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PREFACE

This informative brochure aims at informing and sensitising readers on
the issue of invasive alien species and on the best practices to be imple-
mented for their sustainable control.

After an introduction devoted to define the functions of natural ar-
eas, we briefly describe the phenomenon of biological invasions of alien
plant species, their negative impact in natural areas, and some guidelines
on possible ways of managing the problem. After mentioning the most
widespread species in our territories, with particular reference to woody
species and to tree of heaven (Ailanthus altissima), one of the most threat-
ening and harmful at national and local level, guiding principles regarding
the possible control techniques are provided, which can at the same time
be effective and suitable for the use in natural areas.



INTRODUCTION

Natural protected areas are well-defined and legally-recognized geo-
graphical areas, managed by official institutions (National, Regional, local
bodies), with the aim of achieving the long-term conservation and promo-
tion of nature with associated ecosystem services and cultural values. They
are regarded as one of the most important approaches for conserving
biodiversity globally. The physical, geological, geomorphological and bi-
ological formations, or groups of them, which have significant naturalistic
and environmental value, constitute the natural heritage (Figure 1).
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Figure 1. Pulo di Altamura, Alta Murgia National Park (South Italy)



The special protection and management regime to which protected

natural areas are subjected has the following purposes:

a)

c)

d)

to conserve animal or plant species, plant or forest associations, geo-
logical peculiarities, paleontological formations, biological communi-
ties, biotopes, scenic and panoramic values, natural processes, hydrau-
lic and hydrogeological equilibria, ecological balances;

to apply management or environmental restoration methods suitable
for achieving integration between man and natural environment, also
by safeguarding anthropological, archaeological, historical and archi-
tectural values and agricultural, forestry, pastoral and traditional activi-
ties;

to promote educational and training activities, scientific research, even
interdisciplinary, as well as permissible recreational activities;

to defend and restore hydraulic and hydrogeological equilibria.

In Europe, the term ‘protected area’ covers a wide variety of designa-

tions, characterized by different management regimes, from highly pro-
tected sites with limited access to visitors, to parks with a high number
of visitors, and large areas with rather intense human presence, including
dwellings and important economic activities. In some European protected
areas, such intense human presence is reflected by the large extension of
agro-ecosystems.

Currently the system of protected natural areas is classified as follows:
National Parks (Figure 2): consisting of terrestrial, river, lacustrine or
marine areas that contain one or more intact ecosystems, even partially
altered by anthropic interventions, one or more physical, geological,
geomorphological, biological formations of international or national
importance for naturalistic, scientific, aesthetic, cultural, educational
and recreational values to require the State intervention for their pres-
ervation for the current and future generations;

Regional and interregional natural parks: composed of terrestrial, river
or lacustrine areas, and possibly stretches of sea facing the coast, hav-
ing naturalistic and environmental value, which constitute a homoge-
neous system, identified by the naturalistic settings of the places, from
the landscape and artistic values and from the cultural traditions of the
local populations, within one or more neighbouring regions;

Nature reserves: including terrestrial, river, lacustrine or marine areas
that contain flora and fauna of naturalistic relevance, or one or more
ecosystems, important for biological diversity or for genetic resources
conservation; natural reserves can be national or regional, based on the
importance of the naturalistic elements;



Wetlands of international interest: consisting of marshy areas, swamps,
peat bogs, natural or artificial aquatic areas, permanent or transitory,
including areas of sea water whose depth does not exceed six meters
when there is low tide, which for their characteristics can be considered
of international importance under the Ramsar Convention;

Other protected natural areas: areas that are not included in the previ-
ous classes (e.g. oases of environmental associations, suburban parks);
they are divided into areas of public management, (established with
regional laws or equivalent provisions) and privately managed areas,
established with formal public provisions or with contractual acts such
as concessions or equivalent forms.

Figure 2. Alta Murgia National Park, dry grassland with Stipa austroitalica

The official list of protected areas is established by the Ministry of the
Environment and the Protection of the Territory and the Sea (Decree April
27+ 2010, n.115).

Europe has a particularly long history of land protection measures, and
is the region of the world with the largest number of protected areas,
which has grown rapidly over the last decades. To a large extent this was
due to the Natura 2000 programme of the European Union which focused
on extending the existing network of legally protected areas to other hab-
itats of conservation value. As a result, Europe has over 120,000 nationally



designated protected sites with around 21 % of its territory (1,228,576
km?) receiving some form of legal protection.

The strong influence of humans on nature in Europe, begun as early as
the Neolithic (ca. 3000-1100 BC), over the centuries has radically altered
the natural ecosystems of this region, through for example the harvesting
of natural resources, the establishment of settlements, and the cultivation
of land. As a consequence, Europe is characterized by a particularly high
human density (the average for EU member states is 112 inhabitants per
km?), much higher than that recorded in most other regions of the world.
Such density is associated with extensive urbanization, high levels of trans-
port infrastructures and a high degree of land fragmentation.

As a result of all these characteristics, on average European PAs are
very small in size compared to other regions of the world. Most of the
protected areas in Europe (90 %) are smaller than 1,000 ha and 65% rang-
es between one and 100 ha; the largest protected area is the Yugyd Va
National Park in Russia, which covers 1,8 million ha. The high and still
growing level of fragmentation of natural areas poses concerns whether
the existing protected area systems can maintain their biodiversity values
under the impact of climate changes.

Nature reserves typically revolve around the protection of a single spe-
cies, community or landscape that holds some biological or cultural value.
This necessarily means that reserves are threatened areas; if the site was
not threatened there would be no need for preservation or protection. As
granting a site reserve status is largely a legal process that limits the types
of activities that can occur within the area, it does remove some of the more
immediate threats such as the anthropogenic conversion to non-habitat
and resource harvesting. However, legal protection does nothing to ame-
liorate the context from which the site was originally threatened. There is
no magic preservation bubble that appears to seal off the area from the
outside influences that may continue to threaten the biological integrity
of the system. In fact, threats to the system may already be present within
the protected boundaries.

The threat, impact and management problems associated with alien
plant invasions in protected areas are increasingly being recognized as a
major issue. Protected areas face numerous challenges, including human
population growth, land conversion and associated disturbances, higher
levels of trade, tourism-related issues, wildfire management, poaching, il-
legal harvesting of resources, and climate change. Furthermore, among
the main impediments to action in Europe there are: limited resources,
lack of awareness, institutional and legal impediments.



