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Abstract
Although native to Australia, Eucalyptus species are found throughout Europe. At present, they are located mainly in the 
Iberian Peninsula and Eucalyptus globulus is the most commonly planted species. Climate forecasts anticipate an expansion 
of Eucalyptus to other regions of Europe. The fast growth of E. globulus, together with its resprouting ability and wood 
properties, has promoted the use of this species in the Iberian Peninsula. The total volume of E. globulus harvested there was 
close to 14 million  m3 in 2019. Eucalyptus species represent the main source of raw material for the pulp and paper industries 
and provide an important source of income to non-industrial owners. Being exotic fast-growing trees, their expansion has 
also been associated with negative environmental impacts. The species therefore poses a series of challenges, while also 
generating opportunities. The objectives of this review paper are: (1) to summarize the importance of Eucalyptus planta-
tions in Europe; (2) to analyse the opportunities and challenges of this genus in present and future plantations in Europe; 
(3) to assess to what extent forest management, at both stand and landscape levels, can reduce negative impacts; (4) to make 
policy and management recommendations that may support the use of this genus in other European regions. These aims are 
accomplished based on a thorough literature review, particularly focused on research developed in the Iberian Peninsula.

Keywords Eucalyptus spp. · Eucalyptus globulus labill. · Management and productivity · Biotic and abiotic risks · 
Environmental impacts · Land use planning

Introduction

Most species of the genus Eucalyptus are native to Aus-
tralia (some species originate from New Guinea, Indonesia 
or the Philippines), where they occur within all but the driest 
parts of the continent and inhabit several distinctive climatic 
zones and vegetation types (Florence 1986). More than 700 
species are currently recognized. Some are widely distrib-
uted, although discontinuously, while others are restricted 
to localized niches. Early Portuguese and Dutch navigators 
may have been the first Europeans to see Eucalyptus trees 
on the Australian continent, but there is no formal record of 
seed collection or plantings before the voyages of Captain 
Cook in 1770. Eucalyptus plantations worldwide probably 
cover more than 20 million ha at present (Rejmánek and 
Richardson 2011) and are dominated by a few species (E. 
camaldulensis, E. grandis, E. tereticornis, E. globulus, E. 
nitens, E. urophylla, E. saligna, E. dunnii and E. pellita) and 
their hybrids, which account for more than 90% of planta-
tions (Stanturf et al. 2013). Eucalyptus globulus Labill. (blue 
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gum) is one of the most widely planted and economically 
important hardwood species in temperate regions of the 
world (Potts et al. 2004).

At present, Eucalyptus represent the second most impor-
tant exotic tree species in Europe, after Robinia pseudoaca-
cia (Brus et al. 2019). They are recognized among the most 
important wood species in Europe, providing feedstock for 
the pulp and paper industries. However, there are concerns 
about their environmental impacts, mainly because Euca-
lyptus are exotic in Europe and phylogenetically very distant 
from European species. This paper has four objectives: (1) 
to summarize the present area of the genus in Europe; (2) to 
review and critically discuss the scientific evidence about 
the opportunities and challenges associated with Eucalyptus 
plantations in Europe; (3) to assess, using the review results, 
combined with silviculture principles and the ecology of 
the species, to what extent forest management, at both stand 
and landscape levels, can reduce the negative impacts; (4) 
finally, to make some management and policy recommenda-
tions needed in order to keep the advantages of using this 
important genus in European plantations while minimizing 
possible harmful environmental impacts. Particular empha-
sis is placed on E. globulus due to its importance in terms of 
area occupied and contribution to the economy, as well as to 
the availability of information.

Eucalyptus expansion in Europe

The first species of Eucalyptus to be planted in Europe was 
E. obliqua, in the greenhouses of the Kew Gardens (Lon-
don) in 1774, whereas the first species planted outdoors was 
E. robusta, in the English Garden of the Royal Palace of 
Caserta (Italy) in 1792 (Silva-Pando and Pino-Pérez 2016). 
In most European countries, the first records of seed intro-
duction date to the nineteenth century. The trees were ini-
tially mainly used for ornamental purposes and were planted 
close to farmhouses and beside roads and railways; they 
were also used to drain swampy areas (Goes 1977), and the 
wood was occasionally used for other purposes, for example, 
to make railway sleepers or mine pit props.

A few different species are cultivated in Europe, but E. 
globulus is preferred for its fast growth and wood properties 
and is by far the predominant species, especially in Portugal 
and Spain. E. globulus is therefore the most widely investi-
gated Eucalyptus species in Europe, with studies addressing 
different topics ranging from productivity to environmental 
issues. In Portugal, E. globulus covers an area of 0.84 mil-
lion ha (ICNF 2019), whereas the corresponding area (all 
Eucalyptus spp, but mostly E. globulus) in Spain is 0.64 
million ha (MAPA 2019). Other species planted in Spain 
include E. nitens and E. obliqua in the north, and E. cama-
ldulensis in the south. The area planted with E. nitens has 

increased greatly, in both Portugal and Spain, due to its fast 
growth in frost prone areas and its lower susceptibility to 
defoliation by Gonipterus (Pérez-Cruzado et al. 2011). At 
present, the annual consumption of Eucalyptus wood in Por-
tugal is 7.8 million  m3 underbark (CELPA 2019). Consider-
ing the export and import (https ://ine.pt/xport al), wood har-
vest can be estimated as close to 6.0 million m3 underbark. 
Eucalypt wood harvest in Spain is 7.6 million  m3 overbark 
(MAPA 2019).

In other European countries, Eucalyptus plantations 
occupy relatively small areas. In the southwest of France, 
plantations have been established with E. gundal hybrids 
(E. gunnii x E. dalrympleana), which now cover an area 
of almost 2000 ha (Melun 2018). However, the total area 
occupied in the country is negligible (Antoine Colin, French 
NFI, pers. comm.). The area covered by Eucalyptus in Italy 
is estimated to be 19,626 ha, mainly in Sardinia (17,396 ha) 
(Patrizia Gasparini, Italian NFI, pers. comm.). Species selec-
tion trials in Greece identified E. bicostata, E. dalrympleana 
and E. viminalis as the species that combine fast growth 
and suitability to local conditions. E. camaldulensis and E. 
globulus have also been reported to show some potential 
(Aravanopoulos 2010). Although we were not able to find 
any official documents reporting the area planted across 
Greece, it is known to be around 44,460 ha in the Pelopon-
nese (https ://green agend a.gr/18366 /). In 1939, Eucalyptus 
species began to be planted in the Mediterranean region 
(Tarsus-Mersin) of Turkey (Sivacioğlu and Şen 2017) and, 
according to the authors, E. camaldulensis plantations now 
occupy an area of 20,000 ha. Similarly, although several tri-
als with different Eucalyptus species have been conducted 
in Ireland (Neilan and Thompson 2008), only E. gunnii was 
reported in the 2017 Forest Inventory statistics, covering an 
area of 10,000 ha (FS-DAFM 2018). After a long history of 
growing Eucalyptus species in arboriculture in Britain, dif-
ferent species have also been tested for forestry since 1950, 
leading to several species of interest for short rotation (Les-
lie et al. 2013; Purse and Leslie 2016a, b). The area covered 
nowadays by the genus is in the order of 300–400 ha, and 
the private estate plantings have become significant (Mason, 
pers. comm.)

The opportunities

The high productivity and suitability of Eucalyptus for 
industrial use have led to the development of a strong pulp 
and paper industry sector, contributing to national econo-
mies and providing an important source of income for 
small, non-industrial landowners. Intensive silviculture of 
the plantations, supported by tree breeding, has been cru-
cial to achieving high productivity. Intensification of silvi-
culture, based on monitoring in order to allocate the best 

https://ine.pt/xportal
https://greenagenda.gr/18366/


European Journal of Forest Research 

1 3

management practices for each place and time, is expected 
to increase the productivity of future plantations.

Productivity

The success of these exotic species is due to their fast growth 
and ability to withstand and recover from harsh environmen-
tal conditions. According to Eldridge et al. (1993): “The 
present-day Eucalyptus have inherited many adaptations 
which allow them to take advantage of periods favourable to 
rapid growth between unfavourable periods”. These adapta-
tions include indeterminate shoot pattern, epicormic shoots, 
coppicing ability, lignotubers, fire-resistant bark and mecha-
nisms to withstand drought and insect attack (Jacobs 1955).

Additionally, several other factors drive the fast growth of 
E. globulus such as its efficiency in the assimilation of carbo-
hydrates (Chaves et al. 2004), the rapid development of leaf 
area after planting (Chaves et al. 2004; Soares et al. 2007), 
its high efficiency to absorb soil nutrients, particularly phos-
phorus, and to recirculate them via resorption or return to the 
soil as litterfall (through leaves, bark, low branches) or root 
death (Madeira et al. 2007; Viera et al. 2016). The efficiency 
in the use of water, measured as aboveground biomass yield 
per unit water transpired, can be as high as 3 kg/m3 in this 
species, using the water consumption figures of Gras et al. 
(1993) and the rates of annual biomass increments.

