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Abstract Douglas-fir (Pseudotsuga menziesii (Mirb.)
Franco), one of the most commercially important tree spe-
cies in western North America and one of the most valu-
able timber trees worldwide, was introduced to Europe in
1827. It became a major species for afforestation in West-
ern Europe after WWII, currently grows in 35 countries on
over 0.83 million ha and is one of the most widespread non-
native tree species across the continent. A lower sensitivity
to drought makes Douglas-fir a potential alternative to the
more drought-sensitive Norway spruce so its importance in
Europe is expected to increase in the future. It is one of the
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fastest growing conifer species cultivated in Europe, with
the largest reported dimensions of 2.3 m in diameter and
67.5 m in height. Pure stands have high productivity (up to
20 m® ha~'a™!) and production (over 1000 m? ha™!). The
species is generally regenerated by planting (initial stock-
ing density from less than 1000 seedlings ha™! to more than
4000 ha™"), using seedlings of European provenance derived
from seed orchards or certified seed stands. As the range
of end-uses of its wood is very wide, the rotation period
of Douglas-fir is highly variable and ranges between 40
and 120 years. When the production of large-sized, knot-
free timber is targeted, thinnings are always coupled with
pruning up to 6 m. There is an increasing interest in grow-
ing Douglas-fir in mixtures and managing stands through
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close-to-nature silviculture, but the species’ intermediate
shade tolerance means that it is best managed through group
selection or shelterwood systems.

Keywords Douglas-fir - Ecological requirements -
Growth and yield - Timber - Climate change

Introduction

Since the arrival of black locust (Robinia pseudoacacia L.)
in 1601, a range of non-native tree species, particularly from
North America and Asia, have been introduced to Europe
to increase the attractiveness of landscapes, to augment the
productivity of native forests, and to improve the profit-
ability of forest management. Currently, 145 non-native or
exotic tree species can be found growing in European forests
and together cover an area of 8.54 million ha, or 4.0% of the
continent’s forested area (Brus et al. 2019). One of these
species, Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco)
is one of the most commercially important tree species in
western North America and one of the most important and
valuable timber species worldwide (Hermann and Laven-
der 1999). The native range of Douglas-fir stretches over
3400 km from south to north (latitude 19° to 55° N.), the
largest latitudinal spread of any conifer of western North
America. It also extends over 1600 km from east to west,
covering 14.3 million hectares in the U.S.A. and 4.5 million
hectares in Canada (Hermann and Lavender 1990; Fletcher
and Samuel 2010). Two geographic varieties are recog-
nised: the coastal variety or green Douglas-fir (P. menziesii
var. menziesii), and the interior variety (P. menziesii var.
glauca (Beissn.) Franco) also called Rocky Mountain or blue
Douglas-fir.

The species was introduced to Europe by David Douglas
in 1827 when the first trees were planted at Scone Palace in
Perthshire, Scotland (Haralamb 1967). This was followed
by introductions to many European countries, with the first
plantations occurring between 1851 and 1900 (van Loo and
Dobrowolska 2019a). The coastal variety of Douglas-fir has
proved much better adapted to European conditions than the
interior variety, having a higher growth rate, being resilient
to frost and more resistant to fungal diseases (Bastien et al.
2013; Lavender and Hermann 2014; Petkova et al. 2014;
Konnert 2016), so green Douglas-fir is preferred through-
out the continent (Konnert and Bastien 2019). In Western
Europe, Douglas-fir was widely used in afforestation pro-
grams after the Second World War, and such plantings were
supported in national and regional subsidy schemes (Bastien
et al. 2013; Spiecker 2019). Eighty per cent of these planta-
tions were established in three countries: France (half of all
European plantings), Germany and the UK (da Ronch et al.
2016). In France, the area of Douglas-fir was ca. 4000 ha
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in 1937 (Haralamb 1967), 220,000 ha in 1984 (Bouchon
1984, in Hermann and Lavender 1999), 330,000 ha in 1993
(Bastien 1998) and 411,000 + 31,000 ha today (https://inven
taire-forestier.ign.fr). In Germany, Douglas-fir covered ca.
90,000 ha in the mid-1980’s (Braun and Weissleder 1986,
in Hermann and Lavender 1999), increasing to 134,000 ha
in mid-1990s and 217 600 ha at present (BMEL 2014).
Currently, Douglas-fir is grown in 35 European countries
and covers over 0.83 million ha, being the second most
widespread non-native conifer species in Europe after
Sitka spruce (Picea sitchensis (Bong.) Carr) (van Loo and
Dobrowolska 2019b). In the southern hemisphere, Douglas-
fir has been planted in New Zealand (112,000 ha-the second
most important introduced tree species in the country-Dun-
gey et al. 2010), Chile (15,000 ha-Bastien et al. 2013), and
in Argentina (7500 ha-Bastien et al. 2013).

Currently there is no comprehensive summary of the sil-
viculture and management of Douglas-fir in Europe that can
be used to indicate its future role in different countries. Our
paper provides a short overview of key factors influencing
the management of Douglas-fir and summarises European
silvicultural experience with the species, covering aspects
such as stand establishment, early silvicultural interventions
such as release cutting and cleaning-respacing, commercial
thinning and pruning, as well as the potential use of close-to-
nature silvicultural regimes. The focus is upon the impacts
upon timber production, since effects upon wider ecosystem
services have been examined by others (e.g., Wohlgemuth
et al. 2019, 2021; Thomas et al. 2022).

Douglas-fir characteristics influencing
management

Site and climate

European experience indicates that Douglas-fir can grow
on a range of soil types apart from heavy soils with pseu-
dogley close to the surface, on dry or heavily waterlogged
soils where rooting is restricted, leading to instability, and on
calcareous soils. It grows best on deep, well-aerated, mod-
erately acidic (pH 5 —6), free draining soils of loamy-sand
or sandy-loam texture which allow good root development
(Rameau et al. 1989; Riou-Nivert 1996; Horgan et al. 2003;
Peric¢ et al. 2011; Spellmann et al. 2015; Novak et al. 2018;
Eckhart et al. 2019; Savill 2019; Cater 2021).

In continental Europe, Douglas-fir grows best at low to
middle altitudes (between 300 and 900 m asl) in oak-dom-
inated and European beech-dominated zones. However, it
also grows at lower (200 m asl) and higher elevations (up to
1300 m asl in Slovakia and 1600 m asl in France; Coopéra-
tive Forestiere Bois Limousin 2016), but with lower yields.
The best climatic conditions for growing Douglas-fir in
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Europe are in moderate to moist temperate climates, with
mean annual temperatures of 7—8 °C (Czech Republic:
Mondek and Balas 2019), 7—9 °C (Romania: Stanescu
etal. 1997), 8 — 11 °C (France: Coopérative Forestiere Bois
Limousin 2016), 9— 11 °C (Slovenia: Cater 2021; Smolni-
kar et al. 2021). The most important limiting factor for suc-
cessful cultivation of the species in Europe is the minimum
mean annual precipitation, with a critical lower threshold
between 600 mm (Czech Republic: Mondek and Balas 2019;
Romania: Haralamb 1967; Slovakia: Slavik pers.comm.) and
750 mm (France: de Champs and Demarq 1996; Bastien
1998). A second limiting factor is the minimum annual pre-
cipitation during the growing season, defined as 350 mm
(Germany: Spellmann et al. 2015) or 450 mm (Romania:
Marcu and Liubimirescu 1979).

An important characteristic of Douglas-fir, in the context
of expected climate changes, is a greater tolerance of sum-
mer drought than other species on a wide variety of sites and
in different climatic conditions (Wohlgemuth et al. 2021),
especially in areas with at least 700 mm precipitation and
on soils with good water reserves (CRPF 1999; Nicolescu
2019). In western (Germany, Switzerland, Belgium), central
(Czech Republic) and eastern (Romania) parts of Europe,
Douglas-fir has proved less sensitive to drought than Nor-
way spruce (Picea abies (L.) Karst), European silver fir
(Abies alba Mill.), Scots pine (Pinus sylvestris L.), larch
(Larix spp.), oaks (Quercus spp.), European beech (Fagus
sylvatica L.) (Eilmann and Rigling 2010, 2012; Manise and
Vincke 2014; Nicolescu 2019; Spiecker 2019). Thus, coastal
Douglas-fir could be a replacement for Norway spruce, pro-
viding high productivity and resilience to climate change
(Chakraborty et al. 2019; Covre Foltran et al. 2020; Frei
et al. 2022). However, Douglas-fir stands in Europe have
suffered reduced growth and dieback during extreme drought

conditions, especially at lower elevations (Bastien 2019).
Thus, new growing areas may be at medium and high
altitudes (Schiiler and Chakraborty 2021), with optimum
sites possibly moving to higher altitudes (over 1000 m asl)
(Wohlgemuth et al. 2021). Similar concerns are reported
from its native range where water deficit-related stress is
predicted to increase in the western United States and con-
sequently Douglas-fir growth will decrease (Restaino et al.
2016).

Growth performance in Europe

Douglas-fir grows to substantial heights, for instance in
parts of its native range (e.g., Oregon, USA), a number of
trees > 90 m height have been recorded (Sillett et al. 2018).
In Europe, although most Douglas-firs are young compared
to long-lived specimens in the native range (> 1000 years;
Cline et al. 1980; in Weiskittel et al. 2012), impressive
heights and diameters have been attained (Table 1).

Mean annual volume increment in even-aged stands
in Europe peaks at between 50 and 80 years and dimin-
ishes gradually afterwards (Schiitz et al. 2015). Incre-
ments recorded in different countries range from 10 to 20
m> ha~'a™! (e.g., 14.8 in France, 18.9 in Germany; Kohnle
et al. 2019), with still higher increments reported (Thomas
et al. 2022). These values are significantly higher compared
to European native forest species.The average annual incre-
ment of Douglas-fir exceeds that of other conifers by 76%
and 47% in France and Germany respectively. In its native
range, coastal Douglas-fir produces over 13 m* ha'a™! on
average (Talbert and Marshall 2005), while in New Zealand,
the average annual volume increment reaches 16 m> ha='a™!
(http://www.nzffa.org.nz). These growth rates lead to high

Table 1 Maximum heights and diameters of Douglas-fir in different European countries

Height, m Diameter (cm) Country Source Observations
30 Serbia Ratknié (1995) 50 years old
40 100 Hungary Rédei pers.comm
43.1 384 Italy Scotti (2016) 50 years old
44 80 Ukraine Lavnyy pers.comm
51 102 Bulgaria Petkova et al. (2017) 100 years old
49.7 The Netherlands http://www.bomeninfo.nl/tall%20trees.htm National record
57.9 Austria Jasser (2008) 103 years old, national record
64 80 Czech Republic Podrazsky pers.comm 148 years old; tallest tree in the country
Over 66.5 >160 Germany https://ddg-web.de/rekordbacume.
html?VCardId=6735
67 118 France Angelier (2007) 124 years old; tallest tree in the country
67.0 150 Slovenia Hostnik (2021)
67.5 111 UK https://www.treeregister.org/champion Wales, planted in 1921
38.5 233 UK https://www.treeregister.org/champion Scotland, planted in 1846
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standing volumes that can reach 1000 m® ha~! or more at
80 years of age (Table 2).

Timber: quality, uses, prices

Douglas-fir timber is better quality than that of Norway
spruce and European silver fir and similar to European larch
(Larix decidua L.) (Stianescu 1979; Zeidler et al. 2022). It
is moderately hard, stiff, moderately stable, fast to normal
drying, resistant to fungi and insect attacks and moderately
resistant to rot (Riou-Nivert 1989, 1996; de Champs and
Demarq 1996; Molnar 2008; Bastien et al. 2013; Pollet et al.
2013; France Bois Forét 2016; Kahl et al. 2017; Podrazsky
et al. 2019). The timber is difficult to impregnate with pre-
servatives, insecticides and fungicides (Liese et al. 1982;
Suzuki et al. 1995).

In Europe, the average density of Douglas-fir ranges
between 360 kg m~> and 583 kg m~> at 12% moisture con-
tent (Table 3). In its native range, it is 480 kg m~> (Interior
North: Alden 1997) and 500 kg m~> (Interior West: Alden
1997) with higher densities in coastal areas (540 kg m™)
(Remes and Zeidler 2014).

The maximum ring width for Douglas-fir timber to be
considered the best grade /highest strength class ranges from
4 mm (Poland, The Netherlands) and 6 mm (Austria, Bel-
gium, France, Germany, Great Britain), or even 8 mm in spe-
cial circumstances (France) (Henin et al. 2019). High growth
rates in this species do not appear to result in a reduction
in density and associated wood properties (Pollet et al.
2017). Therefore, timber from trees grown at wide spacing
in plantations should not be rejected for general use (Melin
and Riou-Nivert 1985; in Pollet et al. 2017). However, for
structural uses, a ring width of 5 mm to guarantee the best

Table 2 Maximum standing volumes of Douglas-fir stands in different European countries

Total standing Source

volume (m? ha™!)

