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Invasive plants can cause significant damage to agriculture, forestry and water management, as well as to protected
areas, threatening human and animal health. The disappearance of native plant species leads to a loss of biodiversity and can
provoke ecological imbalances. Ukraine is characterized by a high level of spread of invasive plant species, which reinforces
the need to take measures for their control and management.

It has been noted that the disappearance of native plant species leads to the disappearance of native species of animals,
fungi, and many microorganisms that have been building links with the native flora for thousands or millions of years, are
directly dependent on it, and are organically interconnected. That is why the invasion of an alien species does not increase
the number and activity of local biodiversity, but, on the contrary, leads to the death of a significant number of flora and
fauna species dominated by only one or a few alien species.

In Ukraine, the impact of non-native plants on the environment is increasing every year. According to the level of
adventitization of flora, Ukraine occupies a prominent place among other floras of the world. The spontaneous fraction of
adventitious flora of Ukraine includes 830 species of vascular plants (including 18 % — archaeophytes and 82 % —
xenophytes), which is about 14 % of the total number of flora species of the country, which has more than 6,000 species of
vascular plants (including all aboriginal and adventive species), as well as the main cultivated and wild plants.

As a result of the study of the effect of herbicides on the Canadian goldenrod (Solidago canadensis L.), it was
established that all three investigated herbicides — Lintur 70 WG, Dianat and Roundup Max — effectively reduce the
population of this plant. However, it was found that the effectiveness of herbicides increases over time, which may be due to
longer exposure of the substance to plants. Herbicides Lintur 70 WG and Roundup Max showed higher efficiency compared
to Dianat.

In addition, it was established that all three investigated herbicides have a significant effect on the dry mass of Solidago
canadensis L. plants on the 60th day after their application, confirming the high efficiency of their use.

Therefore, the study results emphasize the importance of considering the timing of herbicide treatments to ensure
long-term protection of cultivated plants from weeds.
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Kopmira I'., llysap 1., Aynap 1., Hadiii 1., 'agzano O. OcodauBocTi 30epe:keHHs OiopisHOMAaHITTS B yMOBax
NOLUMPeHHs iIHBa3MBHUX BUAIB Oyp’siHiB: aHATI3 Ta NepCNeKTUBH

[HBa3MBHI POCIMHU MOXYTh CIPUYHHATH 3HAYHI 30MTKH JIJIsI CLTBCHKOTO, JTICOBOTO Ta BOJHOIO TOCHOAPCTB, & TAKOXK
JUTS 3aTIOBIIHAX TEPUTOPIi, 3arPOKyHOYH 3[J0POB'T0 JIF0AeH 1 TBApUH. SHUKHEHHS MIiCIEBHX BHIIB POCIIMH MPHU3BOANUTH JI0
BTpaTH OiOpPIZHOMAHITTS 1 MOKE CIIPOBOKYBATH €KOJIOTiIYHI qucOanaHc. YKpaiHa BiJI3HAYa€ThCSl BUCOKHM PIiBHEM IMOIIH-
PEHHs IHBa3UBHUX BUIIB POCIMH, 10 OCUIIOE HEOOXIAHICTh BXXUBAHHS 3aXO0/IIB ULl IXHIX KOHTPOJIIO T4 YIIPABIiHHS

3ayBa)keHO, 1110 3HUKHEHHS MICIIEBUX BUJIIB POCIMH MPU3BOAUTH O 3HUKHEHHS MICLEBUX BUIIB TBapuH, rpudiB Ta
0araTboX MiKpOOpraHi3MiB, siKi OyyBasii 3B’SI3KM 3 a00OPUTCHHOO (PIOPOIO YITPOAOBXK THUCSIY a00 MINIBHOHIB pOKiB, Oe31o-
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CepeIHbO 3aJIeXkaTh Bij Hel 1 OpraHivyHo MoB si3aHi Mixk co0010. CaMe TOMY iHBa3isl 4y)KOPIJHOTO BU1Y HE BIIMBAE HA 301b-
LICHHS YUCEJHbHOCTI Ta aKTUBHOCTI MicLIeBOro 010pi3HOMAHITTS, a, HABIAKH, IPU3BOAUTH 10 3arubelti 3Ha4HOI KiJIbKOCTI
BUJiB GIopu Ta payHU 3 JOMiHYBaHHSAM JIUIIE OJHOTO a00 AEKLUIbKOX BUAIB UyXHHIIIB.

