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The article discusses the relevance of the problem of invasive alien species (IAS) in
Europe, highlights the bioecological characteristics of invasive species of the genus Hera-
cleum (H. mantegazzianum, H. persicum, and H. sosnowskyi) and historical ways of intro-
duction. Statistics on the spread of these species and their negative impact on biodiversity
and ecosystem resilience are presented. The spread of invasive species of the genus Hera-
cleum has far-reaching consequences, affecting ecosystem sustainability, the economy, and
healthcare. It has been shown that the ecological consequences of the impact are manifested
not only in the ability of these species to displace native flora and disrupt natural ecosystems,
but also in various areas of economic activity. These plants’ aggressive growth and allelo-
pathic effects lead to significant economic costs associated with land management and agri-
cultural productivity. The examples of different mechanisms of impact of invasive species of
the genus Heracleum highlight their detrimental effects on ecosystems and human health. In
particular, the phototoxic substances of Heracleum spp. pose severe risks to human health,
causing skin inflammation and long-term photosensitivity. Various methods of controlling,
eradicating and preventing the spread of Heracleum spp. species in Europe are discussed in
detail, including mechanical, biological, and chemical methods and preventive strategies.
Attention is also focused on post-eradication control methods, disposal of plant waste gene-
rated during eradication, and restoration of natural vegetation. The key steps of an integrated
approach to effectively reduce the invasion of Heracleum spp. in new areas are analysed.

The urgent need for integrated management strategies to mitigate the impact of in-
vasive Heracleum species and prevent further spread is shown. It is noted that IPM control
is an important international issue that requires coordinated efforts at the EU and UN levels.
The conclusion is drawn about an integrated management approach that combines physical,
chemical and biological methods adapted to specific regional conditions and aligned with
international biodiversity goals. The article also discusses the role of public awareness and
education in preventing the spread of invasive species. Public involvement in early detection
and rapid response initiatives is emphasised, which is crucial for the successful management
of alien invasive plant species.

Keywords: Heracleum mantegazzianum, Heracleum persicum, Heracleum sosnow-
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Invasive alien species (IAS) represent one of the five principal drivers of global biodiver-
sity loss, along with land and water use change, direct exploitation of organisms, climate change
and pollution [107]. The introduction of more than 37,000 alien species as a consequence of hu-
man activities has occurred across all regions and biomes of the Earth. Furthermore, the rate of
new alien species being recorded is approximately 200 per year, representing an unprecedented
change. A review of the scientific literature reveals that more than 3,500 of these species, includ-
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ing the invasive Heracleum species, have been classified as IAS due to their documented negative
impacts. The proportion of alien species identified as invasive varies across taxonomic groups,
with rates ranging from 6 % of all alien plants to 22 % of all alien invertebrates. Invasive alien
species have been identified as the primary cause of 60 % of recorded global extinctions, with a
further 16 % of documented extinctions of animals and plants attributed to this factor alone [107].

In 2019, global annual expenditure on biological invasions exceeded 423 billion US dol-
lars. Most of these expenditures (92 %) were directed towards addressing the adverse effects of
integrated pest management on the natural environment and quality of life. In comparison, only
8 % were allocated towards controlling and managing biological invasions [70]. The economic
consequences are equally significant, with annual costs estimated at least €12 billion in Europe
[107]. The acceleration of globalisation in trade and travel has facilitated the spread of invasive
species, resulting in profound environmental and socio-economic impacts worldwide. The un-
precedented spread of alien species, including invasive Heracleum spp., is a consequence of
human activity. These species are now present in all regions and biomes of the world, with nega-
tive and, in some cases, irreversible impacts on nature, including the loss of unique biological
communities.

The introduction of invasive alien species has the potential to impede the efficacy of
conservation and restoration initiatives significantly. In addition to causing significant damage
to the natural environment and the economy, many invasive alien species also contribute to the
emergence and spread of infectious diseases, which threaten humans and wildlife. The rate of
spread of invasive alien species has increased in recent years. Of the 1,872 species currently con-
sidered threatened in Europe, 354 are threatened by invasive alien species (IAS). Without effica-
cious control measures, the rate of invasion and the associated risks to our natural environment
and human health will continue to increase [20].

The necessity for the control of invasive alien species (IAS) is acknowledged in the United
Nations Convention on Biological Diversity. “It is imperative to prevent the spread, control or
eradicate those alien species that threaten ecosystems or species” [86]. The Kunming-Montreal
Global Biodiversity Framework (2022) sets out one of the global targets for reducing threats to
biodiversity, as follows: “Eliminate, minimise, reduce and mitigate the impact of IAS on biodi-
versity and ecosystems by identifying pathways for the introduction of alien species, preventing
the spread and establishment of IAS by at least 50 per cent by 2030 [46]. The European Green
Deal 2050 asserts that ecosystems are indispensable for sustaining life, providing essential re-
sources such as food, fresh water, clean air, and shelter. They play a role in mitigating the impact
of natural disasters, pests, and diseases and regulating the climate. The document emphasises the
importance of conserving and restoring ecosystems and biodiversity [13].

The EU Biodiversity Strategy 2030 underscores the necessity to address the issue of in-
vasive alien species. One of the principal elements of the EU’s Nature Recovery Plan for the
restoration of terrestrial and marine ecosystems represents a crucial aspect of the fight against
invasive alien species. The implementation of the EU Invasive Alien Species Regulation and
other pertinent legislation and international agreements has been intensified. The objective is to
minimise and, where feasible, eradicate the introduction and proliferation of invasive alien spe-
cies within the EU’s natural environment. The aim is to regulate the existing invasive alien spe-
cies and reduce the number of Red List species threatened by them by 50 % [86].

Both Heracleum mantegazzianum and Heracleum persicum were initially introduced to
Europe as ornamental garden plants, a pattern common to many invasive alien species. Europe
is home to approximately 800 botanical gardens, which have played a key role in introducing
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and spreading non-native plant species over the past 500 years [31]. While these gardens have
provided numerous economic and social benefits through agriculture, horticulture, and medicine,
they have also unintentionally contributed to the escape and naturalization of various IAS into
local ecosystems. Recognizing the significance of this issue, the Council of Europe developed the
European Code of Conduct for Botanic Gardens in 2013 to address the risks posed by IAS [31].
This Code provides essential guidelines for botanic garden staff, emphasizing the need for aware-
ness, prevention, and control measures to manage non-native species responsibly. The main com-
ponents of the Code include conducting audits of plant collections, preventing the introduction
of invasive species, ensuring compliance with national and international regulations, and sharing
information with other institutions. Outreach and public education also form critical parts of the
Code, as botanic gardens play a crucial role in raising awareness about invasive plants’ ecologi-
cal and economic dangers. By implementing these guidelines, botanic gardens can significantly
reduce the spread of IAS and contribute to global biodiversity conservation efforts.

