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Abstract

The aim of the present study is to identify among the native plants the main competitors of
Impatiens glandulifera in an experimental section of the Iskar River gorge with intensive
presence of this invasive alien plant and to identify among these species those whose
populations would help limit its distribution in natural hygrophilous communities and to
reduce the risk of soil erosion in the riparian zone. The investigation was conducted in the
period 2019-2020. Sixty Permanent Sample Plots (area 2x2 m? were set up in representative
wetland communities and based on their floristic composition and cover abundance 12
dominant species were identified- Impatiens glandulifera Royle, Urtica dioica L., Rubus
caesius L., Petasites hybridus (L.) P. Gaertn., B. Mey. & Scherb, Aegopodium podagraria L.,
Epilobium hirsutum L., Scrophularia umbrosa Dumort, Carex sp., Scirpus sylvaticus L.,
Phalaris arundinacea L., Typha angustifolia L., Phragmites australis (Cav.) Trin. ex Steud.
The most suitable of the native plants against the Hymalayan balsam are Phalaris
arundinacea - for localities of flooded and periodically flooded type and Phragmites autsralis
- for standing waters. In riparian communities with a three- and four-layers structure and high
total cover abundance of the tree layer, the shade-tolerant species Aegopodium podagraria is
the most competitive with Impatiens glandulifera and permanently suppresses its populations.
The recommendation for optimal use of local competitors is to stimulate their spread in areas
not occupied by vegetation along the river under the direct action of the watercourse in order
to strengthen the shore and subsequently planting local tree and shrub species (alder, willow
and poplar) to build a sustainable vertical structure of the communities and gradually restore
the autochthonic wetland forest vegetation.

Key words: invasive alien species, ecological strategy, competiveness, Hymalayan balsam,
erosion, wetland vegetation

INTRODUCTION

Competition is one of the main interactions between alien invasive species and
native species together with the predation, herbivory, introduction of disease, and resource
use. (Keller at al. 2012). Differences in competitive ability may explain the maintenance of
existing plant populations and the invasion of new areas by plant species (Bakker, Wilson,
2001). The outcome of competition between the alien invaders and native species is strongly
context-dependent as competitive strength varies along environmental gradients, and life
stages, and also depends on abundances. (Cuda at al. 2015). The invasion as a function of
competition generally reflect on habitat alteration and the loss of biodiversity (Frenot, 2005,
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Vila et al. 2006). The low intensities of competition, altered disturbance regimes and low
levels of environmental stress, especially high resource availability are factor which thought
to render habitats invasible (Alpert at al. 2000). According to Nikoli¢ at. al. (2013) the
number of invasive taxa increases with habitat diversity and the level of habitat fragmentation
and the species richness positively correlates with the invasive taxa richness. Just as habitat
degradation leads to the emergence of invasive species, so the emergence of invasive species
can lead to habitat degradation (Hill, J. 2020, Calizza, E at al. 2017).

A typical example in this respect is the highly invasive alien species Hymalayan
balsam (Impatiens glandulifera Royale) which spreads rapidly throughout Europe, parts of
North America and New Zealand, dominate landscapes, and finaly displace native plant
species (Global Invasive Species Database, 2021). In species-rich tall herb communities,
invasion by I. glandulifera causes a considerable change in plant species richness, diversity
and evenness. (Kiettyk, 2019). According to Power, Vilas (2020) the competitive ability of I.
glandulifera, both in terms of resource exploitation and allelopathy (i.e., the release of
biochemicals that may be toxic to neighbouring plants), is considered a key determinant of its
success. This and other similar studies of Impatiens gandulifera's competitive relationships
with native plant species (Gruntman et al., 2013, Pattison at al. 2019, Power, Vilas, 2020)
convincingly prove the competitive superiority of this species over most of them and the
reasons for it, including, allelopathy, seed dispersal strategy, vegetative propagation, etc.