Country

Observations

600—800 Europe-wide Bastien et al. (2013)

603 Slovenia Smolnikar et al. (2021)
606 Bosnia and Herzegovina  Ibrahimspahic et al. (2006)
670 Romania Negulescu and Savulescu (1957, 1965)
678 Croatia Klepac (1962)

700-750 Italy La Marca et al. (2016)

868 Hungary Redei pers.comm

988 Bulgaria Popov (1991)

1153 Slovenia Cokl (1965)

1166 Bulgaria Popov (2006, 2009)

1233 Bulgaria Popov (2006)

40 years of age; production depending on site potential
46 years old
46 years old, mean dbh 29.9 cm, mean height 24.1 m

40 years old; Norway spruce standing volume at the
same age 310 m> ha™!

70 years old, mean dbh 43.5 cm

45 years old

50 years old, mean dbh 38.5 cm, mean height 32.2 m
80 years old, mean dbh 46 cm, mean height 33 m

62 years old

82 years old, mean dbh 43 cm, mean height 38 m

71 years old, mean height 33 m

Table 3 Average Douglas-fir

density reported in European Aver.a g Country Source
studies ?;—nasny’ ke
360 —480 Ireland, Scotland Gil-Moreno et al. (2019)
425 Slovenia Mozina (1960)
440-513 Bulgaria Bluskova (2006)
440-600 Italy La Porta pers.comm
488 Czech Republic Remes and Zeidler (2014)
500 Belgium, France, Germany, Henin et al. (2019)
Great Britain, Italy, Poland
Slovakia (Tavoda 2007; Petras and Mecko 2008)
France France Bois Forét (2016)
533-575 Czech Republic (Giagli et al. 2019; Podrazsky et al. 2019; Zeidler et al. 2022)
540 France http://www.frenchtimber.com/en/french-species/douglas-fir/
570 The Netherlands Polman and Militz (1996)
583 Serbia Soski€ et al. (2007)
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mechanical properties should not be exceeded (Nepveu and
Blachon 1989; in Pollet et al. 2017). Users of Douglas-fir
require ring wood regularity, an aspect of equal importance
to average ring width, as irregular ring wood is more prone
to distortion (Henin et al. 2019).

Because of its excellent mechanical properties, combined
with a relatively low density and dimensional stability,
Douglas-fir is particularly well-suited to structural applica-
tions such as timber frames, floor and roof trusses, glue-lam-
inated beams, and flooring. As a result, in Western Europe,
the price of Douglas-fir timber is on average 25% higher
than Norway spruce (Pulkrab et al. 2014). For example, in
France in 2020, the average price of Douglas-fir timber (1.0
m? standing volume) was 61 € m~> compared with 36 € m™>
for Norway spruce of the same volume (https://www.fores
tiere-cdc.fr/sites/default/files/2021-06/prix-de-vente-des-
bois-sur-pied-en-foret-privee-indicateur-2021_0.pdf). Simi-
larly, in Belgium in 2021 —2022, the price for timber 50 cm
diameter was 90 — 110 € m~> for Douglas-fir compared to
60-80 € m™ for Norway spruce (www.experts-forestiers.be/
Tableauprixbois.pdf). Prices for Douglas-fir logs for veneer
often exceed 110 € m™ and can reach as high as 180 and
250 € m~> (Germany-https://www.forstpraxis.de/douglasie-
schwarzwald-rekordmenge-rekorderloes/; https://www.lande
sforsten.de/wp-content/uploads/2021/03/ergebnisse_submi
ssion_nadelholz_2021.pdf) while a record 527 €m™ was
registered in Slovenia in 2021 (Gozd in gozdarstvo 2021).

With the attributes of good growth, desirable wood prop-
erties, and resistance to drought, Douglas-fir is attractive for
the forest industry in many European countries (Spiecker
2019; Covre Foltran et al. 2020; Forest Europe 2020; Frei
et al. 2022).

Root system

Douglas-fir is a deep-rooting species, with a tap root down
to 1.5 m or to 3.2 m (Kostler et al. 1968; in Thomas et al.
2022) in favourable soils. In such soils, Douglas-fir devel-
ops a tap root that grows rapidly to about 50% of its final
length in 3 to 5 years, and to 90% in 6 to 8 years (Hermann
and Lavender 1990). Main lateral roots develop during the
first or second growing season as branches of the tap root
grow obliquely into deeper soil layers and provide anchorage
(Hermann and Lavender 1990; Mauer and Palatova 2012).
On well draining soils, Douglas-fir has better anchorage
than spruce (Nicoll et al. 2006) and is less vulnerable to
wind (Pascovschi and Purcelean 1954; de Champs 1988;
Mauer and Palatova 2012). However, when grown on shal-
low or poorly drained soils, plate-like root systems develop.
Under such conditions, the species is prone to windthrow
(Haralamb 1967; Hermann and Lavender 1990; Hart 1994,
Sychra and Mauer 2013; Savill 2019) and more prone than
European silver fir but perhaps less than Norway spruce

(Haralamb 1967). Therefore, on exposed sites, the plant-
ing of Douglas-fir should be avoided as the trees can be
uprooted or become badly deformed (Wouters and Lorent
2002; Savill 2019).

Shade tolerance

In its natural range, except in youth when it is reasonably
shade tolerant, coastal Douglas-fir is intermediate in shade
tolerance (Herman and Lavender 1990) or shade intoler-
ant compared to associate species (Larson 2010). This
characteristic is affected by site quality, with decreasing
tolerance with increasing soil moisture (Carter and Klinka
1992). European studies generally consider the species as
having ‘intermediate’ tolerance (Niinemets and Valladares
2006) with recruitment being more light-demanding than
European silver fir and Norway spruce (Schiitz et al. 2015),
while mature trees are more shade tolerant than sessile oak
(Quercus petraea (Matt.) Liebl.), pedunculate oak (Quercus
robur L.) and Scots pine (Thomas et al. 2022). Seedlings
require a minimum of 15% (Mason et al. 2004) or 20 to
40% open sky light intensity for establishment and growth
(Mailly and Kimmins 1997; Drever and Lertzman 2003;
Herrington 2006; all in Frei et al. 2022). Thus, Douglas-
fir is sufficiently shade-tolerant to be planted beneath well-
thinned canopies; underplanting is likely to be more success-
ful under a sparse canopy (Stokes et al. 2021).

Regeneration ecology

Douglas-fir trees start to produce seed cones at 30 — 35 years
(Sofletea and Curtu 2007; Savill 2019), with the best produc-
tion occurring from 50 — 60 years. Mast years occur every
2 —3 years (Romania: Stdnescu 1979), 4 — 6 years (UK:
Savill 2019), 7 years (Germany: Spellmann et al. 2015) or
irregularly (one heavy and one medium crop every 7 years
in Ireland; COFORD 2020). Seed production is often higher
in years following a dry summer (Van Vredenburch and La
Bastide 1968). The seeds are dispersed by wind for distances
of 25 — 30 m (Bulgaria, Milenkova 2020) up to 50 to 100 m
(Czech Republic: Podrazsky pers. comm; France: Bous-
said 2008; Germany: Stimm 2004; Lange et al. 2022) or
even 100 — 150 m (Switzerland: Wohlgemuth et al. 2019).
Consequently, in stands with a high proportion of Doug-
las-fir, natural regeneration is common e.g., Britain (Jones
1945), Romania (Dumitriu-Tatdranu 1960; Negulescu and
Sdvulescu 1957), Belgium (Boudru 1989), France (Riou-
Nivert 1996; Bastien 1998; CRPF 1999), Czech Republic
(Sychra and Mauer 2013), Bulgaria (Popov et al. 2018;
Milenkova 2020), Slovakia (Slavik pers. com.), Italy (La
Marca and Pozzi 2016). Successful seed germination can
be limited by vegetation competition (Malcolm et al. 2001)
and favoured by improved light conditions from either
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silvicultural treatments reducing canopy cover (La Marca
and Pozzi 2016), windthrow creating large gaps in the stand
(Raida 2018) or the sparse cover of light-demanding spe-
cies such as Scots pine, silver birch (Betula pendula L.) or
European larch (Bindewald et al. 2021).

The abundant natural regeneration of Douglas-fir has
caused debate about the invasive potential of the species,
although recent reports have considered that it is not invasive
in Europe (Brus et al. 2019). This categorization was sup-
ported by Eberhard and Hasenauer (2018), Bindewald et al.
(2021) and Lange et al. (2022) based on the natural spread
of the species being site-limited and easy to manage (e.g.,
Essl 2005; Ammer et al. 2016; Raida 2018; Wohlgemuth
et al. 2019). However, in certain countries (e.g., Germany)
there continues to be contrasting opinions about the species
invasiveness (Thomas et al. 2022).

Douglas-fir vulnerabilities to abiotic and biotic
disturbances

As noted, Douglas-fir can be vulnerable to windthrow, espe-
cially if grown on soils that result in shallow rooting. In
Germany, the species is considered as prone to windthrow
as Norway spruce (Albrecht et al. 2010, 2013), attributed to
the heavy weight of the large crowns (Boudru 1989; Hart
1994). Dense crowns also favour snow retention (Dobrev
1962), resulting in stem breakage as a result of heavy load-
ing (Govedar et al. 2003). In Denmark, field studies indi-
cated that Douglas-fir was less susceptible to windthrow
than Norway spruce (Decker 2018), in line with the results
of the tree pulling experiments conducted in Britain between
1960 and 2000 (Nicoll et al. 2006). Wind risk models now
available can be used to predict the vulnerability of even-
aged Douglas-fir stands, as well as other conifer species
(Hale et al. 2015).

Douglas-fir can be damaged by very low winter tempera-
tures as well as early autumn and late spring frosts (Bosnia
and Herzegovina: Pintari¢ 1990; Croatia: Vidakovié¢ and
Franji¢ 2004; Czech Republic: Novék et al. 2018; Ireland:
Horgan et al. 2003; COFORD 2020; Romania: Dricea
1923; Pascovschi and Purcelean 1954; Ionut 1956; Sweden:
Malmgqvist 2017), especially on low-lying sites with poor
air drainage (Ireland: Horgan et al. 2003; UK: MacDonald
et al. 1957; in Savill 2019). Fire is an important disturbance
affecting the dynamics of stands in its native range where
moderate severe fires allow thicker bark Douglas-fir to sur-
vive and regenerate at the expense of thin bark species of
lower fire resistance (Hermann and Lavender 1990; Sillett
et al. 2018).

Douglas-fir is currently less threatened by pests and path-
ogens in Europe than are the indigenous Norway spruce and
Scots pine (Spellmann et al. 2015). Fungal pathogens Phae-
ocryptopus (Adelopus) gaeumannii Petr. (Swiss needle cast)
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and Rhabdocline pseudotsugae Sidow (Rhabdocline needle
cast) can cause yellowing of foliage, reduction in growth,
and eventual drop of needles (Georgieva 2009; Podrazsky
et al. 2019; Roques et al. 2019; Horgan et al. 2003, in
COFORD 2020). Douglas-fir may also show root rot caused
by Heterobasidion spp, the damage being mostly associated
with H. annosums (Fr.) Bref (Roques et al. 2019). However,
it is less susceptible to this fungus than many other conifers
(COFORD 2020). Important insect pests of Douglas-fir are
the vapourer moth (Orgyia antiqua L.), which severly defoli-
ated Douglas-fir stands in Poland in the mid-1970s, and the
nun moth (Lymantria monacha L.), with local outbreaks in
the 1980s and 1990s, especially in central France. The large
pine weevil (Hylobius abietis L.) can cause severe damage
in young plantations (Spellmann et al. 2015; Roques et al.
2018; Wallertz et al. 2014; in COFORD 2020). Roques et al.
(2018) noted that “‘compared to other exotic conifers intro-
duced to Europe, Douglas-fir is still relatively free of biotic
damage because its phylogenetic distance to native tree
species is preventing rapid switches of most native plants.
However, climate change and the worldwide movement of
plants for planting is likely to accelerate the arrival of pests
from the native range’.

In both its natural range and in Europe, Douglas-fir is
widely considered prone to game damages (browsing, fray-
ing, especially by roe deer, red deer and wild boar), affecting
the young, smooth, soft bark, resin-rich, up to 1 —2 m height
(Radulescu and Cazacu 1968; Hermann and Lavender 1990;
Riou-Nivert 1996; Spellmann et al. 2015; Podrazsky et al.
2019; Savill 2019) (Fig. 1).

When bowsing pressure is high, fencing plantations is
necessary, as recommended in Bulgaria, Czech Republic,
Hungary, Romania, Slovakia, Slovenia, and the UK. The
application of chemical repellents (e.g., TRICO) can be
effective against hares, and red, roe, fallow and sika deer
and is recommended in some countries (Czech Republic:
Podrazsky pers.comm.; France: CRPF 1999; Slovenia:
Brus pers.comm.). Individual protection by treeshelters is
not advised other than for small gaps (<0.2 ha), as they are
expensive and can produce slender plants with limited root
growth, leading to bent stems after storms or breakage under
wet snow (Petersen 2016).