The scientific community agrees that invasive species pose a threat to
biodiversity and that the study and management of biological invasions
are needed to limit the occurring serious decline of biological diversity
of life and forestall one of the greatest extinction events in our planet’s
history. Protected areas are part of an approach to conserve biodiversity
and slow its loss, and should play a major role in combating invasions, not
only by improving the efficacy of invasive alien species management with-
in their territories, but also raising awareness at all levels, improving the
capacity of practitioners to deal with invaders, implementing site-based
prevention efforts, enforcing early detection and rapid response frame-
works, and catalyzing action also beyond the park boundaries. Protected
areas can thus be reservoirs of biodiversity, but also sentinels of invasions
as well as of other emerging threats to biodiversity, champions of best
practices, and catalysts of actions also at a broader scale than that of the
protected areas.
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BIOLOGICAL INVASIONS

One of the main threats to biodiversity conservation on a global scale
is represented by biological invasions of plant species, i.e. by the uncon-
trolled spread of allochthonous, non-native species, also known as exotic
or alien, introduced voluntarily or accidentally by man outside their orig-
inal distribution area. In many cases the alien species hardly adapt to the
new environment and quickly die, but sometimes they survive, reproduce
and settle, living with the species of the new habitat. In some cases the
alien species adapt and spread widely, so as to constitute a real threat,
causing serious damage not only to natural ecosystems but also to human
activities, agriculture and animal husbandry, disturbing the local ecology
with effects on human health and serious socio-economic consequences.
Allochthonous species that have such a negative impact are defined as
invasive species.

Although invasive alien species (IAS) are more concentrated in dis-
turbed areas where human activities are more intense (urban and agricul-
tural systems), in natural areas the introduction of invasive species poses
a serious threat to the conservation of biodiversity and the integrity of
ecosystems as these invaders enter into competition with native spe-
cies. Among the most threatening plant IAS in Europe there are: Acacia
deablata, Ailanthus altissima, Ambrosia artemisiifolia, Arundo selloana,
Carpobrotus edulis, Fallopia japonica, Heracleum mantegazzianum, Im-
patiens glandulifera, Paspalum paspaloides, Prunus serotina and Robinia
pseudoacacia.

Generally, the phenomenon of biological invasions is rapidly increasing
and, as in the whole world, the number of IAS in Europe has grown consid-
erably in recent decades; natural systems, weakened and altered in their
structure and functionality, may no longer be able to bear the stronger
and stronger changes induced by man, including the introduction of new
species. Some habitats are naturally more vulnerable than others: plant
species invasions are more frequent in nutrient-rich substrates, such as
coastal and river environments, as well as in anthropogenic areas, such as
agricultural or urban areas.

The introduction of alien plant species may be due to accidental escape
from gardens, accidental introductions and intentional introductions made
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to obtain naturalized populations of alien species for forestry, agricultural,
commercial and ornamental purposes (Figure 3).

Figure 3. Ornamental Ailanthus altissima trees close to Bari old town and sea-
front

While many ecosystems are losing native species, many are adding
alien species of which some are invasive. A major concern is that the eco-
systems of the world are becoming more homogenized, with cosmopoli-
tan species dominating and many native species, especially those endemic
to relatively small areas, declining towards extinction. There is a European
“Red list” indicating endangered and threatened species, which require
appropriate measures to improve their conservation status (https://www.
iucn.org/regions/europe/our-work/european-red-list-threatened-species).

Only in recent times the phenomenon of biological invasions has
been taken into consideration at political-regulation level. As the chal-
lenges posed by the IAS are common to all Member States, “Preven-
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tion and management of the introduction and spread of invasive alien
species” have been addressed in the relevant Regulation (EU) no.
1143/2014 of the European Parliament and of the Council. The Leg-
islative Decree December 15, 2017, n. 230 provided the adaptation
of the national legislation to the provisions of the Regulation (EU) no.
1143/2014, and regulates mandatory actions to prevent, early detect,
and eradicate spreading SAI.

Among European countries, Italy is one of the most affected by bio-
logical invasions, due to factors including the favourable climatic condi-
tions. The phenomenon is increasing strongly in all environments due to
the increase in trade, transport, and tourism related to the globalization
of economies. Moreover, climate change may lead to the spread of alien
species, as well as affecting the distribution of native species. Unfortu-
nately, despite the increasing awareness, Italy still lacks an overall and
integrated national strategy that enables it s to effectively tackle the
problem.

Impact of invasive alien plant species
Ecological impact

Invasive alien plant species represent a serious environmental emer-
gency and are considered the second most important threat to biodiversi-
ty after habitat loss. They can affect biological diversity in various ways and
cause ecosystem degradation (for example they can transform a grassland
habitat into a thicket or wood or acidify soil). They can pose a major threat
to habitats and native species through transmission of diseases and com-
petition for light, water, nutrients and space, reducing or avoiding their
growth. The introduction of exotic species can alter the balance between
native species and the allocation of resources in a particular area: the new
dynamics and biological interactions can also cause the extinction of some
indigenous species. Invasive species typically have faster growth than na-
tive species, and often also have higher leaf area.

The loss of genetic purity of a species is an important concern, espe-
cially for those rare and or threatened species which may face extinc-
tion, and have been given sanctuary in protected areas. The hybridi-
sation between alien and native species can lead to genetic swamping
and loss of native species’ genetic diversity. Genetic pollution is the
uncontrolled, undesirable gene flow from non-native species into wild
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indigenous populations, for example by cross-pollination. That risk is in-
creased when a rare species hybridises with an abundant species, pro-
ducing fertile offspring that can back-cross. Invasive species may swamp
native species through hybridisation. For example, the native species
Hyacinthoides non-scripta (bluebell), an iconic species in the British Isles,
is being threatened by its congener Hyacinthoides hispanica and its hy-
brid with the native Hyacinthoides massartiana. Both the introduced and
hybrid species are naturalised, and are frequently found within 1 km of H.
non-scripta. Thus conservation plans should strive to isolate rare species
from cross-compatible congeners.

Hybridisation negatively impacts on the fitness of a population, such as
through out-breeding depression and introduction of unwanted pheno-
types which can lead to extinction.

Island biodiversity is particularly vulnerable to the impact of invaders.
The relatively small selection of species on islands and the lack of defence
against mainland invasions put island species especially at risk.