Bieberich at al., (2021) suggest that I. glanduliferais a *“back
changes, which is facilitated by previous ecosystem changes (land use change, pollution,
nutrient input etc.) but is also a driver of further changes and in this case its is more
complicated because the previous changes that facilitated invasion have to be known and
countered. One of the negative regulatory role of Impatiens gladnulifera in changing the
riparian habitats is provoking soil erosion processes such as: 1. the competitive displacement
of perennial vegetation by I. glandulifera increasesthe risk of erosion during the winter period
when live Hymalayan balsam plants are absent (Greenwood at al., 2018); 2.the stems of
mature individuals of I. glandulifera are disproportionately tall and heavy compared to its
shallow root system, which facilitates the easy uprooting of individuals by the river flow
along with parts of the soil in their roots (Dawson, Holland, 1999); 3. the dead stems and
adventitious roots of I. glandulifera can obstruct waterways and wetlands, which can alter
ecosystem’s hydrology and can lead to increased erosion or flooding (Cao at al., 2021).

In recent years, a number of studies have been conducted in Bulgaria related to the
identification of biological agents (Belilov et al., 2020, Zaemdzhikova et al., 2020, Glogov et
al., 2020a) and measures for biological control of I. glandulifera populations. The relationship
between Impatiens glandulifera’s competitors among native species and their role in
combating the spread of this invasive species and preventing soil erosion has not yet been
studied.

Given the strong ecological-coenotic strategy of Impatiens glandulifera in order to
protect natural habitats from this invasive species, it is important to limit the ability of its
populations to penetrate their communities. Even only one individual of Hymalayan balsam
can produce and disperse 800-2,500 seeds (Beerling, Perrins, 1993) and its participation in the
floristic composition of a natural community hides a danger of exponential growth of its
population in it in the coming years. The risk of such a danger and its consequences are
especially high for disturbed riparian habitats threatened by erosion processes, which can be
catalyzed by the presence of Impatiens glandulifera (Greenwood, Kuhn, 2014). For this
reason, it is important to find an opportunity for populations of highly competitive native
species to act as a natural barrier to the spread of this invasive species in communities of this
type of habitat.

-seat driver”
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The aim of the present study is to identify among the native plants the main
competitors of Impatiens glandulifera in an experimental section of the Iskar River gorge with
intensive presence of this invasive alien plant and to identify among these species those
whose populations would help limit its distribution in natural hygrophilous communities and
to reduce the risk of soil erosion in the riparian zone.

MATERIALS AND METHODS
1. Study area and object of the study

The study area is located 10 km from the capital of Bulgaria- Sofia. It covers part of
the Iskar river gorge between Plana and Lozenska Mountains (Western Bulgaria). The study
area stretches between the villages of Kokalyane and Dolni Pasarel (Sofia municipality) (Fig.
1) and it is about 3 km?, approximately 30 km long and 0.1 km wide (0.05 km on both sides
of the river).

The reasons for choosing the study area is the high participation of Impatiens
glandulifera - about 5000 m? Kachova et al. (2020) in natural hygrophilous communities and
the recent studies of this species in the same area related to the specifics of its localities
(Glogov et al. 2019, Kachova et al. (2020)), morphological features (Glogov at. al. 2020a) and
measures for its distribution (Glogov at. al. 2020b,c, Georgieva, Glogov, 2020) some of which
continue at the present stage.