Materials and methods

A comprehensive review of the last scientific publications, other literature, and online
sources from numerous European countries, including Belgium, Bulgaria, the Czech Republic,
Denmark, Estonia, Finland, Ireland, Latvia, Lithuania, Luxembourg, Germany, Norway, Po-
land, Switzerland, Ukraine, and the United Kingdom, was conducted. The analysis encompassed
various sources, including scientific articles, monographs, dissertations, recommendations from
international organisations and government agencies, online resources, databases, etc.

Furthermore, the literature review assesses the legislative and regulatory measures adopt-
ed by the EU and the UN to manage and mitigate the impact of invasive species. This comprises
an examination of the efficacy of existing control strategies and recommendations regarding opti-
mal practices for managing invasive species of the genus Heracleum. The combination of policy
analysis and scientific research offers valuable insight into the complex challenges posed by
Heracleum species, emphasising the necessity for coordinated action to address these issues.

Ecobiotic prerequisites for the invasion of species of the genus Heracleum
The primary biological and ecological prerequisites that contribute to the invasiveness of
species of the genus Heracleum are listed in Table 1 [23, 37, 55, 62, 77]. These characteristics
render the Heracleum spp. particularly adept at spreading and establishing themselves in new are-
as thereby posing significant challenges to biodiversity conservation and ecosystem management.

Table 1

Biological and ecological prerequisites for the invasion of the species of the genus Heracleum
Environmental prerequisites
Flexibility in terms |Thrive in disturbed habitats such as roadsides, riverbanks and abandoned fields.
of habitat Withstand a wide range of soil types, moisture levels and light conditions
They are adapted to different climatic conditions from temperate to subarctic regions
Effective disruption of the dormant period by low winter temperatures

Climate adaptability

Lack of natural Often lack natural herbivores or pathogens in non-native ranges that could control
predators their populations in their native habitat
Biological background

Early spring germination, preceding the emergence of the root system. High seed
Reproductive stra- |productivity, seed viability for several years, seeds are dispersed by wind, water,
tegy snow and human activity

Opportunities for self-pollination for viable seeds
Growth and com- |Rapid growth, ability to compete with native vegetation for light, nutrients and

petitiveness space, possible allelopathy, which inhibits the growth of surrounding plants
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Ecological and biological mechanisms of the impact of invasion of species of the genus Hera-
cleum. The introduction of invasive species of the genus Heracleum has been observed to exert
a considerable influence on the ecological and biological characteristics of the ecosystems in
which they become established [37, 38]. This impact is manifested in a number of ways, includ-
ing changes to trophic levels, genetic diversity, habitats, modifications to nutrient regimes and
disruption of succession patterns [41, 49].

Recent experiments in Slovakia (2024) have demonstrated the allelopathic influence of
the invasive Heracleum mantegazzianum on native plant species. Research revealed that extracts
from H. mantegazzianum—particularly those derived from leaves collected in April—signifi-
cantly impacted barley (Hordeum vulgare) and summer wheat (Triticum aestivum) germination
and growth. The study found variability in the extracts’ effects depending on the plant material’s
collection period and the model plant species tested [25].

In addition to the ecological consequences, the introduction of invasive Heracleum spe-
cies can have direct negative implications for human health and socio-economic activities. [16,
17, 50]. As an illustration, the sap of Heracleum spp. can induce dermatological irritation and al-
lergic reactions, impacting recreational activities and agricultural practices. Furthermore, H. per-
sicum has the potential to negatively impact fisheries and aquaculture, reduce tourist attractions,
and contribute to negative impacts on local economies, thereby exacerbating the broader socio-
economic impacts of invasive species. It is of the utmost importance to understand the mecha-
nisms and effects to develop effective management strategies that will mitigate the detrimental
impacts of invasive Heracleum spp. and protect local biodiversity and ecosystems [15, 22].

Table 2 outlines the various mechanisms through which invasive Heracleum species harm
ecosystems and human health. Each impact mechanism is accompanied by specific examples that
illustrate how these species disrupt natural habitats, displace native flora, and pose significant
health risks [28, 55, 59, 61].

Table 2

Mechanisms of impact of Heracleum species invasion

The mechanism of influence Examples
. H. mantegazzianum produces allopathic chemicals that inhibit the
Allopathic

growth of other plants
The juice of Heracleum spp. can cause severe skin irritation, burns and

photodermatitis

Poisoning and allergic reactions

Competition - monopolisation of]

H. persicum can form dense thickets, displacing native vegetation
resources

H. mantegazzianum shades out native species, reducing their access to
sunlight

H. persicum hybridises with native Heracleum species, potentially alter-
ing their genetics

Rapid growth H. mantegazzianum grows rapidly, dominating the areas it enters

Competition - shading

Hybridisation

Distribution of invasive species of the genus Heracleum in Europe

For this study, three of the 20 representatives of the genus Heracleum present in Europe
[55] were selected: H. mantegazzianum, H. sosnowskyi and H. persicum, commonly known as
giant hogweed. They represent the most prominent examples of highly invasive and aggressive
plants that have spread across Europe in recent decades. All three species (H. sosnowskyi, H.
persicum, and H. mantegazzianum) are included in the European list of Invasive Alien Species of
Union concern (Commission Implementing Regulation (EU) 2022/1203 of 12 July 2022 amend-
ing Implementing Regulation (EU) 2016/1141 to update the list of invasive alien species of Union



1. Hacadrwok, 3. Mamyyp
ISSN 0206-5657. BicHuk JlbBiBcbKkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2024. Bunyck 92 71

concern), with H. sosnowskyi and H. persicum added in 2016 and H. mantegazzianum in 2017.
Together, they represent 7.3 % of the invasive alien plant species on the list (i.e., 3 out of 41 in-
vasive plant species listed as of today) [12]. These species are also listed as invasive alien species
nationally in many EU countries.

