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HARMFULNESS OF GIANT HERACLEUM
HOGWEED AND METHODS OF THEIR

Goal. Analysis and generalization
of domestic and foreign experience on
the invasion and harmfulness of gi-
ant hogweeds, including Sosnowski’s
heracleum Sosnowskyi Mandenova to
disseminate scientifically sound infor-
mation on practical methods of con-
trol and prevention of further spread
of giant hogweed, promoting biologi-
cal conservation. Methods. System-
analytical, abstract-logical, empirical.
Results. According to research, scien-
tists have predicted that the penetra-
tion of alien species into new territo-
ries is constant. However, more and
more these processes are intensified
under the influence of human activity.
One of the indisputable facts of recent
centuries is that man is increasing not
only his numbers but also his needs.
To meet them, she persistently seeks
to expand the range of processed food,
medicinal and ornamental plants. A
clear example of this is the situation
with giant hogweed. Imported into
Western Europe in the XIX century
as an ornamental plant Borage Man-
tegazzi today poses a real threat to
the ecosystems of almost all countries
of the European continent. The seeds
of the London population of Persian
borage were sown in 1836 by English
gardeners in northern Norway, from
where it quickly spread throughout the
Scandinavian countries. In the former
USSR in the postwar years, Sosnows-
ki’s hogweed was actively studied and
implemented, which has now become
widespread in the natural ecosystems
of the CIS countries and Ukraine in
particular. Conclusions. According to
research, scientists have predicted that
giant hogweed poses a great danger
and threatens the natural ecosystems
of our country and the West, control
of Mantegazzi hogweed will be much
more difficult and costly than with Sos-
nowski hogweed. For this reason, it is
essential to take preventive measures
to locate and remove plants of very
dangerous invasive species and other
species with a polycarpic cycle of de-
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velopment, as well as to prevent their
widespread spread.

giant hogweed; Sosnowski’s hog-
weed; invasive species; harmful-
ness; control methods

The active spread of giant hog-
weeds as invasive species began
around the mid — 1980°s, and al-
most simultaneously in different parts
of Ukraine, Europe, Russia, and the
Baltic countries. This necessitated the
study of biology, ecology and other
features of plant growth and devel-
opment. Particularly acute problem
of giant borage adds to the fact that
they contain photodynamically ac-
tive compounds — photosensitizers,
which when exposed to plant sap on
exposed parts of the body and subse-
quent irradiation of these parts with
sunlight, can cause skin inflamma-
tion or dermatitis, which have signs
of first burns. second and even third
degree. Once in new territories, alien
species often find favorable condi-
tions for mass reproduction. This is
facilitated by the absence in the new
conditions of pests and diseases that
could limit their numbers.

The genus Borschivnik, Herac-
leum, has about 70 species. Within
the former USSR, 39 species were
distributed in the wild, most of them
in the Caucasus. Some species of
hogweed are able to form a huge
biomass (up to 100 t/ha or more).
Heracleum is one of the large ge-
nera of the Apiaceae family. A relic
of Tertiary forest vegetation, one of
the primitive taxa of this family. The
name Heracleum is given to the plant
by Pliny [1].
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In the 60’s and 70’s, large-scale
experiments were carried out on the
introduction of hogweed into pro-
duction as fodder and leachate crops.
According to the results of research
and extensive production tests, Sos-
nowski’s hogweed was recommended
for introduction as a fodder silage
crop. Despite the efforts, the culti-
vation of Sosnowski’s hogweed on
a production scale did not become
widespread. Work with him was
stopped, but the «newcomer» was
stable. From research sites and agri-
cultural fields, it began to penetrate
and spread in natural plant commu-
nities. In the absence of isolation,
hogweeds easily interbreed, forming
spontaneous hybrids, which further
prevents the definition of the species
[1, 2].

Adventive species have a negative
effect on local vegetation [3], and
their aggressiveness towards local
plant species, enhanced by morpho-
logical differentiation and the pre-
sence of intermediate forms, etc., is
given to the complete displacement
of some of them. Due to such aggres-

Sosnowski’s hogweed
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sive properties during the introduc-
tion, significant irreversible processes
in the environment can sometimes
occur at the genetic, species and eco-
system levels [4].

The active spread of adventitious
species is facilitated by high plowed
areas, the appearance of abandoned
plots, gardens, neglect of control
measures and destruction of giant
hogweeds on fallow lands, along field
roads, roadside lanes, under power
line pylons, in landfills, etc. Under
such conditions, the expansion of
foreign plants increases and they be-
come vicious field weeds with a high
level of harmfulness, which can lead
to significant crop losses and eco-
nomic losses [5—9].

Giant hogweeds, being an inva-
sive alien species, due to favorable
conditions, have spread especially
actively and aggressively on the ter-
ritory of Ukraine and pose a dan-
ger to the local flora and agricultural
lands. Scientists believe that one of
the most dangerous are Heracleum
Mantegazzianum Sommier & Levier
and Heracleum Sosnowskyi Mande-
nova. Sosnowski’s hogweed was im-
ported into the country as a silage
crop, and Mantegazzi hogweed as an
ornamental crop that now grows in
the Carpathians [10—13].

In Ukraine, there is no reliable
information on the composition and
distribution ratio of giant hogweed
in natural populations, and therefore
this is a special problem and needs
to be thoroughly studied in order to
prevent the spread and capture of
new territories.

Goal — of the genus Heracleum;
their distribution; identification;
harmfulness; biology and ecology,
impact on flora and human health,
methods of control of giant hogweed.

Methods — system-analytical,
abstract-logical, empirical.

Results and discussion. 1t is es-
tablished that the penetration of
alien species into new territories is
constant. The active spread of giant
hogweeds as invasive species began
around the mid — 1980°s, almost
simultaneously in different parts of
Ukraine, Europe, Russia and the
Baltic countries. This has led to the
need to study the harmfulness, fea-
tures of biology and ecology, the
impact on the aboriginal flora and
human health, the development of
methods to control giant hogweed.