Fig. 1. Map of the study area
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The climate data in the study area are as follows: average monthly air humidity is
the lowest in July (63%) and the highest in December and January (85%). The average



1JSEAS International Journal of Scientific Engineering and Applied Science (IJSEAS) — Volume-7, Issue-4, April2021
ISSN: 2395-3470
WWw.ijseas.com

monthly temperature is the highest in July, 21.5 °C and the lowest in January, - 2.5 °C. The

average annual precipitation is 645 mm. (Glogov at al.,2019)

The present study focuses on hygrophilous communities from the following
characetristic type of localities according to Kachova et al. (2020): 1- Periodically flooded
riparian type, 2 - Constantly flooded by (by river running waters) riparian type; 3- "Swamp"
on stagnant water. They are located next to the river and are most vulnerable to erosion
processes. Soil type is Fluvisols and Histosols. (Kachova et al.,2020):

The predominant vegetation in the studied area is presented by riparian communities
of Alnus glutinosa (L.) Gaertn which belong to a habitat subtype of NATURA 2000 habitat
91EO0 * Alluvial forests with Alnus glutinosa and Fraxinus excelsior (Alno-Padion, Alnion
incanae, Salicion albae). (Glogov et al., 2020b, Kavrakova et al., 2009).

The object of study are populations of Impatiens glandulifera and native species
with predominant cover abundance (dominants) in the grass floor of the hygrophilous
communities along the Iskar River. The use of a dominant species as a target plant rather than
a random species or one with poor competitive ability, renders our results more general,
implying that I. glandulifera might exert greater competitive effect on the less robust co-
occurring species. (Gruntman et al., 2013).

2. Vegetation sampling
2.1. Species cover abundance measurment

The investigation was conducted in the period January-November, 2020 in order to
trace the length of the growing season in I. glandulifera and each of the local competing
species.

Following Kieltyk, Delimat (2019), 60 Permanent samlple plots (PSP) , 2x2 m? in
size, were set up on both sides of the Iskar river. The leading criteria in the selections of the
places for setting up the PSP are:

- Selection of sites in the immediate vicinity of the river, with a high risk of erosion,
corresponding to the localities type 1,2 and 3 in the study area acccording to Kachova et al.
(2020)

- Selection of representative plant communities with a predominant cover abundance of
Impatiens glandulifera and communities dominated by native species in which the Hymalayan
balsam has different participation or is absent.

- Even distribution of PSP throughout the river basin in the study area.

In the PSP were determined the total species cover abundance and the cover
abundance of the dominant species (including Impatiens glandulifera) using 5-degree Braun-
Blanquet scale (1964) (Table 1). The determination of plant taxa and the biological types to
which they belong is according to Delipavlov, Chesmedjiev (2003).

Table 1. Braun — Blanquet cover abundance scale

Braun — Blanquet Scale Range of cover
R < 5%; very few individuals
+ < 5%; few individuals
1 < 5%; numerous individuals
2 5-25%
3 25-50%
4 50-75%
5 75-100%
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Based on the number of PSPs in which they meet with a predominant cover
abundance, the main dominants among the local species in the hygrophytic communities have
been determined. The PSPs are divided into 9 groups:

Group | - PSP with monodominant communities in which the species meets with
cover abundance 5

Group Il - PSP with monodominant communities in which the species meets with
cover abundance 4

Group 111 - PSP with communities in which the species meets with cover abundance
3 or 4 and is co-dominant with other species.

Group 1V- PSP with communities in which the species meets with cover abundance
1-2

Group V- PSP in which the species occurs singly

Group VI - PSP with communities in which the species is absent

Group VII - the species is co-dominant with Impatens glandulifera

Group VIII- Impatiens glandulifera occurs with low cover abundanceage or singly
in communities of this dominant species

Group IX- Impatiens glandulifera is absent from communities of this dominant
species.

2.2. Density of the populations

The average density (number of individuals per m?) of the dominant species in both
phases- juvenile and maturity was calculated. A comparison was made between the average
densities in PSP with a predominance of Impatiens glandulifera and that of PSP with a
predominance of native species.

2.3. Phenological observations

For each dominant species in PSP, are registered the beginning and the duration of the
growing season and flowering period. The beginning and end of the vegetation is considered
to be the appearance of the first individual and respectively the death of the last individual
from the populations of the dominant species in all sample areas.