BincrexxeHo, mo B YKpaiHi BIUIMB HeaOOPUTeHHHUX POCIHH Ha JOBKLLIS 3pDOCTAE 3 KOXKHUM POKOM. 3a piBHEM ajiBe-
HTH3awii ¢puopu Ykpaina 3aiiMae yibHe Miciie cepen iHmux ¢iop cBity. CrioHTanHa (pakilis aiBeHTUBHOI Guiopu Y KkpaiHu
Hamiuye 830 BuaiB cyanHHUX pociuH (y ToMy yncii 18 % — apxeoditu ta 82 % — kcenoditn), mo cTaHOBUTE 01H3bK0 14 %
BiJI 3arajlbHOI KUIbKOCTI BUIIB (IIOpU KpaiHu, y 6aHKy sikoi moHan 6000 BuAiB CyTMHHUX POCIIUH (BKIIIOUHO 3 yciMa abopu-
TeHHHMH Ta aJIBEHTUBHUMH BHJIAMH), & TAKOXX OCHOBHI KYJIbTHBOBAHI Ta 3MYaBiJIi POCIUHY.

VY pesynbrari KociKeHHs eeKTy repOiluIiB Ha 30J0TapHUK KaHalChKuil (Solidago canadensis L.) BCTaHOBIICHO,
o BCi Tpu Aociimkeni repoinuau — Lintur 70 WG, Dianat Ta Roundup Max — e()eKTHBHO 3HHXKYIOTh MOTYJIALIO 1€l poc-
nuHU. [IpoTe BUSIBICHO, IO 3 YacOM €()eKTHBHICTh repOilUAiB 3pOCTaE, IO MOXKE OYTH TIOB’SI3aHO 3 TPUBAIIIIUM BILTHBOM

peuoBuHu Ha pociuHu. ['ep6inuau Lintur 70 WG Ta Roundup Max nokasanu Buily e(peKTUBHICTb HOPiBHAHO 3 Dianat.

3ayBa)keHO, 1110 BC1 TP JOCIiKeH] repOiluaAn iCTOTHO BIUIUBAIOTh HAa CYXy Macy pociuH Solidago canadensis L. Ha
60-ii 1eHb micis IXHbOTO 3aCTOCYBaHHSI, MATBEP/DKYIOUH BUCOKY €()EKTHBHICTh IXHHOTO BUKOPUCTAHHSI.

Pesynbratu AOCIHIIKEHHS CBiUaTh PO BAXKJIMBICTh YPaxyBaHHS YaCOBOTO ACIEKTy Y TUIaHYBaHHI repOilluaHuX 00-
poOoK 1uist 3a0e3MeueHHsI TPUBAJIOTO 3aXKUCTY KyJIbTYPHHUX POCIIMH Bill Oyp’ siHIB.

Knro4oBi ciioBa: 6i0pi3HOMaHITTS, iHBa3is, Oyp’ sIHU, KOHTPOJIIOBAHHS YUCEIbHOCTL, 3aX0J1 KOHTPOJIIO.

Formulation of the problem. Biodiversity,
which is the basis for the stability of ecosystems and
the livelihood of mankind, faces a significant challenge
in the conditions of the spread of invasive weed spe-
cies. These introduced plants are able to quickly adapt
to new environments, displacing native species and
threatening ecosystems. In this regard, developing and
implementing biodiversity conservation strategies be-
comes an urgent task that requires an integrated scien-
tific, managerial and public approach.

Analysis of recent research and publications.
Invasive weed species are a serious threat to biodiver-
sity and ecological sustainability of natural ecosys-
tems. These plants, characterized by high adaptability
and rapid reproduction, can significantly influence the
structure and functioning of ecosystems, competing
with local species and changing natural processes. In-
vasive species are characterized by the following indi-
cators:

1. Rapid spread in new ecosystems and high
competitiveness enable them to effectively compete
with native plants and displace them.

2. Global distribution. They often spread glob-
ally through various routes: plant trade, transportation
of agricultural machinery, and other anthropogenic in-
fluences. This can lead to their displacement outside
their natural ranges and settlement in new regions,
where they can become a new source of problems for
local biodiversity and agricultural activities.

3. Adaptability to climate change. Some inva-
sive weed species can show high adaptability to cli-
mate changes, which makes them even more hardy and
effective in new conditions. This makes it difficult to
control and manage their spread, as they can success-
fully adapt to different climates.

4. Threat to crops. Invasive weeds can cause sig-
nificant damage to agriculture by competing with
crops for resources and causing crop losses.

5. Ability to allergic reaction. Some types of in-
vasive weeds, in particular ragweed, cause allergic re-
actions in people, which becomes another problem for
the health of citizens [1; 4].