Due to the rapid development of
populations, giant hogweeds displace

other plants and maintain a domi-
nant position in the occupied territo-
ries. The spread of plants in Western
and Northern Europe was due to hu-
man influence, interest in his unusual
appearance. The seeds were carefully
sent and sown in botanical gardens
and estates. This trend lasted until
the end of the XIX century. Then
such cultivation became less, and it
stopped completely after the appea-
rance in Western European litera-
ture, around 1900, of warnings about
the dangers posed by borage plants.

More than 20 different species of
the genus Heracleum are known in
Europe. Three species: Heracleum
mantegazzianum Sommier & Levier,
Heracleum sosnowskyi Mandenova
and Heracleum persicum Desfontaines
form a group of giant borage.

The range of the genus Herac-
leum covers a wide range of Eura-
sia and North America. In Eurasia,
the northern boundary of the genus
extends from the Scandinavian Pe-
ninsula to Kamchatka, and in North
America — from Alaska to Labrador
and Newfoundland, the southern
border covers North Africa, Central
and Eastern Asia, in North America
stretches from California to Califor-
nia and southern California. Against
the background of this large area of
distribution are clearly several large
centers: East Asia, the mountainous
regions of Southern Europe and
the Caucasus. The natural range of
H. mantegazzianum is the Western
Caucasus, H. Sosnowskyi — Central
and Eastern Caucasus [1, 14], Trans-
caucasia and Turkey, while H. per-
sicum 1is distributed in Turkey, Iran
and Iraq.

H. mantegazzianum — the most
famous of the giant hogweed, was
described as a new species for science
in 1895. Today, of the 19 countries in
which it grows, in fourteen H. man-
tegazzianum appeared before 1900, in
two more first mentioned. between
1900 and 1960 and only in three
countries — after 1960 [8, 15, 16].

H. Sosnowskyi was first described
in 1944 and began to be used in
Europe as a crop due to the high
yield, which provided a supply of si-
lage for livestock. Because the plant
is hardy and cold-tolerant, it has
become widespread in northwestern
Russia, where cultivation first began
in 1947. Since the 1940°s, it has been
sown in Latvia, Estonia, Lithuania,
Belarus, Ukraine, and the former
German Democratic Union. Repub-
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lic, since 1958 — in Poland. The gi-
ant hogweed, which originates from
the Caucasus Mountains, from the
region between the Black and Cas-
pian Seas, reached the United States
in the early 20th century. Currently,
the Baltic countries no longer prac-
tice the cultivation of H. Sosnowskyi.
In the northern regions of Russia it is
still grown in some places. Sosnows-
ki’s hogweed has spread significantly
during its cultivation, in particular in
Eastern Europe — Germany, Bela-
rus, the Baltic States, Poland, Russia
and Ukraine [18, 19, 20].

The history of H. persicum in
Europe is less known, it was de-
scribed earlier than others (in 1829)
and often H. persicum plants af-
ter their detailed study belonged to
H. mantegazzianum or H. Sosnowskyi.
For as yet unknown reasons, despite
being grown in many botanical gar-
dens in Europe, H. persicum has not
become widespread [14—16]. The
only reliable naturalized population
of this species is found in Scandi-
navia, where it is also known as the
«palm tree from Tromso» or Herac-
leum «laciniatumpy.

The European and Mediterranean
Plant Quarantine and Protection Or-
ganization (EPPO) of Mantegazzi,
Sosnowski and Persian borage are
included in the List of Invasive Alien
Plants. A national standard for regu-
lating the distribution and eradica-
tion of giant hogweeds has been de-
veloped for these species [17, 21].

Studies of species characteris-
tics for accurate identification have
shown that the most important dis-
tinguishing feature of invasive giant
hogweed H. mantegazzianum, H. Sos-
nowskyi, H. persicum is their size. The
height of the plants reaches 4—5 m.
The diameter of the stem is usually
5—10 cm (in H. persicum smaller).
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Distribution of Mantegazzi hogweed
in Europe [15]
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The leaves are up to 3 m long Inflo-
rescence in the form of an umbrella
(up to 80 cm) consists of clusters of
white or pink flowers. Each inflores-
cence has from 30 to 150 flowers.
One plant can have more than 80
thousand flowers. Flowering period is
June-August. H. mantegazzianum and
H. Sosnowskyi monocarpic (ie they
complete the life cycle after flowe-
ring), while H. persicum — polycar-
pic. All giant hogweed contains pho-
totoxic juice [14, 22—24].

H. mantegazzianum is endemic to
the Caucasus. Mantegazzi’s hogweed
was brought to Ukraine, namely to
the territory of the present-day Iva-
no-Frankivsk region, from Karlovy
Vary in 1927 [11].

Heracleum sibiricum L., Hera-
cleum sphondylium L., Heracleum
Lehmannianum Bunge. much smal-
ler than giant borage, usually 60—200
cm tall. The leaves are broad, no
more than 60 cm long, with coarse
veins and strongly hairy.

Siberian hogweed H. sibiricum in
Belarus grows in deciduous forests,
on edges, in bushes, meadows, mea-
dows, wastelands, roadsides, ditches,
etc. Occurs throughout the territory,
often [25]. The life cycle of Siberian
hogweed is up to 25 years.

Hogweed H. sphondylium has stiff
hairs on the stem and leaves, usually
grows to a height of 50 to 120 cm,
but individual specimens can reach a
height of 2 m. It blooms from June
to August-October, depending on
seasonal conditions.

Lehman’s hogweed H. Lehman-
nianum grows on river banks, in hu-
mid places of the subalpine zone,
sometimes forming thickets in the
middle and high mountain belts.
Flowering stem up to 2 m tall. Cur-
rently, this hogweed is widespread in
Belarus [25].

