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Abstract. The impact of invasive species on the ecosystems belongs
to the most important environmental problems. Representatives
of the genus Solidago actively invade various plant communities.
About 2300 literary sources were analyzed in order to determine
the main tasks for the researchers of invasive species of this genus
and to highlight the most relevant issues. Ambiguous evidence
of the inhibitory effect of goldenrod on native flora species has
been observed. Some studies report on the invasion of species
of the genus Solidago and the displacement of species of local
flora in various natural and climatic conditions. Opposite opinion
states that the main changes relate not to taxonomic, but to the
functional diversity. The allelopathic effect may be influenced both
by edaphic factors and by the stage of plant development, as well
as by the flora diversity in different regions and by the mutual
influence of these factors. Most likely, essential oil components
(terpenes and terpenoids) have an inhibitory effect on competing
plants and soil microorganisms.
Keywords: Solidago canadensis, Solidago gigantea, plant invaders,
soil biota, competitive interactions of organisms, allelopathy.
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Introduction

One of the most urgent environmental problems
at present is the invasive influence of naturalized
alien plants on natural ecosystems, which leads to
disruption of the natural development and restoration
of biocenoses.
According to some authors, goldenrod invasion
affects the functional biodiversity more than the
taxonomic diversity, since this species forms thickets
in anthropogenically transformed areas and does not
spread to stable plant communities (Koldomova and
Naumenko, 2020; Wang et al., 2019a, b). At the same
time, there is evidence of a direct negative impact of

Solidago canadensis L. on plant communities, where
this species does not only dominate, but also promotes the introduction of other native or adventitious
weeds. As a result, there is a significant decrease in
floristic diversity and suppression of the development
of potential dominants (Chen et al., 2013; Fenesi et
al., 2015; Shmelev and Pankrushina, 2019; Wang and
al., 2019a; Zubek and al., 2020), as well as a concomitant decline in the faunal diversity and decrease in
the abundance of some economically valuable insects
(Čerevková et al., 2020; Fenesi et al., 2015).
In the Republic of Belarus, active introduction of
S. canadensis into various biotopes has been ob-
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served when assessing its distribution and growth peculiarities; most of the studied phytocenoses, where
alien transforming species dominate, are confined
to historically developed anthropogenic landscapes
(Gusev, 2019). In addition, Canada goldenrod inhabits open wastelands and light deciduous urban
forests, which are not subject to significant anthropogenic pressure (Chumakov and Neverdasova, 2017).
In Western Siberia, mass invasion of S. canadensis
occurs primarily when the fertile soil layer is disturbed
as a result of plowing/digging or garbage dumps. This
mainly takes place at the areas disturbed relatively
recently, without affecting previously reclaimed habitats or ecotopes where active restoration of vegetation has started before the penetration of goldenrod
(Ufimtsev, 2018). In the European part of Russia, a
significant part of the goldenrod populations is associated with an increase in the area of arable land taken
out of agriculture cycle (Savin and Shishkonakova,
2021). In Poland, when studying abandoned agricultural lands, an active colonization of S. canadensis on
recent deposits (2–4 years) and its almost complete
disappearance on a 17-year-old wasteland have
been observed (Skrajna et al., 2012).
When considering the invasion rate, Solidago
canadensis and S. gigantea Aiton are less aggressive comparing to some other invaders, especially
annuals (Impatiens parviflora DC., I. glandulifera
Royle, Echinocystis lobata (Michx.) Torr. & A. Gray)
and trees (Robinia pseudoacacia L., Reynoutria japonica Houtt., Juglans regia L.) (Bomanowska et al.,
2019; Lenda et al., 2019; Zelnik and al., 2020). Moreover, communities with Solidago differ from the communities, where other alien species dominate, by the
greatest flora doversity (Abramova and Golovanov,
2019). However, most researchers attribute goldenrod not just to invasive species, but to transformers
that directly change natural communities (Burlutskiy et al., 2019; Gusev, 2015; Mysliwy et al., 2020;
Richardson and al., 2000; Shmelev and Pankrushina, 2019; Stefanowicz and al., 2019; Teixeira and al.,
2020; Tokarska-Guzik and al., 2010) and inhibit the
restoration of anthropogenically disturbed soils (Gusev, 2019). Active invasion of Solidago canadensis
and S. gigantea is observed mainly in the areas disturbed more than 5 years ago (Brzank et al., 2019); in
this case, floristic diversity decreases for a very short
time, ~ 2 years (Shelepova et al., 2019). It is assumed
that the negative impact on floristic diversity is directly determined by the area of projective cover of S.
canadensis (Gusev, 2021).
The articles published to date on the species
of the genus Solidago are mainly devoted to
particular issues. Our study aims to identify the
main environmental problems and the most relevant
aspects of the study for invasive species of the genus
Solidago.
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Materials and methods

The literary sources were searched through
several international databases (query ‘Solidago’,
sorting by publication date): ScienceDirect (Elsevier
Publishing House), Web of Science (Clarivate
Analytics), and Russian bibliographic database
RINC (www. https://elibrary.ru/) (Scientific Electronic
Library LLC). The relevant papers were analyzed by
combining the results and systematizing by areas. In
total, about 2300 sources were considered.
Plant taxa names are given in accordance with
World Flora Online (2021).

Invasive taxa of Solidago genus

Solidago canadensis (s.l.) (Canada goldenrod)
and Solidago gigantea (giant goldenrod) are
herbaceous perennial plants of North American
origin, listed in the Black List of Russia (Chernaya
Kniga..., 2016; Vinogradova et al., 2010; Vinogradova
et al., 2020). Earlier, these species were used in
experiments on disturbed land reclamation. There was
reported on intensification of hybridization processes
in the secondary (invasive) range (Ellstrand and
Shierenbeck, 2006) and the active naturalization of
new, more resistant taxa (Galkina and Vinogradova,
2019). In particular, these are S. × niederederi Khek,
a hybrid of S. canadensis and S. virgaurea L., known
from Western and Eastern Europe (Karpavičiené and
Radušiené, 2016) and noted in the European part of
Russia. In 2021, these plants have been found in Tula
Oblast in addition to Kaliningrad and Pskov regions,
where this species was registered earlier. The hybrid
nature of S. × niederederi individuals from these
populations was confirmed by molecular genetic
methods (Galkina and Vinogradova, 2019; Galkina
and Vinogradova, 2020; Lysenkov and Galkina,
2021). It is assumed that S. × niederederi populations
reproduce as a result of new acts of hybridization of
parental species (Lysenkov and Galkina, 2021).