2.4. Measurement of the predominant height of the species

The predominant height of individuals in the population was measured during the
other studies in the sample plots and in some cases it was used together with cover abundance
as an additional indicator of the superiority of a species in the community. Subsequently, data
on the predominant heights of individuals of a particular species in all PSPs were averaged

2.5. Floristic diversity in the PSP

After establishing the floristic composition and counting the species in each of the
PSPs, the PSP with the most common dominant species were divided into three groups
depending on the projective coverage of the dominants: I- Species dominates in the PSP with
cover abundance >75%; Il- Species dominates in the PSP with cover abundance 50%-70%;
I11- Species co-dominates in the PSP with cover abundance 25% -50%. In each of the groups
the average number of species was determined. A comparison was made between the floristic
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richness in PSP with a predominance of Impatiens glandulifera and that of PSP with a
predominance of native species.

Knowing the ecological-coenotic strategies of the dominant native species, the
competitiveness of each of them is analyzed and the possibilities with their help to limit the
distribution of Hymalayan balsam and to reduce the risk of erosion in the investigated
localities.

Results
Species cover abundance measurment

During the investigation period 12 dominant species were identified in the
communities represented by the PSP, including 1 annual (Impatiens glandulifera), 10
perennials and 1 shrub (Rubus caesius) (Table 2). Impatiens glandulifera is present as
dominant in the communities of 41.7% of the PSP, in 28.3% of the PSP it has a lower
quantitative share and in 30.0% of the PPP the species has not been identified. The large
participation of the species in PSP is related not only to its high competitive ability but also to
its ability to resist competitive suppression. In some of the PSP, the species has been isolated
by populations of native species and individuals from it that have reached the stage of
flowering and fruiting are found to grow on a rotting wood and cracks in the stone
foundations of a bridge.

Among the native species with the highest share in PSP are European dewberry
(Rubus caesius), stinging nettle (Urtica dioica) and goutweed (Aegopodium podagraria),
which, like the invasive alien species Impatiens glandulifera, are found in over 50% of PSP.
European dewberry and stinging nettle are the predominant species in more than 1/3 of all
PPP. After Impatiens glandulifera in the studied area goutweed is the species that forms the
largest number of monodominant communities, and the stinging nettle is the co-dominant
species that participates in the most PSP with polydominant phytocoenoses.

The Hymalayan balsam was not found in the monodominant communities of the
Poaceae reresentatives Phalaris arundinacea and common reed Phragmites australis, and in
the communities of sedges (Carex sp.), wood clubrush (Scirpus sylvaticus) and lesser
bulrush (Typha angustifolia) individuals with low cover abundance or single ones have been
identified.

Apart from those presented in Table 2, other species with regular presence and
occurrence, which in some of the PSP reach cover abundance 3 and sometimes assume the
role of co-dominants are Galium aparine L., Agrostis stolonifera L., Ranunculus repens L.,
Mentha longifolia (L.) Huds., Lythrum salicaria L. and Lactuca seriola L.

Table 2. Distribution of PSP by predominant species and groups

. Biological Distribution of PSP by groups (%)
Species type Group | Group | Group | Group | Group | Group Group Group Group
| Il 1] v Vv Vi VIl VIl IX
Impatiens
glandulifera 8.3 6.7 26.7 26.6 1.7 30.0 0.0 0.0 0.0
Royle annual
33 33 23.3 35.0 13.3 21.7 18.3 5.0 1.7
Urtica dioica L. | perennial
1.7 5.0 10.0 31.7 10.0 41.7 6.7 5.0 1.7
Rubus caesius L. | schrub
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Petasites

hybridus (L.) P.
Gaertn., B. 1.7 1.7 5.0 8.3 3.3 80.0 11.7 1.7 1.7
Mey. & Scherb | perennial
Aegopodium 5.0 5.0 16.7 18.3 10.0 45.0 10.0 3.3 8.3
podagraria L. perennial

