance 

height of 
aboveground 

part 
(cm) 

diameter of 
root collar 

(mm) 

increment 
in 2013 

(cm) tap pseudofoot 

length of tap 
root 

(pseudofoot) 
(cm) 

length of 
needles 
(mm) 1st 

year
2nd
year

3rd 
year

1st 
year

2nd
year

3rd
year

1. HOSPITAL CR 16.8 2.6 9.2 52 48 24.6 21.5 0 0 1 0 0 0 
2. MT POPE 17.9 2.5 10.0 40 60 27.7 21.1 0 0 3 0 0 5 
3. 100 MILE HOUSE 18.7 3 9.8 54 46 27.4 21.9 0 0 1 0 3 2 
4. AVERY CREEK 21 2.7 11.6 51 49 28.0 22.3 0 0 2 0 7 9 
5. GWEN LAKE 21.8 2.7 11.8 77 23 27.8 21.3 0 0 1 0 2 3 
6. HEFFLEY MT 22.1 2.7 12.8 33 67 26.5 23.2 0 0 0 0 7 10 
7. SKIMIKIN LAKE 22.9 3.1 13.2 47 53 27.5 23.5 0 0 0 0 4 6 
8. SHAWATUM C 24.6 3.1 13.8 58 42 28.6 23.9 0 10 3 0 10 12 

9. 
MACLENNAN 

MT 
25.2 3.3 14.7 50 50 27.5 22.7 0 0 0 0 8 16 

10. 
CZ-1-2C-DG-374-

10-4-C 
25.6 3.3 14.1 43 57 25.1 23.7 20 40 0 27 37 44 

11. MT BENSON 26.7 3.5 14.2 57 43 27.1 21.1 8 40 0 14 29 34 
12. MT NEWTON 27.7 2.9 14.7 49 51 27.5 22.3 20 80 1 21 42 54 
13. MOUNT HAL 28.3 3.3 16.0 73 27 26.6 23.3 6 50 2 7 21 33 

14. 
CZ-3-3-DG-69-26-

3-S 
28.6 3.0 17.3 53 47 23.9 25.3 24 60 3 27 37 44 

15. 
AINSCOUGH-

HARMAC 
29.8 3.2 16.8 67 33 27.8 25.6 42 60 0 20 33 42 

16. HIL 60-LO 29.3 3.4 15.6 75 25 28.3 23.2 11 50 1 12 21 29 
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Table 2. Influence of stratification (cold 21 days) and sowing period into mineral soil on emergence rate and growth of Douglas-

fir young trees 
 

2012 2013 2014 

variant sowing 
time 

number of 
plants per 
m2 (pcs) 

height of 
aboveground 

part (cm) 

number of 
plants per m2 

(pcs) 

height of 
aboveground 

part (cm) 

height of 
aboveground 

part +     
(cm) 

A - dry 20.3. 1,358 4.8 1,308 16.7 29.4 
B - dry 20.3. 1,308 7.3 1,108 23.2 32.2 
A - dry 2.4. 1,078 6.9 817 15.7 31.8 
A - stratified 2.4. 1,842 4.3 1,292 14.0 28.0 
B - dry 2.4. 1,925 4.6 1,225 17.8 30.3 
A - dry 17.4. 1,300 4.0 992 14.6 24.3 
A - stratified 17.4. 1,808 4.2 983 16.0 29.0 
B - dry 17.4. 1,050 4.5 783 21.0 26.8 
B - stratified 17.4. 1,392 5.2 1,150 20.0 29.0 
A - dry 9.5. 1,658 3.9 1,225 12.9 24.0 
A - stratified 9.5. 1,700 4.7 1,383 11.5 24.1 
B - dry 9.5. 1,775 4.0 1,408 16.0 30.5 
B - stratified 9.5. 1,842 4.7 1,562 19.6 32.2 
A - dry 15.5. 1,075 3.7 1,008 13.8 21.2 
A - stratified 15.5. 1,683 4.0 1,225 14.6 24.0 
B - dry 15.5. 2,192 3.9 1,867 17.0 23.1 
B - stratified 15.5. 1,542 4.1 1,325 24.2 31.0 
A - dry 22.5. 1,775 3.3 1,492 11.1 19.9 
A - stratified 22.5. 1,517 3.8 1,400 9.6 19.2 
B - dry 22.5. 1,583 4.0 1,358 12.4 15.6 
B - stratified 22.5. 1,275 3.9 1,275 14.6 18.6 
A - dry 4.9. germinates germinates 1,642 5.5 6.7 
A - stratified 4.9. germinates germinates 1,567 7.4 13.3 
B - dry 4.9. germinates germinates 2,042 5.9 9.3 
B - stratified 4.9. germinates germinates 2,125 5.7 9.1 
A - dry 17.9. germinates germinates 1,958 5.3 6.6 
A - stratified 17.9. germinates germinates 1,958 5.5 6.0 
B - dry 17.9. germinates germinates 2,117 5.2 6.5 
B - stratified 17.9. germinates germinates 1,825 5.4 7.6 
A - dry 15.10. germinates germinates 1,950 5.2 6.0 
A - stratified 15.10. germinates germinates 2,142 5.5 5.7 
B - dry 15.10. germinates germinates 2,717 5.3 7.1 
B - stratified 15.10. germinates germinates 2,100 5.6 6.5 
A - dry 30.10. germinates germinates 2,225 6.9 7.6 
A - stratified 30.10. germinates germinates 1,975 5.4 6.6 
B - dry 30.10. germinates germinates 2,2142 8.4 10.1 
B - stratified 30.10. germinates germinates 2,067 6.6 10.5 
A - dry 12.3.*   467 5.4 7.5 
B - dry 12.3.*   450 5.6 7.7 

* sown on snow March 12th, 2013 
+ evaluated June 12th, 2014 
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Table 3. Abscisic acid content of Douglas-fir seed (%, control of 100% provenance 1 not requiring stratification) 
 

seed abcisic acid content
the seed did not require stratification   
- provenance 1 100 
- provenance 2 140 
- provenance 3 107 
the seed required stratification 360 
the same provenance, the same seed   
- cut picking 73 
- manual seed extraction 103 
- after seed extraction 183 
- fallen seeds 112 

 
 

 



Table 4. Influence of size and cover of the clearing on growing out of Douglas-fir plantation three years after planting 
 

losses 
protection 

Forest Site Type 
Complexes1 

losses of the 3rd year
(%) 

height 
of the planted plants

(cm) 

height 
of plants after  years

(cm) 
1st  year 

(%) 
2nd year

(%) 
3rd year

(%) 

vitality 3rd year
(%) 

frost damage 3rd year
(%) 

1 3K 22 22 101 9.7 26.7 42.8 97 43 
1 4K 18 65 171 11.0 39.6 57.9 91 11 
1 4K 22 44 106 7.6 19.8 34.0 86 94 
1 4S 29 43 156 11.9 38.2 63.3 98 0 
1 4B 28 32 125 6.9 40.5 47.7 99 0 
1 4B 26 28 120 7.1 41.7 45.9 99 0 
1 4H 16 27 110 9.7 39.3 37.1 100 0 

average   23.0   126.2       95.7   
2 3S 30 52 102 5.6 17.8 27.4 79 92 
2 3S 46 49 92 4.3 13.3 22.6 88 61 
2 3A 55 26 98 6.7 26.9 38.9 89 3 
2 3A 60 24 103 9.1 29.9 41.5 90 3 
2 4K 27 54 147 9.8 30.7 52.9 87 27 
2 4K 40 55 165 9.6 35.6 65.2 80 51 
2 4K 29 59 141 10.1 27.5 44.9 83 8 
2 4K 43 54 123 7.8 21.6 40.1 85 34 
2 4K 49 35 77 5.1 11.3 25.7 85 69 
2 3S 20 31 104 6.9 25.4 40.7 94 54 
2 3S 21 32 106 6.9 27.7 39.9 96 60 
2 4B 29 32 140 8.2 46.5 56.6 98 0 
2 4S 43 56 107 6.2 14.1 29.9 90 0 
2 3B 34 35 100 5.7 27.8 32.6 97 0 
2 4S 16 31 104 6.4 28.5 41.8 100 0 
2 4S 18 25 86 5.3 25.0 34.2 100 0 
2 4S 47 35 112 5.4 30.3 44.3 99 0 

average   35.7   111.7       90.5   
3 3S 82 25 98 9.2 32.4 31.4 92 41 
3 4K 60 52 135 9.6 29.2 44.4 85 21 
3 4K 73 57 127 8.8 25.3 36.3 80 30 
3 4K 60 55 126 9.2 21.6 39.9 68 11 
3 4K 61 54 133 9.2 26.1 43.4 67 15 
3 4K 70 32 81 6.3 13.5 29.1 53 46 
3 3K 80 30 71 4.9 13.3 22.9 86 60 
3 3K 94 32 73 5.2 12.8 22.4 79 67 
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losses 
protection 

Forest Site Type 
Complexes1 

losses of the 3rd year
(%) 

height 
of the planted plants

(cm) 

height 
of plants after  years

(cm) 
1st  year 

(%) 
2nd year

(%) 
3rd year

(%) 

vitality 3rd year
(%) 

frost damage 3rd year
(%) 

3 3K 91 35 99 7.9 22.8 33.4 82 48 
3 3I 92 40 99 9.4 16.1 33.8 82 10 
3 4S 67 37 91 6.4 15.8 32.3 77 31 
3 4K 34 34 97 8.2 21.2 34.3 93 34 
3 4K 46 50 110 9.5 20.8 30.2 96 25 
3 4K 76 18 66 5.4 14.4 28.6 82 86 
3 4I 74 17 70 5.3 13.8 33.5 74 64 
3 4S 43 53 104 5.5 16.3 30.2 96 0 
3 4S 28 48 114 5.9 19.4 43.0 97 0 
3 4S 44 36 98 5.8 25.3 34.7 98 0 

average   63.3   99.1       82.6   
)1 see Viewegh 2005 

 



Table 5a. Influence of cover cutting, planting season and type of planting stock on Douglas-fir growth (fk2, 1 + 2, 28.4. - shooting buds, 27.9. - increment terminated, hole 
planting); fk2 – two-year container rooted young plants under PE foil; 1 + 2 - three-year bare rooted young plants, after the first year moved to a nursery bed with mineral soil 

 

losses  increment  vitality 
root-collar 

weevil damage 
frost damage 

locality 
the day 
of the 
seed 

type of 
the 

material 
1st 

year 
(%) 

2nd 
year 
(%) 

height of 
the 

planted 
plants 
(cm) 

height of 
aboveground 
part 2nd year 

(cm) 

1st 

year 
(cm) 

2nd 
year 
(cm) 

1st 

year 
(%) 

2nd 
year 
(%) 

1st 

year 
(%) 

2nd 
year 
(%) 

1st 

year 
(%) 

2nd 
year 
 (%) 

bare rooted 2 3 26 38 6 7 99 80 6 0 0 0 
7.4. 

containered 19 22 35 44 5 7 82 89 16 0 0 0 
bare rooted 5 5 28 39 7 7 93 58 25 0 0 0 

28.4. 
containered 18 30 25 34 5 5 80 83 56 0 0 0 
bare rooted - 13 56 56 - 10 - 88 - 0 - 0 

5K)1   0.16 ha 
underplanting 
stocking 0.7 

27.9 
containered - 4 46 46 - 12 - 86 - 0 - 0 
bare rooted 7 17 26 37 6 6 65 75 72 0 0 0 

7.4. 
containered 37 41 33 46 5 10 75 92 70 0 0 0 
bare rooted 11 13 30 37 6 6 77 67 88 0 0 0 

28.4. 
containered 53 55 28 38 5 9 86 96 75 0 2 0 
bare rooted - 13 53 53 - 9 - 83 - 0 - 0 

5K)1   0.16 ha   

27.9 
containered - 2 51 51 - 16 - 95 - 0 - 0 
bare rooted 22 24 25 56 11 18 80 99 0 0 92 0 

7.4. 
containered 23 30 31 52 6 13 55 98 0 0 94 0 
bare rooted 23 29 31 49 8 15 75 90 0 0 95 0 

28.4. 
containered 54 65 29 39 5 9 52 98 0 0 96 0 
bare rooted - 2 54 54 - 13 - 74 - 0 - 0 

5K)1  0.75 ha 

27.9 
containered - 24 35 35 - 10 - 96 - 0 - 0 

)1 see Viewegh 2005 
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Table 5b. Influence of cover cutting, planting season and type of planting stock on Douglas-fir growth (fk2, 1 + 2, 28.4. - shooting buds, 27.9. - increment terminated, hole 
planting); fk2 – two-year container rooted young plants under PE foil; 1 + 2 - three-year open-rooted young plants, after the first year moved to a nursery bed with mineral soil 

 

losses increment vitality 
root-collar 

weevil 
damage 

frost damage 

locality 
the day 
of the 
seed 

type of 
the 

material 1st 

year 
(%) 

2nd 
year  
%) 

height of 
the 

planted 
plants 
(cm) 

height of 
aboveground 
part 2nd year 

(cm) 
1st 

year 
(cm) 

2nd 
year 
(cm) 

1st 

year 
(%) 

2nd 
year 
(%) 

1st 

year 
(%) 

2nd 
year 
(%) 

1st 

year 
(%) 

2nd 
year 
(%) 

bare rooted 1 1 27 49 8 15 88 90 37 0 0 0 
7.4. 

containered 12 12 32 55 7 16 87 100 22 0 0 0 
bare rooted 0 0 31 51 8 15 80 94 34 0 0 0 

28.4. 
containered 18 20 27 41 6 12 90 97 55 0 0 0 
bare rooted - 5 57 57 - 16 - 97 - 0 - 0 

4B)1  0.16 ha 
underplanting  
stocking 0.6  

27.9 
containered - 3 48 48 - 19 - 96 - 0 - 0 
bare rooted 0 3 30 64 11 23 100 93 4 0 6 0 

7.4. 
containered 18 32 33 53 6 14 91 93 43 0 158 0 
bare rooted 1 9 26 53 10 18 96 90 15 0 18 0 

28.4. 
containered 13 27 24 43 7 12 90 91 42 0 24 0 
bare rooted - 23 54 54 - 12 - 90 - 0 - 50 

4H)1   0.16 ha 

27.9 
containered - 23 50 50 - 17 - 91 - 0 - 50 
bare rooted 100 - 28 - 0 - - - 0 - 100 - 

7.4. 
containered 54 100 36 - 2 2 86 - 0 0 100 0 
bare rooted 100 - 30 - 4 - 84 - 0 - 100 - 

28.4. 
containered 100 - 24 - 0 - 50 - 0 - 100 - 
bare rooted - 100 44 - - 2 - - - 0 - 100 

4H)1   1.00 ha 

27.9 
containered - 100 28 - - 3 - - - 0 - 100 

)1 see Viewegh 2005 
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Table 6. Losses after planting and plant height depending on phenophases, clearing cover and type of planting stock three years after Douglas-fir planting 26.3. - the beginning of 
the growing season; 18.4. - shooting buds; 5.3. – terminal bud increment of about 3 cm; 22.9. - increment terminated ; 10.11. - end of growing season; the cuttings were covered 

from four sides; underplanting under Norway spruce, stocking 0.4; the planting stock was placed for 3 days before planting; hole planting; FSTC 4K)2; 
 

losses (%) height of the aboveground part (cm)
day of the seed seed material)1 

0.22 ha 0.65 ha underplanting 0.22 ha 0.65 ha underplanting 
f1.5+1.5 14 31 19 124 65 88 

26.3. 
1+2 17 37 21 117 61 91 
f1.5+1.5 15 29 15 131 71 82 

8.4. 
1+2 17 29 20 124 64 86 
f1.5+1.5 8 13 7 135 88 89 
1+2 9 12 10 141 86 86 18.4. 
fk2 8 10 7 122 94 82 
f1.5+1.5 37 51 35 88 56 62 
1+2 29 46 33 79 61 64 5.5. 
fk2 41 57 44 74 52 58 
f1.5+1.5 12 15 8 124 91 92 
1+2 9 13 9 126 90 96 22.9. 
fk2 20 20 10 117 87 91 
f1.5+1.5 42 49 21 89 66 58 
1+2 39 47 20 82 97 64 10.11. 
fk2 40 51 16 77 62 82 

)1 f1,5 + 1,5 - three-year bare rooted young plants, germination under PE foil, second year moved into nursery beds with mineral soil, 
    1 + 2 - three-year bare rooted young plants, after the first year moved to a nursery bed with mineral soil, 

    fk2 – two-year container rooted young plants under PE foil, 
)2 see Viewegh 2005 

 



Table 7. Growth of Douglas-fir underplanted under Norway spruce 90 years old (FSTC - 5K)1; the same planting stock   2 + 2)2; 
spring planting) 

 
losses (%) height of aboveground part (cm) 

underplanting, stocking 
1st year 3rd year 6th year 1st year 3rd year 6th year 

0.8 0 12 34 56 112 168 
0.3 2 4 4 59 168 312 

)1 see Viewegh 2005 
)2 four-year-old young plants moved to the nursery for the last two years 

 
Table 8. Influence of late frosts, spring draught spell and root-collar weevil on the post-planting losses depending on the quality 

of planting stock (FSTC - 3K)4 and 4K)4; covered clearings of 0.25 to 0.40 ha; spring planting; buds did not shot) 
 

losses in the end of vegetation period (%) 
planting stock)3 

late frosts )1 draught spell)2 root-collar weevil 
2+0 71 47 77 
fk1 86 48 68 
fk2 43 36 64 
2+2 5 44 12 

fk0.5+k1.5 21 29 17 
)1 two-times frosts bellow -3 °C 

)2 3 weeks without water after planting 
)3 2 + 0 - two-years-old bare rooted young trees not being in nursery, 

    fk1 - one-year-old container rooted young trees under PE foil, 
    fk2 – two-year container rooted young plants under PE foil, 

    2+2 - four-year-old young plants moved to the nursery for the last two years, 
    fk0,5 + k1,5 - two-year -old container rooted young trees, initially under PE foil and during the first year replanted into larger 

containers (already without PE foil cover) 
)4 see Viewegh 2005 
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Table 9. Influence of planting period and root system shortening in the process of perfect placing 
 

26.3. 26.3. 2.4. 2.4. 17.4. 17.4. 9.5. 9.5. 15.5. 15.5. 3.9. 3.9. 18.9. 18.9. 15.10. 15.10.
variant 

NZK ZK NZK ZK NZK ZK NZK ZK NZK ZK NZK ZK NZK ZK NZK ZK 
losses (%) 0 4 0 0 0 4 0 4 0 0 0 0 0 0 0 0 
height of planted plants (cm) 34.7 32.1 32.9 35.3 31.6 33.7 27.2 28.1 28.5 30.7 46.3 46.9 42.0 44.3 37.3 42.2 
increment 2nd year after planting (cm) 44.9 30.5 34.0 41.4 33.4 26.5 30.8 37.4 42.6 40.1 21.6 20.9 16.2 18.1 17.7 17.8 
volume of root system during planting (ml) 37.0 24.3 25.0 14.7 36.0 23.0 38.8 33.0 30.0 24.8 42.0 32.0 36.0 34.0 31.6 29.0 
volume of root system 2nd year after planting 
(ml) 

140.0 106.3 96.0 129.0 110.0 123.0 137.0 122.5 114.0 91.0 68.0 68.0 65.0 101.0 72.0 66.0 

ZK - shortened root system  NZK - unshortened root system    
 
 
Table 10. Influence of planting period, root system shortening, placing care and exposure on post-planting losses (March 27th - temperatures +6 °C; April 17th- shooting buds; May 

5th - terminal shoot grown of about 5 cm; September 22nd - increment terminated and lignified) 
 

Perfect placing - losses (%) bad placing - losses (%) 
exposure 

 
day of the seed 

0 min. 10 min. 30 min. 0 min. 
27.3. 5/7 6/10 16/36 15/27 
8.4. 6/6 4/14 24/48 24/37 

17.4. 7/17 12/33 32/57 37/52 
5.5. 32/48 42/62 100/100 79/89 

22.9. 6/8 7/15 19/36 27/38 
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Table 11. Influence of planting period, handling and placing period on post-planting losses (March 28th- temperature    +6 °C; 
April 15th - shooting buds; May 8th -  terminal shoot grown of about 5 cm) 

 

28.3. 7.4. 15.4. 8.5. 

Douglas-
fir 

Norway 
spruce 

Douglas-
fir 

Norway 
spruce 

Douglas-
fir 

Norway 
spruce 

Douglas-
fir 

Norway 
spruce 

day of the seed,    
way of placing 

soil PE soil soil PE soil soil PE soil soil PE soil 

without 
placing 

25 6 19 7 9 12 23 36 

1 week 
founded 

34 28 11 29 21 10 40 15 24 48 53 42 

po
st

-p
la

nt
in

g 
lo

ss
es

 
(%

) 

2 weeks 
founded 

53 32 25 69 39 34 100 100 100 100 100 100 

 
 
Table 12. Effect of storage time in an air-conditioned warehouse (depending on the phenophases of the planting stock stored) on 
post-planting losses (in%); )1 three-years-old young trees, bare-rooted, 2 years in beds of nursery;   )2 two-year-old young trees, 

container-rooted, first year under PE foil 
 

storage time and type of planting material 

4 days 8 days 12 days 16 days 20 days 24 days phenophases 

BR C BR C BR C BR C BR C BR C 

temperature +6°C 0 0 0 0 0 0 0 0 0 0 0 0 

3 weeks from temperatures +6°C 24 32 64 68 100 100             

opening buds 68 71 100 100                 

BR - bare-rooted young plants (f1+2))1 
C - container-rooted and balled young plants 

(fk1+k1))2  
 
 
 

Table 13. Weed influence on Douglas-fir growth 
 

Forest Site Type 
Complexes 5S)1 

weed 
heigh

t 
(cm) 

abovegroun
d part of 

DG height 
(cm) 

DG 
losse
s (%) 

Forest Site Type 
Complexes 4K)1 

weed 
heigh

t 
(cm) 

abovegroun
d part of 

DG height 
(cm) 

DG 
losse
s (%) 

mowed 0 46   mowed 0 59   
7.5.2011 not 

mowed 
140 50   

7.5.2011 not 
mowed 130 68   

mowed 0 61 1 mowed 0 76 0 
29.10.201
1 not 

mowed 
150 66 2 

29.10.201
1 not 

mowed 140 89 0 
mowed 0 84 10 mowed 0 104 1 

6.10.2012 not 
mowed 

160 86 10 
6.10.2012 not 

mowed 150 119 0 
mowed 0 118 13 mowed 0 146 1 

13.10.201
3 not 

mowed 
170 119 14 

13.10.201
3 not 

mowed 160 173 1 
)1 see Viewegh 2005 
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Table 14. Mechanical damage effect  of the above-ground part on Douglas-fir growth 

 
Forest Site Type Complexes - 5K)1 Forest Site Type Complexes  - 4K)1 

ripple 
trunk (%)

stem form 
(%) 

regeneration (%) 
ripple 

trunk (%)
stem form 

(%) 
regeneration (%) 

da
m

ag
e 

 

losses 
(%) aboveground part 

height (cm) 1 1 2 P K P+K
terminal 

shoot 

losses 
(%) aboveground part 

height (cm) 1 1 2 P K P+K
terminal 

shoot 
1 0 143 100 90 0 0 0 0 100 0 178 100 90 1 0 0 0 100 
2 0 143 100 100 0 60 40 0 0 1 165 100 100 0 70 20 0 0 
3 0 132 90 90 0 40 60 0 0 0 158 100 90 1 50 50 0 0 
4 0 148 100 90 10 0 0 0 100 0 162 100 10 0 0 0 0 100 
5 0 123 90 100 0 0 0 0 100 0 128 100 100 0 0 0 0 100 
6 0 125 100 90 10 0 0 0 100 0 150 100 100 0 0 0 0 100 
7 0 161 100 100 0 20 80 0 0 0 155 100 70 30 30 70 0 0 
8 0 138 90 90 10 30 70 0 0 0 167 100 100 0 70 30 0 0 
9 0 138 100 100 0 60 40 0 0 0 162 100 90 1 80 20 0 0 

10 0 156 100 100 0 0 0 0 100 1 191 100 90 0 0 0 0 90 
)1 see Viewegh 2005; 
P – bare rooted young trees    K – container-rooted young trees   P+K – first year container-rooted and next 2 years bare rooted young plants in nursery 
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Abstract 
The disease of needle cast are most important problem of Douglas-fir in the Czechia – Swiss 
needle cast of Douglas-fir caused by Phaeocryptopus gaeumannii, which were firstly noted in 
year in the area of the South Bohemia 2002 and Rhabdocline needle cast of Douglas-fir caused 
by Rhabdocline pseudotsugae. The first findings of Swiss needle cast from South Moravia origin 
from Uherčice (village) and from the area around Brno. Within years 2003-2014 it was observed 
across to the Czechia and in many localities crucial factor influencing possibility of Douglas-fir 
plantation. Some testing of sensibility of Douglas-fir proveniences to this disease prior to other 
studies is required. The causal agent of brown rot in Douglas-fir Phaeolus schwenitzii is of 
solitary trees and mature stands. 
 
Key words: Douglas-fir, Scotch needle cast, Rhabdocline pseudotsugae, Swiss needle cast, 
Phaeocryptopus gaeumannii, diseases 
 
 
 

Introduction 

 Douglas-fir Pseudotsuga menziesii (Mirb.) Franco has an extensive expansion range from 
British Columbia (Canada) to Sierra Madre (Mexico) (Pseudotsuga lindleyana Roezl 1857, syn. 
P. menziesii var. oaxacana Debreczy et Rácz 1995). Two forms are distinguished within a large 
range in the USA and Canada. Coastal variety Pseudotsuga menziesii var. menziesii known as the 
Coast Douglas-fir is distributed in the north from the Midwest of British Columbia along the 
Pacific coast to central California on the south. Continental Pseudotsuga menziesii var. glauca, 
known as Rocky Mountain or interior Douglas-fir, extends from inland British Columbia, across 
the north of (state) Washington to the Mexican border with a number of local occurrences in the 
local mountains of the southwest US. In the south it continues to Mexico as Pseudotsuga 
lindleyana, where it ranges altitudes 2000 - 3000 m a.s.l. According to its range along the south 
border to Oaxaca land in Mexico; it is also referred as P. menziesii var. oaxacana (Debreczy and 
Racz 1995). While the northern border is continuous, the southern border is significantly 
disjunctive. "Coastal" P. menziesii var. menziesii occurs in a wide range of altitudes - from 0 m. 
a.s.l. beside the Pacific up to 2300 m a.s.l. (British Columbia 0 - 760 m a.s.l., 0 - 1250 in 
Vancouver, South Oregon and Sierra Nevada 610 - 1830 m a.s.l., up to 2300 m a.s.l. on the 
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southern border of the range). The "interior" P. menziesii var. glauca occurs at altitudes of 600 - 
3000 m a.s.l., area is significantly disjunctive especially in the south. 

Douglas-fir is a host of many disease-causing species throughout its Northwest US and 
West Canada range. Almost 100 species of Douglas-fir fungal pathogens are reported, of which 
only a few can cause more serious health problems. A distinctive phenomenon is the different 
sensitivity of Douglas-fir provenances to significant diseases resulting from a large natural range.  

In Europe, where Douglas fir is an introduced tree species, the most important problem is 
Rhabdocline needle cast (Rhabdocline pseudotsugae), which has significantly eliminated the 
possibility of planting some provenances (especially interior P. menziesii var. glauca) in the first 
half of the 20th century. This is still valid for planting both in forests and in parks and cities. 
Since a large number of potentially pathogenic organisms and pests are reported from the original 
Douglas-fir stands and its plantations in the US and Canada, only a few species have the potential 
to cause significant wasting and damage to trees both in the US in natural range and at plantings 
out of the natural range on the east coast of the US and Europe. Root rots and stem base are  
reported problems of Douglas fir state of health in natural range caused by Rhizina root disease 
(Rhizina undulata), Armillaria root disease (Armillaria spp.), Annosus root disease 
(Heterobasidion annosum) and Laminated root rot (Phellinus weirii). Other wood fungi are 
presented with varying intensity as Brown crumbly rot (Fomitopsis pinicola), Rose fomes rot 
(Fomitopsis cajanderi), Red-brown butt rot (Phaeolus schweinitzii), Rus-red stringly white rot 
(Echinodontium tinctorium) and Brown trunk rot (Fomitopsis officinalis), etc. Quarantine 
vascular mycosis caused by fungus Black stain root disease (Leptographium wageneri) is 
significantly specific disease according to EU legislation. The blueing of the sapwood and partly 
also the core part of the stem has its impact. 

A number of pathogens are specialized in cambium and Douglas fir annual shoots, which 
cause disturbance of the ross production and are form open cancers on the trunks, often 
associated with the dieback of tree parts over the cancer. Examples include Phomipsis canker 
(Diaporthe lokoyae), Dermea canker (Dermea pseudotsugeae), Phacidium disease of conifers 
(Phomopsis pesudotsugeae) and others. Douglas-fir hosts another quarantine disease - Pitch 
canker (Fusarium circinatum = Gibberella circinata), widespread mainly on pines. In Europe, 
the disease is known only from the northwest of Spain on Pinus radiata. There is a risk of seed 
introduction with this disease, and the current phytosanitary legislation strongly monitors imports 
from third countries outside the EU. Significant are the needle casts (blights) of Douglas needles, 
especially the Rhabdocline needle cast (Rhabdocline pseudotsugae). There are also other species 
in North America, such as Rhabdocline weirii. Chronically, Douglas-fir can be damaged by the 
loss of part of the assimilation apparatus until adulthood. The Swiss needle cast (Phaeocryptopus 
gaeumannii) is also another important needle casts. Other diseases of Douglas-fir needles such as 
Snow blight (Phacidium abietis), Rhizosphaera needle cast (Rhizosphaera kakhoffii) and others 
are also mentioned. However, these species are not connected only to Douglas-fir and their 
occurrence on the tissues is more a consequence of previous damage or weakening of the needles 
than the pathogenicity of these fungi. 

The representative of the so-called dwarf mistletoes (Arceuthobium douglasii) is mentioned 
as the agent of the damage. It is a semi-parasitic plant, which is found only in the USA and 
Canada. In Europe, the genus Arceuthobium is represented only by the species A. oxycedrii in the 
south of Spain on Juniperus oxycedrus.  
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Douglas-fir diseases 

Douglas-fir is a relatively stable woody species in our conditions from the point of wood 
fungi attack view. Attacks of Armillaria (Armillaria spp.) or Annosus root diseases 
(Hetrobasidion annosus and H. parviporum) can be observed at unsuitable habitats. Red-brown 
butt rot (Phaeolus schwenitzii) may be a more significant problem in solitary plantings and in 
older stands. 

Needles diseases are an important problem - Rhabdocline needle cast (Rhabdocline 
pseudotsugae), and more recently mainly Swiss needle cast (Phaeocryptopus gaeumannii). 

Other needles pathogens of minor significance are: Dothiostroma rhabdoclinic, 
Rhizosphaera pseudotsugae, Phoma eupyrena and Phacidium abietis. Dothistroma needle blight 
(Dothistroma septosporum) was also recorded on Douglas-fir needles. 

Physiological diseases 

Douglas-fir is sensitive to spring over-transpiring. Rusting or redding of part or whole 
crowns occurs in April and May. This phenomenon is termed as physiological blight. This is due 
to the inability to receive water through the root system from a frozen substrate in the early spring 
months, when daytime temperatures rise well above zero due to intense sunlight. Plants are 
forced to transpire water from their reserve tissues, and the final effect is the needles rusting on 
the sunlight exposed parts of the plants. The only protection is plant shielding, which is only 
feasible in nurseries. 

Needles diseases 

Rhabdocline needle cast (Rhabdocline pseudotsugae) was introduced from North America 
to European territory. It was described in 1917 in North America, where it was recorded as early 
as 1911. It was found in Europe in 1914 in Scotland, on the continent it was described in 1922 in 
Denmark, in the Netherlands it was mentioned in 1930. In the Czech Republic, it was first 
discovered in West Bohemia in 1938. Currently, it is spread throughout the Czech Republic.  