Management of Douglas-fir
Even-aged stands

In Europe, Douglas-fir is generally established by using
seedlings from a range of sources: these include certified
seed stands (over 2200 stands covering about 4800 ha in
the EU) and seed orchards (69 orchards, with 390 ha) as
well as seed imports from its natural range (Konnert and
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Fig. 1 Wild boar damage on Douglas-fir (photo T. Vor)

Bastien 2019). All Douglas-fir provenances recommended
for Europe are of the coastal variety and originate from the
part of its native range between 40° and 50° N latitude, west
of the Cascade Range and below 600 m altitude, e.g., north-
ern Oregon and western Washington states in the USA as
well as the Vancouver region in British Columbia, Canada
(Isaac-Renton et al. 2014; Chakraborty et al. 2015; Konnert
and Bastien 2019).

Plant production, spacing and early establishment

Planting stock of Douglas-fir is produced in bare-root
and containerized nurseries in Europe and in its native
range (Aldhous and Mason 1994). Production begins
with seed pre-treatment involving stratification by chill-
ing for three or more weeks at 3 — 5 °C and sowing either
in October — November (Marcu and Liubimirescu 1979)
or in late March (Podrazsky et al. 2019; Savill 2019).
Bare-root seedlings are generally produced as 2 — 3 year-
old stock around 30 — 60 cm height and a minimum root
collar diameter of 5 mm with a fibrous rooting system;
undercutting is recommended to stimulate root produc-
tion and improve root:shoot balance (Marcu and Liubi-
mirescu 1979; Boudru 1992; Aldhous and Mason 1994,
de Champs and Demarq 1996; CRPF 1999; Anonymous
1999; Horgan et al. 2003). Containerised seedlings are
normally grown on a 12-24-month cycle, with watering

and shading regimes in greenhouses often adjusted to try
and improve quality (Curtis et al. 2007; Turner and Mitch-
ell 2003; Talbert and Marshall 2005).

Douglas-fir is mostly planted in spring (Austria
and Germany: Eberhard et al. 2021; Czech Republic:
Podrazsky et al. 2019; Ireland: Horgan et al. 2003; Roma-
nia: Ionescu 1963, Marcu and Liubimirescu 1979; Swe-
den: Malmqvist et al. 2017). Survival rates of 70% — 80%
or more can be obtained under good conditions, although
failure rates tend to be higher than with some other coni-
fers (Kohnle et al. 2019). Investigations of physiological
factors causing post-planting failures revealed that Doug-
las-fir seedlings were more sensitive to root desiccation
and stresses caused by rough handling than many other
conifer species (McKay and Milner 2000). Cold storage is
used in some regions to extend planting seasons (Aldhous
and Mason 1994; O’Reilly et al. 1999). Autumn plant-
ing is not recommended as Douglas-fir seedlings are often
damaged by game species (red deer, roe deer) (Marcu and
Liubimirescu 1979).

The initial stand density used in Douglas-fir planta-
tions will affect the long-term stabilityof the trees as well
as stand productivity and timber quality (Klddtke et al.
2012; Kohnle et al. 2021; both in Eberhard et al. 2021).
A lower initial stand density improves tree stability and
promotes social differentiation (several authors, in Eber-
hard et al. 2021). Historically, the initial density recom-
mended for Douglas-fir plantations was high, but this was
reduced sharply from the mid-20th century onwards (i.e.,
in France from 2500 to 3000 plants ha=! in 1950 — 1955
to 1100 — 1300 plants ha~! at the end of 1980’s; Lanier
1986; de Champs 1988; Riou-Nivert 1989; Giraud and
Champaux 1997; Bastien 1998). Currently, the initial
stand density of Douglas-fir plantations in Europe ranges
from 600 plants ha™! to over 4000 plants ha~' with most
countries using somewhere between 1000 and 2000 stems
ha~! (Table 4).

The initial densities of Douglas-fir plantations in
Europe are similar to those in its native range (750 — 1500
plants ha~!'-Cafferata 1986, in Hermann and Lavender
1990; 1100 plants ha~'-Talbert and Marshall 2005) and in
New Zealand (1250 — 1650 plants ha™!-http://www.nzffa.
org.nz).

Planting in pits is recommended as being the most suit-
able for all planting stock, preventing the root system from
deformation (Ionescu 1963; Mauer and Houskova 2014,
in Podrazsky et al. 2019). Alternatively, soil cultivation
has improveds urvival and early growth, particularly in
more northern countries where cold soil temperatures may
limit new root growth (Sharpe et al. 1990; Wallertz and
Malmgqvist 2013). Early growth and rate of establishment
is enhanced when competition from herbaceous and woody
weeds is controlled (Rose and Rosner 2005).
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Table 4 Initial density and spacing recommended for Douglas-fir plantations in a range of European countries

Initial density (plants ha™!) Initial spacing (m) ~ Country Observations Source
600 —800 4x4,3x4 Belgium Wouters and Lorent (2002)
600 — 800 (1000) 5%2.5,4%x4,4x2.5 France Adapted to small estates or dynamic  Riou-Nivert (2020)
forest owners
1000 - 1200 France Dynamic silviculture, with only one  Riou-Nivert (2020)
intervention before mean height of
12m
1000—1500 Italy Only one thinning until rotation age ~ La Porta pers.comm
1000 —2000 1. Europe-wide 1. Offer optimal balance between 1. Kohnle et al. (2019)
quality, stability, total volume
growth and diameter growth rate
2. Germany 2. To avoid growth rings wider than 2. Kohnle (2008)
8§ mm
3. Germany 3. Klddtke et al. (2012)
1100-2500 2%2,3%3 Serbia Jovanovi¢ and Stojanovi¢ (1982)
1200 — 1500 France First intervention when mean height ~ Riou-Nivert (2020)
reaches 16 m
1500 —-2000 Austria Sawtimber and veneer production Schonauer (2008)
Max. 1600 Germany Knook and Hanewinkel (2019)
1700 - 2500 2%x2,2.5%2,3%x2  Hungary Rédei pers.comm
1700 -3500 2.0-3.0x1.5-2.0 Bulgaria Petkova pers.comm
2000 — 2500 Belgium Perin et al. (2014)
Italy Two thinning until rotation age La Porta pers.comm
2500 2x2 1. Romania Fill the gaps of natural regenerations 1. MAPPM (2000a)
2. Ireland 2. Horgan et al. (2003)
3. United Kingdom 3. Mason pers.comm
3000 Czech Republic Podrazsky et al. (2019)
4400 1.5%x1.5 Romania Plantations 50% Douglas-fir 50% MAPPM (2000a)

broadleaves

Young stand management

In many countries where the initial stand density is often no
more than 2000 plants ha~!, management of young stands
does not generally involve cleaning or respacing. However,
these measures become necessary when pioneer, light-
demanding and fast-growing species such as silver birch,
trembling aspen (Populus tremula L.), and goat willow
(Salix capraea L.) become naturally established and compete
with young Douglas-fir trees (Liubimirescu 1973). In very
dense natural regenerations of European beech (together
with hornbeam Carpinus betulus L., sessile oak Quercus
petraea (Matt.) Liebl., small-leaved lime Tilia cordata Mill.)
where Douglas-fir is planted to fill-in gaps, there is a need to
protect and promote the conifer as it grows slowly in the first
4 —5 years and can be suppressed by native species (Liubi-
mirescu 1973; Marcu and Liubimirescu 1979; Eberhard and
Hasenauer 2018; Kohnle et al. 2019). Consequently, woody
weeds should be removed from around Douglas-fir seedlings
in the first 2 —3 years (Rose and Rosner 2005), especially on
rich soil, followed by the first cleaning when height is about
2 m and ca. 2000 trees ha~! remain. This intervention is
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followed by a respacing when the average height is 5 —7 m,
and ca. 1000 trees ha™! remain (Podrazsky et al. 2019). In
mixed stands, Douglas-fir should be at least 20% — 30%
(Podrazsky et al. 2019) of the remaining trees with undesir-
able species such as hornbeam or poorly formed Douglas-fir
trees removed (Liubimirescu 1973).

In denser stands, such as in the Czech Republic and
Romania, where the species is mixed with Norway spruce or
European beech, the first intervention is carried out when the
average height is 4 —5 m and the density has been reduced
to 2000 plants ha~!, of which Douglas-fir is 20% — 30%.The
second respacing follows when average height reaches 10 m
and the density is reduced to ca. 1500 trees ha™! (Podréazsky
et al. 2019). If a necessary cleaning or respacing is delayed,
the trees can be slender and prone to toppling after release
due to poorly developed crowns and roots (Eberhard et al.
2021).

Thinning and pruning

Thinning should start early, ideally before 20 years of age
(de Champs and Demarq 1996; Riou-Nivert 1996, 2020;
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Kohnle 2008). Delayed early thinning can result in stand
instability and make Douglas-fir susceptible to windthrow
(Wilson and Baker 2001). The first thinning should be heavy,
removing 20% —25% of trees (Romania: Liubimirescu 1973)
up to 30% —35% (France: CRPF 1999) to fully utilize the
growth potential of the species. During subsequent stand
development, 3 — 5 thinnings may be carried out depend-
ing on the rotation length (CRPF 1999); the thinning cycle
varies: from 5 years (Belgium: Wouters and Lorent 2002;
Romania: Liubimirescu 1973), up to 10 years (Serbia:
Andrasev pers.comm.). The volume removed per thinning
may be as high as 60 m* ha™! or even higher in dense stands
(Germany: Vor pers.comm.).

A range of thinning regimes have been proposed for
Douglas-fir stands but most involve an initial line thinning
to allow machine access (CRPF 1999; Horgan et al. 2003)
followed by a mixture of selective thinning types. While
thinning from below or intermediate (both from above and
from below) was frequently practiced in the past (e.g., Czech
Republic: Podrazsky pers.comm; Romania: Liubimirescu
1973), recent decades have seen increased use of thinning
from above in several countries, including Germany (Weise
et al. 2001; Kohnle 2008; Kohnle et al. 2019). In some coun-
tries, before the second thinning when the mean diameter is
about 15 cm, the (potential) final crop trees to be favoured
during subsequent operations are selected and permanently
marked. The criteria for selection are vigour, stem quality
and spacing (Kladtke and Abetz 2010, in Kohnle et al. 2019).
The final number of crop trees will vary with the intensity
of silviculture being used, thus in Belgium it is around
150 —200 trees ha~! in traditional silviculture, increasing
to 250 — 300 trees ha~! with more intensive management
(Wouters and Lorent 2002). It will also decrease as the target
diameter increases (Kohnle et al. 2019).

In the last two decades, several regimes for even-aged
Douglas-fir silviculture have been proposed which vary
according to the initial stand density, the frequency of thin-
ning, the incidence of pruning, and the target wood products.
For example, in France, a range of options has been devised
for private Douglas-fir forests (Riou-Nivert 2020). Thus,
when an initial low density (600 — 800 plants ha™!) is used,
the objective is to produce large diameter stems (200 trees
ha™! over 50 cm dbh) in 50 — 60 years with the wood des-
tined for carpentry and timber frames. This regime involves
3 —4 thinnings, starting when the mean height is 16 —18 m
and includes pruning up to 6 m. At the other extreme is the
high-density option with an initial density of 1500 — 1600
trees ha~! aiming for 40 —45 cm dbh trees with fine branches
and narrow growth rings in 40 —45 years. This includes only
1 —2 thinnings and no pruning with the first thinning taking
place when mean height is ca. 20 m.

Branching and consequent knot abundance and size are
very important features affecting the grading of roundwood,

veneer and timber (Drewett 2015; Henin et al. 2019). There
is consensus that self pruning of Douglas-fir is slow, even
in dense stands (Fig. 2) (e.g., Hermann and Lavender 1990;
Hubert and Courraud 1998; Lowell et al. 2014; Drewett
2015; Savill 2019), so unpruned Douglas-fir can be very
knotty (Haralamb 1967; Savill 2019; Smolnikar et al. 2021).

Therefore, pruning is widely regarded as essential to
increase log quality when targeting the production of highly
valuable wood products, e.g., France (Hubert and Cour-
raud 1998), Germany (Kohnle et al. 2019, 2021), the Czech
Republic (Novék et al. 2018; Mondek and Bala§ 2019)
and Switzerland (Schiitz et al. 2015). The selling price for
well-pruned logs could easily be 80 euros more per m? than
for unpruned logs (Schiitz et al. 2015). If the number of
branches is affected by provenance choice (Fletcher and
Samuel 2010), the diameter of branches depends on stand
density (Drewett 2015; Smolnikar et al. 2021). As noted by
Hein et al. (2008), even at densities exceeding 1200 trees
ha™!, artificial pruning may be necessary to produce high
quality logs.