Epilobium 0.0 1.7 6.7 13.3 10.0 53.3 33 1.7 1.7
hirsutum L. perennial

Scrophularia
umbrosa 0.0 1.7 6.7 13.3 5.0 73.3 1.7 33 1.7
Dumort perennial

1.7 3.3 33 16.7 5.0 53.3 3.3 3.3 1.7
Carex sp. perennial

Scirpus 0.0 0.0 3.3 1.7 0.0 95.0 1.7 1.7 0.0
sylvaticus L. perennial

Phalaris 5.0 0.0 0.0 0.0 0.0 95.0 0.0 0.0 5.0
arundinacea L. | perennial

Typha 33 0.0 0.0 0.0 0.0 96.7 0.0 1.7 1.7
angustifolia L. perennial

Phragmites
australis (Cav.) 5.0 0.0 0.0 0.0 0.0 95.0 0.0 0.0 5.0
Trin. ex Steud perennial

Density of the populations

The average number of individuals in the populations of the most common
dominants decreased from the juvenile phase to the maturity phase between 1.4 times and 3.2
times in the monodominant communities and between 1.3 times and 5.6 times in the
polydominant communities (Table 3). In both types of communities, the number of
individuals decreases most in Impatiens glandulifera (3.2 times in monodominant and 5.6
times in polydominant communities), whose populations have the highest number of
individuals among the other dominant species. In the monodominant communities the
population density decreased the least in Aegopodium podagraria (1.4 times) and Petasites
hybridus (1.6 times), and in the polydominant communities in Epilobium hirsutum (1.3 times)
and Petasites hybridus (2.2 times).

Phenological observations

Most of the dominants which number prevails in the PSP have a long growing
season between 9 and 11 months, and for some of them it starts from the beginning of the
calendar year (Table 3). The growing season for Hymalayan balsam starts a month later in
comparison with the native species. The species with the longest flowering period- 4 months-
are Impatiens glandulifera and Urtica dioica.
The flowering period in most native species begins earlier than that of the Hymalayan balsam.

Table 3. Density, heights and phenological data for some of the dominant species in the
communities of the study area

Monodominant Polydominant Monodominant cmunnities Polydominant Beginning

Species " " e
p cmunnities communities communities of the Duration
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growing | Flowering | of the
Average Average Average Average Predpmlnat Predominat Predpmmat Predominat season | period growing
number of number of height of . height of R (month, season
s numberof | .~ numberof | .~ °% height of R height of
individuals individuals individuals individuals No) (from (number
. ) ) mature | . ) ) mature o ) mature o ) martype
in juvenil |, in juvenil |, in juvenil L in juvenil S (month of
individuals individuals individuals individuals
phase per m2 phase  per m2 phase ( mz) phase ( mz) No) to months)
m? per m? per (cmz) ¢ (cmz) ¢ (month
No))
Impatiens
glandulifera 132.6 41.1 96.9 17.2 8.2 193.9 7.7 184.4 \% VI-IX 8
Urtica dioica 84.6 35.7 56 225 9.6 188.5 9.3 182.7 [ VI-IX 11
i i i i V-Vl
Rubl'.lS Vegetatl\{e 172 Vegetatlye 95 Vegetatlye 144.4 Vegetatlye 1386 I 9
caesius propagation propagation propagation propagation
i n-1v
Peta.SIteS 27.7 17.0 16.5 7.4 6.1 137.4 5.5 129 1l 9
hybridus
i V-Vl
Aegopodium 41 283 29.2 118 9.2 151.1 8.4 148.6 1 9
podagraria
Eoilobi VI-Vill
priobium 56.3 21.7 22,0 16.5 9.7 142.8 95 151.9 - 9
hirsutum
1 VI-VII
Scrophularia 97.2 36.3 44.9 19.7 14.2 114.8 135 1112 | 11
umbrosa