Morphobiological features
of invasive Solidago species

S. canadensis is the most studied species. Much
attention should be paid to its adaptive abilities:
the species resists diseases, harsh winters and
long summer droughts, it is practically avoided by
pests. S. canadensis prefers open areas, reducing
invasive activity in low-light conditions (Dubovik et
al., 2019), being generally shade-tolerant (Balf, 1992;
Peshchanskaya, 2009). The reproductive potential of
Canada goldenrod also depends on the illumination;
the seeds germinate better in the light (up to 96%)
than in the dark (21% and less) at 20 °C (Nikolaeva et
al., 1985). Solidago fruit is a narrow-cylindrical, ribbed
achene. One middle-aged plant can simultaneously
form about 30 generative shoots; small flowers are
arranged in anthodes, forming complex multi-level
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inflorescences up to 40 cm long; a huge number of
small, light seeds develop. Both invasive species
of goldenrod are rhizomatous (Semple and Cook,
2006; Werner and al., 1980), they easily propagate
vegetatively. As a rule, active reproduction by both
types ensures the rapid growth of populations and
fast colonizing of territories when introduced into wild
communities (Daineko and Timofeev, 2018). Plant
achieves the maximum reproductive degree (both
by seeds and vegetative) at the 4th–6th year of life
(Skrajna et al., 2012).
Most significant interspecies differences between
S. canadensis and S. gigantea are associated with
the structure of rhizomes, leading to different growth
patterns. S. canadensis forms separate fairly dense
groups, while thickets of the long-rhizomatous
S. gigantea are usually monodominant and more
extended. Inflorescence density, pappus color, and
pubescence of upper stem are also significant as
distinguishing features for these two taxa (Ustinova
and Lysenkov, 2020; Weber and Jakobs, 2005;
Werner et al., 1980).
The morphological diversity of invasive Solidago
species is highlighted by many researchers. The sizes of aboveground plant organs are especially variable, including at the intra-taxon (population) level;
they depend on the climate, soil parameters, and the
diversity of phytocenoses populated by these species
(Dong and He, 2019; Hejda et al., 2019; Jacobs et al.,
2004; Sakaguchi and al., 2019; Weber, 1997; Weber
and Jacobs, 2005; Weber and Schmid, 1998). Total
adaptive capacity of these plants does not correlate
with polyploidy, but with an increase in the mycorrhizal chromosome set; as a result, adaptive capacity
is associated with increased metabolism in the rhizosphere (Wan et al., 2020; Wu et al., 2019). No relationship has been found between increased plant
size and increased competitiveness (Pal et al., 2020).

Impact of invasive Solidago on soils
and soil biota

The interaction of invasive plants and soil
microorganisms is one of the most studied issues
(Reinhart and Callaway, 2006); the invasion of
S. canadensis has a positive effect on some soil
characteristics, such as soil microbial biomass, respiration, and use of carbon sources, etc. (Liao et al.,
2011), when the development of both local plants and
soil pathogens is inhibited (Zhang et al., 2009b). Root
exudates of S. canadensis stimulate the germination
of Kummerowia striata Thumb seeds (Fabaceae family), this phenomenon is explained by the indirect effect
of arbuscular mycorrhiza on fungal communities; treatment of mycorrhizal cultures with inoculums increases
the biomass and phosphorus concentration in the aboveground parts of S. canadensis (Yang et al., 2014).
When studying the allelopathic effect, it has been noted that if soil pathogens are absent, tomato seedlings

are inhibited by S. canadensis plants, although when
Pythium ultimum Trow is present, tomato seedling
suppression is reduced at the plots with S. canadensis compared to control (Zhang et al., 2011). However,
a statistically significant decrease in the diversity of
arbuscular mycorrhiza fungal communities has been
reported as a result of S. canadensis invasion, regardless of soil parameters (Řezáčová et al., 2021).
According to the data obtained by the method
for measuring the N2 fixation rate in vitro, S. rigida L.
and S. canadensis have the strongest acetylene reduction out of the 7 species of the genus Solidago
(McKone and Biesboer, 1986). However, the content
and rate of nitrogen uptake does not increase (Yang
et al., 2014). The development and influence of So
lidago root exudates depends directly on the composition and abundance of soil microorganisms, especially fungi of arbuscular mycorrhiza (Jin et al., 2004;
Sun and He, 2018), which should be taken into account when performing experiments in a sterile medium, such as autoclaving, etc. (Sun and He, 2018).
It should be noted that plants do not depend much
on the composition and structure of the substrate,
but the best and longest development of Solidago
canadensis is achieved on heavy (rich) soils (Bornkamm and Hennig, 1982).
Along S. gigantea is usually noted together with
S. canadensis as the most successful invaders of
new territories, its positive effect on the fungi biomass
and the fungi/bacteria ratio has been noted (Stefanowicz et al., 2019). However, no unequivocal conclusions about its ability to stimulate or suppress the
development of microorganisms have been proposed
(Scharfy et al., 2010; Zhang and al., 2009a).
Researchers suggest that the N:P ratio in the environment is one of the limiting factors in determining the competitiveness of plants, which is due to the
different requirements of species for these chemical
elements and the redistribution of resources due to
invasion process (Wan et al., 2018).
There is evidence that the invasion of
S. canadensis, compared with the native dominants
of pioneer communities, accelerates the cycle of
macroelements due to an increase in aboveground
productivity and accumulation of nutrients, which has
a positive effect on soil processes (Ye et al., 2019).
However, in this study, all natives are the species of
the Poaceae family, so the differences may be explained by their taxonomic features. In general, the
substrate quality decreases as a result of S. canadensis invasion, which may lead to a reduce in reproduction of competing species (including the factor of nitrogen availability) and a concomitant increase in the
root mass of the invader (Ren et al., 2019; Ren et al.,
2020a; Zubek and al., 2020). As the soil temperature
and nitrogen concentration increase, the productivity
of S. canadensis does so, increasing the risk of its
successful invasion (Ren et al., 2020b; Zhou et al.,
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2019). The soil pH increases most strongly after the
invasion, this may also explain the change in some
microbiological parameters of the soil (Bobuľská et
al., 2019) It is hypothesized that some chemical properties of the soil and microbial communities may be
used as indicators of the population density of invasive S. canadensis (Zhang et al., 2009a).