E. globulus is considered a fast-growing tree in most 
countries where it is planted, allowing the application of 
common rotation lengths of 10 to 18 years for pulp pro-
duction (Ruíz et al. 2008). In Portugal, the productivity 
strongly depends on the environmental conditions. Produc-
tivity in the best sites (13% of the stands) ranges from 24 
to 30  m3 ha−1 yr−1 (overbark stem volume) (Soares et al. 
2007). However, in most stands the mean annual increment 
at 12 years is 7–18  m3 ha−1 yr−1. A recent evaluation of 
clonal and seedling plots in northern Spain reported a range 
of 5–35  m3 ha−1 yr−1, with the highest in deep soils at low 
elevations (García-Villabrille 2015). These values are lower 
than the ones reported in the absence of pest and diseases. 
The range observed in Southern Spain for clonal plantations 
is 12–30  m3 ha−1 yr−1 for rotations of 10–15 years. Most 
long-term permanent trials have demonstrated that the yield 
from the second rotation (first felling after coppice) is 25% 
higher than the first, and that the third rotation is similar to 
the first. In Turkey, the mean annual increment value for 
stand volume was 3–35  m3 ha−1 yr−1 (Sivacioğlu and Şen 
2017).

A study conducted in Portugal to assess the potential 
productivity of E. globulus stands, including fertilization 
and irrigation treatments (described in Tomé et al. 1994; 
Madeira et al. 2002; Soares et al. 2007), showed productiv-
ity levels, at 6 years of age, ranging from 26  m3ha−1 yr−1 to 
47  m3ha−1 yr−1, respectively, in the control and fertilization 

plus irrigation treatments (mean value for each treatment). 
Higher values may be expected for older stands as mean 
annual increment had not yet peaked.

Forest management at stand level

The management of E. globulus plantations, grown as 
even-aged monocultures, has been intensified over time. 
The management system described below refers to well-
managed plantations. Different management practices are 
used by non-industrial owners and pulp companies, with 
more intensive harvesting and fertilizing in the latter case.

A first rotation with planted seedlings is usually followed 
by 2–3 coppiced rotations, as additional rotations have been 
shown to lead to exhaustion of stumps ability to resprout 
(Ruíz et al. 2008). Planting stock is produced in containers, 
as either seedlings or rooted cuttings, although these pro-
duced fewer primary rots, often with no tap root and have a 
shallower root system (Sasse and Sands 1997). This prob-
lem has led to windthrow of planted stock in windy areas 
and eventually to the generalization of mini-cuttings propa-
gation techniques. The use of good-quality planting stock 
has been shown to be key to the success of the plantation, 
and so standards have been established in Portugal, under 
which seedlings should be 3–12 months old and 10–40 cm 
tall with a root collar diameter > 2 mm. The plantation is 
usually manual and carried out in two periods: after the first 
rains in autumn and again in late winter, when the risk of 
frost is lower, until mid-spring while soil humidity is still 
enough. If plant mortality is higher than 10%, gaps are usu-
ally replanted up to 6 months after planting. Removal of 
the shrubs by harrowing or crushing is needed in scrubland 
areas, as well as controlling herbaceous weeds, as this spe-
cies is particularly sensitive to early competition.

Depending on the soil type and depth, different site 
preparation techniques may be needed, such as subsoiling 
along the contours to a depth of 70 cm or digging of plant-
ing holes. Terraces (usually 3.5 m wide) have been dug in 
steeper terrain (slope > 25%), but this transformation hin-
dered later plantation maintenance or logging operations and 
are no longer applied in new plantings (Ruíz et al. 2008). In 
soils where fertility is directly related to the conservation of 
organic matter in upper horizons, windrowing operations 
have been shown to be detrimental to early growth and nutri-
ent status (Merino et al. 2003).

Nowadays, most new plantations involve replanting 
(after the usual 3 rotations) and the treatment of the stumps 
remains controversial. Stump removal is the most expen-
sive technique and has uncertain effects on the productivity 
of the future plantations and is therefore being abandoned. 
Mechanical stump fragmentation followed by harrowing 
is the most commonly used operation. Stumps can also be 
chemically treated to avoid resprouting, with triclopyr being 
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the active ingredient most frequently used, followed by soil 
preparation and planting between the previous planting lines. 
Even so, it should be considered that certification of sustain-
able forest management schemes (i.e. FSC) excludes the use 
of phytochemicals.

Final yield depends only slightly on stand density, even 
if mean annual increment peaks well before rotation age 
in dense stocked stands. For this reason, productivity of E. 
globulus evaluated at the usual rotation age can be highly 
dependent on spacing. For instance, in a trial located in Fura-
douro, Portugal, productivity at 14 years of age varied from 
16  m3ha−1 yr−1, in 5 × 4 m spacing blocks, to 26  m3ha−1 yr−1, 
in one 3 × 2 m spacing block (Soares et al. 2004, 2007). In 
Spain, widely varying results have been obtained as regards 
the effect of initial spacing on E. globulus yield, probably 
because of inter-trial site variability, as well as the range of 
densities considered and the age of evaluation (Ruíz et al. 
2008). In north-western Spain, an experiment comparing 
spacings from 2 × 2 to 3 × 3 m resulted in a 7–18% reduction 
in commercial volume in the least dense arrangement. As a 
result of the balance among initial investment, mortality rate, 
weeding needs and logging operations costs, the common 
range of plantation density is 1000–1250 trees  ha−1 (Ruíz 
et al. 2008).

Seedlings are fertilized at planting with slow release ferti-
lizer (NPKCaMgB) soluble NPK fertilizer or a combination 
of both. Additional applications of a nitrogenous fertilizer 
(which may contain  P2O5 and  K2O) are carried out between 
the first and second years after planting and can be repeated 
throughout the rotation, depending on the soil conditions. 
The proposed practices and prescriptions for Spain have 
been reviewed on the basis of the results of trials, and the 
need to develop site specific practices has been considered 
(Viera et al. 2016). Nutrient management is essential to 
guarantee plantation economic profitability. Several silvicul-
tural decisions, such as which biomass components should 
be harvested, promotion of rapid canopy closure, assessment 
of nutrient status or the use of forest residues as fertiliz-
ers, can reduce the need to apply more mineral fertilizers, 
thereby reducing the risk of environmental problems such 
as eutrophication (Viera et al. 2016).

Along each rotation, mechanical or chemical weed con-
trol is carried out at least during the first year after plantation 
and 3 and 5 years (if required). In coppice management, 
reduction of shoots to yield a stand density close to that 
used in the first rotation takes place between the second and 
third year after harvesting. The first application of fertilizer 
to coppiced stands should take place before thinning the 
shoots, to promote good development of the shoots. Other-
wise, the operations are similar to those carried out during 
the first high-forest rotation.

In the last few decades, important advances in forest 
genetics, tree breeding, nursery techniques, planting and 

tending operations or optimization of harvesting techniques 
have led to the intensification of management to the level of 
precision silviculture. This is mainly applied to plantations 
managed by pulp companies and is far from common in most 
of the area covered by Eucalyptus in Spain and Portugal.

Land use planning at management unit and/
or catchment levels

Nowadays, most experts agree that there is the need to 
upscale forest management and planning from forest stands 
to larger areas. Decisions on land use—themselves manage-
ment decisions—must be taken at management unit and/or 
catchment levels (Fernandes 2013). Regarding Eucalyptus, 
land planning must consider limits to the expansion of the 
area covered by the plantations, retaining a balance between 
land uses at a landscape scale and assisting active manage-
ment of the stands. This is particularly important for control-
ling the risk of forest fires and post-fire spread via natural 
regeneration. Recent legislation in both Portugal and Spain, 
aimed at controlling the area currently occupied by Eucalyp-
tus species, has established restrictions regarding planting 
in new areas.

At landscape level, measures should be taken to guarantee 
environmental protection such as protecting water streams, 
establishing ecological corridors or designing networks of 
fire breaks (Molinero and Pozo 2004; Fernandes 2013). Pulp 
and paper companies are already considering management at 
landscape level, and in Portugal, some policy measures that 
encourage this approach in small non-industrial landown-
ers have been developed, including the promotion of forest 
intervention zones (associations of landowners within the 
same management plan for cooperation to improve forest 
management).

The promotion of forest owners’ associations or forest 
growers’ cooperatives in Spain is another example of col-
laboration throughout the forestry sector brought about by 
a forest management plan. These initiatives are key to com-
plying with the increasing number of regulations regarding 
maintaining a distance between Eucalyptus plantations and 
roads, infrastructures, rural villages, streams and agricultural 
land.