Ecosystem services

If ecosystems are in good condition, they provide a range of import-
ant services (cultural, recreational and environmental services). The arrival
of invasive plant species can disrupt an ecosystem'’s equilibrium, alter its
structure and affect the provision of services, for example, by altering wa-
ter or soil quality, or interfering with pollination.

Human health

Some invasive alien species pose a threat to people as potential carri-
ers of disease, and can also cause allergies and skin damage. In Europe,
plants are the main culprit in terms of causing allergies. The pollen pro-
duced by Ambrosia artemisiifolia (common ragweed — a herbaceous spe-
cies, invasive in many European countries) is highly allergenic and can in-
duce allergic rhinitis, asthma, or dermatitis. As a result, high medical costs
have been reported in areas with large infestations in both its native and
introduced range. Giant hogweed'’s toxic sap can cause burns to skin and
even blindness.
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Cost of invasions

|II

Ecosystems degradation constitutes loss of “natural capital”, so the
costs of lack of action are potentially immense.

Plant IAS can seriously affect the development and productivity of
some human activities; the main costs are due to eradication and control
actions and to damage in the agriculture, forestry, fishing, infrastructure
and human health. Invasive alien species are also a major economic and
social concern. It was estimated that the damage and control cost of IAS
in Europe is €12 billion per year. The real figure is likely to be much higher,
as many countries have only recently started to document costs in relation
to IAS.

Responsible and rational planning to manage our environmental heri-
tage is important to ensure biodiversity and ecosystem services conserva-
tion.

Management of invasive alien species issue

Invasive plant species management should include the following activ-
ities:

establishment of research projects to understand more about invasive

plants, their distribution and abundance, temporal trends and assess-

ment of their impact in order to manage them from an informed per-

spective;

development, trial and dissemination of sustainable methods and tech-

nical advice for the removal of invasive alien plants that will limit indi-

rect impacts on native biodiversity, re-invasion and water quality issues

(soil erosion, herbicides etc.);

consideration of the potential for using biological control agents to lim-

it spread of invasive alien agro-forestry species where such agents do

not negatively affect the economics of production (e.g. seed feeders/

pathogens where seeds are not a valued crop);

identification, screening and promotion of alternative species in

agro-forestry that are preferably native or, if alien, have a low risk of

invasion and are easy to contain within agricultural systems;

dissemination of information to raise public and stakeholders aware-

ness and skills through:

e personalized training (short courses, workshops, etc.),

* specific training on control techniques,
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* production and dissemination of educational material concerning
the identification, impact assessment and management of invasive
plant species,

* environmental educational programs for schools;

data collection, management, archiving, sharing and activities coordi-

nated through:

* creation of a central office, with the task of elaborating a national
strategy, to coordinate data and information, to create and maintain
a national information system of alien species, to share results,

e drafting of a black list of the most harmful invasive plant species on
a risk analysis basis;

development of environmental policy for invasive alien species man-

agement to solve problems on a global, national and regional scale

through:

* anational action plan,

* the simplification of authorization procedures,

* the definition of responsibilities for eradication and control,

* the adoption of guidelines and best practices,

* the adoption of regulations on trade and introduction of alien plant
species,

* the obligation of a technical support for species recovery plans.

Invasive alien plant species control options

Prevention, early detection and immediate control are the best tools
to tackle the problem of invasive species. Effective application of these
principles, however, requires a greater understanding of the causes and
mechanisms of invasion, of the models that allow an alien invasive species
to settle and spread to a given area. Measures to prevent, eradicate or
limit the spread of invasive exotic plant species must be proportionate to
the impact on the environment, adapted to specific circumstances and de-
fined after an assessment of costs and benefits. It is always advisable to try
to allocate more resources for prevention, early diagnosis and immediate
interventions, rather than for control and management.

Prevention

Since all newly introduced species are potentially invasive, proper pre-
vention at source (i.e. place of origin or export) and destination (through
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border controls and quarantine measures) is the most effective way to
stop the entrance of IAS.

Prevention at source is particularly indicated where there are outbreaks
of infection and in cases where it is difficult to intercept species trans-
ported by unaware vectors, such as real clandestine “hitchhikers”. In the
importing country, border checks and quarantine measures are needed to
prevent or minimize the risk of introducing allochthonous species that are,
or might be, invasive. Training for customs services is also encouraged to
facilitate detections at customs.

There is currently an official list of alien invasive plant species of Euro-
pean concern (http://ec.europa.eu/environment/nature/invasivealien/list/
index_en.htm) for which special containment measures are regulated in
the aforementioned Regulation (EU) n.1143 / 2014.

Preventing the introduction and colonization of invasive alien plants is
easier than eradication. However, absolute exclusion of unwanted species
is recognized as an unrealistic goal. Establishing buffer zones and restrict-
ing or regulating access to fragile areas can be a good way to reduce
invasive plant species and their impacts.

General prevention measures that all citizens can implement to prevent
IAS spread are:

to avoid using allochthonous plants, their seeds and other propagation
organs for ornamental purposes, restorations and nursery;
to prevent the plants from reaching the stage of seed production (her-
baceous plants, young trees) and eliminate seed-producing individuals
(sexually mature tree plants);
in case of building yard and ground movements in general, do not use
land outside the yard; when it is not possible to use land without seeds
and propagules of IAS, it is necessary to monitor the area to quick-
ly identify the occurrence and to proceed immediately with an eradi-
cation operation; cleaning the operating machines, tires and working
bodies when operating in areas with presence of IAS;
to compost the plant material deriving from direct control (the wood-
en material can be chipped). In the oxidation phase make sure to
reach temperatures of 60-65°C which guarantee seed and propagule
inactivation; if it is not possible to control the composting process,
the plant material must necessarily be given to industrial composting
plants;

to provide for design, neatness and maintenance of handwork to avoid

the establishment of IAS.
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General prevention measures for public administration are:

carrying out IAS monitoring activities in agreement with other Europe-
an member states; set up a national gathering information point and
implement a dedicated GIS (Geographic Information System);
promoting the local territory care in order to avoid the increase of
abandoned areas where IAS may establish and then spread;
sensitizing the population to IAS related issues in order to increase
knowledge and make them more aware;

promoting citizen science, i.e. the involvement of citizenship in moni-
toring and data collection activities.

Early detection

Stopping IAS is the first goal, but if an incursion occurs, then early de-
tection and timely eradication are crucial to prevent establishment. When
IAS are detected, notification needs to be given to the responsible author-
ities to trigger rapid eradication actions.

