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Introduction

Oitsius, L. V., Volovyk, H. P., Doletskyi, S. P., & Lysytsya, A. V. (2020). Distribution of adventive species Solidago canadensis,
Phalacroloma annuum, Ambrosia artemisiifolia, Heracleum sosnowskyi in phytocenoses of Volyn’ Polissya (Ukraine). Biosys-
tems Diversity, 28(4), 343—349. doi:10.15421/012043

Biological pollution of natural phytocenoses by adventive plant species poses is a serious threat to endemic species and species
with narrower ecological amplitude in ecosystems around the world. This study presents the results of a study of the composition and
distribution of adventive plant species in natural, semi-natural and anthropogenic transformed phytocenoses of Volyn’ Polissya,
Ukraine. To clarify the effect of drainage melioration on non-native flora species distribution, a botanical study was carried out during
the 20032019 vegetation seasons on the territory of four drainage systems. The adventive flora of this unique region of Europe was
studied in detail for the first time. In total, 279 non-native plant species were found. They belong to 110 genera and 32 families.
The results of studying the systematic, bioecological, range-distributional and phytogenetic structure of adventive species found with-
in agricultural lands and adjacent territories are presented. It was found that 161 species are associated with agricultural production.
Of these, 90 species were found directly within the agricultural land, another 71 species were found growing in the adjacent territories.
It was found that a significant increase in the number of adventive species on the territory of Volyn’ Polissya is associated with drai-
nage melioration carried out in the 1960-1990s, significant changes in the structure and forms of agro-industrial production, and
climatic changes in recent decades. The expansion of agricultural land in this area over the past 50-60 years has led to an increase in
the number of adventive species by more than 60%. On the territory of drainage systems used for agricultural activities, more than
40% of the total species composition of the adventive flora of Volyn’ Polissya is represented. The majority of these species originate
from arid and sub arid regions of the planet. The transformer plants, Solidago canadensis L. and Phalacroloma annuum (L.) Dumort
pose a potential threat to phytocenoses of the described region, as well as the whole of Europe. Of particular interest are the species
that in the future may pose a serious threat to natural phyto-diversity and have negative practical consequences for the structure of
agricultural landscapes. These are Ambrosia artemisiifolia L. and Heracleum sosnowskyi Manden. In general, modern agro ecosys-
tems are characterized by instability and low ability to resist non-native species. The strongly weedy character of cultivated fields and
the presence of abandoned uncultivated lands have caused the rapid spread of adventive vegetation. In order to further optimize the
structure of agrolandscapes, it is advisable to monitor and regulate not only expansionary invasive species, which is especially impor-
tant for preventing biological pollution, but also species whose status has not yet been determined.

Keywords: plant invasions; adventive plants; drainage melioration; anthropogenic transformation of phytocenoses.

followed by forests of the temperate zone, in the flora of which the propor-
tion of adventive species reaches 22%. For example, by the end of the last

The penetration and consolidation of invasive plant species leads to
the unification of the flora of various regions of the world. This causes the
loss of specific regional features due to the displacement of local, first of
all, stenotopic plant species by adventive species and poses an immediate
danger to the existence of endemic species and species with narrower
ecological amplitude. The process of fixation of introduced species of
flora in new territories is facilitated by the total destruction of habitats of
autochthonous species typical for the regions and an increase in the areas
occupied by anthropogenic transformed landscapes. Globally, adventiza-
tion leads to the “homogenization” of natural ecosystems and the bio-
sphere as a whole.

Nowadays botanists are seriously concerned about the sharp increase
in the proportion of adventive species in the composition of regional flo-
ras. Alien plant species are found in the flora of all natural regions of the
world, with the exception of Antarctica. The average share of such species
in regional floras is estimated at 5-15%, while on the continents it is 11%,
and on islands up to 31%. The maximum proportion of adventive species
(up to 50%) is noted within agricultural and urban ecosystems; they are

century, invasive plant species in the biome of Mediterranean sclerophytic
shrubs accounted for 17% (Jager, 1988; Lonsdale, 1999), and in the weed-
field flora of North America, the number of adventive species reached
60% (Baker, 1986).

Volyn’ Polissya of Ukraine is a complex of biocenoses, unique both
for Europe and for the whole world. A noticeable expansion over the past
50 years of the scale of agricultural production on the territory of Volyn’
Polissya has largely influenced its natural complexes and flora, as their
integral component. Growing of cultivated plants on large areas that were
previously occupied by natural phytocenoses, and the use of grasslands for
grazing animals or haymaking cause significant negative changes in the
species composition of the spontaneous flora of the region.