Tree breeding

Genetic improvement of E. globulus was initially focused on 
increasing productivity, but there has been discussion about 
focusing on this objective (Potts et al. 2011). Wood density 
and pulp yield were first incorporated as selection criteria 
in Portugal and Spain followed later, and more gradually, by 
drought tolerance and pest resistance (Soria and Borralho 
1997; Toro et al. 1998). The first breeding programmes were 
initiated in Portugal in 1966 by the Billerud Pulp Company 
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(Dillner et al. 1971) and involved massive selection for size, 
form and cellulose content, in plantations of Portuguese 
landraces. Progeny and clonal trials—and evaluation of the 
performance of the selected individuals—complemented by 
provenance trials to evaluate the variability—confirmed the 
superiority of certain varieties (Almeida et al. 1995; Bor-
ralho et al. 2007). Breeding programmes in both Portugal 
(Borralho and Cotterill 1994) and Spain (Vega et al. 1994) 
increased productivity by around 25- 60% (Borralho et al. 
2007). Chambers and Borralho (1997) identified survival as 
a key trait of breeding programmes whenever early survival 
(in the years after planting) is less than 50%.

Poor rooting ability is a constraint to clonal selection and 
increases the cost per plant. However, using clones selection 
favours higher genetic gain, plant homogeneity and provides 
specific solutions for different environments. Clonal selec-
tion favours higher genetic gain, plant homogeneity and pro-
vides specific solutions for different environments. However, 
the poor rooting ability of this species is a constraint that 
increases the cost per plant.

The uncertainty caused by climate change is a new fac-
tor that must be considered. Genetic variation to climate-
stress drivers exists among and within Eucalyptus species 
and provenances, even in commercially important species 
where genetic selection was first carried out to improve 
growth. However, the extent to which selection for growth 
may reduce adaptability is an important, but understudied 
question. This information is crucial to guaranteeing a broad 
genetic base in breeding programmes and would enable the 
design of appropriate management strategies that could 
reduce climate-associated risks. Eucalyptus plantations have 
a high adaptive capacity, and it is possible to take advantage 
of short rotations that allow the optimization of silvicultural 
practices and planting different genotypes in site-specific cli-
matic conditions (Booth 2013). It is important to understand 
the mechanisms behind stress tolerance and to optimize early 
selection tools by characterizing the most important traits 
associated with drought- and/or heat-stress tolerance in order 
to identify and recommend genotypes that will be suitable 
for the predicted conditions (Correia et al. 2016, 2018a, b).

More recently, comprehensive analyses using post-
genomic techniques such as transcriptomics, proteomics 
and metabolomics have proved very useful for monitoring 
and linking specific physiological variations that increase 
our understanding of drought stress adaptation, tolerance 
and the complex regulatory networks (Warren et al. 2011; 
Correia et al. 2016).

Frost tolerance is of increasing importance in areas 
experiencing rapid climate changes. Leading breeders are 
thus seeking cold tolerant germplasm to expand plantations 
towards colder areas. In France, the FCBA (formerly known 
as AFOCEL) has been breeding Eucalyptus for frost-toler-
ance and growth rate in southern France (Potts and Potts 

1986), producing highly cold-tolerant hybrids with vigorous 
growth and wide adaptability (Harvengt et al. 2017).

Disease and pest resistance have increasing relevance in 
Eucalyptus genetic improvement and selection programs. 
Research has been conducted searching for Eucalyptus spe-
cies less susceptible to the Eucalyptus snout weevil (e.g. 
Gonçalves et al. 2019) as well as E. globulus genetic mate-
rials resistant to Mycosphaerella leaf disease (Pérez et al. 
2016). Some selected genetic materials are now used by 
enterprises for plantation in areas at high risk of a specific 
agent.

Contribution to the income of landowners

E. globulus plantations provide an important source of 
income for small non-industrial forest owners. Plantations 
of this species rank high among the economic investments 
in forest plantations because of the relatively rapid payback 
and the relatively high price of the standing wood (Díaz-
Balteiro et al. 2009). In a survey of 45 stakeholders in the 
Spanish forestry sector, the criterion of the net present value 
(€/ha) ranked highest among 9 criteria of sustainable forest 
management for E. globulus (Díaz-Balteiro et al. 2016). This 
team proposed multi-criteria models in order to include the 
preferences of stakeholders regarding sustainability, includ-
ing social and environmental criteria in addition to economic 
criteria.

Costs and revenues depend on both the silvicultural 
operations required and site productivity. The GLOBU-
LUS model (Tomé et al. 2006), implemented in the Stands-
SIM forest simulator (Barreiro et al. 2016), integrated in 
the sIMfLOR platform (Faias et al. 2012), simulates stand 
development according to user-defined forest management 
approaches (by indicating the calendar for the silvicultural 
operations). The costs and revenues, and other benefits such 
as C sequestration, are among the simulation outputs as well 
as the net present value. An example of the range of net pre-
sent values that can be achieved by the landowners, produc-
tivity and profitability estimates, based on StandsSIM stand 
level simulations, for the range of site indices of E. globulus 
plantations in Portugal, is shown in Fig. 1.

Potential for bioeconomy and non‑wood products

The main product of eucalypt plantations is pulpwood, able 
to produce kraft or dissolving pulp, obtained using the cop-
piced system described before. But single stem systems for 
solid wood production have also been proposed and applied 
in commercial plantations (Nutto and Touza 2006). Indus-
trial uses for solid wood include veneer, plywood, parquet, 
flooring or laminated woods (Sepliarsky 2006).

A sound development of the bioeconomy will likely ben-
efit new potential uses. Eucalypt wood and even bark are 
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being tested to be used for textile fibres (lyocell) and other 
innovative and sustainable products in the last years. Wood, 
bark and even stumps could be sources of bioactive com-
pounds with pharmacological properties, e.g. anti-inflam-
matory, antimicrobial, antibacterial, and probiotic properties 
as natural antioxidants (Domingues et al. 2011; Neiva et al. 
2018), organic growing media formulation (Chematova et al. 
2018) or biofuel production (Neiva et al 2020).

Eucalyptus biomass is also used for bioenergy. In Por-
tugal, the bark and other industry residues are used to pro-
duce electricity, part of it being used by the industry (that 
is self-sufficient), but a large part included in the national 
energy network, representing a share of 6.1% of the energy 
produced in the country (CELPA 2019).

E. globulus are a major source of both nectar and pol-
len for honeybees because flowering is abundant and lasts 
for long periods (Rejmánek and Richardson 2011). In 
northern Spain, old plantations yield several species of 
edible mushrooms, particularly Cantharellus, Tricholoma 
and Boletus, especially when brush cleaning operations or 
grazing is applied (Blanco-Dios 2012).

Contribution to national carbon accounting

Eucalyptus plantations display a remarkable ability to 
sequester carbon; however, several components (soil, above-
ground and belowground biomass) and processes (reduction 
of standing biomass due to felling or fires, transformation 
of wood into products that have very different lifespans, or 
bioenergy substitution) should be addressed in the long term 
(Pérez-Cruzado et al. 2012b). Research on these processes 
has been conducted in both Portugal and Spain.

Measurements from a flux tower established in an average 
site in Portugal (Correia et al. 2007) revealed values of C 
sequestration of 8.6 Mg ha−1 in a wet year, but only 3.3 Mg 
C  ha−1 in a very dry year, with an average for 2002–2006 of 
5.8 Mg C  ha−1. In a study using the inventory method, esti-
mates at age 6 years in a trial with irrigation and fertilization 
treatments showed increases in C (aboveground + below-
ground + soil) after afforestation of between 58.6 Mg C 
 ha−1 in the control plots and 114 Mg C  ha−1 in the irri-
gated + fertilized plots (Madeira et al. 2002). Carbon in soil 
also increased relative to the amount prior to afforestation, 
probably because the soil was not particularly rich in organic 
matter. The average annual increment ranged from 13.7 Mg 
C  ha−1 yr−1 to 22.9 Mg C  ha−1 yr−1.

The carbon storage capacity of the biomass is an evi-
dent result of the ability of E. globulus to grow at a fast rate 
(see section on productivity). Soares et al. (2007) reported 
a mean annual increment in aboveground biomass in the 
first rotation, ranging from 9 Mg C  ha−1 yr−1 in the northern 
coastal to 3 Mg C  ha−1 yr−1 in the Tagus valley. Biomass car-
bon accumulation rates of 8–11 Mg C  ha−1 yr−1 have been 
reported for northern Spain (Pérez-Cruzado et al. 2012a). 
Nonetheless, soil carbon can decrease after planting. In for-
mer pasture land (rich in C) planted with E. globulus, soil 
carbon was reduced by the land use change (Pérez-Cruzado 
et al. 2012a), at least during the first 10 years after affor-
estation. Use of the CO2Fix model also revealed that the 
management practices considering short rotation for pulp 
or bioenergy production led to decreases in soil carbon, 
particularly when logging residues were removed (Pérez-
Cruzado et al. 2012b).