In order not to harm the abo-
riginal (local) species, which look
like giant hogweed, it is important
to be able to distinguish them. At
the beginning of the year, when the
leaves of the plants have not yet fully
opened, it is not easy even for expe-
rienced professionals. Some species
of umbrellas are often mistaken for
giant borage.

Such species include, for example,
wild parsnip (Pastinaca sativa L.),
which can be easily distinguished by
its yellow color and pinnate leaves,
which are divided into more than
three parts and form rows around the
central trunk. The plant often grows
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on roadsides, in meadows. Its juice
can cause skin burns [26].

Angelica (Angelica archangelica
L.) can also be mistaken for borage.
This is a common garden plant that
is grown to obtain aromatic stems
and oils from seeds and rhizomes.
The plant is 100—230 cm tall, inflo-
rescences are rounded and consist of
green flowers. Fruits ovoid, shaped
without noticeable oily streaks. It of-
ten grows on river banks and in the
wastelands of northern and eastern
Europe. The juice of the plant is also
harmful to the skin.

Wild angelica (Angelica sylvestris
L.) is very similar to garden angelica.
Both wild and garden are often con-
fused with giant borscht because of
their large size (over 2 m tall), pur-
ple stems and large inflorescences.
Wild angelica has no hairiness and
has a characteristic purple border
at the base of the leaf. Distributed
throughout Europe, especially in hu-
mid places [26].

An important place in research
was given to the study of the harm-
fulness of giant hogweed. Sosnowski’s
hogweed H. Sosnowskyi, successfully
acclimatized due to its extremely
high reproductive capacity (the bulk
of hogweed seeds crumbles directly
near the mother plant and carried
by wind, water flows, road and rail
transport over long distances) and
adaptability to local [22, 25, 27]. At
the beginning of its expansion, bora-
ge plants grew on the roadsides, on
the outskirts of settlements, waste-
lands, dumps, near farms, in ravines
[28]. Over time, hogweed signifi-
cantly increased the area of capture,
and some of them merged into solid
large thickets. Currently, hogweed
is a vegetation of natural ecotopes,
littering arable land and forests. Ac-
cording to the simulation results, it
is predicted that borage populations
will spread especially dynamically in
the valleys along the rivers, as well as
will represent a significant degree of
anthropic impact in settlements and
along transport links. According to
the climatic model of M. Simpson
and others (2011), it is predicted
that the populations of Sosnowski’s
hogweed will reach the upper fo-
rest belt, spreading over large areas.
Penetrating into the upper forest and
subalpine meadows, populations of
this species will have a threatening
impact on natural meadow vegeta-
tion, as well as on the succession of
natural complexes. In general, based
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on the obtained models, the scientist
states that all coastal settlements of
the Ukrainian Carpathians in 2100
will be within a high risk of exposure
to invasive processes due to the pene-
tration of hogweed into the territory
[18, 29, 30].

Sosnowski’s hogweed was first
identified as a harmful and dange-
rous weed in the Baltic States in the
1980's. In 1986, in Latvia and in
1987 in Estonia, it was recognized
as a dangerous weed, primarily due
to the negative impact on the taste
of meat and milk of animals that
consumed it, and partly due to the
risks to human and animal health. In
Latvia in 2013, its area was 10.640
hectares, although this is only 2/3
of the actual area of distribution of
this species [32, 33]. In Estonia, in
2010, more than 1.300 hectares were
covered by more than a thousand
H. Sosnowskyi colonies, and there are
probably also unknown colonies [34].

Based on the results of Sosnows-
ki’s research, it has been established
that the number of distribution sites
of this plant in Belarus increases by
an average of 30% each year, and
the area of existing populations — by
20—25%. According to the analy-
sis of the distribution of vegetation
sites of Sosnowski’s hogweed by land
categories, it was found that almost
half (49%) of the population of this
species is concentrated in land of in-
dustry, transport, communications,
energy, defense and other purposes,
primarily roadsides. A significant part
of the population was found on ag-
ricultural lands (23%) and lands of
settlements, horticultural societies,
country cooperatives (26%), etc.
[28, 35].

In the conditions of Ukraine,
Sosnowski’s hogweed continues to
gradually occupy large territories. It
grows especially densely on abandoned
lands and in other places that are not
used. Borschivnik forms monodomi-
nant thickets of different density with
an area from several square meters to
several hectares. Such thickets can
occupy entire meadows or stretch in
narrow strips, in particular along wa-
tercourses [36, 37].

The danger of hogweed has
several aspects. If they form dense
thickets, aboriginal species in them
can not compete and disappear. Sos-
nowski’s borage is able to reduce the
size of populations of a large number
of natural species in a short period
of time, especially natural species in
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meadows and near reservoirs, up to
their complete displacement due to
their size, biomass accumulation rate
and high plasticity [38]. Only 15—20
mostly weed-ruderal species of her-
baceous plants are able to survive in
the sinus with Sosnowski’s hogweed
[27, 39, 40]. From the structure of
floodplain phytocenoses, this spe-
cies displaces species of forage and
medicinal plants. As a result — the
disappearance with the grass of rhi-
zomatous, rhizomatous plants, the
place of which is occupied by borage.
The root system of hogweed is rod-
shaped and does not form a dense
turf and, accordingly, does not retain
the soil layer, which leads to soil ero-
sion [41].

Sosnowski’s hogweed has been
purposefully grown for almost 40
years. Thus, there were enough
sources for the formation and spread
of the invasive species. The main rea-
sons that contributed to the expan-
sion of Sosnowski’s hogweed were
the cessation of regular mowing in
the fields where it was grown as ani-
mal feed, the cessation of targeted
control in the fields after the collapse
of collective and state farms, which
were not cultivated for several years,
and so on. Invasiveness of hogweed
is due to a number of bioecologi-
cal features: the formation of a large
number of viable seeds, rapid growth
and development, long flowering,
the ability to self-pollinate, various
methods of distribution [17, 42].