H. mantegazzianum Sommier & Levier — originally from the western part of the Greater
Caucasus in southern Russia and Georgia [100, 105]. It was first introduced to the UK as an
ornamental garden plant at Kew Botanic Gardens in 1817. By 1862, it was already recorded in
Ireland, Denmark, the Netherlands, and Germany [34]. It is the most widespread invasive Hera-
cleum species in the world, from the USA to New Zealand. It is registered in 33 European coun-
tries, including Austria, Belarus, Belgium, Bosnia and Herzegovina, Croatia, Czech Republic,
Denmark, Estonia, Finland, France, Georgia, Germany, Hungary, Iceland, Ireland, Italy, Latvia,
Liechtenstein, Lithuania, the Netherlands, Norway, Poland, Portugal, Russia, Slovakia, Slovenia,
Spain, Sweden, Switzerland, Ukraine, and the United Kingdom (Fig. 1.) [9, 26, 39, 54, 60, 85,
100, 101]. Studies show that with global climate change [67], the range of H. mantegazzianum
could expand by 20 % in Northern Europe. It is expected that most range changes predicted for
2100 may occur as early as 2041 [4].

Fig. 1. Distribution of Heracleum mantegazzianum Sommier & Levier in Europe [101]

H. sosnowskyi Manden is native to the eastern portion of the Main Caucasus Range and
the southwestern and eastern Transcaucasian regions. The species was first described in 1944
by Mandenova from the Meskheti region of Georgia. The species was first introduced to Russia
in 1947, where it was cultivated as a highly productive fodder crop for livestock. Subsequently,
it was introduced to other countries: Belarus, Poland, Ukraine, the Baltic States and the eastern
part of Germany [59, 99]. It is currently undergoing a period of rapid dissemination throughout
Europe, with registration in 20 countries on the continent: Austria, Belarus, Bulgaria, Denmark,
Estonia, Finland, France, Georgia, Germany, Hungary, Italy, Latvia, Lithuania, Poland, Romania,
Russia, Serbia, Spain, Ukraine, and the United Kingdom (Fig. 2) [7, 9, 27, 39, 47, 82, 90, 99,
101, 102].
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Fig. 2. Distribution of Heracleum sosnowskyi Manden in Europe [102]

H. persicum Desf. ex Fisch - originally from Iran, Iraq and Turkey [21]. It was first in-
troduced to the UK as an ornamental garden plant in 1829 and then to northern Norway in 1836
[34]. Subsequently, the species expanded its range southwards across Northern Europe, and is
currently registered in nine European countries. The species is present in the United Kingdom,
Norway, Sweden, Denmark, Finland, Iceland, Estonia, the Czech Republic and Hungary. Some
sources report isolated cases in Germany and France (Fig. 3) [9, 14, 39, 68, 69, 94].

Fig. 3. Distribution of Heracleum persicum Desf. ex Fisch in Europe [103]
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Table 3 illustrates the principal impacts of the invasive species of the genus Heracleum
in Europe.

Table 3

Environmental impacts of invasive Heracleum species

Consequences of exposure Examples
Disruption of food chains caused by the dominance of Hera-

Changed trophic level .
cleum spp. in the ecosystem
Altered gene pool / selective loss of gen-|Reduction of genetic diversity in plant populations due to hybri-
otypes disation of H. persicum
Ecosystem change/habitat alteration The loss or transformation of habitats changes local ecosystems

Changes in soil nutrient availability due to the growth of]
H. mantegazzianum

Modification of succession models Disruption of natural succession due to H. sosnowskyi invasion
The dominance of H. mantegazzianum, which leads to the for-
mation of a monoculture

Negative impact on human and animal|Skin irritation and allergic reactions caused by the juice of He-
health racleum spp.

Damage to fish populations and disruption of aquaculture due
to H. persicum

Reduced tourist attraction and negative impact of]
Heracleum spp. on the local economy

Reduction of aesthetic appeal of the territory due to H. man-
tegazzianum infestation

Extinction of native plant and animal species caused by Hera-
cleum spp.

Negative impact on agriculture Yield reduction and competition with H. persicum

Disruption of natural processes, such as pollination and nutrient
cycling, due to Heracleum spp.

Creates conditions favourable for the penetration of other in-

vasive species

Modification of the nutritional regime

Formation of a monoculture

Negative impact on aquaculture/fisheries
Negative impact on tourism
Reducing the value of comfort

Decrease in local biodiversity

Impacts on ecosystem connectivity

Vulnerability to intrusion

Control, eradication and prevention of Heracleum species in Europe

In Europe, the control and management of Heracleum species is based on a multi-facet-
ed approach, encompassing prevention, eradication and post-eradication strategies. A variety of
approaches are employed by different countries in their efforts to combat the invasive nature of
these species, with numerous studies being conducted to this end.

The principal methods employed to control Heracleum species are mechanical and chem-
ical [32]. The application of mechanical control methods, such as the cutting of roots, does not
result in the immediate death of the plant. Rather, the plant dies only after repeated treatments
over several seasons due to the depletion of its nutrient reserves. The use of ploughing as a control
method on farmland has been demonstrated to be effective, with deep ploughing resulting in a
significant reduction in infestations. This is due to the destruction of seed germination in the top-
soil, where most seeds are concentrated. The most productive results are achieved when invasive
vegetation is controlled mechanically or chemically before ploughing.

The successful eradication of invasive species often necessitates the implementation of
comprehensive and persistent measures over a period of seven to ten years. Nevertheless, manag-
ing populations on steep slopes and in inaccessible areas continues to present a significant chal-
lenge for manual treatments. Preventive strategies are oriented towards maintaining dense veg-
etation cover, to prevent gaps and increase the diversity of endangered plant communities [48].

While mowing is an effective method for large-scale vegetation management, it necessi-
tates two to three repeated applications during the active growth season to prevent regrowth [88].
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This is true regardless of whether the mowing is done manually or with mechanical cutting tools.
Some guides suggest that mowing should be performed as frequently as every two weeks. To
prevent the dissemination of seeds, mowing should be conducted prior to the maturation of the
plant. It is not advised to cut plants exceeding a height of 1.5 metres, due to the elevated difficul-
ty and risk of contact with the sap. Adhering to the prescribed safety protocols and utilising the
appropriate personal protective equipment is of the utmost importance. It is recommended that
hand mowing with tools such as scythes or trimmers be employed for small areas or in situations
where mechanical mowing is not available [4, 43, 45, 53, 55, 62].

The aforementioned mowing methods can potentially expose workers to health risks due
to direct contact with the plant. Consequently, as a more secure alternative, agricultural machin-
ery manufacturers provide remote-controlled mowers that permit operation at distances of up to
300 metres and facilitate the management of challenging terrain, in addition to mulching plants.
Equipment manufacturers assert that mulching represents the most productive methodology for
large populations, necessitating the initial trimming of juvenile plants and subsequent mowing at
ten-day intervals to forestall the regrowth of shoots. This process should be repeated for a period
of ten years, with regular monitoring to ensure the complete destruction of all plants and the ab-
sence of viable seeds [98].