The main characteristics of successful pruning operations
include only pruning the final crop trees where the produc-
tion of high quality wood assortments is the goal (Marcu
and Liubimirescu 1979). Depending on the country and

Fig. 2 Slow natural pruning of 50-year-old Douglas-fir in Slovenia
(photo R. Brus)
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silvicultural regime used, the final number of crop trees to
prune per hectare is variable: i.e., in France from 100 trees
(pruning height up to 8 — 10 m) to 200 — 400 trees (up to
6 m) (Hubert and Courraud 1998; CNPF 2016), in the Czech
Republic 200 trees (Podrazsky et al. 2019) or 200 — 360
trees in Romania (Liubimirescul973; Liubimirescu et al.
1977). Usually, the final pruning height is between 5 and
10 m (Eberhard et al. 2021) with two interventions (Horgan
et al. 2003; Riou-Nivert 2020). In practice, pruning height is
strongly correlated with the target diameter: 5 m (diameter
60 cm), 10 m (diameter 80 cm) and (seldom) 15 m (diameter
100 cm) (Kohnle 2008). The diameter of trees chosen for
pruning should be between 10 and 15 cm as it is too early
to select final crop trees < 10 cm, and no more than 15 cm
because there will not be enough clearwood produced to
increase the log value when the tree is harvested. In other
words, pruning occurs before the trees reach one third of
their final diameter (Nitescu and Achimescu 1979; Siep-
mann 1981; Schiitz 1990; CRPF 1999).

The most frequently proposed pruning season is the end
of winter-beginning of spring (Querengésser 1956, from
IDT 1961; Haralamb 1967; Marcu and Liubimirescu 1979)
to allow for the healing of pruning wounds. Pruning green
branches up to 25% —30% of live crown in one operation
and retaining a minimum green crown of 50% leads to only
negligible losses in volume growth; the wounds heal quickly
and the taper is improved (Lanier 1986; Boudru 1989; CRPF
1999; MAPPM 2000b). The branches to remove should
be <3 cm in diameter (Wouters and Lorent 2002).

Rotation length

Douglas-fir stands are managed with rotation ages between
40 and 80 years (Table 5), although longer rotations are
found in parts of Eastern Europe. In its native range in Can-
ada, the rotation age for pure coastal Douglas-fir stands was
50— 80 years four decades ago (Scott 1981; in Hermann and
Lavender 1990), and currently 40 — 60 years in industrial
forests in the U.S.A. (Lowell et al. 2014). In New Zealand,
the rotation age of Douglas-fir plantations is 40-50 years
(without thinning—www.douglasfir.co.nz/net/) but may be
60 years when the majority of trees are harvested for lumber
(www.nzffa.org.nz/farm-forestry-model/).

Large pruned trees with diameters > 60 cm are valued for
the production of solid furniture, decorative panels, peeled
veneer as well as for exterior uses (CRPF 2010). Shorter
rotations (less than 50 years) are generally not favoured as
smaller logs have high proportions of juvenile wood and less
favorable mechanical properties than mature wood (Barett
and Kellog 1991; Lausberg et al. 1995; Vikram et al. 2011;
Drewett 2015; all cited by Pollet et al. 2017). Long rotations
in combination with large diameters are favorable manage-
ment options to reduce the amount of juvenile wood and
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provide a more homogenous wood material (Henin et al.
2019). Slower radial growth usually benefits technological
wood properties (e.g., reduced proportion of juvenile wood,
branch diameters) (Henin et al. 2019), but long rotation are
associated with higher risks, i.e., storm damage increases
progressively with stand height (CRPF 2010; Kohnle
et al. 2021). When reaching rotation age, European stands
of Douglas-fir have traditionally been harvested through
clear-felling, followed by replanting on the site as in the
Czech Republic (Podrazsky pers.comm.), Croatia (Podan
pers.com.), Hungary (Rédei pers.comm.), Ukraine (Lavnyy
pers.comm.), UK (Mason pers.comm.). However, there has
been increasing interest in adopting alternative silvicultural
approaches characteristic of closer-to-nature forestry (Larsen
et al. 2022).

Mixtures

In the context of a wider use of biodiversity-friendly prac-
tices such as closer-to-nature-forestry as part of the EU Bio-
diversity Strategy for 2030 (European Commission 2020),
the use of Douglas-fir in mixed stands with native tree
species is of major importance (Kohnle et al. 2021). This
mixture with greater biodiversity than pure stands can (1)
increase resistance and resilience to biotic agents detrimental
to stand health, and (2) link stands of the exotic Douglas-
fir to the native forest community, an aspect of particular
importance within the concept of close-to-nature forest man-
agement (Kohnle et al. 2019).

The patterns of planting Douglas-fir to create mixed
stands vary across Europe. These include establishing
groups in a matrix of other species as in the Czech Republic
(Novak et al. 2018; Slodicak et al. 2014; both in Podrazsky
et al. 2019) and in Romania, when the species is used in
filling gaps in natural broadleaf regeneration (MAPPM
2000a). Group planting to form mixtures is also advocated
as means of avoiding any negative environmental impacts
from Douglas-fir (Ammer and Utschick 2004; in Thomas
et al. 2022). Planting in rows can also be used to create mix-
tures but there should be a maximum of 4 m between rows
to avoid the development of thick branches (Kohnle 2008).
Current Romanian technical norms also recommend planting
Douglas-fir in rows 1.5 m apart when the species is used in
mixture with European beech (MAPPM 2000a).

Douglas-fir has been grown in mixtures with a wide
range of mostly native conifers and broadleaf species. These
include Norway spruce (Bulgaria, the Czech Republic, Ger-
many, Slovenia), Sitka spruce (Ireland, UK), European sil-
ver fir (the Czech Republic, France, Slovenia), Scots pine
(Bulgaria, Germany), black pine (Pinus nigra J.F. Arnold)
(Bulgaria), European larch (Bulgaria, UK), hybrid larch
(Larix x eurolepis) (Ireland), Japanese larch (Larix kaemp-
feri (Lamb.) Carr) (Ireland, UK), western hemlock (Tsuga
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Table 5 Stand rotation ages and target diameters of Douglas-fir in different European countries

Country Rotation age, years Target diameter, cm Source
France 1. 40 (in monocultures) 1. van Loo and Dobrowolska (2019b)
2. Minimum 40, maximum 60 — 80 2. Bastien (1998)
3.40—50 (initial planting density 3. 40 (mean diameter) 3. Riou-Nivert (2020)
1000 - 1200, 1200 — 1500 or
1500 — 1600 seedlings ha™!)
4.40-80 4. Riou-Nivert (1996)
5. 50— 60 (initial planting density 5. Minimum 50 (mean diameter) 5. Riou-Nivert (2020)
600 — 800 seedlings ha™")
6.50-70 6. CRPF (1999)
7.65-175 7. Giraud and Champaux (1997)
8.66—74 8. Angelier (2007)
9. From 40 — 50 cm on, even 9. CRPF (2010)
55 —60 cm in stands of good quality
United Kingdom 1. Ca. 50; except where a premium 1. Mason pers.comm
is paid for larger logs produced on
longer rotation
2. 50-65 (absolute rotation age) 2. Savill (2019)
Romania 50 (absolute rotation age) Bakos (1968)
75— 80 (veneer, sawnwood) Liubimirescu (1973)
Portugal 50-60 Fontes et al. (2003)
Ireland 50-65 Horgan et al. (2003)
Belgium 50-80 Wouters and Lorent (2002)
70-80 Boudru (1989)
Croatia 60 Dodan pers.comm
Germany 1. 60+ (in mixed stands) 1. van Loo and Dobrowolska (2019b)
(Baden-Wiirttemberg) 2 60—80 2. Target diameter 50+ 2. Spellmann et al. (2015)
3.80—-120 3. Target diameter 70+ 3. Spellmann et al. (2015)

4.70—80 (when mean age is

4. Simon et al. (2014)

80—90 years)

Bosnia and Herzegovina 60 — 120, depending on site quality

Czech Republic 80+
Serbia 80-100
Ukraine 81-90
Bulgaria 100—120

Cvjetkovic pers.comm
Podrazsky pers.comm
Andrasev pers.comm
Lavnyy pers.comm
Petkova pers.comm

heterophylla (Raf.) Sarg.) (Ireland, UK), European beech
(Czech Republic, France, Germany, Romania, Serbia,
Switzerland, Ireland), Italian alder (Alnus cordata Loisel.)
(Ttaly) (Cokl 1965; Petkova 1989; Alexandrov et al. 2000;
MAPPM 2000a; Wilson and Cameron 2015; Petkova et al.
2017; Keane et al. 2018; COFORD 2020; Nicolescu et al.
2021; Royal Forestry Society 2021; AndraSev pers.comm.;
Dodan pers.comm.; La Porta pers.comm.; Podrazsky pers.
comm.; Vor pers.comm.).In the Czech Republic, the share
of the species in mixtures is about 20% —40%, evenly dis-
tributed over the area (Podrazsky et al. 2019). A similar
share of Douglas-fir (30% on average) was used in mixed
plantations in Austria and Germany (Eberhard et al. 2021).
In both Denmark (Larsen and Nielsen 2007) and in the UK
(Haufe et al. 2021), forest development guidelines have been

proposed to help the development of mixtures of Douglas-fir
with broadleaves and conifers.

European beech is considered particularly suitable for
mixing with Douglas-fir (MAPPM 2000a; Thomas et al.
2015; Ammer et al. 2016). In such mixtures, Douglas-fir is
stabilized against climatic impacts while the climate sensi-
tivity of European beech is increased (Thurm et al. 2016).
Douglas-fir growth recovery after drought was shortened
and extended for European beech (Thurm et al. 2016). In
addition, the productivity of Douglas-fir-European beech
stands regularly showed higher productivity compared
with that predicted from the species performance in pure
stands, largely attributed to the Douglas-fir (Thurm et al.
2016; Lu et al. 2018), with a share up to 33% (Thomas et al.
2015). Another species that may be used in a mixture with

@ Springer



882

V.-N. Nicolescu et al.

Douglas-fir is Norway spruce. The proportion of Douglas-
fir should be only 30% in such mixed stands, a compromise
which might offer environmental and social adaptability and
help to maintain the productivity of current Norway spruce
sites (Fuchs et al. 2022). Douglas-fir may also be used as
a nurse species since experiments in Ireland have shown
that when it is grown in mixture with Sitka spruce on mar-
ginal sites, the latter species has higher productivity than if
grown in pure stands (Keane et al. 2018). In its natural range,
mixtures of Douglas-fir and red alder (Alnus rubra Bong.)
resulted in long-term productivity gains for seven decades
on nitrogen deficient soils (Binkley 2003).

Irregular silviculture

As Douglas-fir’s ecological characteristics are considered
“well adapted to irregular silviculture®™ (Royal Forestry Soci-
ety 2021), alternative systems to clear-cutting are being
carried out in different European countries. These include:
group shelterwood cuttings (Bulgaria: Petkova pers.comm,;
France: Riou-Nivert 2020; Slovakia: Slavik pers.comm.);
single-tree selection cutting (Bosnia and Herzegovina:
Cyvjetkovic pers.comm.; Germany: Vor pers.comm.; Slo-
vakia: Slavik pers.comm.), group selection cutting (UK:
Schiitz and Pommerening 2013); and irregular shelterwood
cuttings (France: Bastien 1998; Riou-Nivert 2020; UK: Mal-
colm et al. 2001; Mason et al. 2004). With irregular shelter-
wood cuttings, the recommended gap size for satisfactory
natural regeneration and seedling growth is at least 0.1 ha,
with a gap diameter: top height ratio of 1.5 —2.0 (Malcolm
et al. 2001).

As noted above, Douglas-fir can be regenerated naturally
under the shelter of old, even-aged stands using silvicultural
systems such as group shelterwood cutting; if the residual
stand is removed (5 to 15 years between the seedling cut
and the final cut as proposed in France, Riou-Nivert 2020),
the newly established regeneration grows without any
competition from above, and subsequent growth dynam-
ics are expected to be similar to the regeneration process
in its native range (Kohnle et al. 2019). However, insuffi-
cient opening of the canopy may result in poor rooting and
crown development (Eberhard et al. 2021). The species also
regenerates under canopy shelter with lengthy regeneration
periods (over 40 years in Bulgaria—Petkova pers.comm.),
more typical of shade-tolerant species (Kohnle et al. 2019).
This is the pattern in uneven-aged stands using single-tree
selection cutting, group-selection cutting or irregular high
forest cutting harvesting individual trees reaching the target
diameter. The application of single-tree selection cutting is
possible only if the basal area is relatively low (about 27
m? ha™!) (Schiitz et al. 2015). Under these conditions, young
trees, tolerant of shade, are protected against late frost and
temperature extremes (Slavik pers.comm.; Vor pers.comm.).
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In its natural range in North America, there is increas-
ing adoption of ‘ecological silviculture’ in public and some
private forests, an approach which attempts to follow the
natural disturbance regime in Douglas-fir and western hem-
lock forests to ensure provision of a wide range of environ-
mental services (Palik et al. 2021). Particular features of this
approach include the allowance for an extended establish-
ment period (up to 30 years), variable density thinning to
develop stand heterogeneity, and harvesting regimes which
ensure retention of deadwood and other structural legacies
(Larsen et al. 2022). Several of these have yet to be explored
in European silvicultural practices with Douglas-fir, espe-
cially the use of variable density thinning to create spatial
variations within stands which positively affects the restora-
tion of desired ecosystem features after periods of even-aged
management (Puettmann et al. 2016).