Measurement of the predominant height of the species

Among the more common dominants ocured in PSP, with the highest average
predominant height of juvenille plants is Scrophularia umbrosa, and the species with the
lowest ones- Petasites hybridus (Table 3). Among mature individuals the highest are the
stems of Impatiens glandulifera and Urtica dioica, and the lowest -those of Petasites
hybridus. A comparison between the heights of the species in juvenille phase in the
monodominant and polydominant communities shows that in the former the individuals are
taller. The difference in heights of the juvenile plants in both type of communities are the
following: Aegopodium podagraria- 9.8%, Scrophularia umbrosa- 8.5%, Petasites hybridus-
7.3%, Impatiens glandulifera-6.1%, Urtica dioica —-3.7%, Epilobium hirsutum- 2.4%.
A similar dependence is observed in the mature plants. The difference in their heights in both
type of communities is as follows: Impatiens glandulifera- 4.9%, Epilobium hirsutum- 4.7%,
Petasites hybridus- 4.3%, Urtica dioica —3.0%, Rubus caesius- 3%, Scrophularia umbrosa-
1.9%, Aegopodium podagraria- 1.3%.

Floristic diversity in the PSP

Data on species richness in PSPs (Table 4) with a dominant share of Impatiens
glandulifera are close to those in PSPs with a predominance of native species, with the lowest
number of species (between 3 and 5 species) in monodominant communities with over 75%
abundance of the predominant species. In the PSP where the Hymalayan balsam dominates
with a lower abundance (including as a co-dominate species), the diversity is higher than that
of the communities with native dominant species. In addition, in some of the PSP with the
participation of the Impatiens glandulifera, were found another invasive species such as Acer
negundo L., Erigeron annuus (L.) Pers. and Oenothera biennis L.

Table 4. Number of species in PSP with different cover abundance of the dominants

Dominat

Mean total species number in PSP
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Species dominates in the | Species dominates in the PSP with | Species co-dominates in the PSP with
PSP with cover cover abundance cover abundance
abundance >75% 50%-70% 25% -50%
Impatiens
glandulifera 3.1 12.8 12.6
Urtica dioica 4.8 6.4 10
Rubus caesius 3.0 4.9 9.1
Aegopodium
podagraria 5.0 8.6 10.4
Discussion

Part of the species in the list of main competitors from the present study coincides
with those established by other authors (Vila, Weiner, 2004, Gruntman at al. 2014, Power and
Vilas, 2020). The comparative data from the present study regarding the density of the
populations, phenological observations and variations in predominant height of the species
did not show significant differences between the Hymalayan balsam and its competitors,
moreover they did not show such differences that would be in favor of the competitors. A
number of similar studies (Houlahan, Findlay, 2004, Hejda et al., 2009) show that even if
better competitor, IAS like Impatiens glandulifera could thus have low effects on species
diversity of communities previously dominated by highly competitive natives.

Concerning the cover abundance and floristic diversity the resuts from the present
study are close to the findings of Hejda and Py3Sek (2006) and did not reveal any effect of
invasion on the species composition in terms of species presence but their cover hierarchies
changed after the invasion, as I. glandulifera became dominant at the expense of tall native
nitrophilous dominants. In plant communities inhabited by a low number of species, I.
glandulifera may not negatively impact species richness and diversity because this type of
vegetation is often already dominated by native species, and the invader entering into such
communities reduces the qualitative share of these dominant species by taking over their
functions (Kieltyk, 2019). The registered presence of another invasive alien species in the
polydominant communities of Impatiens glandulifera confirms the findings of Nikoli¢ et al.
(2013) and indicates the participation of the Hymalayan balsam in phytocenoses with
enhanced dynamics.

According to Bakker, Wilson (2001) and Vila, Weiner (2004) the formation of
monodominant phytocoenoses of the invasive alien species in parallel with the declining
populations of native species is an indicator of the strong effect of the competitiveness of this
invasive alien species. This conclusion is relevant not only for Impatiens glandulifera but also
for monodominant coenoses formed by native species such as those found in the present
study, most of which are weeds.