The spread of invasive weed species can signif-
icantly alter ecosystems, disrupting the natural balance
and causing a loss of biodiversity. Invasive weeds'
ability to form dense populations can lead to soil deg-
radation and reduced water availability for other
plants. These environmental challenges can have fur-
ther negative effects on the diversity of plant and ani-
mal species, leading to changes in the structure and
functioning of ecosystems. Soil degradation can also
lead to decreased fertility, deterioration of farming
practices, and negatively impact agricultural produc-
tion, thereby posing a threat to the country's food secu-
rity.

These data demonstrate the serious problems
that invasive weed species can create for ecosystems,
the agricultural sector, and human health, emphasizing
the need to develop and implement effective strategies
for controlling their numbers and managing these spe-
cies [5].

Open borders and ease of communication con-
tribute to the spread of invasive species, the sources of
which are most often: seeds, vegetable seedlings im-
ported from abroad, decorative plants grown in con-
tainers. The introduction of seeds into the soil due to
livestock grazing on pastures can also contribute to the
spread of these plants. Therefore, invasive plant spe-
cies use different ways for their spread, and human ac-
tivity plays a key role in this process, creating favora-
ble conditions for their success and expansion [7].
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It is worth noting that the protection of biodiver-
sity of territories and agricultural lands has recently be-
come an important challenge for many countries of the
world, including Ukraine. After all, the sustainable de-
velopment of agriculture can ensure global food secu-
rity and the depletion of biodiversity leads to a de-
crease in ecosystem services and ultimately creates a
direct threat to food security.

Under modern conditions, the climate is the big-
gest problem for certain types of plants, so some plants
die, unable to withstand long periods of drought or
harsh winters. However, those plants that come from
areas with similar climatic conditions quickly adapt
and even conquer new territories. The mainstay at the
first stages of settlement is usually ruder places of stay
—port areas, railway stations, places of cargo transship-
ment. However, new species of plants “migrate” (car-
ried by wind, water, etc.) and get to another substrate
and begin the next stage of taking over the territory.
Plants that settle on originally foreign habitats are the
most expansive — they give viable offspring, often in
large numbers, settle at great distances from the mother
plants and colonize large areas in a short time.

Setting objectives. The purpose of the research
is to identify existing invasive weed species, study the
range and ways of their spread and impact on biodiver-
sity in order to develop effective control and manage-
ment methodologies to preserve ecological sustainabil-
ity. Also the purpose of this study is to evaluate the
effectiveness of different herbicides in controlling the
invasive plant Solidago canadensis L.

Presenting main material. Invasive weed spe-
cies pose a serious threat to biodiversity and ecological
sustainability of natural ecosystems. These plants,
which are characterized by high adaptability and rapid
reproduction, can greatly influence the structure and
functioning of ecosystems, competing with local spe-
cies and changing natural processes.

According to some scientists (Mosiakin S. L.,
Prots B., Shuvar 1., Korpita H.), the vast majority of
invasive species are natives of North America, less of-
ten East Asian or Mediterranean species, almost half
of them are members of the Asteraceae family. The list
of invasive plant species of the European Union (ap-
proved by resolution 1143/2014) includes the follow-
ing species: Alternanthera philoxeroides, Gunnera
tinctoria, Elodea nuttallii, Baccharis halimifolia, Hy-

drocotyle  ranunculoides, Impatiens  glandulif-
era,Cabomba caroliniana, Eichhornia crassipes, As-
clepias syriaca, Heracleum mantegazzi-

anum, Heracleum persicum, Heracleum sosnowskyi,
Lagarosiphon major, Lysichiton americanus, Lud-
wigia grandiflora, Ludwigia peploides, Microstegium

vimineum, Myriophyllum aquaticum, Persicaria perfo-
liata, Myriophyllum heterophyllum, Pennisetum seta-
ceum, Parthenium hysterophorus, Pueraria lobata etc.
[3; 4; 6; 7]. In Ukraine, according to various estimates,
there are from 600 to 800 alien plant species, which is
from 14 to 14.7 % of the entire flora. Of this number,
approximately 50 species are considered dangerous in-
vasive [6; 8].

The Western Forest-Steppe of Ukraine is char-
acterized by a specific climate and soil conditions. This
zone is in the transition between forest-steppe and
steppe climate. The climate of the Western Forest
Steppe is characterized by moderate warm winters
without significant frosts and summer periods when
temperatures can reach high values. The distribution of
atmospheric precipitation during the growing season is
not uniform with a peak amount in summer. Such a cli-
mate is quite favorable for the growth and spread of
various plants, including invasive species. The soil
conditions in the Western Forest-Steppe are diverse
(black soils, light and dark gray forest soils, etc.) and
favorable for the settlement and highly productive de-
velopment of invasive species.