On a nationwide scale, the trends in carbon stocks in bio-
mass clearly depend on the changes in harvests derived from 
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the future wood demand and forest fires. Simulations of C 
sequestration and stock obtained with the SIMPLOT forest 
simulator applied to all Eucalyptus plots measured in the 
fourth National Forest Inventory (1995–1997) in Portugal 
showed a negative balance for a scenario considering an 
increased wood demand to reflect the expected increase in 
the capacity of the wood pulp industry (Barreiro and Tomé 
2011). A new set of simulations using the fifth National For-
est Inventory (2005–2006) data were run using the same for-
est simulator under four scenarios combining different levels 
of wood harvest and fire occurrence (Fig. 2). Between 2006 
and 2019, real data for wood harvest and burnt area were 
used. From 2020 onwards, the scenarios represent differ-
ent combinations of future wood demand (higher and lower, 
WD1 and WD2) and wildfires (higher and lower constant 
burned areas, F1 and F2,) as shown in Fig. 2. The results 
show clear impacts on the C stock and C sequestration with 
scenarios corresponding to less wood harvest and a less 
severe occurrence of wildfires leading to steeper increases 
in C stock and to higher values of C sequestration (from 
− 0.128 Gg  yr−1 of C sequestered in 50 years to 5.818 Gg 
 yr−1). Note that the graphs show C sequestration in the forest 
(C sequestered in products is not considered).

Sustained increases in total carbon sequestration have 
been found at stand scale when bioenergy substitution and 
the carbon stored in products were also considered in a con-
tinuous series of rotations (Pérez-Cruzado et al. 2012b). This 
study also showed that a sawn wood production regime was 
most effective for storing carbon in the soil (because of the 
longer rotation and more frequent slash input derived from 
pruning and thinning) and in wood products.

The challenges

Eucalyptus plantations in Europe face several challenges: (1) 
possible negative impacts on the environment; (2) vulner-
ability to hazards, namely pests and diseases, wildfires and 
climate change; (3) poor management in a large proportion 
of the plantations owned by small non-industrial owners. 
Some of them are generic and affect plantation forestry of 
other species.

Environmental impacts

As fast-growing exotics, Eucalyptus species have raised sev-
eral concerns about their impact on the environment. The 
most commonly studied impacts are related to water use, soil 
degradation, loss of biodiversity and the potential invasion 
of neighbouring ecosystems.

Water use

Concerns about water use by E. globulus in Portugal and 
Spain have led to several research studies, as summarized 
by David et al. (2007). Studies conducted at stand level or 
in small catchments showed that water loss via interception 
was lower in E. globulus stands (11–15%) than in Pinus pin-
aster Ait. stands (17–25%) (Gras et al. 1993; Valente et al. 
1997) as a result of the lesser ability of leaves to retain water 
and the sparse crowns (David et al. 2007). Water storage in 
crowns was found to be 0.41 mm for pines and only 0.21 mm 
for E. globulus, being throughfall and stemflow relevant pro-
cesses in plantations (Valente et al. 1997).

Transpiration was similar in P. pinaster and E. globulus, 
3.0 and 3.6 mm day−1 in spring and 0.8 and 0.5 mm day−1 
in summer, respectively (Loustau et al. 1996; David et al. 
1997). Evapotranspiration in E. globulus stands is simi-
lar to that in other dense forest types, but is higher than 
in open forest or pastures (Almeida and Riekerk 1990; 
Rodríguez-Suárez et al. 2014). Water use levels of up to 
1000–1100 mm year−1 have been recorded in north-western 
Spain (Gras et al. 1993, where the percentage of rainfall used 
is on average 65% for stands of age 5–10 years (Rodríguez-
Suárez et al. 2014). In terms of biomass production per unit 
of water used, this species is very efficient, as has been men-
tioned in the section on productivity.

The water yield of catchments covered by E. globulus 
greatly depends on the regime of perturbations (clearcut-
ting, forest fires, defoliation or silviculture practices such as 
coppice sprout selection). Flow increases only occur shortly 
after clearcutting or any perturbation leading to a decrease in 
foliar area (David et al. 1994; Fernández et al. 2006). These 
hydrological effects were always short lived and depended 
on the rainfall level in the years following disturbance.

Probably the most important hydrological impacts of E. 
globulus are due to changes in land use, e.g. from pasture 
to fast-growing plantations. Relative to the previous pas-
ture, afforestation produced a water yield reduction around 
2000 mm (22% of total stream discharge) during the first 
10 years of planting (Rodríguez-Suárez et al. 2014). Reduc-
tion in water yield became evident after canopy closure at 
age 3 years. Moreover, the relative reduction in discharge 
was greater in summer. Soil water uptake is restricted to 
depths having a relevant presence of fine roots, with 80% of 
root biomass within the top 60 cm of the soil.

Runoff can be increased as a consequence of soil water 
repellency associated with E. globulus, particularly in sum-
mer and after fire (Ferreira et al. 2000; Varela et al. 2005). 
This effect is important for defining post-fire rehabilitation 
treatments. In a study of 16 headwater streams in NW Spain, 
Cordero-Rivera et al. (2017) found that streams with drain-
age basins mainly covered with E. globulus were prone to 
drying up in summer.
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Impacts on soil

As a fast-growing species managed on short rotations, E. 
globulus extracts large amounts of nutrients from the soil 
that are immobilized in the aboveground biomass. Research 
has shown that if only the wood component is extracted, 
fellings are less likely to result in a reduction in soil nutri-
ent content (Merino et al. 2005). In addition, mycorrhizal 
symbiosis is very important in E. globulus, leading to very 
efficient nutrient use (especially of N and P) (Madeira et al. 
2007).

Immobilization of Ca in the aboveground biomass was 
found to be greater than 700 kg ha−1 in Portugal (Madeira 
and Ribeiro 1995) and greater than 350 kg ha−1 in Spain 
(Rodríguez-Soalleiro et al. 2018), although mainly involving 
bark and leaves. Identification of the best biomass fractions 
to be harvested thus decreases the possible impacts on soil 
productivity. Nonetheless, negative balances for nutrients 
are frequent in the case of intensive silviculture entailing 
the removal of logging residues or bark, which is the rule in 
the case of small non-industrial forest owners (Merino et al. 
2005). Mean annual removal of nutrients via harvesting has 
been found to be lower in native stands (Quercus robur, 
rotation age 120 years) than in fast-growing E. globulus 
stands, especially for the same harvesting extraction meth-
ods (Gómez-García et al. 2016).

Erosion can produce soil losses, particularly in new 
plantations or after logging or fire, and a sound choice of 
techniques for soil preparation, wood exploitation and post-
fire rehabilitation is essential, particularly in steep slopes 
(Madeira et al. 2007). The importance of maintaining the 
organic layers of the soil so that the biological cycle of soil 
nutrients is not affected has also been highlighted (Jones 
et al. 1999). The application of fertilizers to E. globulus 
plantations also has positive implications regarding the 
impact on soil nutrients (Madeira and Pereira 1990).

Intense site preparation and harvesting operations may 
lead to alterations in soil and impacts on the ecosystem 
(Madeira et al. 2002). In some sites, productivity remained 
the same after less intense site management, indicating that 
site preparation should be adapted to soil characteristics in 
order to minimize the impacts on soil.

Findings on litter decomposition are rather inconsistent. 
Litter decomposition on a sandstone bedrock increased the 

amount of exchangeable Ca, leading to pH values close to 
neutral (Madeira and Ribeiro 1995), thereby indicating that 
keeping leaves on site after harvesting will contribute to 
replenishing most of the nutrients extracted. Decomposition 
has been found to occur faster in E. globulus stands than in P. 
pinaster (Ribeiro et al. 2002), Castanea sativa and Quercus 
faginea (Canhoto and Graça 1996) but slower than in Alnus 
glutinosa stands (Pozo et al. 1998). However, the opposite 
has been found in a comparison between E. globulus, Q. 
robur and P. pinaster in acid soils (Castro-Díez et al. 2012). 
A more recent meta-analysis showed that decomposed lit-
ter inputs to small streams in E. globulus plantations were 
significantly inhibited relative to the litter decomposition in 
native forests (Ferreira et al. 2016).

The physical properties of the soil in E. globulus stands 
are somewhat different from those of soil in Q. suber and 
P. pinaster stands in which no biomass extraction nor soil 
perturbation occurred during several years (Madeira et al. 
2007), i.e. lower total porosity and greater compaction. Dif-
ferences were also detected in soil hydraulic conductivity 
and soil infiltration rate. Complementary studies showed 
that these effects are mainly due to soil management and 
silviculture and are not directly due to the species (Madeira 
et al. 1989, 2002).