Another disease introduced to Europe is the Swiss needle cast (Phaeocryptopus 
gauemannii), discovered in 1925 in Switzerland for the first time. In the Czech Republic it was 
first detected in 2002 from South Bohemia (Pešková 2003); the first finding from Moravia was in 
the same year at Uherčice (Znojmo district) and on University Forest Křtiny, where in 2003-2006 
it was found in several outbreaks, where its presence previously escaped attention. 
 
Rhabdocline pseudotsugae Sydow – Rhabdocline needle cast 

The fungi Rhabdocline pseudotsugae Sydow (Helotiales, Hemiphacidiaceae) (Parker and 
Reid 1969) is a causal agent of the Rhabdocline needle cast. The disease was first reported in 
1914 in Scotland, in 1926 in Germany and in 1930 in the USA. Currently, this needle cast is 
widespread throughout North America and Europe (Tainter and Baker 1996). Parker and Reid 
(1969) described two species: Rhabdocline pseudotsugae and R. weirii with five subspecies – R. 
pseudotsugae ssp. pseudotsugae, R. p. ssp. epiphylla, R. weirii ssp. weirii, R. w. ssp. oblonga a R. 
w. ssp. obovata. Stone and Gernandt (2005) consider this arrangement of species and subspecies 
to be unreliable. For this reason, they have already well-known phyla undergone deeper 
morphological analysis of and relied on molecular genetic methods. Promotion of subspecies to 
species is a result of their work: R. pseudotsugae, R. epiphylla, R. weirii, R. oblonga and R. 
obovata. 
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Primarily, the possibility of silviculture the Rocky Mountain Douglas-fir (Pseudotsuga 
menziesii var. glauca) is limited by Rhabdocline needle cast. Černý (1976) reports that most of 
the Rocky Mountain Douglas-fir  died as a result of this infection in (former) Czechoslovakia 
during 1952 – 1958. Pseudotsuga menziesii var. menziesii is less susceptible to Rhabdocline 
needle cast infection, and using of these Douglas-fir, which has shown the greatest resistance to 
this disease, is now prevalent. 

A fall of whole years of needles on twigs and overall defoliation of the crown is the 
characteristic manifestation of the infection. The Rhabdocline needle cast infection development 
of Douglas-fir presupposes an overlap of phenological phases of Douglas-fir and needle cast. A 
prerequisite of ripening and sporocarp opening is in the case of needle cast, and in Douglas-fir the 
beginning of sprouting. If these phenological phases do not meet, there is a so-called escape of 
the disease - the infection cycle does not take place in the season. As a result, there is an 
alternation of strongly defoliated needles in years of intense infection with those with minimal 
defoliation.  

The first symptoms of the infection manifest themselves in the period of August-November 
by slightly chlorotic patches, which with the first frosts turn into violet-brown patches sharply 
contrasting with the dark green surrounding tissues. In the spring months from April to May, 
gray-violet mottle is highlighted on infected needles. A yellow-orange apothecia, 2-4 mm long, 
forms along the main nerve on the underside of the needles, which opens slitly from mid-May to 
June in humid weather. They release aeciospores (in size 18-21 x 6-11 μm), which are initially 
unicellular, then two-cellular and infect just sprouting needles. Conidium stage Rhabdogloeum 
hypophyllum Ellis. et Gil. Is described only by Příhoda (1959), when small black pycnidia are 
formed in rows along the central nerve of the needle. Conidia are straight or curved, colorless, 
unicellular, in size 6-11 x 2-4 μm. 

The occurrence of the Rhabdocline needle cast is currently linked to plantings of some 
ornamental cultivars and varieties in arboretums due to the limitation of Rocky Mountain 
Douglas-fir. It is not a significant problem for current Douglas-fir (i.e. Coast Douglas-fir) 
plantings in the forests, with local exceptions, as well as for natural regenerations. Protection 
abilities are limited and assume the use of resistant Douglas-fir varieties. Chemical protection in 
nurseries is possible and assumes preventive chemical sprays at the time of creation of new 
shoots by common registered chemical sprays. 
 
Phaocryptopus gauemannii (T. Rohde) Petrak – Swiss needle cast 

Although the Swiss needle cast of Phaeocryptopus gaeumannii (Pleosporales, 
Venturiaceae) of Douglas-fir was first described in Switzerland in 1925, the first mention of this 
needle cast was referred from the Oregon coast back in 1916 (Boyce 1940). The disease has been 
detected in other regions of Europe and New Zealand (Hood and Kershaw 1975). Later also in 
Asia - Turkey (Temel et al. 2003) and in South America - Chile (Osorio 2007). The disease has 
become more often with intense defoliation (Hansen et al. 2000, Manter et al. 2003) since the 
mid-1980s. 

The disease is manifested by noticeable yellowing and fall of needles, when the individual 
2-3-year-old needles gradually turn yellow and fall. It attacks Douglas-fir in practically all age 
classes; Douglas-fir under 40 years of age is the most affected. A gradual defoliation is in the 
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nidus of infection; a weak infection may escape attention. All individual trees use to be infected; 
the infection then spreads in the epicentres through the stands. 

The fructifying organs of P. gaeumannii are pseudo-hymenia forming on the reverse of the 
needles between May and June or July. Swiss needle cast ascospores are released from pseudo-
hymenia from April to September, most intensively in June and July in the second and third years 
of infection (Michaels and Chastanger 1984). Ascospores P. gaeumannii germinate on this year's 
needles, forming suprastomatal appressoria from which penetrate by penetrating spikes through 
the stomata into the needles. The first symptoms of the infection manifest themselves in late May 
and early June and coincide with the growth and development of annual shoots. Mycelium 
penetrates intercellularly in needles and its activity increases between late May and early June. 
Pseudo-hymenia are formed during 9 months after infection and they are visible during pre-
spring and early spring time of the year following infection. The still intact stomata are then 
invaded by mycelium and subsequent formation of pseudo-hymenia (Stone et al. 2008). 

The exact date of infection is symptomatically difficult to detect, and can only be 
considered retrospectively due to the formation of fructifying pseudo-hymenia only one year after 
the onset of the infection. In the year of origin, it is possible to find only mycelium grown 
through the palisade mushroom cell on the cross-section of the needle. The infection occurs 
during the shoot of the annual shoots during May and June, when needles are the most 
susceptible to infection like in the case of the Douglas-fir’s Rhabdocline needle cast. Preventive 
spraying is recommended to carry out at this time. The fungus penetrates into the tissues by 
pores. The symptoms of the infection are insignificant in the first year, the first symptoms can be 
observed in the following year of infection, when very small black sporocarps (50-100μm) are 
formed at the places of the pores. A characteristic feature is the arrangement of the sporocarps in 
rows of pores on the reverse side of the needles. The infected needles remain on the trees for 2-3 
years, when the needles gradually turn yellow and fall.  

Typical external symptoms such as needles discoloration are not visible in this period. 
Marbled-look yellowing, which gradually merges in subsequent browning of needles, will show 
until the second year of infection. Marbled-like yellowing, which gradually merges in subsequent 
browning of needles, will show until the second year of infection. The characteristic fall of 
needles during this period of infection is not usual for this needle cast. Pseudo-hymenia are black 
and matte. The tangle of mycelium carrying growing up pseudo-hymenia suggests a short stalk. 
Club-shaped asci are inside; containing two-cell ascospores with a transverse barrier that slightly 
strangles the ascospores. Ascospores are hyaline; size is 10-16 x 3.5-5.5 μm, sometimes contain 
bubbles. The presence of pseudo-hymenia is described on both live and dead needles (Ellis et al. 
2000). The conidium stage is unknown. It is probably, that the Douglas-fir's Swiss needle cast is 
often missed due to the less conspicuous expression and very difficult identification. 

P. gaeumannii primarily causes poles blockage by mycelium and sporocarp and consequent 
reduction of photosynthesis, respiration and premature needle fall (Hansen et al. 2000). The 
premature loss of sunlit needles is another negative impact on assimilation (Manter 2002). 
Different sensitivity of Douglas-fir varieties to this disease is seemed. 

The disease was detected in the Czech Republic for the first time in 2002 (Pešková 2003). 
The distribution is not yet known precisely, but it can be expected to occur in a number of 
plantings of Douglas-fir, where it has escaped attention so far. For example, the disease was 
found on several localities of University Forest Křtiny. However, over-dense Douglas-fir 
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plantings aged 10-15 with neglected treatment these have been mostly. A significant defoliation 
of the infected trees has become in the epicentre of infection. The most infected trees in the 
epicentre of the infection have died. The disease has been also recorded in individual plantings of 
Douglas-fir in arboretums. In some cases, Douglas-fir has been attacked by a combined infection 
of both Rhabdocline and Swiss needle casts. It is also worth mentioning the occurrence of 
Douglas-fir adelges (Gilletteella cooleyi) on locations with Swiss needle cast. 
 
Phacidium abietis (Dearn.) Reid et Cain – Snow blight 

This pathogen causes needle casts (blights) on various Fir and Douglas-fir species; it 
attacks the needles by a "snow cover". The pathogen can be identified by dark apothecia on 
needles (Roll-Hansen 1987). 
 
Rhizosphaera pseudotsugae Butin et Kehr – Rhizosphaera needle cast 

The rather more dynamic course of Rhabdocline needle cast suggests another, relatively 
recently discovered species of the pathogenic fungus Rhizosphaera needle cast (Rhizosphaera 
pseudotsugae Butin, Kekh and Pehl 2000). It manifests by pores damage in which dark, 
unequally large conidia grow. The pathogen is not known from the Czech Republic territory. 
 
Phoma eupyrena Sacc. – Phoma seedlings blight 

Needle cast (blight) on Douglas-fir seedlings, but also other trees. P. eupyrena manifests 
itself by yellowing and browning of needles with their subsequent fall. Dark pycnidia conidia-
producing grow on dead needles. E.g. mulching or simply leaving a layer of moss on the soil 
surface is   an effective measure against Phoma seedling blight due to the soil character of the 
pathogen (Kliejunas et al. 1985).  
 
Dothiostroma rhabdoclinis Butin 

It was first observed and described by Butin et al. (2000) on Rhabdocline needle cast 
(Rhabdocline pseudotsugae). It is a hyperparasite of this pathogen that forms in yellow-to-brown 
patches on the upper side of the needles infected by Rhabdocline needle cast spermogonia stages 
named as Asteromella and forms conidia on the lower side of the needles. D. rhabdoclinis 
penetrates by its hyphae both into intercellular space and the interior of the parenchymatic cells 
of needles. In the intercellular spaces it parasites on the haphae of R. pseudotsugae and impede 
this pathogen to form asci. Hyphae of D. rhabdoclinis penetrates further up to the endodermis 
and into the vascular bundles, they damage causing the overall browning of the needle and its 
earlier fall. The biological role of this organism is not unambiguous as the course of symptoms of 
Rhabdocline needle cast speeds up. 
 
Dothistroma septosporum (Dorog.) M. Morelet – Dothistroma needle blight 

This needle cast (blight) of Pines is reported as a possible Douglas-fir parasite. An acervuli 
formation in red streaks on the needles is the typical symptom. In the Czech Republic, it was 
confirmed on Douglas-fir samples in the Arboretum Řícmanice (Palovčíková - unpublished). 
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Other needle diseases 

Rhizosphaera needle cast (Rhizosphaera kalkhoffii Bub.) is a less serious but by typical 
manifestation of needle cast. Its pycnidia grow on the surface of the needle; they are globular in 
shape, black, glossy, large to 0.5 mm. They are mostly found on brown, dead needles, also on the 
reverse side. Precise determination is possible due to the presence of oval shaped conidia and size 
5-10 x 3-5 μm. Yellowing and frequent fall of needles are typical for needle casts from the point 
of symptoms view in the field. A combination of the simultaneous occurrence of Rhizosphaera 
needle cast and Swiss needle cast (Rhizosphaera kalkhoffii + Phaeocryptopus gaeumannii)  was 
already highlighted by Příhoda (1959), who also points to the simultaneous occurrence of Swiss 
needle cast in the combination of Armillaria root disease (Armillaria ostoye Herrink) in 
Switzerland. The present concrete example is the determination of material from the locality 
Uherčice, where the actual determination of the Swiss needle cast was made more difficult for 
this reason. Besides of Douglas fir, it occurs in Norway spruce (Picea abies) and blue spruce 
(Picea pungens). It makes local epidemics on ornamental plantings of blue spruce. 
 
Factors influencing Douglas-fir infection by needle casts 

The environment microclimate is an important factor. Increased environment humidity 
allows spores to attach and survive on the surface of the needles, their germination and 
penetration into the stomata. The weather development during the year also has a great influence; 
the mild winter will allow the development of the pathogen mycelium in intercellular spaces of 
needles and faster pseudo-hymenia production in spring time (Shaw et al. 2011). 

The Swiss needle cast is widely distributed in western coastal line of fogs in North America 
(Shaw et al. 2011). The infection can be unusually transferred to new habitats in the direction of 
blowing wind during the specific flow of humid air (drizzle, rain) through the affected stands.  

Shaw et al. (2011) report, that Douglas-fir stands are sensitive to Swiss needle cast since 
the age of ten and heavily attacked stands at the age of 80 are no exception. Concerning the host, 
the shooting period is important for the infection. Belatedly sprouting Douglas-fir appears to be 
more resistant, as the time of sprouting passes the time of Rhabdocline pseudotsugae ascospores 
release (Frank and Baket 1996). 

Infection of the assimilation apparatus of coniferous trees affects the vitality of the tree. 
Apart from the most common manifestation of increment decrease, for example, resistance to 
other biotic factors may decrease - next needle casts, annual shoots diseases, wood fungi, root 
rots, and abiotic factors - frost, drought. On the other hand, Douglas-fir heavily attacked by the 
Swiss needle cast has been shown to be unattractive to the inner bark insect as Dendroctomus 
pseudotsugae (Kelsey and Manter 2004).  
 
Douglas-fir resistance to needle casts 

Silviculture of fully resistant or less susceptible Douglas-fir provenances can be eliminated 
the needle casts attacks, to some extent. This is an absolutely basic approach for selecting 
appropriate provenance before further testing the suitability of Douglas-fir from their production 
point of view. For example, the Rhabdocline needle cast resistant provenances Pseudotsuga 
mensiesii var. menziesii can substitute provenances P. menziesii var. glauca heavily susceptible 
to this needle cast (Frank and Baker 1996, Pešková 2003). On the other hand, some of the P. 
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menziesii var. menziesii provenances are very susceptible to Swiss needle cast infection, which 
currently practically limits silviculture of Douglas-fir in some territories. 

The susceptibility is very different even within Douglas-fir varieties and therefore many 
provenance experiments have been carried out focusing on Douglas-fir resistance to both needle 
casts. Georgieva and Rossnev (2008) underwent Swiss needle cast resistance testing of 54 clones 
from different regions of its original area. The most resistant were clones N7, N43 and N47 from 
the Cascade Mts. and clone N42 from the Pacific coast of Oregon. The most vulnerable were 
clones coming from other parts of Oregon, Washington and New Mexico on the other hand. Hoff 
(1987) conducted similar experiments with the Rhabdocline needle cast and concluded that 
lowland provenances have the greatest resistance, contrary to the Douglas-fir from mid and high 
altitudes in Idaho. 

Presently, hybridization of Douglas-fir is performed to create resistant progenies with 
suitable mensurational and production characteristics. 
 
Protection and defense 

Targeted protection on already infected habitats is very costly and is only worthwhile in 
case of intensive tree growing, i.e. in the case of forest or ornamental nurseries or Christmas tree 
plantations. Chlorothalonine-, benomyl- (Morton and Miller 1977) and mancozeb- (Pešková 
2003) -based fungicides are recommended as a defense against both needle casts of Douglas-fir 
(Morton and Miller 1977, Chastanger and Stone 2001, Pešková 2001 and Stone et al. 2007). 
According to the mentioned authors, sprays is necessary to apply the repeatedly (3-4 times) in the 
period of sprouting to the ripening of the annual shoots in the case of Rhabdocline needle cast. In 
the case of protection against the Swiss needle cast, during the period from sprouting about 1-5 
cm of shoots for the first time, after 2-3 weeks for the second time and preferably at the same 
interval for the third time. Azoxystrobin-based preparations are somewhat less effective (Bates 
and Despot 2005). 

According to Waring et al. (2000), it is advisable to avoid nitrogen fertilization in the 
stands attacked by Swiss needle cast. Surplus nitrogen in Douglas-fir needles supports the 
activity of this pathogen. 

It is almost always recommended to maintain a sparse canopy through cultivation 
treatments in forest stands. However, juvenile thinning does not always have a significant effect 
on pathogen suppression. These treatments have been experimentally often applied against Swiss 
needle cast of Douglas-fir, but without success (Hood and Kershaw 1975, Hood 1997). The 
Swiss needle cast achieves a reduction of pathogen intensity by cultivating Douglas-fir in a 
mixture up to 10%. 

Dieback of annual shoots, young stem cancer 

Gray mold (Botrytis cinerea) belongs to this group, it causes wilting and dieback of 
sprouting shoots their constriction and bending in young Douglas-fir and other conifers. They are 
later covered by a gray coat of mycelium bearing conidiophores with conidia (size 9-12 x 7-9 
μm). Black sclerotia (sizes up to 2 mm) can be found on the dead parts. Apart from this damage, 
it participates in the seedlings powdery mildew; it occurs on the surface of seeds and fruits.  

Phacidium disease of conifers (Phomopsis pseudotsugae, syn. Phacidium coniferarum) 
manifests itself by dying of terminal twigs and necrosis on the bark. Necroses are slightly 
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concave, callus forms around the damaged bark. Black sporocarps form at the site of necroses. 
The disease has a wide spectrum of hosts; the infection is mostly a result of tree stress and tissue 
damage. It occurs mainly on young plants and young Douglas-fir trees. The result is "ringing" of 
the young trunks and death of plant parts over infection. Cytospora cancer (Leucostoma kunzei) 
causes similar damage to cambium and bark, which is manifested mostly in its imperfect stage as 
Cytospora kunzei, when ribbons of conidia, gently curved, sized of 4-5 x 1.5 μm are pressed out 
the pycnidia. Again, predisposition plays an essential role in infection.  

Introducing Pitch cancer (Fusarium circinatum) is the possible risk, which is manifested by 
a strong pitched part of the young trunk or individual branches. Although it is mentioned 
primarily for Pines as the so-called pitch cancer, it is reported as the causative agent of the same 
disease in Douglas-fir. 

Wooden fungi 

Douglas-fir is relatively stable woody species in terms of attack by wood fungi in Czech 
Republic's conditions and can be used as a substitute tree species of the Norway spruce in areas 
where its stability is impaired by Armillaria and Annosus root dieseases. However, in some 
countries Douglas-fir is attacked by Armillaria root disease to the same extent as Norway spruce 
in Czech Republic. Habitats and climatic conditions play a crucial role for it. 

The Red-brown butt rot (Phaeolus schweinitzii) may be a major problem in solitary 
plantings, which disrupts the stability of Douglas-fir probably since the age of 60 years and 
causes degradation of wood mass of the basal part of the trunk, among others. Sporocarps on the 
stem base and over the roots and an enlarged stem base are main symptoms. However, annual 
sporocarps are formed in advanced stages of infection and may not be formed every year. Their 
presence indicates damage of the root system and degradation of the stem base by Red-brown 
butt rot. 

Insect pests 

Douglas-fir is a stable species in terms of insect pests. Mainly cambioxylophagous beetles 
of the subfamily Scolytidae, such as Pityogenes chalcographus L. or Cryphalus piceae Ratz. etc. 
are these of the original insect species, which attack Douglas-fir quite rarely. Some of the 
butterflies whose caterpillars can develop in cones and Douglas-fir seeds belong to other pests in 
our country. These are especially Dioryctria abietella and Cydia strobilella or Laspeyresia 
illutana. However, the Douglas-fir seed chalcid (Megastigmus spermotrophus) introduced into 
Europe is the most important seed pest. Gilletteella cooleyi is another important introduced 
species. These gall adelgid is spread mainly on Douglas-fir in urban plantings and on Douglas-fir 
stressed by drought. Possible gradations of Gilletteella cooleyi can be solved by spraying with 
common insecticides. 

Diseases important from the phyto-quarantine point of view 

Douglas-fir is introduced tree species in Europe. Many European pathogens such as 
Phaeolus schweinitzii, Armillaria spp. etc. have adapted to it. Along with Douglas-fir, the 
Rhabdocline needle cast (Rhabdocline pseudotsugae) and Swiss needle cast (Phaeocryptopus 
gauemannii) were brought from North America primarily, which gradually spread into all areas 
of Douglas-fir silviculture in Europe. Conifer aspen rust (Melampsora medusae), Laminated root 
rot (Phellinus weirii) and Black stain root disease (Leptographium wageneri) are cited as 
quarantine pathogenic organisms hosted by Douglas-fir, from the landscape protection EPPO 
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point of view. Only Conifer aspen rust (Melampsora medusae) is mentioned from Southern 
Europe, but only its uredial stage on poplars; aecial stage hosts are not reported. Douglas-fir 
dwarf mistletoe (Arceuthobium douglasii) is also considered a quarantine organism. 

Imports must respect a number of phytosanitary measures, as such imports can be 
authorized at all. Imports are regulated by Act No. 326/2004 Coll., On phytosanitary care and 
amending certain related acts, as amended by Act No. 626/2004 Coll., Act No. 444/2005 Coll., 
Act No. 131/2006 Coll. and Act No. 249/2008 Coll. and implementing regulations, here in 
particular Decree No. 215/2008 Coll., On measures against the introduction and spreading of 
harmful organisms of crops and plant products, as amended by Decree No. 159/2009 Coll. and 
Decree 76/2010 Coll. 

Phyto-pasports are sufficient for intra-EU imports outside the special protection zones; 
regulations and restrictions are applied to imports from third countries and outside Europe (see 
Tabs. 1-3). 

Conclusion 

The most significant threat to Douglas-fir is currently the Swiss needle cast, first detected 
in the Czech Republic in 2002. Since then it has spread practically throughout the country. It 
poses a threat to Douglas-fir cultivated in pure plantations aged 5-40 years. Knowledge 
absolutely absents about the resistance or tolerance of provenance of Douglas-fir cultivated in the 
Czech Republic, at present. Mass introduction of Douglas-fir in the Czech Republic is risky from 
this point of view and it cannot be recommended without testing of used provenance for 
resistance to Swiss and Rhabdocline needle casts due to the absolutely real risk of epidemic 
situation. Already at present, the health status of Douglas-fir is poor due to the presence of the 
Swiss needle cast in many localities of Czech Republic, incl. University Forest Křtiny and further 
plantings cannot be recommended. The presence of both needle casts in the territory of the Czech 
Republic must be considered as a primary fact to be taken into account before any planting of this 
species; without knowing the resistance or tolerance of the Douglas-fir provenance used, any 
mass planting of Douglas-fir is a very risky step. In all research activities, information on the 
resistance of the provenance used to these needle casts must be requested as a basic requirement, 
otherwise all research activities are simply impaired by the simple presence of these pathogens 
for use in forestry. Risks associated with Swiss needle cast can be eliminated by Douglas-fir 
cultivating in admixture up to 10%, in conjunction with silviculture measures to flowing air open 
stands and by choice of suitable sites with minimal fog occurrences. 

Local gradation of Gilletteella cooleyi may be a problem in young stands as well as 
ornamental plantations. Red-brown butt rot (Phaeolus schweinitzii) is the most common problem 
in adult stands. 
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Table 1. Seeds and cones for propagation purposes, originating in third countries 
(http://eagri.cz/public/web/file/62024/Dovozni_manual_CR_2010_SRS.pdf) 

 
seeds and cones for propagation purposes, 
originating in third countries Decision of 
the State Phytosanitary Administration 
(SPA) as SPA 011474/2007 of 14 
September 2007, Commission Decision 
2007/433   

The phytosanitary certificate confirms in the "Additional declaration" 
part, that the plants come from a production site registered and 
supervised by an official plant organization in the country of origin 
and 
a) have been grown permanently in a country in which the fungus 
Gibberella circinata Nirenberg & O'Donnell is not known to occur, or 
b) have been permanently grown in an area free from fungi Gibberella 
circinata Nirenberg & O'Donnell established by the official plant 
protection organization in the country of origin in accordance with the 
relevant international standards for phytosanitary measures. The name 
of the area free from fungi Gibberella circinata Nirenberg & 
O'Donnell must be stated in the "place of origin" part, or 
c) come from a production site, where no signs of fungal Gibberella 
circinata Nirenberg & O'Donnell infestation were observed during 
official controls carried out in the two years prior to export and the 
plants were tested immediately prior to export. 

 
 

Table 2. When importing branches, incl. grafts 
(http://eagri.cz/public/web/file/62024/Dovozni_manual_CR_2010_SRS.pdf) 

 
Pseudotsuga Carr. - Douglas (see also Coniferales) 
by origin from non-European countries 
(1./3A) 

import ban 

Pseudotsuga menziesii (Mirbel) Franco - Douglas- fir (see also Pseudotsuga) 
by origin in the USA (Decision of the 
State Phytosanitary Administration ref. 
SPA 006995/2007 of 22 May 2007, 
Commission Decision 2002/757 / EC 
as amended) 

Phytosanitary certificate 

by origin in the USA (Decision of the 
State Phytosanitary Administration ref. 
SPA 006995/2007 of 22 May 2007, 
Commission Decision 2002/757 / EC 
as amended) 

Phytosanitary certificate: 
(a) confirms that the susceptible plants originate in an area in which the 
presence of non-European strains of the sudden death of oaks 
Phytophthora ramorum Werres, De Cock &Man in,,t Veld is unknown. 
The name of the area shall be entered in the certificate at cell 'Place of 
origin', or 
(b) it was issued after official verification that no susceptible signs of non-
European strains of sudden oak dying Phytophthora ramorum Werres, De 
Cock &Man in,,t Veld were detected on susceptible plants at the place of 
production during checks or during laboratory testing of plants with 
suspicious symptoms since the beginning of the last completed vegetation 
period; and 
(c) the certificate certifies that, prior to loading and dispatch of susceptible 
plants, representative samples of plants have been taken and inspected and 
found free from non-European strains of the sudden death of oaks 
Phytophthora ramorum Werres, De Cock &Man in,,t Veld during the 
inspection. The result of this inspection must be recorded in the  cell of 
"Additional declaration" box of this certificate, as follows: "found free 
from non-European isolates of Phytophthora ramorum Werres, De Cock 
&Man in,,t Veld. 
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Table 3. At import plants intended for further cultivation 
(http://eagri.cz/public/web/file/62024/Dovozni_maual_CR_2010_SRS.pdf) 

 
by origin from non-European countries 
(1./3A) 

import ban 

by origin from third countries 
(6./9AIII) 

Plant importer is obliged to notify their customers to SPA in the CZ 
territory (§ 24 para. 1 of the Act) 

Plants designated for planting 
(10./4AI) 

Where appropriate, official confirmation that no signs of Melampsora 
medusae Thümen have been observed at the place of production or in its 
immediate vicinity since the beginning of the last complete cycle of 
vegetation 

by origin in the USA (Decision of the 
State Phytosanitary Administration ref. 
SPA 006995/2007 of 22 May 2007, 
Commission Decision 2002/757 / EC 
as amended) 

Phytosanitary certificate: 
(a) confirms that the susceptible plants originate in an area in which the 
presence of non-European strains of the sudden death of oaks 
Phytophthora ramorum Werres, De Cock &Man in,,t Veld is unknown. 
The name of the area shall be entered in the certificate at cell 'Place of 
origin', or 
(b) it was issued after official verification that no susceptible signs of non-
European strains of sudden oak dying Phytophthora ramorum Werres, De 
Cock &Man in,,t Veld were detected on susceptible plants at the place of 
production during checks or during laboratory testing of plants with 
suspicious symptoms since the beginning of the last completed vegetation 
period; and 
(c) the certificate certifies that, prior to loading and dispatch of susceptible 
plants, representative samples of plants have been taken and inspected and 
found free from non-European strains of the sudden death of oaks 
Phytophthora ramorum Werres, De Cock &Man in,,t Veld during the 
inspection. The result of this inspection must be recorded in the  cell 
of"Additional declaration" box of this certificate, as follows: "found free 
from non-European isolates of Phytophthora ramorum Werres, De Cock 
&Man in,,t Veld. 

  

The phytosanitary certificate confirms in the "Additional declaration" part, 
that the plants come from a production site registered and supervised by an 
official plant organization in the country of origin and 
a) have been grown permanently in a country in which the fungus 
Gibberella circinata Nirenberg & O'Donnell is not known to occur, or           
b) have been permanently grown in an area free from fungi Gibberella 
circinata Nirenberg & O'Donnell established by the official plant 
protection organization in the country of origin in accordance with the 
relevant international standards for phytosanitary measures. The name of 
the area free from fungi Gibberella circinata Nirenberg & O'Donnell must 
be stated in the "place of origin" part, or                                                           
c) come from a production site, where no signs of fungal Gibberella 
circinata Nirenberg & O'Donnell infestation were observed during official 
controls carried out in the two years prior to export and the plants were 
tested immediately prior to export. 
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Table 4. Pathogens survey of Douglas-fir diseases 
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1 
Arceuthobium douglasii 
Engelmann 

Douglas-fir 
dwarf mistletoe 

twigs 
semi-parasitic 
plant 

USA, Canada no 

2 
Armillaria spp. Armillaria 
ostoyae (Romagnesi) Herink 

Armillaria root 
disease 

roots root rot 
USA, Canada, 
Europe 

yes 

3 
Botryotintia fuckeliana (de Bary) 
Whwtzel (anam. Botrytis cinerea 
Pers.:Fr.) 

Gray mold 
sprouts, 
young plants 

soft tissue 
damage 

USA, Canada 
Europe, Asia 

yes 

4 

Ceriporiopsis rivulosa (Berk. & 
Curtis) Gilb. & Ryvarden 
(= Poria rivulosa (Berk. & Curtis 
) Cookr ) (= Poria albipellucida 
D. Baxter) 

White butt rot - 
White 
laminated rot 

stem rot USA, Canada no 

5 
Cryptoporus volvatus (Peck) 
Schear 

Gray-brown sap 
rot, Veiled 
polypore 

stem rot 
USA, Canada, 
Asia 

no 

6 
Dermea pseudotsugae Funk & 
Sutton 

Dermea canker cambium 
young stems, 
twigs 

USA, Canada no 

7 
Dothistroma septosporum 
(Dorog.) M. Morelet 

Dothistroma 
needle blight 

needles needle blight worldwide yes 

8 
Diaporthe lokoyae Funk 
(anam. Phomopsis lokoyae 
Hahn.) 

Phomopris 
canker 

stem 
cambium 
disease 

USA, Canada no 

9 
Durandiella pseudotsugae Funk 
& Sutton 

Dime canker cambium 
small stems, 
twigs 

USA, Canada no 

10 
Echinodontium tinctorium (Ellis 
& Everh.) Ellis & Everh. 

Rust-red stringy 
white rot 

stem heartwood rot USA, Canada no 

11 
Fomitopsis cajanderi (P. Karst.) 
Kotlaba & Pouzar 

Rose fomes rot stem rot USA, Canada no 

12 
Fomitopsis officinalis 
(Villars:Fr.) Bondartsev &Singer 

Brown trunk rot stem brown rot 
Canada (on 
Douglas-fir) 

no 

13 
Fomitopsis pinicola (Sw.:Fr.) P. 
Karst 

Brown crumbly 
rot 

stem, stem 
base 

brown rot 
USA, Canada, 
Europe 

yes 

14 
Fomitopsis rosea (Alb. Et 
Schw.:Fr.) P.Karst. 

Polypore rose 
stem, rotting 
wood 

brown rot of 
the dead stems

USA, Canada, 
Europe 

no (on 
Douglas-
fir) 

15 
Fusarium circinatum Nirenberg 
& O'Donell 

Pitch canker 
stem, 
branches 

cambium 
injury 

USA, Canada, 
NZ 

no (?) 