Conclusion

This paper has outlined the qualitities that have led to the
use of Douglas-fir, considered as “one of the most success-
ful species introduced in the history of European forestry"
(Podrazsky et al. 2013), on a relatively large scale in Europe.
It is a very productive species, with valuable timber for vari-
ous important end-uses. It can form both pure and mixed
stands, including mixtures with various native species such
as European beech.

In addition, the species generally affects the environment
less than Norway spruce or numerous pine species. It has a
lower negative impact on the biodiversity of soil flora and
has a more favorable role on soil formation especially when
mixed with broadleaved species such as European beech
(Thomas et al. 2022).

The important position of this species in European for-
estry is strengthened in the context of anticipated climate
change, which favors a species better adapted to drought
than Norway spruce, the most important conifer species in
Europe. Nevertheless, climate change as well as globaliza-
tion may have implications for the management of Doug-
las-fir, for example if biotic pests from its native range are
introduced and become adapted to Douglas-fir in Europe.
Under anticipated climate change, a major problem will be
to identify provenances best adapted to future climatic con-
ditions (Eilmann et al. 2013; Isaac-Renton et al. 2014, Hint-
steiner et al. 2018; Konnert et al. 2018; Spiecker 2019; all
in Smolnikar et al. 2021). This could require the use of new
seed sources and provenances from its natural range, adapted
to drier conditions such as those from southern Oregon and
northern California (Konnert and Bastien 2019; Marchi and
Cocozza 2021; Schiiler and Chakraborty 2021).
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However, public perception of Douglas-fir in European
countries varies appreciably from widespread acceptance in
western countries to negative views (even restrictions on its
use) in eastern countries. In this context, we echo the very
realistic conclusion by Spiecker (2019) and Spiecker and
Schuler (2019), ‘... the reputation of Douglas-fir and the
question of the continued growth of this species in Europe
is loaded with hope, prejudice, reservation, and scepticism.
The current debates among numerous stakeholders often
vary from enthusiastic to emotional, and can benefit from
an evidence-based, sound scientific knowledge’. We hope
that this paper can help to inform such debates.

Acknowledgements This paper is an output from the European
COST Action FP1403 ‘Non-native tree species for European forests-
experiences, risks, and opportunities’ (NNEXT) active during 2014—
2018. The authors also acknowledge helpful suggestions from the
reviewers and the editor.

Declarations

Conflict of interest The authors have no competing interests to de-
clare that are relevant to the content of this article.

Ethical approval The authors declare they followed the rules of good
scientific practice when preparing this article.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Albrecht A, Kohnle U, Hanewinkel M, Bauhus J (2010) Storm damage
of Douglas-fir and norway spruce in southwest Germany: stabil-
ity of Douglas-fir and the impact of silviculture on the vulnerabil-
ity of conifers. In: Spiecker H, Kohnle U, Makkonen-Spiecker
K, von Teuffel K (eds) Opportunities and risks for douglas fir in
a changing climate. Freiburger Forstliche Forschung, Freiburg,
pp 25-27

Albrecht A, Kohnle U, Hanewinkel M, Bauhus J (2013) Storm damage
to Douglas-fir unexpectedly high compared to Norway spruce.
Ann Forest Sci 70(2):195-207

Alden HA (1997) Softwoods of North America. General technical
report FPL-GTR-102, United States department of agriculture.
Forest service, Forests products laboratory, Madison. p 151

Aldhous JR, Mason WL (eds) (1994) Forestry nursery practice. For-
estry commission bulletinl 11. HMSO, London, p 268

Alexandrov A, Genov K, Popov E (2000) On the introduction of some
North-American species. In: Book of scientific reports, interna-
tional scientific conference *“75th anniversary of forestry educa-
tion in Bulgaria”, Sofia, vol. I., pp 384-390, 15-16 June 2000.
(in Bulgarian)

Ammer C, Bolte A, Herberg A, Holtermann A, Kriil A, Krug A,
Nehring S, Schmidt O, Spellmann H, Vor T (2016) Recommen-
dations for the cultivation of introduced forest tree species. Gem
Papier Forstwiss Naturschutz 48(5):170-171 ((in German))

Angelier A (2007) French Douglas-fir forests. Office National des
Foréts, Paris, p 296 (in French)

Anonymous (1999) Silvicultural guidelines in relation to stand devel-
opment types. Ministerium Landlicher Raum, Landesforstver-
waltung Baden-Wiirttemberg, Freiburg, pp 11-12 (in German)

Bakos V (1968) Introduction. General issues on afforestations in our
country. In: Bakos V (coord): culture of fast- growing forest spe-
cies. Editura Agrosilvicd, Bucuresti, pp 7-56 (in Romanian)

Bastien J-C (2019) Potential of Douglas-fir under climate change. In:
Spiecker H, Lindner M, Schuler J (eds) Douglas-fir-an option for
Europe. European Forest Institute, Joensuu, pp 40-45

Bastien J-C, Sanchez L, Michaud D (2013) Douglas-fir (Pseudot-
suga menziesii (Mirb.) Franco). In: Paques LE (ed) Forest tree
breeding in Europe. Current state-of-the-art and perspectives.
Springer, Dordrecht Heidelberg-New York-London, pp 325-372

Bastien Y (1998) Douglas-fir silviculture. In: Silviculture of conifer
species, Ecole Nationale du Génie Rural, des Eaux et des Foréts,
Nancy, pp 10-19 (in French)

Bindewald A, Miocic S, Wedleer A, Bauhus J (2021) Forest inventory-
based assessment of the invasion risk of Pseudotsuga menziesii
(Mirb.) Franco and Quercus rubra L. in Germany. Eur J Forest
Res 140:883-899. https://doi.org/10.1007/s10342-021-01373-0

Binkley D (2003) Seven decades of stand development in mixed and
pure stands of conifers and nitrogen-fixing red alder. Can J Forest
Res 33:2274-2279

Bluskova D (2006) Studies on the structure and properties of juvenile
timber of the main tree species. In: Habilitation thesis for the
academic title of “Professor”. University of Forestry, Sofia, p
107 (in Bulgarian)

BMEL (2014) Forests in Germany-data on the 3rd National for-
est inventory. Bundesministerium fiir Erndhrung und Land-
wirtschaft, Berlin (in German)

Boudru M (1989) Forest and silviculture: applied silviculture. Les
presses agronomiques de Gemboux, Gembloux, p 248 (in
French)

Boudru M (1992) Forest and silviculture: afforestation and reforesta-
tion. Les presses agronomiques de Gemboux, Gembloux, p 348
(in French)

Boussaid O (2008) Genetic quality of a natural regeneration of Doug-
las-fir, Pseudotsuga menziesii (Mirb.) Franco. Master’s thesis.
Orléans University, Orléans, p 42 (in French)

Brus R, Potzelsberger E, Lapin K, Brundu G, Orazio C, Straigyte L,
Hasenauer H (2019) Extent, distribution and origin of non-native
tree species in Europe. Scand J Forest Res 34(7):533-544

Carter RE, Klinka K (1992) Variation in shade tolerance of Douglas-
fir, western hemlock, and western red cedar in coastal British
Columbia. For Ecol Manag 55:87-105. https://doi.org/10.1016/
0378-1127(92)90094-P

Cater M (2021) Microsites influence the light response of young Doug-
las-fir (Pseudotsuga menziesii (Mirb.) Franco). Forests 12:687.
https://doi.org/10.3390/f12060687

Chakraborty D, Wang T, Andre K, Konnert M, Lexer MJ, Matulla
C, Schueler S (2015) Selecting populations for non-analogous
climate conditions using universal response functions: The case
of Douglas-fir in central Europe. PLoS ONE 10(8):e0136357.
https://doi.org/10.1371/journal.pone.0136357

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10342-021-01373-0
https://doi.org/10.1016/0378-1127(92)90094-P
https://doi.org/10.1016/0378-1127(92)90094-P
https://doi.org/10.3390/f12060687
https://doi.org/10.1371/journal.pone.0136357

884

V.-N. Nicolescu et al.

Chakraborty D, Matulla C, Andre K, Weissenbacher L, Schueler S
(2019) Survival of Douglas-fir provenances in Austria: site-
specific late and early frost events are more important than prov-
enance origin. Ann for Sci 76(4):100. https://doi.org/10.1007/
$13595-019-0083-2

CNPF (2016) Pruning Douglas-fir: take the height. Centre National
de la Propriété Forestiere Bourgogne Franche Comté, Dijon, p
6 (in French)

COFORD (2020) Sustainable development and conservation of forest
genetic resources 2020-2030. COFORD, Dublin, p 60

Cokl M (1965) Growth of green Douglas fir in Slovenia. Zbornik
4:139-185 ((in Slovenian))

Coopérative forestiere bois Limousin (2016) Douglas-fir, a chance
for France and for foresters. Ed. CFBL, Ussel Cedex, p 136 (in
French)

Covre Foltran E, Ammer C, Lamersdorf N (2020) Douglas fir and Nor-
way spruce admixtures in beech forests along in Northern Ger-
many-are soil nutrient conditions affected? bioRxiv the Preprint
Server for Biology. https://doi.org/10.1101/2020.09.25.313213

CRPF (1999) Douglas-fir. Centre Régional de la Propriété Forestiere
d’Ile-de-France et du Centre, Orléans, p 4 (in French)

CRPF (2010) When harvesting Douglas-fir? Centre Régional de la Pro-
priété Forestiere de Bourgogne, Dijon, p 6 (in French)

Curtis RO, DeBell DS, Miller RE, Newton M, St. Clair JB, Stein WI
(2007) Silvicultural research and the evolution of forest practices
in the Douglas-fir region. In: General Technical Report PNW-
GTR-696, U.S. Department of Agriculture, Forest Service,
Pacific Northwest Research Station, Portland, p 172

da Ronch F, Caudullo G, de Rigo D (2016) Pseudotsuga menziesii in
Europe: distribution, habitat, usage and threats. In: San-Miguel-
Ayanz J, de Rigo D, Caudullo G, Houston Durant T, Mauri A
(eds) European atlas of forest tree species. Publication Office of
the EU, Luxembourg, pp 146-147

de Champs J, Demarq P (1996) Douglas-fir silviculture. Bulletin tech-
nique no. 31, Office National des Foréts, octobre: 35-42 (in
French)

de Champs J (1988) What silviculture for current Douglas-fir? Afocel-
Armef, Inf-Forét 1:65-80 ((in French))

Decker L (2018) Windthrow risk assessment of Douglas-fir stands in
Denmark. In: A comparison study of Douglas-fir (Pseudotsuga
menziesii) and Norway spruce (Picea abies). Master’s thesis.
University of Copenhagen, Faculty of Sciences, Copenhagen

Dobrev D (1962) Afforestation with foreign fast-growing coniferous
tree species. Sofia, Zemizdat, p 220 (in Bulgarian)

Dricea M (1923) Exotic species and their naturalization in our country.
Revista Padurilor 3:197-212 (in Romanian)

Drewett TA (2015) The growth and quality of UK-grown Douglas-fir.
In: Ph.D. Thesis. Edinburgh Napier University, Edinburgh, p 224

Dumitriu-Tataranu I (1960) Forest and ornamental trees and shrubs
cultivated in the People’s Republic of Romania. Editura Agro-
Silvicd, Bucuresti, p 810

Dungey HS, Low CB, Watt MS, Hood IA, Stone JK, Kimberley M
(2010) Planted forests of Douglas-fir in New Zealand: challenges
for the breeding programme with climate change. In: Spiecker H,
Kohnle U, Makkonen-Spiecker K, von Teuffel K (eds) Opportu-
nities and risks for Douglas fir in a changing climate. Freiburger
Forstliche Forschung, Freiburg, p 48

Eberhard B, Hasenauer H (2018) Modeling regeneration of Douglas
fir forests in central Europe. Austrian J for Sci/ Centralblatt Fiir
Das gesamteForstwesen 135(1):33-51

Eberhard BR, Eckhart T, Hasenauer H (2021) Evaluating strategies
for the management of Douglas-fir in central Europe. Forests
12(8):1040. https://doi.org/10.3390/f12081040

Eckhart T, Potzelsberger E, Koeck R, Thom D, Lair GJ, van Loo M,
Hasenauer H (2019) Forest stand productivity derived from site
conditions: an assessment of old Douglas-fir stands (Pseudotsuga

@ Springer

menziesii (Mirb.) Franco var. menziesii) in Central Europe. Ann
Forest Sci 76:19. https://doi.org/10.1007/s13595-019-0805-3

Eilmann B, Rigling A (2010) Douglas-fir—a substitute species for
Scots pine in dry inner-Alpine valleys? In: Spiecker H, Kohnle
U, Makkonen-Spiecker K, von Teuffel K (eds) Opportunities and
risks for Douglas fir in a changing climate. Freiburger Forstliche
Forschung, Freiburg, p 10

Eilmann B, Rigling A (2012) Tree-growth analyses to estimate tree
species’ drought tolerance. Tree Physiol 32(2):178-187