Root cutting represents an efficacious mechanical control method, particularly when ini-
tiated at an early stage. For plants up to five years old, aAn effective cutting depth of 15 cm has
been observed, while for younger plants, a depth of 10 cm has been found to be sufficient. The
results of field research conducted in Poland indicate that cutting roots in late April proved more
effective than cutting them in mid-June. The most productive strategy for biennial plants was the
repeated cutting of roots three times during the growing season (April, June and August) over a
five-year period, which destroyed 97.2 % of the initial number of plants.

It was determined that cutting the roots of three-year-old H. sosnowskyi plants at a depth
of 10 and 15 cm resulted in their complete destruction. The complete eradication of five-year-
old plants necessitated a deeper cut, whereas seven-year-old plants were not entirely eliminated,
indicating that a deeper cut was more effective. It is noteworthy that the seven-year-old plants
exhibited considerably higher root biomass and longer crown roots than the three-year-old plants,
which may have contributed to their enhanced resilience.

This method is most effective for young plants growing in moist soil. For larger plants,
using loppers to cut off the upper parts is recommended, as this provides better access to the stem
and taproot. To prevent regrowth effectively, the roots should be cut to a depth of 20 cm. Fur-
thermore, a shovel angled at 45 degrees can sever the taproot at a depth of approximately 15 cen-
timetres below the soil surface. In areas susceptible to erosion or with pronounced topography,
excising the taproots to a depth of 25 cm may be advisable. It is recommended that the cuttings
be removed or allowed to dry off-site [6, 29, 55, 63, 89].

The practice of ploughing is an effective method for cultivating agricultural land. How-
ever, deep ploughing has been observed to have a detrimental impact on seed germination in the
topsoil. In areas with no sensitive species, deep ploughing, reaching depths of up to 24 c¢cm, can
be an effective control measure for Heracleum species. This method simultaneously excises the
taproot and interreds the majority of the seeds to a depth that precludes germination. The optimal
results for H. mategazzianum are achieved when existing vegetation is first controlled by me-
chanical or chemical means before ploughing. The optimal time for this procedure is during the
autumn months, as subsequent frosts and low temperatures facilitate the degradation of shoots.
Removing large roots from the ploughing area is crucial to prevent their regrowth [6, 29, 35, 54,
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55, 62, 63]. Conversely, research conducted in Latvia suggests that ploughing or disc harrowing
has a comparatively limited impact on H. sosnowskyi and may even have a detrimental effect on
the growth of the local flora, reducing diversity and number of plants [36].

The removal of inflorescences is an essential procedure in the control of plant popula-
tions. One of the most common methods employed is the removal of flower heads, which should
be carried out before the formation of seeds in order to prevent further spread. Experimental evi-
dence from the Czech Republic indicates that the removal of all flower heads of Heracleum spe-
cies during peak flowering results in a significant reduction in seed production. Pruning the plants
during the middle of the flowering period prevents the formation of new seeds. However, if this is
done too early, it can stimulate the formation of secondary stems that may also flower. Removing
flowering heads in early or late summer represents a short-term, interim method of preventing
further seed spread, particularly when other methods have been exhausted. It is important to note
that this method does not result in the death of the plant [29, 55, 62].

Using chemical control methods is regarded as an efficacious and cost-effective approach
for managing species belonging to the genus Heracleum.

The efficacy of glyphosate and triclopyr against H. mantegazzianum has been demon-
strated, indicating potential vulnerability to other species of Heracleum. Nevertheless, the prolif-
eration of H. persicum through vegetative growth can diminish the efficacy of glyphosate, as it
solely targets the aboveground portion of the plant [5].

Studies conducted in Lithuania, Latvia, and Finland have evaluated the efficacy of herbi-
cide mixtures comprising tribenuron-methyl and methylsulfuron-methyl in controlling H. sos-
nowskyi, showing positive results [92]. Glyphosate applied alone did not give the expected results,
but the combination with triasulfuron was effective [36]. However, the use of these herbicides is
restricted in certain areas, such as near water bodies and forest edges, to ensure environmental
safety.

Polish researchers have found that triclopyr mixtures provide 90-95 % control of H. sos-
nowskyi, including triclopyr + fluroxypyr + clopyralid, as well as mixtures of propoxycarbazone
sodium + iodosulfuron methyl sodium + amidosulfuron [36]. Latvian researchers recommend
applying glyphosate, triclopyr and imazapyr in March-May to control H. sosnowskyi. The ap-
plication of glyphosate after spring germination in combination with deep ploughing has been
demonstrated to be an effective method in Latvia [36].

A five-year study conducted in Poland substantiated the efficacy of herbicide treatments in
controlling the growth of H. sosnowskyi. A single application of glyphosate was observed to be
less effective than a mixture of glyphosate and flazasulfuron, with the latter exhibiting superior
control with an increased frequency of treatments. The most effective approach was a three-time
application of a mixture of glyphosate and flazasulfuron, which resulted in 91 % control in the
second year and 100 % control in the fifth year. Furthermore, it was observed that plants treated
on three occasions during each growing season did not produce any generative shoots, indicat-
ing the importance of sequential and repeated treatments for the successful eradication of H.
sosnowskyi. From a chemical perspective, the most effective approach is a three-time application
of a herbicide mixture containing glyphosate and flazasulfuron over a five-year period, which
provides complete control of H. sosnowskyi [43].

An integrated approach incorporating chemical, mechanical, and biological methods is the
most effective for controlling H. sosnowskyi. The mixtures tribenuron-methyl + methyl sulfuron-
methyl and fluroxypyr + methyl sulfuron-methyl demonstrated rapid efficacy, with only a few
plants remaining in the plots following application. The selection of an appropriate herbicide
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combination, with due consideration of environmental factors, is of paramount importance for
the effective management of invasive species.

By UK guidelines, the optimal time for herbicide application is when the plant has reached
a height of approximately 50 cm with fully developed leaves, typically in mid to late April (or
March if the spring is early). It is recommended that the site be monitored in May and early June
to identify any new plants or those that were missed during the initial treatment. If re-treatment is
required, this should be conducted using a spot or continuous spraying method. It is important to
note that the combination of aminopyralid and triclopyr is permitted for use only once per year.
It is therefore recommended that glyphosate should be used should further spot treatments be
required [29].