The region is characterized by a flat relief, a temperate climate, a zone
of mixed forests, and a large number of wetlands. The tectonic and geo-
logical structure determines a significant variety of agrosoil conditions.
On the territory of Polissya, acidic soils with low humus content prevail:
turf-gleyed, turf-hidden-podzolized sandy (brown sands), low-lying and
peat-boggy peatlands, in the lowlands of rivers there are meadow and
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meadow-chemozem soils (Korotun & Korotun, 1996; Dolzhenchuk &
Krupko, 2015). Over the past 30 years, the average annual air temperature
has increased by 1.0-1.5 °C. The sums of active temperatures increase, the
amount of precipitation decreases, and the conditions for atmospheric
humidification deteriorate. At the same time, there is an increase in condi-
tions and phenomena dangerous for agriculture: the frequency of occur-
rence of atmospheric drought, the number of days with dry wind, the
number of days with frost, the duration of the frost-fiee period and the
frequency of years with freezing of winter crops. Proceeding from eco-
nomic feasibility and climatic possibilities for the period after 1991 there
have been changes in the structure of cultivated areas. The range of culti-
vated crops has expanded, namely, significant areas of industrial crops —
com, rapeseed, sunflower and soybeans have appeared. The production
of grain and leguminous crops has decreased by 2 times; sugar beet by
140 times, the cultivation of flax has completely stopped. Potato produc-
tion has increased by 80% and vegetable production by 130%. The main
trends of the last three decades: an increase in the sown area of industrial
crops, which, in turn, displace traditional crops, attempts to intensify far-
ming, a decrease in the amount of mineral fertilizers applied by 2.0 times,
organic fertilizers by 15.0 times, a decrease in the number of cattle by
6.0 times, pigs by 2.2 times, sheep and goats by 9.3 times. All this increas-
es the imbalance of the agroecosystems of the region, as a result of which
their self-reproduction and self-regulation is disrupted (Sobko & Voz-
nyuk, 2018).

Due to the lack of clear forecasting and sufficient information on the
contamination of crops and soil, the protection of crops from weeds is
carried out without taking into account the zone characteristics of growing
crops, while the farms lose on average up to 15-20% of plant production
(Kochik, 2012).

A very noticeable role in the spread of adventive (from Latin adventi-
cius — alien) plant species in the Polissya region was played by the large-
scale drainage melioration carried out in the 1960-1980s, due to which the
areas of land suitable for use in agricultural production were significantly
expanded. The negative role of drainage in this case was manifested in the
disturbance of the soil cover during the laying of the irrigation and drai-
nage network and in the general decrease in the water content of the terri-
tory — not only directly drained, but also adjacent areas. Since non-native
plant species are predominantly from sub-arid and arid regions, a signifi-
cant decrease in the level of groundwater and an increase in the average
annual temperature have become positive factors for them.

It should be noted that the spread of adventive, or non-native, plant
species has now acquired a global character and encompassed both Eu-
rope and all other continents of the planet (Hadjikyriakou & Hadjisterko-
tis, 2002; Ward & Amatangelo, 2018; Witt et al., 2018; Sabirova et al.,
2019). It has become one of the manifestations of biological pollution of
the territory and is one of the main factors in the transformation of autoch-
thonous floras in different regions. Indigenous plant species are being
forced out by invasive ones due to the adventitization of regional natural
floras. This leads to the loss of specificity of phytocenoses and their unifi-
cation. This poses an immediate threat to the conservation of biodiversity
(Balezentiené et al., 2013; Yakubenko & Churilov, 2019).

The problem of adventization of indigenous flora is quite acute for
Ukraine as well. Adventive species make up about 14% of the total num-
ber of flora species in the country. This process is progressing: the rates of
introduction, distribution and the degree of naturalization of species are
growing. In the flora of Ukraine, there are no longer any flora complexes
in which adventive plant species are absent (Protopopova et al., 2003).
Invasive adventive plants take root even in arboreal and shrub cenoses,
which usually have the most stable structure (Richardson, 2000; Kauffer
etal.,, 2013; Burda, 2015, 2018; Khomyak, 2018).

Based on the current situation, the priority directions of the national
concept on the problem of non-native species were developed and sub-
stantiated. They provide for the creation of a scientific base through a
complete inventory of the adventive fraction of the flora of Ukraine, and
mapping of locations, and determination of the status of various groups of
invasive species (Protopopova et al., 2003).

Due to the relatively low degree of development of the Ukrainian Po-
lissya in the past, botanists paid little attention to the study of alien plant
species on its territory. The interest in such research increased after large-

scale drainage reclamation and reclamation of land for agricultural use in
the 1960-1980s (Blinkova, 2017). After the first stage of reclamation, 132
weed species were described in the drained areas (Artemenko & Be-
skrovny, 1972). Later, in one of the most complete surveys of the synanth-
ropic flora of Ukraine, it was noted that one of the main reasons for the
spread of synanthropic species on the territory of Polissya was the drai-
nage and further development of drained lands (Protopopova, 1991).
We studied the adventive flora throughout the region (Volodymyrets &
Shklyaruk, 2006). However, in all these studies, the problem of the influ-
ence of agriculture on the spread of invasive plant species was left without
attention of the authors.