Human activity contributes to the
spread of giant hogweed. Sosnowski’s
borschivnik from transformed habi-
tats, from roadsides, canals and other
ecotopes of ruderal character, spreads
in natural, where it occupies stable
niches and acquires high phytoce-
notic activity, acquires dominance
or co-dominance [43]. European
scientists have found that Sosnows-
ki’s hogweed increased the occupied
area by 10% every year, although
there was information about its more
intensive distribution.

It is important to note that the
active expansion is exacerbated by
the fact that evolutionary changes
are taking place in the populations of
Sosnowski’s hogweed. Scientists have
carried out research at the molecular
level of species from Ukraine, the
Caucasus, Russia (Moscow region)
and European countries. As a result
of these studies, the genetic diversity
of hogweed, which grows within its
historically formed natural distribu-
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tion and secondary (anthropogenic)
range, has been revealed. At the mo-
lecular level, genetic diversity has
also been identified among hogweeds
growing within a single geographi-
cal area, as well as polymorphism.
It is possible that changes in DNA
levels occurred under the influence
of harmful aggressive substances,
which are released in large quantities
into the atmosphere from stationary
sources of pollution, as well as on
roadsides due to the negative impact
of vehicle emissions, etc. [44, 45].

Control of hogweed requires the
use of a wide arsenal of various me-
thods and techniques. It is necessary
to strengthen phytosanitary control
over the condition of roads and rail-
ways, settlements, green areas, road-
side and protective plantations. When
choosing the best methods should
take into account the ecological and
coenotic features of species, as well
as the peculiarities of economic ac-
tivity of each region separately. The
choice of method depends on the size
of the area occupied by the plant, the
density of its growth and access to
the vegetation [46, 47].

The main biological features of
giant hogweed are that they do not
reproduce vegetatively. They usually
bloom in the third or fifth year and
their life cycle after seed produc-
tion ends. In the absence of favo-
rable conditions for flowering (due to
lack of nutrients, shading, drought or
regular mowing), the flowering pro-
cess is delayed. In such cases, the
plants can remain viable for up to 12
years. A clear understanding of the
mechanism of reproduction is the
key to successful control of invasive
weeds [15].

The flowers are pollinated by in-
sects, dioecious. Usually the appea-
rance of seeds is the result of cross-
pollination, but self-fertilization is
also possible. In the latter case, the
seeds are also viable, more than half
of them will germinate and give nor-
mal seedlings. Thus, one isolated
plant can be the source of an entire
weed population [48, 49].

In Central Europe, the plants
bloom from mid-June to late July,
and the seeds ripen in late August —
October. On average, one plant
forms about 20 thousand seeds, but
individual specimens form more than
100 thousand seeds. Although some
of these seeds do not germinate, the
ability to reproduce in this species is
very high [25, 49].
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Falling from the inflorescences,
the seeds are in the soil and ripen in
a short period of time. Most of the
seeds (95%) are in the upper (5 cm)
layer of soil. By autumn, up to
12.000 seeds per 1 m? of dense hog-
weed thickets, and by spring there are
on average about 2.000 viable seeds,
most of which are ready for germina-
tion, as they have already emerged
from the winter dormancy.

Seeds of plants of many species
can be stored in the soil for a long
time without loss of viability. Such
seeds are called «seed bank» [15, 49].
It allows plants to germinate under
optimal conditions and provide po-
tential weediness. Freed from the in-
florescence, the seeds of giant borage
have an underdeveloped embryo, al-
most all of it is dormant and does not
germinate in autumn. Germination
is preceded by a period of embryo
growth and recovery. Two months
with an average daily temperature
of 2—4°C is a sufficient period of
time for the seeds to come out of
dormancy.

In the spring, the «seed bank»
of giant hogweed is significantly re-
duced (due to seed germination) and
by summer has about 200 live seeds
per 1 m2 These seeds are dormant,
scientists estimate that about 8% are
stored until next year, about 5% of
the seeds are stored for two years.
The fact that at least a small number
of seeds can be stored for more than
a year must be taken into account,
taking into account the expansive
nature of the reproduction of giant
hogweeds, in order to control their
distribution and reproduction [14,
15, 49].

Biological and ecological charac-
teristics of invasiveness can be de-
scribed as follows:

® germination in early spring be-
fore the appearance of other
vegetation;

e relatively low death of young
plants;

e rapid growth, the ability to
grow in clusters and displace
other (aboriginal) plants;

e the presence of a constant per-
centage of plants that bloom
and provide seed formation;

e the ability of plants to suspend
flowering under adverse con-
ditions (until favorable condi-
tions occur);

e carly flowering, which allows
the seeds to fully mature;

e ability to self-pollinate, the re-
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sult of which is a full-fledged
seed,

e high fertility, which provides
one plant the beginning of ex-
pansion;

e a large number of seeds in the
«seed pot», as well as seeds
that do not lose germination
for more than one year,

e a very high percentage of seeds
that germinate regardless of
where the seeds have matured;

e rapid propagation of seeds by
water and wind.

Due to these characteristics, as
well as human activity, which ac-
celerates the spread of seeds, giant
borage is capable of rapid expansion.

The seeds of giant borage are
usually in close proximity to the
mother plant. In some cases, when
the plant height is more than 2 m,
60—90% of the seeds fall to the
ground within a radius of 4 m. The
farther from the mother plant, the
smaller the number of seeds, but in-
dividual seeds can spread over long
distances and thus capture new ter-
ritories [15].