Competitive plant interactions
(allelopathy)

The allelopathic properties that promote invasion
are among the most important features of the
species potentially dangerous for ecosystems (Bais
et al., 2003; Gao et al., 2018; Hierro and Callaway,
2003; Kondratiev and Larikova, 2018; Kondratiev
et al., 2017; Rice, 1984; Ridenour and Callaway,
2001; Zhang et al., 2019a). The inhibitory effects of
S. canadensis on the development of native plants
and explanations of these mechanisms are quite different; in addition, ambiguous results are obtained in
both laboratory and mesocosm (microcosm) experiments (Bruckner et al., 1995; Del Fabbro and Prati,
2015a, b; Stefanowicz and al., 2019). Chinese scientists note that the negative effect of S. canadensis seedlings on plants of local origin (Agropyron
cristatum (L.) Gaertn., Cichorium intybus L., Elymus dahuricus Turkish. ex Griseb., Poa pratensis
L., and Setaria plicata (Lam.) T. Cooke) turns out to
be much weaker than on the plants originated from
North America: Achillea millefolium L., Calamagrostis canadensis (Michx.) P. Beauv., Carex vulpinoidea
Michx., Elymus canadensis L., and Poa secunda
J. Presl (Sun and He, 2018).
The influence of root exudates of S. canadensis from various populations of Europe and America to European species (Arrhenatherum elatius (L.)
Presl., Trifolium pretense L., Lythrum salicaria L.,
Stachys officinalis (L.) Trevis., Dactylis glomerata L.
and Achillea millefolium L.), growing together with
S. canadensis generally at the edge of the thicket
(except A. millefolium with the least inhibitory effect),
is stronger in plants from European (invasive) po
pulations compared to local plants (Abhilasha et al.,
2008), supporting similar results obtained for other
invasive plants (Mallik and Pellissier, 2000; Prati and
Bossdorf, 2004).
The result of allelopathic action may be influenced not only by edaphic factors, but also by the
stages and development of plants, their origin, the
composition of native plants in different regions, as
well as the mutual influence of these factors (Del Fabbro and Prati, 2015a; Prati and Bossdorf, 2004; Sun
and He, 2018).
According to one of the latest hypotheses about
the success of alien species invasion (Novel wea
pons), the organic substances, produced by invader
plants into the soil and previously unknown to na
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tural communities (most often, these are essential
oils), may have a decisive importance (Callaway and
Aschchoug, 2000).
The variability of the chemical composition of the
considered goldenrod species is relatively low (Radusiene et al., 2015). The most studied compounds
are polyphenols, including polysaccharide-polyphenol
conjugates (Kraujalienė et al., 2017), and terpenes,
which are associated with the main medicinal properties of Solidago plants: antioxidant, bronchodilator, hypotensive, antimicrobial, antifungal, and antiproliferative (Apáti et al., 2003; Bonaterra and al., 2019; Deng
et al., 2015; Gomes et al., 2018; Liu and al., 2018;
Saluk-Juszczak et al., 2010; Šutovska et al., 2013).
Attempts to explain the effects of S. canadensis
on tomato seedlings by the presence of saponins and
phenolic compounds through an allelopathic effect on
the soil root rot pathogen Pythium ultimum (Zhang et
al., 2011) are not sufficiently substantiated. Plant phenolic compounds (chlorogenic acid, rutin, hyperoside,
isoquercitrin, quercitrin, etc.) are adaptive substances
that are not significant for invasive spread (Radusiene
et al., 2015). In addition, the presence of these compounds in the soil is more likely a consequence of
the partial decomposition of soil organic compounds
(humic substances) and/or leaching of plant roots
from microscopic remains, but not the result of their
excretion by the roots of living S. canadensis plants.
When studying the allelopathy of invasive species, the mechanisms of action of allelochemicals are
important. This may refer to immediate effect, or “No
vel weapon” (Callaway and Aschchoug, 2000; Callaway and Ridenour, 2004)), or to that delayed in time
(allelopathic heritage), where “hereditary” effects may
persist after the death or removal of invaders, affecting communities in the long term (Inderjit et al., 2011)
directly or indirectly through the regulation of soil microflora (Del Fabbro and Prati, 2015b). The most likely
allelopathic agents of Solidago are terpenes and terpenoids (Abhilasha et al., 2008), as well as volatile
aromatic compounds. About 80 components belonging to these groups, mainly belonging to the classes
of di-, tri-, and sesquiterpenes have been found in
S. canadensis and other species of this genus (Amtmann, 2010; Chaturvedula et al., 2004; Kalemba and
Thiem, 2004; Kasali and al., 2002). An indirect effect
on soil microflora may also be provided by terpene
derivatives, such as cyclocolorenone, which is found
in large quantities in the essential oil of S. gigantea
(Chaturvedula et al., 2004; Stefanowicz et al., 2019).
Therefore, the study of the allelopathic effects of
invasive species does not always support the theory
of the suppression of the growth of native plants due
to the release of chemical compounds into the soil and
the stimulation of the development of pathogenic soil
biota (Del Fabbro and Prati, 2015a) or via their effect
on soil nitrogen-fixing bacteria (Wang et al., 2018).
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Changes in the phytocenose
structure caused by imbalance in
faunal complexes during Solidago
invasion

As a rule, the degree of the impact of a particular
change on the ecosystem is assessed by the degree
of disruption in the functioning of adjacent structures
and by the consequences for environmental well-being and human economic activity.
When studying invasive plant communities,
changes in the composition and structure of ecosystems are noted as a result of the formation of new
mechanisms of interaction with local biota (Aerts et
al., 2017; Wolfe and Klironomos, 2005; Zhang et al.,
2019b). However, all the results obtained and the hypotheses expressed so far are scattered and united
only by the variability of the observed effects on the
growth, behavior, diversity, and productivity of orga
nisms and communities, even in similar or parallel
experiments (Vilà et al., 2011).
When studying thickets of invasive goldenrod species in ruderal urban areas in Germany (Karlsruhe),
an increase in the number of crab spiders (Thomisidae) has been noted, but these floristic changes did
not affect the total abundance and taxonomic composition of Araneae (Bauer et al., 2021).
In some cases, invasion of S. canadensis may
negatively affect the abundance of ground beetles and
bees, including honeybees, and other groups of pollinators (Fenesi et al., 2015; Groot and al., 2007; Moron
et al., 2009). The main mechanism of the impact of
invasive Solidago species on native plant communities
is the invader ability to compete with native species for
pollinating insects (Sun et al., 2013). Presumably, this
is due to the greater height of the plants, the size of the
inflorescences, and the duration of flowering. Interestingly, pollinating insects prefer S. gigantea plants over
S. canadensis with equal opportunities for choice, this
may be due to different distribution patterns of these
species (Ustinova and Lysenkov, 2020).
Conclusions about the modifying effect of gol
denrod on the soil fauna of natural biogeocenoses
are not always confirmed by modern studies. In particular, a comparison of communities of soil arthropods under the thickets of S. gigantea and of native
plants evidences on a high taxonomic similarity for
these communities (Ustinova et al., 2021). The influence of S. gigantea on the characteristics of the soil
nematode community has been reported; however,
the changes in various ecosystems are quite ambiguous (Čerevková et al., 2020).