Eradication

Eradication is the complete, long-term elimination of an IAS within a
defined area.

When exotic invasive species are identified, eradication actions should
be swiftly activated: the greatest chances of success are obtained in the
early stages of development and establishment of the invasion when pop-
ulations are still small and rather localized. Such interventions are much
cheaper and more effective than late interventions and must be followed
by monitoring and environmental restoration actions.

If feasible, eradication is the best way to deal with invasive species al-
ready established in a territory.

Eradication can fail because of different reasons such as: limited
budget; the invasion extent is greater than initially thought; search and
control costs are too high; preventing long distance seed dispersal and
managing a long-lived seed bank further hampers success; a lack of
permission from land-owners to remove plants even with small distri-
butions.
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Containment

If prevention methods fail and the alien has established in a wide area,
options include containment and control. Containment is the restriction of
the distribution and spread of an IAS in a defined area. The requirements
for containment are the reduction of long distance dispersal and the time-
ly detection of new foci.

Control

In the case of invasive species permanently located in the territory and
widespread, those should be contained under the level of no damage.
Control is the suppression of IAS abundance within a given area, typically
to below an acceptable threshold level that still allows the values of the
protected area to be maintained.

The control methods employed can be physical, chemical and biolog-
ical, possibly integrated with each other, always respecting sustainability
and regulations.

To optimize control interventions, it is useful to make an overall assess-
ment of the infestation and to record locations and extents of infested
areas by mapping, either hand-drawing maps or using more technological
tools.

Environmental restoration

The consequences of the spread of alien species in natural areas
leads to the need to carry out interventions of environmental resto-
ration of habitat/ecosystems. To this end, it is therefore considered
necessary to carry out restoration interventions especially in the most
degraded and anthropic areas by the use of native local species. Large-
scale restoration of the pristine, native-species-only landscapes may
not be feasible.

In addition, it is appropriate to create nurseries for the reproduction
and breeding of native species, and structures for the collection and dis-
posal of alien species to reduce their spread and avoid reintroduction in
nature.
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Management plan

An effective plan clearly states the overall goals and objectives of man-
agement in natural protected areas, and includes an assessment of the
current situation and available resources. The management plan should
not only identify those plant species that currently, or potentially, pose
threats to goals and values, but should also list high value areas, and prior-
itize species or populations for management. It should also include details
on treatment options, planned management actions, methods for moni-
toring, and evaluating and adapting results.

After a complete census and mapping of the target species, deci-
sions to prioritize interventions should consider the environmental dam-
age caused, and the value of the threatened asset. Invasive alien plants
that are fast-growing and disruptive to ecosystems or occur within the
most highly valued sites (such as communities of rare species), may be the
highest priority species or areas considered for active management. The
difficulty of control of a particular IAS should also be considered, giving
higher priority to infestations in high quality sites which are controllable
with available technology and resources. A high priority may be given to
eliminating one or two IAS over their entire invaded range, and to keeping
several sites of high biodiversity or ecological importance free of a larger
suite of damaging IAS.

There are many factors to take into account when prioritizing sites and
species for management: species invasiveness, seed entrance and disper-
sal, habitats vulnerability, dissemination corridors (roadsides), limited fi-
nancial resources, etc.

Current technology

Having access to and utilizing current technology can assist a protected
areas manager in a variety of ways. The latest technologies include remote
sensing (which uses images from planes, satellites, drones or space probes
for environmental monitoring purposes), mapping software, or invasive
plant control equipment; and much can be accomplished simply by using
a computer (or a smart-phone) with Internet access. The Internet can serve
as a portal, enabling one to discover what may be invasive in a country
or region (through access to global invasive species database); to find a
regional IAS expert (Daisie 2012); to identify possible IAS, and search for
control options and best management practices (i.e. search for ‘species
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name’ and ‘control’). By now there are also many “apps” to indicate the
presence of weed species: environmental surveillance is an action that can
involve ordinary citizens, students, or hikers, if properly informed and sen-
sitized. Additionally, open source GIS (Geographic Information System)
software packages and smart-phone applications are available and can
assist in species identification and mapping, and services such as Google
Earth may provide baseline maps. Today there are many technologies that
can assist in IAS assessment and management that only a few years ago
did not exist or were prohibitively expensive, so funding for equipment
and technologies will always be desired.
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MOST COMMON WOODY INVASIVE SPECIES IN ITALY

Among the woody or shrubby invasive alien species in Europe (table
1) there are Acacia dealbata, Ailanthus altissima, Amelanchier spicata,
Amorfa fruticosa, Buddleja davidii, Prunus serotina and Robinia pseudo-
acacia (EPPO Lists of Invasive Alien Plants - https://www.eppo.int/ACTIV-
ITIES/invasive_alien_plants/iap_lists, CABI Invasive Species Compendium
- https://www.cabi.org/ISC/). They are considered to pose the greatest
threat to native species and European ecosystems, and therefore highly
recommended for control.

Among the aforementioned species, in Italy there are tree of heaven
(Ailanthus altissima), black locust (Robinia pseudoacacia), wild black cherry
(Prunus serotina), indigo bush (Amorfa fruticosa). Another species, a great
competitor in southern Italy woods, is Acacia saligna.

The most widespread IAS in all Italian Regions is A. altissima.

Ailanthus altissima: ecology and characteristics

Little attention is given to the negative impact of the invasive exotic
plant species Ailanthus altissima (Figure 4) and currently no regional or
national control action is carried out for this threatening and highly com-
petitive species. A. altissima represents a serious threat to biodiversity at
local and European level, which could further worsen in the future, unless
concrete actions are taken to avoid the introduction and spread of this
species and to eradicate or contain populations already introduced.

A. altissima (tree of heaven) is a woody IAS. It has been transported
across ecological barriers becoming established in natural or semi-natural
ecosystems or habitats outside their native range. Its introduction was,
and can still be deliberate, to satisfy human needs, or accidental (often as
a result of the increased globalization of human activities).

