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NON-NATIVE TREE SPECIES IN

THE VIEWPOINT OF CLIMATE CHANGE:
CHANCES AND OPPORTUNITIES - CROATIA
AS A CASE STUDY

ALOHTONE VRSTE S GLEDISTA KLIMATSKIH PROMJENA:
PRILIKE | MOGUCNOSTI U HRVATSKOJ

Martina DPODAN', Robert BRUS?, Anne-Mareen EISOLD?, Valeriu-Norocel NICOLESCU*,
Milan ORSANICS, Kristina PRATASIENE®, Sanja PERIC’

Summary

The management of tree species non-native to Republic of Croatia has a certain tradition within Croatian forest man-
agement practice; nowadays, their potential should be regarded and re-evaluated in the new frame of climate changes
and growing society demands for forest products and services. This paper is a contribution to non-native tree species
(NNTS) introduction and use in Croatia, aiming at providing state of the art of NNTS as well as overview of studies
and examples of possible management opportunities. Because of the complexity of the matter and growing need to
further investigate risks and challenges of NNTS in Croatia, authors have continued their research and will publish
the results in a separate paper. Amount of the area occupied by NNTS forest cultures point to the conclusion that the
use of these tree species in forest practice is not reached by far and the nursery production does not back up the need
for NNTS use. Paper also provides a comprehensive overwiev of different aspects and benefits of the use of NNTS in
Croatia. For example, increased wood production and non-wood forest products; production of high quality timber
in short-time periods; use of fast-growing tree species for bioenergy production in higher proportion and enhance-
ment of ecosystem services. Increase of stability and adaptive capacity of forest stands by the use of NNTS is high-
lighted as new silvicultural option for facing climate change. Their use in reforestation or conversion of degraded for-
est to more valuabe and more resistant/resilient stands offers new possibilities. Integrated and site-specific management
is a strategy, which seems to be an appropriate approach for guidelines for the introduction and management of NN'TS
in Croatia. The use of high productive, resistant NNTS presents new silvicultural solution especially important in
terms of site amelioration and enhancement of resistance and resilience of forest stands, which is the most important
component of adaptive forest management strategies.
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1. INTRODUCTION
uvoD

Introduction of non-native tree species (NNTS) to Europe
dates back to the 17" and 18" century with the on-going
industrialization of Europe, when new ideas for settling
enormous demands for wood products had to be resolved.
The management of tree species non-native to Republic of
Croatia has a certain tradition within Croatian forest man-
agement practice; nowadays, their potential should be re-
garded and re-evaluated in the new frame of climate changes
and growing society demands for forest products and ser-
vices. Today, issues of adaptation to and mitigation of cli-
mate changes as well as the question whether these tree spe-
cies could increase the adaptive capacity of forests to
long-term climate change patterns have initiated a new and
growing interest in NNTS. Thus, the variety of examples
and ecological conditions opened the need for gaining in-
sight into possibilities and complex management issues of
NNTS in Croatia. Croatian Forest Research Institute (CFRI)
initiated research activities on optimal NNTS for afforesta-
tion and plantation establishment during 1960’s. Numerous
trials set in different bioclimatic regions of the country
served as permanent trials for the comparison of growth
success of native vs. NNTS (Peri¢ et al. 2006a). Neverthe-
less, no comprehensive overview on possibilities of the use
of NNTS has been compiled so far.

Even though the definition of term NNTS is still not har-
monised globally (e.g. Convention on Biological Diversity,
International Union for Conservation of Nature, United Na-
tions Environment Programme World Conservation Mon-
itoring Centre), all existing definitions consider NNTS as
present species, sub-species or lower taxon, introduced (i.e.
by human action) outside its natural past or present distri-
bution range. Despite the fact that each country (including
Croatia) has different lists of NNTS, the members of COST
Action FP1403 Non-native tree species for European forests
- experiences, risks and opportunities (NNEXT) decided to
focus on tree species with natural past or present distribu-
tion range outside of the European continent as a whole in
a geographical sense. Discussions on issues concerning
NNTS introduction and use in Croatia were initiated during
the Training school (234-27" August 2016) organized in
the frame of NNEXT. The school aimed at exploring
chances, risks and challenges, which managers should
overcome if they target the active use of those tree species
(NNEXT 2016).