Loss of biodiversity

In a global context of increasing wood demand, plantations 
are sometimes associated with the protection and restora-
tion of natural forests. However, most planted forests are 
grown primarily for wood production and are typically char-
acterised by lower levels of biodiversity than mixed natu-
ral forests (Brockerhoff et al. 2013). There is also scientific 
evidence of a negative impact of E. globulus plantations on 
biodiversity, when compared to native ecosystems. This has 
been demonstrated by numerous studies developed both in 
Portugal and Spain, for all major groups of species. Table 1 
presents a summary of studies comparing the biodiversity 
of E. globulus stands with ecosystems mostly dominated by 
species that are locally native. The results are quite impres-
sive, as no study has detected a positive effect of E. globu-
lus on the diversity (expressed as species richness or other 
diversity indices) of any group of species. Whether this 
impact is related to the intensive silviculture that is typical 
of E. globulus stands, or whether it is related to the intrin-
sic nature of the species, it is not always easy to tell. The 
lack of co-evolution with local species may explain part of 
this impact, but there is also evidence that management can 
make a difference. Fabião et al. (2007) reviewed research 
conducted in several related experiments in Portugal on the 
impacts of different management alternatives on the under-
story vegetation of E. globulus plantations (Cerveira et al. 
1999; Jones et al. 1999; Fabião et al. 2002; Carneiro et al. 

Fig. 2  Changes in wood harvested, carbon stock and carbon seques-
tration in the forest for the whole of Portugal considering four sce-
narios that combine two levels of wood demand with two fire scenar-
ios (own simulations with the StandsSIM simulator). Top row: wood 
demand scenarios on the left (WD1 and WD2) and fire scenarios 
on the right (F1, F2): middle row; comparison of wood demand and 
wood harvested for scenarios WD1-F1 (left) and WD2-F2 (right); 
bottom row: evolution of the C stock (left) and of the C sequestered 
(right) for WD1-F1 and WD2-F2 scenarios

◂
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2007, 2008, 2009). The intensity of harvesting, residue 
extraction and soil disturbance had a significant impact on 
understory diversity. The highest number of species in most 
years occurred in plots where slash was removed, but differ-
ences in the proportion of plant soil cover were never signifi-
cant. Differences in diversity were also detected as a conse-
quence of soil disturbance (Carneiro et al. 2007, 2008), with 
lower diversity observed in treatments including harrowing.

Plantations managed using low-intensity approaches can 
harbour large amounts of plant biomass in the understory, 
although with relatively low local diversity. Although suc-
cessional changes were found within the understory of E. 
globulus plantations with increasing age, key components of 
the flora of native forests were not found in mature planta-
tions (Calviño-Cancela et al. 2012). In a study of 16 headwa-
ter streams in NW Spain, Cordero-Rivera et al. (2017) found 
that macroinvertebrate richness and diversity decreased as 
the area of land covered by E. globulus plantations increased. 
A recent study has shown that structural tree diversity, but 
not species richness, is higher in pine stands in Portugal than 
in E. globulus stands, which, in turn, hold larger numbers 
of exotic species (Vaz et al. 2019). These differences appear 

to result from the inherent characteristics of the species but 
also from the different management practices applied to each 
forest type. Besides the direct effect of E. globulus on bio-
diversity because of a disruption of food chains and habitat 
loss, there is also evidence of strong negative allelopathic 
effects on understorey vegetation (del Moral and Muller 
1969; Molina et al. 1991; Souto et al. 2001). Interestingly, 
these effects were found to be more important in the intro-
duced range (including Portugal) than in the native range of 
E. globulus (Becerra et al. 2018).

In the case of vertebrates, the studies are quite consistent 
in showing the negative impact of E. globulus on species 
diversity, in many cases accompanied by a decrease in plant 
diversity (e.g. Calviño-Cancela 2013; López et al. 2018), in 
comparison with native ecosystems.

Invasiveness

The invasiveness of Eucalyptus trees is not clear and tends 
to be controversial, probably because invasion events are 
strongly context-dependent. Eucalyptus are generally less 
successful invaders than other widely planted trees such as 

Table 1  Summary of research studies comparing the diversity of major species groups, between E. globulus stands and local ecosystems, in Por-
tugal and Spain

Impact on diversity is presented according to statistical evidence as negative, non-significant and positive. Column “Reference genus” indicates 
the genus of dominant native woody species used for comparison in each study

Species group References Country Impact on diversity Reference genus

Negative Neutral Positive

Fungi Bärlocher and Graca (2002) Portugal X Castanea, Quercus, Pinus
Chauvet et al. (1997) Spain X Alnus

Lichens Calviño-Cancela et al. (2013) Spain X X Pinus, Quercus
Calviño-Cancela et al. (2020) Spain X Pinus

Plants Araújo (1995) Portugal X Quercus
Calviño-Cancela et al. (2012) Spain X X Quercus, Pinus, Ulex, Erica
Goded et al. (2019) Spain X Quercus, Castanea, Betula
Lomba et al. (2011) Portugal X Pinus
López et al. (2018) Spain X Quercus
Proença et al. (2010) Portugal X X Quercus, Pinus
Vaz et al. (2019) Portugal X Pinus

Invertebrates Abelho and Graça (1996) Portugal X Castanea, Quercus
Cabral and Martins (1985) Portugal X Pinus
Cordero–Rivera et al. (2017) Spain X Alnus, Betula, Quercus, others
Serralheiro and Madeira (1990) Portugal X Quercus
Sousa et al. (2000) Portugal X Quercus, Pinus

Vertebrates Araújo (1995) Portugal X Quercus
Bongiorno (1982) Spain X Pinus, Quercus, Ulex
Calviño-Cancela (2013) Spain X X Pinus, Quercus
Goded et al. (2019) Spain X Quercus, Castanea, Betula
López et al. (2018) Spain X Quercus
Proença et al. (2010) Portugal X X Quercus, Pinus
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Pinus spp., Acacia spp. and Proposis spp. (Rejmánek and 
Richardson 2011; Fernandes et al. 2016). Nevertheless, 
there is growing concern about Eucalyptus invasiveness. In 
Europe, all research on this topic has so far been conducted 
in the Iberian Peninsula region and was focused exclusively 
on E. globulus.

Some studies have shown that E. globulus can generate 
abundant offspring close to parent plants in many parts of 
the Iberian Peninsula (Catry et al. 2015; Díaz 2016; Águas 
et al. 2017; Fernandes et al. 2018). Surveys conducted out-
side plantations showed that E. globulus can spread into 
adjacent habitats (Águas et al. 2014; Fernandes et al. 2016; 
Deus et al. 2019; Vaz et al. 2019), even though habitats 
such as native forests seem to be more resistant to inva-
sion (Calviño-Cancela and Rubido-Bará 2013; Fernandes 
et al. 2017). Despite high mortality rates in the first months 
(Calviño-Cancela and Rubido-Bará 2013; Fernandes et al. 
2017), field surveys confirmed that E. globulus wildings can 
overcome the most critical stages of survival, both inside 
(Águas et al. 2014) and outside of plantations (Fernandes 
et al. 2016; Deus et al. 2019). In fact, many wildings reach 
sexual maturity (Deus et al. 2019), a key step in the pro-
cesses of naturalization and invasion.

The seeds of E. globulus lack specific adaptations for 
distance dispersal. Some observations on the spread from 
plantations in different studies are illustrated in Fig. 3. All 
studies show that wilding density decreases sharply with dis-
tance from the plantation (note the logarithmic scale). The 
spread from plantations is considerably lower in SW Aus-
tralia (max. 20 m). Studies conducted in Portugal yielded 
similar recruitment curves, decreasing up to 75–76  m 
from plantations (Fernandes et al. 2016; Deus et al. 2019), 
although with different values, which can be partly explained 

by differences in sampling methods and study regions. The 
dispersal distance was found to be enhanced by dominant 
winds and natural drainage lines (Deus et al. 2019). In NW 
Spain, seeds have been found at distances of up to 80 m from 
plantations (Calviño-Cancela and Rubido-Bará 2013). The 
higher dispersal potential in Spain can probably be explained 
by the use of a stochastic model using data from sowing 
experiments and seed dispersal, which may have led to over-
estimation of wilding density.

Research in the Iberian Peninsula region has uncovered 
some key factors influencing E. globulus recruitment. Cli-
matic variables such as annual precipitation and tempera-
ture seem to be decisive in explaining regional differences 
in E. globulus recruitment (Catry et al. 2013, 2015; Deus 
et al. 2016; Díaz 2016; Queirós et al. 2020). At a local scale, 
disturbance plays a key role. For example, artificial distur-
bance (vegetation removal and soil scarification) favoured 
the germination of seeds (Fernandes et al. 2017), similar 
to harrowing (Nereu et al. 2019). Surveys outside planta-
tions showed that the level of soil disturbance is positively 
related to the abundance of E. globulus wildings (Fernandes 
et al. 2018). Small seeds imply that the seedling have small 
reserves and are therefore very sensitive to competition. 
Plant competition thus seems to be a major limitation to 
recruitment (Deus et al. 2019; Nereu et al. 2019). Fire is 
perhaps the most important disturbance associated with E. 
globulus recruitment (Águas et al. 2014; Calviño-Cancela 
et al. 2018). Apart from a competition-free soil bed, fire 
promotes massive, synchronized, fire-triggered seed dehis-
cence in the weeks following fire (Santos et al. 2015). Other 
studies have shown that E. globulus recruitment is positively 
influenced by the age and number of rotations of plantations 
(Larcombe et al. 2013; Águas et al. 2017), which is probably 

Fig. 3  Average density of E. 
globulus wildlings and distance 
from plantation edge, according 
to four different studies (only 
survey transects with registered 
plants). Negative exponential 
curves fitted to the data from 
each study. Data retrieved from 
plots in the studies
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related to their reproductive output (Larcombe et al. 2013; 
Deus et al. 2019). The higher recruitment, compared to the 
native range, found in Portugal by Águas et al. (2017), may 
be in part explained by the smaller number of animal species 
that feed on E. globulus seeds (Deus et al. 2018b).