Issues of biodiversity conservation
and restoration

Regardless of the penetration mechanisms and
the ways of influencing the host ecosystems, invasive
transforming species should become a priority for
ecological control activities (Khorun, 2014). Due to

the active distribution of invaders, the use of everincreasing raw material reserves of phytomass of
invasive Solidago species may attract attention. Essential oils from S. gigantea and S. canadensis may
be used as a material for the production of soil pesticides, because they have an insecticidal effect, but
they are not toxic to earthworms Eisenia fetida (Savigny, 1826) (Benelli et al., 2019).
There are no natural mechanisms for regulating
the distribution of goldenrod species. In particular,
there has been reported on insignificant grazing of
S. canadensis and S. gigantea by snails and slugs
and the inability of the latter to suppress the expansion
of invasive plants species in natural populations
(Ustinova, 2019). Despite a wide range of conditions
for the distribution of invasive goldenrod species,
their introduction is limited in highland areas. The
last has been explained by low-temperature climatic
conditions (Perera et al., 2021); however, the data on
the types and structure of soils for the places, where
S. canadensis and S. gigantea are present/absent,
are not sufficiently detailed in this article. The dispersal of S. canadensis is closely associated with the
human factor, in contrast to S. gigantea.
The measures to limit the introduction and spread
of invasive plants are needed for normal agricultural
circulation (Kozak and Pudełko, 2021) or for alternative use of fallow land, especially former arable
lands. The establishment and maintenance of integrated coastal protected areas of sufficient width
along rivers is recommended (Zelnik et al., 2020). In
a long-term experiment, the invertebrate herbivores
have a significant effect on the population dynamics
of S. canadensis, however, it took six years or even
more to track it undoubtedly (Korell et al., 2019). The
combined effect of two different invaders (by example
of Juglans regia and Solidago canadensis) may be
less detrimental to succession process than the impact of each species separately (Lenda et al., 2019).
These plants may be used as indicators of
hydrocarbon pollution (Chapman et al., 2013; Ficco
et al., 2010). Currently, the whole plants and the aboveground part of the Solidago canadensis are consi
dered as organic fertilizer (Izydorczyk et al., 2020;
Tang et al., 2020), bioaccumulator for phytoremediation of soils contaminated with polychlorinated biphenyls (PCBs) and sorbent for the removal of Cd (II) from
wastewater (Zhang et al., 2018), biofuel (Ciesielczuk
et al., 2014; Zihare and al., 2018), as well as a source
for the production of herbal medicines and dietary supplements (Amtmann, 2010; Chaturvedula et al., 2004;
Kalemba and Thiem, 2004; Kasali and al., 2002).

Conclusions

Three taxa of the genus Solidago are invasive:
North American species S. canadensis and S. gigantea, as well as S. × niederederi, which is of hybrid
origin (S. canadensis × S. virgaurea). They occupy
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mainly anthropogenically disturbed communities;
their ability to penetrate into natural biocenoses, as
well as to affect restorative succession and the development of agrocoenoses, depends significantly on
climatic and edaphic factors, as well as the flora richness at a particular territory.
An analysis of sources from international scientific reference databases on the chemistry, biology,
and ecology of Solidago species makes it possible to
state that the influence of limiting soil factors and the
composition of the soil microbiota on the competitive
interactions of plants are the most actively studied
issues nowadays. It is difficult to draw unambiguous
conclusions about the effect of the root exudates of
these plants on the soil microflora, since the results of
these studies depend also on the initial soil biota, and
the medium sterilization leads to disruption of plant
development.
The mechanisms of action and the allelopathic
potential of invasive plant species differ significantly
depending on the objects of influence and the
stage of plant development. Most likely, essential
oil components (terpenes and terpenoids) are
allelopathic agents of Solidago species. The hypothesis about the inhibitory effect of phenolic compounds
on plant objects is unfounded.

Acknowledgments

The author expresses sincere gratitude to Dr. Elena Yu. Babaeva (All-Russian Scientific Research Institute of Medicinal and Aromatic Plants) and anonymous reviewers for valuable comments. Thanks to
Olga V. Ryzhkova (Paleontological Institute RAS,
Moscow) for highly professional editing of the article.

Funding

The study was carried out within the State Task
no. 0286-2021-0010 (EGISU NIOKTR no. АААА-А21-121011590010-5).

ORCID

Yulia V. Zagurskaya

0000-0001-8101-0945

References

Abhilasha, D., Quintana, N., Vivanco, J., Joshi, J.,
2008. Do allelopathic compounds in invasive
Solidago canadensis s.l. restrain the native
European fora? Journal of Ecology 96 (5),
993–1001.
https://www.doi.org/10.1111/j.13652745.2008.01413.x
Abramova, L.M., Golovanov, Ya.M., 2019.
Classification of communities with alien species
in the South Urals. IV. Communities with
species of Solidago genus, Lupinus polyphyllus
and Phalacroloma annuum. Vegetation of
Russia 36, 3–24. https://www.doi.org/10.31111/
vegrus/2019.36.3