This paper is a contribution to NNTS introduction and use
in Croatia, aiming at providing an overview of studies and
examples of possible management opportunities. It tackles
the question of why to introduce and use NNTS to Europe
in general and specifically in the Republic of Croatia? Inve-
stigating their possible role in forest landscape restoration
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(FLR), which is the most prominent activity when it comes
to mitigation of human influences on natural ecosystems
(Stanturf et al. 2015) is especially promising, highlighting
their role in preparing the site for native tree species. Des-
pite all opportunities, possible threats, management risks
and challenges derived from the use of some NNTS should
be considered as a first step in decision making. Neverthe-
less, there are only a limited number of available scientific
publications dealing with these issues, which strongly un-
derlies the need for further research (Celesti-Grapow et al.
2009). Because of the complexity of the matter and growing
need to further investigate risks of NNTS in Croatia, aut-
hors have continued their research and will publish the re-
sults in a separate paper.

2. STATE OF THE ART OF INTRODUCED TREE
SPECIES IN CROATIA )

STANJE ALOHTONIH VRSTA DRVECA U REPUB-
LICI HRVATSKOJ

Strong, nature-oriented forestry, left only little room for the
use of NNTS in Croatia. To date, growing NNTS is mostly
associated with scientific research, while only a small area of
NNTS is used for practical purposes. Table 1 shows an
overview of the most important NNTS in Croatia based on
data from National Forest Management Plan (NFMP -
”Croatian Forests”, Ltd 2016 - 2025) and National Forest
Inventory (NFI - Ministry of Agriculture 2010). Date of
introduction of NNTS were compiled from forest chronicles.
NFI does not provide CAI or MAI but only growing stock
at the time of measurement (2005-2009), and only for NNTS,
which were included into the Inventory (some of them are
possibly present, but in too small amount to be detected with
this method). In NFI it is clearly stated that a small share of
NNTS (in growing stock) is present in Croatia (< 4% in total,
< 1% in private forests). Data from NFMP (2016 - 2025)
shows that all listed NNTS are present in protected forest
areas as well, but only area occupied by Robinia pseudoacacia
(1.74%) is detected with this methodology. This is the reason
why we present data on area occupied by NNTS by individual
Forest management plans. The analysis reveals that the NNT
species most used in forestry practice are Robinia
pseudoacacia L. (12003.88 ha), followed by Pinus strobus L.
(3218.69 ha), Juglans nigra L. (2376.66 ha), Fraxinus
pennsylvanica Marshall. and Fraxinus americana L. (1099.77
ha), Pseudotsuga menziesii (Mirb.) Franco. (393,05 ha) and
Quercus rubra L. (51,99 ha). A difference in data between
NFI and NEMP comes from different methodologies of data
sampling. Two non-native Fraxinus species are present in
Croatia (Borzan et al. 2006). On the area of Pokuplje,
Posavina and Podunavlje Kremer and Borzan (2009) found
Fraxinus pennsylvanica Marshall and F. pennsylvanica var.
subintegerrima (Vahl) Fernald, stating that several
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provenances were introduced in Croatia. Fraxinus americana
L. has a lower share than E pennsylvanica Marshall and was
introduced in the 19" century (Kremer 2006).

Croatian forests Ltd. and private forest owners should use
only those NNTS, provenances and varieties, whose impact
on the ecosystem, genetic integrity of native tree species and
local provenances is professionally evaluated and whose
negative impact can be avoided or diminished (Ministry of
Agriculture, 2005). NNTS could have a positive impact on
rural areas, which is one of the basic targets of Croatian De-
velopment Strategy (Governement of the Republic of Cro-
atia 2017).

3. CHANCES AND OPPORTUNITIES OF INTRO-
DUCING AND USING NNTS

MOGUCNOSTI INTRODUKCIJE I UZGOJA
ALOHTONIH VRSTA

3. 1. Increased wood production and non-wood
forest products and possibilities to increase the
income from forestry sector — Povecéanje proizvodnje
drveta i ostalih Sumskih proizvoda te moguénosti
povecéanja dobiti iz Sumarskog sektora

Demands on forestry products increase continuously and
existing access to natural wood and timber resources may
switch to exploitation and overstraining of forest capacities
underlying permanent pressures by man-induced distur-
bances (Bengtsson et al. 2000). If recovery of those habitats
is disordered profoundly, heavy damages such as degrada-
tion of land can follow. To stop degradation process, fast
establishment of efficient forest ecosystems is a key manage-
ment aim. To prepare forests for future purposes man-made
impairments have to be compensated by artificial restora-
tion of tree populations, which means reforestation with
native or non-native tree species. Increase of productivity
can provide higher income from forests, but this aspect sho-
uld carefully be taken into consideration for each NNTS
since some use can require additional costs.