The increase in the number of non-native plant species in the flora of
Volyn’ Polissya, despite the influence of other factors, is largely associated
with the intensification of agriculture. Nowadays, adventive species be-
longing to agroecosystems have not been singled out separately, and no
assessment has been made of the level of their invasive threat. Over the
past decade, the composition of adventive plants in agricultural landscapes
has been replenished. The task arose of analyzing the species diversity of
adventive plants and assessing their ecological threat. Therefore, the pur-
pose of our research is to analyze the species composition of adventive
plant species in the agricultural landscapes of Volyn’ Polissya and to
determine the relationship between their distribution and the characteristics
of agriculture.

Materials and methods

To determine the effect of drainage reclamation on the distribution of
non-native species of flora, studies were carried out on the territory of four
drainage systems located within Volyn® Polissya and adjacent territories.
The main routes during the growing season were: the drainage system
Tsyrs’ka (Kamin’-Kashyrs’ky district of the Volyn’ region), Derazhne-
Postiyne and Pechalivs’ka (Kostopols’ky district of the Rivne region),
Vorobyne (Dubrovyts’ky district of the Rivne region). The duration of
monitoring and annual botanical research of the flora of various regions on
the territory of Volyn’ Polissya was 16 years (2003-2019).

We also used the results of our other studies (Oitsius, 2014) and her-
barium materials from the funds of the Rivne Regional Museum of Local
Lore, the Department of Agrochemistry, Soil Science and Agriculture of
the National University of Water and Environmental Engineering (Rivne),
the Department of Microbiology and Botany of the Eastem European
University (Lutsk).

The designation of adventive plant species and their characteristics
were carried out according to the conspectus of the synanthropic flora of
Ukraine (Protopopova, 1991; Protopopova & Shevera, 2012) and the
annotated list of adventive plant species (Protopopova et al., 2003). Plant
life forms were designated according to the ecological classification
(Raunkiaer, 1934; Serebryakov, 1962). The phytocenotic role of adven-
tive plant species was determined on the basis of descriptions of sample
plots, 5 X Sm in size, in accordance with the generally accepted metho-
dology (Rabotnov, 1983). Plots under different types of economic use and
different intensity of anthropogenic load were selected for descriptions.

We have classified adventive species by time of settlement according
to Komas (1968), Protopopova & Shevera (2012).

Results

On the territory of Volyn’ Polissya, we found 279 species of adven-
tives plants belonging to 32 families. 161 species of which, or 57.8%, are
associated with agricultural production. At the same time, 90 species were
found directly within the agricultural land, another 71 species were found
growing in the adjacent areas. At the same time, the most numerous were
5 families, which include 97 species, or 60.2% of the total number of
recorded species (Fig. 1).

Families such as Lamiaceae, Solanaceae, Boraginaceae, Apiaceae in-
clude 5 or more species. The rest are represented by several species, and
12 families, or about 38% of their total number, were represented by only
one species. It should be noted that a significant number of families with
one or several species are a characteristic feature of adventive floras in
general. Concerning plant genera, Chenopodium, Vicia, Lamium were
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distinguished by the greatest number of species. Most of the other genera
were represented by a small number of species or only one species.

M Asteraceae

M Brassicaceae

M Poaceae

M Chenopodiaceae

M Fabaceae

[ 7 T N P

m Other 27 plant families

Fig. 1. Shares of the identified 32 families of adventive plant species,
the main 5 families are: Asteraceae (34 species / 21.1%), Brassicaceae
(20 species / 12.4%), Poaceae (19 species / 11.8%), Chenopodiaceae
(14 species / 8.7%), Fabaceae (10 species / 6.2%): in the territory
of Volyn’ Polissya the monitoring period (2003-2019)

The dominating majority of invasive plant species that are associated
with the agrarian sphere are widespread and are found more or less usually
or scattered practically throughout the Volyn’ Polissya region. These
include some of the species that are recognized in Ukraine as being in a
state of expansion: Lepidotheca suaveolens (Pursh) Nutt., Galinsoga
parviflora Cav., va xanthiifolia Nutt., Phalacroloma anmuum (L.) Du-
mort, Geranium sibiricum L., Helianthus tuberosus L., H. subcanescens
(A. Gray) E. E. Wats., Heracleum mantegazzianum Sommier et Levier,
H. sosnowskyi Manden. And also species that have a high potential for
invasion: Capsella bursa-pastoris (L.) Medik., Echinochloa crusgalli (L.)
Beauv., Papaver rhoeas L., Raphanus raphanistrum L., Setaria glauca
(L.) Beauv., Sonchus oleraceus L., Tripleurospermum inodorum (L.)
Sch., Amaranthus retroflexus L., Conyza canadensis (L.) Crong.