16 
Fusarium oxysporum (Schl.) 
emend. Synd. & Hans. 

Fusarium 
hypocotyl rot 

cambium, 
seedlings 

small stems, 
twigs 

USA, Canada, 
Europe, Asia 

yes 

17 
Fusarium spp. Pythium spp. 
Phytophthora spp. Rhizoctonia 
spp. 

Damping off 
seedlings, 
hypocotyle 

seedlings 
damping off 

USA, Canada, 
Europe, Asia 

yes 

18 

Gremmeniella abietina 
(Lagerberg) Morelet (syn. 
Ascocalyx abietina (Lageberg) 
Schalpfer, anam. Brunchorstia 

  tissue 
cambium 
disease 

Europe yes (?) 
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pinea (P. Karsten) Höhnel 

19 

Heterobasidion annosum (Fr.) 
Bref. (anamorpha Spiniger 
meineckellum (A. Olson) 
Stalpers) 

Annosus root 
disease 

roots root rot 
USA, Canada, 
Europe 

yes 

20 
Innonotus tomentosus (Fr.:Fr.) 
Teng 

Tomentosus 
root rot 

stem bases, 
roots 

rot, 
saprophyte 

USA, Canada, 
Europe 

yes 

21 Laetiporus spp. 
brown cubical 
rot 

stem brown rot USA, Canada not known

22 

Leptographium wageneri 
(Kendrick) M.J. Wingfield var. 
pseudotsugae T.C. Harrington 
&F.W. Cobb 

black stain root 
disease 

stem bases, 
roots 

wood staining 
fungus 

USA, Canada no 

23 

Leucostoma kunzei (Fr.: Fr.) 
Munk (anam.) Cytospora kunzei 
Sacc.  
Valsa abietis (Fr.: FR.) Fr. (anam. 
Cytospora abietis Sacc.) 

cytospora 
canker 

stem stem cankers 
USA, Canada, 
Europe, Asia 

yes 

24 Melampsora medusae Thuem.        
conifer -  aspen 
rust         

needles 
aecium stage 
of rust 

USA, Canada no 

25 
 Melampsora occidentalis H. 
Jacks. 

conifer -  
cottonwood rust

needles 
aecium stage 
of rust 

USA, Canada No 

26 
Perenniporia subacida (Peck) 
Donk 

stringy butt rot stem bases white rot 
USA, Canada, 
Europe (very 
rarely) 

no 

27 
Phacidium abietis (Dearn.) Reid 
& Cain 

snow blight needles blight USA, Canada no 

28 
Phaeocryptopus gaeumannii (T. 
Rohde) Petr. 

Swiss needle 
part 

needles blight 
USA, Canada, 
Europe 

yes 

29 
Phaeolus schweinitzii (Fr.:Fr.) 
Pat. 

red-brown butt 
rot 

stem, roots brown rot 
USA, Canada, 
Europe, Asia 

yes 

30 
Phellinus pini (Thore:Fr.) A. 
Ames 

red ring rot stem 
honeycomb 
rot 

USA,Canada, 
Europe, Asia 

yes 

31 
Phellinus weirii (Murrill)  R.I. 
Gilbertson 

laminated root 
rot 

stem, roots 
honeycomb 
rot 

USA, Canada no 

32 Phoma eupyrena Sacc. 
phoma seedling 
blight 

seedlings 
cambium 
injury 

USA, Canada no 

33 
Phoma eupyrena Sacc., 
Fusarium avenaceum (Fr.) Sacc., 
Fusarium sanbucinum Fuckel 

upper stam 
canker 

stem, roots 
cambium 
disease 

USA, Canada, 
Europe 

? 

34 
Phomopsis pseudotsugae Wilson 
(syn. Phacidium conifererum 
(Hahn) Di Cosmo 

phacidium 
disease of 
conifers 

stem, twigs 
cambium 
disease 

Europe yes 

35 Phytophthora spp. 
phytophthor 
root rot 

roots 
cambium 
disease 

USA, Canada, 
Europe (?)  

no 

36 
Resinicum bicolor (Albertini & 
Schwein:Fr.) Parmasto 

white stringy 
rot 

stem 
rot, 
saprophyte 

USA, Canada, 
Europe 

yes 

37 Rhabdocline pseudotsugae Syd.     rhabdocline needles blight USA, Canada, yes 
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Rhabdocline weirii A.K. Parker & 
Reid 

nedle part Europe, Asia 

38 Rhizina undulata Fr.:Fr. 
rhizina root 
disease 

roots 
rot, cambium 
injury 

USA, Canada, 
Europe (?)  

yes 

39 Sparrasis crispa (Wolfen:Fr.)Fr. 
sparrasis root 
rot 

roots 
white rot of 
roots and stem 
bases 

USA, Canada, 
Europe 

yes 

40 
Stereum sanguinolentum 
(Albertini & Schwein.:FR.) Fr. 

bleeding sap rot stem stem rot 
USA, Canada, 
Europe,  Asia 

yes 

41 

Sydowia polyspora (Bref. & Tav.) 
E. Muller (anam. Sclerophoma 
pythiophila (Corda) Höhn. = 
Sclerophoma semenospora Funk) 

sclerophoma 
dieback 

stem 
cambium 
disease 

USA, Canada, 
Europe 

yes 

42 
Trichaptum abietinum 
(Dickson:Fr.) Ryvarden 

pitted sap rot 
stem, 
branches, 
smallwood 

white rot of 
sapwood 

USA, Canada, 
Europe, Asia 

yes 
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Abstract 
The article analyzes the growth, development of root system and the health state of Douglas-fir 
on abandoned agricultural land ranging from plantings to the 60 years old trees. After planting, 
Douglas-fir grows best on small and covered clearings not influenced by water. However, the 
root system must not be deformed during planting; deformation always causes root rots. Douglas-
fir creates a strong anchor root system; however, it is not the largest root system, but the deepest 
penetrating in comparison with other tree species. The root rots were detected in seven stands and 
three stands proved the root rot in all trees in thirteen analyzes of stands over 30 years old. 
Defoliation of the aboveground part is the external manifestation of root system rot. Douglas-fir 
does not exceed Norway spruce growing in the same habitat by its production in thirty-year-old 
and older stands. 
 
Key words 
Douglas-fir, afforestation, abandoned agricultural land, root system, health state 
 
 
 

Introduction and aim of the work 

Douglas-fir is the most important introduced tree species in the Czech Republic and has a 
similar position in Austria, Germany, France and other countries. Douglas-fir is and was 
introduced for its excellent growth properties and versatile wood (Cafourek 2002). Currently, 
there are other factors in the introduction and, unlike autochthonous coniferous trees; it has 
greater resistance to most biotic and abiotic agents, especially wind and drought (Podrázský et al. 
2011, Mauer and Palátová 2012). 

Although all its positive properties are genetically predisposed, Douglas-fir differs from 
autochthonous coniferous trees mainly by the architecture of the root system. It creates a strong 
anchor root system, where the proportion of anchors can exceed the proportion of horizontal roots 
and it roots through even very deep soil horizons (Mauer and Palátová 2012). The Douglas-fir 
root system does not grow into water (Hofman 1964) and significantly compacted horizons 
(Gruber and Nick 2000). However, all these data were found in the evaluation of Douglas-fir in 
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forest stands. There are no exact data on the development of the root system of this species on 
abandoned agricultural land.  

Given that, Douglas-fir grows well in most forest habitats in the Czech Republic and resists 
drought, it is increasingly used in afforestation of abandoned agricultural lands and there are 
opinions that it would replace Norway spruce, which is significantly affected by rotting in these 
habitats, it is very mechanically unstable and in most cases does not live to the exploitable age. 

The aim of this work was to find out what is the development and health state of the 
Douglas-fir root system growing on abandoned agricultural lands in the first generation. 

Methods and material used 

Stands up to 60 years of age (DG representation at least 60%) were included in the analysis, 
which grow authentically on former agricultural lands (the problem is that even though several 
tens of thousands of hectares of agricultural land were afforested in the Czech Republic, it is 
currently unknown where these stands are located). All roots were lifted by hand in an 
archaeological way. After cleaning, up to 36 parameters and characters were detected on each 
root system. Deciding criteria are mentioned in the article.  
• Root system type - root system consists of: 

1. Perpendicular and oblique anchors from the base + horizontal skeletal roots (signed as 
HKK in the result tables). 

2. Only vertical anchors from base + horizontal skeletal roots. 
3. Only oblique anchors from base + horizontal skeletal roots. 
4. Taproot system + horizontal skeletal roots. 
5. Only skeletal roots without anchors. 
6. Only horizontal skeletal roots with anchors from these roots. 
7. Universally developed root system. 

• Number of roots (pcs) – horizontal skeletal roots, perpendicular and oblique anchors from 
base, anchors from horizontal skeletal roots. 

• Rooting depth (cm) - the average distance from the soil surface to the tips of the 
perpendicular and inclined anchors from the base. 

• Length of horizontal skeletal roots (cm) - distance from the foot trunk to the tip of the root 
• The size of the root system (expressed as Ip). It is a calculated parameter that gives us the size 

of the root system to the length of the above-ground part of the tree. The number indicates the 
area (in mm2) of the cross-sections of all skeletal roots to the length of the above-ground part 
(in cm). The larger the number - the larger the root system. The Ip value was calculated for 
the whole tree and to determine the anchor proportion on the root system size separately and 
for all anchors (only all anchor roots were included in the calculation). 

• Every root system was examined for possible damage by biotic and abiotic factors; each root 
was cut longitudinally due to detect its rot. 

(Development and health state of other analyzed trees species were determined by the same   
methodical procedures).  

Given the frequent occurrence of large-scale losses and stagnation in post-planting growth 
in the afforestation of agricultural land by Douglas-fir, the following factors have been also 
analyzed: impact of clearing size, cover of clearing and impact of habitat (Forest Site Type 
Complexes; Viewegh 2005). 
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• Cover of clearing: 
1. the clearing is not wider than 35 m and it is covered by the surrounding vegetation from 

3 sides at least, 
2. the clearing is covered by the surrounding vegetation from 2 sides and the distance of 

the clearing from the stand providing cover does not exceed 1.5 times its height. Its size 
does not exceed 0.50 ha, 

3. the clearing is covered by the surrounding vegetation from 1 side or it is not covered at 
all. 

• Loses after planting (in % of dead young trees). 
• Height of aboveground part (in cm) and terminal shoot increment (in cm) in individual years 

after planting. 
• Vitality of young trees (in %; evaluated by the color of the assimilation apparatus and the 

length of the needles). 
• Frost damage to plants (in %). 

 

Results 

Influence of size and cover of the clearing and influence of habitat (FSTC) on 
growing up of Douglas-fir  plantings 

Tables 1 and 2 show that also on agricultural lands, Douglas-fir grows best on small 
covered clearings after planting. The larger the clearing, the greater the losses; losses reach to 
over 60% by cover 3. 

A serious finding is the fact that the size and cover of the clearing does not affect the frost 
damage to the plants. As on forest soils as on agricultural lands, Douglas-fir fir grows very poorly 
in habitats influenced by water, regardless of the size and cover of the clearing (Table 3). 

Comparison of forest tree root systems development on agricultural lands 

The stands were analyzed at the age of 10 years (distance of analyzed stands was up to 5 
km) and 54 years (distance of analyzed stands was up to 500 m – one-time afforestation of the 
water stock zone) in order to find out how the architecture of the root systems of autochthonous 
trees differs in comparison with Douglas-fir. Trees without external damage or growth stagnation 
were selected for analysis. The Douglas-fir has the highest height of the above-ground part only 
at the age of ten (Tabs. 4 and 5 and Figs. 1 and 2). In both situations (10 years and 54 years) 
Douglas-fir had a large root system, but it was not the largest. However, in both cases the 
Douglas-fir reached the highest values of rooting. All Norway spruce root systems were attacked 
by Armillaria root disease at the age of ten, which is a serious finding. In later years, almost all 
Norway spruce and Scotch pine trees were affected by Armillaria root disease and rots. 

Development and health state of Douglas-fir root systems on agricultural land 

During reconnaissance of Douglas-fir stands on agricultural lands, we found that in some 
stands some trees are affected by defoliation (occurrence individually or in circles), we also 
found stands where all trees were affected by defoliation. Therefore, we analyzed only trees 
without defoliation in strands with partial trees defoliation (trees with defoliation were always 
affected by root rots); in stands with 100% defoliation we evaluated trees that had two years of 
needles at least. The situation was complicated by the fact that in some stands it was not possible 
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to dig up the entire root systems, but only to uncover the root systems to a depth of 50 cm close 
the stem base. (These analyzed trees were on property of private owners). Table 6 shows that out 
of thirteen analyzed stands, three are affected by 100% defoliation and only five stands were 
without defoliation. Analyzing the root systems, we found that despite the defoliation, Douglas-
fir created a strong and deep anchor root system (Fig. 7). But there are two problems. Seven 
stands have root system rots from the thirteen analyzed. Special analyzes have revealed that 
Armillaria disease and Bleeding sap rot participate in the rots (Figs. 4, 5 and 6). Not only all trees 
with defoliation, but also trees without defoliation are affected by rotting, which is the second 
problem, when in any case the Douglas-fir production did not exceed the  Norway spruce 
production of the same age in the same habitat. 

Influence of deformation on development and health state of Douglas-fir root 
system on agricultural lands 

Deformations of the root system are very often on agricultural lands, most often into the 
capitulum-look. Douglas-fir then does not create anchor roots of the root system, but a 
superficial, often one-sided root system, which is almost always attacked by Armillaria disease. 
Such trees were not included in the analysis. To demonstrate how dangerous root system 
distortions are, in Table 7, the comparison clearly shows that serious deformations into the 
capitulum-look significantly inhibit the height of the aboveground part, the size of the root 
system and the depth of its rooting. Armillaria disease was found in Douglas-fir in the case of 
more serious root system deformation as early as four years after planting. 

Conclusions 

The following conclusions can be drawn by comparing partial analyzes of the growth of the 
aboveground part, the development of the root system and the health status of Douglas-fir on 
agricultural lands aged 4 to 60 years: 
• On agricultural lands, Douglas-fir grows best on smaller covered clearings and it is not 

suitable for planting on water-influenced habitats. 
• Douglas-fir also creates a deep and strong anchor root system on agricultural lands with 

careful planting. 
• Although initially Douglas-fir dominates other species on agricultural lands, since the age of 

thirty years it has not production more than on the same habitat growing Norway spruce of 
the same age. 

• Serious rots of the root system were found in thirty-years-old and older Douglas-fir trees on 
agricultural lands even in trees without root system deformation. Defoliation of needles is an 
external manifestation of infected trees. Rots were found in seven of the thirteen analyzed 
stands, three stands had rots of all trees. 

Overall, it can be stated: 
Douglas-fir cannot replace Norway spruce when creating the first generation of forest on 
agricultural lands, since it has the same or similar problems. (As the provenance of the 
analyzed stands is not known, it cannot be excluded that the results could be different if the 
correct (known) provenance would be chosen.) 
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Table 1. Effect of size and cover of the clearing on the growth of DG - agricultural lands - planting 2008 
 

Increment (cm) 
FSTC)1 Cover 

Loses 
(%) 

Height 
of planted 
plants (cm) 

Length 
of above-ground
part (cm) 

1st 
year

2nd 
year

3rd 
year

4th 
year

5th 
year

Vitality 
(%) 

Frost damage
to plants (%) 

5K 1 17 40 231 8.8 23.2 36.4 53.6 69.0 100 62 
5K 1 4 24 185 8.7 21.6 33.2 44.1 52.7 100 72 
5K 1 18 21 182 9.2 22.9 33.9 41.4 53.4 100 31 
Average  13          
3K 2 29 49 261 11.3 23.1 51.1 61.5 65.3 99 55 
3K 2 34 51 288 11.0 39.6 54.2 50.4 82.3 100 83 
3K 2 26 46 264 9.1 30.5 41.2 60.4 76.9 100 13 
5K 2 16 31 239 10.9 29.4 38.8 51.6 77.0 100 33 
Average  26          
3K 3 80 56 267 11.4 35.3 46.7 47.1 70.6 100 61 
3K 3 65 47 166 9.6 27.1 22.8 25.8 33.7 100 96 
3V 3 98 36 128 8.7 11.4 17.6 17.9 34.2 91 100 
2S 3 37 28 126 6.2 13.8 31.9 41.3 4.7 99 100 
Average  70          
)1 Forest Site Type Complexes - details in Viewegh 2005     
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Table 2. Effect of size and cover of the clearing on the growth of DG - agricultural lands - planting 2010 
 

Increment (cm) 
FSTC)1 Cover 

Loses 
(%) 

Height of 
planted plants 
(cm) 

Length of above-
ground part (cm) 1st year 2nd year 3rd year 

Vitality 
(%) 

Frost damage 
to plants (%) 

3K 1 21 33 85 7.2 13.8 31.0 99 0 
Average  21        
6P 3 85 38 66 5.1 7.8 15.5 100 0 
5K 3 35 49 96 8.2 9.7 29.0 90 0 
3S 3 69 39 91 10.0 21.4 20.2 100 0 
1K 3 68 58 106 9.2 11.8 27.4 100 0 
3I 3 68 49 75 5.9 8.0 12.2 76 0 
Average  65        
)1 Forest Site Type Complexes - details in Viewegh 2005 
 

  

 
 

Table 3. DG growth in habitats affected by water - agricultural lands (3 - 5 years, covering types 1 and 2) 
 

Increment (cm) 

FSTC)1 
Loses 
(%) 

Height 
of 
planted 
plants 
(cm) 

Length 
of 
above-
ground 
part (cm) 

1st year 2nd year 3rd year 4th year 5th year 
Vitality 
(%) 

Frost 
damage 
to plants 
(%) 

1O 48 62 111 8.5 11.2 28.9   94 0 
3O 65 47 166 9.6 27.1 22.8 25.8 33.7 100 96 
3O 88 24 65 8.0 13.4 20.1   55 20 
3I 68 49 75 5.9 8.0 12.2   76 0 
3I 92 40 99 9.4 16.1 33.8   82 10 
4I 74 17 70 5.3 13.8 33.5   74 64 
5L 93 42 194 8.1 29.3 34.7 31.3 49.0 75 100 
3V 98 36 128 8.7 11.4 17.6 19.7 34.2 91 100 
)1 Forest Site Type Complexes - details in Viewegh 2005    

 



Table 4. Comparison of development of forest tree root systems on agricultural lands - age of stand 10 years 
 

Amount of (pcs) 
Amount of trees with 
Armillaria / rot (pcs) 

size of the root 
system (Ip) )2 

Tree 
species 

FSTC)1 

amount 
of trees 
analyzed 
(pcs) 

Type of 
root 
system 
(in 
amount 
of trees) 

Length 
of 
above-
ground 
part 
(cm) 

horizontal 
skeletal 
roots 

perpendicular 
anchors 

oblique 
anchors

anchors 
from 
horizontal 
skeletal 
roots 

rooting 
depth 
(cm) 

length of 
horizontal 
skeletal 
roots (cm) 

horizontal 
skeletal 
roots 

anchors base
of the 
whole 
tree 

of all 
anchors

DG 5K 6 6x1 890 5.3 3.0 3.3 2.3 88 78 0/0 0/0 0/0 22.1 18.3 
SM 5S 6 6x6 601 9.0 4.3 0.0 0.0 38 93 0/0 0/0 6/0 13.3 1.1 
JD 5S 6 6x2 303 8.3 2.6 1.6 0.0 77 74 0/0 0/0 0/0 14.3 5.7 
MD 4S 6 6x6 631 7.7 3.0 2.0 3.7 69 81 0/0 0/0 0/0 24.1 15.2 
JV 5S 6 6x3 400 6.3 0.0 4.0 4.0 49 78 0/0 0/0 0/0 16.2 10.5 
BK 5K 6 6x3 776 4.3 0.0 3.7 3.6 15 80 0/0 0/0 0/0 15.4 10.6 
)1 Forest Site Type Complexes - details see in Viewegh (2005)          
)2 details in text          

 
 

Table 5. Comparison of forest tree root systems development on agricultural land - age 54 years, all on FSTC 4S)2 

 

Amount (pcs) 
Amount of trees with 
Armillaria / rot (pcs) 

size of the root 
system (Ip) )1 

Tree 
species 

Amount 
of 
analyzed 
tree 
species 
(pcs) 

Type of 
the root 
system (in 
tree 
amount) 

Length 
of the 
above-
ground 
part 
(cm) 

horizontal 
skeletal 
roots 

perpendicular 
anchors 

oblique 
anchors

anchors 
from 
horizontal 
skeletal 
roots 

rooting 
depth 
(cm) 

length of 
horizontal 
skeletal 
roots (cm) 

horizontal 
skeletal 
roots 

anchors base
of the 
whole 
tree 

of all 
anchors

DG 6 6x1 2430 5.4 5.2 4.1 7.3 134 173 0/0 0/0 0/0 44.4 32.9 
SM 6 6x6 2355 9.5 3.5 3.6 15.2 64 67 5/3 5/3 6/0 48.3 21.7 
MD 6 6x3 2430 8.6 3.5 3.6 10.2 63 64 0/0 0/0 0/0 50.8 24.3 
DB 6 6x2 2210 10.5 4.6 3.9 8.5 87 65 0/0 0/0 0/0 27.3 26.1 
OL 6 6x2 1860 0.0 11.2 8.7 0.0 74 0 0/0 0/0 0/0 33.1 33.1 
LP 6 6x3 2120 10.5 5.2 5.0 7.2 86 133 0/0 0/0 0/0 28.9 12.9 
JS 6 6x7 1990 10.7 5.5 6.5 11.5 86 161 0/0 0/0 0/0 54.3 24.1 
BO 6 6x3 2280 10.6 5.8 5.9 8.4 111 126 4/1 0/0 0/0 46.6 25.8 
)1 details in text      )2 details in Viewegh 2005         
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Table 6. Development and health status of DG root system on agricultural lands - age of stands 30-60 years 
 

Amount (pcs) 
Amount of trees with 
Armillaria / rot (pcs) 

size of the root 
system (Ip) )2 

FSTC)1 age 
Defoliation 
(%) 

Type of 
the root 
system 
(in tree 
amount) 

Length 
of the 
above-
ground 
part 
(cm) 

horizontal 
skeletal 
roots 

perpendicular 
anchors 

oblique 
anchors

anchors 
from 
horizontal 
skeletal 
roots 

rooting 
depth 
(cm) 

length of 
horizontal 
skeletal 
roots (cm) 

horizontal 
skeletal 
roots 

anchors base
of the 
whole 
tree 

of all 
anchors

3S 32 0 6x1 1815 7.0 2.7 3.5 4.1 101 176 6/0 6/2 0/0 26.5 16.4 
4B 34 0 6x1 2270 10.0 4.0 6.0 5.5 114 201 0/0 0/0 0/0 63.4 23.1 
5S 32 10 6x1 2058 8.0 4.6 3.4 4.4 109 123 1/0 2/0 0/0 39.1 18.9 
4K 30 40 6x1 1810 7.1 3.5 3.0 5.0 114 175 1/0 2/0 1/0 50.3 20.7 
3B 33 0 6x2 1650 7.2 0.0 4.5 4.5 79 162 0/0 0/0 0/0 53.2 21.1 
5B 42 40 6x1 2585 5.4 3.6 4.2 4.4 123 161 3/3 6/5 1/0 41.2 25.3 
2C 40 0 6x1 2018 6.4 2.0 3.6 4.4 120 210 5/1 3/0 0/0 41.6 18.4 
4S 54 50 6x1 2280 5.0 5.3 4.0 9.3 127 188 4/3 3/3 5/3 60.0 42.3 
4S 47 100 10x1 2380  10/10  
3K 43 100 10x1 2290  10/10  
3S 42 10 10x1 2405  10/10  
4S 46 0 10x1 2460  0/0  
3B 57 40 10x1 2710 

not investigated 

  3/0   

not investigated

)1 Forest Site Type Complexes - details see in Viewegh (2005)          
)2 details in text          
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Table 7. Effect of root system deformation on DG growth on agricultural lands (age of stands 4 and 5 years; cover of clearings types 1 and 2) 
 

Amount (pcs) 
Amount of trees with 
Armillaria / rot (pcs) 

size of the root 
system (Ip) )2 

FSTC)1 age 

Deformation 
to capitulum 
-look (in tree 
amount) 

Amount 
of tree 
analyzed 
(pcs) 

Length 
of the 
above-
ground 
part 
(cm) 

horizontal 
skeletal 
roots 

perpendicular 
anchors 

oblique 
anchors

anchors 
from 
horizontal 
skeletal 
roots 

rooting 
depth 
(cm) 

length of 
horizontal 
skeletal 
roots (cm)

horizontal 
skeletal 
roots 

anchors base
of the 
whole 
tree 

of all 
anchors

3K 5 0 10 270 6.6 0.0 3.0 0.0 56 61 0/0 0/0 0/0 17.1 8.6 
3D 4 0 10 204 5.3 1.2 1.0 0.0 45 48 0/0 0/0 0/0 17.1 7.7 
5S 5 10 10 95 4.3 0.0 0.0 0.0 29 24 0/0 0/0 4/0 2.2 0.0 
5K 4 10 10 92 5.1 0.0 0.5 0.0 32 29 0/0 0/0 7/0 3.1 0.4 
)1  Forest Site Type Complexes - details see in Viewegh (2005)          
)2 details in text          

 



 
 

Fig. 1. Development of the root system of different tree species of the same age on agricultural lands; age 10 years (SM – Picea 
abies, MD – Larix decidua, JV – Acer pseudoplatanus, BK – Fagus europaea, JD – Abies alba, DG – Pseudotsuga menziesii; 

FSTC: 4S, 5S and 5K – see Viewegh (2005) 
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Fig. 2. Development of the root system of different tree species of the same age, on the same habitats of agricultural lands; age 54; FSTC 4S (see Table 5);  DG – Pseudotsuga 
menziesii, OL – Alnus glutinosa, SM – Picea abies, BO – Pinus sylvestris, BK – Fagus sylvatica, DBZ – Quercus petraea agg., MD – Larix decidua 
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4  

 

Fig. 3. Development of DG root 
system on agricultural lands (see 

Table 6); 32 let = 32 years, 40 
let = 40 years, 42 let = 42 years, 
54 let = 54 years; FSTC – 2C, 
S, 4B, 5B and 5S – detail see in

Viewegh 2005 



 

 
Fig. 4. Resin discharge on DG root system growing on agricultural lands 

 

 
Fig. 5. Rot-affected DG root system growing on agricultural land 

 

 
Fig. 6. DG root rot growing on agricultural land 
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forests 
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Abstract 
67 parallel (pairs) plots were selected from the total of 153 typological (phytosociological) 
relevés (without soil pits). The plots were selected in such a way that Douglas-fir (Pseudotsuga 
menziesii (Mirb.) Franco) were always paired with stands of autochthonous tree species: 
European beech (Fagus sylvatica L.), oaks (predominantly Quercus petraea agg. (Matt.) Liebl.), 
and allochthonously planted Norway spruce (Picea abies (L.) Karst.). The plots were selected in 
such a way that, influencing of habitats found out according to the occurrence of the understory 
species by Douglas-fir planting. The results showed an increase in species richness and diversity 
in Douglas-fir stands. However at the same time, a rise in some highly nitrophilous species (even 
ruderals) became evident, which is undesirable in autochthonous stands. On the other hand, 
Douglas-fir stands revitalize the localities of the allochthonous planted Norway spruce stands to 
some extent in the phytocoenoses compositions point of view. The increased occurrence of 
nitrophilous species in Douglas-fir stands indicates an increased occurrence of available nitrates 
in humus and upper soil layers, i.e. in humus forms. 
 
Key words 
Introduction, Douglas-fir, understory species, diversity, nitrification 
 
 
 

Introduction 

Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) is one of the most commercially 
important tree species both in the place of its origin range and as introduced tree species, 
especially in European countries. Its initial introduction to Europe is reported from 1826 to 1830; 
the aim was mainly parks and exteriors of aristocratic residences in the first period (URL 1). It 
can be assumed that this species appeared in our territory in 1842 and is still growing in the so-
called American Garden in Chudenice, founded by count Černín. At present, heights from 34 to 
37 m (depending on different sources) and trunk circumference 572 cm are shown for this 
specimen (Figs. 4, 5 and 6). (Interestingly, the oldest and still growing specimen in Europe is 
Douglas-fir in the Eggesford forest - UK, with a height of 41 m and a trunk circumference of 780 
cm - Fig. 7). 
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However, since then, Douglas-fir also began to plant in the forest stands. Kantor et al. 
(2002) presents the first stand plantations around 1844 in the territory of today's University Forest 
at Křtiny, although this stand no longer exists physically. Otherwise, Douglas-fir is a neglected 
tree species in the Czech Republic's commercial forests, as it accounts for only 0.22% of the total 
forest area, despite the considerable interest of foresters in its cultivation (Podrázský et al. 2011, 
and Remeš et al. 2011). 

Most of the forestry research is focused on the cultivation of seedlings for the needs of the 
Douglas-fir' mother countries practice (Thiel et Perakis 2009). Also very popular here is the 
question of fertilizing or additional fertilizing with urea. However, in most cases, these are 
localities after fires where, as is known, nutrients, especially nitrogen, are rapidly washed out and 
lost, and therefore it is necessary to stock them artificially. This problem is not very topical in our 
country, but interesting for us is their knowledge showing Douglas-fir resistance to drought in 
younger stands and longer drought in adult stands (Urban et al. 2009, 2011 and Nadezhdina et al. 
2014).  

In Europe, the highest proportion of Douglas-fir is in French forests and higher proportions 
are also in the commercial forests of Germany and Italy (Schmid et al 2014). Both the Faculties 
of Forestry (Brno and Prague) and the Research Institute deal with the growth and production 
possibilities of Douglas-fir in our republic. Given that, Douglas-fir is an introduced tree species 
in our country, the question arises of its impact on our forest ecosystems. It is common 
knowledge that plant vegetation reflects relatively quickly and visibly the changed habitat 
conditions, including major changes - indeed, the great majority of plant community 
classifications are based on this principle. It was this bioindication that was used to show the 
influence of Douglas-fir on the understory, suggesting possible changes in the humus chemistry 
and the upper part of the soil (Podrázský et al. 2011 and Viewegh et al. 2014). 

Methods 

For our investigation, it was necessary to look for stands in which Douglas-fir would form 
contiguous groups pure of with a proportion of 60% at least (preferably 100%) and that these 
stands were older than 60 years (preferably 80 years and more). The understory layer should 
already be fully developed. The search for these stands was done with a great contribution of 
local foresters, who are thankful for the indispensable help. The present contribution includes the 
results of the research from sites sampled until 2013. These are the regions: Kostelec nad 
Černými lesy (plots Ko and A), Křtiny (plots Kr a B), Písek (plots P and Pi), Hranice na Moravě 
(plot Hr), Dobříš (plot D), Komorní Hrádek (plot KH), Nemojov (plot Ne), Tišnov (Ti) and Žďár 
nad Sázavou (plot ZR) (Fig. 1). For comparison, plots with dominance of other species were 
chosen in the vicinity of these Douglas-fir stands under conditions of the same exposure, slope 
and FSTC, according to their occurrence on individual localities - Norway spruce, European 
beech and oaks (mostly Sessile oak, but also several plots with Pedundulate oak and even 
Nothern red oak). Phytosociological relevés were made on the plots (without soil pits). In total, 
153 relevés were obtained, i.e. 153 plots. Three groups of parallel plots (67 pairs) were made 
from them: 
• Douglas-fir – Norway spruce (DG-SM), 
• Douglas-fir – European beech (DG-BK),  
• Douglas-fir – oaks (DG-DB). 
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In addition, bioindication groups of plants were formed: acidophilous, mesophilous, nitrophilous 
nitrophilous-to-ruderal and indifferent (Appendix 1). The data were further processed to provide 
data on the frequency difference of occurring species (probability error was tested by the t-test p 
in %), species richness, diversity and equitability in the above-mentioned 3 groups of parallel 
plots (Matějka 2009). 