Control of E. globulus is simpler than that of exotic spe-
cies that form a long-lived soil seed bank (Acacia spp.) or 
resprout from root suckers (e.g. Ailanthus altissima). The 
risk of invasion by E. globulus is generally low, provided 
that active management of adjacent areas is carried out or 
that safety belts are created by clearing land or encouraging 
growth of grasslands or stable native forests around planta-
tions (Calviño-Cancela and Rubido-Bará 2013). However, 
this does not generally occur in Portugal and Spain, where 
the frequent abandonment of plantations and surrounding 
areas (Vaz et al. 2019), associated with the occurrence of 
wildfires, may provide favourable conditions for invasion.

Vulnerability to hazards

The main risks to E. globulus plantations are fire and pests 
and diseases. Being a cultivated species, the risks that the 
stands face depend on the management decisions (plant 
material, planting stock) and the frequency of silvicultural 
operations such as understorey management, shoot selection, 
pruning in solid wood schemes, fertilization and others. Cli-
mate change can play a determining role in the risks faced 
by plantations, since drought episodes are expected to be 
longer and more severe.

Pests and diseases

Since Eucalyptus were first introduced to Europe in the nine-
teenth century, for decades the trees have been characterized 
by their extraordinary health. This exceptional situation can 
be attributed to two main factors. First, only a few native 
European insect pests sporadically feed on trees, because 
of the lack of co-evolutionary history. Secondly, Eucalyp-
tus were originally introduced to Europe free of their native 
insect fauna.

Regarding native European insect pests, it is worth to 
note that about 170 years after plantations were first estab-
lished, and despite the large areas occupied by the species, 
no native insect pest represents a particular risk to Euca-
lyptus plantations in Europe. Still, some polyphagous spe-
cies occasionally feed on trees (Branco et al. 2015). These 
include insect pests in two main groups: (1) xylophagous 
species that feed on the tree trunk, or stumps, and (2) root 
feeders. The former are generally associated with decay-
ing trees or dead wood, and do not represent a potential 
problem for plantations. Reported species include some 
ambrosia beetles, such as Xyleborinus saxesenii, Xyleborus 
dispar and Platypus cylindrus (Lombardero and Fernández 

1997), and generalist xylophages (Cabral 1983). The second 
group is mainly represented by cockchafers (in the family 
of scarab beetles), such as Melolontha spp. and Anoxia vil-
losa (Col: Scarabaeidae; Melolonthinae), which feed on the 
root system of young plants (Ferreira 1998). These polypha-
gous beetles may occasionally cause significant mortality of 
seedlings in young plantations. Nevertheless, the problems 
associated with cockchafers are restricted to particular con-
ditions that favour build-up of the insect populations, such as 
the presence of dense shrubby vegetation before plantation 
and sandy soils (Ferreira 1998). Highly generalist defoliators 
such as the gypsy moth, Lymantria dispar, are sporadically 
observed feeding on Eucalyptus trees. By contrast, in regions 
of South America and Asia that are home to many native tree 
species within the Myrtaceae family, several native insect 
pests were observed to expand their host range from native 
flora to Eucalyptus trees inflicting significant damage on 
plantations (Zanuncio et al. 1994).

The healthy status of Eucalyptus trees has gradually 
changed with the arrival and establishment in Europe of 
Australian insect pests and pathogens. This invasive pro-
cess began in the 1920s, but only became noticeable after 
the 1970s and increased exponentially thereafter, following 
global trends of biological invasions (Hurley et al. 2016). 
The psyllid Ctenarytaina eucalypti (Maskell) (Hem., Psyl-
loidea) was the first to arrive in Europe in the 1920s and 
was first found in England and France (Mercier and Pois-
son 1926). This psyllid mainly affects young trees and is 
very host-specific; in Portugal, it only became an important 
problem in the 1970s as the area occupied by plantations 
increased (Azevedo and Figo 1979). The next serious prob-
lem was caused by the wood borer Phoracantha semipunc-
tata (Col: Cerambycidae). In Portugal, this species was first 
reported in 1980 and within four years caused high mortality 
rates in affected trees (Araújo et al. 1985). Other species also 
arrived, and there are currently at least 16 invasive insect 
species and numerous pathogens that affect Eucalyptus 
plantations in Europe. The insect species are represented by 
distinct feeding guilds, including 6 sap suckers, 4 defoliators, 
4 gall wasps and 2 wood borers (Table 2).

As observed with insect pests, opportunistic pathogens 
occasionally infest trees, usually under conditions of stress. 
These are mainly fungi such as Armillaria spp. and Phel-
linus torulosa, which cause root rot and wood decay. Since 
the 1990s, a complex of fungal species native to Australia, 
commonly known as Mycosphaerella, has been causing leaf 
necrosis and severe defoliation, especially in young planta-
tions (Branco et al. 2014). Fungi such as Botryosphaeria 
spp. and Neofusicoccum spp., which cause trunk canker, 
have also been reported in stands suffering from severe die-
back. Tree stress due to drought may particularly increase 
the susceptibility of Eucalyptus trees to these diseases (Bar-
radas et al. 2018, 2019).
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Insect pests and pathogens have changed forest manage-
ment in the affected areas. Following the establishment of 
P. semipunctata in Portugal in the 1980s, marginal areas 
for the production of E. globulus shifted to other types of 
land use. Gonipterus platensis is the main pest in Iberian 
Peninsula. In Portugal, it was estimated to have caused an 
economic impact of 648 million euros due to wood loss over 
20 years (between 1996 and 2016) (Valente et al. 2018). In 
the areas mostly affected by G. platensis (higher elevations 
and shallow soils), E. globulus is being replaced by E. nitens, 
a less susceptible species. Use of selected genetic material 
is also one of the main strategies considered for the areas 
affected by Mycosphaerella leaf disease (Pérez et al. 2016), 
as the continuous use of fungicides is environmentally and 
economically unviable.

The introduction of natural enemies brought from Aus-
tralia, through classical biological control, has been the most 
helpful strategy. A good example is the success achieved in 
controlling C. eucalypti by release of the parasitoid Psyl-
laephagus pilosus Noyes (Hym: Encyrtidae) in France and in 
Ireland (Chauzat et al. 2002). Similarly, the introduction of 
the egg parasitoid Anaphes nitens in the 1970s successfully 
controlled Gonipterus sp. in Italy and France. A. nitens was 
also released in the Iberian Peninsula region to act against 
G. platensis. Although in this case success was restricted to 
a few areas (Reis et al. 2012), the programme was still highly 
economically profitable (Valente et al. 2018). Another Aus-
tralian egg parasitoid, Anaphes inexpectatus, was introduced 

in Portugal following biological and risk assessment stud-
ies (Valente et al. 2017a, b). Although a small number of 
parasitized egg masses were observed in the field after 
release, its establishment status is still uncertain. Further, the 
establishment of the parasitoid population could have been 
compromised by the large forest fires that occurred in 2017 
and burned the plantation area where A. inexpectatus has 
been released (C. Valente, pers. communication). In addi-
tion, some parasitoids have arrived by chance: for example, 
Avetianella longoi (Hym: Encyrtidae), an egg parasitoid of 
P. semipunctata, was found to occur in Italy and Portugal 
(Siscaro 1992). More recently, the parasitoid Psyallaepha-
gus blitaeus has been also recorded in Europe, and probably 
arrived together with its host Gonipterus brimblecombei. 
However, to date no classical biological control has been 
used to control some of the insect pests. In the case of psyllid 
species, many predators native to Europe, such as lacewings, 
ladybirds, predatory bugs and spiders, may still exert some 
natural control on these species (Azevedo and Figo 1979; 
Valente and Hodkinson 2009).