According to the time of settlement of adventive species, the ratio of
the number of archacophytes (recorded in ancient times), kenophytes
(found after the 15th century) and eukenophytes (recently introduced
species) among the plant species noted by us is approximately the same
(Table 1).

Table 1
Distribution of species of the adventive fraction of the flora
according to the time of entry into the territory of Volyn’ Polissya

Groups of chrono elements Number of species % species
Archeophytes 73 453
Kenophytes 74 46.0
Eukenophytes 14 8.7

Total 161 100.0

To study the nature of the distribution of non-native species of flora in
areas affected by drainage reclamation, floristic and phytocenotic studies
were carried out on the territory of 4 separate drainage systems. About
40 adventive species were found. Taking into account the data obtained
for other drainage systems in the region, the total number of invasive plant
species is 68. This is more than 40% of the total species composition of
the adventive flora of Volyn’ Polissya. The distribution of introduced
species of flora on agricultural lands under various types of use for indi-
vidual drainage systems is shown in Table 2. The largest number of inva-
sive species is concentrated on arable land with row crops, broadcast
sowing crops and adjacent areas. A slightly smaller number of non-native
species was found in the composition of crops of perennial grasses and
meadows used mainly for intensive grazing. The smallest number of
adventive plant species is presented in the areas used mainly as hayfields
or for light grazing. This applies to both archacophytes and kenophytes.
It should be noted that, in contrast to other sites, the number of kenophytes
in the territory of drainage systems is significantly lower than that of arc-
haeophytes. However, kenophytes are predominantly entrenched in row
crops and cultures of broadcast sowing, Most of the alien species are
common and were present in almost all the studied sites. We found in the
study area a significant distribution of two species of transformer plants

(Fig. 2), which alter the abiotic conditions of habitats and displace native
species of flora. These are Solidago canadensis L. and Phalacroloma
annuum (L.) Dumort.

Table 2
Distribution of non-native species of flora
on agricultural lands of drainage systems of Volyn’ Polissya

Drainage systems
Type of agricultural land Tevrska Derazhne- Pecha- Voro-  overall
Sy Postiyne  livs’ka byne forsystems
Arable land, row crops 11/5 10/3 113 103 12/6
Arable land, broadcast sowing ~ 12/5 2017 113 145 20/8
Arable land, perennial grasses
(for haymaking) 52 21 62 52 73
Arbleland peremial gasses g3 43 9 gp 105
(for permanent grazing)
Meadowlands (forhaymaking) 472 2/0 5/0 21 62
Mea_dowlands (for permanent n an 91 sp 93
grazing)

Total non-native species 189 21/8 2217 175 25/11

Note: the numerator denotes the number of archaeophytes, the denominator denotes
kenophytes.

Solidago canadensis L. , Canadian goldenrod, is an eukenophyte of
North American origin, according to the method of introduction — ergazi-
ophyte, it is commonly found throughout the territory of Volyn’ Polissya,
more often in the southern part. A rapid increase has been observed over
the past 20 years in the number of localities of the species and an increase
in the areas it occupies. Local thickets have a projective cover of up to
95% often. According to our observations, goldenrod prefers moderately
moist, with a transition to dry, places of growth on mesotrophic soils, with
sufficient illumination or slight shading. It rather quickly captures areas
with disturbed herbaceous vegetation, completely rebuilding the structure
of the biocenosis.

Phalacroloma annuum (L.) Dumort. is a one-year kenophyte of
North American origin, it is xenophyte by the method of introduction and
found commonly throughout the region. The species is an agro-epeco-
phyte, growing in transformed and natural phytocenoses. It prefers mode-
rately humid growing places with sufficient light or partially shaded.
In natural phytocenoses , it attains its greatest extent of projective cover in
meadows, and it often gives the impression of a completely indigenous
species. Local thickets can form in sparse shrub groups, on forest edges, in
forest clearings. It withstands trampling and mowing well, therefore it is
present in significant quantities in pastures, especially in drained river
floodplains, along unmetalled roads through fields and along highways.

Of the species that have naturalized, of particular interest are species
that in the future may pose a serious threat to natural phytodiversity and
have negative practical consequences for the agricultural landscapes of our
region and other parts of Europe. These are Ambrosia artemisiifolia L. and
Heracleum sosnowskyi Manden.