Results and discussion 

Differences in species composition of understory between Douglas-fir and 
autochthonous trees 

Comparison of phytocoenoses of Douglas-fir and oak stands revealed an increase in the 
frequency of Oxalis acetosella, Mycelis muralis, Senecio ovatus, Carex pilulifera, Calamagrostis 
epigejos, Rubus fruticosus agg. and Torilis japonica on Douglas-fir sites (at p = 0.0 - 5.3 %). In 
contrast, the frequency of Galeopsis pubescens, Melica uniflora and Impatiens parviflora 
occurrences decreased (at p = 1.4 - 4.3 %). Interesting seems to be a decrease in invasive 
neophyte Impatiens parviflora (included among nitrophilous-to-ruderal species) in Douglas-fir 
stands.   

A comparison of Douglas-fir and European beech stands showed an increase in species 
frequencies in Douglas stands: Convolvulus arvensis, Glechoma hederacea, Asarum europaeum, 
Urtica dioica, Dryopteris filix-mas, Brachypodium sylvaticum, Sambucus nigra, Hordelymus 
europaeus, Fragaria vesca, Rubus idaeus, Chelidonium majus, Oxalis acetosella, Carpinus 
betulus (juvenile), Senecio ovatus, Viola reichenbachiana and Geranium robertianum (p = 0.3 – 
4.9 %). Acer platanoides and Quercus petraea agg. showed a decline in the natural regeneration, 
in contrast (p = 2.7-4.2 %). 

More species grow in the Douglas-fir stands rather than to their decrease, when comparing 
the Douglas-fir and the two autochthonous deciduous stands. Increased occurrence of some and 
emergence of new species indicates ruderal-made of these habitats. This process is emphasized 
by an increase in some archaeophytes (Convolvulus arvensis and Chelidonium majus). Douglas-
fir natural regeneration is common under oaks (46% of the area), but it also occurs under 
European beech (17% of the area). 

We found  an increase in the frequency of Stellaria media, Fraxinus excelsior (juvenile), 
Acer platanoides (juvenile), Galium odoratum, Milium effusum, Circaea lutetiana, Dactylis 
glomerata, Prenanthes purpurea, Impatiens parviflora, Urtica dioica and Viola reichenbachiana 
when comparing the Norway spruce and Douglas-fir stands (p = 0.1-5.8%). Decrease occurred in 
(juveniles) Abies alba and Quercus petraea agg., and also in Maianthemum bifolium and 
Galeopsis pubescens (p = 1.4 - 5.1). This indicates the recurrence of some species of natural 
potential vegetation in Douglas-fir stands. However, this positive process is disrupted by the 
appearance of three not very noticeable neophytes. 

The differences between the three groups of parallel plots (Douglas-fir-Norway spruce, 
Douglas-fir-European beech and Douglas-fir-oaks) expressed by Jaccard's and Euclidean's 
distances proved statistically insignificant (Table 1). Comparison of Douglas-fir and oak stands 
showed the greatest distance. The distances of phytocoenoses of Douglas-fir with European 
beech and Norway spruce planted stands are comparable. However, it should be noted, that the 
Norway spruce stands were unnatural, planted in lower (forest) vegetation zones (2nd - 4th FVZ). 
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In addition, Douglas-fir stands planted in the first generation on habitats of native European 
beech and oaks forests retain a greater proportion of autochthonous herbaceous species. 

Ecological groups of species 

The number of mesophilous, nitrophilous and nitrophilous-to-ruderal species prevails in all 
three groups of parallel plots in the Douglas-fir stands (Tabs. 2A, B, C). This is evident on the 
Douglas-fir - European beech parallel plots (Table 2), but the average frequencies and sums of 
abundances show only an increase in nitrophilous-to ruderal species. This could also be due to 
different light conditions in the stands under Douglas-fir and European beech. However, a more 
significant cause could be the changed soil conditions, indicating a higher content of available 
nitrogen under Douglas-fir. The results of the average occurrence of species showing the 
prevalence of mesophilous, nitrophilous and nitrophilous-to-ruderal plants (comparing Douglas-
fir to Norway spruce stands) are not as significant as the results of abundance sums. A more 
considerable abundance decrease of acidophilous species and an increase in mesophilous, 
nitrophilous and nitrophilous-to-ruderal indicates a higher content of available nitrates, especially 
in the upper layers of the soil.  

The results of changes in averages frequency and sum abundances comparing Douglas-fir 
and oak stands are not very significant. Although a slight increase is here, too. This may be due 
to the greater and longer-lasting nature of oak forests than the Douglas fir plantings of the first 
generation.  

Species diversity 

The species richness on individual plots ranges between 3 and 30 species in the relevés of 
parallel plots pairs. The total species diversity (expressed by the original Shannon-Wiener index - 
using a binary logarithm) was found in the interval 0.33 - 3.18 and the equitability in the internal 
0.11 - 1.00. Comparison of species diversity and equitability of 3 parallel groups of plots is 
shown in Table 3. The stands with dominant Douglas-fir show the highest diversity. On the other 
hand, those with Norway spruce dominance showed the lowest diversity, but species equitability 
is minimally influenced by dominant tree species. Species richness and diversity are highest on 
plots under Douglas-fir and on plots under oaks mixed with other tree species. Changes in species 
diversity and equitability reflect the complex features of the all community, resulting changes in 
species composition. 

The presence of Douglas-fir in the stand increases the species diversity of the understory 
(herb layer) on the plots of native European beech and plantings un-native Norway spruce forests 
(Table 4). While the presence of Douglas-fir in Norway spruce stands can be assessed positively 
(Fig. 2), since Douglas-fir increases the similarity  habitat conditions similarity  to natural 
habitats; the increase Douglas- fir in European beech stands can be assessed rather negatively 
(Fig. 3) because it supports ruderal-look processes and species appearing there are not natural. 
However, it should be kept in mind that the observed increase in the total tree layer canopy of the 
mixed Douglas-fir and Norway spruce stands compared with (pure) Norway spruce stand can 
reduce the light penetration, which reduce the presence of some herbaceous and moss layers 
species. The reduction of the total abundance of the moss layer (E0) with an increase in 
proportion of Douglas-fir on the tree layer is shown in Table 4. 
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Conclusion 

As documented, Douglas-fir stands have a relatively clearly influence on their habitat, 
which is unequivocally indicated by species growing in the understory. These species increase 
the species diversity of the stands, their herb layer, but reduce its abundance. This is most 
noticeable when comparing the Douglas-fir stands to the non-native Norway spruce stands of 
lower altitudes. This process is much less obvious when comparing Douglas-fir stands to 
European beech and oak stands. However, nitrophilous species such as e.g. Geranium 
robertianum, Urtica dioica and Galium aparine are also significant here. This indicates a 
noticeable increase in the content of available nitrates in the upper soil layer (in humus forms). 
The findings will have to be confronted with results from other European countries where 
Douglas-fir is more widespread, e.g. Leitl (2001), Augusto et al. (2002) and Budde (2006), and 
further extending the internal reference data. 
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URL 1: Monumental trees. Available at: http://www.monumentaltrees.com/en/europe-
coastdouglasfir 

 
 

Appendix 1. List of species included by groups 

Acidophilous species: Anthoxanthum odoratum, Avenella flexuosa, Calamagrostis 
arundinacea, C. epigejos, C. villosa, Calluna vulgaris, Carex canescens, C. echinata, C. nigra, 
C. pilulifera, Dryopteris dilatata, Gymnocarpium dryopteris, Hieracium murorum, H. sabaudum, 
Luzula luzuloides, L. pallescens, L. pilosa, Melampyrum pratense, M. sylvaticum, Molinia 
arundinacea, Nardus stricta, Phegopteris connectilis, Picea abies, Pinus strobus, Prenanthes 
purpurea, Pteridium aquilinum, Senecio ovatus, Vaccinium myrtillus, Veronica officinalis. 

Mesotrophic species: Acer campestre, Actaea spicata, Agrostis stolonifera, Anemone 
nemorosa, Asarum europaeum, Astragalus glycyphyllos, Athyrium filix-femina, Bromus 
benekenii, Campanula patula, C. persicifolia, C. trachelium, Carex digitata, C. ovalis, C. pairae, 
C. pallescens, C. pilosa, C. sylvatica, Clinopodium vulgare, Convallaria majalis, Dactylis 
polygama, Dentaria bulbifera, Dryopteris filix-mas, Euphorbia amygdaloides, Festuca drymeja, 
Galeobdolon luteum, Galium odoratum, G. sylvaticum, Hedera helix, Hepatica nobilis, 
Hypericum hirsutum, H. montanum, H. perforatum, Lathyrus niger, L. vernus, Melica nutans, M. 
uniflora, Milium effusum, Poa nemoralis, Polygonatum multiflorum, P. odoratum, Quercus 
robur, Ranunculus auricomus, Salvia pratensis, Sanicula europaea, Scrophularia nodosa, 
Sonchus arvensis, Sorbus torminalis, Stellaria graminea, S. holostea, Tilia cordata, Veronica 
chamaedrys, Viola reichenbachiana, V. sylvatica. 

Nitrophilous species: Acer platanoides, A. pseudoplatanus, Agrostis capillaris, Ajuga 
reptans, Brachypodium sylvaticum, Cardamine impatiens, Circaea lutetiana, Cirsium vulgare, 
Corylus avellana, Dactylis glomerata, Digitalis grandiflora, Epilobium angustifolium, Festuca 
gigantea, Fragaria vesca, Frangula alnus, Fraxinus excelsior, Galeopsis pubescens, G. tetrahit, 
Holcus lanatus, Hordelymus europaeus, Impatiens noli-tangere, Lamium maculatum, Lysimachia 
nummularia, L. vulgaris, Mercurialis perennis, Moehringia trinervia, Myosotis sylvatica, Paris 
quadrifolia, Poa trivialis, Pulmonaria obscura, Ranunculus lanuginosus, R. repens, Rosa canina, 
Stachys sylvatica, Torilis japonica, Ulmus glabra. 

Nitrophilous-to-ruderal species: Aegopodium podagraria, Alliaria petiolata, 
Arrhenatherum elatius, Atropa bella-donna, Conium maculatum, Convolvulus arvensis, 
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Galeopsis speciosa, Galium aparine, Geranium robertianum, Geum urbanum, Glechoma 
hederacea, Grossularia uva-crispa, Humulus lupulus, Chaerophyllum temulum, Chelidonium 
majus, Impatiens parviflora, Mycelis muralis, Rubus fruticosus agg., R. idaeus, Rumex 
acetosella, R. conglomeratus, R. obtusifolius, Sambucus nigra, Solanum dulcamara, Stellaria 
media, Urtica dioica. 

Indifferent species: Abies alba, Betula pendula, Carex brizoides, C. remota, Carpinus 
betulus, Deschampsia caespitosa, Euphorbia cyparissias, Fagus sylvatica, Juncus 
conglomeratus, J. effusus, Larix decidua, Maianthemum bifolium, Oxalis acetosella, Pinus 
sylvestris, Populus tremula, Prunus avium, Pseudotsuga menziesii, Quercus petraea agg., Q. 
rubra, Salix caprea, Senecio sylvaticus, Sorbus aucuparia, Stellaria nemorum. 

 
Table 1. Pairs of parallel plots according to paired distances. The significance of the one-way ANOVA test between the three 

compared groups of plots is indicated by probability (p). 
 

Amount of paired plots 30 18 75  
ANOVA 

group of parallel plots with Quercus sp. Fagus sylvatica Picea abies 
p 

Jaccard's distance [%] 73.6±10.8 67.8±11.5 67.7±14.6 0.115 
Euclidean's distance [%] 36.3±15.1 26.2±9.5 32.9±18.8 0.142 

 

 
 

Fig. 1. Data collection sites 
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Table 2. Amount of understory species and their frequency averages and sum of abundances in bioindication groups (see 
Appendix 1) in pairs of parallel areas 

 
A - Parallel plots: Douglas-fir (N = 26) - Oaks (N = 17) 

frequency [%] abundance [%] Number of understory species belonging 
to stands with dominance of average bioindication 

group 
European beech Douglas fir 

European 
beech 

Douglas 
fir 

European 
beech 

Douglas 
fir 

acididophilous 9 8 12 17 0.13 0.43 
mesophylous 25 32 21 21 14.93 10.93 
nitrophilous 8 18 18 15 4.99 2.25 
nitrophilous to 
ruderal 

11 15 24 36 10.77 18.72 

indiferent 10 9 31 36 10.71 16.73 
 

B - Parallel plots: Douglas-fir (N = 18) - European beech (N = 18) 
frequency [%] abundance [%] Number of understory species belonging to 

stands with dominance of average bioindication 
group Sesile 

oak 
Douglas 

fir 
Sesile 
oak 

Douglas 
fir 

Sesile oak Douglas fir 

acididophilous 7 14 10 16 1.27 5.10 
mesophylous 31 36 19 15 15.39 14.98 
nitrophilous 16 21 15 12 4.68 5.43 
nitrophilous-to-
ruderal 

17 21 18 20 9.34 15.24 

indiferent 14 12 19 27 15.94 17.82 
 

C - Parallel plots: Douglas-fir (N = 40) - Norway spruce (N = 37) 
frequency [%] abundance [%] Number of understory species belonging 

to stands with dominance of average bioindication 
group Norway 

spruce 
Douglas 

fir 
Norway 
spruce 

Douglas 
fir 

Norway spruce Douglas fir 

acididophilous 22 23 16 17 12.46 8.96 
mesophylous 29 39 7 9 2 6.14 
nitrophilous 20 23 6 9 0.43 2.38 
nitrophilous-to-
ruderal 

16 22 17 17 11.48 13.8 

indifferent 17 22 21 17 10.51 18.48 
 

Table 3. Species diversity and equitability of understory (herb layer) according to dominant tree species. N - relvés count; Min - 
minimal value; Avg - average; Max - maximum value; Std - standard deviation 

 
   richness (S) species diversity (H‘) species equitability (e) 
dominant tree species N Min Avg Max Min Avg Max Min Avg Max 
with cover 60-90%:           
Pseudotsuga menziesii 48 9 17.8 28 1.13 2.13 3.18 0.31 0.52 0.69 
Quercus sp. 5 11 16.6 30 1.62 2.24 2.91 0.45 0.57 0.71 
Fagus sylvatica 7 10 14.9 21 1.36 2.18 2.77 0.35 0.57 0.65 
Picea abies 19 4 14.2 27 0.40 1.98 2.77 0.12 0.56 1.00 
with cover 90-100%:           
Pseudotsuga menziesii 8 11 16.1 19 1.23 2.6 2.83 0.35 0.51 0.71 
Quercus sp. 4 10 13.3 17 1.59 2.10 2.52 0.48 0.56 0.66 
Fagus sylvatica 5 9 15.4 23 1.12 2.5 3.9 0.32 0.52 0.68 
Picea abies 5 7 12.6 17 1.36 2.3 2.82 0.39 0.57 0.77 
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Table 4. Statistically significant correlation (Pearson correlation coefficient) between different parameters of monitored 

communities (significance level α = 5%) 
Parameter 1 Parameter 2 r 

total abundance E3 -0,476 total abundance E0 DGSM -0,330 
species richness E1 (S) 0,363 
Norway spruce abundance in E3 -0,306 total abundance E1 
DGSM 0,276 
European beech in E3 0,356 

total abundance E3 DGSM 0,351 
Douglas fir abundance in E3 0,323 
DGSM 0,360 species richness E1 (S) 
DGBK 0,346 

total diversity E1 (H') European beech in E3 0,090 

 
 

 
 

Fig. 2. The relative proportion of Douglas-fir in the tree canopy of non-native Norway spruce stand (DGSM) affects the species 
richness of the herb layer: S (E1) = 13.06 + 4.17 DGSM (r = 0.360; p = 0.0003) 
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Fig. 3. The relative proportion of Douglas-fir in the European beech stand canopy (DGBK) affects the species richness of the herb 
layer: S (E1) = 13.25 + 4.08 DGBK (r = 0.346; p = 0.0017) 
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Fig. 4. The oldest Douglas-fir in the Czech Republic - American Garden, Chudenice 
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Fig. 5. The oldest Douglas-fir in the Czech Republic - American Garden, Chudenice; the lower part of the trunk 

 

 
 

Fig. 6. The oldest Douglas-fir in the Czech Republic - American Garden, Chudenice; view into the crown 
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Fig. 7. The oldest Douglas-fir in Europe - Eggesford forest - Great Britain 
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Abstract 
The contribution evaluates the effect of Douglas-fir (Pseudotsuga menziesii (Mirb. Franco) and 
Norway spruce (Picea abies (L.) Karst.) on the condition and development of soil characteristics 
in mature stands (FSTC 4O; altitude - 410 m a.s.l .; age - 99 years). The following were 
compared in the soils of both stands:  soil reaction, soil sorption complex characteristics, amount 
of humus layer and content of available nutrients. Significantly lower soil acidity (by 0.75 
degrees) and content of accessible H+ and Al3+ ions (2 times) were documented in the Douglas-fir 
stand. The more favourable characteristics of the soil sorption complex have also been 
demonstrated in the Douglas-fir stand with significantly higher saturation of the sorption complex 
by bases and with a higher base content. The upper holo-organic horizon had a significantly 
different content of accessible calcium, magnesium, potassium and phosphorus, again higher in 
the Douglas-fir stand. In the case of total nutrients, higher contents in the soils of Douglas-fir 
stand were found in calcium only. 
 
Key words 
Douglas-fir, forest soils, humus forms, soil acidity, sorption complex, nutrient content 
 
 
 

Introduction 

Douglas-fir is evaluated as a tree species with extraordinary production importance. Due to 
its higher resistance to unfavourable habitat factors, it is considered to be a suitable substitute for 
Norway spruce in lower altitudes where it suffers from climatic influences and subsequent attack 
of biotic pests. Douglas-fir is also of great importance for increasing the static stability of forest 
stands (e.g. Gonzales et al. 2013, Kubeček et al. 2014). Kantor et al. (2001a, b), Kantor (2008), 
Kantor and Mareš (2009) and Podrázský (2009a, b, 2010) demonstrated considerable production 
possibilities of this thee species in local conditions.  

On the other hand, research dealing with the Douglas-fir influence on the forest soils state 
is rare. However, the first of them showed significantly more favourable forest soils state, 
including humus forms, compared to other conifers (Podrázský et al. 2002, 2010, Podrázský and 
Remeš 2005, 2008, Menšík et al. 2009 and Kupka et al. 2013). Significantly favourable effect of 
Douglas-fir on the humus form state in terms of soil-chemical features were also documented on 
afforested agricultural land (Podrázský et al. 2009a, b, 2010). On the other hand, the effect of 
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Douglas-fir on nutrient uptake and the less favourable effect of Douglas-fir on pedophysical 
properties of the upper mineral soil compared to indigenous conifers were apparent in nutrient-
rich habitats (Martiník 2003, Kupka and Podrázský 2011). Foreign sources (e.g. Augusto et al. 
2002) confirmed that, , the condition of soils and ground vegetation are more affected by 
geographical and geological conditions and forestry treatments than actual forest stands 
composition (Scotch pine, Douglas-fir, White fir, European beech, Sessile and Pedunculate oaks) 
on a larger landscape criterion, only  Norway spruce has a significant effect on the habitat. 
However, studies focused on individual localities and thus highlighting the influence of 
individual tree species have unambiguously confirmed (in CZ conditions) such effect of Douglas-
fir on soil properties, which entitles us to evaluate it very favourably in comparison to dominantly 
reforested conifers, namely Norway spruce. However, studies focused on individual localities and 
thus highlighting the influence of individual tree species have decidedly confirmed (in CZ 
conditions) such effect of Douglas-fir on soil properties, which entitles us to evaluate it very 
favourably in comparison to dominantly reforested conifers, namely Norway spruce. The 
potential to maintain relatively favourable soil properties can be expected during its silviculture 
in mixed stands, taking into account the conditions of individual localities. 

Stands with admixture Douglas-fir with a total area of 10.5 ha exist in the region of CULS 
Prague University Forest, where this tree species is planted since about 1880. These stands give 
the opportunity to evaluate the long-term potential and impact of Douglas-fir as an introduced 
tree species on low-altitude habitats in a wide range of properties, ranging from production 
possibilities to herb layer and soil impact (Podrázský and Remeš 2008). The aim of this study is 
therefore to supplement the existing knowledge regarding the long-term impact of Douglas-fir on 
forest habitats, resp. its upper soil horizons. 

Material and methods 

The effect of mature Douglas-fir stand (99 years) on soil compared to Norway spruce in the 
same stand was evaluated in an mature stand (signed 443D10) with a total area of 3.3 ha, where 
these species have different proportions in different parts of the stand at the range of 10-50 %. 
The stand is located at an altitude of 390-410 m a.s.l., with an average annual temperature of 8 ° 
C and an average annual precipitation of 650 mm, FSTC 4O1 - Querceto-Abietum variohumidum 
mesotrophicum - Oxalis acetosella (Viewegh 2005) on luvisols. 

The average timber stock ranges in the whole forest stands between 830 and 1030 m3/ha, 
depending on Douglas-fir proportion and it is 860m3/ha for pure Norway spruce stands. The 
average annual volume increment in the case of the pure Douglas- fir stands reached up to 11.1 
m3 and 8.5 m3 in the case of pure Norway spruce stands. The average annual volume increment 
in the case of the pure Douglas- fir stands reached up to 11.1 m3 and 8.5 m3 in the case of pure 
Norway spruce stands. The average stock of Douglas fir trunk is between 6-20 m3 and 2-7 m3 for 
Norway spruce (Remeš et al. 2010). 

Within the whole locality, 3 plots of 50 x 50 m were selected, in which Douglas-fir was in 
an unmixed group in the stand. Similarly, 3 sample plots were established in an unmixed group of 
Norway spruce. Four soil samples were taken away on each of these plots. 

Surface humus horizon samples (L + F1, F2 + H, Ah) were taken away in autumn 2011 by 
quantitative sampling frame (25x25 cm); the upper soil horizon Ah the sampling was only 
qualitative. Basic chemical analyzes were then made for each sample in a certified laboratory. 
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The following characteristics were evaluated: carbon and organic matter content of surface 
humus horizons (Springel-Klee), total nitrogen content (Kjeldahl and Springel-Klee), soil acidity 
active (leach H2O) and potential (1N KCl), exchange acidity, exchange hydrogen and aluminium 
content, basic characteristics describing the state of the soil sorption complex (base content, 
saturation of the sorption complex with bases, hydrological acidity, cation exchange capacity, 
determination according to Kappen). Content of available nutrients the leach of 1% citric acid 
and Mehlich III and the content of total nutrients by sulphuric acid mineralization in a mixture 
with selenium (AAS evaluation) were evaluated.  

The obtained data were first evaluated by Levene test of variance homogeneity. After 
verifying their homogeneity, the results of a comparison of the effect of Douglas-fir and Norway 
spruce on the soil and the properties of the individual horizons were evaluated by a multifactorial 
ANOVA analysis. Tukey test at significance level p = 0.05 was used to evaluate statistically 
significant differences (Ulbrichová at al. 2014). 

Results 

Exchange acidity was very considerably and significantly higher in humus forms (horizons 
of surface humus and Ah horizon) of Norway spruce stand compared to Douglas-fir one. Up to 
multiple, highly significant differences in total exchange acidity, content of exchange hydrogen 
and aluminium are among the corresponding horizons in the stands of both tree species. In 
contrast, the total humus content determined by the Springel-Klee method did not show 
significant differences between the two tree species (Table 1), although there was a tendency for 
a higher content in the spruce stand at the holo-organic horizon and a lower content in the upper 
layer of mineral soil. The total stock of dry matter of upper horizons also did not differ 
significantly despite the tendency of higher accumulation of surface humus in the Norway spruce 
stand.  

Soil reaction (actual and potential) differed significantly (over 0.75 pH) at the upper humus 
horizons (F2 + H) at both tree species; in the process this difference decreased towards the deeper 
horizons and was no longer statistically significant at the Ah horizon (Table 2). The soil sorption 
complex characteristics show a significant difference between the effects of both tree species on 
the soil in practically monitored values (Table 2). The cation exchange capacity was the only 
higher value in the holo-organic layer under the Norway spruce (by 25%), probably as a result of 
slightly higher (though not significantly) dry matter of humus horizons and exchange acidity 
primarily. However, the value of the sorption coefficient saturation by bases and the total base 
content in the horizons of the surface humus and in the mineral soil had values approximately 
two times higher under the Douglas-fir in comparison to Norway spruce. The C : N ratio was 
increased only under the Norway spruce stand, but even here it did not reach unfavourable values 
over 20. 

Not many significant differences were shown in the considered soil profile influenced by 
individual tree species, when evaluating the content of available nutrients (Table 3). The content 
of accessible calcium and, also the content of accessible magnesium, potassium and phosphorus 
in the case of citrate extract were a significant higher. Also the content of accessible phosphorus 
and potassium in Mehlich III leach was higher under Douglas-fir; however, the differences were 
not statistically significant. The content of accessible iron was increased (in the order of 
magnitude) in the mineral horizon under the Norway spruce; however, the differences were not 
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statistically significant due to high variability. This can be attributed to the higher acidity of the 
soil under the Norway spruce. 

The content of total nutrients in holo-organic layers differs significantly only in the case of 
calcium (Table 4). The total nitrogen content according to this method was noticeably higher 
under the Norway spruce, which also corresponds to the nitrogen content determined by the 
Kjeldahl method. This may indicate a higher consumption of this nutrient by Douglas-fir stand. 
The content of total magnesium and phosphorus practically did not differ under both trees; the 
higher total potassium content under Douglas-fir stand was statistically insignificant.  

Discussion 

Older stands of introduced tree species in CZ conditions are not too many and therefore the 
results documenting their ecological effects are very rewarding. The stands we investigate are 
older (99 years). The impact of individual tree species on the soil should therefore be clearly 
significant, since an important difference in the influence of different tree species on surface 
humus horizons is already known in forests substantially younger, e.g. on afforested agricultural 
land (Kacálek et al. 2010a,b). A positive effect of deciduous trees (or grassland) on the soil, 
compared to conifers is known (Alfredsson et al. 1988, Hakan et al. 1998, Malchair and Carnol 
2009, Finch and Szumelda 2007, Prietzel and Bachmann 2012), however, the difference between 
individual conifers is less observed. In our case, the differences in soil properties under Douglas 
fir and Norway spruce stands were statistically significant only for some characteristics. 

Other authors also showed a positive effect of Douglas-fir on soil reaction (acidity) 
compared to Norway spruce (Augusto et al. 2002, Podrázský and Remeš 2005, 2008, Podrázský 
et al. 2010), or the ability of Douglas-fir to improve soil conditions in Norway spruce stands, if it 
would be in admixture. However, these properties may undergo development during the 
existence of the stands because, e.g. Kacálek et al. (2013) show less favourable values under pure 
Douglas-fit stand than under pure  Norway spruce with admixed variants stand from a 10-year-
old afforested meadow. 

Increased acidity of soil under the Norway spruce is influenced by litter decomposition 
products and nutrient uptake followed by soil acidification. The increase in biomass and at the 
same time nutrient consumption (due to similar concentrations of elements in biomass - see 
Bergmann 1988), was more pronounced in Douglas-fir than in Norway spruce stands (Podrázský 
et al. 2010), the content of exchangeable hydrogen and aluminium then had much higher values 
in soils under the Norway spruce than under Douglas-fir. These results are consistent with 
Alfredsson et al. (1998), Hakan et al. (1998) and Turpault et al. (2007), dealing with the influence 
of Douglas-fir on the soils state in other regions. 

The characteristics of the soil sorption complex show significant differences between the 
soil under the stand of Norway spruce and Douglas-fir in all monitored parameters, especially in 
terms of the sorption complex quality of the sorption complex saturation by bases and total base 
content with values twice higher under Douglas-fir than under Norway spruce, which restates 
with Podrázský and Remeš (2005, 2008) and Podrázský et al. (2010), who also describe a higher 
quality of sorption complex and humus forms on Douglas-fir habitats than on Norway spruce 
one. 

Nadporozhskaya et al. (2006) describe the dynamics of soil organic matter changes as a 
function of growth intensity and original surface humus values; if low supplies of dry matter of 
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humus layers were originally under the intensively growing Douglas-fir stand, an accumulation 
of organic matter will take place, and if the initial values were rather higher, they will gradually 
decompose to a state of dynamic equilibrium. In our case the dry matter values of humus 
horizons and carbon contents were slightly lower (insignificantly) in soils under the Douglas- fir 
stand than under the Norway spruce stand, even though the Douglas- fir stand stock was about a 
one third higher than in the Norway spruce stand. Nadporozhskaya et al. (2006) mention lower 
accumulation of organic matter under Douglas-fir (15-20 kg/m3 to 1m depth) as well as Menšík 
et al. (2009) (25 kg/m3), while in our conditions these values were around 38 kg/m3 for Douglas-
fir and 45 kg/m3 for Norway spruce only for purely humus horizons (L + F + H). Menšík et al. 
(2009) show much higher accumulation of organic matter under the Norway spruce stand than 
under Douglas-fir - up to three times, which is a higher difference than is reported by Podrázský 
and Remeš (2005, 2008), Podrázský et al. (2010) and Prietzel and Bachmann (2012) and even 
such a high difference was not confirmed in our study. 

Alfredsson et al. (1998) Podrázský et al. (2002), Martiník and Kantor (2007) and Turpault 
et al. (2007) in connection with Douglas-fir stands mention a high nutrient consumption by fast 
growing stands and, as a result, lower availability of certain nutrients, particularly calcium and 
magnesium (Takahashi 1997 and Martiník 2003), potassium (Alfredsson et al. 1998) and in some 
cases phosphorus (Podrázský et al. 2009a, 2010), however, this effect did not show any 
significant effect on the assessment of nutrient content (both total and accessible) in soil horizons 
in our case. The content of total nutrients in humus horizons differed significantly only in the 
case of calcium, in favour of higher values under the Douglas-fir stand. Significant differences 
were found in evaluating the content of available nutrients for calcium, magnesium, phosphorus 
and potassium and again in favour of higher values in soils under Douglas-fir. Since this fact 
cannot be attributed to the different nutrient values in the Douglas-fir and Norway spruce 
assimilation apparatus (and thus also the litter), since these values are very similar (Bergmann 
1988), it is necessary to seek explanation in other different soil characteristics, such as above 
mentioned acidity. Thus, the more intensive effect taking of nutrient in this older stand is 
probably outweighed by the effect of more active humus forms (Podrázský et al. 2002) and faster 
reduction of organic litter and release of nutrients back into the cycle. This explanation can be 
supported by the results of González et al. (2013), who confirm that the intensity of nutrient 
taking of depends on the development stage and age of the stand as well as the way of 
management in this stand, but also by the results of other authors (Ponette et al. 2001 and 
Malchair and Carnol 2009) demonstrating substantial variation of the nutrient content values in 
soils of different habitats and stands of different ages. 

Nitrogen is also an important element, which was also monitored in various studies from 
the point of view of biological decomposition of organic matter and the nutrient cycle in the 
habitat. Alfredsson et al. (1998) report lower total nitrogen content in the upper soil layers under 
Douglas-fir stand as compared to grassland, as is confirmed by Malchair and Carnol (2009) when 
they demonstrate intensive nitrification under the young Douglas-fir stand. Changes in nitrogen 
dynamics after conversion of Norway spruce stands to Douglas-fir are described by Prietzel and 
Bachmann (2012), who in this case found a significant increase in nitrogen concentrations at a 
depth of 30-50 cm, and conversely a decrease in nitrogen concentrations in deeper (50-80 cm) 
soil layers. Variability and variation of nitrogen content in soils can be influenced by populations 
of nitrifying bacteria, but also by composition and biomass of herb layer (Malchair and Carnol 
2009). Homann et al. (2008), which dealt with the methodology and found that differences in soil 
carbon and nitrogen content (different stands and / or variations) can be detected only if these 

 - 118 -



differences exceed 10 % in long-term monitoring and there are no differences in management on 
habitats, nor to major changes in the herb layer. In opposite case, these differences will be 
statistically provable only if the difference in C and N content exceeds 30 % in the different 
variants. In our case, the C and N content in soils under Norway spruce and Douglas-fir stands 
was not statistically significant. 