Essl F (2005) Distribution, status and habitat preference of subspon-
taneous Douglas fir stands (Pseudotsuga menziesii) in Austria.
Phyton (horn) 45(1):117-143

European Commission (2020) EU Biodiversity Strategy for 2030.
Bringing nature back into our lives. European Commission,
Brussels, p 22

Forest Europe (2020) State of Europe’s forests. In: Ministerial Con-
ference on the Protection of Forests in Europe. Forest Europe,
Zvolen, Liaison Unit Bratislava, p 392

Fletcher AM, Samuel CJA (2010) Choice of Douglas fir seed sources
for use in British forests. Forestry Commission Bulletin 129,
Edinburgh, p 55

Fontes L, Tomé M, Coelho MB, Wright H, Sales Luis H, Savill
P (2003) Modelling dominant height growth of Douglas-fir
(Pseudotsuga menziesii (Mirb.) Franco) in Portugal. Forestry
76(5):509-523

France Bois Forét (2016) Usage classes and longevity of wooden
structures. http://franceboisforet.com/wp-content/uploads/
2014/06/fiches-C4-LCELOB_4-pages.pdf. [Accessed 10
March 2022] (in French)

Frei RR, Moser B, Wohlgemuth T (2022) Competitive ability of
natural Douglas fir regeneration in central European close-to-
nature forests. For Ecol Manag 503:119767. https://doi.org/10.
1016/j.foreco.2021.119767

Fuchs JM, Hittenbeck A, Brandl S, Schmidt M, Paul C (2022) Adap-
tation strategies for spruce forests - economic potential of bark
beetle management and Douglas fir cultivation in future tree
species portfolios. For: Int J for Res 95(2):229-246

Georgieva M (2009) Diseases on Douglas-fir (Pseudotsuga menziesii
(Mirb.) Franco) and their impact on the introduction of the
species in Bulgaria. In: Dissertation. Forest Research Institute,
Bulgarian Academy of Sciences, Sofia (in Bulgarian)

Giagli K, Timko L, Gryc V, Vavr¢ik H (2019) Is the quality of
the non-native Douglas-fir wood produced in the czech
forests comparable to native softwoods? Bio Resources
14(2):2931-2945

Gil-Moreno D, Ridley-Ellis D, Harte AM (2019) Timber grading
potential of Douglas fir in the Republic of Ireland and the UK.
Int Wood Prod J 10(2):1-6. https://doi.org/10.1080/20426445.
2019.1617984

Giraud P, de Champeaux A (1997) Douglas-fir in Haut Beaujolais,
Charolais and Morvan. Experience of some forest owners. Revue
Forestiere Frangaise 49(4):325-338 (in French)

Govedar Z, Ballian D, Miki¢ T, Pintari¢ K (2003) Success of differ-
ent provenances of Douglas fir (Pseudotsuga menziesiiMirb.
Franco.) within the IUFRO program on the experimental plot
CrnaLokva‘ near GradiSka. Forestry (belgrade) 3—-4:61-74 (in
Serbian)

Gozd in gozdarstvo (2021) Forest and forestry.https://www.gozd-les.
com/les/cene-lesa/dosezene-cene-licitaciji-lesa [Accessed June
10, 2021]

Hale SE, Gardiner BA, Peace A, Nicoll B, Taylor P, Pizzirani S (2015)
Comparison and validation of three versions of a forest wind risk
model. Environ Model Softw 68:27-41

Haralamb A (1967) Culture of forest species, 3rd edn. Editura Agro-
Silvicd, Bucuresti, p 755 (in Romanian)


https://doi.org/10.1007/s13595-019-0083-2
https://doi.org/10.1007/s13595-019-0083-2
https://doi.org/10.1101/2020.09.25.313213
https://doi.org/10.3390/f12081040
https://doi.org/10.1007/s13595-019-0805-3
http://franceboisforet.com/wp-content/uploads/2014/06/fiches-C4-LCELOB_4-pages.pdf
http://franceboisforet.com/wp-content/uploads/2014/06/fiches-C4-LCELOB_4-pages.pdf
https://doi.org/10.1016/j.foreco.2021.119767
https://doi.org/10.1016/j.foreco.2021.119767
https://doi.org/10.1080/20426445.2019.1617984
https://doi.org/10.1080/20426445.2019.1617984
https://www.gozd-les.com/les/cene-lesa/dosezene-cene-licitaciji-lesa
https://www.gozd-les.com/les/cene-lesa/dosezene-cene-licitaciji-lesa

Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) in Europe: an overview of management... 885

Hart C (1994) Practical forestry for the agent and surveyor, 3rd edn.
Alan Sutton, Stroud, p 658

Haufe J, Kerr G, Stokes V (2021) Forest Development Types: an essen-
tial tool for diversifying stands in Britain. Q J for 115(3):175-182

Hein S, Weiskittel AR, Kohnle U (2008) Effect of wide spacing on tree
growth, branch and sapwood properties of young Douglas-fir
[Pseudotsuga menziesii(Mirb.) Franco] in south-western Ger-
many. Eur J Forest Res 127(6):481-493

Henin JM, Pollet C, Schmitt U, Blohm J-H, Koch G, Melcher E, Well-
ing J, Briichert F, Kohnle U, Sauter UH (2019) Technological
properties of Douglas-fir wood. In: Spiecker H, Lindner M,
Schuler J (eds) Douglas-fir - an option for Europe. European
Forest Institute, Joensuu, pp 89-97

Hermann RK, Lavender DP (1990) Pseudotsuga menziesii (Mirb.)
Franco Douglas fir. In: Burns RM, Honkala BH (Coord.) Sil-
vics of North America. Volume 1, Conifers. USDA Forest Ser-
vice, Washington, pp 527-540

Hermann RK, Lavender DP (1999) Douglas-fir planted forests. In:
Boyle JR, Winjum JK, Kavanagh K, Jensen EC (eds) Planted
forests: contributions to the quest for sustainable societies.
Kluwer Academic Publishers, Dordrecht, pp 53-70

Horgan T, Keane M, McCarthy R, Lally M, Thompson D (2003)
A Guide to Forest Tree species selection and silviculture in
Ireland. In: O’Carroll J (Eds). COFORD, Dublin, p 258

Hostnik R (2021) The Giantees. In: The Tallest Measured Tree in
Slovenia. Available online: Velikanke/The Giantees — You-
Tube. Accessed June 10, 2021

Hubert M, Courraud R (1998) Pruning and formative pruning of
forest trees. Institut pour le développement forestier, Paris, p
303 (in French)

Ibrahimspahi¢ A, Ballian D, Gurda S (2006) The analysis of flour-
ishing of six conifer species in the area of Gostovickarijeka.
Works Faculty for Univ Sarajevo 36(1):57-67

IDT (1961) Douglas-fir. New achievements in the culture of fast-
growing species. Institutul de Documentare tehnica, Bucuresti,
pp 80-88 (in Romanian)

Tonut V (1956) A monograph of Douglas-fir in the People’s Republic
of Romania. EdituraAgro-Silvicd de Stat, Bucuresti, p 50

Tonescu AI (1963) Aspects on the culture of Douglas-fir and eastern
white pine. Revista Padurilor 78(8):434—437 (in Romanian)

Isaac-Renton MG, Roberts DR, Hamann A, Spiecker H (2014) Doug-
las-fir plantations in Europe: a retrospective test of assisted
migration to address climate change. Global Change Biol
20:2607-2617

Jasser C (2008) Douglas-fir in upper Austria: possibilities and limits.
BFW-Praxisinformation 16:19-20 (in German)

Jones EW (1945) The regeneration of Douglas-fir Pseudotsuga taxi-
folia Britt. in the new forest. J Ecol 33:44-56

Jovanovié B, Stojanovi¢ LJ (1982) Development of cultures of some
species of conifers in the extreme habitat of beech (Musco-
Fagetum) in eastern Serbia. Sumarstvo 1:3-11

Kahl T, Arnstadt T, Baber K, Béssler C, Bauhus J, Borken W, Buscot
F, Floren A, Heibl C, Hessenmoller D, Hofrichter M, Hoppe
B, Kellner H, Kriiger D, Linsenmair KE, Matzner E, Otto P,
Purahong W, Seilwinder C, Schulze ED, Wende B, Weisser
WW, Gossner MM (2017) Wood decay rates of 13 temperate
tree species in relation to wood properties, enzyme activities
and organismic diversities. For Ecol Manag 391:86-95

Keane M, Mason B, Pfeifer A (2018) Species Mixtures in Irish For-
ests. In: A review. COFORD, department of agriculture food
and the marine, Dublin, p 124

Kladtke J, Kohnle U, Kublin E, Ehring A, Pretzsch H, Uhl E, Spell-
mann H, Weller A (2012) Growth and value production of
Douglas-fir under varying stands densities. Schweizerische
Zeitschrift Fiir Forstwessen 163(3):96-104. https://doi.org/
10.3188/s2f.2012.0096(inGerman)

Klepac D (1962) A contribution to the knowledge of Douglas-fir and
Eastern white pine increment. Sumarski List 86(1-2):10-31

Knook J, Hanewinkel M (2019) Economics of growing Douglas-
fir. In: Spiecker H, Lindner M, Schuler J (eds) Douglas-fir-
an option for Europe. European Forest Institute, Joensuu, pp
99-104

Kohnle U (2008) Growing Douglas-fir in South-West of Germany:
factors of silvicultural success. BFW-Praxisinformation 16:12—
13 (in German)

Kohnle U, Kléddtke J, Chopard B (2019) Management of Douglas-
fir. In: Spiecker H, Lindner M, Schuler J (eds) Douglas-fir-
an option for Europe. European Forest Institute, Joensuu, pp
73-83

Kohnle U, Klddtke J, Chopard B (2021) Silviculture with Douglas fir
in Germany and France. Schweiz Z Forstwes 172(2):66-75 (in
German)

Konnert M (2016) Pseudotsuga Menziesii. Studia for Slovenica
151:30-35

Konnert M, Bastien JCh (2019) Genecology of Douglas-fir and tree
improvement strategies. In: Spiecker H, Lindner M, Schuler J
(eds) Douglas-fir - an option for Europe. European Forest Insti-
tute, Joensuu, pp 45-56

La Marca O, Pozzi D (2016) From plantation silviculture to the one
by natural renewal. In: Polistampa, Firenze (Eds) Realities and
perspectives in the cultivation of Douglas-fir in Italy. Attidella
Accademia dei Georgofili 8 (13): 43—64

La Marca O, Mercurio R, Nocentini L (2016) Management and res-
toration of Italian afforestations under global change. Reforesta
2:50-59. https://doi.org/10.21750/REFOR.2.06.21

Lange F, Ammer C, Leitinger G, Seliger A, Zerbe S (2022) Is Douglas
fir [Pseudotsuga menziesii (Mirbel) Franco] invasive in central
Europe? A case study from South-West Germany. Front for Glob
Change 5:844580. https://doi.org/10.3389/ffgc.2022.844580

Lanier L (1986) Handbook of Silviculture. ENGREF, Nancy, p 468
(in French)

Larsen JB, Nielsen AB (2007) Nature-based Forest management -
Where are we going? Elaborating forest development types in
and with practice. For Ecol Manag 238:107-117

Larsen JB, Angelstam P, Bauhus J, Carvalho JF, Diaci J, Dobrowol-
ska D, Gazda A, Gustafsson L, Krumm F, Knoke T, Konczal
A, Kuuluvainen T, Mason B, Motta R, Potzelsberger E, Rigling
A, Schuck A (2022) Closer-to-nature forest management. From
science to policy 12. European Forest Institute, Joensuu, p 54.
https://doi.org/10.36333/fs12

Larson B (2010) The dynamics of Douglas-fir stands. In: Spiecker H,
Kohnle U, Makkonen-Spiecker K, von Teuffel K (eds) Opportu-
nities and risks for Douglas fir in a changing climate. Freiburger
Forstliche Forschung, Freiburg, p IX-X

Lavender DP, Hermann RK (2014) Douglas-fir: the genus pseudot-
suga. Oregon forest research laboratory, Oregon state university,
Corvallis, p 352

Liese W, Moser E, Willeitner H (1982) Treatability of Douglas-fir sap-
wood from trees grown in Germany. Holz Als Roh-Und Werkst-
off 40(9):321-325 (in German)

Liubimirescu A (1973) On the need and application of tending opera-
tions in young Douglas-fir stands. Revista Padurilor 88(4):209—
211 (in Romanian)

Liubimirescu A, Belea Gh, Jorda I (1977) Research on artificial prun-
ing in young Douglas-fir stands. Revista Padurilor 92(4):203—
208 (in Romanian)

Lowell EC, Maguire DA, Briggs DG, Turnblom EC, Jayawickrama
KIS, Bryce J (2014) Effects of silviculture and genetics on
branch/knot attributes of Coastal Pacific Northwest Douglas-
fir and implications for wood quality—a synthesis. Forests
5:1717-1736

@ Springer


https://doi.org/10.3188/szf.2012.0096(inGerman)
https://doi.org/10.3188/szf.2012.0096(inGerman)
https://doi.org/10.21750/REFOR.2.06.21
https://doi.org/10.3389/ffgc.2022.844580
https://doi.org/10.36333/fs12

886

V.-N. Nicolescu et al.