Ambrosia artemisiifolia L. — ragweed, it is eukenophyte of North
American origin, according to the degree of naturalization — epecophyte, it
is a weed of intermal quarantine. In Volyn’ Polissya, it is scattered
throughout the territory. Populations of the species mainly have a linear
spatial structure, mainly confined to transport routes. Rarely, ragweed is
found near field roads and paths, sometimes in spontaneous dumps or on
the outskirts of fields. Ragweed is found quite often along railway lines,
where it forms monodominant ruderal groupings. The species prefers
well-lit open areas; it grows often on poor sandy loam soils, where there is
no competition from other species. It was not found in semi-natural and
natural groups. Now it is found around all the cities of the Volyn’ Polissya
region, these are: Kovel’, Samy, Kostopil’, Berezne, Dubrovyt’sya, Va-
rash, Rozhyshche, Kamin’-Kashyrs’ky, Zarichne, Lyuboml’, Yagodyn.
Inrural settlements, ragweed was found in the villages Derazhne, Sus’k
(Kostopols’ky district), Nobel” (Zarichnian’ky district), near Lyubomyrs’k
railway station (Rivne district). According to our observations, the number
of populations of the species varies from year to year. This is probably due
to weather conditions. There is currently no noticeable increase in the
number of populations. The spread of the species is primarily promoted by
non-observance of the proper phytosanitary rules near railways and high-
ways, as well as in cities and other settlements.
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Fig. 2. The distribution of

transformer plants on the territory of Volyn’ Polissya:

O —Solidago canadensis (L.) and &5 — Phalacroloma anmum (L.) Dumort.; results of annual monitoring for the period 2003-2019

Heracleum sosnowskyi Manden. — Sosnowsky’s hogweed, it is a eu-
kenophyte of Caucasian origin, ergaziophyte (by the method of introduc-
tion; it was brought into the region as a silage culture), agro-epecophyte.
It poses a threat to natural and anthropogenically transformed territories
throughout Eastern Europe. It is found mainly in the southern part of the
territory of Volyn’ Polissya. Today, this hogweed grows in the vicinity of
the village of Orzhiv (Rivne region) and Derazhne, as well as to the north-
west of it (drainage system Derazhne-Postiyne, Kostopols’ky district),
village Klepachiv (Kivertsivs’ky district), town of Kovel’, village Rechyt-
sya (Goshchans’ky district). The largest population was found in the drai-
nage system Derazhne-Postiyne in Kostopols’ky district. Here it occupies
an area of about 0.4 hectares and forms monodominant groupings with
projection cover of about 70%. In other localities, this hogweed species is
currently represented mainly by small groups, where there are about 10—
15 individuals. The species prefers natural meadow phytocenoses with
sufficient moisture and rich soils, most often found in river floodplains.
Soznowsky’s hogweed grows on the outskirts of Orzhiv village (Rivne
region) near forest roads and in sparse thickets of bushes. The trend is
towards an increase in the number of individuals of the species and an
increase in population density in the identified localities over the past
20 years, according to our observations.

Discussion

The general floristic proportions of families, genera, and species of
the adventive share of the flora of Volyn’ Polissya growing on agricultural
land are approximately 1.0 : 3.4 : 5.0. This proportion indicates the low
representation of the lower taxa among the higher ones. The ratio of the
number of genera to the number of families is slightly higher, and the ratio
of the number of species to the number of families is much lower than for
the adventive flora of Ukraine as a whole (Protopopova & Shevera, 2014).
Analysis shows that the entry of adventive species of flora to new sites
most often occurs together with seed or planting material. Significant
danger is posed by insufficiently purified material brought from complete-
ly different or rather remote regions. In addition, the spread of invasive
weed species occurs during the transportation of the productive part of
plants, which often contains their seeds.

In some cases, feral cultivated plants become adventive species. Miti-
gation of climatic conditions contributes to this, in particular, warm win-
ters. We have noted that crops such as Solanum tuberosum, Beta vulgaris,
Allium sativum, Coriandrum sativum, Anethum graveolens, Papaver
somniferum, Glycine max, Lupinus luteus, Cucurbita pepo have become
wild in Volyn’ Polissya in recent years.

The large number of archacophytes is caused by the peculiarities of
the natural conditions of the region and the ecological specificity of the
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drained territories. Such a chronological distribution of adventivesspecies
indicates that the reclaimed territories are primarily represented by those
species that have been introduced to the territory of Ukraine for a long
time. However, the presence of kenophytes and a significant number of
eukenophytes indicates the intensification of the processes of introduction
of new species here.

The identified adventive species are diverse in origin. There is a nu-
merical predominance of only a few groups. The most numerous is the
group of species of Mediterranean origin. This accounts for about 60% of
all invasive species. More than a quarter of the species composition comes
from different regions of Asia. No more than 10% of alien species are of
North American origin. Such a distribution of non-native species by origin
clearly indicates the close connection of most of them with arid and subar-
id regions of the planet. Therefore, the gradual aridization of the Volyn’
Polissya territory contributes to the successful naturalization of invasive
species. According to the distribution range structure, among the alien
plant species identified in agricultural lands and adjacent territories, the
largest part is made up of Holarctic, cosmopolitan and hemi-cosmopolitan
species, that is, species with a wide range. In total, they make up about
two-thirds of the total.