47

Aerts, R., Ewald, M., Nicolas, M., Piat, J.,
Skowronek, S., Lenoir, J., Honnay, O., 2017.
Invasion by the alien tree Prunus serotina alters
ecosystem functions in a temperate deciduous
forest. Frontiers of Plant Science 8, 179. https://
doi.org/10.3389/fpls.2017.00179
Amtmann, M., 2010. The chemical relationship
between the scent features of goldenrod (Solidago
canadensis L.) flower and its unifloral honey.
Journal of Food Composition and Analysis 23
(1),
122–129.
https://www.doi.org/10.1016/j.
jfca.2009.10.001
Apáti, P., Szentmihályi, K., Kristó, Sz.T., Papp, I.,
Vinkler, P., Szoke, É., Kéry, Á., 2003. Herbal
remedies of Solidago – correlation of phytochemical
characteristics and antioxidative properties. Journal
of Pharmaceutical and Biomedical Analysis 32
(4–5), 1045–1053. https://www.doi.org/10.1016/
S0731-7085(03)00207-3
Bais, H.P., Vepachedu, R., Gilroy, S., Callaway, R.M.,
Vivanco, J.M., 2003. Allelopathy and exotic plant
invasion: From molecules and genes to species
interactions. Science 301, 1377–1380. https://
www.doi.org/10.1126/science.1083245
Balf, K., 1992. Garden worthy goldenrods. Garden
West 6 (6), 36–37.
Bauer, T., Bäte, D.A., Kempfer, F. Schirmel, J., 2021.
Differing impacts of two major plant invaders on
urban plant-dwelling spiders (Araneae) during
flowering season. Biological Invasions 23, 1473–
1485. https://doi.org/10.1007/s10530-020-02452-w
Benelli, G., Canale, A., Pavela, R., Cianfaglione, K.,
Nagy, D.U., Maggi, F., 2019. Evaluation of two
invasive plant invaders in Europe (Solidago
canadensis and Solidago gigantea) as possible
sources of botanical insecticides. Journal of
Pest Science 92 (2), 805–821. https://www.doi.
org/10.1007/s10340-018-1034-5
Bobuľská, L., Demková, L., Čerevková, A., Renčo, M.,
2019. Plant invasion alter activity of soil microbial
community in forest and grassland ecosystems of
eastern Slovakia. Proceedings of 19th International
Multidisciplinary Scientific Geoconference SGEM
2019. Sofia, Bulgaria, 595–602. https://www.doi.
org/10.5593/sgem2019/5.2/S20.074
Bomanowska, A., Rewicz, A., Adamowski, W.,
Kirpluk, I., Otręba, A., 2019. Invasive alien plants in
Polish National parks – threats to species diversity.
PeerJ 12, e8034. https://www.doi.org/10.7717/
peerj.8034

48

Zagurskaya, Yu.V., 2022. Ecosystem Transformation 5 (2), 42–54.

Bonaterra, G.A., Schwarzbach, H., Kinscherf, R.,
Kelber, O., Weiser, D., 2019. Anti-inflammatory
effects of Phytodolor® (Stw 1) and components
(Poplar, Ash And Goldenrod) on human Monocytes/
Macrophages. Phytomedicine 58, 152868. https://
www.doi.org/10.1016/j.phymed.2019.152868
Bornkamm, R., Hennig, U., 1982. Experimentellokologische Untersuchungen zur Sukzession
von
ruderalen
Pflanzengesellschaften
auf
unterschiedlichen Boden. I. Zusammensetzung
der Vegetation. Flora 172, 267–316. (In German).
https://www.doi.org/10.1007/BF00118399
Bruckner, A., Wright, J., Kampichler, C., Bauer,
R., Kandeler, E. A., 1995. A method of preparing
mesocosms for assessing complex biotic processes
in soils. Biology and Fertility of Soils 19, 257–262.
https://www.doi.org/10.1007/BF00336169
Brzank,
M.,
Piekut,
K.,
Dabrowski,
P.,
Pawluskiewicz, B., 2019. The succession
and regression of plant species on Lowland
Hay Meadows in Poland. Polish Journal of
Environmental Studies 28 (3), 1567–1577. https://
www.doi.org/10.15244/pjoes/85302

Pollution
179,
326–342.
https://www.doi.
org/10.1016/j.envpol.2013.04.027
Chaturvedula, V.S.P., Zhou, B.-N., Gao, Z.,
Thomas, S.J., Hecht, S.M., Kingston, D.G. I.,
2004. New lupane triterpenoids from Solidago
canadensis that inhibit the lyase activity of DNA
polymerase β. Bioorganic & Medicinal Chemistry
12 (23), 6271–6275. https://www.doi.org/10.1016/j.
bmc.2004.08.048
Chen, G., Zhang, Ch., Ma, L., Qiang, Sh.,
Silander, J.A., Qi, L.L., 2013. Biotic homogenization
caused by the invasion of Solidago canadensis in
China. Journal of Integrative Agriculture 12 (5),
835–845.
https://www.doi.org/10.1016/S20953119(13)60302-0
Chernaya Kniga flory Sibiri [Black Flora Book of
Siberia], 2016. Vinogradova, Yu.K., Kupriyanov,
A.N. (eds.). Geo, Novosibirsk, Russia, 440 p. (In
Russian).

Burlutskiy, V.A., Mazurov, V.N., Osokin, I.E., Peliy, A.F.,
Semeshkina, P.S. et al., 2019. Development
and use of synanthropic phytocenoses with
complex invasion in Kaluga Region. RUDN
Journal of Agronomy and Animal Industries 14
(2), 114–122. https://www.doi.org/10.22363/2312797X-2019-14-2-114-122

Chumakov, L.S., Neverdasova, M.A., 2017.
Zolotarnik kanadskii (Solidago canadensis L.)
v razlichnykh biotopakh na territorii belorusskoi
stolitsy [Ecological assessment of herbaceous
phytocenoses and Solidago canadensis L. under
canopy of urban coniferous plantations]. Materialy
XII
mezhdunarodnoi
nauchno-prakticheskoi
konferentsii “Aktual’nye problemy ekologii”
[Materials of the XII international scientific and
practical conference “Actual problems of ecology”].
Grodno, Belarus, 27–29. (In Russian).

Callaway, R.M., Aschchoug, E.T., 2000. Invasive plant
versus their new and old neighbors: a mechanism
for exotic invasion. Science 290, 521–523. https://
www.doi.org/10.1126/science.290.5491.521

Ciesielczuk, T., Poluszyńska, J., Sporek, M., 2014.
Potential uses for solid biofuels from non-food
crops. Proceedings of ECOpole 8 (2), 363–368.
https://www.doi.org/ 10.2429/proc.2014.8(2)044

Callaway, R.M., Ridenour, W.M., 2004. Novel
weapons: Invasive success and the evolution of
increased competitive ability. Frontiers in Ecology
and the Environment 2 (8), 436–443. https://www.
doi.org/10.1890/1540-9295(2004)002[0436:NWIS
AT]2.0.CO;2

Daineko, N.M., Timofeev, S.F., 2018. Razvitie
invazivnogo vida zolotarnika kanadskogo (Solidago
canadensis L.) v Vetkovskom i Checherskom
raionakh Gomel’skoi oblasti [Development of
invasive species Canadian goldenrod (Solidago
canadensis L.) in Vetka and Chechersk districts of
Gomel region]. Bjulleten’ nauki i praktiki [Bulletin of
Science and Practice] 4 (4), 12–19. (In Russian).