Once in the vegetation, the seeds
promote expansion, both at the lo-
cal and regional levels. For example,
in the Czech Republic, where the
average seed spread is about 10 m
per year, the area occupied by giant
hogweeds increases by 1,200 m? an-
nually. At the regional level, the ter-
ritory occupied by them has doubled
in 14 years [22, 25, 27, 39, 40, 42].

During the research, the negative
impact of giant borage on the abo-
riginal flora was established. Giant
hogweeds grow especially densely in
abandoned fields and other places
acceptable for ruderal (weed) plants
[15]. They can form plantations of
different densities ranging from a few
square meters to several hectares.
These plantations can occupy entire
meadows or stretch in narrow strips
along rivers. Density varies from 1—3
adult plants per 10 m? to 20 plants
per 1 m2. In places where many giant
hogweeds are concentrated, about
80% of the light is absorbed by them,
and other plants become noticeably
suppressed. In Europe, where giant
borage grows, the number and com-
position of other plant species have
become smaller and the density of
their growth has decreased [15, 21,
25, 48, 49].

Borage is a danger to human
health. The plant secretes a clear
aqueous juice, which contains pho-
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tosensitizing compounds furanocou-
marin (furocoumarin). These com-
pounds cause burns when in contact
with human skin and under the in-
fluence of ultraviolet radiation. The
content of furanocoumarins in dif-
ferent parts of the plant is different.
The phototoxic reaction is activated
under the action of ultraviolet light
after 15 minutes, and the sensitivity
of the skin is manifested in 30—120
minutes after contact with the plant.
Also, some furanocoumarins are
carcinogenic (can cause cancer) and
teratogenic (cause indulgence) [49,
50, 51].

After 24 hours, the skin turns red
(erythema), a large amount of fluid
accumulates under the skin at the site
of the lesion, then within three days
there is an inflammatory reaction.
After about a week, hyperpigmenta-
tion (unusual darkening of the skin)
appears on the affected areas and
persists for several months. Affected
areas of skin can be sensitive to ultra-
violet light for many years. Moisture
(such as sweat) and heat can increase
the skin reaction. Since the contact
with the plant itself is almost pain-
less, people who have been in contact
may not be aware for several hours of
the danger they are in [49—52].

According to the results of long-
term research, scientists recommend
to control hogweed, using methods
that have proven themselves and
were most effective. The first of such
methods is the implementation of
preventive (precautionary) measures
in those areas where the occurrence
of this species is most likely. For this
purpose it is necessary:

e identify ways to spread the
seeds and identify areas where
the seeds are likely to get;

e identify the areas with the
highest level of danger of inva-
sion of hogweed;

® to teach the population to re-
cognize (identify) hogweed;

e use modern means to monitor
the spread of giant hogweed,
especially to observe new po-
pulations;

® to carry out measures for de-
struction in those cases when
preventive measures are insuf-
ficient, and further to carry out
supervision over the affected
territories.

Continuous (annual) inten-
sive monitoring is recommended for
areas that may be invaded by plants.
This is especially important in cases
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where hogweed grows on the edges
of agricultural fields, roadsides, ara-
ble land and meadows, near water
bodies. Mowing (at least 3—5 times
during the growing season) is recom-
mended as one of the most conve-
nient ways to control giant hogweed.
Shoots should be mown from the ro-
sette phase to the beginning of bud-
ding of plants (before flowering be-
fore tying the seeds). In this case, the
hogweed will not form seeds, and the
reserves of nutrients in its root system
will be gradually depleted. During
the growing season mowing is car-
ried out repeatedly with an interval
of 3—4 weeks after the previous mo-
wing. This is necessary to destroy all
the generative shoots of Sosnowski’s
hogweed, bearing inflorescences and,
accordingly, flowers [49, 53].

During mowing, giant hogweeds,
including single specimens, should be
completely removed. Mown plants
need to be destroyed. It is forbidden
to stack them, as there is a danger of
regeneration. If the risk of weed in-
festation is high and the land does not
belong to agricultural land, the best
preventive measure is to plant forest
belts that will prevent the spread of
giant hogweed. Seedlings of trees and
shrubs should be large enough to be
an obstacle to the spread of hogweed
seeds.

Today, there are various me-
thods for controlling giant hogweed
in Europe: manual or mechanical
destruction, grazing, and the use of
herbicides. Recommendations for the
use of a particular method are based
on the methods of Integrated Weed
Control Strategy (IWMS). An inte-
grated weed control strategy offers
optimal methods that take into ac-
count the peculiarities of the ecology
and economy of the region [25, 49].
The choice of method depends on the
size of the area in which the plants
have spread, their growth density and
access to thickets of hogweed. Un-
doubtedly, in order for the method to
be truly effective, it is recommended
to start the destruction of plants in
early spring (at the beginning of the
growing season) and not to stop for
several years, until all the rhizomes
and seeds in the soil are completely
destroyed. One of the measures used
to destroy giant hogweed is manual
and mechanical methods. Manual
and mechanical control methods in-
clude various technologies, such as
digging and destroying roots, cut-
ting or mowing plants, removal of
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inflorescences. Mechanical control,
except for the destruction of roots,
does not lead to immediate death of
plants. They die only after two, three
or more mowings for several sea-
sons, after depletion of nutrients in
the rhizome. Plowing helps to con-
trol the degree of infestation of giant
hogweeds on agricultural land. Deep
plowing (more than 24 cm) will
significantly impoverish the «seed
bank», which is located in the upper
layer of the soil. According to ex-
perts, the best result will be achieved
if before plowing use a mechanical or
chemical method of control [15, 28].