Thus, the soil and climatic conditions of the
Western Forest-Steppe can provide a favorable envi-
ronment for the spread of invasive species. High tem-
peratures, moisture availability, and soil diversity cre-
ate ideal conditions for invasive organisms to compete
with native species. This can lead to displacement of
local species and disruption of the natural balance in
the ecosystem, which threatens biodiversity.

Climate changes in this region may also increase
the risk of the spread of new invasive species or change
the limits of their range, which is an additional chal-
lenge for the preservation of biodiversity in the West-
ern Forest-Steppe of Ukraine.

It is worth noting that global climate changes
have a positive effect on the intensive invasion of still
little common weeds, in particular, Cenchrus pauci-
florus Benth and Hordeum murinum L. It has been es-
tablished that if even 4 years ago these plants were
practically impossible to find among the diversity of
phytocenoses in the territory of the Western Forest-
Steppe of Ukraine, then in the period of 2021-2022
in the territory of Lviv, Ivano-Frankivsk, Rivne and
Ternopil regions they appeared, especially on sandy
soils [11-13].

The degree of invasion success is determined by
how effectively a species can expand its potential
range, forming stable populations in new ecosystems.
This can happen not only due to the influence of an-
thropogenic factors, but also due to favorable biotic
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and abiotic conditions, without the need for re-intro-
duction of diaspores in an anthropochoric way, but
through natural mechanisms of distribution.

In cases of such “repeated” self-settlement, the
species can slowly expand its range, as it has to over-
come natural barriers in the new area. However, this
process can be accelerated with the participation of an-
thropogenic factors. This method of range expansion is
typical for most invasive species in Ukraine, such as,
for example, Ambrosia artemisiifolia, Bidens fron-
dosa, Phalacroloma annuum etc.

The process of expansion continues for Ambro-
sia artemisiifolia, actively spreading species such as
Echinocystis lobata, Helianthus tuberosus, Bidens
frondosa, Heracleum mantegazzianum, H. sos-
nowskyi, Impatiens glandulifera, Phalacroloma an-
nuum, Solidago canadensis, Rudbeckia laciniata,
Xanthium albinum.

Formed habitats continue to be densified, in par-
ticular, due to the development of disturbed ecosys-
tems, such species as Conyza canadensis, Impatiens
parviflora etc. Some species, in particular, Bupleurum
fruticosum, Symphyotrichum salignum, although they
spread moderately, they create large colonies in semi-
natural plant communities. Others such as Asclepias
syriaca, Cenchrus pauciflorus, Parthenocissus inserta,
Xanthoxalis dillenii, show a constant tendency to ac-
tive distribution, especially in semi-natural coenoses.

The influence of the anthropogenic factor on the
environment is becoming more and more pronounced.
Flora, which is a permanent and mobile system, under-
goes changes under the influence of this factor. Some
changes in the vegetation cover are irreversible, and
synanthropic plants, including adventive species, ex-
pand their range, because other plants can no longer
exist in radically changed ecotopes. These evolution-
ary changes, which are irreversible, play a positive role
in the formation of synanthropic flora complexes, cre-
ating conditions for the settlement of other, more de-
manding plants, including native species.

The scientific community in Ukraine and the
world continuously conducts scientific research and

production tests aimed at studying and controlling the
most dangerous plant organisms for ecosystems. These
actions include the development of effective strategies
to counter the penetration and spread of invasive alien
species into natural ecosystems. Effective mechanisms
for managing biological agents are also being studied
and implemented in order to reduce their negative im-
pact on the environment [13].

Preventive measures and early detection of new
non-typical species spreading from the defined con-
tainment zone are a significant influence on slowing
down the spread of invasive species. Containment
steps may include inventorying and prioritizing habitat
for containment, limiting activities to certain areas or
to certain times of the year, minimizing travel to vul-
nerable areas, checking clothing and equipment to pre-
vent transport of plant seeds, and containment and con-
trol of new growth sites.

A study on the effect of herbicides on the Soli-
dago canadensis L. was carried out at Lviv National
Environmental University during 2021-2023. The soil
of the experimental site is dark gray, light loamy in
granulometric composition. The content of humus in
the arable (0-30 cm) soil layer (according to Tiurin) is
2.2-3.6 %, at a depth of 50 cm — about 1.5 %, pH —6.2.
In 1 kg of soil, the content of mobile forms of phos-
phorus is 91 mg, exchangeable forms of potassium are
112 mg, and easily hydrolyzable nitrogen is 48 mg.
The experiment included three options (Table 1).