The exotic A. altissima is one of the most harmful and widespread
woody invasive species in Europe (www.europe-aliens.org). It reaches the
heart of protected areas and spreads across the natural environment rap-
idly and spontaneously (without direct intervention by humans), producing
reproductive offspring in very large number and at considerable distances,
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having the potential
to spread over a
considerable area.
In just two years it
can form a tree sev-
eral feet high. It has
considerable vigour.
The invasive capac-
ity of this species
is explained by its
ability to reproduce
equally well both
by seed and asex-
ually. The samara is
the dried fruit with
membranous wings; it is transported over long distances by wind and wa-
ter. One plant can produce up to 300,000 samaras per year. Ailanthus also
spreads by an extended and vigorous root system, generating numerous
suckers and progeny plants. The invasiveness of this species is due to mul-
tiple propagation mechanisms: a) samaras allow rapid colonization of new
areas, in which plants begin to spread by vegetative means, causing the
rapid consolidation of the species; b) young seedlings grow very quickly
forming highly dense stands displacing and out-competing native spe-
cies by heavily shading them in the growing season and/or reducing their
growth thus causing serious direct and indirect damages to ecosystems,
producing severe ecological, environmental and economic effects.

The species is able to adapt to any type of soil and water regime,
from stony and sterile soils to rich alluvial bottoms, tolerates prolonged
drought, saline and acid soils, nutrient deficiency and air pollution.

Once established, it is very hard to eradicate. Its management is very
difficult because of its fast growth and mechanical treatments are inef-
fective due to root-suckers and resprouting shoots. The management
methods of A. altissima are not officially established, so this contribution is
aimed at providing an effective strategy to contain uncontrolled distribu-
tion through eco-compatible control techniques suitable for use in natural
and man-made areas (urban areas, archaeological sites, etc.).

Figure 4. Dense stand of Ailanthus altissima grown by
a ruin
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CONTROL METHODS FOR WOODY WEEDS

Common control methods

The objectives of IAS management actions may be eradication, con-
tainment and/or control of the IAS, depending on the extent of the infes-
tation, condition of the surrounding environment, and available resources.
When deciding if and how to plan management actions, it is necessary
to analyze the set of costs and benefits for each strategy, including any
potential off-target impacts, any possible risks to human health, the envi-
ronmental damage deriving from non-intervention, the costs in the case of
late intervention, and environmental safety.

When selecting a control method, we must keep in mind that the ulti-
mate purpose of the work is to preserve native species, communities, and/
or functioning ecosystems.

Common control methods are reported in the table 2. Each tool, tech-
nique and method has different characteristics determining the advantag-
es and disadvantages.

Chemical control

On January 22* 2014 Italy adopted the National Action Plan for the
Sustainable use of agro-chemical products with the specific aim of reduc-
ing the negative effects on human health, environment and biodiversity,
caused by the exposure to agro-chemicals, including herbicides. There-
fore, chemical control against alien plants (to be implemented only if other
control methods are ineffective or not practicable), can’t ignore the aims
of the National Action Plan, both in crop and non-crop areas. In any case,
agro-chemicals must be used exclusively on plant species and with control
methods for which they are registered, and using only approved equip-
ment.
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Intervention criteria

Interventions on A. altissima, and other invasive woody species, aim
at the reduction of degradation key pressure caused by the unfavourable
impact of IAS.

Intervention criteria must respect the following objectives:
halt the loss of EU biodiversity and strengthen its conservation, fulfilling
the EU Biodiversity Strategy to 2020,
safeguard and improve the conservation status of EU’s most important
natural habitats and wild species,
sustain the biological functionality of natural ecosystems reducing the
vulnerability against actual or expected climate change effects,
provide an innovative, eco-friendly and sustainable chemical strategy
to eradicate and control woody IAS able to increase efficacy and mini-
mize herbicide use, implementing the Directive on the Sustainable use
of pesticides,

enhance environmental and human health protection from risks and

impacts posed by exposure to chemicals in Natura 2000 sites.

The techniques to be used are described in the following paragraph.
They are: endotreatment, injection, cut stumps and spaced cuts with
sponge.

Treatment have to be distinguished in “first interventions” on the flora
treated and “maintenance actions”, when further treatments are neces-
sary. In general, the control of invasive vegetation would be facilitated if
carried out continuously.

Halt dissemination

Within a control plan it is important to stop the species’ dissemina-
tion, thus reducing the incidence of new infestations. Otherwise, while
treatments occur, new plants will emerge thus frustrating the efforts. For
this purpose, big female plants with flowers or seeds will be treated first.
Indeed female trees produce thousands of flowers/seeds that, when ripe,
are dispersed far away from the plant by wind and water.

Treat natural areas

Another criterion to manage interventions is based on a susceptibility
approach: the site of treatment will be chosen according to the habitat
vulnerability and priority under the EC Habitat and Wild Birds Directives.
Where Ailanthus is growing wildly, threatening biodiversity and altering
ecosystems, it is fundamental to stop its spread and eradicate all plants
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which can be source of new infestation. Natural areas will be treated be-
fore non-natural ones and priority habitats and vulnerable sites (grasslands,
pseudo-steppe, limestone pavements, calcareous rocky slopes and other
priority habitat types) will have precedence over others, thus guaranteeing
their restoration (Figure 5).

Figure 5. Dry grassland with Stipa austroitalica infested by Ailanthus altissima

Thanks to the census and mapping phase, information about the lo-
cation of the infested areas will be obtained. This will allow prioritization
of intervention, quickly detecting the most vulnerable ecologically threat-
ened natural areas, needing urgent control.

Treat non-natural areas

The eradication of the invasive vegetation should be continuous and
complete. In previous on-the-spot investigations many infested areas
have been found along roadsides of both main and secondary streets
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crossing natural protected areas, in private farms, houses, abandoned
old farmhouse and ruins. In particular, streets are pre-established cor-
ridors that favor seeds spread also very far through cars and tracks
passage. So, as well as in the protected areas, invaders have to be
eradicated also in such public and private areas which are usually strict-
ly connected to the most important natural areas. Moreover, to avoid
further infestations or re-infestation after the first interventions, Ailan-
thus should be controlled in all inhabited centers with the partnership
of Municipality Administrations. This action should be performed for
the entire area of the Region.

Information about the location of the infested sites in private areas also
need to be obtained through a census phase or a specific detection sys-
tem. Then interventions must be carefully planned according to the loca-
tion.

As most infested areas are private, important aspects to be considered
are the sensitization and involvement of farm/land owners who have to
provide the required authorizations.