Čerevková, A., Miklisová, D., Renčo, M.,
Bobuľská, L., 2020. Impact of the invasive plant
Solidago gigantea on soil nematodes in a seminatural grassland and a temperate broadleaved
mixed forest. Journal of Helminthology 94, e51.
https://www.doi.org/10.1017/S0022149X19000324
Chapman, E., Dave, V.G., Murimboh, J.D., 2013.
A review of metal (Pb and Zn) sensitive and pH
tolerant bioassay organisms for risk screening of
metal-contaminated acidic soils. Environmental

Del Fabbro, C., Prati, D., 2015a. Invasive plant species
do not create more negative soil conditions for other
plants than natives. Perspectives in Plant Ecology
Evolution and Systematics 17, 87–95. http:https://
www.doi.org/10.1016/j.ppees.2015.02.002.
Del Fabbro, C., Prati, D., 2015b. The relative
importance of immediate allelopathy andallelopathic
legacy in invasive plant species. Basic and Applied

Zagurskaya, Yu.V., 2022. Ecosystem Transformation 5 (2), 42–54.
Ecology 16 (1), 28–35. http:https://www.doi.
org/10.1016/j.baae.2014.10.007.
Deng, Y., Zhao, Y., Padilla-Zakour, O., Yang, G.,
2015. Polyphenols, antioxidant and antimicrobial
activities of leaf and bark extracts of Solidago
canadensis L. Industrial Crops and Products 74
(15), 803–809. https://www.doi.org/10.1016/j.
indcrop.2015.06.014
Dong, L.-J., He, W.-M., 2019. The relative
contributions of climate, soil, diversity and
interactions to leaf trait variation and spectrum of
invasive Solidago canadensis. BMC Ecology 19
(1), 24. https://www.doi.org/10.1186/s12898-0190240-1
Dubovik, D.V., Skuratovich, A.N., Miller, D.,
Spiridovich,
E.V.,
Gorbunov,
Yu.N.,
Vinogradova, Yu.K., 2019. The invasiveness of
Solidago canadensis in the Sanctuary “Prilepsky”
(Belarus). Nature Conservation Research 4 (2),
48–56. https://doi.org/10.24189/ncr.2019.013
Ellstrand,
N.C.,
Shierenbeck,
K.A.,
2006.
Hybridization as a stimulus for the evolution of
invasiveness in plants? Euphytica 148, 35–46.
https://www.doi.org/10.1007/s10681-006-5939-3
Fenesi, A., Vágási, C.I., Beldean, M., Földesi, R.,
Kolcsár, L.-P. et al., 2015. Solidago canadensis
impacts on native plant and pollinator communities
in different-aged old fields. Basic and Applied
Ecology
16,
335–346.
https://www.doi.
org/10.1016/j.baae.2015.03.003
Ficko, S.A., Rutter, A., Zeeb, B.A., 2010. Potential for
phytoextraction of PCBs from contaminated soils
using weeds. Science of The Total Environment
408,
3469–3476.
https://doi.org/10.1016/j.
scitotenv.2010.04.036
Galkina, M.A., Vinogradova, Yu.K., 2019. Invasive
taxa of the genus Solidago L. in the vicinity of the
city of Pskov. Ecosystem Transformation 2 (2), 12–
18. http://www.doi.org/10.23859/estr-190207
Galkina, M.A., Vinogradova, Y.K., 2020. Hybridogenic
activity of Solidago L. in North-Eastern Europe.
Ecosystem Transformation 3 (3), 62–69. http://
www.doi.org/10.23859/estr-200429
Gao, L., Hou, B., Cai, M.L., Zhai, J.J., Li, W.H.,
Peng, C.L., 2018. General laws of biological
invasion based on the sampling of invasive plants
in China and the United States. Global Ecology
and Conservation 16, e00448. https://www.doi.
org/10.1016/j.gecco.2018.e00448

49

Gomes, D.B., Zanchet, B., Locateli, G.,
Benvenutti, R.C., Vechia, C.A.D. et al., 2018.
Antiproliferative potential of solidagenone isolated
of Solidago chilensis. Revista Brasileira de
Farmacognosia 28 (6), 703–709. https://www.doi.
org/10.1016/j.bjp.2018.09.001
Groot (de), M., Kleijn, D., Jogan, N., 2007. Species
groups occupying different trophic levels respond
differently to the invasion of semi-natural vegetation
by Solidago canadensis. Biological Conservation
136 (4), 612–617. https://doi.org/10.1016/j.
biocon.2007.01.005
Gusev, A.P., 2015. The impact of invasive
Canadian goldenrod (Solidago canadensis L.)
on regenerative succession in old fields (the
Southeast of Belarus). Russian Journal of
Biological Invasions 6 (2), 74–77. https://www.doi.
org/10.1134/S2075111715020034
Gusev, A.P., 2019. Invasive plant species as
inhibitors of restorative successions. Contemporary
Problems of Ecology 12 (3), 213–219. https://www.
doi.org/10.1134/S1995425519030053
Gusev, A.P., 2021. Effect of Solidago canadensis on
the species diversity of phytocenoses in Belarusian
Polesye. Russian Journal of Ecology 52, 340–343.
https://doi.org/10.1134/S1067413621030061
Hejda, M., Štajerová, K., Pergl, J., Pyšek, P.,
2019. Impacts of dominant plant species on trait
composition of communities: comparison between
the native and invaded ranges. Ecosphere 10 (10),
e02880. https://www.doi.org/10.1002/ecs2.2880
Hierro, J.L., Callaway, R.M., 2003. Allelopathy and
exotic plant invasion. Plant and Soil 256, 29–39.
https://www.doi.org/10.1023/A:1026208327014
Inderjit, S., Wardle, D.A., Karban, R., Callaway, R.M.,
2011. The ecosystem and evolutionary contexts of
allelopathy. Trends in Ecology & Evolution 26, 655–
662. https://www.doi.org/10.1016/j.tree.2011.08.003
Izydorczyk,
G.,
Sienkiewicz-Cholewa,
U.,
Baśladyńska, S., Kocek, D., Mironiuk, M.,
Chojnacka, K., 2020. New environmentally friendly
bio-based micronutrient fertilizer by biosorption:
From laboratory studies to the field. Science of
The Total Environment 710, 136061. https://www.
doi.org/10.1016/j.scitotenv.2019.136061
Jakobs, G., Weber, E., Edwards, P.J., 2004.
Introduced plants of the invasive Solidago
gigantea (Asteraceae) are larger and grow denser
than conspecifics in the nativerange. Diversity

50

Zagurskaya, Yu.V., 2022. Ecosystem Transformation 5 (2), 42–54.
and Distribution 10 (1), 11–19. https://www.doi.
org/10.1111/j.1472-4642.2004.00052.x