It is best to destroy the roots in
early spring and then a second time
in mid-summer. This method is con-
sidered very effective, but it requires
high labor costs and is therefore re-
commended only in cases where it
is necessary to destroy single plants
or a small population (up to 200
plants) [2, 15, 28, 54]. The roots are
removed by pruning them to a depth
of at least 10 cm below the point of
growth below the root collar. If you
cut higher, the root of the plant will
remain a few «sleeping» buds in the
leaf axils, which will restore growth
and form seeds. To increase the ef-
fectiveness of this method in 1—2
weeks after digging the place of ve-
getation of hogweed again inspected
and pruned the roots that remained
after the previous time. This proce-
dure is repeated several times a sea-
son. Plants should be removed in
this way before flowering. Plants that
have peduncles, it is not advisable to
dig, because they will still die (during
this period it is necessary to cut the
stalks or inflorescences) [15, 25].

Measures to control giant hog-
weeds include mechanical mowing,
such as a hay mower. Mechanical
mowing is used when large areas are
affected by giant hogs. It is necessary
to take into account that the plants
regenerate quickly, and such mowing
should be carried out at least 2—3
times during the growing season to
prevent the plant from blooming and
forming seeds.

One of the methods of controlling
giant hogweeds is to cut the inflo-
rescences on the plants during their
flowering. To do this, a special «tool
for hogweed» was invented, which
has the appearance of a curved tip
with teeth on a long handle for cut-
ting stems at a safe distance from
plants. In a few years of applica-
tion of this method it is possible to
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achieve the eradication of the popu-
lation with minimal labor costs. For
the effectiveness of this method, the
time of pruning plays a crucial role,
because if you start too early (before
they fully bloom), the regeneration
will be very strong, and the seeds will
be formed even more than usual. If
you start later (when the seeds are
ripening), there is a high risk that the
seeds will ripen in already cut plants
and clog the soil. Therefore, cut
plants must be destroyed. The best
time to remove the inflorescences —
when the extreme flowers began to
bloom. However, even then there is a
threat of regeneration. Therefore, in
Europe, this method is considered a
temporary solution [15, 28, 49, 54].

Methods of destroying giant
hogweeds include the use of large
areas affected by hogweeds for gra-
zing. This method is no less effective
than mowing. Although it took some
time for the animals to get used to
the hogweed and start consuming it
regularly [2, 55].

Cattle grazing depends on the
density of hogweed thickets and the
season. In the spring, more animals
were attracted for grazing (20—30
sheep per 1 ha), and in the summer
their number was reduced (5—10
sheep per 1 ha), as the plants be-
came weaker and their biomass de-
creased significantly. Cattle grazing is
a cheap method that is recommended
for use in large fenced areas. It is
also recommended for small areas, if
cattle graze in the surrounding areas,
and which can be briefly transferred
to the consumption of hogweed [55].

Based on the results of numerous
experiments, it was found that giant
borage is susceptible to treatment
with herbicides with the active sub-
stance glyphosate or triclopyr. Howe-
ver, it should be borne in mind that
triclopyr does not affect the shoots
of giant hogweed and its use is ap-
propriate only for the destruction of
adult plants with large leaves [15,
49]. Glyphosate is the only herbicide
used in Europe to control giant bora-
ge. However, the application of her-
bicides to unploughed land or near
water bodies is prohibited by national
law. European policy in general is
aimed at reducing the amount of
pesticides and protecting groundwa-
ter from possible herbicide contami-
nation. Therefore, preference is given
to the use of non-chemical methods
of control of giant hogweed. In the
case of herbicides, it is recommended
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to apply them in early spring, when
the plants are 20—50 cm tall and can
reach the center of the affected area.

Spraying should be repeated in
late May to destroy those plants
that survived after the first spraying.
It is also possible to continuously
spray with a preparation based on
glyphosate in accordance with the
manufacturer’s recommendations,
as an effective means of control-
ling giant hogweed, although during
spraying there is a risk of damage to
other plants in the treatment area. In
areas with mixed vegetation should
use special nozzles that limit the im-
pact of drugs on other plants. It is
advisable to spray in dry and warm
weather.

In Belarus, spraying of plants was
carried out according to the scheme:
the first — from the beginning of re-
growth of Sosnowski’s hogweed (late
May — early June); the second — be-
fore flowering (mid-August) (table).

To control Sosnowski’s hogweed,
it is recommended to use systemic
herbicides based on the active sub-
stances glyphosate, sulfometuron-
methyl, imazapyr or their tank com-
positions. The best time to spray is to
start regrowth of borage plants and
always before flowering. It should
be noted that spraying plants with
herbicides at the beginning of seed
maturation is a less effective mea-
sure. When spraying, make sure that
the working solution falls on the leaf
surface and flows down the shoots
into the leaf rosette, it is recom-
mended to abundantly moisten the
generative stem and inflorescences
(umbrellas, if they are developed be-
fore processing).

According to both European and
domestic studies, the fastest results are
obtained by the use of the active sub-
stance glyphosate (N-(phosphono-
methyl)-glycine, C;HgNO,P) in the
form of ammonium, isopropylamine
and potassium salts [36, 38]. In Be-
larus, for the control of Sosnowski
hogweed registered herbicide Buran
Super, v.r. 550 g/1 glyphosate acid
in the form of potassium salt 663 g/1
[56] (table).

Also in Belarus, where Sosnows-
ki’s hogweed is most common among
giant hawthorn species and occupies
almost 90% [57], Tersan herbicides
containing the active substance sul-
fometuron-methyl, 750 g/kg, with
a consumption rate of 0.05 to 0 are
used to control it 35 kg/ha, Grader
with the content of the active sub-
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stance imazapir 250 g/1, with a con-
sumption rate of 2.0—2.5 1/ha, and
also promising is Magnum with
the content of the active substance
metsulfuron-methyl 600 g/ha, with a
consumption rate 0.01—0.02 kg/ha.

In Latvia, Ariane herbicide (flu-
roxypyr, 86 g/l + clopyralid, 23 g/l
+ MCPA, 415 g/l) is used to de-
stroy Sosnowski’s hogweed, with a
consumption rate of 2.75 I/ha in the
first decade of June., separately or
together with herbicides derived from
glyphosate [12].