Dominant plant species, whether native or invasive exotic, strongly modulate
species interactions and community composition (Hillebrand et al. 2008). Maintaining
dominant native vegetation at high abundance is thus key to preventing large monospecific
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Impatiens glandulifera stands from forming (Pattison et al., 2019). A recent study of Power
and Vilas (2020) refutes the notion that a more diverse community may be more resistant to
invasion. Therefore, options for assistance from native hygrophytic species in limiting
populations of Impatiens glandulifera should be sought among those that form monodominant
phytocenoses. In the study area such species are Urtica dioica, Rubus caesius, Aegopodium
podagraria, Petasites hybridus, Carex sp., Phalaris arundinacea, Phragmites australis and
Typha angustifolia. Although Scrophularia umbrosa and Epilobium hisrustum are mostly met
as co-dominant species in the communities, these plants also demonstrate high
competitiveness and ecological-coenotic strategy (PALADIAS, 2020, Van Der Kooi at al.,
2015), and they exceed some of the other species by number and height of the individuals in
the population. During the study, it was observed in the field how new shoots can grow from
frozen last year's stems of Scrophularia umbrosa.

Only polydominant communities of Scirpus sylvaticus with Impatiens glandulifera,
Epilobium hirsutum, Lythrum salicaria were found in the study area along the Iskar River.
Wood clubrush is predominant species in marsh phytocoenoses such as the association
Scirpetum sylvatici Ralski 1931 (Adriani, Culita, 2010).

The two native species with a predominant cover in PSP - Urtica dioica and Rubus
caesius are the most common companions in the communities of Impatiens glandulifera and
their populations, although with limited quantitative participation, remain until the last in the
monodominant plantations of the Hymalayan blasam. Although U. dioica has a small seed
mass its competitive strategy involves an exceptionally high relative growth rate, which
coincides with tall stature, extensive lateral spread and the tendency to accumulate leaf litter,
characteristics that facilitate the exclusive occupation of fertile sites. (Thompson, Grime,
1979, Taylor K, 2009, CABI, 2020). The rapid spread of Rubus caesius is mainly due to its
vegetative propagation from buds sprouting from the roots and on the creeping stems which
lay down on the soil and, in contact with it, they shoot. (Babut, Manea, 2011). Urtica dioica
and Rubus caesius have proven in a number of studies to be strong competitors but
insufficiently resistant to competition from Impatiens glandulifera, which reduces the biomass
of both native species in communities due to resource constraints and allelopathic properties.
(Pattison at al. 2019, Power, Vilas, 2020).

A study by Georgieva, Glogov (2020) in which in sample plots with heterogeneous
communities of Urtica dioica, Rubus caesius and Impatiens glandulifera after manual
eradication at an early age of individuals from Impatiens glandulifera and additional planting
of individuals from the other two species, the population of Hymalayan balsam restores its
number in these communities from late germinating seeds and its individuals manage to reach
their normal size.

In the present study, Impatiens glandulifera was not found in only 1.7% of the
communities involving Urtica dioica and Rubus caesius, making these species an unsuitable
choice for total isolation of the Hymalayan balsam. The result is similar with the distribution
of Impatiens glandulifera in communities with predominant participation of the butterbur
(Petasites hybridus) (Hymalayan balsam is absent in 1.7% of its PSP). For this reason like the
previous species P. hybridus is found unsuitable for strengthening the shores with
monodominant coenoses, both due to the easy penetration of Impatiens glandulifera into them
and due to the fact that the populations of the butterbur also provoke erosion processes
(Giversen et al., 2014).