A five-year field experiment (2018-2022) was conducted to assess the effectiveness of py-
rolysis liquid mulch (PLM), biodegradable mulches, and glyphosate in controlling Heracleum
mantegazzianum, an invasive plant species spreading across Europe. The study found that PLM
had limited success in reducing mature H. mantegazzianum populations, while traditional plastic
and biodegradable mulches, as well as glyphosate, were more effective. These results highlight
the need for improved biobased weed control methods in managing the spread of this species
[33].

The study on the use of gibberellic acid (GA,) on flowering H. sosnowskyi was con-
ducted in Lithuania between 2020 and 2022. The findings demonstrated that a double treatment
with GA, during the flowering phase of the invasive plant H. sosnowskyi exhibited a consistent
dose-response relationship, effectively reducing seed germination. Furthermore, two factors con-
tributing to the reduction in the viability of mericarps resulting from the application of GA, on
flowers were identified. (1) an increase in the proportion of seedless mericarps and (2) a decrease
in the germination capacity of well-formed mericarps in the field. The study spanned a period of
two years, during which time different dominant mechanisms were identified each year. It is an-
ticipated that the reduction in seed viability resulting from applying GA, will impede the annual
replenishment of the soil seed bank, thereby limiting the potential for further plant spread [92].

This approach may also prove effective for controlling other closely related invasive spe-
cies, such as the monocarpic H. mantegazzianum. Nevertheless, further research is required to
fully elucidate the mechanisms underlying the effects of exogenous GA, on the germination of
well-formed mericarps under different climatic conditions. This research should encompass both
the expansion of application methods and the investigation of underlying mechanisms. Before
implementing this approach for commercial plant control, it is essential to gain a comprehensive
understanding of the factors influencing its efficacy [92].

Microwaves, a form of electromagnetic radiation, could serve as an environmentally
friendly method for controlling this species. A field experiment utilising microwaves was con-
ducted in Poland in 2022. A 15-minute microwave exposure resulted in 100 % mortality of the
plants, which was confirmed 7 and 75 days after the treatment. This indicates that longer mi-
crowave irradiation periods may be more efficacious in ensuring the complete eradication of
Heracleum spp. during the flowering phase [78]. The study continued in 2024 and proved that
microwaves do not affect soil ecotoxicity, as proved by the three biotests, which is a vital envi-
ronmental benefit of this method [79]. The study found that microwaves effectively prevented
hogweed regrowth for up to 14 days, with higher treatment times (up to 15 min) reducing root
biomass by 55-67 %. The method also altered the biochemical composition of the plant, increas-
ing sugar and saturated fatty acid levels, while having no adverse effects on soil ecotoxicity. Es-
sential oils extracted from the roots showed increased diversity, with no highly photosensitizing
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compounds detected. These findings highlight MWT as a promising, sustainable approach for
managing invasive species [79]. If proven to safely impact human health and surrounding eco-
systems, this method could represent a promising new approach

The use of sheep grazing has been demonstrated to be an effective control method, par-
ticularly when employed for a minimum of ten years in areas with a high degree of infestation
where machinery cannot be used [3]. This method has been employed in Denmark, the United
Kingdom, Ireland, and Germany [3, 8]. An extensive experimental study on the efficacy of sheep
grazing as a biological control method was conducted by the Scottish Invasive Species Initiative
(SISI). The organisation posits that sheep are immune to the toxic sap of Heracleum spp. SISI
is currently undertaking a practical experiment to identify the most effective strategies for land
managers to utilise sheep in the control of the spread of Heracleum species [104]. This approach
shows promise and warrants further investigation.

In addition to grazing, no evidence currently suggests that any other biological control
method is effective. The surveys were conducted in the Caucasus, the native range of Heracleum
mantegazzianum, to identify potential biological control agents. Numerous fungal species were
discovered associated with the plant, many of which were newly recorded on this host. However,
none of the surveyed pests, including insect species and fungal pathogens, demonstrated the
necessary host specificity to be deemed safe for introduction into Europe as biological control
agents [19]. At present, the impact of natural enemies on H. mantegazzianum is minimal, with the
localised damage caused by certain fungal pathogens serving as an illustrative example. While
different insects and fungal pathogens attack different parts of the plant, none of the natural en-
emies has demonstrated sufficient efficacy to be considered a viable biological control method in
Europe. In the Caucasus mountains, where Heracleum species are found, the associated insects
were either polyphagous or oligophagous, feeding on multiple Heracleum spp. and potentially
other plants in the Apiaceae family. Laboratory studies demonstrated that certain oligophagous
insects exhibited a broader dietary range encompassing a variety of Apiaceae plants. However,
none of the insect species studied exhibited monophagous behaviour, feeding exclusively on
H. mantegazzianum. A number of natural insect enemies were identified, including the weevil
(Nastus fausti Reitter), the ceramide beetle (Phytoecia boeberi Ganglbauer), the small butterfly
(Agonopterix caucasiella Karsholt) and the agromyza fly (Melanagromyza heracleana Zlobin).
However, none of these were considered suitable for biological control due to their lack of signifi-
cant impact on the plant. Similarly, studies of pathogens associated with Heracleum mantegaz-
zianum have demonstrated that all known Heracleum species share a common mycobiota [11].

The biological control of invasive Heracleum species, in particular H. sosnowskyi, has
been the subject of extensive research in Poland. Despite considerable efforts, no effective agent
with a narrow enough spectrum of action to be considered safe has been identified for any inva-
sive Heracleum species. Intensive research has explored the potential of natural enemies such
as insects and pathogens. However, difficulties remain in identifying agents that do not damage
other plants of the Apiaceae family, such as parsnips (Pastinaca sativa) [53].

Hybridisation poses additional challenges for the control and management of Heracle-
um species hybrids are frequently unidentified and may display an enhanced capacity for inva-
sive growth. Hybridization within the genus Heracleum is documented [76]. Hybrids between
H. mantegazzianum and the native H. sphondylium have been reported in Great Britain and
Germany [56], occurring in areas where both species co-occur, though they remain relatively rare
[24, 81]. Additionally, hybridization between H. mantegazzianum and H. sosnowskyi with the
native H. sibiricum is anticipated in Lithuania. While hybridization between H. sphondylium and
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H. mantegazzianum is considered possible [57], it occurs infrequently. Hybridization between
H. mantegazzianum and H. sosnowskyi is also feasible [76]. H. persicum commonly hybridises
with H. sphondylium, potentially complicating control efforts due to the increased invasiveness
that hybrids can exhibit as a result of interspecific hybridisation. Such hybrids can have an impact
on local biodiversity. Therefore, the identification and control of hybrids using developed mark-
ers is crucial for the conservation of local plant diversity [18, 74]. It is important to note that H.
persicum and H. mantegazzianum are not sympatric in their natural ranges, and their distribution
areas in Europe rarely overlap. This raises questions about the occurrence of hybridisation be-
tween these two species [21].