Our research has shown that most adventive plant species are repre-
sented by five families: Asteraceae, Brassicaceae, Poaceae, Chenopodia-
ceae, and Fabaceae. This is generally consistent with the data of some
other authors (Dubyna et al., 2019). By comparison, in the spectrum of
families of adventive flora of the lowland forest regions of Ukraine, which
includes the territory of Volyn’ Polissya, the Brassicaceae family is in the
first place, while Asteraceae is in second place. The families Poaceae and
Fabaceae are also in third and fifth places, respectively. The Chenopodia-
ceae family takes only sixth place here (Burda, 2017). These differences in
the spectrum of the main families indicate not only the ecological and
geographical features of the region, but also the specifics of agricultural
land. Annual herbaceous plants (about 70%) and perennial herbaceous
polycarpic plants (about 20%) make up the largest part in the structure of
life forms according to the ecological classification (Serebryakov, 1962)
among all the non-native plant species recorded by us. Other life forms are
scarce. The following plant life forms are most widely represented on
agricultural lands: therophytes (annual plants that overwintered as seeds or
spores), geophytes (species in which renewal buds are located on under-
ground organs: bulbs, rhizomes, roots) and sometimes hemicryptophytes
(herbaceous perennials, renewal buds which are laid close to the soil sur-
face and for the winter are covered with a dead aerial part). The classifica-
tion of life forms of plants is determined according to (Raunkiaer, 1934).
The study of the methods of reproduction and distribution of adventive
species on the territory of agricultural lands of Volyn’ Polissya showed
that the overwhelming majority of them (more than 90%) reproduce with
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the help of seeds. Other species combine vegetative and seed propagation.
Several species in the region reproduce only vegetatively. Of the species
that multiply by seeds, most use multiple methods of spreading fiuits and
seeds. Autochory (self-spreading) and ballistochory (through the swaying
of plants ) are observed most often, they do not require any additional
external factors for their distribution. Anemochory (it is spread by the
wind) and endozoochory (through the alimentary tract of animals or birds)
are much less common. Thus, the presented adventive plant species are
adapted quite well for distribution in new territories.

An analysis of the phytocenotic participation of non-native species in
the structure of the flora of agricultural plots and in the adjacent territory
showed that only a few species play a significant role in the formation of
vegetation cover. So, when sowing row crops, these are species such as
Echinochloa crusgalli L., Setaria glauca L. and S. viridis (L.) Beauv.,
Amaranthus retroflexus L., Fallopia convolvulus (L.) A. Love, Galinsoga
parviflora Cav., G. canadensis (Rafin.) Blake. Activity in some cases is
exhibited by Sinapis arvensis L. and Raphanus raphanistrum L. Papaver
rhoeas L., Sonchus arvensis L., Centaurea cyanus L., Capsella bursa-
pastoris (L) Medik., Apera spica-venti (L.) Beauv., and Vicia villosa Roth
are most often found in the groupings of broadcast-sown crops. Species
such as Conyza canadensis L., Cichorium intybus L. and Phalacroloma
annuum L. are distinguished by their phytocenotic participation on pas-
tures and meadows with intensive grazing of animals, and on sandy and
sandy loam soils equivalent participation is shown by Oenothera biennis
L. and O. rubricaulis Klebahn.

It is very important to clarify the ways of entry and migration of ad-
ventive species to new territories to understand the modern processes of
florogenesis. The main paths are the penetration of those species that are
directly related to the technology of agricultural production: this is their
introduction with insufficiently purified supplies of seeds and planting
material, and with the addition of organic fertilizers. For example, Ambro-
sia artemisiifolia seeds are imported or spread through contaminated bird
feed, soil (also in tire treads) and agricultural products from contaminated
areas. Ambrosia seeds survive in soil for up to 40 years (Buters et al.,
2015). However, the most probable ways of introducing non-native spe-
cies are through their migration from adjacent territories. At the same time,
the main centres of migration are weed grown areas of land and, especial-
ly, uncultivated abandoned fields, fallows, and other abandoned places.
The migration flow of invasive species is significantly intensified when
agricultural land is directly adjacent to communication routes, residential
landscapes and urbanized territories with their infrastructure, and their
species composition becomes more diverse.