Decree No. 139/2004 Coll., which stipulates the minimum number of seedlings per 1 ha in 
forest regeneration, requires only 3,000 pieces of seedlings per 1 ha, i.e. the lowest amount of 
seedlings needed for basic tree species for (re-) af-forestation. It can be assumed that even these 
numbers are higher than necessary, since e.g. in Canada, where Douglas-fir is a native tree, these 
amounts range between 1,000 to 1,500 pieces per 1 ha. Simultaneously, it makes good growth 
with a very dynamic height increment, as a tree species in which planting can be stabilized very 
quickly. Our data show, that it is also a suitable amelioration tree species, which can be 
recommended as a reinforcing tree species due to its massive root system (Mauer and Palátová 
2012). Its only deficiency is that it is introduced tree species and therefore its use is limited in CZ 
forest stands. 

Conclusion 

Douglas-fir is not only a tree species with an exceptionally high production of wood 
quality, but it also shows a good influence on the soils condition. For this reason, it was also 
included among the Amelioration and Reinforcing Tree species (ART) in the target management 
sets 23 (management of acidic habitats of lower altitudes) and 43 (management of acidic habitats 
of middle altitudes). Analyzes of data from our research plots (medium-rich in nutrients) show 
that it would be justified to classify it as ART in the target management sets 25, 35 and 45, which 
is also introduced Grand fir. 

Our results show that, Douglas-fir stand has a more favourable effect on soil than Norway 
spruce stand in many characteristics of surface humus; for example, pH, exchange of nitrogen 
and aluminium, the content of bases and saturation of the sorption complex by bases, but also the 
content of total calcium and the content of available nutrients, especially calcium, magnesium, 
but also potassium and phosphorus. From the point of view of establishing new stands, Douglas-
fir is a very vital, well growing and has all the prerequisites to be used not only as ART but also 
as a basic tree species. 
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Table 1. Characteristics of exchange acidity, dry matter content of surface humus and total humus content in humus forms of Norway spruce and Douglas fir stands 
 

exchanged 
 acidity 

exchanged 
H+ 

exchanged 
Al3+ 

total dry matter 
humus content 
(Springel-Klee) tree species horizon 

mval/kg mval/kg mval/kg g/m3 % 
Pseudotsuga menziesii L + F1       88.40 (±25.18)   
Pseudotsuga menziesii F2 + H 23.09a (±15.01) 0.78a (±0.99) 22.32a (±14.35) 293.68 (±135.22) 20.87 (±6.72) 
Pseudotsuga menziesii Ah 45.67b (±18.06) 0.28c (±0.37) 45.39b (±17.84) 480.03 (±145.95) 9.42 (±2.68) 
Norway spruce L + F1       78.68 (±14.27)   
Norway spruce F2 + H 60.60c (±15.36) 2.35b (±1.85) 58.24c (±15.30) 374.60 (±121.14) 25.93 (±6.17) 
Norway spruce Ah 79.46d (±9.98) 1.44b (±1.13) 78.02d (±9.62) 447.04 (±121.98) 8.87 (±2.26) 
Note: average and standard deviation, letters indicate statistically significant differences 

 
 

Table 2. Characteristics of total carbon and nitrogen content, soil reaction and sorption complex in humus forms of Norway spruce and Douglas fir stands 
 

C (ox) N (Kjeldahl) base content 
cation exchange
 capacity 

base saturation
of the sorption
complex 

tree species Horizon 

% % 

C/N pHH2O pHKCl 

mval/100g  mval/100g % 
Pseudotsuga menziesii L + F1 not investigated 
Pseudotsuga menziesii F2 + H 12.11 (±3.90) 0.92 (±0.24) 13.2 4.51a (±0.36) 4.07a (±0.36) 21.07a (±4.18) 44.53b (±9.06) 48.53a (±9.39)
Pseudotsuga menziesii Ah 5.46 (±1.56) 0.38 (±0.11) 14.4 4.05 (±0.34) 3.55 (±0.27) 7.62c (±2.50) 22.79 (±6.16) 33.80b (±8.89)
Norway spruce L +F1 not investigated 
Norway spruce F2 + H 15.04 (±3.58 1.12 (±0.28) 13.4 3.75b (±0.35) 3.32b (±0.23) 14.52b (±3.80) 58.99a (±11.63) 24.68c (±4.63)
Norway spruce Ah 5.15 (±1.31) 0.27 (±0.07) 19.1 3.66 (±0.35) 3.23 (±0.20) 3.03d (±1.35) 20.83 (±4.33) 14.39d (±4.82)
Note: average and standard deviation, letters indicate statistically significant differences 
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Table 3. Characteristics of available nutrients in humus forms 
 

P K Ca Mg P2O5 K2O CaO MgO Fe2O3 Tree 
species 

Horizon
Melich III extract (mg / kg) Citric acid extract (mg / kg) 

Pseudotsuga 
menziesii 

L + F1 not investigated 

Pseudotsuga 
menziesii 

F2 + H
27.0 

(±10.7)
330.7 

(±108.9)
2,490.5a
(±551.1)

203.5 
(±54.9)

200.3a
(±64.7)

279.3a 
(±100.3)

3,222.2a
(±769.5)

391.2a 
(±124.1)

1,381.4 
(±364.8)

Pseudotsuga 
menziesii 

Ah 
9.1 

(±2.8) 
123.4 

(±22.3) 
907.8c 

(±251.7)
85.6 

(±18.8)
97.7 

(±31.8)
85.3 

(±19.3) 
941.7c 

(±344.8)
142.3c 
(±41.3) 

129.6 
(±424.5)

Norway 
spruce 

L + F1 not investigated 

Norway 
spruce 

F2 + H
24.5 

(±4.7) 
266.5 

(±33.3) 
1,563.7b
(±371.5)

166.8 
(±31.8)

144.2b
(±27.6)

212.89b
(±30.4) 

1,626.7b
(±421.2)

285.8b 
(±55.4) 

1,116.0 
(±209.4)

Norway 
spruce 

Ah 
6.3 

(±4.0) 
87.5 

(±17.3) 
376.7d 
(±95.8) 

56.9 
(±11.3)

73.9 
(±18.2)

53.92 
(±11.8) 

260.6d 
(±78.5) 

88.0d 
(±20.6) 

1874.3 
(±295.8)

 
 

Table 4. Characteristics of total nutrients content in humus horizons 
 

N P K Ca Mg 
tree species horizon 

extract H2SO4 + Se (atomic absorption spectrometry) % 
Pseudotsuga menziesii L + F1 1.28 (±0.18) 0.07 (±0.02) 0.31 (±0.09) 0.51a (±0.25) 0.05 (±0.01)
Pseudotsuga menziesii F2 + H 0.94 (±0.25) 0.08 (±0.02) 0.56 (±0.16) 0.16 (±0.011) 0.03 (±0.01)
Pseudotsuga menziesii Ah not investigated 
Norway spruce L + F1 1.42 (±0.14) 0.07 (±0.02) 0.18 (±0.06) 0.39b (±0.14) 0.04 (±0.01)
Norway spruce F2 + H 1.15 (±0.20) 0.09 (±0.02) 0.44 (±0.12) 0.03 (±0.03) 0.03 (±0.02)
Norway spruce Ah not investigated 
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Abstract 
The paper presents an analysis of the temporal development of basic mensurational 
characteristics of the most important introduced tree species - Douglas-fir (Pseudotsuga menziesii 
(Mirb.) Franco). Besides this species, some other introduced tree species were taken for 
comparison - Grand fir (Abies grandis (D. Don) Lindl), (nothern) Red oak (Quercus rubra L.) 
and Black locust (Robinia pseudacacia L.). The studied parameters have not yet been determined 
for the main autochthonous commercial tree species. Areas, registered stocks, increments, 
representation of age classes, mean ages and yield classes from 1979-2010 are presented, based 
on forest statistics data for Douglas-fir. Korf's growth function is used to determine the course of 
current and mean Douglas-fir increments. The results showed a decreasing tendency of areas of 
annual (re-) af-forestation by Douglas-fir, influenced by restrictions on (re-) af-forestation by 
introduced tree species mainly. The increasing mean age of Douglas-fir stands and their markedly 
increasing stocks and increment values show the aging of plantings. Even so, it confirms its 
production superiority to other tree (autochthonous) species and the great potential of its use in 
forest management of the Czech Republic. 
 
Key words 
Douglas-fir, time series, age structure, stock, increments 
 
 
 

Introduction 

The introduction of Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) is one of the most 
successful achievements in world forestry. This tree species is one of the most important in the 
world today. It is not only the dominant tree species in the great natural range, but has been 
successfully introduced to a number of countries outside this area: France, Italy, Germany, Great 
Britain and other European countries, as well as outside Europe: Argentina, Chile, New Zealand, 
Iran, etc. It grows well under a wide variety of conditions and forms stable and productive forest 
stands (Larson 2010). For example, in France it grows to more than 400,000 ha and is one of the 
most commercially important tree species (Kubeček et al. 2014). The aim of this contribution is 
to summarize global data about Douglas- fir compared to other important introduced tree species 
and to give an idea of its actual and potential importance in CZ forestry (Kouba and Zahradník 
2011, Podrázský et al. 2013a). 
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Material and Methods 

For the present study, the official data of CZ forests inventory surveys were used, as they 
are available in the forest inventories (inventory), summary forest management plans (SFMPs), 
or in the information about the state of forests (ISF) in CZ. Basic data summaries about forests 
from the currently valid forest management plans (FMPs) are the information in these sources 
actually. These FMPs were available for virtually all CZ forests previously; it has been necessary 
to obtain these data partly by recalculation for the whole CZ forest area, in recent years. This type 
of sources is included under the term forestry statistics, e.g. in Germany, which we will continue 
to use in this sense (Kouba and Zahradník 2011). 

Korf's (1936) growth function (formulae (1) and (2)) was used to stock balance (m3.ha-1) 
depending on the mean age of the inventory stage, SFMPs or ISF; (for details and related 
derivations see Korf 1936, Kouba 2005, Kouba and Zahradník 2009): 
 

 
 

 
Current annual increment is the first derivative of Korf's function (3): 

 
The culmination age of current increment is (4): 

 
Mean annual increment is than (5): 

 
The culmination age of annual increment is (6): 

 

Korf's function is rarely one of the three best classical three-parameter growth functions 
and has become well acceptance in the world, not only in forestry, and has been used by foresters 
for more than 100 tree species in all continents (Kouba 2005 and Kouba and Zahradník 2009). 
Data were processed using the least squares method using the Levenber-Marquart algorithm. 
Data for other important introduced tree species have been similarly processed (Kouba and 
Zahradník 2011); the results are used to compare these tree species with Douglas-fir (Table 1). 
Grand fir (Abies grandis (D. Don) Lindl), (nothern) Red oak (Quercus rubra L.) and Black locust 
(Robinia pseudacacia L.) are these comparative tree species. Autochthonous tree species have 
not been evaluated for this aspect yet. 
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Results and discussion 

Age structure 

The distribution of Douglas-fir age class abundances is shown in Fig. 1 (absolute area of 
each class) and Fig. 2 (relative values distribution). The results document a continuous increase 
in the area planted by Douglas-fir until the 1980s; then stagnation of planting is observed. This 
phenomenon is even more evident when using the National Forest Inventory (NFI) data, where 
the results indicate a clear decrease in planting intensity over the last 4 decades. The local 
maximum is documented 70-80 years ago. Dynamics of Douglas-fir mean age values also 
confirm this trend compared to other monitored introduced tree species (Fig. 3) (Kouba and 
Zahradník 2011). Planting and further spreading of these tree species was very limited in last 
decades (by the pressure of pseudo-ecological activists), which contributes to increasing the 
stands mean age of the of the mentioned tree species. A continuous increase in middle age has 
been observed since the 1980s in a period of growing stronger environmentalism and its effects 
on management of CZ forest administration. 

Development of growth and production indicators 

The area with Douglas-fir is gradually growing; it reaches about 5,600 ha recently. This is 
only about 0.22% of the total forest area CZ, although the potential for silviculture is much 
higher (Fig. 4). Pulkrab et al. (2014) indicate the potential of 149.616 - 163.713 ha, while 
respecting the applicable legislation, which should bring an annual increase in forest production 
gross profit by 27 - 30 million € per year. 

The marked increase in recorded stock is a result of both the growing area of Douglas-fir 
stands and the growing mean age associated with intensive growth (Fig. 5). The average stock of 
Douglas-fir stands is growing as well (Fig. 6). It is very similar to other monitored introduced 
tree species. 

The high production potential of Douglas-fir is also evidenced by the high stock and the 
values of current and mean increments (Fig. 7). The calculated values are much higher compared 
to other tree species (Kouba and Zahradník 2011). 

As already documented earlier, the mean age of the Douglas-fir stands has been increasing 
gradually in recent decades. This trend reflects a decline in the area planted annually by Douglas-
fir (this trend is likely to change during the next years), as evidenced by the results of the forest 
inventory. This is due not only to pressure from nature conservation authorities and 
organizations, but also to the low interest of the timber market in CZ. This is in stark contrast to 
the high production potential of Douglas-fir in CZ (Beran and Šindelář 1996 and Podrázský et al. 
2013b) and to trends in some European countries (Ferron and Douglas 2010 and Kubeček et al. 
2014). These trends are very similar to other introduced tree species (Kouba and Zahradník 
2014). It is also important to mention another assumption - the relative contribution of Douglas-
fir can be very high and relatively much higher at less suitable habitats, despite the lower absolute 
benefit. Thus, its potential for use may be substantially higher than is reported by Pulkrab et al. 
(2014). 

Data from the Czech Statistical Office also show the growing potential of cuttings; in 2011, 
Douglas fir (19,328 m3) and other "exotics" were registered for the first time (Gran fir and other 
imported firs - 2,897 m3, 20,960m3 of introduced oaks and 23,896 m3 of black locust (Kouba and 
Zahradník 2011)). Douglas-fir cutting will surely grow in the next period and the timber market 
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should prepare for this situation. The logging percentage for Douglas-fir is 1.51 (2.65 for conifers 
and 1.40 for deciduous trees in CZ), which also indicates the prevalence of younger stands. 
Douglas-fir was planted on 157 ha only in 2010, but the increasing interest of forestry companies 
can be foreseen. 

The results of Douglas-fir' production process calculations based on the Bavarian Forest 
Inventory 1971/72 (Franz 1973) and the Forest Inventory for Rheinland Pfalz 1989 in Germany 
(Schmittinger 1990)  might serve as a comparison (Kouba 1991). Korf's asymptote A = 1,038.63, 
culmination age of current increment t1 = 26.58 and culmination age of mean increment t2 = 
51.62 and stock in 90 years V90 = 661.36 m3ha-1 o.b. were found out in Bavaria for Douglas-fir 
and A = 1,771.19, t1 = 34.28, t2 = 72.13 a V90 = 582.56 m3ha-1 o.b in Rheiland Pfalz 1989. These 
data show that our results are acceptable in view of better production conditions in these 
countries. The results of this study are consistent with the results of other partial studies dealing 
with Douglas-fir production, mostly documenting Douglas-fir production dominancy to other tree 
species (Kantor et al. 2001a,b, 2010, Martiník 2003, Martiník and Kantor 2007, Kantor 2008, 
Kantor a Mareš 2009, Podrázský et al. 2009, 2013b). Similar data sources are missing for the 
other introduced tree species with some small exceptions. 

Conclusion 

Douglas-fir represents introduced tree species with extremely high production potential. It 
has no competition from this point of view in CZ. Its utilization potential is considerably higher 
than the current state and this tree species definitely deserves much higher attention in the context 
of all other aspects of its silviculture. It can significantly contribute to the economic results of 
forest management, even in terms of partial replacement of decaying Norway spruce. 
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Table 1. Summary of parameters of Korf's growth functions A, k, n, coefficient of determination R2, ages of current and mean increments t1 and t2, values of current and average 
increments at age of culmination t1 and t2 and stock values at 60 and 100 years for Douglas-fir, Grand fir, Red oak, autochthonous oaks and Black locust in CZ. 

 
parameters of Korf's growth 

function 
coefficient of 
determination 

age of culmination 

current 
increment 

(t1) 

mean 
increment 

(t2) 

current 
increment 
(t1) in the 
year of 

culmination

mean 
increment 
(t2) in the 
year of 

culmination

stand 
volume in 
60 years 

stand 
volume in 
100 yearstree species year 

A k n R2 

years m3. ha-1  under bark (u.b.) 
Douglas-fir 2000 770.39 88.395 2.1598 0.987 24.54 47.67 10.53 6.82 398.05 534.73 
Douglas-fir 2010 859.38 42.631 1.9998 0.994 21.33 42.66 10.90 7.41 442.05 560.89 
Grand fir 2000 742.25 235.542 2.3877 0.979 27.35 51.21 11.60 7.05 416.24 558.35 
Grand fir 2010 814.52 76.032 2.1412 0.996 22.83 44.50 11.70 7.62 436.86 575.26 
(northern) 
Red oak 

2000 429.83 116.380 2.2439 0.985 23.91 45.79 6.64 4.20 242.00 317.06 

(northern) 
Red oak 

2010 494.25 58.590 2.0760 0.996 22.29 43.95 6.68 4.44 254.21 336.74 

Sessile + 
Pedunculate 
oaks 

1970 352.73 497.042 2.4432 0.996 39.77 73.85 3.99 2.39 138.47 225.50 

Sessile + 
Pedunculate 
oaks 

2000 343.87 154.140 2.3053 0.995 25.02 47.44 5.42 3.37 195.68 257.45 

Sessile + 
Pedunculate 
oaks 

2010 331.77 274.452 2.4640 0.995 25.01 46.30 6.07 3.62 207.90 265.92 

black locust 2000 151.46 47,264.286 3.9208 0.980 24.96 39.85 6.21 2.70 136.55 147.97 
black locust 2010 157.30 12,901.321 3.5731 0.978 24.13 39.59 5.81 2.69 137.67 151.77 
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Fig. 1. Douglas-fir representation in CZ by age classes (ha); NIL = National Inventory of Forests 

 
 

 
Fig 2. Percentage of Douglas-fir in CZ by age classes (%); NIL = National Inventory of Forests 
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Fig. 3. The mean age of Douglas-fir (DGL), Grand fir (JDO), (northern) Red oak (DBC) and Black locust (AK)from data of 

Forestry Statistics CZ in 1980-2010 
 
 

 
Fig. 4. Total area of Douglas-fir (DGL), Grand fir (JDO), (northern) Red oak (DBC) and Black locust (AK) in CZ in 1980 - 2010 

(ha) 
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Fig. 5. Total stock of Douglas-fir (DGL), Grand fir (JDO), (northern) Red oak (DBC) and Black locust (AK) in CZ in 1980-2010 

(thousands m3 i.b.) 
 
 

 
Fig. 6. Mean stock of Douglas-fir (DGL), Grand fir (JDO), (northern) Red oak (DBC) and Black locust (AK) in CZ in 1980-2010 

(m3ha-1 i.b.) 
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Fig. 7. Development of Douglas-fir stock in CZ depending on age (m3ha-1 i.b.) and its current (CI) and mean (MI) increment 

(m3ha-1year-1 i.b.) in 2000 and 2010 
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Abstract 
Douglas-fir belongs to the introduced coniferous tree species, which are also represented in our 
forest stands. The lay public is wrongly considered to be a species of fir, possibly due to incorrect 
translations of the English name "Douglas-fir". However, it is a species belonging to a 
completely different genus in fact. Also Douglas-fir wood is more similar to pine wood than fir 
wood. It is a coniferous tree species consisting of sapwood and heartwood. The sapwood is 
yellowish to pinkish; the heartwood is light brown to reddish brown (darkens in air). Individuals 
grown in our climatic conditions are often characterized by the fact that the annual rings are 
mainly wide in the first years mainly and, moreover, for conifers with an atypically high 
proportion of latewood. The transition from early- to latewood is sharp within the annual ring. 
The resin canals are distinct. Douglas-fir wood is light and soft. In terms of natural durability, the 
Douglas-fir heartwood belongs to medium-durable, like the Scotch pine. In woodworking 
practice, Douglas-fir is often processed into lumber together with the Scotch pine or European 
larch, as it is very similar in macroscopic structure of wood. The use of wood is then similar to 
that of Scotch pine. 
 
Key words 
Douglas-fir wood, structure, properties 
 
 
 

Wood structure 

The Douglas-fir anatomical structure of the annual ring shows a marked difference in early 
and late wood as for most coniferous tree species. The proportion of late wood increases with the 
width of the annual ring, it is valid for these woods generally. Trees that grow faster have a larger 
annual ring width and a larger proportion of late wood. Such wood has better physical and 
mechanical properties, thus it makes to produce better products. Volume density, wood density 
(kg.m-3) is an example of the most versatile property of wood perfectly reflecting its potential 
use. It is a rule: the higher the wood density, the better the wood. 
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Macroscopic wood structure 

Douglas-fir wood represents coniferous, heartwood. Sapwood is medium wide (3-7 cm) 
and pinkish on cross-section; the core is red-pink to red-brown (darkens in air); wide annual rings 
often occur (Fig. 1); within the tree ring there is a sharp transition between early and late wood is 
within annual ring - a wide clear zone of late wood, the proportion of late wood in the annual ring 
is often more than 50 % (Fig. 2); the proportion of late wood in the annual ring is often more than 
50% (Fig. 2); the wood is glossy with a density ρ0 = 470 kg.m3. The resin canals form vertical 
darker strips on radial and tangential cuts. Individuals grown in our climatic conditions are often 
characterized by the fact that the annual rings are mainly wide in the first years mainly and, 
moreover, for conifers with an atypically high proportion of latewood. In terms of natural 
durability, the Douglas-fir heartwood belongs to medium-durable, like the Scotch pine (Vavrčík 
et al. 2010). 

The use of Douglas-fir wood is marginal due to the low presence in CZ territory. Remeš a 
Zeidler (2014) report that the demand for this wood is low in CZ, but Douglas-fir wood is valued 
more than Norway spruce and White fir wood in Germany. When it is sold in CZ, Douglas-fir 
wood is not distinguished as a separate species in most cases, but it is included in the group 
"other conifers" or the price is listed similar as for Norway spruce. In woodworking practice, 
Douglas-fir is often processed into lumber together with Scotch pine or European larch, as it is 
very similar to these woods in terms of macroscopic structure. The use of Douglas-fir wood is 
similar to Scotch pine, i.e. for the furniture production, for plywood production, as building and 
construction material for the houses building, in the mines for timbering, for the railroad lies 
production, for the boats construction, for the fibreboards and chipboards production Vavrčík et 
al. 2010. Hofman (1964) pays attention to the fact that Douglas-fir wood is much knotted, mainly 
from badly silvicultured stands or wood of some provenances.  

The main advantages of Douglas-fir wood include shape and dimensional stability, 
decorative design, long natural durability, high strength, good workability and less frequent 
cracks formation. 

The shown annual ring widths (Fig. 1) confirmed the high value of the introduced Douglas-
fir increment in both the juvenile stage and the felling age. As is reported by Kantor (2006), 
Douglas-fir grows up ± 4 mm per year at the age of 70-90, which represents 0.1 - 0.16 m3.year-1 
in volume units. The volume increment of the most massive Douglas-fire can be as high as 1.5 
m3 every 10 years. Its increments are twice on most habitats in comparison with the most 
silvicultured tree species in the CZ, Norway spruce (Picea abies (L.) Karst.). In contrast, 
Wagenführ (2000) states, that Douglas-fir wood achieves the best technological properties with 
an average annual ring width of 1-2 mm.  

Juvenile wood 

The high proportion of juvenile wood is one of the potential problems of Douglas-fir wood 
(Fig. 2). Juvenile wood is generally defined as a wood zone near the pith where the wood 
undergoes rapid and progressive changes during growth. Changes from mature wood can be 
characterized as shorter tracheids with larger fibril angles in the cell wall and occasionally with 
inadequate amounts of reaction wood. It is formed during the first years of growth, and the wood 
is similar in subsequent growth stages, but not the same as the wood in the central core at all 
height levels (Larson et al. 2001). Harris (1981) states, that a zone of juvenile wood can never be 
determined or delimited strictly and reliably, since its properties depends on a large number of 

 - 137 -



variables whose progress can very differ in the radial direction. It is usually possible to 
distinguish a certain amount of annual rings surrounding the pith on the basis of the early wood 
proportion in the annual ring. If spring wood prevails in the annual ring, it is usually juvenile 
wood, which is characterized by inferior technological properties (Fig. 2). There is a transition 
zone between ripe- and juvenile wood, where the properties gradually change and therefore there 
is no clear boundary and the determination depends on individual assessment. The annual ring 
width for ripewood is usually lower than for juvenile wood. As the trunk circumference 
increases, the annual ring width is smaller to maintain an analogous volume increase. 

According to Sauter (2008), the proportion of juvenile wood in the trunk depends not only 
on age but also on the vitality and size of the crown. It therefore depends mainly on the 
silviculture treatments associated with influencing the canopy and stocking. The proportion of 
Douglas-fir juvenile wood growing in Germany was about 50%, which is a significant 
technological problem since the characteristics of juvenile wood differ from ripewood. Note, that 
this should not be confused with core- and sapwood. Juvenile wood is almost without exception a 
part of core wood, which is distinguished mainly in colour. 

Physical wood properties 

The most important physical properties of wood are its moisture, density, dimensional 
changes associated with moisture change and thermal conductivity. An overview of these 
properties in Douglas fir and other domestic coniferous woods is provided in Table 1(Harris 
1981, Forest Products Laboratory 2010). The shown values are mean values, the variation 
coefficient is between 10-20% (if the Douglas-fir mean density  is 500 kg.m-3 and the coefficient 
of variation is 10%, then the minimum wood density is 400 kg.m-3 and the maximum wood 
density is 600 kg.m-3). The physical properties of wood dependence on the wood density is less, 
and therefore the lower the individual values, the better the utility properties of wood.  

Total shrinkage determines how the volume or size of the wood changes (percentagely - 
proportionally), when the humidity changes from fresh (humidity over 35 %) to absolutely dry 
(humidity 0%). The smaller the values, the better. This means that the wood changes less in size 
and is therefore less susceptible to moisture changes. The ratio between tangential and radial 
shrinkage is also important. The more the two values are the same, the less the wood warps 
during drying. Douglas fir wood behaves favourably and is comparable to Scotch pine or Norway 
spruce wood from this perspective.  

The thermal conductivity coefficient informs us about the wood thermal insulation 
properties. The lower the value, the better the insulator and the heat is conducted worse. Douglas-
fir wood is very positive and better than Scotch pine and European larch, here too. 

Moisture in a fresh state expresses the proportion of water and dry matter in the wood. The 
lower value, the easier and faster the wood can be dried to technological moisture. 

The above mentioned comparisons apply generally. If we are interested in the influence of 
e.g. juvenile wood on density, we have to study the trend of density through the radius of the log 
(Fig. 3). The figure shows the density of absolutely dry wood in individual sections through the 
log radius; section A is closest to cambium (rough bark), section K is closest to centre of log 
(pith). The density of absolutely dry juvenile wood is in the range of 400 - 500 kg.m-3, and it is 
always the lowest value of the whole log. The density of ripewood further follows the trend of the 
annual rings width and ranges between 450 - 600 kg.m-3. It can be stated that the Douglas-fir 
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juvenile wood has a density of absolutely dry wood usually lower than the density of ripewood, 
which ranges between 50 - 100 kg.m-3 (Timko 2013). 

Other wood properties show a similar trend such as total shrinkage (Fig. 4). The total 
shrinkage of juvenile wood ranges from 10 to 15 %. The total shrinkage of ripewood usually 
follows the trend of density. The shrinkage values continue to increase in the range of 13-17% in 
the first ripewood zone (sections G and H). The values diminish within the range of 11 - 15% in 
the next zone (sections D, E, or adjacent section). The values again increase in the range of 11-
16% in the zone closest to Cambium (sections A and B). We can generally say that juvenile wood 
shrinks less by 11.4% compared to ripewood with 12.8% after the statistical assessment. It can be 
stated that drying through the log radius is very variable (Timko 2013). 

Mechanical wood properties 

The most important mechanical wood properties are its compressive, flexural and shearing 
strengths in fibbers direction, modulus of rupture, hardness and impact strength. A tabular 
comparison of these properties for Douglas-fir and other domestic coniferous woods is shown in 
Table 2, (Alden 1997, Forest Products Laboratory 2010). Unlike the wood physical properties, 
the wood mechanical properties pass for - the higher values, the better utility properties. 
Comparison (Table 2) shows, how Douglas-fir and Scotch pine (or European larch) woods have 
similar properties and what these woods are better in comparison to Norway spruce. Perhaps, the 
only disadvantage may be the relatively high hardness of Douglas-fir wood, which will make it 
more difficult to connect of construct components by the nails and the need to use pre-drilled 
holes for connection components (e.g. screws, bolts, pins and dowels). Another disadvantage 
may be a greater (faster) blunting of the cutting tools during the chip wood-working of Douglas-
fir wood. Wagenführ (2000) states that the mechanical woodworking of Douglas-fir wood is 
either good - for wood with narrow annual rings and hence a low representation of late wood, or 
even poor - for wood with wide annual rings and hence a large proportion of late wood. He 
considers about 30m.s-1 as optimal cutting speed. 

The advantages of using Douglas-fir wood as constructional wood consist mainly in the 
fact that (1) wood need not be impregnated or chemically protected due to its natural durability 
(should not be used in contact with the soil), (2) wood is available in all dimensions and (3) the 
wood has very good mechanical properties due to the large late wood proportion. These 
properties are maintained even in the case of higher knots (Sauter 2008). But if we mention the 
construction of wood, we must not forget the negative impact of juvenile wood. This has already 
been demonstrated in wood density. An uneven distribution of the mechanical wood properties 
during the log radius can be expected due to the close dependence of the mechanical wood 
properties on density.  

Fig. 5 shows the trend of the ultimate compressive strength along the fibbers along the stem 
radius (in individual sections). Section A is closest to cambium; section K is closest to pith. The 
breaking strength is in the range of 50 - 80 MPa in the zone of juvenile wood, which is usually 
the lowest value of the whole log. The strength limit of ripewood further follows the trend seen in 
density. The values of the limit strength continue to rise within the range of 60 - 105 MPa in the 
first zone of ripewood (sections G and H); then the limit strength of ripewood decreases 
significantly to the range 65 - 90 MPa in the next zone (sections E and F) and again slightly 
increases in the range of 60 - 100 MPa in the last zone (sections A, B and C) (Timko 2013). t 
should be noted that the values found are significantly higher than reported by Alden (1997) and 
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Forest Products Laboratory (2010) (compressive strength in the fibber direction of about 50 MPa) 
due to the wide annual rings and the large proportion of late wood in the annual rings of the wood 
samples monitored. Thus, it can be stated that the Douglas-fir juvenile wood has an average value 
of compressive strength in the fibbers direction less than about 10 MPa compared to ripewood. 
We would come to a similar conclusion with other mechanical properties. 

Conclusion 

Douglas-fir wood is one of the best described species of wood in the world in its natural 
range. Its wood exhibits considerable properties variability dependent on habitats and 
geographical conditions in this range. A similar variability of properties can be expected in 
Europe. In addition, the present text suggests that there is a significant difference between the 
selected physical and mechanical properties of the juvenile and ripewood zones. Wood in the 
juvenile zone of Douglas-fir is characterized by a different structure and worse properties. It was 
also shown that there are significant differences between individual trees from the given locality. 
Respect different properties of each tree and Douglas-fir log, but especially the existence of 
juvenile and ripewood and their properties as an integral part of the wood structure is essential 
especially in the woodworking industry when choosing wood for a particular application. 