Treat resprouts

A. altissima is a re-sprouting species, as well as R. pseudoacacia and A.
cianophylla. Even after treatments that cause the plant death, a part of the
root or the root collar can still be alive and generate new sprouts. Leaving
re-sprouting trees alive would mean incomplete control, so treatments to
halt re-sprouting plants will be carried out after the appearance of sprouts.
The re-sprouting rate depends mainly on the plant size. According to our
previous experience, we could expect that 1/10 to 1/5 of the larger plants
could re-sprout, whereas for the smaller plants the rate could be lower.
We expect to treat twice or even three times as it is almost never possible
to obtain a complete control of invasive and aggressive pests with just a
single intervention.

Monitoring areas after treatments is extremely important in order to
identify possible re-sprouts and to carry out the completion treatments
to have a lasting and low-cost action. In this phase, the involvement of
the owners of the infested areas is essential in the maintenance action. It
is therefore appropriate to provide for adequate awareness-raising mea-
sures.
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Sustainable control methods

A. altissima control is achieved by means of an innovative eco-friend-
ly and sustainable strategy, based on low volume localized and pin-
pointed stem application techniques combining the use of mechanical
and chemical methods. These means allow maximum efficacy, minimal
herbicide use, minimal risks of exposure to, and dispersal of herbicides,
in compliance with the “Directive on the Sustainable Use of Pesticides”
and involve in most cases the use of common and easy to use equip-
ment and tools.

As explained above, tree of heaven is hard to remove. Its manage-
ment is very difficult because of fast growth and the most common con-
trol methods are ineffective. Hand pulling can be carried out only on
very young seedlings before the root system has developed (Figure 6).
At present for A. altissima there are no biocontrol agents available in It-
aly. Mechanical removal (cutting) is the technique mainly used in public

Figure 6. Hand-pulling of young seedlings of Ailanthus altissima
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areas, but is costly and ineffective due to root suckers and re-sprouting
shoots resulting in greater density. Moreover, if applied in natural areas,
the passage of large mechanical equipment in natural areas may create
serious damage to the native vegetation and habitats, and in some of
them (slopes and rocky areas) it would even be impossible. Girdling
the cambial tissue on the stem induces heavy root sprouting. Chemical
spray control could be the most effective and cheap treatment for this
species, but it is poorly eco-friendly because of the release of large
amounts of herbicides in the environment making it particularly dan-
gerous for sensitive areas such as parks and Natura 2000 sites. In fact,
spraying herbicides has negative consequences including drift of the
droplets that harm or kill non-target plants and affect animals and hu-
mans. On large trees the problem is much more serious. In conclusion,
all commonly used methods are ineffective for A. altissima control or
unfeasible in natural areas.

In the scientific literature there are many publications showing that the
combined use of mechanical and chemical treatments seems to be the
best option.

An innovative approach is the use of stem herbicide applications suit-
able for direct introduction of the herbicide into trunks, increasing effec-
tiveness and leading to kill tree of heaven applying very low volumes of
product, thus reducing the risks and impacts of pesticide use on environ-
ment and human health.

The sustainable control methods proposed have already been applied
on a large scale within the LIFE Alta Murgia Project “Control and eradi-
cation of the invasive exotic plant species Ailanthus altissima in the Alta
Murgia National Park” (LIFE12 BIO / IT / 000213) and proved to be very ef-
fective for Ailanthus control, leading to the plant’s desiccation and death,
with medium to long term effect. They are easy to perform and require
simple tools or sometimes more complex, but easy to use tools; they have
been developed and tested with the aim of minimizing the volumes and
doses of herbicides; they are based on maximum localization, thus making
them safe for humans and the environment and suitable for use in con-
trolling natural and urban areas.

The methods are:

endotreatment (endotherapy),

injection,

cut stump application,

spaced cuts with sponge.
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Endotherapy

Currently used for protecting ornamental trees from fungi and insects,
it is here used as a treatment for direct control of woody weeds (endo-
treatment). The technique is accomplished on large trees by making 3 cm-
deep drill holes at the base of the trunks and by injecting a water soluble
systemic herbicide that will be translocated up and downwards to foliage
and roots through the lymphatic vessels. Endotherapy is accomplished
by specific pressurized “endotreatment systems” provided with injecting
needles.

The development of this method applied to the elimination of unde-
sirable plants allows improved localization and efficacy of the product,
accuracy of the dosage, and the distribution of the product in all parts of
the tree, thus considerably reducing the volumes of herbicide used, the
dispersal of products in the environment, the washing action of rainfall,
pollution, effects on non-target species, risk of toxicity to humans, animals
and useful insects.

Injection

Injection consists of making downward drill holes in the trunk and then
applying in it 2 ml of herbicide by pipettes or by a syringe (Figure 7). Holes
can be done as well by the tip of a chainsaw.

Figure 7. Drill holes (left) and chainsaw holes (center), filled with herbicide
(right).

Cut stump application

The systemic herbicide is applied by a squeeze bottle directly onto the
cambial region of the cut surface, soon after the plant is cut at the base
(Figura 8).
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Spaced cuts with sponge

This technique consists of
making a downward 3x3 cm-
cut in the bark of medium size
trees and then placing a little
piece of flat sponge in it (Fig-
ure 9). The sponge will soon
be soaked with the herbicide.
The use of a little sponge in
the spaced cuts keeps the tis-
sues wet for long and avoid Figure 8. Herbicide application on cut stu-
herbicide drip and evapora- "MPS
tion.

In the case of endotreat-
ment, injection and spaced cuts with sponge the plant die standing on
and is to be cut down later on.

Compared to traditional control methods these techniques have
many important advantages such as low drift, no off-target effects, and
selectivity.

The techniques described above can be used for all invasive trees or
shrubs, and can be adapted to different cases and needs of the infested
areas. The choice of the treatment type, for example, will be made de-
pending on the total degree of infestation detected in the area, and then

Figure 9. “Spaced cuts with sponge” technique: bark cut with a blade (left),
sponge insertion (center) and final result after herbicide application (right).

time by time, depending on the particular infested spot (size, habitat type,
plant density and number), the characteristics of the surrrounding area
(e.g. presence of walls, buildings, wells, or open spaces), the plant size and
height, etc. In particular, in the case of very large plants, cut stump appli-
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cation may need to be avoided not to generate re-sprouts from the roots,
while endotreatment or injection could be much more effective. However,
in very dense areas with small or medium size plants, cut stumps could be
the best option to making the interventions quicker.