3.1.1. Enhanced wood production and quality/
diversity of products - Povecanje proizvodnje
drveta i kvalitete i raznovrstnosti drvnih proizvoda

In many cases NNTS have higher growth rates and are more
easily managed than native tree species. Based on growth
and yield (CFRI permanent research plots) and on the gen-
eral vitality of NNTS explored in European beech-domi-
nated sites introduction of eastern white pine, Douglas-fir
and experimentally, grand fir and Pacific redcedar, have ini-
tially been recommended in Croatia (Dokus et al. 1975,
Dokus$ and Gracan 1977, Dokus$ 1981). In lowland area
(Slatki potok locality) the most productive species are east-
ern white pine (478.72 m*/ha) and Douglas-fir (163.83 m’/
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ha) (Orli¢ et al. 1997, Orlié et al. 1985). Three decades after
the establishment of experimental trials in different biocli-
matic regions of Croatia (lowland and hilly areas), intro-
duced Douglas-fir and eastern white pine displayed more
intensive growth and better vitality compared with other
NNTS (Orli¢ 1994, Orli¢ and Ocvirek 1993, 1995,
Komlenovi¢ et al. 1995). Out of those NNTS, better results
and vitality were demonstrated by Abies grandis Lindl. and
Thuja plicata L. European larch and eastern white pine were
the best height and diameter growers while Douglas-fir was
the slowest grower. In year 23 after the trial establishment
the most productive species are eastern white pine (average
growing stock 478.72 m’/ha), European larch (208.89 m’/
ha) and Douglas-fir (163.83 m?/ha). Based of research on
afforestation of fernery and heath areas, species to use un-
der these conditions should be primarily Norway spruce
and eastern white pine (Orli¢ and Ocvirek 1993, 1995,
1996). Douglas-fir is recommended on potentially most
productive sites, and possibly mixed with Norway spruce
or eastern white pine. The follow-up of early research had
proved these species to be good silvicultural options both
in the lowlands, hilly and coastal parts of the country (Peri¢
etal. 2006b, 2009). Provenances of these species can greatly
influence their growth and development in explored site
conditions so strict recommendations are provided in order
to select appropriate provenances and harmonise nursery
production with requirements of practical afforestation
(Peri¢ et al. 2010).

According to NFI data, Robinia pseudoacacia L. also proved
to be an appropriate choice for enhancement of producti-
vity compared with native tree species. For example, the
species has an annual increment of 8.13 m’/ha in the
lowland area (growing stock 3,079,000 m?), 9.29 m*/ha in
hilly area (9,660,000 m?), and 1.65 m*/ha in Submediterra-
nen-Epimediterranen area (7,540,000 m?®) (NFI 2010).
From its first introduction to date this NNT species proved
to be a significant component of Croatian forests, especially
in terms of high productivity.

3.1.2. Increased production of high quality timber
in short-time periods - Poveéanje proizvodnje
visoko kvalitetnog drveta u krac¢im ophodnjama
Sitka spruce has been a fast and productive grower under
quite short rotations in some European countries. Never-
theless, Croatian research results in several trial plots, esta-
blished in different bioclimatic regions show the low pro-
ductivity of this NNTS (Dokus$ 1972b, 1981, Dokus et al.
1972, 1975, Dokus and Gracan 1977, Orli¢ and Peri¢ 2001,
Orli¢ 1998, 1994, Orli¢ and Ocvirek 1995, Peric et al. 2006a).
Consequently, Sitka spruce should be avoided under Cro-
atian conditions. A good choice for producing high quality
timber is black walnut, whose wood reaches 106-800 EUR/
m® on Croatian market. The rotation age of black walnut is
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80 years, when it can reach 32 m height and 42 cm d.b.h.
(Mayer and Rajkovi¢ 2008). Diseases, insects and game
rarely damage it. It dies off only in extremely bad habitat
conditions, especially in morasses waterlogged over long
periods. The silvicultural objective is to produce large
diameter trees/logs in widely spaced rows in a short time.
A further objective is to increase the area of black walnut
plantations up to 2,500 ha, so that in the future, at rotation
age of 80 years, around 30 ha, with a standing volume of ca.
300 m*/ha can be clear-felled yearly. The share of industrial
wood is very high and often exceeds 80% of the overall
wood production.