In Ukraine, it is recommended
to use Roundup with a consumption
rate of 6.0 1/ha, or its analogues with
a consumption rate of 6—8 1/ha for
plant heights of 30—50 cm (end of
April — first half of May) to con-
trol Sosnowski’s hogweed. At the
same time, the main method in the
country is double mowing by heavy
machinery during flowering of the
main inflorescence and again — as it
regenerates [53, 58].

CONCLUSIONS

International agreements and
programs aimed at addressing inva-
sion are based on Article 8Ph of the
Convention on Biological Diversity
(1995), which states: «Each Party to
the Convention shall, as far as pos-
sible and appropriate, prevent the
introduction, control and destruction
of alien species that threaten ecosys-
tems, habitats or species».

Currently, there are various
methods to control giant hogweeds:
manual or mechanical destruction,
grazing, use of herbicides. Recom-
mendations for using this or that

method are based on IWMS, Inte-
grated Weed Control Strategy. IWMS
proposes to choose the best method
that should take into account the pe-
culiarities of the environment and the
economy of the region. The choice
of method depends on the size of the
area in which the plants have spread,
their growth d

ensity and access to thickets of
hogweed. In order for the method to
be truly effective, it is recommended
to start the destruction of plants in
early spring (beginning of the grow-
ing season) and not to stop for sev-
eral years until all the rhizomes and
seeds in the soil have been complete-
ly destroyed.

Manual and mechanical control
methods include various technolo-
gies, such as digging and destruc-
tion of rhizomes, cutting or mowing
plants, removal of inflorescences.
Mechanical control, except for the
destruction of rhizomes, does not
lead to immediate plant death. They
die only after two, three or more
mowings for several years, when the
nutrient reserves in the rhizomes
are depleted. Plowing helps to con-
trol the degree of littering by giant
hogweeds of agricultural land. Deep
plowing (more than 24 cm) signifi-
cantly impoverishes the «seed bank»,
which is located in the upper layer
of the soil. The best results will be
achieved if mechanical or chemical
control methods are applied before
plowing.

A clear understanding of the
mechanism of reproduction of giant
hogweeds is the key to successful
control of invasive weeds.

Preparation recommended for the control

of Sosnowski’s hogweed
n Consumption rate, A

Preparation I/ha, kg/ha Processing method
Roundup, LCD 36
(glyphosate potassium salt, 551 g/I)
Uragan Forte 500 SL, LCD . .

; ! " 1.5—3.0 Spraying vegetative plants
(glyphosate in the form of acid, 500 g/1) in May — September
Tornado, LCD
(isopropylamine salt of glyphosate 486 g/I, in 5.0
acid equivalent — 360 g/1)
Ballerina, SE One-time spraying
(2-ethylhexyl ester of . .
2,4-dichlorophenoxyacetic acid, 615.0 g/l + Rl el x]e:\;n?au_visllaents
florasulam, 7.4 g/1) 4
Buran super, v.r.
(glyphosate acid 550 g/l in the form of 5.0
potassium salt 663 g/1)
Groza ultra, RK BP, (glyphosate, 550 g/I) 5.0 Spraying vegetative plants
in May — September

Grader, GHG 20—25
(water-glycol solution) (imazapyr, 250 g/1) : ’
Tersan, VG, sulfometuron-methyl, 750 g/kg 0.35
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Glyphosate is the only herbicide
used in Europe to control hogweed.
However, the use of herbicides on
unploughed land or near water bod-
ies is prohibited by national law. Eu-
ropean policy aims to reduce the use
of pesticides to protect groundwater
from possible herbicide contamina-
tion. Therefore, if possible, non-
chemical methods should be used to
control giant hogweed.

The combination of several me-
thods was more effective than using
one of them. For example, after
spraying with glyphosate in early
spring, a small number of surviving
plants can be cut or cut with a sickle
instead of applying glyphosate a
second time. In the case when the
height of the plants is high and
glyphosate is difficult to apply, first
borage was cut, and only then the
area was sprayed.

After clearing the areas from the
invasion of giant hogweed, reclama-
tion is carried out to prevent soil ero-
sion and restore the ecosystem.
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IIkigauBicTh TiraHTCHKMX OOPILiBHUKIB
Heracleum Ta MeTOZYI KOHTPOIIO