Aegopodium podagraria predominates in the largest number of PSP (8.0%), in
which floristic composition I. glandulifera has not been found, but at the same time in 10% of
PSPs this species is a co-dominant of Hymalayan balsam. Goutweed is highly competitive in
shady habitats (Garske, Schimpf, 2005). Such habitats in the study area are occupied by forest
wetland communities where the crowns of trees form two layers - the uppermost of which
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with edificators Populus nigra and P. deltoides, and the layer below is dominated by Alnus
glutinosa and Salix sp. The layer of the schrubs is represented by Cornus mas L., Ligustrum
vulgare L., Euonymus europaeus L. and others. Only goutweed dominates the grass layer, and
Impatiens glandulifera is absent. In the study area, most communities of this type are not
located next to the river, where there is the greatest risk of erosion. The localities of the
communities with predominant participation of goutweed, which are located on the shoreline,
are of Periodically flooded riparian type and Constantly flooded riparian type and in them
Hymalayan balsam often participates with high cover abundance.

Most of the rest 4 dominant species prefer locality type 3- "Swamp" on standing
water. In the communities dominated by Carex sp. (incl. Carex acutiformis Ehrh., Carex
riparia Curtis, etc.) and Typha angustifolia participated also Hymalayan balsam. A strength in
terms of the competitiveness of some hygrophytic Carex species is their ability to prioritize
resource allocation to organs responsible for acquiring the most limited resources when they
are under flood stress (Tan et al., 2020).

In the communities of lesser bulrush is shown a positive connection of Typha
angustifolia L. and Impatiens glandulifera similar to that with Impatiens capensis Meerb in
tidal freshwater marshes (Hopfensperger, Engelhardt, 2007) where both species respond to
environmental gradients the same way without interacting directly.

The only PSP in which not a single participation of Impatiens glandulifera was
found during the study period were PSP dominated by the representatives of the Poaceae
family Phragmites australis and Phalaris arundinacea. The strong ecological strategy of the
reed is mainly due to its extensive rhizome system producing up to 200 stems / m2 (Haslam
1958) and seeds, which are dispersed by wind, water, and adhesion to waterfowl throughout
the fall and winter (Quiriuon et al., 2018). Although the species is considered by some
scientists to be highly aggressive and therefore harmful to all levels of biodiversity, it is useful
for reducing shoreline erosion in marshlands and for carbon storage (Theuerkauf et al., 2017).
Phalaris arundinacea’s ecological strategy includes clonal growth mechanisms- phalanx and
guerilla strategies, rapid expansion, early growth, and the mulching effect of a dense litter
layer all interact to facilitate the decline of the other species (including the invasive ones)
(Wisconsin Reed Canary Grass Management Working Group, 2009).

With their anti-erosion function and the ability to keep away Hymalayan balsam
from their plantations (probably due to their clone system, both species of the Poaceae family
are most reliable for limiting the spread of Impatiens glandulifera in those communities of the
study area located in close vicinity to the water. Populations of Phalaris arundinacea are
suitable for securing localities type 1 and 2, which are most at risk of soil loss from periodic
and permanent flooding, while Phragmites australis is more suitable for protection of
localities type 3 associated with standing water.

Conclusions

The use of native competing species to limit the spread of the invasive alien species
Impatiens glandulifera is possible, but requires a compromise between protecting riparian
habitats from erosion and preserving their species diversity. Only monodominant coenoses,
with high coverage (over 75%) of the predominant native species in the grass floor, are able to
limit or stop effectively the invasion of the Hymalayan balsam, but in such communities the
species composition is limited.

In the study area, the most suitable of the native plants against the Hymalayan
balsam are Phalaris arundinacea - for localities of flooded and periodically flooded type and
Phragmites autsralis - for standing waters. In riparian communities with a three- and four-
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layers structure and high total cover abundance of the tree layer, the shade-tolerant species
Aegopodium podagraria is the most competitive with Impatiens glandulifera and permanently
suppresses its populations.

The recommendation for optimal use of local competitors is to stimulate their spread
in areas not occupied by vegetation along the river under the direct action of the watercourse
in order to strengthen the shore and subsequently planting local tree and shrub species (alder,
willow and poplar) to build a sustainable vertical structure of the communities and gradually
restore the autochthonic wetland forest vegetation.
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