3.1.3. Use of fast-growing tree species for bioenergy
production in higher proportion - Povecanje
uporabe brzorastucih vrsta drveca za proizvodnju
bioenergije

Apart from industrial wood production, NNTS also found
asuitable place in short rotation forestry (SRF) for bioenergy

Diversity:
mixture with NTS keeps stability
of biotops

Ecology:

compensation of adaptation
deficiencies of NTS preserve
forest stands under shifted
climate conditions

Climate:

preservation of forests as main
carbon sinks fixes C and reduces
intensity of climate change

o

production (e.g. plantations of poplar clones, eucalypts and
black locust). The most important NNTS for bioenergy
production in Balkan region are poplars (e.g. Klasnja et al.
2007, 2009; Stevanov et al. 2010). We should also develop a
way to involve black locust and its excellent energy
production properties, such as (Rédei et al. 2008): vigorous
growing potential in juvenile phase, excellent coppicing
ability, high wood density, high dry matter production,
favourable wood combustibility, relatively fast drying, easy
harvesting and wood processing. Paulownia hybrids, which
gain on public attention in Croatia in the recent years, thus
becoming among the most interesting species for plantation
establishment among private forest owners and
agriculturists. In our country this very productive hybrid is
under the supervision of Ministry for Environment and
Energy and currently can be used on agricultural land (it is
on the list of agricultural species). To our knowledge, there
are no Paulownia sp. plantations on state-owned forest land,
but the number of private forest managers, interested in this

Portfolio:
broader catalogue of tree
species lows silvicultural risks

Productivity:
fast growing NNTS produce
biomass in higher proportions

Economy:

reactivity to market
requirements warrant
favourable risk-benefit-balance

of NTS: limited

Figure 1 Correlation of abundance of native and NNTS with temperature and precipitation as primary affecting abiotic factors. Opportunities of
the use of NNTS are shown as economic (blue-bordered boxes) as well as ecological (green-bordered boxes) benefits.

Slika 1 Korelacija pokrovnosti autohtonih i alohtonih vrsta s temperaturom i oborinama kao primarnim abiotickim ¢imbenicima. Moguénosti uporabe
alohtonih vrsta prikazane su kao ekonomske (kvadrati ogradeni plavom bojom) i ekoloSke koristi (kvadrati ogradeni zelenom bojom).
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species is increasing. Research projects on growing
Paulownia sp. in Croatia are in their initial phase (Drvodeli¢
etal. 2016).

3.2. The use of NNTS as new silvicultural options for
facing climate change and increasing ecological
services of forest stands — Adaptacija na klimatske
promjene i povecanje ekoloske funkcije Sumskih
sastojina uporabom alohtonih vrsta kao novo
sSumskouzgojno rjesenje

Climate change (CC) is expected to have a profound, but
selective effect on forests in temperate and Mediterranean
bioclimatic zones (Hlasny et al. 2014). Several studies con-
ducted for the regions of Balkan and Central Europe have
shown that CC might significantly affect future production
and distribution range of main tree species (Kutnar and
Kobler 2011; Stojanovi¢ et al. 2014). Forests fulfil multiple
functions, but in light of expected CC it is uncertain if they
will be able to cover all presumable needs. Indeed, forest
trees populations generally contain a high genetic diversity
(Porth and El-Kassaby 2014); nevertheless their abilities and
adaptive capacities are limited (Lindner et al. 2010). Gene-
rally, species are not able to adapt to environmental condi-
tions that do not coincide with genetically fixed physiolo-
gical optimum. In the future, tree species that can adapt to
specific local stand conditions will dominate the composi-
tion of forest stands, may they be native or non-native to
Europe (Lindner et al. 2010). To guarantee resilience capa-
cities of forests and woodlands to predicted CC a variety of
species should be planted as mixed stands, and in the case
of pure stand management a broad spectrum of genotypes
enables the ecosystem to recover faster. Problematically,
disturbances such as fire, windthrow or outbreak of pests
and diseases affect species-poor stands more intense and
may cause severe economic losses. In the worst case, large
areas of land remain bare and exposed to erosion and de-
gradation (EAA 2008). In that context, the use of NNTS
may offer chances and opportunities for future forestry and
help to adapt European forests to climate change as major
challenge in the future (EAA 2008). Opportunities of the
use of NNTS are shown in Figure 1.