The sown area of the plot is 150 m?, accounting
for 120 m? for three repetitions of the experiment op-
tions. The percentage of damage to Solidago canaden-
sis L. plants after the application of herbicides was
evaluated by visual assessment of the degree of plant
damage. This included assessing symptoms such as
wilting, discolouration, necrosis, deformation and
plant death. Percent damage was defined as the ratio of
damaged plants to the total number of plants observed,
expressed as a percentage.

Table 1

Application scheme of herbicides

. .. . Rate of

Variant Herbicide Content of the active substance ..
pesticide

1 Lintur 70 WG 41 g/kg triasulfuron 0.18 I/ha
659 g/kg of dicamba in the form of sodium salt

2 Dianat 480 g/l dicamba 0.8 1/ha

3 Roundup Max 450 g/l of glyphosate in acid equivalent (551 g/l in the form 1.0 1/ha
of potassium salt of glyphosate)
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According to the results of the study, a general
trend was revealed, which indicates that on the 60th
day after the herbicide application, the degree of dam-
age to Solidago canadensis L. plants is usually much
higher than on the 30th day. This may be due to an in-
crease in the time during which the herbicide has an
effect on the plants, resulting in more damage. Thus,

on the 60th day after the application of the herbicide
Lintur 70 WG, the degree of plant damage was on av-
erage 80—84 %. The herbicides Dianat and Roundup
Max showed fairly high efficiency — 70-75 % and 78—
80 %, respectively (Table 2).

Table 2

Effect of herbicide on the degree of damage to Solidago canadensis L. (average for 2021-2023)

Variant Degree of damage to Solidago canadensis L. plants after herbicide appli-
Herbicide cation, %
30th day 60th day
Lintur 70 WG 33-35 80-84
2 Dianat 25-28 70-75
3 Roundup Max 30-32 78-80

Thus, all three herbicides were effective in re-
ducing the population of Solidago Canadensis L., but
their effectiveness increased over time. This is im-
portant to consider when planning herbicide treat-
ments, especially when it is necessary to ensure long-
term protection of cultivated plants from weeds.

Regarding the effectiveness of herbicide appli-
cation and the dry mass of Solidago Canadensis L.
plants, it is worth noting that all three herbicides in the

experiment have high efficiency, which indicates their
ability to destroy Solidago Canadensis L. However,
Lintur 70 WG and Roundup Max showed higher effi-
ciency compared to Dianate. The dry mass of Solidago
Canadensis L. plants on the 60th day after herbicide
application also changed, but in general was at a level
sufficient to confirm the effectiveness of herbicide ap-
plication (Table 3).

Table 3

Effectiveness of herbicide application (average for 2021-2023)

Variant Effectiveness of Dry weight of Solidago canadensis L. plants on the
Herbicide herbicide use, % 60th day after herbicide application, g/m?
1 Lintur 70 WG 88.9 284
2 Dianat 81.2 311
3 Roundup Max 85.6 295

Conclusions. The conditions for the spread of
invasive weed species pose a serious challenge to bio-
diversity conservation strategies. Analysis of the situ-
ation and consideration of prospects allow to deter-
mine effective approaches to preserve the diversity of
ecosystems in these conditions.

One key strategy is to identify and monitor in-
vasive weed species and assess their impact on local
ecosystems. This helps scientists and conservation or-
ganizations respond in time to the spread of these spe-
cies and implement measures to control the rate and
range of their spread. Next is the development and im-
plementation of biological methods of controlling the
number of invasive weed species. This may include the
introduction of natural enemies that effectively regu-
late populations of these plants, or the use of biologics

that target invasive species without harming native or-
ganisms.

Another important strategy is to preserve natural
habitats and ecosystems, as they are the foundation for
diverse biodiversity. Protecting nature reserves and
regulating human activity in these areas will help
maintain various species and enhance the resilience of
ecosystems against invasive influences.

In addition, educating the public and agricultural
producers about environmentally conscious practices
can play a key role in biodiversity conservation strate-
gies. Being mindful of resource use and preventing the
spread of invasive species can contribute to the sustain-
able management of natural resources.
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A thorough analysis and consideration of these
perspectives can help develop comprehensive and ef-
fective strategies for biodiversity conservation in the
face of invasive weed species.

The performed research showed that all three
herbicides (Lintur 70 WG, Dianat and Roundup Max)
effectively reduce the population of Solidago Cana-
densis L., with the highest efficiency in Lintur 70 WG.
The effectiveness of herbicides increases over time,
that is confirmed by a visual assessment of the degree
of plant damage and changes in the dry mass residue.
The results highlight the importance of time-sensitive
herbicide treatment planning for long-term weed con-
trol and effective invasive species management.
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