Mema. Ananis ma ysazanvHeHHs 6im-
YU3HAHO020 | 3apy6idcHO20 00C8i0y U000 iH-
8a3ii 1 WKIONUBOCM 2ieAHMCLKUX GOPULIBHU-
Kie, y momy uucni 6opujisHuxa CocHOBCbK020,
Heracleum Sosnowskyi Mandenova ons no-
WUPeHHST HAYK080-00sPyHMoBanoi iHgpop-
Mayii npo npaxmuuni memoou KOHMPpomo
ma 3anobiecatHs NnodanbUIOMy NOUUPEHHIO
eieanumcvkux 60pusieHUKiB, cnpusiouu 30epe-
JHeHHI0 Oionoziunoeo pizHomanimms. Memo-
ou. CucmemHo-ananimuuuii, abcmpaxmmo-
no2iunuil, emnipuunuil. Pesynomamu. Bueni
BCINAHOBUNU, U0 NPOHUKHEHHS HYHOPIOHUX
6U0i6 Ha HO8I mepumopii 6i00y8acmvcs no-
cmitiHo. SIckpasum npuxknadom € cumyauis
3 ecieanmcvkumu 6opujisHukamu. 3asesenuil
6 3axiony €spony 6 XIX cmonimmi six dexo-
pamueHa pocnuma, 6opuiisnux Manmezay-
Ui HUMI cTMaHO6UMb peanviy Hebesnexy O
exocucmem npakmu4Ho 6cix kpain €sponeii-
coK020 KOHmMuHenmy. HacinHs 10HOOHCHKOT
nonynauii 6opujienuxa nepcokozo y 1836 p.
aHeniticoki cadi6HUKU 6UCIANU 6 NiBHIuMi
Hopaezii, 36i0mu 8iH u6UIKO NOUUPUBCS NO
scix CKaHOUHABCOKUX KPAIHAX. Y KOMUWHDO-
my CPCP 6 no8o€HHi poKu aKMUeHo 6U64AU
i enposadscysanu 6opujisrux CocHOBCbKO-
20, HUMi 6iH HAOY6 3HAYHO20 NOUUPEHHS 6
npupoonux exocucmemax kpain CHI ma
Yxpainu soxpema. Bucnosxu. Ilizanmcoki
00pUsi6HUKU CIAHOBNIAMY 6eNUKY Hebe3nexy
i 3azpoxcyomv NPUPOOHUM eKOCUCTEeM Ha-
woi kpainu i 3axody. Konmponv 6opujieruka
Manmezayui 6yde Habazamo cKAAOHIUUM
i sampamuimum, Hix 6opusienuxa CocHos-
coK020. 3 uiel npuuuHu HeoOXiOHO nepuio-
4epe08o 30itICHIBAMU NPeBEeHMUBHI 3AX00U
w000 BCMAHOBTIEHHS MICUEIHAXOONCEHHS |
8UOaseHHs POCTIUH Oydice Hebe3neuHux iHéa-
3iliHux 6u0i8 ma iHwux 6udie 3 nonikapniy-
HUM UUKTIOM PO3BUMKY, 4 MAKOK Heoony-
UAEHHS IX UAUPOKO20 NOULUPEHHSL.

riraHTChKi OOpIIiBHMKN; OGOpIIiBHMK

COCHOBCBHKOrO; iHBa3iliHi BUaM; MIKi-

NIMBiCTb; METOXM KOHTPOIIO
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Bpen rurantckux 6opuiesukos Heracleum
M METOJBI X KOHTPOLA

Lenb. Ananus u 0606uierue omeuecmaeH-
H020 U 3apY6erH020 ONbIMA UHBASUU U BPedo-
HOCHOCHU 2U2AHMCKUX 00pU4e6UK08, 6 MOM
uucne Gopusesuxa CocHosckozo Heracleum
Sosnowskyi Mandenova, ons pacnpocmpate-
HUSL  HAYHHO-000CHOBAHHOLL UHPOPMAUUL O
NPaKmu4eckux mermooax KOHMPOnA u npe-
domepawieHus danvHeriuiezo pacnpocmpare-
HUS 2U2AHMCKUX OOPUIEBUKOB, CHOCOOCMEBYsT
coxpaHeHuro OUOI02UHECK020 PA3HOOOPA3US.
Meronpr. CucmemHo-ananumuveckuti, ao-
cmpakmHo-s0eudeckuil, amnupudeckuil. Pe-
3ynpTaTl. [lo pesynvmamam uccnedosanuil
ydeHbvle NPeOnonoKUIY, Hmo NpoHUKHoBeHue
4ysHepoOHbIX 6U006 HA HOBbIE MeEPPUMOpUL

npoucxooum nocmositno. O0Haxo éce Gomviile
MU NPOUECCHL YCUTUBAIOMCST 100 BNIUSHUEM
OesmenvHocmuy 4enoseka. Apxum npumepom
31M020 SBNAEMCA CUMYAUUS C 2UAHMCKUMU
bopusesukamu. 3asesennviii 6 3anaomyr Es-
pony 8 XIX eeke 6 Kauecmee 0eKOpamueHozo
pacmenus Gopujesux Manmeeayyu ce200H:
npedcmasnsem peanvHylo ONACHOCHb O
sKkocucmem npaxmuuecku ecex cmpax Eepo-
netickozo koHmunenma. CemeHa 7I0HOOHCKOL
nonynayuu 6opuiesuxa nepcudckozo 6 1836 e.
AHTUTICKUMU cA00B00AMU BbICESHbL 6 Cesep-
noit Hopeezuu, omxyda on bvicmpo pacnpo-
cmpanuncs no écem CKaHOUHABCKUM CMpPa-
Ham. B 6vieuem CCCP 6 nocnesoenHbvle 200bt
AKMUBHO U3YHATICS U BHEOPATICT OOpULesUx
CocHoscko20, Komopbili 6 HACMOAULee 6peMs
WUPOKO PACNPOCHPAHEH 6 NPUPOOHBIX IKOCU-
cmemax cmpar CHI' u Ykpaunvt 6 uacmmuocmu.
Boisogsr. [lo pesynvmamam uccneoo8amusi

yueHble NPeOnonoKUNU, U0 2u2anmcKue 6op-
WieBUKYU NPedCcmAasTIom 60bULYI0 ONACHOCHD
U Yepojcalom ecmecmeeHHbIM IKOCUCHEMAM
Haweti cmpanvt u 3anada. Konmponv 6opuse-
éuka Manmezayuu 6ydem 20pasodo cnoxcHee u
sampamtee, yem 6opujesurxa CocHosckozo. ITo
31otl npuuure KpatiHe HeoOX00UMO 6 nepsyio
ouepedt 0CYUeCMeIsM, NPe6eHMusHble Mepbl
10 YCMAHOBTIEHUI0 MECMOHAXOMOCHUS U YOa-
TIeHUI0 PACMeHUi] 04eHb ONACHbIX UHBASUBHBIX
u Opyzux 6U006 C NOMUKAPNUMECKUM UUKTIOM
passumust, a maxice He OONYCKAMb UX UUPO-

K020 PACNPOCPAHEHUS.
TUTAaHTCKME OOpINeBUKY; OGOPIeBUK
COCHOBCKOTr0; MHBa3WBHbIE BUBI;
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