The lack of natural regeneration of NNTS, in particular a
certain sterility of Douglas-fir and eastern white pine could
be advantageous in terms of reducing the need for silvicul-
tural/control activities and lowering competition with na-
tural regeneration of native species. In stands where Dou-
glas-fir as individual trees or in small groups is recorded,
problems with pollination can be detected. This phenome-
non can be explained by high proportion of sterile seeds,
by damages to female flowers caused by late frosts, as well
as by damages of its seedling colonisations caused by game
species or the invasive Hymenoptera species Megastigmus
spermotrophus Wachtl. (Kinsky and Sika 1987; Busina
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2007). Most studies performed by the CFRI on this topic
focus rather on the survival of seedlings and saplings in re-
cently established stands than on the regenerative potential
of adult trees. However, an investigation carried out in Fo-
rest District Delnice and belonging to pilot study “Rogi”
revealed that the natural regeneration of domestic European
beech and silver fir was more prolific and even dominated
the regeneration of introduced species such as Douglas-fir
and eastern white pine (NNEXT 2016).

3.2.1. Enhancement of the catalogue of suitable
species for forestry in terms of increase of diversity,
reduce silvicultural risks and filling the stand gaps
after disturbances - Povecanje broja prikladnih
vrsta s ciljem poboljsanja bioraznolikosti, smanjenja
Sumskouzgojnih rizika i ve¢ih mogucnosti sanacije
nakon sumskih steta

Diverse climate scenarios highlight the enhancement of pe-
sts and diseases as a severe risk for forestry that has to be
solved. Enrichment of stands with the aim of protection, bi-
odiversity and stability is recognized as a target silvicultural
option in some European countries. The management of
Croatian forests should be performed according to the prin-
ciples of sustainable management but climatic disturbances
and pest damages raised two questions recently: (i) can na-
tive species adapt quickly enough and (ii) to what extent they
can adapt to new conditions? Conversion of low productive
coppice forests and degraded forests, together with broader
possibilities of NNTS use in afforestation of abandoned agri-
cultural land and other available areas refers to the possibi-
lity of using the improvement potential of NNTS species.
The growing problems of management of native tree species,
combined with the potential wider use of NNTS in relation
to predicted CC should be the focus of further research. In
addition, the existance of available land for afforestation in
Croatia could be important (Tijardovi¢ & Peri¢ 2013).

Thus, introduction of NNTS in Croatia is proposed in cases
of significant tree mortality of native tree species (limited
conditions due to CC), when they can serve as alternatives
and could play a significant role in adaptation measures.
Fraxinus pennsylvanica and E americana L. are spreading
spontaneously in Croatia, on areas where native Fraxinus
angustifolia declined (Kremer and Borzan 2009). They fo-
und hybrids between these species, while hybrids with na-
tive F angustifolia were not found pointing to the conclu-
sion that this latter species could represent a good option
for reforestation after forest dieback in the lowlands.
Norway spruce dieback is one of the most pressing situati-
ons where different alternative species should be provided;
in this respect, coastal Douglas-fir (Pseudotsuga menziesii
menziesii) seems to be a good option to meet the future
needs (Cremer et al. 2016). Though, Douglas-fir was badly
affected by the fungal pathogens Phaeocrytopus giumanni
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and Rhabdocline pseudotsugae (Stephan 1981). In Croatia,
large-scale problems with these pathogens were not found.
Even though Douglas fir have shown slow initial growth,
the quick further growth and development of this NNTS in
Croatia in the plain, hilly and mountainous areas (eight
different trials) support European research conclusions that
Douglas-fir could be a very good silvicultural option (Do-
ku$ 1972a, 1981, Dokus et al. 1975, Dokus and Gracan 1977,
Orli¢ 1979, 1981, 1983, 1994, Orli¢ et al. 1985, 1997, Orli¢
and Ocvirek 1993, 1995, 1996, Komlenovi¢ et al. 1995, Pe-
ri¢ et al. 2004, 2006a, 2006b, 2009, 2011). In addition, Do-
uglas-fir provenances growing quickly are also the ones with
better quality and less prone to frost and low temperatures;
conversely, the ones growing slowly have a lower quality
and are more sensitive to low temperatures (Orli¢ and Ocvi-
rek 1996). Despite their good success, primary role of forest
cultures of NNTS should be preparation of site for establis-
hment of native tree species. Therefore, following good
example of Dubravac et al. (2006) these should also be mo-
nitored with the aim of recording spontaneous appearance
of native tree species.