However, management of species of the genus Heracleum is complicated by a number
of factors, including their morphological similarity, the uncertainty surrounding their taxonomic
classification, and the possibility of hybridization. In such cases, a comprehensive understanding
of the population genetics of Heracleum species may prove beneficial.

The utilisation of unmanned aerial vehicles (UAVs) and remotely operated machinery
for implementing mechanical, chemical and other control measures represents a promising av-
enue for the management of Heracleum species. However, further investigation and testing are
necessary to ascertain the efficacy and feasibility of these approaches. Thus far, unmanned aerial
vehicles (UAVs) have been employed primarily for the detection and monitoring of invasive spe-
cies [80]. However, with the advancement of the industry, they are poised to become a valuable
tool in combating local and global Heracleum species invasions.

These findings thus emphasise the importance of implementing prompt and consistent
control measures, as well as considering the age of the plant, its root development and the specific
infestation sites when devising eradication strategies [58].

Control methods after eradication of invasive species of the genus Heracleum

Following the eradication of the species, it is of the utmost importance to implement
programmes designed to facilitate the regeneration of dense vegetation cover, thereby preventing
the re-infestation of the area by Heracleum species. For instance, the utilisation of grass mixtures
and reforestation techniques may prove beneficial. It is also crucial to raise public awareness and
encourage their involvement.

It is of the utmost importance to exercise caution when handling the disposal of plant
waste from eradicating invasive species of the genus Heracleum. This is to prevent environmen-
tal contamination and the further dispersal of seeds. Waste material comprising inflorescences
or seeds should be meticulously stacked, taking care to prevent contact with water and soil [51].
The aforementioned piles should subsequently be collected in bags and disposed of in accord-
ance with the recommendations set forth below. It is not advised to leave plants with herbicide
residues in the environment or to compost any Heracleum plant material containing seeds. In the
event that the removal of waste in its current state is necessary, it can be done so in large bags. It
may be feasible to utilise controlled burning as a method to prevent the dispersion of seeds by the
application of heat. Heat treatment of seeds from invasive Heracleum can be crucial in slowing
their spread and is particularly relevant for professionals such as road maintenance workers and
farmers. Laboratory experiments in 2024 showed that Heracleum seeds are highly resilient to
dry heat even with temperatures of 90—100 °C for several hours but more effectively destroyed
by hot water or steam. Implementing efficient seed control measures could significantly reduce
the dispersal of IAS and prevent costly management efforts [30]. Incineration is also a potential
option, although it may prove costly. An alternative disposal method is the transportation of the
waste to an authorised landfill site in closed containers, which will prevent seed dispersal. Upon
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arrival, the containers should be covered immediately. It is of the utmost importance to conduct
a thorough assessment of the safety of the proposed waste disposal methods in order to minimise
any potential environmental impacts [29, 59].

The pyrolysis of Heracleum biomass was studied in Poland for the first time in 2024
at temperatures ranging from 200 to 600 °C. Biochar produced at 200-300 °C showed strong
hydrophobic properties and high heating values, making it suitable for solid fuel. When pyrolysis
temperatures exceeded 400 °C, the biochans fertilizing properties improved due to increased
nutrient content, particularly potassium. The study demonstrated that pyrolysis can efficiently
convert Heracleum biomass into biochar without external energy input under specific conditions.
These findings suggest the potential for sustainable utilization of Heracleum biomass as a valuable
feedstock [83, 84].

The restoration of vegetation is a crucial subsequent phase following the successful
eradication of invasive Heracleum species. Once the invasive species has been removed, the land
is susceptible to soil erosion and the potential for re-spread. The optimal solution is the regular
utilisation of the land, such as the cultivation of crops or the grazing of livestock [52]. The result-
ing vegetative cover will serve to protect the land from erosion and prevent the reintroduction of
invasive Heracleum species.

Sowing grass. The restoration of natural grass cover is of paramount importance
for the effective management of land previously occupied by invasive Heracleum species. It
is recommended that grass mixtures with higher seeding rates and species resistant to frequent
mowing be sown. The optimal approach is to seed grass species that are indigenous to the region,
demonstrate tolerance to flooding, possess well-developed adaptations, and exhibit competitive
superiority over Heracleum spp. Mixtures that have been demonstrated to be effective include
Dactylis glomerata, Festuca rubra (50:50) and F. arundinacea, F. rubra (35:65). It is advised that
the seedlings be mown frequently when they reach a height of 20-30 cm [29, 55, 70].

One approach that has been investigated in Poland involves the utilisation of competitor
plants, in particular certain grass species that are capable of producing 4000 seedlings per square
metre, with the objective of eradicating Heracleum spp. Grasses such as Dactylis glomerata, a
hybrid of Festuolium, Lolium perenne, L. multiflorum, Polypogon viridis, Arundinum arundi-
num, Festuca rubra, F. arundinacea, and F. pratensis have been demonstrated to be effective in
the removal of Heracleum spp. from infested cereal pastures. Furthermore, native plants such as
Petasites albus and Petasites hybridus have demonstrated the capacity to compete with invasive
Heracleum species [53].

It is imperative to refrain from sowing grass mixtures on sandy floodplain soils and along
riverbanks, as these areas are susceptible to the deposition of invasive Heracleum spp. seeds dur-
ing floods. It is recommended that root cutting and pruning be undertaken prior to flowering as a
more effective control method in these areas. The practice of mowing, particularly of native grass
species such as Elymus repens and Poa pratensis, has been observed to facilitate the growth of a
competitive grass cover, which in turn serves to reduce the density of invasive plants.

These integrated management practices are of great importance to the restoration of for-
mer agricultural land, employing mechanical, chemical and biological methods to effectively
control and prevent the re-spread of invasive species. The diversity of grasses will increase as
native broadleaf species repopulate the grassland. Following the revegetation process, the areas
in question can then be utilised for agricultural or recreational purposes.