For very large plants, dense infestations and in case of re-sprouts, re-
peated treatments are likely to be needed to control regrowth.

Tools and equipment needed
Tools and equipment needed are the following:

for cut stump applications:
a chainsaw to cut big trunks,
hand saw or pruning shears for small plants,
squeeze bottles to apply herbicide,

for injection:
a drill to make the holes in the trunks,
pipettes or syringes to apply herbicide,

for spaced cuts with sponge:
knives to cut the bark,
flat sponge,
pipettes or syringes to apply herbicide,

for endotreatment:
specific endotherapy systems must be used.

Personal protection equipment such as clothes, boots, gloves, eye pro-
tection, etc. will need to be used.

Herbicide characteristics

The active ingredient glyphosate (chemical formula: N-phosphonometh-
yl-glycine - https://echa.europa.eu/it/substance-information/-/substancein-
fo/100.049.125) is a chemical herbicide at the center of an environmental
and economic battle. It commands a billion dollar world market (www.geor-
gofili.info/detail.aspx?id=4538). It is a non-selective, water-soluble, system-
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ic, post-emergence herbicide for the control of annual, perennial and woody
weeds (shrubs and trees) in non-cultivated areas, including natural areas.

Glyphosate is one of the most widely used herbicides. Monsanto’s
patent for glyphosate expired in 2000, and other companies are already
selling glyphosate formulations under an assortment of trade names. The
major application for glyphosate products is agriculture, but it is also used
to control undesirable weeds in non-cultivated areas.

Glyphosate is transported in both the xylem and phloem of treat-
ed plants. It works by inhibiting the EPSP synthase (5-enolpyruvylshi-
kimate-3-phosphate), an enzyme produced by plants and microorganisms
but missing in humans, and responsible for the synthesis of aromatic ami-
no acids tyrosine, tryptophan, and phenylalanine, necessary for protein
formation. Such a metabolic pathway is essential for the plant’s growth,
but does not exist in animals. Humans and animals do not produce amino
acids whose formation is inhibited by glyphosate and therefore, if in con-
tact with the herbicide, are not affected by negative effects. That makes
glyphosate a very effective broad-spectrum herbicide and contributes to
its non-toxicity to birds, mammals, and fish.

Product residues present in the soil no longer have biocidal activity,
starting as early as a few hours after treatment. Glyphosate is strongly
adsorbed to soil particles, which prevents it from leaching, being carried
in the deeper layers of the soil or being taken-up by non-target plants.
Glyphosate is non-volatile when applied and it is soon degraded primarily
by microbial metabolism. In plants, glyphosate is slowly metabolized.

Glyphosate degrades after a short time after application. Its metabo-
lite is AMPA (amino metail phosphonic acid) which can be mineralized or
leached. With regard to health, it must be taken into account that ground-
water for human consumption receives sanitation treatments that elimi-
nate AMPA.

As required by European regulations for all plant protection products,
starting since 2012, glyphosate has undergone a periodic reassessment of
health and environmental safety, based on an examination of the scientific
studies available and conducted by the health authorities of the member
countries and by EFSA (European Food Safety Authority). At the end of
this review process, in 2015 EFSA published its conclusions, attesting that
“it is unlikely that the substance is genotoxic or causes cancer and that, to
have toxicity effect, a person of 60kg should eat more than 100 kg of veg-
etables per day containing the maximum annual residual amount (LMB) for
the rest of his life”. In the same year the International Agency for Research
on Cancer (IARC, an agency of the World Health Organization) classified
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the same product as “potentially carcinogenic to humans”, inserting it in
group 2A, the same to which also red meat and very hot drinks belong.
However, due to the divergence of opinions between EFSA and IARC, the
European Commission asked an opinion on the possible risks of the prod-
uct to ECHA (European Chemical Products Agency) in 2016. In the same
year, the FAO and the WHO (World Health Organization), at the end of a
joint assessment, considered the risk of carcinogenicity to humans rath-
er unlikely, following exposure to glyphosate through diet. In June 2017,
ECHA informed the European Commission of its opinion, indicating that
based on the available scientific information:
— there is no evidence of links between normal use of glyphosate and
human cancer;
— the product should not be classified as a substance that can cause ge-
netic damage (mutagen) or interfere with reproduction.

In light of that, the European Parliament approved glyphosate-based
products on the market until 2022.

It should also be highlighted that the use of this substance to control
invasive tree species in natural areas is different from agricultural use on
food products, and has the purpose of preserving natural areas and the
biodiversity they contain.

The broad-spectrum herbicidal activity is evident when glyphosate is
applied by conventional sprayers to foliage, as there is no penetration
of woody stems or bark. Selective application to particular species and
the need to minimize drift of such an effective phytotoxin led to the
development of the novel applications and techniques here used (cut
stump application, injection, spaced cut with sponge and endotreat-
ment).

The first symptoms of the herbicide usually occur 7-14 days after treat-
ment with yellowing and reddening to desiccation of vegetation; com-
pletely dried plants appear within a few months.

The perennial weeds are most susceptible to glyphosate during flow-
ering, while trees and shrubs are more sensitive in the summer-autumn
period.

Liquid soluble concentrate formulations will be used pure or diluted
with water according to the plant size and to the application technique
used. Care should be taken and protective clothing worn to prevent acci-
dental contact of these formulations with skin or eyes.

The following characteristics have been taken into account to select the
proper herbicide (glyphosate) effective against the invasive woody species
in a natural area:
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target species: the herbicide is effective against perennial woody plants
and has already been successfully tested on Ailanthus. For natural areas
it is best to select compounds that are specific and effective against
the target species; conversely, if you use a broad-spectrum herbicide,
drift, leaching and runoff should be avoided. That is possible by em-
ploying localized application methods (the sustainable methods here
proposed) that minimize the herbicide dispersal into the environment;
activity: as the target species generates shoots from the crown and
from the roots, the selected herbicide has to be systemic and capable
of moving inside the plant through the vascular system, reaching areas
far from the point of application, hopefully the roots;

toxicity: the selected product must not be toxic to animals and other
organisms and the overall impact on the environment must be as small
as possible;

registration: the selected product has to be registered for use in non-
crop areas;

formulation: liquid concentrate are best to be applied in holes, spong-
es, cuts or vascular system.

Other herbicide active ingredients registered in Europe for use on
woody/brush species in non-crop areas (aminopiralyd, fluroxipyr and tric-
lopyr) have been found to be ineffective for Ailanthus control, or if effec-
tive, they are highly persistent in the environment making them unsuitable
for use in natural areas.