In this respect the use of NNTS, especially those with low
regeneration potential, can serve as a good solution for soil
improvement thus preparing the site for more favourable
native climax tree species. A good example of NNTS pro-
ductivity and their special use for soil improvement is
baldcypress (Taxodium distichum (L.) Rich.) forest culture
(Management unit "Mirna®“, sub-compartment 4 b, 0.63 ha)
located inside the special nature reserve “Motovunska
$uma” (The Motovun forest). In here, even not used for soil
improvement initialy, baldcypress has been very successful
and it could be suitable and commercially interesting for
introduction to similar sites.

3.2.2. New options in restoration of highly
degraded areas and alternatives in the areas with
frequent and severe drought events - Nove
mogucnosti za sanaciju degradiranih i devastiranih
Sumskih povrsina i podrucja Cestih i jakih susa

As the range and competitive potential of existing, native
tree species decline with CC, NNTS may benefit due to gre-
ater ability to thrive in altered environmental conditions.
Ehrenfeld (2010) stated that many NNT species have higher
values of resource-acquisition traits (e.g. morphological,
physiological, and chemical) related to performance than
native tree species. Additionally, Willis et al. (2010) showed
that NN'TS may have greater ability to respond to novel cli-
matic conditions by adjusting their phenology. Thorpe et
al. (2006) believed that a new rationale for introduction of
NNTS is their possible role in retention of the economic
and environmental values associated with forest, especially
in the drought-prone regions. Such areas are present in Cro-
atia along the coast, where higher temperatures and more
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frequent occurrence of droughts and forest fires are predic-
ted in the future. A need for restoration of such areas is con-
stantly present, as well as the need for better silvicultural
solutions. Cedrus atlantica is one of the NNTS that showed
very good success in solving risks-related issues in planta-
tions established in the coastal area (e.g. 55 year-old stand
in forest area “Kontija’, management unit “Lim” - NNEXT
2016). Reforestation of degraded lands with a mix of NTS
and NNTS is a promising method to re-establish trees and
stabilize forests. This solution facilitates recovery of secon-
dary native vegetation (Maestre and Cortina, 2004) and soil
structure and diversity of soil microorganisms get the
chance to recover (Hankin et al. 2015).

On the other hand, the use of NNTS on degraded areas, with
degraded soils, can be suitable for some NNTS (Pilipovic et
al. 2003). The establishment of short rotation coppices (SRC)
could be a first step in the restoration process. Besides vigo-
rous growth and high biomass production, hybrid poplars
are used in different systems of phytoremediation. Most of-
ten poplars are used to clean up sites and groundwater con-
taminated with Volatile Organic Compounds (VOCs), but
they can also be used for the phytoremediation of heavy me-
tals from the soil, uptake of contaminants present in gro-
undwater (e.g. pesticides, fertilizers), nitrate phytoremedia-
tion, etc. (Felix et al. 2008). In addition, reforestation with
black locust on sandy soils in northern Croatia (“Durdevacki
pesci’) started at the end of the 19" century with the pur-
pose of sand fixation and preparation of site conditions for
natural regeneration of other species.