In general, the territory in which agricultural production is carried out
has been largely transformed by the anthropogenic ecological complexes
or semi-natural ecological systems that have developed on it. Such territo-
ries currently occupy more than a third of the entire area in Volyn’ Polis-
sya. The extreme level of transformation is achieved in arable land occu-
pied by row crops or broadcast-sown crops. There is a constant distur-
bance of the soil cover due to its processing cultivation. Areas with a dis-
turbed substrate are the most amenable for the settlement of synanthropic
species, including adventive ones. Unstable vegetation cover, which chan-
ges annually according to crop rotation patterns, cannot be a strong
enough competitor to curb weed infestation. The situation is especially
complicated by insufficient attention or neglect of weed control measures.
The weed grown areas become a source of distribution of aboriginal and
adventive synanthropic plant species to adjacent, including natural territo-
ries. Other authors also point out that, for example, land-use changes,
anthropogenic changes in ecosystems and the development of transport
networks have contributed to the successful spread of Solidago sp. over
the past century to a large extent (Priede, 2008). In addition, the production
and release of allelopathic compounds by the Solidago canadensis plant
may be one of the mechanisms that explain the success of invasive weeds.
The absence of a history of co-evolution has a detrimental effect on neigh-
bouring plants in the range of introduction (Abhilasha et al., 2008).

A much better situation is observed in areas occupied by well-formed
crops of perennial grasses, provided they are used as hayfields or for light
grazing, In the first or second year of existence, the weediness of such
crops approaches the same values as in areas of broadcast-sown crops,
where it is mainly represented by annuals. In the future, as the projective

cover of perennial herbaceous plants increases and a stable core of the
vegetation cover is formed, weediness decreases sharply, primarily due to
the loss of annual weeds. The reverse stage in the development of weeds
begins with the liquefaction of the herbage of cultivated crops. At the
same time, the phytocenotic role of perennial weeds is growing; they
begin to occupy niches that were previously occupied by cultivated peren-
nials. The thinning of crops of perennial grasses is significantly accelerated
as a result of intensive grazing of cattle. First, there is a significant reduc-
tion in the projective cover of the cultivated grass stand, and then the tram-
pling and compaction of the soil. In addition, the movement of animals
during grazing promotes the spread of seeds or other weed diasporas.
For the same reason, the dispersal of weeds, including non-native species,
occurs in the meadowlands used for constant grazing throughout the
growing season.

The transformer plants S. canadensis and Ph. annuum not only
change the abiotic conditions of habitats and displace native species of
flora. They cause significant restructuring of plant communities in natural
and semi-natural ecotopes. This is supported by data from other authors
(Protopopova & Shevera, 2014; Protopopova et al., 2015).

Thus, the analysis of the processes of flora adventitization on the terri-
tory of Volyn’ Polissya allows us to single out several main complex fac-
tors that contribute to biological pollution by non-native plant species.
We take into account the specifics of the physical-geographical and land
use-economic conditions of the region and can agree with other authors
that the main factors of flora adventization are agricultural production
(Burda, 2001, 2006; Burda et al., 2013, 2017; Gerstnere et al., 2014; Buz-
hdyhan et al., 2016), urbanization (Makukh et al., 2015; Besarabchuk &
Volgin, 2018; Shavrina et al., 2018), and the feralization of introduced
plant species (Protopopova et al., 2006; Pysek, 2008; Burda, 2013;
Khaurdinova, 2014; Shevera et al., 2016).

Control over the spread of adventive species, for example, Ambrosia
artemisiifolia, is still a serious problem for European countries (Cardarelli
et al., 2018) and the potential for its further spread is quite high (Ortmans
et al,, 2017). Around 13.5 million people in Europe suffered from rag-
weed allergies, resulting in annual costs of € 7.4 billion (Schafther et al.,
2020). Full control over Heracleum sosnowskyi can be achieved either by
cutting the roots of plants up to 5 years old at a depth of 15 cm or by conti-
nuous (5 years long) herbicide spraying three times during the vegetative
season, using a tank mixture of glyphosate and flazasulfuron (Klima &
Synowiec, 2016).

We take into account the current state of the species of adventive
plants and the observed trends. Therefore, adventive plants can be placed
according to the degree of naturalization in the following ascending order:
ergasiophytes — ephemerophytes — colonophytes — epecophytes — agrio-
epecophytes and agriophytes. An analysis of the distribution of species by
the degree of naturalization indicates a significant predominance of epe-
cophytes, which are represented by more than 46.0% of the adventive
species. These species are naturalized in various types of anthropogenical-
ly transformed ecotopes. The ergasiophytes are also abundant, accounting
for 27.0%. The significant share of the species of this group is a clear
confirmation of the important role of the process of feralization of orna-
mental introduced species and cultivated plants in the adventization of the
flora of the region. The total share of epecophytes and agro-epecophytes
makes up the majority of the entire species composition of the fraction.
This is evidence of the stability of their positions, as well as the presence
on the territory of the region of considerable areas of disturbed and trans-
formed ecotopes. The ephemerophytes are represented by approximately
6.0%. The colonophytes are represented by 16 species. They are located
more or less compactly and do not show a noticeable tendency to expand
their growing area or appear at new sites. The smallest number of species
is represented by agriophytes 3.8%. The total share of agriophytes and
agrio-epecophytes is about 15.0%. These are species that have mastered
mainly natural and semi-natural ecotopes. They are the ones that pose the
greatest danger to the native flora.