Jin, L., Gu, Y., Xiao, M., Chen, J., Li, B., 2004. The
history of Solidago canadensis invasion and the
development of its mycorrhizal associations in
newly-reclaimed land. Functional Plant Biology 31,
979–986. https://www.doi.org/10.1071/FP04061
Kalemba, D., Thiem, B., 2004. Constituents of the
essential oils of four micropropagated Solidago
species. Flavour and Fragrance Journal 19 (1),
40–43. https://www.doi.org/10.1002/ffj.1271
Karpavičiené, B., Radušiené, J., 2016. Morphological
and anatomical characterization of Solidago ×
niederederi and other sympatric Solidago species.
Weed Science 64 (1), 61–70. https://www.doi.
org/10.1614/WS-D-15-00066.1
Kasali, A.A., Ekundayo, O., Paul, C., König, W.A.,
2002. epi-Cubebanes from Solidago canadensis.
Phytochemistry 59 (8), 805–810. https://www.doi.
org/10.1016/S0031-9422(02)00006-7
Khoroon, L.V., 2014. Problemy invazionnoi ekologii
rastenii v zarubezhnoi nauchnoi literature [The
main issues of the invasive plant ecology in
the foreign literature]. Vestnik Udmurtskogo
universiteta: Seriya . Biologiya. Nauki o zemle
[Bulletin of Udmurt University. Series: Biology.
Earth Sciences] 3, 64–77. (In Russian).
Koldomova, E.A., Naumenko, N.I., 2020. Nekotorye
osobennosti rasprostraneniya Solidago canadensis
v gorodakh Udmurtskoi Respubliki [Some features
of Solidago canadensis distribution in the cities of
the Udmurt Republic]. Ekosistemy [Ekosystems]
21, 68–74. (In Russian).
Kondrat’ev, M.N., Evdokimova, D.P., Larikova, Yu.S.,
2017. Rol’ invazii chuzherodnykh vidov rastenii v
lesnye ekosistemy [The role of invasions of alien
species of plants in forestry ecosystems]. Aktua’nye
problemy lesnogo kompleksa [Actual Problems of
the Forest Complex] 47, 127–131. (In Russian).
Kondrat’ev, M.N., Larikova, Yu.S., 2018. Rol’
allelopatii v invazii rastitel’nykh vidov (obzor)
[Role of allelopathy in the invasion of plant
species (review)]. Izvestiya Timiryazevskoi
sel’skokhozyaistvennoi akademii [Proceedings
of Timiryazev Agricultural Academy] 2, 48–61.
(In Russian). http://www.doi.org/10.26897/0021342X-2018-2-48-61
Korell, L., Auge, H., Schädler, M., Brandl, R.,
Schreiter, S., 2019. Release from above-and

belowground insect herbivory mediates invasion
dynamics and impact of an exotic plant. Plants
8
(12),
544.
https://www.doi.org/10.3390/
plants8120544
Kozak, M., Pudełko, R., 2021. Impact assessment
of the long-term fallowed land on agricultural soils
and the possibility of their return to agriculture.
Agriculture 11 (2), 148. https://doi.org/10.3390/
agriculture11020148
Kraujalienė, V., Pukalskas, A., Venskutonis, P.R.,
2017. Biorefining of goldenrod (Solidago virgaurea
L.) leaves by supercritical fluid and pressurized
liquid extraction and evaluation of antioxidant
properties and main phytochemicals in the
fractions and plant material. Journal of Functional
Foods 37, 200–208. https://www.doi.org/10.1016/j.
jff.2017.07.049
Lenda, M., Tryjanowski, P., Skórka, P., Żmihorski, M.,
Knops, J. et al., 2019. Multispecies invasion reduces
the negative impact of single alien plant species on
native flora. Diversity and Distribution 25 (6), 951–
962. https://www.doi.org/10.1111/ddi.12902
Liao, M., Xie, X., Peng, Y., Ma, A., 2011. Changes of
soil microbiological characteristics after Solidago
сanadensis L. invasion. Agricultural Sciences
in China 10 (7), 1064–1071. https://www.doi.
org/10.1016/S1671-2927(11)60095-3
Liu, J., Bai, R., Liu, Y., Zhang, X., Kan, J., Jin, C.,
2018. Isolation, structural characterization and
bioactivities of naturally occurring polysaccharide–
polyphenolic conjugates from medicinal plants
A review. International Journal of Biological
Macromolecules 107 (B), 2242–2250. https://www.
doi.org/10.1016/j.ijbiomac.2017.10.097
Lysenkov, S.N., Galkina, М.А., 2021. Pervaya
nakhodka Solidago × niederederi Khek (Asteraceae)
v Tul’skoi oblasti (Evropeiskaya chast’ Rossii) [First
finding of Solidago × niederederi in Tula oblast
(European part of Russia)]. Rossiiskii zhurnal
biologicheskikh invazii [Russian Journal of Biological
Invasions] 4, 106–113. (In Russian). http://www.doi.
org/10.35885/1996-1499-2021-14-4-106-113
Mallik, A.U., Pellissier, F., 2000. Effects of Vaccinium
myrtillus on spruce regeneration: testing the notion
of coevolutionary significance of allelopathy.
Journal of Chemical Ecology 26 (9), 2197–2209.
https://www.doi.org/10.1023/A:1005528701927
McKone, M.J., Biesboer, D.D., 1986. Nitrogen fixation
in association with the root systems of goldenrods
(Solidago L.). Soil Biology and Biochemistry 18

Zagurskaya, Yu.V., 2022. Ecosystem Transformation 5 (2), 42–54.
(5), 543–545. https://www.doi.org/10.1016/00380717(86)90013-1
Moroń, D., Lenda, M., Skórka, P., Szentgyörgyi, H.,
Settele, J., Woyciechowski, M., 2009. Wild pollinator
communities are negatively affected by invasion
of alien goldenrods in grassland landscapes.
Biological Conservation 142 (7), 1322–1332.
https://doi.org/10.1016/j.biocon.2008.12.036
Myśliwy, M., 2020. Senecionetum fluviatilis in
Poland from a european perspective – diversity,
distribution and threats. Plant Biosystems 154 (6),
814–826. https://www.doi.org/10.1080/11263504.2
019.1701120
Nikolaeva, M.G., Razumova, M.V., Gladkova,
V.N., 1985. Spravochnik po prorashchivaniyu
pokoyashchikhsya semyan [Guide for germination
of resting seeds]. Nauka, Leningrad, USSR, 347 p.
(In Russian).
Pal, R.W., Nagy, D.U., Maron, J.L., Waller, L.P.,
Callaway, R.M., Tosto, A., Liao, H., 2020. What
happens in Europe stays in Europe: apparent
evolution by an invader does not help at home.
Ecology 101 (8), e03072. https://www.doi.
org/10.1002/ecy.3072
Perera, P.C.D., Szymura, T.H., Zając, A,
Chmolowska, D, Szymura, M., 2021. Drivers of
Solidago species invasion in Central Europe-Case
study in the landscape of the Carpathian Mountains
and their foreground. Ecology and Evolution 11
(18), 12429–12444. https://www.doi.org/10.1002/
ece3.7989
Peshchanskaya,
E.V.,
2009.
Biologicheskie
osobennosti zolotarnika kanadskogo (Solidago
canadensis L.) pri introduktsii v usloviyakh
Stavropol’skoi vozvyshennosti [Biological features
of the Canada goldenrod (Solidago canadensis
L.) during introduction on the Stavropol Upland].
Biological sciences PhD thesis. Moscow, Russia,
110 p. (In Russian).
Prati, D., Bossdorf, O., 2004. Allelopathic inhibition
of germination by Alliaria petiolata (Brassicaceae).
American Journal of Botany 91 (2), 285–288.
https://www.doi.org/10.3732/ajb.91.2.285
Radusiene, J., Marska, M., Ivanauskas, L.,
Jakstas, V., Karpaviciene, B., 2015. Assessment
of phenolic compound accumulation in two
widespread
goldenrods.
Industrial
Crops
and Products 63, 158–166. https://www.doi.
org/10.1016/j.indcrop.2014.10.015