Lu H, Condés S, del Rio M, Goudiaby V, den Ouden J, Mohren GMJ,
Schelhaas MJ, de Waal R, Sterck FJ (2018) Species and soil
effects on overyielding of tree species mixtures in the Nether-
lands. For Ecol Manag 409:105-118

Macdonald J, Wood RF, Edwards MV, Aldhous JR (1957) Exotic for-
est trees in great Britain. In: Forestry commission bulletin 30,
HMSO, London, p 167

Malcolm DC, Mason WL, Clarke GC (2001) The transformation of
conifer forests in Britain — regeneration, gap size and silvicultural
systems. For Ecol Manag 157:7-23

Malmgqvist C, Wallertz K, Lindstrom A (2017) Storability and freezing
tolerance of Douglas fir and Norway spruce seedlings grown in
mid-Sweden. Scand J Forest Res 32(1):30-38. https://doi.org/10.
1080/02827581.2016.1183704

Malmgqvist C (2017) Planting and survival of Douglas fir (Pseudot-
suga menziesii (Mirb. Franco) in Sweden: Questions of seed-
ling storability, site preparation, bud burst timing and freezing
tolerance. Doctoral dissertation. Department of forestry and
wood technology, Linnaeus University, Vaxjo, p 42

Manise T, Vincke C (2014) Impacts of climate and site water deficits
on the radial growth of beech, oak, spruce and Douglas-fir in
Wallonia. ForétWallonne 129:48-57 (in French)

MAPPM (2000a) Technical norms on species compositions, schemes
and technologies for forest regeneration and afforestation of
degraded lands 1. Ministerul Apelor, Padurilor si Protectiei
Mediului, Bucuresti, p 272 (in Romanian)

MAPPM (2000b) Technical norms for tending the stands 2. Min-
isterul Apelor, Pddurilor si Protectiei Mediului, Bucuresti, p
164 (in Romanian)

Marchi M, Cocozza C (2021) Probabilistic provenance detection
and management pathways for Pseudotsugamenziesii (Mirb.)
Franco in Italy using climatic analogues. Plants 10(2):215.
https://doi.org/10.3390/plants 10020215

Marcu Gh, Liubimirescu A (1979) Recommendations on zoning
and culture of Douglas-fir in our country. Revista Padurilor
94(2):74-80 ((in Romanian))

Mason WL, Edwards C, Hale SE (2004) Survival and early seedling
growth of conifers with different shade tolerance in a Sitka
spruce spacing trial and relationship to understorey light cli-
mate. Silva Fennica 38(4):357-370

Mauer O, Palatovd E (2012) Root system development in Douglas
fir (Pseudotsuga menziesii [Mirb.] Franco) on fertile sites. J
for Sci 58(9):400-409

McKay HM, Milner AD (2000) Species and seasonal variability in
the sensitivity of seedling conifer roots to drying and rough
handling. Forestry 73:259-270

Milenkova A (2020) Results of coniferous tree species afforestation
in Osogovo, Southwest Bulgaria. Dissertation. University of
Sofia, Sofia, p 162 (in Bulgarian)

Molnar S (2008) Quality and utilization of wood of tree species
managed by plantation — like growing technology. In: Fiihrer
E, Rédei K, T6th B (eds) Plantation-like timber production
2. Agroinfrom Kiadé, Budapest, pp 153-190 (in Hungarian)

Mondek J, Bala§ M (2019) Douglas-fir (Pseudotsuga menziesii
(Mirb.) Franco) and its role in the Czech forests. J for Sci
65(2):41-50

Mozina I (1960) Variations of gravity, summerwood, and strength
of Douglas-fir (Pseudotsuga taxifolia Britton.). In: Zbornik za
kmetijstvo in gozdarstvo 7, Ljubljana, p 136 (in Slovenian)

Negulescu E, Savulescu Al (1957) Dendrology. Editura Agro-Silvica
de Stat, Bucuresti, p 457 (in Romanian)

Negulescu EG, Savulescu AI (1965) Dendrology, 2nd edn. Editura
Agro-Silvica de Stat, Bucuresti, p 511 (in Romanian)

Nicolescu VN (2019) Natural range, site requirements and shade tol-
erance. In: Spiecker H, Lindner M, Schuler J (eds) Douglas-fir

@ Springer

- an option for Europe. European Forest Institute, Joensuu,
pp 33-39

Nicolescu VN, Mihadilescu Gh, Andronic I, Siladi RM, Tampa R,
Beletescu C, Bogdan RG (2021) A stand with Douglas-fir (Pseu-
dotsuga menziesii (Mirbel) Franco) and Sitka spruce (Picea sitch-
ensis (Bong.) Carr.) in Obstea Saliste Forest District (Valcea
County). Bucovina Forestierd 21(1):73-81 (in Romanian)

Nicoll BC, Gardiner BA, Rayner B, Peace AJ (2006) Anchorage of
coniferous trees in relation to species, soil type, and rooting
depth. Can J Forest Res 36:1871-1883

Niinemets U, Valladares F (2006) Tolerance to shade, drought, and
waterlogging oftemperate northern hemisphere trees and Shrub.
Ecol Monogr 76(4):521-547

Nitescu C, Achimescu C (1979) Technique of forest cultures. Tending
operations. Editura Ceres, Bucuresti, p 255 (in Romanian)

Novik J, Kacalek D, Podrazsky V, Simerda L (eds) (2018) Douglas-
fir use in the forestry of the Czech Republic. Lesnicka prace,
Praha, p 214 (in Czech)

O’Reilly C, McCarthy N, Keane M, Harper CP, Gardiner JJ (1999)
The physiological status of Douglas fir seedlings and the field
performance of freshly lifted and cold stored stock. Ann Sci
for 56:297-306

Palik B, D’Amato AW, Franklin JF, Johnson KW (2021) Ecological
silviculture: foundations and applications. Waveland Press,
Illinois, p 43

Pascovschi S, Purcelean S (1954) Douglas-fir Pseudotsuga taxifo-
lia Britt. (= P. douglasii Carr.). Technical guidelines for the
culture of woody exotic species. In: Pascovschi S, Purcelean
S, Sparchez Z, Ocskay S, Beldie Al, Radulescu S, Cocalcu T
(eds) Culture of woody exotic species. EdituraAgro-Silvicd de
Stat, Bucuresti, pp 3-9 (in Romanian)

Peri¢ S, Tijardovi¢ M, Jazbec A (2011) Results of research on Doug-
las fir provenances in ecologically different continental parts of
Croatia. Sumarski List 135(13):190-201 (in Croatian)

Perin J, de Thier O, Claessens H, Lejeune Ph, Hébert J (2014) New
harmonized productivity curves for Douglas-fir, Norway
spruce and larches in Wallonia. Forét Wallonne 129:26-41 (in
French)

Petersen R (2016) Single tree shelters and Douglas fir — does that work?
AFZ-DerWald 71(24):17-20 (in German)

Petkova K, Georgieva M, Uzunov M (2014) Investigation of Douglas-
fir provenance test in North-Western Bulgaria at the age of 24
years. J for Sci 60(7):288-296

Petkova K, Popov E, Tsvetkov I (2017) Country report. Bulgaria. In:
Hasenauer H, Gazda A, Konnert M, Mohren G, Potzelsberger E,
Spiecker H, van Loo M (eds) Non-native tree species for Euro-
pean forests: Experiences, risks and opportunities. COST Action
FP1403 NNEXT Country Reports, Joint Volume. University of
Natural Resources and Life Sciences Vienna, pp 40-60

Petkova K (1989) Studies on establishing Douglas-fir (Pseudotsuga
menziesii Mirb. (Franco) plantations in some regions of the Bal-
kan Mountains. Dissertation. Higher Institute of Forestry, Sofia,
p 190 (in Bulgarian)

Petras R, Mecko J (2008) Growth and production potential of Douglas-
fir in Slovakia. In: Growing of non-native tree species. Ceské
lesnicka spole¢nost, Kroméiiz, pp 59-64 (in Czech)

Pintari¢ K (1990) Study of the growth of IUFRO Douglas fir from
different provenances in two experimental areas in FR Bosnia
and Herzegovina. Forestry and Wood Processing 7-12 XLIV:
113-125

Podrazsky V, Cermék R, Zahradnik D, Kouba J (2013) Production
of Douglas-Fir in the Czech Republic based on national forest
inventory data. J for Sci 59(10):398-404

Podrazsky V, Mondek J, Zeidler A, Resnerova K, Borivka V, Prknova
H (2019) Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco).
In: Podrazsky V, Prknova H (eds) Silvicultural, production and


https://doi.org/10.1080/02827581.2016.1183704
https://doi.org/10.1080/02827581.2016.1183704
https://doi.org/10.3390/plants10020215

Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) in Europe: an overview of management... 887

environmental potential of the main introduced tree species in the
Czech Republic. Ceska z&mé&delska univerzita v Praze, Lesnickd
préce, Praha, pp 16-53

Pollet C, Henin JM, Hébert J, Jourez B (2013) Effect of growth rate
on the natural durability of Douglas-fir in western Europe. Can
J Forest Res 43(10):891-896

Pollet C, Henin JM, Hébert J, Jourez B (2017) Effect of growth rate on
the physical and mechanical properties of Douglas-fir in western
Europe. Can J Forest Res 47(8):1056-1065

Polman JE, Militz H (1996) Wood quality of Douglas fir (Pseudotsuga
menziesii(Mirb) Franco) from three stands in the Netherlands.
Ann Sci for 53:1127-1136

Popov E, Hinkov G, Velichkov I, Stefanova P (2018) Productivity of
Douglas fir plantations in Bulgaria and the necessity for its uti-
lisation. Nauka Za Gorata 2:3-23 (in Bulgarian)

Popov E (1991) Study on the results from the introduction of Douglas-
fir (Pseudotsuga menziesii (Mirb.) Franco) in Bulgaria. Disserta-
tion. Bulgarian Academy of Sciences, Forest Research Institute,
Sofia, p 162 (in Bulgarian)

Popov E (2006) Douglas-fir (Pseudotsuga menziesii (Mirb.) Franko)
plantations in the region of Koprovshtitsa”. In: Proceedings of
the international scientific conference Science in globalization in
21st century. Vol I Plant studies, technological questions in Plant
Studies, Genetics and selection, weeds, diseases and enemies.
1-2 June 2006, Stara Zagora Union of Scientist, Stara Zagora,
pp 158-163 (in Bulgarian)

Popov E (2009) Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco)
plantations in the region of Rila monastery. In: Dimov D, Pav-
lov D, Eneva S, Videva M, Delchev G (eds.) Proceedings of
the international scientific conference Economics and Society
development on the Base of Knowledge, 4-5 June 2009, Stara
Zagora, Bulgaria.Vol 1. Agricultural science. Plant Studies, pp
370-375 (in Bulgarian)

Puettmann KJ, Ares A, Burton JI, Dodson EK (2016) Forest Restora-
tion using variable density thinning: lessons from douglas-fir
stands in western Oregon. Forests 7:310. https://doi.org/10.3390/
7120310

Pulkrab K, Sloup M, Zeman M (2014) Economic impact of Douglas-fir
(Pseudotsuga menziesii [Mirb.] Franco) production in the Czech
Republic. J for Sci 60(7):297-306

Rédulescu I, Cazacu C (1968) Douglas-fir culture in Banat. In: Bakos V
(coord) Culture of fast growing tree species. Editura Agrosilvica,
Bucuresti, pp 159-184 (in Romanian)

Raida D (2018) Douglas fir (Pseudotsuga menziesii (Mirb.) Franco) in
Ravbarkomanda plantations after the 2014 ice break.In: Diploma
work. Biotehniska fakulteta, Ljubljana, p 38 (in Slovenian)

Rameau JC, Mansion D, Dumé G (1989) French Forest Flora. In: Plains
and hills.IDF, Paris, ENGREF, Nancy, p 1785 (in French)

Ratkni¢ M (1995) Volume tables of Douglas fir and Weymouth
pine trees in Serbia. Zbornik Radova Instituta Za Sumarstvo
38-39:152-160 (in Serbian)

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

Restaino CM, Peterson DL, Littell J (2016) Increased water deficit
decreases Douglas fir growth throughout western US forests.
PNAS 113(34):9557-9562

Riou-Nivert PH (1989) Douglas-fir, wood qualities, pruning and silvi-
culture. Revue Forestiere Francaise XL I(5):387—410 (in French)

Riou-Nivert PH (1996) Conifers. Volume I: knowledge and recogni-
tion. Institut pour le développement forestier, Paris, p 256 (in
French)

Riou-Nivert PH (2020) Diversified silvicultural routes for Douglas-fir.
40 years of experience in private forests. Centre national de la
propriété forestiere (CNPF), Paris, p 27 (in French)