3.2.3. Possibilities of harmonisation and
development of nursery production with needs in
forestry practice - Mogucnosti uskladenja i razvoja
rasadnicke proizvodnje s potrebama u praksi

Seed stands/seed orchards for the production of FRM of
NNTS in Croatia include Douglas-fir, black walnut, black
locust, northern red oak, baldcypress (Ministry of Agricul-
ture 2017). Nevertheless, data from the Supervision of nu-
rsery production of forest seedlings shows very low pro-
duction of NNTS seedlings in Croatia in the last 25 years
(Peri¢ et al. 2008, 2009, 2010, 2013a, 2013b, 2014, 2017).
Recently, NNTS FRM was partially covered by import, ma-
inly of seeds (e.g. in 2015 around 30,000 kg of black walnut
seeds and ca 3 kg of Douglas-fir seeds imported from the
U.S.A.). According to the data of CFRI, in 2010-2015, 7 kg
seeds of Douglas-fir were imported from the Netherlands,
Austria, Slovenia, Hungary and France while 4,000 seed-
lings were imported from Austria. In the same period (only
in 2011), eastern white pine seeds were imported from Slo-
venia (6 kg), while 183,600 seedlings of black walnut were
imported from Hungary. These data clearly show both in-
significant efforts of NNTS afforestation in Croatia, but low
intensity of production of FRM of NNTS as well.
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3.3. Enhancement of biosphere, social functions and
preservation of traditional values of forests —
Povecanje opce korisnih funkcija i o¢uvanje
tradicijske vrijednosti Suma

NNTS can provide a variety of non-wood forest products
and services to society (Table 2). Example of non-wood fo-
rest functions provided by NNTS in Croatia is black locust.
Their exotic appearance, lack of serious natural enemies in
the artificial range, fast growth and high production of
nectar made these species commonly used for firewood,
erosion control, amelioration and reclamation of disturbed
sites, as well as for honey production, animal forage and as
an ornamental tree (Cierjacks et al. 2013). Furthermore,
some NNTS play an important economic role in Europe, a
potential which is not by far reached in Croatia yet. Also,
the use of biomass from SRC can reduce greenhouse gas
emissions as a consequence of reduced fossil fuel inputs and
increased carbon sequestration (Aylott et al. 2008). The
study aimed to compare the benefits for carbon (C) seque-
stration of afforestation with a multifunctional oak-beech
forest vs. a poplar SRC showed that coppice forest reduces
emissions with 24.3-29.3 t CO2 ha! yr! while the mixed
forest reduces with only 6.2-7.1 t CO?ha! yr'' (Deckmyn et
al. 2004). Even though non-native poplars are used in Cro-
atia, their use is limited to certain specific areas neglecting
other potential uses than wood production (e.g. phytore-
mediation). In addition, the public perception of NNTS in
Croatia is often negative and the area and cultural signifi-
cance of some NNTS is neglected. An example of NNTS,
which besides good wood production has a great social and
historical value is a 120-years old Douglas-fir stand in Ze-
lendvor (Management unit ,,Kr¢i”).