Afforestation represents a distinct approach within the field of cover crop strategies, spe-
cifically designed to control the proliferation of tall invasive Heracleum species. In instances
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where openings are created in a beech forest as a result of windfall or tree felling, these openings
can be colonised by invasive Heracleum species. The implementation of further reforestation
initiatives results in a gradual shading effect, which ultimately inhibits the growth of invasive
Heracleum species. The efficacy of shading is contingent upon the species of trees involved.
Beech forests (Fagus sylvatica) have been demonstrated to be highly effective at shading the
plant, while firs (4bies species) and willows (Salix species) have been found to be less effective
in this regard. Furthermore, different invasive species of Heracleum spp. demonstrate varying
degrees of shade tolerance. For instance, H. mantegazzianum exhibits a lower tolerance than H.
sosnowskyi [55, 59].
Minimising intrusion into new territories

Methods of prevention:

To effectively reduce the invasion of tall invasive species of the genus Heracleum into new
areas, a comprehensive approach focusing on prevention, early detection and rapid response is
needed. Here are the key steps to consider:

*  Mapping existing populations, especially in regions adjacent to infested areas, is crucial.
Due to their size, stands of Heracleum species are visible for most of the year and can be eas-
ily detected during flowering in early summer, making it relatively easy to track their spread.

*  Recent field studies and experiments have demonstrated that Sentinel satellite time series
and UAV data enable the characterization of vegetation classes at unprecedented spatio-
temporal scales. The integration of data from multiple sensors, such as optical and synthet-
ic-aperture radar (SAR) [64, 75], has significantly improved classification accuracy. Multi-
spectral sensors on UAVs have proven effective in mapping invasive species and can serve
as a valuable alternative to traditional field data for fitting and validating OCCs (one-class
classifiers) based on satellite imagery [24]. However, the limited area coverage of UAVs,
typically a few hectares, restricts their utility for extensive monitoring. Hyperspectral im-
aging offers greater precision by refining spectral distinctions between invasive species and
their surrounding vegetation. Additionally, real-time kinematic (RTK) positioning of global
navigation satellite systems (GNSS) [42, 71, 97] has been widely adopted to achieve precise
relative positioning, further enhancing the accuracy of remote sensing applications [2, 40].

* Involvement of the public and volunteers can be a powerful tool in identifying Heracleum
species. Informing the public about the problems caused by invasive species and enlisting
their help in identifying populations can be achieved through social media, local media and
targeted information campaigns. This method is well established in the UK [93].

»  Citizen Science (CS) plays a significant role in shaping societal values towards biodiversity
by facilitating valuable data collection. Public participation in recording invasive alien spe-
cies (IAS) through innovative smartphone applications is already complementing official
surveillance systems across EU Member States. However, the accuracy of data generated by
these initiatives may limit their use for early warning, management, and control of IAS. In
response, the Joint Research Centre (JRC) developed the “Invasive Alien Species in Europe”
app, enabling users to report IAS of Union concern under EU Regulation 1143/2014. Addi-
tionally, the European Alien Species Information Network (EASIN) provides a centralized
repository of IAS data, supporting EU Member States in implementing IAS-related policies
and management strategies [1].

» Aurtificial intelligence (Al) is increasingly integrated into citizen science (CS) applications,
particularly for taxonomic identification, where deep learning models are used to automat-
ically identify species from uploaded images [10, 91]. These models not only identify the
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species but also determine the confidence level of the identification [73]. Although conver-
sational Al tools, like chatbots, are gaining traction for user interaction, simpler CS applica-
tions with structured databases and clear protocols do not necessarily require such complex
systems. Instead, a straightforward system that provides real-time identification guidelines
after a species name is entered can effectively assist observers. Al can also be employed to
automate feedback once an expert validates a report. As an example of Al for species recog-
nition tool is worth to mention Seek application based and integrated to iNaturalist platform.
iNaturalist includes an automated species identification tool, and users further assist each
other in identifying organisms from photographs. As of 9 July 2024, iNaturalist users had
contributed approximately 197,660,888 observations of plants, animals, fungi, and other or-
ganisms worldwide [95].

* Use the online reporting platforms for mapping of invasive species, like the following
list available in Europe which include both Al and expert recognition tools: UK- iRecord
(https://www.brc.ac.uk/irecord/resources-verify); Germany — Naturgucker (naturgucker.
de); Netherlands — Netwerk Ecologische monitoring invasieve vaatplanten (www.floron.
nl/meedoen/exoten-melden); Switzerland — InvasivApp (https://www.infoflora.ch/invasiv-
app); Norway — Artsdatabanken (https://www.artsobservasjon er.no/Home/About); Alpine
space region — ALPTREES (https://www.alpinespace.eu/projects/alptrees/en /home) [1].

« It is necessary to develop targeted information programmes aimed at groups engaged in
outdoor activities, such as fishing, agriculture, hunting and tourism [4].

*  Reporting mechanisms should be clear and accessible so that the public knows where to
report sightings of invasive Heracleum species.

e Outreach campaigns, outdoor and internet advertisement, video production are powerful
tools for raising awareness and public engagement in monitoring, controlling and eradicat-
ing Heracleum spp.

+  Rapid response by local authorities. Upon receiving reports of new infestations, the relevant
authorities should have the resources to quickly confirm the identification, assess the situa-
tion and determine the appropriateness of control methods.

Conclusions

The current range of control methods is diverse, encompassing chemical, biological, and
mechanical approaches. Despite the spread of the three invasive Heracleum species across dif-
ferent regions of the European continent, the control methods employed in various countries are
largely similar. In recent years, novel control and management methods, such as the use of mi-
crowaves and pyrolysis, have also been studied. In this context, the involvement of EU projects,
non-governmental organizations (NGOs), and volunteers in the identification, monitoring, and
direct control of harmful species is of significant importance.

Outreach and public engagement play a critical role, supported by the production of vari-
ous types of information resources, including short social media videos, posts, long educational
videos for schools and broader audiences, and information banners, particularly in areas of high
invasion. Additionally, tailored mobile apps that allow easy detection and reporting of invasions
are worth mentioning. Ideally, the collected datasets would be integrated or made accessible to
local authorities responsible for controlling and eradicating invasive species.

The selection of an appropriate control method is also contingent upon a number of factors,
including the size of the plant population, its density and the accessibility of the area in question.
The most prominent tools in this regard would be the use of Al and deep learning, particularly for
detecting, mapping, and reporting Heracleum invasions, both by individuals and through UAVs.
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Regardless of the method employed, the importance of repeated and correct application cannot
be overstated, as this is crucial to obtaining satisfactory results. Therefore, treatments should be
initiated at the earliest opportunity in the growing season and continued for several years until
the soil seed stock and root system are depleted. The financial implications of controlling tall in-
vasive Heracleum species are highly variable, contingent upon the availability of equipment and
the cost of labour. It is evident that an efficacious strategy for the control of invasive Heracleum
species necessitates a multi-year approach, encompassing both immediate eradication and long-
term prevention of the spread.