The properties of Douglas-fir wood are very similar to Scotch pine (or European larch) 
wood and they are even better in many cases. Douglas-fir wood is particularly suitable for 
construction and structural purposes due to the mechanical properties, wood durability and the 
availability of large wood dimensions. Wood is suitable for outdoor and indoor use, for plywood 
production and agglomerated materials. It is a first-class wood for constructional joinery 
production. They are usually well machined, quickly dried with little dimensional changes and 
little tendency to crack formation. 
 

Literature 

Alden H.A. (1997): Softwoods of North America. - Gen. Tech. rep. FPL-GTR-102. Madison, Wi: 
USDA, Forest Service, Forest Products Laboratory, 151 p. 

Forest Products Laboratory (2010): Wood handbook – Wood as an engineering material. - 
General Technical report FPL-GTR-190. Madison, WI: USDA Forest Service, Forest 
Products Laboratory, 508 p. 

Harris J.M. (1981): Wood quality of radiate pine. - Appita, 35: 211-215. 

Hofman J. (1964): Pěstování douglasky. - SZN, Praha, 254 p. 

Kantor P. (2006): Douglaska tisolistá – nejvýznamnější introdukovaná dřevina v polyfunkčním s 
trvale udržitelném lesním hospodářství. In: Douglaska a jedle obrovská – opomíjení 
gigantic. Kostelec nad Černými lesy 12.-13. 10. 2006. - KPL FLE ČZU v Praze, Praha, pp. 
95-100. 

Larson P.R., Kretschmann D.E., Clark III A., Isebrannds J.G. (2001): Formation and Properties 
of Juvenile Wood in Southern Pines: A Synopsis. - General Technical Report FPL-GTR-
129. Madison, WI: USDA Forest Service, Forest Products Laboratory 

Remeš J., Zeidler A. (2014): Production potential and wood quality of Douglas-fir from selected 
sites in Czech Republic. - Wood Research, 59(3): 509-520. 

 - 140 -



Sauter U.H. (2008): Douglas Fir (Pseudotsuga menziesii (Mirb.) Franco) – characteristics and 
potential. In: Evaluating and classifying timber for the wood processing industry. 29. 4. 
2008. - Exter, U.K., pp. 1-35. 

Timko L., (2013): Srovnání stavby a vybraných vlastností juvenilního a vyzrálého dřeva 
douglasky tisolisté. - Bakalářská práce, Mendelova univerzita v Brně, Brno, 58 p. 

Vavrčík H., Gryc V., Zeidler A. (2010): Dřevo douglasky tisolisté. - Lesnická práce, 91: 10-28. 

Wagenführ R. (2000): Holzatlas. 5. Auflage. - Fachbuchverlag Leipzig im Carl Hanser Verlag, 
München, 707 p. 

 
 
 
 
 

Table 1. Comparison of physical properties of Douglas-fir wood with other coniferous wood species (according to Alden 1997, 
Forest Products Laboratory 2010) 

 
  Douglas-fir Scotch pine European larch Norway spruce
Density at 12% humidity (kg.m-3) 500 520 590 470 
Total volume shrinkage (%) 11.8 11.2 14.0 11.8 
Total tangential shrinkage (%) 7.4 7.2 9.5 7.9 
Total radial shrinkage (%) 4.3 3.9 4.4 3.7 
Moisture in fresh state (heartwood/sapwood) (%) 37/115 40/120 50/120 50/150 
Thermal conductivity coefficient (W.m-1.K-1) 0.14 0.15 0.15 0.12 

 
 

Table 2. Comparison of mechanical properties of Douglas-fir wood with other coniferous wood species (at 12% humidity) 
(according to Alden 1997, Forest Products Laboratory 2010) 

 
  Douglas-fir Scotch pine European larch Norway spruce
Compressive strength in fibbers direction (Mpa) 30 49 52 38 
Flexural strength in fibbers direction (MPa) 87 90 100 68 
Shearing strength in fibbers direction (Mpa) 10 8 9 6 
Modulus of rupture (Mpa) 12,000 12,000 13,500 11,000 
Hardness (Brinell) - frontal (Mpa) 50 40 53 32 
Hardness (Brinell) - lateral (Mpa) 18 19 19 12 
Impact strength (kJ) 4.1 4.1 5.5 3.2 
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Fig. 1. Example of the dependence of Douglas-fir annual rings on age, FMD Urban forests Trutnov 
 
 

 
 

Fig. 2. Width of early and late woods of Douglas-fir annual rings, FMD Urban forests Trutnov. The annual rings of the juvenile 
wood zone are characterized by a predominant amount of early wood (% early wood in the annual ring is greater than 60%). 

Latewood proportion increases for ripewood (% latewood is around 50%). 
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Fig. 3. Trend of wood density during the radius of the Douglas-fir log. FMD Urban forests Trutnov. Section A is closest to 

cambium (bark), section J is closest to pitch. Section A-F - ripewood, section G-J - juvenile wood. 
 

 
Fig. 4. The trend of wood volume shrinkage during the Douglas-fir log radius. FMD Urban forests Trutnov. Section A is closest 

to cambium (bark), Section J is closest to pitch. Section A-F - ripewood, section G-K - juvenile wood. 
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Fig. 5. Trend of wood compressive strength in the fibbers direction during the Douglas-fir log radius, FMD Urban forests 

Trutnov. Section A is closest to cambium (bark), section J is closest to the pitch. Section A-F - ripewood, section G-J - juvenile 
wood. 

 

 
 

Fig. 6. Dependence of wood compressive strength in fibbers direction on wood density of Douglas-fir, FMD Urban 
forestsTrutnov 
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Abstract 
The paper deals with the broader economic, environmental and social context, as well as with the 
limits of Norway spruce substitution by Douglas-fir. Douglas-fir, originally introduced due to 
ornamental and consequently production reasons, is currently also an alternative in the 
substitution of Norway spruce stands where their decay occurs. Douglas-fir representations are 
limited in the Regional Plans of Forest Development (RPFD) and subsequently in the Forest 
Management Plans (FMPs); this is related to the fact that it is geographically non-native tree 
species. Restrictions can become counter-productive. Douglas-fir can compensate the production 
loss of decaying Norway spruce stands by its production of timber mass. However, timber 
production cannot be seen only economically, but as an important ecosystem service: supplying 
society by timber. An important function of carbon fixation is also associated with production of 
non-energy utilization. Douglas-fir of corresponding characteristics must be selected. The 
practice of seed and planting material transfer is a risk factor. Wildlife is a limiting factor, 
perhaps a regulator of the ambitions we have with Douglas-fir. Success will also depend on the 
business skill of selling Douglas-fir timber. Douglas-fir is one of the possibilities of Norway 
spruce substitution. Other ways should not be overlooked, such as the search for Norway spruce 
of suitable ecological properties resistant to climate change. Care must be taken - our erroneous 
measures today may be a lost opportunity in the future. 
 
Key words 
Douglas-fir, Norway spruce, substitution, economy, environmental aspects 
 
 
 

Introduction 

Almost from the beginning of the establishment of Norway spruce monocultures, foresters 
began to consider their conversion to mixed stands. The most striking effort to modify the woody 
composition of the Norway spruce forests can be seen in connection with the gap regeneration 
method of the stands shortly after 1950. The conversion of Norway spruce monocultures 
stagnated in the following years; it was important to supply the woodworking industry by the 
desired Norway spruce timber. An important role in changing the tree species composition was 
the determination of the minimum share of amelioration and reinforcing tree species (ART) in 
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stands regeneration (Act No. 289/1995 Coll. and Decree No. 83/1996 Coll.). Since then, the 
deciduous trees proportion has been increasing in the CZ during forest regeneration. Few people 
imagined that Norway spruce would be such a serious problem at that time and it would 
eventually disintegrate in some regions. If decaying Norway spruce stands were substituted by 
less productive broad-leaved deciduous trees in greater extent, this would be accompanied by 
lower economic results. The future economic sustainability of forestry management would be put 
at risk. The solution is to substitute Norway spruce forests also by tree species with potential 
equal production or higher than Norway spruce. It could be a Douglas-fir that has many 
prerequisites for this, namely by production potential, establishment of stands, silviculture, 
harvesting and selling timber. However, it is introduced species. The introduction aims were 
ornamental originally, which gradually changed to the aims of spread reproduction and 
intensification of forest production together with stability. Another function is on the table today, 
Douglas-fir could be an alternative substitute for withering away Norway spruce.  

The importance of Douglas-r is shifting to the environmental level at present; Douglas-fir is 
an alternative tool for dealing with the climate changes consequences. We are aware that this is 
an unconventional statement. However, it depends on the point of view and preferences of the 
evaluators. One point of view is nature conservation. Douglas-fir is a geographically non-native 
tree species, its representation is therefore limited by nature conservation authorities. This gives it 
a negative status, expressing the Douglas-fir environmental risks. Douglas is also classified in 
some Management Sets (MS) as ameliorative and reinforcing tree species (Table 1), this gives it 
a positive status. Douglas-fir looks for solution to risks of the Norway spruce, stability and 
ecology; this expresses its environmental benefits. Douglas-fir also has higher timber production 
than Norway spruce; this expresses its economic advantages. Also in terms of framework 
environmental opinions, forest ecosystems provide important ecosystem services - timber supply 
and also carbon fixation. The reduction in these ecosystem services is accompanied by adverse 
socio-economic impacts. An excessive reduction in the proportion of geographically non-native 
tree species, which is a restriction in the environmental interest, may be counterproductive. This 
can be a limitation that limits the economic efficiency of forest use by forest owners, but also 
social efficiency. This can cause risks to sustainability principles retrospectively. 

Operational and economic experience with Douglas-fir 

Which of Douglas-fir varieties are suitable for Norway spruce substitution? 

Several species and varieties are distinguished, taxonomically – Pseudotsuga menziesii var. 
menziesii (Coast Douglas-fir, Pacific Douglas-fir, Oregon pine, or Douglas spruce), Pseudotsuga 
menziesii var. glauca (Rocky Mountain Douglas-fir), Pseudotsuga menziesii var. lindleyana  
(Mexican Douglas-fir), Pseudotsuga macrocarpa (bigcone spruce or bigcone Douglas-fir), 
Pseudotsuga japonica (Japanese Douglas-fir), Pseudotsuga sinensis var. sinensis (Chinese 
Douglas-fir) and Pseudotsuga sinensis var. wilsoniana (Taiwan Douglas-fir). Some of them are 
regional endemits adapted on regional abiotic conditions. Greater distribution of Asian species 
and varieties to Europe is hampered by their demands for more subtropical climatic conditions. 
Only Douglas-fir of North America was imported to Europe.  

However, the greatest economic use is in the homeland Douglas-fir 'green' (Pseudotsuga 
menziesii var. menziesii). It is necessary to find the most suitable provenance for the CZ 
conditions due to its extensive natural range. Experiments did not assume that we will want also 
Douglas-fir yield at habitats where Norway spruce is decaying due to climate change.  
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It is necessary to assess the identification conclusiveness of a suitable Douglas-fir in the 
sense of the seed and planting material transfer principles. Considerable attention should be paid 
to the differentiated decision-making on the choice of the appropriate Douglas-fir as appropriate 
to the natural conditions of each forest property. We have to realize that, our intention is to 
produce a larger-scale production effect compared to the current practice. We are no talking 
about a small Douglas-fir proportion, often motivated by the popularity of forestry staff. Up to 
now failures with Douglas-fir had a minor character so far.  

Conclusion I 

When substituting Norway spruce by Douglas -fir, it is necessary to have reasonable 
certainty, that Douglas-fir used corresponds (res. will correspond) with its habitat characteristics 
and ongoing climate changes. A risk factor is observance principles corrosion of seed transfer and 
planting stock. 

How Douglas-fir is silvicultured 

We will not describe extensively the experience of foresters in establishing, natural 
regeneration, subsequent silviculture, and protection of Douglas-fir stand. We will mention only 
one - Douglas-fir and wildlife. 
Practical forester distinguishes two basic groups of tree species in terms of stands artificial 
regeneration: 
• Groups of tree species which are not attractive to wildlife; it is mainly Norway spruce. 
• Woody species groups which are attractive to the game (wildlife) and which need to be 

fenced or individually mechanically protected. Tree species where painting is not enough; 
these are fir, Douglas-fir and broadleaf. 

Douglas-fir belongs to tree species that are attractive for wildlife. Douglas-fir planting based on 
artificial regeneration can usually not be ensured without fencing (individual mechanical 
protection) within a adequate time. Further damage can be noticed during peeling and browsing. 
Until the Douglas-fir is protected by its rough bark during the first and second age classes, it is 
possible to record relatively great damage by peeling and browsing (mouflon, red deer, sika 
deer). So dramatic wildlife damage will be not everywhere - especially where Douglas-fir 
regenerates. Undoubtedly there will be a number of estates with such wildlife quantity that the 
problems are minimal in the Douglas-fir regeneration. Despite the elimination of its influence, 
wildlife will always limit us during Douglas-fir regeneration, just as it limits us in case of fir and 
all deciduous tree species. However European beech is the most tolerant of the wildlife from the 
deciduous trees. Let us put into context the fact that we are substituting Norway spruce, which is 
advantageous in terms of protection against wildlife.  

Conclusion II 

Wildlife can become a limiting factor in Norway spruce substitution by Douglas-fir. 

How Douglas-fir is cut and sold 

Douglas-fir has already a very good yield in the first thinning. Certain problems are caused 
by a heavy branching; this may even limit the use of harvesters. The question is to what age 
Douglas-fir will be silvicurtured; this is followed by the issue of thinning and strong diameters 
processing. Optimization of value rotation can be very variable depending on the situation. 
Douglas-fir thinning cut are in small amounts at present. This causes some difficulty (sorting), 
small-diameter wood may come out with that of pine or larch. The price is then analogous to 
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these species. In the CZ, the Douglas-fir wood market is not sufficiently developed to make 
definitive conclusions. As for thick-diameter wood, the situation is individual. Common 
dimensions are sold as well as over-dimensioned wood. One Douglas-fir in the whole mature 
forest stand of other tree species may be unsalable; however, it can also be sold very 
advantageously; it is possible to sell advantageously the whole over-dimensioned alley. It all 
depends on the circumstances and business abilities of the owners. Also, it is not always true that 
large quantities of wood are traded better than small ones. It depends on the usefulness and rarity 
of the wood. If wood processors are to see the Douglas-fir as a business opportunity (furniture, 
wooden buildings, etc.), they need to know: how much wood will be available, in what quality 
and at what price. 

Conclusion III 

Douglas-fir wood must be marketable; otherwise the replacement of Norway spruce by 
Douglas-fir would be fallen flat. Foresters have a challenge ahead to offer and emphasize the 
specific Douglas-fir wood characteristic and those to sell. The aim is to create an environment 
where Douglas-fir becomes attractive to customers. This means a regular and guaranteed quantity 
at a reasonable price. This should be a matter of strategy for every forest property. 

Legislative contexts of substitution Norway spruce by Douglas-fir   

Act No. 114/1992 Coll. on Nature and Landscape Protection with amendment 156/14 (from 
2014) in § 5, subsec.4 determines: 
• The deliberate distribution of a non-indigenous plant or animal species into the landscape is 

only possible with the permission of nature conservation authorities; this does not apply to 
non-indigenous plant species when is managed according to an approved Forest Management 
Plan or Instructions taken by the owner. 

• When approving the Forest Management Plan, geographically non-native tree species are 
proposed as deviating measures according to § 26, subsec. 1, lit. d) of the above-mentioned 
Act. The proportion of non-indigenous tree species is proposed in accordance with the Forest 
Development Region Plan (FDRP - OPRL in Czech) for each target managements. 
Possibilities of utilization of non-indigenous tree species are determined as maximum in % 
according to Management Set (HS in Czech). 

Already Decree No. 83/1996 Coll. on the processing of Forest Development Regional Plans and 
on the determination of Managements Sets mentions Douglas-fir as economic recommendations 
in these target Management Sets (MS). Subsequently, the new Decree No. 298/2018 Coll. cites 
all in the same sense (Table 1).  

From this point of view, the legislative options for using Douglas-fir are in agreement with 
which forest vegetation zones and target management sets are significant in terms of Norway 
spruce substitution by Douglas-fir. 

The maximum confines are limit. Greater differentiation of these limits should be 
considered. There will be differences between individual properties probably. If the property 
owner decides to prefer Douglas-fir to substitute Norway spruce, then the limit is low for him. In 
the future, such an owner needs a quantity of Douglas-fir that is sufficient for an effective 
technology and business strategy.  
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Conclusion IV 

Increase the maximum quota of Douglas-fir in the trees species composition by the 
legislation. The increase could be a cross the board from the current 1-5%, for example, to 10 to 
20%. It is also appropriate to consider an increase differentiated according to the long-term 
targets of forest owners. Each property is in a different starting position. For some, Douglas fir 
may be a solution to increase production due to constraints in the interests of nature conservation; 
other property solves the Norway spruce decay; elsewhere, these are stabilization targets; 
however, it may also be a recreational targets, ornamental alley, solitaires, etc. 

Environmental contexts 

As it has already been above mentioned, Douglas-fir has a special position in legislation. 
On the one hand, it is given ecological and stabilizing properties - it plays the role of ameliorating 
and reinforcing tree species (ART; MZD – in Czech) in forest regeneration. On the other hand, its 
use is limited because it is geographically non-indigenous tree species. It is a restriction at the 
interest of nature protection, a standard instrument of environmental policy - a limit, a ban. The 
aim is to eliminate the risks associated with each geographically non-indigenous tree species. 

Legislation is one aspect of Norway spruce substitution by Douglas-fir that limits its 
representation in the interest of nature conservation. This is the result of the precautionary 
environmental measures principle. However, in order to set restrictions, it is important to know 
the real conclusive environmental risks of Douglas-fir in terms of forest sustainability.  

We know two terms related to the modern direction of sustainable forest management 
(Tesař 2001): close-to-nature forest management and ecologically eligible forest management. 
Introduction cannot be admitted at all in close-to nature forest management; the use of introduced 
tree species is possible to find within the frame of "ecologically eligible forest management".  

Production potential, resistance to adverse climatic conditions, ecological stability, impact 
on soil, mineral nutrition and quality of Douglas-fir production are an example of an ecologically 
eligible approach to the whole issue (Martiník and Kantor 2004). The authors found, based on 
their own investigation, that Douglas-fir can be cultivated as an admixed tree species in stands 
dominated by the indigenous deciduous trees, which is both within the frames of ecologically 
eligible forest management and within the frames of sustainable forest management. 

Another study focused on the research of Douglas-fir biomass (Martiník and Kantor 2006): 
High timber production has not only economical but also ecological importance in modern 
forestry. Carbon fixation in timber and forest stands is becoming one of the ways to counter 
negative global climate change caused by CO2 increasing. The possibility raises considerable 
attention of growing highly productive tree species, even at the cost of their non-indigenous area.  
In the case of over-production, another limiting criterion is its effect on soil chemistry (nutrient 
depletion) (Podrázský at al. 2001). While high production is a positive phenomenon from the 
economic and carbon fixation point of view, it can be negative in terms of captured nutrients. 
However, leaving the brushwood in nutrient-poor habitats in the forest and cultivating Douglas-
fir in deciduous mixtures is solving these risks. 

Conclusion V 

Douglas-fir is an alternative opportunity for the future, an environmental, economic and 
social opportunity in the search for possible ways of maintaining sustainable forestry 
management. Douglas-fir can be classified as a geographically non-native tree species whose 
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introduction (and application) in silviculture falls within the frame of ecologically eligible 
forestry management. 

Summary conclusion 

Foresters ask which tree species can substitute the Norway spruce in connection with the 
decay of Norway spruce stands. They are looking for tree species that will ensure the future 
sustainability of forests. Douglas-fir is also one way. The results of provenance experiments and 
practical experience with its cultivation suggest that Douglas-fir has many assumptions to 
substitute Norway spruce in certain conditions and situations. However, Douglas-fir is introduced 
tree species, its representation is limited by nature conservation authorities. In this position, the 
concern is ecological due to precaution. However, the Douglas-fir can be viewed differently. Its 
higher production in mixtures with indigenous tree species is an important ecosystem supply 
service associated with carbon fixation. But the risk of higher production is soil depletion. Risks 
can be eliminated by consistently leaving the brushwood on nutrient-poor habitats and cultivating 
Douglas-fir in mixtures.  

We summarized the operationally-economic, environmental and social contexts and limits 
of substitution Norway spruce by Douglas-fir in the following conclusions: 
• When substituting Norway spruce by Douglas-fir, it is necessary to have reasonable assurance 

that the Douglas-fir provenance used corresponds to the habitat characteristics. Corrosion of 
seed and planting material compliance is a risk factor. 

• Wildlife can become a limiting factor in Norway spruce substitution by Douglas-fir. 
• Douglas-fir timber must be marketable; otherwise the substitution of Norway spruce by 

Douglas-fir would be missed. Foresters have the appeal to offer for Douglas-fir timber, 
emphasizing its specific characteristics and these to sell. The aim is to create an environment 
where Douglas- fir becomes attractive to customers. That is a regular and guaranteed 
quantity, reasonable price. This is a matter of strategy for every forest property. 

• Increase the maximum proportion of Douglas-fir in the tree species composition by the 
legislation. The increase could be a cross the board from the current 1-5%, for example, to 10 
to 20%. It is also appropriate to consider an increase differentiated according to the long-term 
targets of forest owners. Each property is in a different starting position. For some, Douglas 
fir may be a solution to increase production due to constraints in the interests of nature 
conservation; other property solves the Norway spruce decay; elsewhere, these are 
stabilization targets; however, it may also be a recreational targets, ornamental alley, 
solitaires, etc. 

• Douglas-fir's environmental benefits are high through its high production. It increases 
ecosystem forest supply service and carbon fixation. The ecological risks of nutrient soil 
depletion can be eliminated by silviculturing in mixtures and leaving brushwood in the forest. 

The substitution of Norway spruce by Douglas-fir is an alternative environmental, social and 
economic opportunity for forest management. 
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Target management set (MS))2 Composition of target management sets (FSTCs)1) Species stands composition - tree species 
numerical 
indication 

target management 

ca
te

go
ry

 

basic Groups of Forest Site Types)1 
(FSTCs) 

alternative FSTCs)1 basic 
ameliorative and 
reinforcing 

admixtured and 
interspersed 

23 
Acid habitats management 
of lower altitudes 

1.3
1K, 2K, 1I, 2I, 2M, 3M, 4M  (besides 
exposed types) 

nutrient poorer types of 
1S, 2S, 3K, 3I, (5M), 
(1C, 2C, 3C) 

BO  
DB 

Pseudotsuga 
menziesii 

  

25 
Nutrient habitats 
management of lower 
altitudes 

1.3
1H, 2H, 1B, 2B, 1D, 2D, (besides 
exposed types) 1W, 2W, 1V, 1O, 2O 

nutrient richer types of 
1S, 2S 

DB   
Pseudotsuga 
menziesii 

41 
Exposed habitats 
management of middle 
altitudes 

1.3 3N, 4N (besides nutrient poor types) 
nutrient richer types of 
3K, 4K 

SM 
BO 
BK 

Pseudotsuga 
menziesii 

  

43 
Acid habitats management 
of middle altitudes 

1.3
3K, 4K, 3I, 4I (besides exposed and 
nutrient poor types) 

nutrient poorer types 3S, 
4S, 5M, 5K, 5I 

SM 
BO 
BK 

Pseudotsuga 
menziesii 

  

45 
Nutrient habitats 
management of middle 
altitudes 

1.3
3S, 4S (besides exposed and nutrient 
poorer types), 3B, 4B, 3D, 4D 
(besides exposed types), 3H, 4H 

5W 
SM 
BK 
DB 

  
Pseudotsuga 
menziesii 

51 
Exposed habitats 
management of higher 
altitudes 

1.3 5N, 6N 
exposed types of      5M, 
6M, 5K, 6K 

SM 
BK 

Pseudotsuga 
menziesii 

  

53 
Acid habitats management 
of higher altitudes 

1.3
5K, 6K, 5I, 6I, 6M (besides exposed 
types) 

  
SM 
BK 

Pseudotsuga 
menziesii 

  

55 
Nutrient habitats 
management of higher 
altitudes 

1.3
5S, 6S, 5B, 6B, 5D, 6D (besides 
exposed types) 5H, 6H 

(5W, 5U) 
SM 
BK 

  
Pseudotsuga 
menziesii 

57 
Management of habitats 
on stagnosols in higher 
altitudes 

1.3 5V, 6V (besides wet types)   
SM 
BK 

  
Pseudotsuga 
menziesii 

)1  Forest Site Type Complexes (FSTC) - briefly Viewegh et al. 2003; details Viewegh 2005 
)2 Management Sets (MS) - details Viewegh 2020 

Viewegh J., Kusbach A., Mikeska M. (2003): Czech forest ecosystem classification. - Journal of Forest Science, 49: 85-93. 

Viewegh J. (2005): Czech Forest (Site) Ecosystem Classification. - Czech University of Life Sciences Prague, 170 p. 
URL: https://www.infodatasys.cz/typolog/typolog-en.htm  

Viewegh J. (2020): Management recommendations according to Management Sets and Sub-sets. Decree No. 83/1996 Coll. on the 
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Experience with Douglas-fir wood processing 
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Woodworking Cooperative, Hradec Králové (www.krnovice.cz), email: zaruba@krnovice.cz  
 
 
 
 
 
Abstract 
Douglas-fir wood is not quite common in CZ market and its products are rather rare. It is often 
unjustly neglected (or despised) by carpenters and joiners. It is not seen in furniture supermarkets 
yet. It is not seen in furniture supermarkets yet. It is then sought especially experts for custom 
production, who know what they are looking for or they get advice from suppliers.  
The following text is the view of the processor on the basic characteristics of Douglas-fir wood - 
a company that tries to process wood mass from the roundwood stage to the final joinery and 
carpentry production (including log houses). From the processor's point of view, I would have 
avoided Douglas-fir's wood, but from the customer's point of view it is an excellent tree species, 
especially for exterior use. 
 
Key words 
Douglas-fir wood, processing, advantages – disadvantages 
 
 
 

Resistance to wood decaying fungi - in contact with the ground 

The basic regulation for classification of timber from the point building use view is ČSN 
EN 350 1, 2 (EN 350 -1 = instruction for testing and classification of wood natural durability; EN 
350 – 2 = natural durability and impregnation-ability of selected tree species important in 
Europe). This ČSN evaluates woody plants as follows (resistance class 1 = best, 5 = worst) (Tabs. 
1 and 3). 
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Table 1. Natural resistance of some selected tree species to wood decaying fungi - conifers of the Central European region 
 

Tree species 
English name Latin name 

Resistance class according to 
EN 350-1,2 

Probable durability in hazard class 4 
(EN 335-1,2) [year] 

Scotch pine Pinus sylvestris 3 ~  4  x) 6  ~  15  x) 
Austrian pine Pinus nigra 4  x) 6 ~ 10  x) 
White pine Pinus strobus 4  x) 6 ~ 10  x) 
Douglas-fir Pseudotsuga menziesii 3 10 ~ 15 
White fir Abies alba 4 6 ~ 10 
European larch Larix decidua 3  x) 10 ~ 15 x) 
Norway spruce Picea abies 4 6 ~ 10 
Sitka spruce Picea sitchensis 5 3 ~ 6 
English yew Taxus baccata 2  x) 15 ~ 25 x) 
Red cedar Thuja plicata 2  x) 15 ~ 25 x) 

 

While sapwood is rated as worst (hardy) = class 5 (Scotch pine, European larch etc.) for 
most woody species, sapwood and heartwood are equally resistant for Douglas-fir. This makes it 
suitable for exterior use. It is also worth mentioning the threat classes, which are defined as 
follows (Table 2). 
 

Table 2. Definition of wood threat classes by biotic pests - classification according to EN 335-1, 2, 3 
 

Threat class 
according to EN 
335 

Characteristic influences and 
conditions 

Environments and application 
examples 

Biotic wood pests x)

0 
wood humidity always less than 
10% 

air-conditioned interiors with relative 
humidity max. 60% (living rooms) 

none 

1 wood moisture     10 %  ~  20 % 
non-air-conditioned dry interiors 
(roof species, roof trusses) 

I 

2 
wood moisture can sometimes 
exceed 20% 

non-air-conditioned interiors with 
relative humidity of more than 80% 
(cellars, laundries) 

FB, I, P, B 

3 
wood humidity often greater than 
20% + influence weathering to 
the ground 

exteriors but without ground contact 
(exterior claddings and 
constructions) 

FB, I, P, B 

4 
wood humidity is still higher than 
20% + influence of weathering 
and ground contact 

wood installed into the ground and / 
or water (even partially) (pillars, 
crossties, cooling towers) 

FB,  FA, I, P, B 

5 
wood humidity still higher than 
20% + influence of seawater 

wood installed into sea water (even 
partially) (ships, port facilities) 

FB,  FA,  sea pests 
x) meaning of symbols: I - wood decaying insects; FA - Ascomycetes (soft rot); FB - Basidiomycetes (broew and 
white rots); B - wood-staining fungi (become blue); P - molds 
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Table 3. Other properties of Douglas-fir wood compared to common conifers (again according to ČSN EN 350.2) 

 
Natural durability impregnation-ability Density at 12% humidity 

Tree species old house 
borer 

common 
furniture 

beetle 
heartwood sapwood 

sapwood 
width range of average values 

Douglas-fir S S 4 2-3 s 470-510-520 
European larch S S 4 2v s 470-600-650 
Norway spruce SH SH 3-4 3v x 440-460-470 
White fir SH SH 2-3 2v x 440-460-480 
Scotch pine S S 3-4 1 s-m 500-520-540 
Legend:     
Durability: S =  susceptible sapwood, resistant heartwood; SH = sap- and heartwood susceptible 
Impregnation-ability: 1 =  it impregnates lightly …….4 = ir impregnates extremely difficult; v = the tree species 
shows an unusually high degree of variability 

Sapwood width: s = small (2-5 cm); m = mean (5-10 cm); x = no clear distinction between hear-t and sapwood 
 

Wood hardness - again compared to other common conifers 

For example, Janek hardness test is used to determine wood hardness, which is a variant of 
the Brinell hardness measurement method used in mechanical engineering (according to ČSN 42 
0371). The principle is to measure the force required to push a steel ball of 11.28 mm diameter 
into the wood through to halfway of its diameter. Diameter 11.28 mm is chosen to occupy 100 
mm2 of area. 

Pound-force measurement units are the most widely available worldwide, which are used in 
the US; in these units the hardness measures are given in Table 4. To convert these units into the 
SI system (N - newton), the number has to be multiplied by 4.44822161.  
 

Table 4. Douglas-fir wood hardness compared to other common trees species. 
 

English name hardness [pounds-force] English name hardness [pounds-force] 
Locust 1750 Douglas-fir 660 
Oak  1360 Larch 590 
Elm 1320 Fir 500 
Ash 1320 Pine 420 
Beech 1300 Spruce 420 
Birch 1260 Lime 410 
Tree species growing in CZ only (even these non-indigenous) 

 

Sawmill processing Douglas-fir timber 

Woodworking Cooperative use for log breakdown band headrig. This technology has been 
chosen for several reasons: 
• easy adaptation of the production assortment to each log (diameter, knottiness, defects, etc.), 
• attention is paid to each stem individually = no need to have a conversion depot, 
• possibility of atypical lumber production of any size - including conical profiles, 
• possibility of sawing over-dimensioned logs up to about 900 mm, 
• possibility of lumber production up to 12 m, 
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• line price 
Each tree species has different demands on the processing process. Douglas-fir is not an 
exception and therefore its characteristics are mentioned bellow. It will be compared with 
European larch, which is similar in appearance to its wood. The Cooperative processes both stem 
base pieces and longer logs.  
• The most striking is the wood hardness and the number of knots. The sawing is slower, the 

wood gives higher resistance. Very important is the quality and sharpness of tools - band saw 
blades. The blade will also becomes blunt quickly even on the stems that have been debarked 
before sawing. If it is possible to saw about 2 m3 of Norway spruce or Scotch pine logs with 
one saw band, it can be made about 0.5 - 0.75 m3 of Douglas-fir with the same type of saw 
band only. 

• The stem bases are tough in particular and the sawing is much slower than that of other tree 
species, moreover, with higher electric power consumption. 