Wildfire

The annual average area of Eucalyptus forest burnt between 
1996 and 2012 was 15 thousand ha in Portugal (ICNF 2015) 
and 5 thousand in Spain (MAPAMA 2019), with an increas-
ing trend of megafires larger than 500 ha. A study carried out 
in Portugal ranking the risk of susceptibility to fire damage 

Table 2  List of invasive pests affecting Eucalyptus spp. in Europe (Branco et al. 2014; Hurley et al. 2016)

a Countries appear by order of first records
Countries abbreviations: ES—Spain; FR—France; IE—Ireland; IT—Italy; PT—Portugal; UK—United Kingdom

Insect Family (Order) Feeding guild Countries  affecteda Date of first 
record in 
Europe

Ctenarytaina eucalypti Psyllidae (Hem.) Sap-sucker UK, FR, ES, PT 1922
Phoracantha semipunctata Cerambycidae (Col.) Wood borer IT, PT, ES, FR 1970
Gonipterus sp. Curculionidae (Col.) Defoliator IT, FR 1975
Gonipterus platensis Curculionidae (Col.) Defoliator ES, PT 1991
Phoracantha recurva Cerambycidae (Col.) Wood borer ES, PT, IT 1998
Ophelimus maskelli Eulophidae (Hym.) Gall-former IT, ES, PT 1999
Leptocybe invasa Eulophidae (Hym.) Gall-former IT, ES, PT 2000
Ctenarytaina spatulata Psyllidae (Hem.) Sap-sucker ES, PT 2002
Blastopsylla occidentalis Psyllidae (Hem.) Sap-sucker IT, ES, PT 2006
Glycaspis brimblecombei Psyllidae (Hem.) Sap-sucker PT/ ES, IT 2007
Ctenarytaina peregrina Psyllidae (Hem.) Sap-sucker UK/IE 2007
Ophelimus mediterraneus Eulophidae (Hym.) Gall-former FR, IT, PT 2011
Thaumastocoris peregrinus Thaumastocoridae (Hem.) Sap-sucker IT, PT, ES 2011
Paropsisterna selmani Chrysomelidae (Col.) Defoliator UK/IE 2014
Trachymela sloani Chrysomelidae (Col.) Defoliator SP 2014
Epichrysocharis burwelli Eulophidae (Hym.) Gall-former PT 2015
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of the main forest species showed that E. globulus planta-
tions were second in the ranking, among eight species, after 
P. pinaster (Silva et al. 2009). A recent study by Fernandes 
et al. (2019) could not find a relationship between the expan-
sion of E. globulus stands and the increase in the burned 
area in Portugal, probably because this expansion replaced 
previously existing highly flammable fuel types, including 
shrublands and pine stands. Nonetheless, as these authors 
point out, the fire hazard associated with eucalypt-dominated 
stands may increase in the future because of the high propor-
tion of abandoned plantations (see section on management). 
Mixed stands of E. globulus and P. pinaster, which occur 
as a consequence of abandonment, are very common and 
represent the highest fire hazard among all forest types in 
Portugal (Moreira et al. 2009). Another problem frequently 
reported by fire fighters is that fire suppression is difficult 
because of intense spotting at the fire front (Ganteaume et al. 
2010). However, this topic remains poorly studied and war-
rants further research.

Although the combustibility of E. globulus plantations 
depends on the type of management, the stands tend to be 
highly flammable (Mirra et al. 2017). The understorey rap-
idly accumulates litter and debris, including exfoliating bark, 
as well as understory bushes (Arellano et al. 2016). These 
plantations are inherently vulnerable to fire, and fuel con-
trol should be conducted every 3 to 5 years in areas where 
there is a high recurrence of ignitions (Mirra et al. 2017). 
On the other hand, E. globulus has a remarkable capacity to 
withstand and recover from fire, thus rapidly attaining fire 
hazard levels (fine fuel loads) similar to the pre-fire situa-
tion (Gouveia et al. 2010). The threats that forest fires pose 
to rural communities have led to the need for the law to be 
enforced on several occasions to ensure that forest owners 
maintain plantations with low load of brush biomass and the 
Eucalyptus trees are at a safe distance from villages.

Prescribed burning has frequently been proposed as a 
potentially useful management tool for reducing fire hazard 
in E. globulus stands by modifying the understory fuel struc-
ture (Fernandes et al. 2013; Jiménez et al. 2012). Its opera-
tional adoption has, nevertheless, been slow, uneven and 
inconsistent, as its implementation is constrained by regula-
tions and by cultural and socioeconomic factors (Fernandes 
et al. 2013). Studies in Galicia have revealed that young 
E. globulus stands can be treated with prescribed burning 
without crown scorching and without any apparent decrease 
in diameter growth, provided that the damage is restricted to 
the stem (Jiménez et al. 2012). However, because of the thin 
bark, epicormic basal shoots are relatively frequent when the 
fireline intensity is higher than 300 kW m−1 (Vega 1985).

Risks associated with climate change

According to the IPCC (2014), surface temperature is pro-
jected to rise in the twenty-first century in all emissions sce-
narios assessed. It is almost certain that there will be more 
frequent hot and fewer cold temperature extremes over most 
areas of land on daily and seasonal timescales, as the global 
mean surface temperature increases. Heatwaves are expected 
to occur with a higher frequency and longer duration. Occa-
sional cold winter extremes will continue to occur. Changes 
in precipitation will not be uniform. Predicted scenarios for 
the European climate at the end of this century suggest a 
slight reduction in annual precipitation and an extension of 
rainy seasons. In the Mediterranean area, drought periods 
will probably become more frequent and longer.

The climatic scenarios available for the Portuguese ter-
ritory as well as the trends in the last 30 years suggest an 
increase in the frequency of dry years and a decrease in 
spring precipitation. In this context, the impact of climate 
change on E. globulus stands in Portugal has been studied 
using the GOTILWA + model, with a predicted increase 
in productivity in northern regions and, probably, in the 
central coastal regions, but a reduction in productivity in 
regions to the south of the Tagus river as a consequence 
of the increased drought (Correia et al. 2007). The interest 
in maintaining plantations in this region of the country is 
therefore questionable and, consequently, climate change 
may determine the displacement of species according to the 
optimum climate zone for growth. Productivity may increase 
in some European plantations and decrease in others. Deus 
et al. (2018a) modelled the future distribution of E. globulus 
plantations in the Iberian Peninsula region by considering 
two ICPP representative (greenhouse gas) concentration 
pathways (RCP): RCP2.6 and RCP8.5. The results suggest 
that the suitable range will decrease slightly under the best 
scenario (RCP2.6) but is expected to be drastically reduced 
(to half of the current range) under the worst scenario 
(RCP8.5). However, both scenarios show a gain in new areas 
for cultivation towards inland areas in the northern regions 
and towards higher elevations. Moreover, in both scenarios, 
there will be an overall improvement in the suitability for E. 
globulus plantations within the receding ranges. A similar 
study has also shown that current bioclimatic zones associ-
ated with E. globulus will be reduced slightly (under RCP4.5 
and RCP8.5) and relocated (Costa et al. 2017).

The use of hybrids may help to find adequate genotypes 
for each environment. For instance, some frost resistant 
hybrids are already being used: E. gundal, an hybrid E. 
gunnii × E.dalrympleana; E. globulus × E. viminalis; E. 
globulus × E. gunni; E. globulus × E. cypelocarpa.

Under future climate scenarios, trees will experience 
new biotic and abiotic environments and stresses, such as 
drought, temperature extremes, flooding, wildfire and novel 
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insect and disease pressures (Correia et al. 2018a, b). The 
REINFFORCE1 arboreta network, with 38 sites between 
latitudes 37° and 57°, include E. nitens, E. globulus and a 
clone of E. gunnii x dalrympleana. After four years, the best 
climatic predictor explaining the survival of broadleaved 
species was precipitation-transfer distance, and annual 
height increment was mainly explained by an annual dryness 
index (ADI) calculated as the square root of growing season 
degree-days divided by annual precipitation in both conifers 
and broadleaved trees (Correia et al. 2018a, b). The clone E. 
gunnii x dalrympleana showed a very high growth potential 
and also considerable variability along the arboreta network. 
The height growth of E. globulus was reasonably constant 
along the ADI gradient, with a slight increase in growth at 
higher ADI values (Correia et al. 2018a, b).

The frequency of storms has increased in Europe as a 
result of climate change. In Portugal, some episodes have 
also occurred and this hazard is beginning to be considered 
important. E. globulus trees are windfirm by the time they 
reach sapling size, but because the root system develops 
slowly, seedlings or saplings can be windthrown (Skolmen 
and Ledig 1990). In northern Spain, where winter wind-
storms are frequent, most damage occurs as stem breakage.

Consequences of poor management

In Portugal and Spain, most Eucalyptus plantations are 
owned by small non-industrial private owners, a large major-
ity of whom do not implement the management practices 
needed at stand level to obtain high productivity. In addition, 
most of these owners do not participate in associations that 
could maintain the mosaic of landscapes needed to promote 
sustainable forest management. Rural areas in both countries 
face serious problems of depopulation, agriculture abandon-
ment and lack of active forest management. In areas where 
small non-industrial forest owners have very small plots of 
land, active management is usually uncommon. However, 
the degree of involvement in land management varies among 
regions (Rodríguez-Vicente and Marey 2009).

In both countries, forest and tax regulations require 
detailed consideration of management decisions, accounting 
and felling licences, as well as revision of management plans 
(even for simple forest management plans) and bureaucratic 
issues with different administrations and even certification 
activities (certification of small non-industrial forest own-
ers’ groups has been successful). Professionalization of sil-
vicultural activities is therefore required and is still far from 
being achieved.