The flora of the Volyn’ Polissya contains a larger proportion of agrio-
phytes and agrio-epecophytes than the adventive fraction of the flora of
the entire Polissya of Ukraine (15.6% versus 12.0%). At the same time,
the adventive fraction of the studied region has fewer epecophytes com-
pared to Eastern Polissya (46.0% versus 59.0%), ergasiophytes (27.2%
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versus 36.0%), and ephemerophytes (6.6 versus 11.2%). An assessment
of the dynamics of the species composition of the adventive fraction sho-
wed that over the past 30-50 years, at least 80 species of flora new to
Volyn’ Polissya have appeared. These include: Equisetum ramosissimum,
Oxybaphus nyctagineus, Amaranthus powelli, Lepidium campestris,
Sisymbrium volgense, Poterium polygamum, Cerasus pumilla, Grindelia
squarrosa, Rudbeckia laciniata, Carduus nutans, Bromus catharticus,
Glyceria striata, Eragrostis suaveolens, Setaria verticillata, Hordeum
murinum and others. The number of localities and the total population has
been decreasing in the last 10-15 years for the following species: Matrica-
ria recutita, Xanthium strumarium, Helianthus annuus, Solanum nigrum,
Trifolium hybridum, Lepidium ruderale, Silene gallica, Thlaspi arvense,
and Lamium album. This is confirmed by our observations and literature
data. Some species of non-native plants have become quite rare. There
are: Hyoscyamus niger, Datura stramonium, Althaea officinalis, and
Agrostemma githago. Also, it was not possible to confirm the presence in
the region of the following species: Xanthium spinosum, X. italicum,
Fumaria schleicheri, Lepidium latifolium, Silene armeria, Anchusa offici-
nalis, Cuscuta suaveolens, and Coronopus squamatus. Most likely they
no longer grow in Volyn’ Polissya.

The structure of the adventive fraction according to the time of ap-
pearance indicates that the greatest dynamics of the introduction and natu-
ralization of species has been observed in the last 5060 years. This is
almost a third of the total species composition of the fraction. The ergasio-
phytes constitute a significant part of the adventive fraction (by the way of
drift). Therefore, the modern dynamics of the adventitization of the re-
gional flora can be largely explained by the fact that the range of cultivated
introduced ormamental and floral-ormamental plants has greatly increased.
The popularity of growing this type of plants among the local population
is increasing. Further emergence of new wild introduced species can be
predicted. This is a consequence of the greater availability of new planting
and seed material against the background of the population ignoring phy-
tosanitary measures.

Recommendations are not justified, in our opinion, for the introduc-
tion of individual ruderals into the culture, for example, for landscaping.
These plants displace over time displace the native flora allelopathically
and competitively. Ruderals create transformer biotopes, spontaneous
phytocenoses, etc. We can also agree with a number of authors (Protopo-
pova & Shevera, 2014; Tkach et al., 2017, 2018), who believe that agri-
cultural production is a powerful complex transformation factor for the
environment as a whole, and natural flora in particular. Invasive alien
plants are undoubtedly a growing concern not only in Ukraine but around
the world. The ability to effectively manage them remains an urgent task.
Climate change in recent decades has only exacerbated this problem.

Conclusion

The expansion of agricultural land over the past 50 years has led to an
increase in the number of adventive species on the territory of Volyn’
Polissya by more than 60%. The increase in their number is associated
with drainage reclamation, significant changes in the structure and forms
of production of the agro-industrial complex in the region, climatic chan-
ges (aridization). More than 40% of the total species composition of the
adventive flora of Volyn® Polissya is represented in the territory of drai-
nage systems used for agricultural activities. The vast majority of species
of the adventive flora growing on agricultural lands originate from arid
and subarid regions of the planet. A significant potential hazard is repre-
sented by S. canadensis and Ph. annuum to phytocenoses. 4. artemisiifo-
lia and H. sosnowskyi may pose a serious threat to the natural phytodiver-
sity and structure of agricultural landscapes in the region in the future.
The analysis showed that the modemn agroecosystems of Volyn® Polissya
are characterized by instability and low ability to withstand non-native
plant species. The ratio of archacophytes and kenophytes is approximately
the same, with a slight predominance of the former among all discovered
non-native plant species. The spectrum of life forms of the identified inva-
sive species is markedly dominated by annual herbaceous plants, or thero-
phytes. A significant phytocenotic role in the composition of the groups of
cultivated crops is shown only by a few species of the adventive flora,
despite their wide distribution. When optimizing agricultural landscapes, it

is advisable to carry out control and regulation not only of expansionary
invasive species, this is especially important for preventing biological
pollution, but also for species whose status is not yet determined. It is these
species that quickly penetrate into agricultural landscapes and can easily
be removed from ecosystems.
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