• However, unlike the European larch, the Douglas-fir wood does not produce resin and the 
saw band is clean; there is no danger of sticking by resin which can result to many other 
problems. For European larch or Scotch pine, this problem is solved by increased feed of 
diesel, which is spread over the felt pads onto the wheels and further by increased feed of 
water into the cut. The greasy surface of the saw band prevents resin sticking. 

• Work in protective leather gloves is required. A lot of very fine (hair-look) hard chips on the 
surface of the sawn wood are during sawing, which are sticked into hands and then it is 
difficult to remove them when working without gloves. 

• When cutting prisms - two pieces - one on each side of the pith - the Douglas-fir does not 
bend (unlike e.g. Norway spruce). 

Rather, the interesting thing is that Douglas-fir wood smells of oranges when sawing. 

Carpentry and joinery processing of Douglas-fir wood 

Wood is suitable both for interiors and exteriors (hardwood and sapwood are resistant). It is 
hard and tough. It is highly resistant to both wood decaying fungi and insect attack. The ČSN  
Czech State Norm) states that Douglas-fir wood is susceptible to attack by wood decaying 
insects, but really it is many times less than Norway spruce or Scotch pine. If these tree species 
are side by side, the common furniture beetle prefers to attack Norway spruce; the Douglas-fir 
attack remains in the "experiment" phase - the depth of the bite is about 2 mm and then the 
Douglas-fir wood is left. 

Douglas-fir wood is similar to European larch, visually. However, while European larch 
wood darkens strongly to a brown hue, Douglas-fir retains its pink colour over the years (darkens 
less). 

It is true that Douglas-fir wood is not very popular by craftsmen. Its processing behaviour 
is similar to European larch wood. 

Basic characteristics of Douglas-fir wood in terms of machining: 
• The hardness of the wood and the amount of knots are necessary to use sharp tools (saws, 

planning knives, cutters, etc.). Machining is slower; the wood makes greater resistance to 
tools.  The edge becomes blunt quickly. 

• Both enclosed and loose knots are in wood. Loose knots react like any other tree species, but 
they are much larger - risk of damage to the tool, machine or worse - injury to the operator. 
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Enclosed knots are very hard and their processing is very difficult - the knots are much larger 
than other woods. 

• Wood does not produce resin - resin does not make tools dirty and it is not burnt on them. 
• During processing, a lot of common and very fine (hair-look) sharp and hard chips arise, 

which sticks into the hands when working without gloves (the joiner cannot work with 
gloves). Working with Douglas-fir wood requires significantly higher attention of the worker. 

• The wood is hard and must be pre-drilled when used for cladding or nailed arrangements. The 
wood is prone to rupture without pre-drilling- matched lumbers, claddings panellings. 
Especially hammering nails into Douglas-fir wood without pre-drilling is an almost insoluble 
problem for many (perhaps comparable only to oak heartwood; however which has no 
significant juvenile wood and ripewood). It can also happen that a nailed nail bends back in 
the Douglas-fir wood; U-shaped bends in wood. 

• Douglas-fir wood is noticeably heavier and work is more difficult with it for workers. 
However, despite the difficulties in machining, it is the best choice of wood for making exposed 
carpentry structures, floors, windows, doors, staircases and joinery products in general. Douglas-
fir wood has also proved its worth for wooden buildings, in our case timbered houses. A durable 
construction is possible to built that is not predisposed to atmospheric conditions like other 
woods at the cost of conventional coniferous sawn timber with similar thermo-technical 
properties, practically.  

Douglas-fir wood processing is more expensive than other tree species (processing is 
slower with higher costs for tools quality and their sharpening, etc.), however, the customer gets 
an extremely strong durable and resistant product that lasts longer than other coniferous trees of 
similar price (especially in exterior). 

The following photos are examples of Woodworking Cooperative production. 
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Fig. 1. Sawmill processing Douglas-fir wood 
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Fig. 2. Sieve frame of the mill composition in the restored water mill - Podorlický skanzen at Krňovice (the supporting elements 
are oak made, the cladding and the cover plate are Douglas-fir made). Everything is without surface treatment. 
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Fig. 3. Douglas-fir wood cassette doors; cassettes are Norway spruce made; surface treatment - linseed oil 
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Fig. 4. Drag doors Douglas-fir made; the knotty of wood is clearly visible; surface treatment - linseed oil 
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Fig. 5. Douglas-fir wood garden table, all the year in open air without roof, surface non-treated, 8 years old 
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Fig. 6. Douglas-fir wood staircase; surface non-treated 
 
 

 
 

Fig. 7. Floor treated by linseed oil; intensive used during 7 year 
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Fig. 8. Large knot that makes machining difficult 
 
 

 
 

Fig. 9. Log house construction made from Douglas-fir wood (beginning steps) 
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Fig. 10. Log house construction made from Douglas-fir wood (continuing steps) 
 
 

 
 

Fig. 11. Log hose made from Douglas-fir wood - condition after 1st winter (linseed oil treated surface) 
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Fig. 12. Douglas-fir wood interior - ceiling, walls, floor, windows; before surface treatment – raw 
 
 

 
 

Fig. 13. Interior - comparison of tree species; lining lumber - Norway spruce wood (light colour), other Douglas fir wood 
(darker); linseed oil treated surface 
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Douglas-fir silviculture experiences in Österreichische 
Bundesforste AG (Austria) 
 
Putzgruber Norbert 
 
Österriechische Budesforste AG, Leiter Stabsstelle Wald Naturraum Nachhaltigkeit, 
Pummergasse 10-12, A-3002 Pukersdorf 
 
 
 
 
 

Overview of basic data about Österreichische Bundesforste AG 

Österreichische Bundesforste AG manages forests owned by the State - Federal Republic of 
Austria and the State owns 100% of the company. 
 

Table 1. Chosen data about Österreichische Bundesforste AG 
 

Total area 857,000 ha 
Forests 511,000 ha 
Commercial forest 347,000 ha 
Protection forests 147,000 ha 
Lakes > 1 ha 74 
Watercourses (in round figures) 2,000 km 
Buildings (in round figures) 4,200 pcs. 
Economic result ÖBf AG 238,400,000 € 
Payment to the state budget (in 2014 for 2013) 28,900,000 € 
Employees (full-time in annual average) 1,153 

 

"Douglas-fir" Program 

Douglas-fir covers 820 ha or 0.16% of forest area and is concentrated in the outer Alps 
region in Waldviertel and Wienerwald. 93% of Douglas-fir are younger of 40 years. Therefore 
older stands occur only sporadically, however they are characterized by impressive quality and 
growth (Table 2). 

 
Table 2. Data from older stands 

 

Plot name 
age 

[years] 
Height (H) 

[m] 
Breast height diameter (d1.3) 

[cm] 
EKL 

yield class 
Stem volume 

[m3] 
stock/ha 
[m3.ha-1]

Glasberg 120 42 95 15 11.5 1,140 
Manhartsberg 115 41 75 14 8.0 1,480 
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At present, a special Douglas-fir silviculture program has been implemented for more than 
40 years, especially in the southern parts of the Waldviertel. Conversions by increment and 
volume (mass) poor secondary pine stands to Douglas-fir stands are in the first plan, which are 
more suitable in terms of yields in connection to natural forest communities of deciduous forests. 
 

Initial situation 
• Low sum of annual precipitation (around 600 - 650 mm) characterized by climatic changes 

and periodic short-term drought during the growing season; line of hot summer regions in the 
east of the country. 

• Secondary pine stands (more than 2,000 ha) on litter-using soils with a tendency to acid pH, 
with the loss of water retention capacity. 

• They often occur in areas of wet snow with a high risk of pine trees due to wet snow breaks. 
• A lack of adequate potential for natural forest regeneration is in many areas. 

Habitats 
Initial geological conditions: 

Silicate-based rock substrate with partially sandy soils. Parent rock under Douglas-fir 
stands is gneiss or granite; Podzols and semi-podzols are prevailing soils in primary habitats for 
Douglas-fir. 

The Douglas-fir tolerate poorer soils and a warm, dry climate, and it is capable of 
significantly higher production (volume/mass and value) compared to other tree species even 
under these conditions. 

Afforestation 
Successful afforestation requires the following aspects: 

• Habitat: use of appropriate micro-habitats 

• Planting stock quality: "fresh" and planting capable plants, well developed and branched, 
sufficient root system. 

• Plants height: adapted to the habitat requirements and competing species, 30-60 cm. 

• Root system care - root cut, root treatment: the most natural root distribution into the soil, 
careful establishment into mineral soil; corresponding overgrown roots reduction - in no case 
less than half of the length of the reduced roots and to avoid injury to the fine root. 

• Afforeststion method: hole planting. 

• Afforestation season: preferably at the beginning of root growth, possibly 3 weeks before 
budding; an autumn plantings are also possible when is suitable soil moisture (late August - 
early September). 

• Spacing: it depends on the proportion of deciduous tree species or available natural 
regeneration, spacing of 2.0 to 2.5 m - square spacing (which represents 1,600 - 2,500 pcs.ha-

1). Due to the higher number of planted individuals, cultivation treatments are possible in the 
stage of the thickets and in the stage of the pole timbers for better genetic selection. 
Individuals compete to each other in this spacing, in which they have the smaller diameter of 
the branches and the branches will dry earlier. This creates a dry branch zone that allows 
pruning out with less labour organization and financial cost. 
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Protection against the pine root-collar weevil 

When root-collar weevil occurs, it is recommended to maintain "cutting rest" for 2-3 years. 
However, it is always taken into account where this "cutting rest" represents an increased demand 
for the care of the tickets that can be feared. If this is the case, earlier afforestation and 
elimination of (chemical) root-collar weevil is also possible. According to the experience 
obtained by forestry activities, costs are around 230,- € per 1 ha of measure. 

Plantations additional fertilizing 

The results of numerous experiments, observations and analyzes are available on plantings 
additional fertilization. Appropriate plantings additional fertilization is manifested by a 
demonstrable dynamic growth of Douglas-fir  (young) plants. 

Artificial fertilizers (low in chlorides) are used for plantations additional fertilization in the 
following year after planting and in the spring of the following year it is repeated for the second 
time. The application of about 20 g of fertilizer per young plant proved to be a fertilizer dose; 
with 2,500 young plants per hectare, it reaches about 50 kg per hectare. 

Protection against game (wildlife) 

About 300 individual game-proof fences with a total fence length of approximately 125 km 
were used in the beginning of the Douglas-fir conversion program. Fences are no longer needed, 
except in the peripheral zones and in the case of small plots, today in principle. However, their 
fencing is already necessary for afforestation by Douglas-fir. As a rule, the stands conversion by 
Douglas-fir are made according to  Forestry Statutory Regulations in permitted 2 blocks of 2 ha. 

Douglas-fir stand can occur (as well as European larch one) damage by fraying, which can 
lead to appreciable damage or stand destruction. Damage by fraying results in damage to the bark 
and subsequent infections. The browse is not the biggest problem made by game damage, but that 
is the already mentioned fraying by antlers. 

The only effective protective measure against game damage is often only fencing. The 
installation of game-proof fence is recommended in case of particularly strong game pressure 
(browse + fraying) and preferred sites of hoofed game (e.g. forest meadows, forest edges etc.). 
Game-proof fences also help naturally interspersed tree species, especially deciduous. 

The area of the game-proof fences can be massively reduced  due to corresponding 
Douglas-fir ticket sizes and it is limited to individual specific habitats today. Sufficient natural 
regeneration is abundant in older Douglas-fir stands, which represents a high potential for natural 
stand regeneration, which is important for this tree species. 

Aluminium foil cut into strips, sheep wool, plastic spirals, thorny tree species as well as 
poles of various materials (bamboo, wood, plastic, etc.) are used as mechanical individual antlers 
fraying protection. Also protection against fraying using paint can be recommended. 

Individual protection measures against loss of increment by (chemical) paints, tow, etc. are 
sufficient as protection against browsing. 

Young growth tending, care of them 

The need for the care of young growths comes when the growth of the terminal shoot is 
considerably limited due to competition by other vegetation. Strong growth suppression leads to 
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spindle-like forms of the trunks; such Douglas-fir growing in the open air is threatened by 
uprooting. The vegetation season (May - June) is the right time for these treatments.  

It is especially necessary to be careful in high and dense thickets to avoid destroying other 
desired tree species (broadleaf) during these measures. 

Care of thickets to the small pole stage - cleanings (reduction of the number of 
individuals and modification of species composition) 

The care of thickets is no need for afforestation in a square spacing 2.0 - 2.5 m (which is 
1,600 - 2,500 pcs.ha-1).  Thickets care is necessary where Douglas-fir is suppressed by other 
undesirable tree species, or a reduction of wolf trees in the broad-leaved groups is required. 

The right time, or  an economically well-founded time for such a treatment occurs in stands 
reaching height up to 3 m. 

The risk of attack by the bark beetle (Ips chalcographus = Pithyogenes chalcographus) 
should always be taken into account in order forest protection during the individuals number 
reducing; The autumn season is the best time for such interventions, which take into account the 
lowest potential for attack.  

The following basic rules are recommended for cleaning: 
• Maintaining a healthy and vital Douglas-fir where possible, while maintaining appropriate 

spacing, 
• preferential trees removal showing possible damage, 
• broad-leaved wolf trees early eliminate, 
• eliminated trees are cut down so that the stump remained (as low as the ground). 

Pruning 

Well-timed and correct made pruning can definitely increase the quality, homogeneity and 
the possibility of using wood. Pruning thus presents an effective possibility of increasing forestry 
products (increasing the logs quality, increasing the valuable assortments proportion, increasing 
sale receipts). 

Selection criteria for stands to be pruned: 
• adequate vitality, yield class, quality and stability, 
• as low a hazard potential as possible - peeling (incl. deer barking), red rot, snow and 

windbreaks, damage caused by skidding, 
• not on steep slopes, 
• necessary sufficient stands opening-up. 

Breast height diameter (d.b.h.): 15-20 cm; less than 1/3 of the target diameter. If the diameter in 
d.b.h. is at the time of pruning possibly the first thinnings e.g. 18 cm, so the requirement 
will be met at a target diameter of 60-80 cm by having the proportion of branched stem to 
be less than 1/3 of the diameter of the stem. 

Target trees for pruning: about 100-150 target trees per ha - this corresponds to a target trees 
spacing of approximately 8-9 m. 

Appropriate period for pruning: from 6-9 m tress height; preference is given to a dormancy 
period without sap flow. 
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Branches diameter: it should not be larger than 3-4 cm. In the afforestation of 2,000 pcs.ha-1, 
weaker branches are formed than in forests afforested in larger spacings. 

Height pruning: up to 6 m; in a tending concept taking into account the economic efficiency of 
management, sufficient pruning should be made during one treatment as far as possible. 

Pruning method: Cordless shears can be used rationally for pruning in the lower parts of the stand 
if the branches are thin; the usual trimming saws are used in the case of thicker branches. 
The upper parts are also pruned from the ladders using small hand saws. This procedure 
also improves the quality of pruning compared to the widely used pruning with saws on 
poles for working at heights. Higher performance and more ergonomic labor  are possible 
to achieve  (about 11 trees per hour). 

First thinning 

First thinning means the first selection of final-crop trees with co-dominant and dominant 
treatments. The first thinning is usually made when the stand reaches a height of 12-16 m. The 
treatment timing is considered correct when the dry branch zone reaches 5-6 m and there is a risk 
that the crown's proportion would fall to less than 50%. These selection thinning should be 
finished before the half of the rotation period has been reached. Selection thinning is divided into 
two phases: (1) target trees choice, and (2) eliminate those that oppress them. The necessity and 
unambiguous recommendation is to identify the target trees as well as the indication of each 
"harmful tree" (intermediate and oppressing trees), which are usually 1-3 trees for elimination per 
one target. 

The following criteria apply to the selection of target trees: 
• vitality: the significant length of the crown is for this criterion it has to be about 50% of the 

tree height, 
• stability: the measure of stability is the slenderness ratio (h/d ratio); this should be less than 

80 according to conditions, 
• quality: means no damage and well-shaped trunk, 
• spacing: target spacing = about 8-9 m; which means about 120-150 trees/ha. 
An interval of about 5 years is recommended for further tending thinning treatments according to 
habitat and yield class. A rotation age of 80-100 years can be expected at a target diameter of 60-
80 cm after several subsequent thinning. 

Other tending treatments in stands 

The thinning should basically be finished by reaching of the half rotation period. Each 
tending treatment in stand is ruled primarily by the current (in these days relevant) forest 
management goal (target diameter). The Douglas-fir management goal is high dimensioned 
timber of good quality. The major harvest is started only after the trees have reached the 
appropriate dimensions (d.b.h. = 60-80 cm). 

A certain proportion of deciduous trees in stands is assumed on required base of tree 
species target composition. Therefore, care must be taken to ensure that the required deciduous 
trees are released during tending treatments. 

Oftentimes the stands show very good possibilities of using Douglas-fir natural 
regeneration; therefore, the use of this ability is considered in the future. 
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Forest protection 

Douglas-fir is a tree species with a high ability to resist the damaging effects of biotic and 
abiotic factors to this day. 

The stands protection issues are not (or were not) significant in fact. Individual local 
damage has so far been caused only by the Swiss needle cast - Phaeocryptopus gaeumannii 
(Rohde) Petr. - on unsuitable north exposed habitats at the foot of the slopes near the 
watercourses, as well as attacking by Armillaria in small pole stages and frost damage (black 
frost, late frost) in predisposed habitats. 

Douglas-fir damages are mostly individual, but they are not relevant from the point of 
protective measures view or their potential for danger is not significant; however, these damages 
may be serious under certain circumstances: gray mold - Botrytis cinerea - as a result of frost 
damage. 

Costs 
 

Table 3. 

 

Measure pcs.ha-1 Cost of individual 
measures [€.ha-1] 

Costs 
[€.pcs-1] 

Costs 
[€.ha-1] 

Soil preparation (mechanized with soil rotavator)    700.00 
Afforestation (incl.work made) 2,500  0.35 875.00 
Planning stock: DG, 2-year-old transplanted plants of 25-50 
cm high  

2,500  0.60 1,500.00 

Total cost of 2,500 pcs. afforestation (including soil preparation) 3,075.00 
Fencing of planting including works on fencing construction 
(500 b.m.) 

   2,200.00 

Additional fertilizing (including works made), 2 years  200,00  400.00 
Young growth care, 3 years  510,00  1,530.00 
root-collar weevil protection, 2 years  230,00  460.00 
Total cost per 1.0 ha of DG established plantation   7,665.00 
Additional costs 
Pruning (in two treatments by own employees)  660,00  1,320.00 

 

Resume after 120 years (eventually after 140 years) intensive Douglas-fir 
silviculture 

If the genetic and habitat assumptions are respected, as well as the silviculture conditions, 
then this species is not problematic in terms of the present forest protection or threatened by 
pests. However, Douglas-fir requires increased attention and care at a younger age. The predicted 
climate change (warming) as well as the rather limited susceptibility to damage (e.g. snow breaks 
or endangered bark beetles) are strong arguments for more intensive Douglas-fir planting. 
 
No literature cited 
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Douglas-fir in the State Forests of the Czech Republic 
 
Svoboda Josef 
 
Forests of the Czech republic state company, Hradec Králové; e-mail: svoboda@lesycr.cz  
 
 
 
 
 

Historical sources indicate that the Douglas-fir was first time imported into the Czech lands 
in the first half of the 19th century. The oldest preserved Douglas-fir grows in Bohemia in the 
"American Garden" (arboretum) near Chdenice at the Klatovy region. It was planted in 1843 as a 
2-3-year plant. In the same period, this tree species was planted on the Hrubá Skála in East 
Bohemia. 

Douglas-fir starts to cultivate in forest stands around 1870. Plantings come from this period 
at the Květnová obora near Milevsko, the Písek Mountains, near Chýnov in the Tábor region and 
in the Třeboň region. The introduction of Douglas fir-in the stands continued in the following 
years in South Bohemia. This highest quality South Bohemian Douglas-fir population comes 
from the turn of the 19th and 20th centuries. The Douglas-fir in the forest stands became more 
widespread in the second half of the 20th century. Douglas seed seeds were imported through a 
number of seed companies, which focused on the purchase of provenance seeds from the coastal 
locations of Oregon and Washington. In our (CZ) conditions, these provenances are often 
damaged by winter drying up (winter over-transpiration) during their youth, which causes great 
losses both in nurseries plantings and in established stands and thickets (Figs. 1 and 4).  

Therefore, some of our high-quality Douglas-fir stands, established at the beginning of the 
20th century, are of increasing importance as a source for afforestation, unfortunately they real 
origin is unknown. These stands began to use as a more important seed source only at the end of 
the 1990s, when it was confirmed that the seed source from the established Douglas-fir seed 
orchards is not perspective due to the considerable incompatibility of grafts, which was shown 
even many years after grafting. Only 2 seed orchards with an area of 2.50 ha are currently 
registered of the 11 orchards originally established with an area of 10.76 ha. Most of the 
Douglas-fir seeds for afforestation needs in CZ is obtained from selected sources of reproductive 
stock (stands). 
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Fig. 1. Survey of Douglas-fir in CZ in comparison with CZ Forest Company by age classes 

The share of Douglas-fir in the CZ forests is about 0.20 % (approximately 5,150 ha), which represents 0.17 % of the total stock 
(1,179,700 m3). Douglas-fir is represented by 0.22% in CZ Forest Company (Tab 1). 

 
 

Table 1. Douglas-fir area share differentiated according to the degree of nature protection and ESTS in CZ Forest Company 
 

All tree species area Douglas-fir area Douglas-fir presence 
Nature protection category 

[ha] [ha] [ % ] 
in Small-area Specially Protected Area (SSPA) 37,495 31 0.08 
in Protected Landscape Area (PLA) 395,723 400 0.1 
in Ecological Stability Territorial System (ESTS) 
beyond Specially Protected Area (SPA) 234,839 580 0.25 
outside nature protection 657,019 1,871 0.28 
CZ Forests comp. totally 1,325,076 2,882 0.22 

 

Douglas-fir importance in CZ natural conditions 

Douglas-fir is our most important introduced coniferous tree. According to obligatory 
regulations, they perform the function of amelioration and reinforcing tree species from the 
management of acidic habitats of lower altitudes through exposed and acidic habitats of middle 
altitudes to exposed and acidic habitats of higher altitudes (Management sets 23, 41, 43, 51 and 
53). It may also be an applicable admixture of the target species composition (MS 25, 45 and 55). 
Douglas-fir also shows better-than--average timber production in these habitats compared to 
other economic tree species (Figs 2 and 3). 
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Fig 2. Douglas-fir timber production in comparison to Scotch pine and Norway spruce 

 

 
Fig. 3. Douglas-fir timber production in comparison to Scotch pine and Norway spruce 

 

Given its present occurrence in diverse habitats, this species will be able to create in future 
an alternative to our most abundant species - Norway spruce, which is found in non-native 
habitats and is currently endangered by abiotic and biotic factors. 
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Fig 4. Current Douglas-fir range on CZ Forest company property 

 
 

Experience with Douglas-fir silviculture in CZ 

Planting stock cultivated from the seeds of the oldest certified stands and partly from seed 
orchards is used in the last few years for the forest regeneration and agricultural lands 
afforestation. Douglas-fir sowing seeds is possible in autumn or spring with the stratification 
assumption. About 80 ha/year of Douglas-fir are afforested in CZ, of which CZ Forest comp. is 
about 50 ha/year at present. Douglas-fir plant is planted mainly as a 3-year transplanted plant or 
as 2-3-year air-pruned plants, but provided it will be consistent winterized. Douglas-fir plants are 
necessary to grow in shaded nurseries or grown plants to shade in early spring, due to the effects 
of winter drying out.  

The condition of successful afforestation is the spring period, when lifting of plants from 
the forest nursery takes place outside dormancy with immediate planting in the stands. (The 
spring afforestation is 95% and only 5% in autumn on CZ Forest comp. property). This is a 
fundamental difference from other tree species that must not be planted sprouted. Despite this, 
the share Douglas-fir artificial regeneration failure is quite high; it has been around 30% in the 
last 5 years. Bare-rooted plants (90%) are preferred in Company for Douglas-fir regeneration in 
comparison to these containerized, which share is 10%. 

A minimum of 3,000 Douglas-fir plants are planted per hectare in CZ according to 
legislation. Douglas-fir is most often planted in mixtures with Norway spruce, Scotch pine and 
European beech. Douglas-fir is an ideal tree species for the improvement of the Norway spruce,  
Scotch pine and European beech gap-made plantings as these tree species quickly catch up and 
dominate them (Figs 2 and 3). Winter drying out occurs in plantings and even thickets in some 
provenances and therefore it is advisable Douglas-fir to regenerate in the shaded part of the 
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stands. Another problem is the huge game damage on the Douglas-fir artificial regeneration and 
preventive costly individual protection. 

Tending treatments are carried out from thickets stage by the high-intensity in order to 
create a sufficiently developed root system. Thinning stands continue with intensive tending to 
support the creation of deep crowns and the creation of a corresponding root system, as this is a 
condition for creating stability and high production. Individuals with rough thick branches are 
eliminated by tending. Some Douglas-fir populations have poor tem cleaning; then pruning takes 
place. Douglas-fir very well naturally regenerates in CZ habitat conditions. When Douglas-fir 
regenerates under the old stand, the resulting understory requires early release due to well-known 
reasons. 

Legislative conditions for the Douglas-fir use 

The use of Douglas-fir for forest regeneration is currently regulated by Act No. 289/1995 
Coll. (the Forest Act) and Act No. 114/1992 Coll. (Nature and Landscape Protection Act - 
NLPA), which significantly limits this use but does not prohibit it. 

Douglas-fir does not behave aggressively and invasively in CZ conditions and does not 
hybridize domestic trees in contrast to some other introduced tree species (e.g. tree of heaven = 
chouchun = Ailanthus altissima). Therefore its natural regeneration is also possible from a nature 
conservation point of view. The introduced tree species are differentiated into tree species with 
the ability to self-sustain in the given locality (natural regeneration) and tree species invasively 
spreading beyond the given location, when only a negative impact on the ecosystem and gene 
pool of tree species can occur and it is necessary to protect the local tree species population. The 
Douglas-fir natural regeneration is no problem for nature conservation authorities and they do not 
perceive it as an invasive tree species. The other situation is in the event of artificial regeneration. 
Pursuant to § 5, subsection 4 of the NLPA, the deliberate spread of a genetically non-native plant 
(GNS) or animal species into the landscape is only possible with the permission of the nature 
conservation authority; however, this does not apply to non-indigenous plant species if they are 
managed according to an approved Forest Management Plan or Management Structure adopted 
by the forest owner. 

An even stricter regime prohibiting deliberate spreading of introduced tree species by 
artificial regeneration, resp. requiring a gradual reduction of their share in Care plans exists in 
particular (Fig. 5): 
• in the areas of National Parks (NP), Protected Landscape Areas (PLA), National Nature 

Reserves (NNR), Nature Reserves (NR) , National Nature Monuments (NNM) and Nature 
Monuments (NM), 

• in NATURA 2000 areas pursuant to Directive No. 92/43 / EEC on the conservation of natural 
habitats, wild fauna and flora included in the Community list, 

• in segments of Ecological Stability Territorial Systems (ESTS). 
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Fig. 5. Douglas-fir share on CZ Forest comp. territory 

 

In justified cases, it is necessary to apply for an exemption from the prohibition of the GNS 
use pursuant to Act No. 114/1992 Coll. (§ 16, subsec. 1, point h\, § 26, subsec. 1, point d\, §29, 
point e\, § 34, subsec. 1, point d\, § 35, subsec. 2 a § 36 subsec. 2). 

Planning of Douglas-fir representation in the frame of the Forest Management 
Plan (FMP) restoration 

Strictly apply the maximum possible representation in the FMP restoration, within the 
limits set in the approved Regional Development Plans differentiated according to Natural Forest 
Regions (NFR), Management sets (MS) a Groups of Forest Site Types (FSTC), is one of the real 
and practical possibilities of the forest owner to increase the share of Douglas fir effectively and 
in the long term (Fig. 6). 

Douglas-fir shows the potential for recovery on the most widely represented target 
management sets, both on acid and nutrient rich habitats, but even on poor natural pine habitats 
exceptionally. During the already valid FMP, it is possible to apply for the deliberate extension of 
the GNS (exemption from prohibition of use) also by ad hoc, if there is a current need for 
artificial regeneration of a non-genetically indigenous plant in a concrete Forest Spatial 
Distribution Unit, e.g. due to improvement or completion of amelioration and reinforcing of tree 
species. Here again, two regimes of permitting procedure of GNS use is necessary to distinguish 
depending on the forest stands, as in the frame FMP renewal. 

It is necessary to proceed from the target increasing forest production while respecting the 
principle of non-threatening stability and increasing biodiversity of forest stands when planning 
the Douglas-fir use. 
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Fig. 6. Maximum Of Douglas-fir representation in the individual Protected Areas according to the Ministry of the Environment 
binding opinion to Regional Forest Development Plans (RFDP) (TMS = target management set) 

 

Conclusion 

Douglas-fir represents a significant production potential in CZ natural conditions and it is 
one of the few alternatives to Norway spruce stands previously established at inappropriate 
habitats, without reducing coniferous timber production. However, its importance is not 
sufficiently appreciated in CZ. Above all, the national nature conservation legislation continues 
to obstruct its greater expansion and partly also the non-use of the co-established Framework in 
approved RFDP, subsequently transferred to the approved FMPs. 
 
No cited literature 
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Douglas-fir use in Military Forests and Farms Company 
 
Češka Pavel  
 
CZ Military Forests and Farms state company, Prague; email: Pavel.Ceska@vls.cz  
 
 
 
 
 

The idea of using Douglas-fir in the forest stands of Military Forests and Farms comp. is 
motivated by the continuing and unfortunately still accelerating, withering of Norway spruce 
stands at the Lipník nad Bečvou forest division. The development of incidental felling associated 
with a Norway spruce withering has been able to observe more the past twenty years. 

Development of Norway spruce forest dieback since 1990 

Management was conducted under conditions of coexistence with the Soviet army, which 
was not easy coexistence and the result was a either larger or smaller share of incidental felling, 
until 1990 (Jeniš 2012). The Soviet Army had to go away in 1991. Unfortunately, other negative 
phenomena began to affect forest stands in the whole of the Nízký Jeseník Mts., which also 
includes the Libavá military district, in the same period. In the spring of 1991, the southern part 
of the district was affected by a hurricane, the consequences of which were processed during the 
next 2 years. Unfortunately, in 1993 came The peak of the first drought came in 1993 resulting to 
culmination of incidental felling, so over 300,000m3 of timber was harvested in 1995. A huge 
positive breakthrough in this negative development occurred in 1996, when a very cold spring, 
then a wet summer and autumn with plenty of moisture normalized situation. 7 years of classical 
forestry management followed, during which two non-standard phenomena appeared. The first 
was the occurrence of individual Norway spruce dead standing trees in advance growth of forest 
trees on military plots, and the record of the first occurrences of northern bark beetle (Ips 
duplicatus) with its increasing share in attacked incidental felling in subsequent years was the 
second. 

Significant turnover from this normal management to worse was on October 28th, 2002, 
when another hurricane damaged the central and northern parts of the Libavá military district. 
Since then until now (i.e. 12 years) the volume of processed felling not dropped below 190,000 
m3 per year, of which incidental felling has fallen below 180,000 m3 per year until in 2010-2011 
(Table 1). A drought period culminated at the beginning of these years. (Only 293 mm of 
precipitation was in the Bohuslávka locality in 2003, while a long-term historical average is 900 
mm per year at Zelený kříž locality) The course of precipitation at the long-term measuring 
station Libavá Kozlov is presented in Table 2. The main share of incidental felling was profiled 
in stands aged 50 - 100 years; most notably after the hurricanes Kyrril in 2007 and Emma in 
2008. 
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Another very rapid increase in incidental felling occurred in 2012 and 2013, when a total of 
251,000 and 305,000 m3 of timber was processed (of which 189,000 and 260,000 m3 were 
incidental felling). 261,000 m3 had already been processed, of which 98.5% were incidental 
felling as of June 30th, 2014. Unless there is a significant increase in the total precipitation, as in 
2006, this unfavourable development will continue. Translator's note in 2020: precipitation has 
been increasing since 2014 in the whole territory of CZ. 