Genetically improved material is mainly used in plan-
tations owned/managed by the forest industry, and only a 
small proportion of the private plantations (10% according 
to Almeida et al. 2005) use this type of material, partly due 
to shortage of nursery supplies. Clones derived from several 
generations of breeding are now often commercially avail-
able in Spain (Ruíz et al. 2008), where site and clone specific 
silviculture is envisaged, but has not yet been fully achieved.

When Eucalyptus trees became popular in Portugal, sev-
eral private landowners rapidly took the decision to plant E. 
globulus without prior analysis of the suitability of the land 
for the species. Therefore, the present area includes many 
inland areas where growing E. globulus is not profitable. 
This has also led to the abandonment of such plantations.

Abandonment of plantations by individual landowners 
is often motivated by the recurrence of fire, which discour-
ages investment in stand management (Silva et al. 2011). 
In 2005, mixed stands, corresponding largely to abandoned 
plantations, covered an area of 173,000 ha, representing 
an increase of 75% relative to the previous national forest 
inventory (AFN 2010; Silva and Tomé 2016).

Converting plantations located in unsuitable areas to 
other land uses, preferably native forests, and bringing 
poorly managed plantations to their potential productivity 
is one of the greatest challenges related to E. globulus in the 
Iberian Peninsula region.

Using the opportunities while caring 
for the challenges: the importance of good 
management and appropriate forest policy 
measures

E. globulus is the second most planted exotic tree species in 
Europe (Brus et al. 2019), and its importance to the economy 
of some countries, particularly in the Iberian Peninsula, is 
remarkable. In previous sections, the outlined opportuni-
ties and challenges associated with the species have high-
lighted the existing controversy. Pulp and paper industries 
and private landowners are aware of the importance of E. 
globulus, which forms the basis of an important industry at 
country level and provides useful income for those private 
landowners who apply good management practices. On the 
other hand, part of society is concerned about possible envi-
ronmental damage such as water consumption, invasiveness 
and biodiversity loss. The most frequent opinion in increas-
ingly urban societies is that Eucalyptus forestry and nature 
conservation are separate issues. This particularly applies 
to densely populated semi-urban areas in coastal regions, 
where these large evergreen trees dominate the landscape. 
Eucalyptus stands are also increasingly vulnerable to haz-
ards, especially pests and diseases, wildfire and climate.1 RÉseau INFrastructure de recherche pour le suivi et l’adaptation 

des FORêts au Changement climatiquE.
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Analysis of the opportunities and challenges leads to 
some recommendations for maintaining plantations in 
order to support the pulp and paper industry and to pro-
vide income to small non-industrial owners, while keeping 
environmental impacts at an acceptable level. The analyses 
show that a sound forest management can reduce many of 
the impacts and hazards that E. globulus areas face. Even 
so, active management can hardly reduce the diversity 
reduction or the increase in water consumption derived 
from fast biomass production, particularly in the case of 
land use changes. The extent of impact and hazard reduc-
tion by management is still a subject of further research.

The most important recommendations, most of which 
require policy measures that will incentivize/support pri-
vate landowners, are as follows:

• Use Eucalyptus in the areas of high productivity
  Definition of the potential productivity of E. globulus 

in each region will enable forest managers and owners 
to make well-founded decisions regarding selection of 
this species as a good choice for afforestation/reforesta-
tion and to provide a benchmark for the plantation pro-
ductivity once the decision is taken. Planting E. globu-
lus should be avoided in regions where the potential 
productivity is not sufficient for the species to be prof-
itable because of the frost regime, drought or vulner-
ability to pests or diseases. The use of growth models 
and decision support systems may support such deci-
sions. The consideration of alternative species already 
present in both countries (E. nitens or E. camaldulen-
sis) and/or of hybrids must be taken into consideration. 
This implies making available in the market productive 
plants, genetically diverse, tolerant to adverse climatic 
factors and with adequate wood properties for the pulp 
and paper industry and using them when establishing 
new plantations.

• Conversion of plantations located outside the areas of 
high productivity

  Eucalyptus plantations should be restricted to appro-
priate sites where the species can be legally planted. This 
will require the conversion of some existing plantations 
that are currently poorly managed, which is not possible 
without some support programme. E. globulus is often 
present due to unintentional spread as a result of dec-
ades of abandonment and wildfires. If the plots have low 
potential productivity, transformation of the degraded 
stand should be envisaged. The transformation process 
encompasses the felling of trees and exploitation of tim-
ber or biomass, stump management to prevent resprout-
ing, and establishment or natural regeneration of alterna-
tive native species (single or multiple). Programmes of 
this type represent a good opportunity to restore native 
forest ecosystems in former plantations or invaded areas.

• Bring poorly managed plantations in areas of high pro-
ductivity close to the potential

  Measures should be established to bring poorly man-
aged plantations located in the area suitable for Euca-
lyptus to productivity close to the potential. This implies 
making available and using the best plant material when 
establishing new plantations and optimizing forest man-
agement at stand level. To achieve this goal, the recog-
nition of owners or owners’ associations as active for-
est managers may lead to the implementation of policy 
measures aimed at encouraging a professional approach 
to silviculture. This type of approach would obviously 
benefit owners already belonging to an association, own-
ers of larger plots and forest companies. In Portugal, the 
pulp and paper companies have invested in the dissemi-
nation of good management practices using mainly the 
web (e.g. https ://flore stas.pt/, http://www.celpa .pt/melho 
reuca lipto , https ://www.e-globu lus.pt/).

• Management at the landscape level
  Management should be carried out at a landscape 

level. Decisions cannot be made in relation to individual 
stands, as each stand forms part of the landscape mosaic. 
Most impacts on the environment will be minimal if for-
est management decisions take the entire management 
unit into account. Correct management at landscape 
level, with the creation of a mosaic of different types of 
land use and a network of well-planned firebreaks, is also 
essential to minimize the risk of fire and attack by pests 
and diseases. Such land use patterns must be considered 
within the framework of land use planning in rural areas, 
particularly considering the high density of small villages 
in some regions and the forest-urban interfaces. A large 
majority of Eucalyptus plantations are privately owned 
and occur in areas with very small properties where good 
management at landscape level becomes a challenge and 
needs the support of policy measures to motivate private 
landowners towards this new way of managing their land.

• Promoting group certification
  Promotion of group certification initiatives is probably 

the most direct way of ensuring that the previous two 
issues can be addressed correctly. If the procedures are 
properly implemented, forest certification can improve 
the level of forest management. Ideally, all wood should 
be certified before entering industrial facilities, but the 
current level scarcely reaches 20%. Support to forest 
owners’ associations via training and information is 
needed and although certification schemes are private 
initiatives, a proactive approach by the forest administra-
tion appears necessary.

• Increasing the knowledge on the functioning of Eucalyp-
tus ecosystems

  A network of permanent plots and trials should be 
maintained to increase knowledge of the functioning 

https://florestas.pt/
http://www.celpa.pt/melhoreucalipto
http://www.celpa.pt/melhoreucalipto
https://www.e-globulus.pt/
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of Eucalyptus ecosystems, i.e. the impacts on water 
and soil. The findings will support future management 
decisions and help tackle the changes derived from the 
anthropogenic climate change.

• The need for a program focused on maintaining the 
health of Eucalyptus plantations

  It is important to be aware of the real risk that the 
increasing number of pests and diseases affecting the spe-
cies are causing and to establish measures to deal with 
this problem. To ensure that the area of land devoted to 
Eucalyptus culture is managed efficiently to provide high 
productivity, it seems essential that state and/or regional 
administrations take an active role in this process.

Conclusions

This review paper characterizes Eucalyptus plantations in 
Europe. A review of country data on the area of Eucalyptus 
showed that E. globulus is by far the most common species 
planted and that most of the area occupied by the species 
is located on the Iberian Peninsula. However, the existing 
climate scenarios led to the anticipation of the possibility of 
enlarging the area of Eucalyptus to other regions of Europe. 
The conclusions and recommendations of this paper may 
therefore be relevant to support possible scientific based 
decisions of using Eucalyptus as one of the plantation spe-
cies in Europe.

E. globulus is a highly productive species and is impor-
tant for small private landowners and for maintaining exist-
ing pulp and paper industries. However, as an exotic tree 
species cultivated in intensive silviculture, it may cause 
some environmental problems if not well managed, espe-
cially if not managed at landscape level. The main message 
is that the best way to maintain the benefits of plantations for 
the economy of the countries where it is grown and for the 
income of private landowners while maintaining its even-
tually harmful environmental impacts at a minimum is to 
carefully manage E. globulus plantations both at stand and 
landscape level. This includes the selection of areas of high 
productivity, the landscape design as a mosaic of different 
uses, the promotion of the best stand management accord-
ing to each site and the maintenance of healthy plantations.
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