6. CONCLUSIONS
ZAKLJUCCI

Following climate and silviculture management scenarios,
NNTS may be an interesting and important option for Cro-
atian forestry in the next decades providing numerous
opportunities compared with to NTS. The overview of in-
troduction and use of NNTS in Croatia as a case study
shows that in spite of good growth and yield results and vi-
tality of some NNT species, a large gap lays between their
introduction and active use in management practice. While
one can find ample examples of NNTS introduction both
in Europe and in Croatia (mostly in trials), the effective use
of NNTS is rare and complex. The need for changing public
perception and to disseminate the knowledge on NNTS to
decision makers, harmonisation of production of NNTS
seedlings with the needs and the potential of NNTS use in
forestry practice and change of legislation underline basic
problems for the active use of NNTS. We strongly propose
that decisions upon NNTS should be based on comparisons
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between NNTS and NTS both in further research activities
and in practical forestry. Thus, integrated and site-specific
management is a strategy, which seems to be an appropriate
approach for guidelines for the introduction and manage-
ment of NNTS in Croatia. Tolerated and actively used in
selected areas, but strictly eradicated in others (e.g. valuable
sites) is considered to be the best option.
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Gospodarenje alohtonim vrstama ima tradiciju u hrvatskome Sumarstvu, ali njihov potencijal se
treba ponovno razmotriti i ocijeniti u novonastalim okvirima klimatskih promjena te rastu¢im
potrebama drustva za Sumskim proizvodima i uslugama. Unato¢ ¢injenici da svaka drzava ima svoj
popis introduciranih vrsta, uklju¢ujuci i Hrvatsku, autori prihvacaju definiciju COST Akcije FP1403
NNEXT te rad baziraju na Sumskim vrstama drveca kojima se prirodni areal nalazi izvan granica Eu-
rope. Ovaj pregledni rad doprinos je saznanjima o introdukciji i aktivnoj uporabi alohtonih vrsta u
zemlji, a obuhvaca dostupne znanstvene i stru¢ne studije te primjere uspjesne uporabe u gospodarenju
$umama. Zbog slozenosti ove problematike autori ¢e objaviti pregled rizika i izazova uporabe alohtonih
vrsta u zasebnome radu. Dostupni podaci o prisutnosti alohtonih vrsta na pokusnim objektima te u
$umarskoj praksi ukazuju kako se u praksi koristi tek manji broj vrsta (Tablica 1), dok su stvarni po-
tencijal i njihove koristi daleko vece. Analiza podataka ukazuje kako su najzastupljenije alohtone vrste
u $umarskoj praksi: Robinia pseudoacacia L. (12003.88 ha), Pinus strobus L. (3218.69 ha), Juglans nigra
L. (2376.66 ha), F. pennsylvanica Marshall. i Fraxinus americana L.(1099.77 ha), Pseudotsuga menzie-
sii (Mirb.) Franco. (393,05 ha) i L Quercus rubra. (51,99 ha). Podaci o proizvodnji Sumskoga reproduk-
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cijskog materijala navedenih vrsta ukazuje da rasadni¢ka proizvodnja nije uskladena s potencijalom
njihove uporabe u praksi. U radu se daje i iscrpan pregled razli¢itih gledista i koristi uzgoja alohtonih
vrsta u Hrvatskoj. Samo neke od njih su (Slika 1, Tablica 2): nove mogu¢nosti proizvodnje visoko
kvalitetnog drveta u kra¢im ophodnjama, kao i drveta za bioenergiju, novih drvnih proizvoda i
tehnologija; socijane koristi (mali i srednji poduzetnici, privatni Sumoposjednici); povecanje stabil-
nosti i adaptabilnosti Sumskih sastojina, ali samo u slu¢ajevima velikih $teta i male plasti¢nosti i ot-
pornosti domacih vrsta; smanjenje intenziteta Sumskouzgojnih radova, kao i ulozenih sredstava na
pripremi stanista prilikom po$umljavanja; ostvarivanje ve¢ih moguénosti uporabe zapustenoga pol-
joprivrednog zemljista i ostalih prikladnih povrsina; sanacija progala ili ve¢ih povr$ina nakon $teta u
sastojinama domacih vrsta (npr. obi¢ne smreke); supstitucija osjetljivih vrsta otpornijim i plasti¢nijim
vrstama (mogu¢nosti mjeSovitih ili obogacenih sastojina otpornijim alohtonim vrstama) te umanjenje
negativnog djelovanja biotskih i abiotskih ¢imbenika. Njihova uporaba u sanaciji povrsina te konver-
ziji degradiranih i devastiranih $uma pruza nove mogu¢nosti posebice na podrucdjima s nepovoljnim
ekologkim uvjetima, za koja se predvida da ¢e biti najpogodenija podru¢ja Hrvatske u buduénosti.
Alohtone vrste mogu osigurati i niz opée korisnih funkcija $uma (npr. poveéanje vezanja ugljika, fitore-
medijacija zagadenih tala). Zbog sloZenosti problematike preporu¢ujemo da se odluke o uporabi
alohtonih vrsta donose na osnovi usporedbe s domacim vrstama za svako staniste te na osnovi pregleda
potencijalnih koristi, ali i rizika i izazova. Isti¢emo kako pojedine alohtone vrste treba poticati, dok
neke zbog svoga invanzivnog potencijala trebaju biti strogo ograni¢ene. Uporaba visokoproduktivnih,
otpornijih i plasti¢nijih alohtonih vrsta predstavlja nova Sumskouzgojna rje$enja, koja su posebice
vazna u smislu pripreme stani$ta za prihvat autohtonih vrsta te poveéanja otpornosti i plasti¢nosti
$umskih sastojina, $to je neizostavna komponenta adaptacijskih strategija gospodarenja Sumama. Ipak,
daljnja znanstvena istrazivanja potrebna su kako bi se kvantificirala uporabljivost svake alohtone vrste,
ali i olaksalo donosenje odluka u praksi.

KLJUCNE RIJECI: nova sumskouzgojna rjeenja, adaptacijske strategije, obnova $umskih krajolika.