Graph 1 shows the development of felling and total precipitation in 2003 - 2014. 
 

 
 

Graph 1. Dependence of incidental felling on total precipitation in 2003 - 2014. 

 
 

Table 1. Development of total and incidental felling in 2003 – 2014 
 

Total felling Incidental felling Incidental felling quota 
Year 

m3 m3 % 
2003 315,814 313,363 99.2 
2004 217,288 197,007 90.7 
2005 196,683 187,009 95.1 
2006 220,936 186,795 84.5 
2007 259,934 244,107 93.2 
2008 259,937 227,098 87.4 
2009 220,290 188,407 85.5 
2010 214,903 156,031 72.6 
2011 213,148 146,786 68.9 
2012 251,118 189,220 75.4 
2013 305,233 259,899 85.1 
2014* 261,246 257,263 98.5 
* to June 30th   
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Table 2. Annual precipitation in 2003 - 2013 at the station Libavá-Kozlov 
 

Year 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 
Sum of precipitations 
(mm) 

629.7 681.3 762.7 882.5 779.6 537.1 764.9 982.8 531.4 634.2 523.4

 

However, dieback does not limit to middle and rotation age stands for several years. The 
stands in the development phase of thickets, small pole and thin pole stages are dying more and 
more frequently by greater extent. Jeniš (2012) states that dying individuals or groups of 
individuals appeared rarely in the stands of the first age class until 2012. However, a major 
breakthrough  happened in November 2011, when only 0.10 mm of rainfall fell, and these dying 
Norway spruces began to appear in stands under 40 years old in tens during spring 2012 and after 
they completely dried up after the incredibly dry second half of the year (Fig. 1). Discussions 
about reconstruction are beginning in some tickets. This sudden phenomenon even occurred to 
such an extent in the stands of 2nd age class that clearings up to 0.50 ha began to develop after the 
processing of incidental felling. 
 

 
 

Fig. 1. Dead 2nd age class  Norway spruce due to previous vegetation drought season 
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Current state of Douglas-fir at Military Forests and Farms Company 

The Douglas-fir covers a total of 120 ha according to valid FMPs. Its share is only 0.1% in 
the total area managed forest by the company (Fig. 4). The Douglas-fir total stock is 41,000 m3 in 
forest stands. The oldest stands at the current age of 144 years are at the Rychtářov management-
plan area (MPA) belonging to the Plumlov district. Slightly younger stands at the current ages of 
137 and 133 are located at FMP Strašice and FMP Mirošov belonging to the Hořovice division. 
Douglas-fir individuals aged 100 years or more can be found on a total of about 20 hectares of 
forest-owned by company. 
 

 
Fig. 4. Extension of Douglas fir in forests managed by Military Forest and Farms Company. 

 

The highest stands reach mean height of 41 m and the robustest mean breast height 
diameter of 85 cm. The largest hectare stock is 756 m3.ha-1, and stands of 9th+ age class have the 
mean stock of 565 m3.ha-1. One of the largest Douglas-fir is situated at MPA Dolní Krupá 
belonging to Mimoň district.firs, it is also "a top tree“ of Military Forests and Farms comp; its 
age is 120 years, height 46 m and d.b.h. diameter 113 cm (Fig. 2). Douglas-fir also naturally 
regenerates. The stands at MPA Obecnice belonging to the Hořovice division can be an example 
(Fig. 3). 
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Fig. 2. "A top tree“ of Military Forests and Farms comp; age is 120 years, height 46 m and d.b.h. diameter 113 cm 
 
 

 
 

Fig. 3. Douglas-fir natural regeneration at MPA Obecnice 

 

Practice with Douglas-fir  

The practices with Douglas-fir planting and silviculture are not great given the fact that it 
has been afforested by an insignificant amount. It was used for afforestation in the amount of 
only a few thousands until 2008. The amount of Douglas-fir used for forest regeneration has 
increased to about 30,000 - 40,000 per year since 2009. The Company grew Douglas-fir bare-
rooted plants without exception and the used its own resources for seed collection until 2013. The 
Company started to grow containerized and balled Douglas-fir plants since 2014. 

Planting of about 60,000 - 80,000 pcs. is planned for autumn 2014 at Lipník nad Bečvou 
division. Douglas-fir will be afforested in mixes with Norway spruce and European beech. We 
plan Douglas-fir afforestation in a 3x3 m spacing and completion by European beech. These 
mixtures will be protected against game by either fencing or individual protection without 
exception. A mixture of Norway spruce and European beech will be planted on plots without 
fences. 
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Restrictions on the Douglas-fir use 

We are faced with restrictions on the introduction of geographically non-native tree species 
when using Douglas-fir for forest regeneration. Pursuant to Annex 2 to Decree No. 288/2018 
Coll., On Framework Definitions of Target Management Sets, Douglas fir is considered to be 
melliferous and reinforcing tree species Target Management Sets: 
23 -  management of acidic habitats of lower altitudes; 
43 – managemnet of  acidic habitats of middle altitudes; 
51 – management of exposed habitats of higher altitudes; 
53 – management of acidic habitats of higher altitudes. 
And is also considered by the potential admixture and interspersed tree species for the Target 
Management Sets: 
25 – management of nutrient rich habitats of lower altitudes; 
45 – management of nutrient rich habitats of middle altitudes; 
55 – management of nutrient rich habitats of higher altitudes. 

The use of Douglas-fir for forest regeneration in the Lipník nad Bečvou district is mainly 
influenced by obligatory opinions of the CZ Ministry of the Environment (ME) to individual 
Territorial Plans of Forest Development (TPFD) according to Natural Forest Regions (NFR). The 
obligatory attitude for given maximum Douglas-fir share in the target species composition in 
NFR No. 29 - Nízký Jeseník - is CZ ME Nature Conservation Department File no. 27280/00-
OOP/8775/00 dated January 8th, 2001, in terms of introduction of geographically non-native 
forest tree species according to Management Set (MS): 
MS 45: 6 – 10 % 
MS 47: 1 % 
MS 51: 1 % 
MS 55: 3 – 6 % 

The above-mentioned obligatory attitude of CZ ME for NFR No. 29 is more subjected to 
further conditions, namely: 
1. pure plantations constituted by geographically non-native forest tree species will not be 

created during forest regeneration; 
2. the proportion of non-indigenous forest tree species, together with the dominant economical 

tree species, may not exceed 70% of the target species composition; 
3. the minimum species of melioration and reinforcing tree species must be kept in the target 

species composition of the regenerated stands, as stipulate  Decree No. 288/2018 Coll., in 
stands where there is a natural regeneration of geographically non-native forest tree species; 

4. the introduction of geographically non-native forest tree species in the Specially Protected 
Areas (SPA) is prohibited by Act No. 114/1992 Coll., on Nature and Landscape Protection, as 
amended late changes and supplements. 

5. the introduction of geographically non-native tree species will not be proposed unless 
otherwise specified in their detailed documentation in the defined and approved Ecological 
Stability Territorial Systems (ESTS). 

According to the above mentioned point 4), it is necessary to have an exception to the basic 
protective conditions from the intentional distribution of geographically non-native species of 
plants and animals throughout the territory of: 
• National Parks (NP) pursuant to § 16, subsec. 1, point h) of the Nature and Landscape 

Protection Act (NPA); 
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• Protected Landscape Areas (PCA) pursuant to § 26, subsec. 1, point d) of the NPA; 
• National Nature Reserves (NNR) pursuant to § 29, point e) of the NPA; 
• Nature Reserves (NR) pursuant to §34, subsec. 1, point d) of the NPA. 

The MS share area allows the Douglas-fir planting 42.67%, which is according to the 
above-mentioned obligatory attitude in the case of FMR Libavá, Potštát, Hlubočky, Velký Újezd 
and Bruntál (all) belonging to the Lipník nad Bečvou division. It is 10.106 ha of forest stands in 
the case of 23.685 ha area, where the afforestation can be used up to 10 %. It is possible to 
afforest up to 1.011 ha of tree species reduced area in our case. The exploitable area seems to be 
sufficient on the first look. Nevertheless, it would be appropriate to consider increasing the 
permitted Douglas-fir sharer in forest regeneration and to consider it as the dominant tree species, 
which will be an alternative to Norway spruce, in suitable MS. 

Conclusion 

The Military Forests and Farms Company assumes the Douglas-fir use as a substitute for 
withering Norway spruce stands in the range, which permitted by existing legislation. Planting 
stock will be grown in the Company's forest nurseries. We look for sources of reproductive stock 
primarily in the Company's forest stands. We become conscious that it will not be easy to find 
suitable sources , because the rich yields of Douglas-fir seed are irregular in our conditions and 
the unsatisfactory seed quality is also frequent (Cafourek 2014). The Company has more than 
100 Douglas-fir stands that are potentially eligible to accept for seed collection. Individuals will 
be selected to be identified as sources of qualified reproductive material - the parents of the 
family -  on the basis of phenotype assessment at the same time. 
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Douglas-fir silviculture under conditions of University 
Forests "Masaryk Forest" at Křtiny 
 
Dolejský Vladimír, Mauer Pavel 
 
University Forests „Masaryk Forest“ Křtiny, Mendel University Brno, Křtiny. E-mail: 
pavel.mauer@slpkrtiny.cz    
 
 
 
 
 

Silviculture practice and scientific conclusions clearly rank Douglas-fir among trees with a 
great future in our forests, although it is introduced from the point of production abilities and 
suitable properties view, although recently often seen as domesticated.  

Douglas-fir silviculture depends on natural conditions at the University Forests. University 
Forests territory with an area of 10.228 ha is located mainly in the Drahanská Highlands, at an 
altitude of 200 - 674 m a.s.l., and belongs to the NLA 30. The average annual temperature is 7.5 ° 
C; the average annual precipitation is 600 mm. Geological bedrock is made by granodiorite, 
limestones, graywacke with loess loam overlaps. Described forest vegetation zones are: 1st  oak (4 
%), 2nd beech-oak (27 %), 3rd oak-beech (53 %) and 4th beech (16 %). Nutrient rich habitats are 
predominant (63%), the rest are acidic (10%) and exposed (27%). 

The forest stands are mostly mixed. The mean stock is 266 m3.ha-1 u.k., the total current 
increment is 7.4 m3.ha-1 u.k. The main coniferous tree species are Norway spruce (18.8% of stand 
area), Scotch pine (8.3%), European larch (8.1%), and  deciduous are European beech (34.0%), 
Sessile oak (14.7%), and hornbeam (7.9%). Conifers share is 38.2% and broad-leaved is 61.8% in 
total. Douglas-fir is the 4th most important coniferous tree species at the University Forests; it 
occurs on 1.58% of the stand area with mean stock 6.3 m3.ha-1 u.k. The planting of Douglas-fir is 
not allowed in PLA Moravian Karst (1/3 of the University Forests area) due to its non-indigenous 
origin. 

The University Forest has rich practices with Douglas-fir silviculture. This introduced tree 
species from North America has been planted here for more than 100 years, as an aesthetic tree 
species around forest roads and ornamental plants in forest glades at first, then as an economic 
and reinforcing tree species in forest stands. The habitats of the 2nd - 4th forest vegetation zones 
are the most suitable for Douglas-fir silviculture. Stands of class A are 6.15 ha and class B are 
6.03 ha according to gene classification. Douglas-fir was silvicultured intensively in the post-war 
period (i.e. 2nd world war). It was one of the fast growing trees (besides poplars and Grand fir) 
silvicultured for timber production increasing. Its representation of 0.10% in 1951 increases in 
1983 to 0.70% and in 2003 to 1.58%. The percentage of its representation has been stagnating 
since then due to legislative regulations (Act 114/1992 Coll. On nature and landscape protection). 
8 plus trees for seed collection were registered in 1963, in 1983 only 1 and none at present. 
Artificial planting by container rooted plants was tested in the 1970s. 
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Plants 
containered (in PET bags) peat-cellulose cubs NISULA Year 

plants amount (pcs) 
1977 800 300 - 
1978 2,000 4,000 11,000 

 

Although afforestation was successful, but the cultivation of containerized plants was 
abolished in the following period due to lack of peat. 

It is known that the loss of reforestation affects the term of spring activity. Over-
transpiration endangers trees up to the age of 15. It is advisable to pick up plants from nurseries 
and then plant out already partially sprouted. Plants suffer the most by the loss of water in the 
spring months, which cause their weakening even death. Douglas-fir is not significantly damaged 
by biological factors. It is a highly stable tree species; it can withstand wind speeds up to 150 
km.hr-1, thanks to its deep root system, which was confirmed during the Antonín calamity in 
2010. It grows up to 50 m in height and diameter in b.h. reaches 140 cm. It tolerates shading in 
the youth, it naturally regenerates very well in understory, which is also successfully used in a 
stands set for conversion to a selection forest. Pruning is required for better timber quality. The 
tree species is attractive for games that harm by browsing the shoots and barks or fraying. An 
individual protection or fencing is required when planting fewer individuals for these reasons.  

Douglas-fir timber trade has also its specific, which is reflected in the economic activity of 
the University Forest. The Douglas-fir logs are processed as an accompanying tree species 
together with European larch and Scotch pine due to the smaller share and their more 
complicated machining. No big processing company has this tree species as the main sawing 
program in CZ; however, given its small amount in University Forest production and its 
popularization, there is no problem with its sales. Douglas fir logs are successfully used for the 
construction of log cabins and timbered houses; joinery and construction lumber are attractive for 
furniture production due to its colours, linings or terrace boards. Prices of logs and sawn timber 
range between prices for Norway spruce and Scotch pine. 

Douglas fir silviculture has been given special attention in the University Forest for a long 
time. It was addressed by many teachers and scientists of the Faculty of Forestry and Wood 
sciences of Mendel Agriculture and Forestry University in Brno, e.g. professors J. Kantor, B. 
Doležal and P. Kantor. Prof. J. Kantor founded experimentally a Douglas-fir seed orchard with an 
area of 0.25 ha in 1963. The seed orchard did not work well and then disappeared because the 
grafted plants suddenly and gradually died during a few years due to poor grafts affinity to the 
rootstocks. At the same time, prof. B. Doležal studied the possibilities of maintaining forest 
production in pre-regeneration and regeneration periods at the extend close to their highest 
current increment in research plots. He looked for a solution in the use of the light increment 
made by canopy opening and in the stand making with a double rotation period. He under-planted 
canopy opened stands by Douglas-fir in order to make a lower storey that would provide the 
pulpwood assortment at least after reaching the felling age of the upper layer. Prof. P. Kantor 
conducted research of the Douglas-fir production abilities in 2009. He found that this tree species 
has twice as much production potential as those autochthonous. He confirmed by the annual ring 
analysis confirmed, that the volume increment of individuals aged 40-80 years reaches up to 0.15 
m3.year-1. At present, prof. O. Mauer examines the Douglas-fir artificial regeneration by planting 
in clearings and underplantings on plots of different acreages and at different year seasons. 
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The importance of Douglas-fir has not been fully appreciated in CZ yet, it is influenced by 
the valid legislation. However, the tree species is fully established here and will certainly be 
given a chance of greater use in sustainable management. 
 
No literature cited 
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Douglas-fir - silviculture and utilization of wood raw material 
at KCM Opočno Forest Administration 
 
Šimerda Ladislav 
 
Kristina Colloredo-Mansfeld Forest Administration, Opočno; 
e-mail: sprava@colloredo.opocno.cz 
 
 
 
 
 

Douglas-fir is represented on an area of 25.70 ha, i.e. 0.55% with a stock of 9,426 m3 
(0.83%) on the property of Kristina and Leonardo Colloredo-Mansfeld, MPA Colloredo Opočno. 
It is the highest representation is in 1st (3.04 ha), 6th (3.80 ha), 7th (4.18 ha), 13th (1.63 ha) and 
14th age classes (2.59 ha). Higher Douglas-fir representation in the 13th and 14th age classes gives 
the assumption of felling more than 300 m3 in subsequent decennium, at Douglas-fir mean stocks 
of 660 m3.ha-1 and diameter in d.b.h. 60 cm.  
 

Table 1. Douglas-fir annual felling for the last 7 years 
 

Year Annual felling (m3)
2008 145 
2009 186 
2010 153 
2011 162 
2012 210 
2013 151 
2014 131 

 
Table 2. Douglas-fir contractual prices in 2012 - 2014 

 
Assortment CZK/m3

2nd quality class 3a + (tenon + 30 cm) 2,200 
3rd A - selection 3a + 1,900 
3rd B  -               2b + 1,700 
3rd C -               2b + 1,600 
industrial processing logs 1,400 
Pulpwood 900 
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In 2013, a total of 151.36 m3 Douglas-fir saw logs were delivered for CZK 254,803 with an 
average realization of CZK 1,682 /m3. In the period January – July 2014 – 131.42 m3 of Douglas-
fir saw logs for 236,262 CZK, i.e. an average 1,811 CZK/m3. 
 

Table 3. Douglas-fir assortment share in 2013 and 2014 
 

Assortment m3 % 2013 % 2014 
2nd quality class 27.47 18.15 18.83 
selection of 2nd A quality class 11.81 7.80 7.06 
3rd B and C quality classes 77.40 51.14 51.09 
Industrial processing logs 34.68 22.98 23.02 

 

 
Graph 1. Douglas- fir saw logs assortment: II. A class + selection of III. A - 5 m usually, 4 m according to customer specific 

requirements; III. B, C (classes) - full length priority 8, 10 - 12 m, otherwise saw logs 4 m; Industrial processing log - in 4 m logs 
with top end from 12 cm. 

 
Table 4. Comparison of amount realized price of Douglas fir, Norway spruce and Scotch pine in CZK/m3 

 

  
2nd quality 

class 
selection 3rd 
quality class 

sawmill coniferous logs 3rd 
B and C quality 

industrial 
processing logs 

pulpwood

Norway spruce 3,053 2,150 2,084 1,400 920 
Douglas-fir 2,200 1,900 1,650 1,400 920 
Scotch pine 2,694 1,604 1,950 1,400 915 

 

Realization prices of Douglas-fir assortments are close to those of Scotch pine (in exception 
of II. quality class valuable saw logs). However, they are significantly lower than Norway spruce 
prices by 322 CZK for III.B, C and up to 850 CZK per 1m3 for II. quality class. However, the 
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price difference is unequivocally compensated by 2 - 4 times of the Douglas-fir volume 
production. 
 

Why does Douglas-fir to silviculture? 
1. The high timber production 
 

Table 5. Timber production: tree species comparison at 130 and 134 years [m3] 
 

  
Norway 
spruce 

White fir 
European 

larch 
Douglas-fir Sessile oak 

European 
beech 

stand  47A13  FSTC 3H* 1.62  3.13 6.01 2.23  
stand  23E13  FSTC 3D* 1.53 1.02 2.88 6.55 2.56 2.81 

*FSTC 3H and 3D – details in Viewegh J. (2005)  

 

 
Graph 2. Comparison of tree species timber production at 130 and 134 years [m3]: Douglas-fir volume production is 4 times 

higher than Norway spruce and 2 times higher than European larch. 

 
2. Safety of Douglas-fir production and biodiversity enhancement even under current climate 
changes (incl. global) without serious damage (drought, wet, air pollution), including 
polyfunctional fulfilment of non-production functions. 
 
3. Douglas-fir can successfully replace dying Norway spruce in many localities (e.g.Jablunkov, 
Vítkov, Libavá regions and part of the Bohemian-Moravian Highlands), during the current 
climate and dynamic weather changes of individual years in CZ territory (esp. regional). 
 
4. With the well-known bases of Douglas-fir silviculture, it is necessary to emphasize the 
importance of treating their plantings against pine root-collar weevil during planting, and to 
protect against game by fencing. Completely new attacks a few Douglas-fir trees by Scolytinae 
(large pine bark beetle - Ips sexdentatus and spruce bark beetle - Ips typhographus) in a Grand fir 
group attacked group were found in 2014. 
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5. We can reconsider the Douglas-fir from the introduced tree species into the naturalized tree 
species due to the longer period of its silviculture in the Czech Republic (from the middle of the 
19th century). 
It also meets the stricter criteria of the Pro Silva movement in the Sustainable Management 
System according to assessment: 
• it has consistently high timber production, 
• it maintains a favourable soil growth environment and improves it with its litter, 
• long-time practices have shown high Douglas-fir adaptability to natural and climatic 

conditions, 
• it optimally integrates itself into ecosystem, it is able to grow optimally in mixtures with other 

tree species, which it does not suppress, does not endanger their growth, on the contrary it 
positively influences their growth, especially on smaller regeneration elements; clear felling 
are inappropriate, 

• it shows good health status in the long term, does not suffer from calamitous pests or abiotic 
calamities, and no example of the  pathogenic organisms introduction into the ecosystem by 
Douglas-fir is known up to now, 

• it naturally regenerates sufficiently and very well even in extreme and nutrient poor habitats, 
• the base of genetic resources of Douglas-fir seed stock is constantly expanding in CZ. 
 

Conclusion 
1. The aforementioned facts declare a legitimate request of foresters to re-evaluate the function 
and increase the Douglas-fir representation in the CZ also on the line of the Ministry of the 
Environment and nature and landscape protection authorities and to anchor these intentions in the 
valid CZ forestry legislation. This also implies the requirement to extend Douglas-fir's target 
representation in more Groups of Forest Site Types (target management sets 13, 25, 31 and 73) 
contrary to the valid Decree No. 288/2018 Coll. 
 
2. The assessment results of projects of the National Agency for Agricultural Research of the 
Ministry of Agriculture "Silviculture procedures in the Douglas-fir introduction to the vegetation 
mixtures in CZ conditions" fully exploit in forestry practice. 
 
3. Immediately establish stand  mixtures with Douglas-fir differentiated according to FSTCs in 
endangered areal of Norway spruce dieback.  
 
4. To popularize the use of Douglas-fir timber, to unify the requirements of the owners and to 
achieve a higher realization price of Douglas-fir assortment in the joint business of the Municipal 
Forest Owners Association. 
 
Not only history is written in the tree rings, but also the creative activity of man. Man uses their 
resources and they forma additionally their character and soul. The humanized wood itself shows 
the necessity of harmonious coexistence of the natural environment and human activity. This is 
doubly true of Douglas-fir. 
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Pic. 1. Douglas-fir mixed with Scotch pine on FSTC 1M* (*FSTC 1M – details in Viewegh J. (2005)) 
 
 

 
 

Pic. 2. Douglas-fir mixed with Sessile oak and European beech on FSTC 1M* (*FSTC 1M – details in Viewegh J. (2005)) 
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Pic. 3. Douglas-fir mixed with Sessile oak and Scotch pine on FSTC 2K* (*FSTC 2K – details in Viewegh J. (2005)) 
 
 

 
 

Pic. 4. Douglas-fir mixed with Sessile oak on FSTC 3B* (*FSTC 3B – details in Viewegh J. (2005)) 
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Pic 5. Douglas-fir mixed with European beech on FSTC 6K* (*FSTC 6K– details in Viewegh J. (2005)) 
 
 

 
 

Pic. 6. Douglas-fir natural regeneration on extreme habitat of FSTC 1Z* (*FSTC 1Z – details in Viewegh J. (2005)) 
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Pic. 8. Douglas-fir made wood structure: Hunting lodge in the Orlické hory Mts., exposed to extreme mountain climate for several 
years. 
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Douglas-fir as a memorable tree 
 
Kyzlík Pavel 
 
Czech Forestry Society, Dobřichovice (branch); email: p.kyzlik@seznam.cz  
 
 
 
 
 

Douglas-fir (Pseudotsuga menziesii), the leading tree species on the west coast of the 
United States, called as the "King of the Pacific Coast Forests", was discovered in 1792; it was 
imported to Europe in 1827. It was planted in the forest nursery of ornamental trees in Chudenice 
in 1842 - it came from the Sacramento river. 

The primary goal was to get the most high-growing coniferous species into parks and 
gardens, but foresters seized the opportunity and began to introduce Douglas-fir to managed 
forests for the same reason. They also planted it at their gamekeeper's lodge due to control and 
curiosity. Therefore, the largest number of memorable Douglas-fir grows close the forestry and 
hunting facilities and foresters (as with any other tree species) have a major share in the existence 
of memorable Douglas-fir. Fourteen memorable Douglas-fir is in the Czech Republic and many 
other large trees have not been declared yet. 
 
1. Douglas-fir at the "Tři trubky" (Příbram district) - girt 560 cm, height 50 m, age 170 years 

(Pic. 1); it grows at the altitude of 550 m a.s.l. at the „Tři trubky“ hunting chateau in the 
middle of the Brdy forests, near Strašice, in the Jince military area. The large girt is given by 
the fact that it is a forked tree. The hunting castle belonged to the Collored estate of Zbiroh. 
Douglas-fir is not declared as memorable. 

2. Czernin Douglas-fir - girt 540 cm. height 44 m, age 170 years; it grows at the altitude 500 m 
a.s.l. in the original reserve nursery (2 ha) of ornamental trees, National Natural Monument 
American Garden today, near the chateau Lázně near Chudenice, Klatovy district. It is most 
likely the first planting (1842) in Bohemia and also in Central Europe. The mighty tree has 
branchiness to the ground and it is a monumental looked. It is not declared as a memorial tree 
because it is taken as part of the National Natural Monument. 

3. Douglas-fir trees close the hunting chateau (forest-castle) Zátiší, Svatoslav cadastral area, 
Třebíč district. The whole group of 8 Douglas-fir trees is declared as memorable. The hunting 
chateau Zátiší is in the middle of a forest complex; a group of Douglas-fir is at the altitude of 
580 m a.s.l. and it is situated on private property. The largest tree has a girt of about 500 cm 
and the second largest about 400 cm. 

4. Douglas-fir  trees in Smilkov chateau park (5 km south of Votice), Benešov district; they are 
not accessible (private land of a foreign national) and they are not declared as memorable. 
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Their age is about 150 years; they grow at altitude of 550 m a.s.l. and they are in good health 
condition. The largest of the 15-member group has a girt of 480 cm and is 46 m high. 

5. Two Douglas-fir trees near Vlašim - Loreta (3 km SE from Vlašim) grow al the altitude of 
450 m a.s.l. near the forest district office (CZ Forest comp.). They are situated in the forest, 
on the way to the baroque pilgrimage chapel. They have girts of 450 and 420 cm and they are 
not declared as memorable trees. 

6. Douglas-fir at Újezdec (Ptenín cadastral territory) The Plzeň jih district has a stem girt of 400 
cm, a height of 40 m and an age of 160 years. It grows at the altitude of 400 m a.s.l. in the 
forest, 40 m from the former gamekeeper's lodge in the place of former forest nursery. It is 
healthy, only the lower branches dry due to a dense canopy. It is declared as a memorable 
tree. 

7. Douglas-fir trees in Třešť (Jihlava District) -  undeclared. 11 Douglas-fir trees are at the 
gamekeeper's lodge with trunks girt 209 - 370 cm; a Douglas-fir with a girt of 299 cm is in 
the forest at the Pouště solitude; four more Douglas-fir trees are at the crucifix - the largest 
has a girt of 296 cm. 

8. Douglas-fir trees close the former gamekeeper's lodge Stará Ves on the border of the cadastral 
territories Černikov and Němčice, Klatovy district; a group of 16 large Douglas-fir tress grow 
at the gamekeeper's lodge on the Kouřim ridge at the altitude of 600 m a.s.l. - the largest has a 
girt of 356 cm, height 42 m and age 160 years. The whole group is not declared to be 
memorable. 

9. Douglas-fir at Bratčice, Kutná Hora district; The memorial tree grows at the gamekeeper's 
lodge Nad Zálesím at the altitude of 315 m a.s.l., has a stem girt of 356 cm, a height of 31 m 
and an age of 140 years. I tis near the death. 

10. Two Douglas- fir trees near Roštejn (close the forest nursery) are declared as memorable trees 
and have girts 323 and 289 cm. The trees were heavily dried in 2000, but their protection has 
not been cancelled yet. 

11. Douglas-fir trees on School Training Forest Hůrky territory belonging to the Secondary 
Forestry School in Písek. There are more larger Douglas-fir trees (details in Bušina 2006 a, b 
and 2007 a, b) and the largest has a girt of 326 cm. 

12. "Tree of Old Foresters" (Nezdice cadastral territory, Klatovy district), a memorable Douglas-
fir was ceremonied on the occasion of a forestry excursion of the Czech Forestry Society in 
2001(Pic. 3), following previous excursions of foresters in the years of 1911 and 1972. It 
grows 6 km south of Přeštice at forest paths to Pískovec cottage at altitude of 480 m a.s.l. It 
has a girt of 300 cm, a height of 40 m and its total volume is 10 m3. 

13. Douglas-fir near Provodín (Česká Lípa district) is declares as monumental tree with a girt of 
300 cm, height of 27 m and age of 130 years; it grows at the altitude of 330 m a.s.l. close the 
former gamekeeper's lodge. A beautiful sight on Mácha's area - Doksy region - is from the 
tree. The tree has an interesting history: the successor to the Habsburg throne, Ferdinand 
d'Este, married an unequal marriage to countess Chotková in 1900. The Emperor did not 
allow a wedding in Vienna with military staff (and Ferdinand liked uniforms) and so the 
wedding took place at Zákupy chateau where foresters and hunters from all around were 
invited - of course in uniforms. A Douglas-fir plant was given to each of them in memory and 
this at Provodín is one of them (Fig. 4). 

 

Our largest Douglas-fir compared to the largest in the US and Canada reach 50% of their 
height, 40% of girt, 12% of age and only 8% by their volume. However, we will succeed in 
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comparison to the memorable Douglas-fir trees in Europe: e.g. the largest Dutch Douglas-fir has 
a girt of 370 cm, height of 35 m and age of 150 years. 

Úradníček and Maděra (2003) report data on the highest Douglas-fir trees in the US and 
Canada. The largest Douglas-fir in the US called "Doerner Fir" has a stem girt of 1111 cm (i.e. 
diameter at d.b.h. 354 cm), a height of 100.3 m and an age between 500-700 years. The largest in 
Canada has a girt of 1262 cm (diameter of 402 cm) and a height of 74 m. 

Prof. Klinka (emeritus professor at Vancouver University, Canada) states that  Douglas-fir 
growing climate optimum in Canada is south of Vancouver Island. The largest tree near Little 
Rock had a height of 100.5 m (diameter at d.b.h. of 182 cm, i.e. girt of 571 cm). The oldest tree at 
Mt. Vernon was 1450 years old. A Number of trees are over 90 m high and the age of 1000 is not 
extraordinary on Vancouver Island; they live longer in unproductive habitats than in good yield 
class habitats. They reach a height of only 50 m with a stem girt up to 500 cm and rarely exceeds 
700 years of age in inland. 

The largest known Douglas-fir in North America is called "Douglas Fir Red Creek Tree"; it 
reaches a height of about 80 m and a volume of 12.318 ft3, i.e. 349 m3. The largest Douglas-fir 
trees are comparable with the giants of the other two species - western red cedar (= Pacific red 
cedar) (Thuja plicata) and Sitka spruce (Picea sitchensis).  On the other hand, the largest 
redwoods have a volume of 2.5 times greater (Pic. 2). (Sequoiadendron giganteum = giant 
sequoia, giant redwood, Sierra redwood, Sierran redwood, Wellingtonia, big tree). 

Let us pay attention to a beautiful, big and mighty Douglas-fir trees not only by a chainsaw. 
It's worth keeping the biggest ones. 
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Pic. 1. Douglas-fir at the „Tři trubky“ hunting chateau 
 

 
 

Pic. 2. The comparison of giant tree species in North America 
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Pic. 3. "Tree of Old Foresters", a memorable Douglas-fir ceremony on the occasion of a forestry excursion of the Czech Forestry 
Society in 2001 

 
 

 
 

Pic. 4. The Ferdinand d’Este plant (in 2000) 
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