Treatment protocol

The following protocol can also be applied in non-natural and an-
thropized areas (urban, archaeological, etc.) and is effective for Ailanthus
and other woody weeds or invasive species control.

Treatment priority

Among the infested areas surveyed, key action sites will be identified
and prioritised according to:

habitat vulnerability approach,

presence of big female plants with flowers or seeds.

Herbicide used

Glyphosate can be used, according to the product concentration:
pure for cut stumps, injection and hack and sponge,
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- diluted 1:2 for endotherapy.
Dilution may be appropriate for all techniques in case of concentrated
products.
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Control techniques:
Cut stump (Figure 8):

Cut the plant at ground level using a chainsaw or a pruning saw.
Treat the whole stump surface soon after the cut with the herbicide
solution applied with a laboratory squeeze bottle avoiding runoff.
Apply 0.5 to 40 ml of herbicide solution according to the tree size
(table 3).

Hack and sponge (Figure 9):

Make spaced downward cuts in the bark.

Place a little 2x2 cm flat sponge in the fresh cut.

Soak each sponge with 2 ml of the herbicide by a lab pipette or a
syringe avoiding drip.

For trunk diameters up to 4 cm, one bark cut with the sponge will be
made and 2 ml of herbicide applied per tree. Every increase of 2 cm
in the diameter will require one more spaced cut with the sponge
and 2 ml more of herbicide solution to be applied. For example, for
a 4-6 cm diameter trunk two bark cuts are necessary, while for a 10-
12 cm diameter trunk 5 bark cuts are required, with 4 ml and 10 ml
of herbicide respectively.

Injection (Figure 7):

Realize big drill holes in the trunk with a downward angle of 45°.
Inject 2 ml of herbicide solution into the holes by a lab pipette or a
syringe.

For tree diameters up to 4 cm one drill hole will be applied. For 6
cm diameters two drill holes and 4 ml of herbicide solution will be
applied. For trees with 10 cm diameter 4 drill holes will be carried
out and 8 ml of herbicide solution applied.

Endotreatment (endotherapy - only for very large trees):

Make 4 mm drill holes in the trunk.

Insert the brass injection needles of the endotherapy system into
the holes.

Open the system valves to introduce the herbicide solution, under
pressure or not, directly into the lymphatic vessels.

The number of holes and the amount of herbicide solution supplied
will be chosen according to the size of the plant and to the presence
of seeds.



Doses:

The number of cuts or holes to be used per plant and the amount
of pure herbicide/herbicide solution applied to each plant will vary de-
pending on the treatment technique and according to the diameter of the
plant. They are listed in the Table 3.

Table 3. Treatment techniques, tree size, herbicide applications and amount, to

control tree of heaven.

Treatment Trunk | Drill holes | Bark Hericide Total her-
technique | diameter | (n) cuts | solution per bicide
(cm) (n) hole or bark | solution
cut per tree
(ml) (ml)
Cut stump 1-40 / / / 0.5 - 40*
Hack and <4 / 1 2 2
sponge
4-6 / 2 2
6-8 / 3 2
8-10 / 4 2
10-12 / 5 2 10
Injection <35 1 / 2
3,5-6 2 / 2
6-9 3 / 2 6

* variable according to the diameter.

Treatment period

Cut stump technique can be carried out all year.

For application techniques with the plants standing on (injection, en-
dotreatment and hack and sponge), treatment will be carried out from
late summer to early autumn. Summer or autumn treatments are the most
effective to kill suckers and roots, as the downward lymphatic flow is max-
imum.

Treatment efficacy

Treated plants will be observed periodically after the treatment.
For plants treated by injection, endotreatment or spaced cut, phyto-
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toxicity symptoms (leaf yellowing or browning, leaf fall, necrotic branch or
stem, trunk splitting, plant death) will be visible soon after the treatments.
On plants which have undergone cut stump, the occurrence of resprouts/
regrowth and root suckers will be monitored after the beginning of the
growing season.

Plants will be considered dead if no sprouts or new vegetation are
observed during the growing season following treatment. In case of re-
growth, a completion treatment with cut plus herbicide will be necessary
on the new sprouts.

Safety precaution

Operators carrying out the chemical and mechanical treatments indi-
cated in this protocol must be provided with the necessary qualifications
(license for pesticides and chainsaw use, etc.). Operators must use all per-
sonal protective equipment required such as anti-cut suits, anti-accident
shoes, helmets, gloves and protective glasses. It is necessary to follow all
the instructions and indications on the herbicide label. Herbicide emp-
ty containers must be disposed as required by law. Care must be taken
during treatments in order to avoid product dripping into the environ-
ment.

Disposal of trunks

The control protocol and the eradication plan lays down that all plants
are cut before treatment in the case of cut stumps application, and after
treatment in the case of spaced cuts with sponge, endotreatment and
injection. In both cases, plants have to be cut at the base, if large, cut in
pieces, remove from the soil, and let dry to avoid re-sprouts.

Ailanthus wood has heat-producing properties similar to birch, white
oak, and other woody species.

Plants, in pieces or in trunks, must be disposed of. There are different
ways to dispose of the wood produced:

— to store it locally in the form of logs and use it, directly by the land
owners or by other local people, for charcoal and firewood for supple-
mentary house heating,

— to cut up all branches and chip it up making woodchips.

Woodchips are made by a portable shredder machine. They can be
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used as an organic mulch to spread possibly on the soils close to the treat-
ed areas: as the chips decompose they improve the soil structure, perme-
ability, bioactivity, and nutrient availability. Woodchips will also be utilized
directly as a biomass solid fuel for heating in buildings or in energy plants
for generating electric power from renewable energy. The newer heating
fuel systems use either woodchips or wood pellets. Woodchips are less
expensive than wood pellets and theoretically more energy efficient than
pellets, because less energy is required for manufacturing, processing,
and transporting. Woodchips as an energy source are a clean alternative
to carbon emissions produced by fossil fuels and does not have waste
disposal issues, since wood ash can be used directly as a mineral-rich plant
fertilizer.

Also the educative approach acquired by wood availability to be used
as house heating or energy source should be kept into account. For exam-
ple, farmers or local population can be sensitized on Ailanthus and inva-
sive species control and at the same time informed that their control lead
to firewood availability.
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