The development of new guidelines based on modern technology and scientific research is
a priority for enhancing the efficiency of eradicating, controlling, and managing invasive Hera-
cleum species. An integrated strategy for controlling Heracleum species should aim to optimize
efficiency, ecology, and economic management. This requires implementing flexible methods
tailored to the specific needs of the area in question.
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O]l CYHACHHUX IIAXOAIB 10 YIIPABJIIHHSA
IHBA3IMHUMU BUJAMMU POLY HERACLEUM Y €BPOIII
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eyn. I pywescvroeo, 4, Jlvsie 79005, Vkpaina
e-mail: zvenyslava.mamchur@lnu.edu.ua,; dzvinkamamchur@gmail.com

VY cTaTTi pO3MNISHYTO aKTyaJIbHICTh HMPOOJIEMH 1HBAa3WBHHX UYXKOPITHHX BHIIB
(IYB) y €Bpomi, BHCBITIIEHO O0i0€KOIOTiYHI XapaKTEPUCTHKH IHBAa3UBHHUX BHIIB DPOIY
Heracleum (H. mantegazzianum, H. persicum, ta H. sosnowskyi) Ta iCTOpUYHI IUIAXH
iHTpoayKuUii. HaBeaeHo CTaTUCTHKY MOLIMPEHHS IMX BUIIB Ta IXHi HEraTHBHUI BIUIMB Ha
010pi3HOMAHITTS 1 CTIMKICTh EKOCHCTEM.

[ommpenns iHBa3MBHHX BUAIB pony Heracleum wmae DanekoCsSHKHI HACHiAKH,
BIUIMBAIOYM HE JIMIIE HA CTIHKICTh €KOCHCTEM, a i Ha EKOHOMIKY Ta OXOPOHY 3IO0POB’S.
[TokazaHo, 1110 €KOJIOTIYHI HACIIAKY BIUIMBY BUSBIIAIOTHCS y 3IATHOCTI IIMX BUIIB HE JIUIIE
BUTICHATH MicLeBy (JIOpY Ta MOPYIIyBaTH MPUPOAHI EKOCHCTEMH, a i BIUIMBATH Ha Pi3Hi
cthepu rocrnogapchKoi AiSIIBHOCTI. ATPECHBHUI XapakTep POCTy H anenomaTtuyuHi edexta
LIUX POCIMH MPU3BOIATH /10 3HAYHUX EKOHOMIYHHX BHUTPAT, MOB’SA3aHHX 3 YIPABIIHHIM
3eMEeNBHIMH pPecypcaMl Ta TPOAYKTHBHICTIO CUIBCBKOTO rocmomapctBa. Hasenmeni
MIPUKJIaIN PI3HUX MEXaHi3MiB BIUIMBY iHBa3MBHUX BHIIB poay Heracleum migxpecioOTh
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TXHIll 3ryOHMI BIUIMB Ha EKOCHCTEMH Ta 3/0pPOB’s JIIOAWHU. 30Kpema, (HOTOTOKCHYHI
peuoBunu Heracleum spp. CTBOPIOIOTH CEPHO3HI PU3UKH IJIsI 340POB’ s TF0/IeH, 3y MOBIIOI0UH
3aMaJieHHs MIKIpY Ta JOBrOTpUBaly GOTOUyTIMBICTh. JleTalbHO PO3MIISHYTO Pi3Hi METOaM
KOHTPOJIIO, BUKOPIHEHHs Ta MPoQiIakTHKy moummpeHHs BuaiB Heracleum spp. y €spori,
a camMe MexaHiuHi, OiojoriuHi ¥ XiMiuyHI METOAM, a TakoX Npo(iNaKTH4HI cTpaTerii.
AKIICHTY€EThCSI TaKOX yBara Ha METOJaX KOHTPOJIO IMiCs BHUKOPIHGHHS, YTHIIi3awil
POCITHHHHX BiJXOiB, IO yTBOPIOIOTHCS TiJ Yac JIKBialil, BiAHOBJICHHS HPHUPOAHOI
pocmunHOCTI. [IpoaHasi30BaHO KITFOYOBI KPOKH KOMIUIEKCHOTO MiAXOMy isi e(heKTHBHOTO
3MEHILEHHS BTOPTHeHHs Heracleum spp. Ha HOB1 TEpUTOPIi.

[lokazano roctpy moTpedy B KOMIUIEKCHHX CTpaTerifiX yHOpaBliHHA Ui
MOM’SIKIIIEHHST BIUIMBY IHBa3WBHHX BUJIB pony Heracleum i 3amoGiraHHsi MoJanbIIOMy
MOLIMPEHHIO0. 3a3Ha4yaeThes, 0 KOHTposb [UB € BaknnBoO MiXHapOAHOO MpoliIeMolo,
sika MoTpedye CKOOpAMHOBaHUX 3ycwib Ha piBHI €C ta OOH. 3po6ieHo BUCHOBOK IPO
IHTETPOBAHUM MK/ 10 yIIpaBIiHHSA, KMl moeAHye (i3nuHi, XiMidHi Ta 610JI0TiYHI METOAH,
MPUCTOCOBaHI 10 KOHKPETHUX PEriOHATbHUX YMOB 1 Y3TO/DKEeHI 3 MIKHAPOIHUMH IIISIMA
oo 6iopizHoMaHiTTs. OGroBOpeHO PoIIb IPOMAICHKOT 0013HAHOCTI i OCBITH B 3amobiranHi
MOIIMPEHHIO 1HBa3WBHHUX BUIIB. IliKpecIeHO BaXKIHMBICTh 3aMy4eHHS TPOMAICHKOCTI
[0 iHIL[IaTUB i3 PaHHHOTO BHUSIBICHHS Ta IIBHIKOTO pearyBaHHs, SIKi MAlOTh BHUpilIagbHE
3HAUEHHSI IS YCHIIIHOTO YIPaBIiHHs 4y)KOPIAHUMHU iHBa3MBHUMH BUIAMU POCITHH.

Kuouosi cnosa: Heracleum mantegazzianum, Heracleum persicum, Heracleum
sosnowskyi, iHBa3UBHI 4y>KOpiHI BUIH, KOHTPOJIb BUAIB pony Heracleum, 6i0pi3HOMaHITTS
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