Roques A, Auger-Rozenberg MA, Capretti P, Sauvard D, La Porta N,
Santini A (2019) Pests and diseases in the native and European
range of Douglas-fir. In: Spiecker H, Lindner M, Schuler J (eds)
Douglas-fir - an option for Europe. European Forest Institute,
Joensuu, pp 63-72

Rose R, Rosner L (2005) Eighth-year response of Douglas-fir seedlings
to area of weed control and herbaceous versus woody weed con-
trol. Ann Sci for 62:481-492

Royal forestry society (2021) Managing for resilience. 10 case studies.
The royal forestry society, Banbury, p 40

Savill P (2019) The silviculture of trees used in British forestry, 3rd
edn. CAB International, Wallingford and Boston, p 400

Schonauer H (2008) Silviculture with Douglas-Fir. BEW-Praxisinfor-
mation 16:9-11 (in German)

Schiiler S, Chakraborty D (2021) Limiting factors for Douglas-fir
cultivation in Central Europe under climate change. Schweiz
Z Forstwes 172(2):84-93 (in German)

Schiitz JPh (1990) Silviculture 1. Principles of forest education.
Presses polytechniques et universitaires romandes, Lausanne
(in French)

Schiitz JPh, Pommerening A (2013) Can Douglas fir (Pseudotsuga
menziesii(Mirb.) Franco) sustainably grow in complex forest
structures? For Ecol Manag 303:175-183

Schiitz JPh, Amman PL, Zingg A (2015) Optimizing the yield of
Douglas-fir with an appropriate thinning regime. Eur J Forest
Res 134:469-480

Scotti R (2016) 10-year projection of the value of a plant: dendro-
auxometric modeling. In: Polistampa, Firenze, (eds) Realities and
perspectives in the cultivation of Douglas fir in Italy. Attidella
Accademia dei Georgofili 8 (13), pp 65-86 (in Italian)

Sharpe AL, Mason WL, Howes REJ (1990) Early forest performance
of roughly handled Sitka spruce and Douglas fir of different plant
types. Scott for 44(4):257-265

Siepmann F (1981) Comparison of the pruning criteria of the year 1950
with the current ones. Allgemeine Forstzeitschrift 30:758-760
(in German)

Sillett SC, van Pelt R, Freund JA, Campbell-Spickler J, Carroll AL,
Kramer RD (2018) Development and dominance of Douglas-
fir in North American rainforests. For Ecol Manag 429:93-114

Simon DC, Stroe IM, Ostafi MF (2014) Study trip to Baden-Wiirttem-
berg (Germany), 2014 edition. Revista padurilor 3—4:121-123
(in Romanian)

Smolnikar P, Brus R, Jarni K (2021) Differences in growth and log
quality of Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco)
provenances. Forests 12(3):287. https://doi.org/10.3390/f1203
0287

Sofletea N, Curtu L (2007) Dendrology. EdituraUniversitatii Transil-
vania, Brasov, p 418 (in Romanian)

Soski¢ B, Stojigi¢ D, Petrovié D (2007) Wood density and strength
properties of Douglas-fir, Weymouth pine and Austrian pine
wood. Forestry (belgrade) 3—4:1-11 (in Serbian)

Spellmann H, Weller A, Brang P, Michiels HG, Bolte A (2015) Doug-
las fir (Pseudotsuga menziesii (Mirb) Franco). In: Vor T, Spell-
mann H, Bolte A, Ammer C (eds) Potentials and risks of intro-
duced tree species. Gottinger Forstwissenschaften, Gottingen, pp
187-217 (in German)

Spiecker H (2019) Executive summary. In: Spiecker H, Lindner M,
Schuler J (eds) Douglas-fir - an option for Europe. European
Forest Institute, Joensuu, pp 13-16

Spiecker H, Schuler J (2019) Introduction. In: Spiecker H, Lindner
M, Schuler J (eds) Douglas-fir - an option for Europe. European
Forest Institute, Joensuu, pp 17-19

Stanescu V (1979) Dendrology. Editura Didactica si Pedagogica,
Bucuresti, p 470 (in Romanian)

Stanescu V, Sofletea N, Popescu O (1997) Woody Forest Flora of
Romania. Editura Ceres, Bucuresti, p 451 (in Romanian)

@ Springer


https://doi.org/10.3390/f7120310
https://doi.org/10.3390/f7120310
https://doi.org/10.3390/f12030287
https://doi.org/10.3390/f12030287

888

V.-N. Nicolescu et al.

Stimm B (2004) Exotics in Bavarian Forests — historical legacy or valu-
able enrichment? Lwfaktuell 45:4-6 (in German)

Stokes V, Kerr G, Connolly T (2021) Underplanting is a practical silvi-
cultural method for regenerating and diversifying conifer stands
in Britain. For Int J for Res 94(2):219-231. https://doi.org/10.
1093/forestry/cpaa027

Suzuki K, Asaoka I, Tani S, Okada K, Hidaka T (1995) Effects of
pretreatments for the amelioration of preservative impregnability
using the oscillating pressure method (OPM).In: Document-the
international research group on wood preservation, IRG Secre-
tariat, Stokholm, Sweden, issue 95-40044

Sychra D, Mauer O (2013) Prosperity of Douglas fir(Pseudotsuga
menziesii[Mirb.] Franco) plantations in relation to the shelter.
J for Sci 59(9):352-358

Talbert C, Marshall D (2005) Plantation productivity in the Douglas-
fir region under intensive silvicultural practices: Results from
research and operations. J Forest 103(2):65-70

Tavoda P (2007) Ecological demands and the spread of Douglas-fir
in Slovakia. Ekolégia environmentalistika:194-202 (in Slovak)

Thomas FM, Bogelein R, Werner W (2015) Interaction between Doug-
las fir and European beech: investigations in pure and mixed
stands. Forstarchiv 86(4):83-91 (in German)

Thomas FM, Rzepecki A, Werner W (2022) Non-native Douglas fir
(Pseudotsuga menziesii) in Central Europe: ecology, perfor-
mance and nature conservation. For Ecol Manag. https://doi.
org/10.1016/j.foreco.2021.119956

Thurm EA, Uhl E, Pretzsch H (2016) Mixtures reduces climate sensi-
tivity of Douglas-fir stem growth. For Ecol Manag 376:205-220

Turner J, Mitchell SJ (2003) The effect of short day treatments on con-
tainerized Douglas-fir morphology, physiology and phenology.
New for 26:279-295

van Loo M, Dobrowolska D (2019a) History of introducing Douglas-fir
in Europe. In: Spiecker H, Lindner M, Schuler J (eds) Douglas-
fir-an option for Europe. European Forest Institute, Joensuu, pp
21-25

van Loo M, Dobrowolska D (2019b) Current situation. In: Spiecker H,
Lindner M, Schuler J (eds) Douglas-fir - an option for Europe.
European Forest Institute, Joensuu, pp 2629

van Vredenburch CJH, La Bastide JGA (1968) The influence of mete-
orological factors upon the cone crop of Douglas-fir in the Neth-
erlands. Silvae Genetica 18:182-186

Vidakovi¢ M, Franji¢ J (2004) Gymnosperms. 3rd edn. Faculty of
Forestry, University of Zagreb, Croatian Forests Ltd., Croatian
Academy of Forest Sciences, Zagreb, p 823 (in Croatian)

Vor T, Spellmann H, Bolte A, Ammer C (2015) Potentials and risks of
introduced tree species. Universititsverlag Gottinger Forstwis-
senschaften, Gottingen, p 228 (in German)

Wallertz K, Malmqvist C (2013) The effect of mechanical site prepa-
ration methods on the establishment of Norway spruce (Picea
abies (L.) Karst.) and Douglas fir (Pseudotsuga menziesii (Mirb.)
Franco) in southern Sweden. Forestry 86:71-78

Weise U, Flo M, Kenk G (2001) Management and economic yield
of Douglas fir stands in Baden-Wiirttemberg. AFZ-Der Wald
58:802-806 ((in German))

@ Springer

Weiskittel AR, Crookston NL, Rehfeldt GE (2012) Projected future
suitable habitat and productivity of Douglas-fir in western North
America. Schweiz Z Forstwes 163(3):70-78

Wilson JS, Baker PJ (2001) Flexibility in forest management: managing
uncertainty in Douglas-fir forests of the Pacific Northwest. For
Ecol Manag 145:219-227

Wilson SMCG, Cameron AD (2015) Alternative models for productive
upland forestry Model 2: Sitka spruce mixtures with alternative
conifers. Scott for 69:26-32

Wohlgemuth T, Hatner J, Holtermann A, Moser B, Nehring S, Rigling
A (2019) Impact of Douglas-fir on forests and open land habi-
tats. In: Spiecker H, Lindner M, Schuler J (eds) Douglas-fir - an
option for Europe. European Forest Institute, Joensuu, pp 57-62

Wohlgemuth T, Moser B, Potzelsberger E, Rigling A, Gossner MM
(2021) About the invasiveness of Douglas-fir and its impact on
soil and biodiversity. Schweiz Z Forstwes 172(2):118-127 (in
German)

Wouters Ph de, Lorent V (2002) Douglas-fir Pseudotsuga menziesii.
Silva Belgica 109 (5), Sylviculture-fiche technique no. 12: 1-9

Zeidler A, Bortvka V, Cern)’/ J, Balas M (2022) Douglas-fir outper-
forms most commercial European softwoods. Ind Crops Prod
181:114828. https://doi.org/10.1016/j.indcrop.2022.114828

Websites

https://ddg-web.de/rekordbacume.html?VCardld=6735 (Retrieved
March 9, 2022)
https://experts-forestiers.be/Tableauprixbois.pdf (Retrieved March
11,2022)
http://inventaire-forestier.ign.fr (Retrieved March 5, 2022)
http://www.bomeninfo.nl/tall%20trees.htm (Retrieved July 5, 2021)
http://www.douglasfir.co.nz/net/ (Retrieved September 22, 2021)
http://www.frenchtimber.com/en/french-species/douglas-fir/ (Retrieved
March 10, 2022)
https://www.forstpraxis.de/douglasie-schwarzwald-rekordmenge-rekor
derloes http://www.nzffa.org.nz/ (Retrieved June 15, 2021)
https://www.landesforsten.de/wp-content/uploads/2021/03/ergebnisse_
submission_nadelholz_2021.pdf (Retrieved May 5, 2021)
https://www.lwk-niedersachsen.de/index.cfm/portal/4/nav/292/article/
30508.html (Retrieved May 10, 2021)
http://www.nzffa.org.nz/farm-forestry-model/ (Retrieved September
22,2021)
https://www.treeregister.org/champion (Retrieved January 8, 2022)
https://www.forestiere-cdc.fr/sites/default/files/2021-06/prix-de-
vente-des-bois-sur-pied-en-foret-privee-indicateur-2021_0.pdf
(Retrieved March 11, 2022)

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1093/forestry/cpaa027
https://doi.org/10.1093/forestry/cpaa027
https://doi.org/10.1016/j.foreco.2021.119956
https://doi.org/10.1016/j.foreco.2021.119956
https://doi.org/10.1016/j.indcrop.2022.114828
https://ddg-web.de/rekordbaeume.html?VCardId=6735
https://experts-forestiers.be/Tableauprixbois.pdf
http://www.inventaire-forestier.ign.fr
http://www.bomeninfo.nl/tall%20trees.htm
http://www.douglasfir.co.nz/net/
http://www.frenchtimber.com/en/french-species/douglas-fir/
https://www.forstpraxis.de/douglasie-schwarzwald-rekordmenge-rekorderloes
https://www.forstpraxis.de/douglasie-schwarzwald-rekordmenge-rekorderloes
http://www.nzffa.org.nz/
https://www.landesforsten.de/wp-content/uploads/2021/03/ergebnisse_submission_nadelholz_2021.pdf
https://www.landesforsten.de/wp-content/uploads/2021/03/ergebnisse_submission_nadelholz_2021.pdf
https://www.lwk-niedersachsen.de/index.cfm/portal/4/nav/292/article/30508.html
https://www.lwk-niedersachsen.de/index.cfm/portal/4/nav/292/article/30508.html
http://www.nzffa.org.nz/farm-forestry-model/
https://www.treeregister.org/champion
https://www.forestiere-cdc.fr/sites/default/files/2021-06/prix-de-vente-des-bois-sur-pied-en-foret-privee-indicateur-2021_0.pdf
https://www.forestiere-cdc.fr/sites/default/files/2021-06/prix-de-vente-des-bois-sur-pied-en-foret-privee-indicateur-2021_0.pdf

	Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) in Europe: an overview of management practices
	Abstract 
	Introduction
	Douglas-fir characteristics influencing management
	Site and climate
	Growth performance in Europe
	Timber: quality, uses, prices
	Root system
	Shade tolerance
	Regeneration ecology
	Douglas-fir vulnerabilities to abiotic and biotic disturbances

	Management of Douglas-fir
	Even-aged stands
	Plant production, spacing and early establishment
	Young stand management
	Thinning and pruning
	Rotation length

	Mixtures
	Irregular silviculture

	Conclusion
	Acknowledgements 
	References