51

Reinhart, K.O., Callaway, R.M., 2006. Soil biota
and invasive plants. New Phytologist 170,
445–457.
https://www.doi.org/10.1111/j.14698137.2006.01715.x
Ren, G., He, M., Li, G., Anandkumar, A., Dai, Z. et al.,
2020a. Effects of Solidago canadensis invasion and
climate warming on soil net n mineralization. Polish
Journal of Environmental Studies 29 (5), 3285–
3294. https://www.doi.org/10.15244/pjoes/114237
Ren, G.-Q., Yang, H.-Y., Li, J., Prabakaran, K.,
Dai, Z.-C. et al., 2020b. The effect of nitrogen and
temperature changes on Solidago canadensis
phenotypic plasticity and fitness. Plant Species
Biology 35 (4), 283–299. https://www.doi.
org/10.1111/1442-1984.12280
Ren, G.-Q., Li, Q., Li, Y., Li, J., Adomako, O.M. et al.,
2019. The enhancement of root biomass increases
the competitiveness of an invasive plant against a
co-occurring native plant under elevated nitrogen
deposition. Flora 261, 151486. https://www.doi.
org/10.1016/j.flora.2019.151486
Řezáčová, V., Řezáč, M., Gryndler, M., Hršelová, H.,
Gryndlerová, H., Michalová, T., 2021. Plant invasion
alters community structure and decreases diversity
of arbuscular mycorrhizal fungal communities.
Applied Soil Ecology 167, 104039. https://doi.
org/10.1016/j.apsoil.2021.104039
Rice, E.L., 1984. Allelopathy. Academic Press, New
York, USA, 422 p.
Richardson, D.M., Pyšek, P., Rejmánek, M.,
Barbour, M.G., Panetta, F.D., West, C.J., 2000.
Naturalization and invasion of alien plants:
concepts and definitions. Diversity and Distribution
6 (2), 93–107. https://www.doi.org/10.1046/j.14724642.2000.00083.x
Ridenour, W.M., Callaway, R.M., 2001. The relative
importance of allelopathy in interference: the
effects of an invasive weed on a native bunchgrass.
Oecologia 126 (3), 444–450. https://www.doi.
org/10.1007/s004420000533
Sakaguchi, S., Horie, K., Ishikawa, N., Ito, M.,
Nishio, S. et al., 2019. Maintenance of soil
ecotypes of Solidago virgaurea in close parapatry
via divergent flowering time and selection against
immigrants. Journal of Ecology 107 (1), 418–435.
https://www.doi.org/10.1111/1365-2745.13034
Saluk-Juszczak, J., Pawlaczyk, I., Olas, B.,
Kołodziejczyk, J., Ponczek, M. et al., 2010. The

52

Zagurskaya, Yu.V., 2022. Ecosystem Transformation 5 (2), 42–54.
effect of polyphenolic-polysaccharide conjugates
from selected medicinal plants of Asteraceae family
on the peroxynitrite-induced changes in blood
platelet proteins. International Journal of Biological
Macromolecules 47 (5), 700–705. https://www.doi.
org/10.1016/j.ijbiomac.2010.09.007

Stefanowicz, A.M., Stanek, M., Majewska, M.L.,
Nobis, M., Zubek, S., 2019. Invasive plant species
identity affects soil microbial communities in a
mesocosm experiment. Applied Soil Ecology
136,
168–177.
https://www.doi.org/10.1016/j.
apsoil.2019.01.004

Savin,
I.Yu.,
Shishkonakova,
E.A.,
2021.
Prostranstvennye
osobennosti
ekspansii
invazivnykh vidov zolotarnika v tsentral’nykh
oblastyakh evropeiskoi chasti Rossii [Spatial
features of invasive goldenrod species expansion
in central regions of European part of Russia].
Izvestiya Rossiiskoi akademii nauk. Seriya
geograficheskaya [Bulletin of the Russian
Academy of Sciences. Geographical Series] 85 (3),
446–457. (In Russian). https://doi.org/10.31857/
S2587556621030134

Sun, S.-G., Montgomery, B.R., Li, B., 2013.
Contrasting effects of plant invasion on pollination
of two native species with similar morphologies.
Biological Invasions 15, 2165–2177. https://doi.
org/10.1007/s10530-013-0440-0

Scharfy, D., Güsewell, S., Gessner, M.O.,
Venterink, H.O., 2010. Invasion of Solidago
gigantea in contrasting experimental plant
communities: effects on soil microbes, nutrients
and plant-soil feedbacks. Journal of Ecology 98
(6), 1379–1388. https://doi.org/10.1111/j.13652745.2010.01722.x

Šutovská, M., Capek, P., Kocmálová, M., Fraňová, S.,
Pawlaczyk, I., Gancarz, R., 2013. Characterization
and biological activity of Solidago canadensis
complex. International Journal of Biological
Macromolecules 52, 192–197. https://www.doi.
org/10.1016/j.ijbiomac.2012.09.021

Semple, J.C., Cook, R.E., 2006. Solidago. Flora of
North America: 20. Asteraceae, Part. 2. Astereae
and Senecioneae. Web page. URL: http://www.
efloras.org/florataxon.aspx?flora_id=1&taxon_
id=200024550 (accessed: 28.10.2021).
Shelepova, O., Galkina, M., Vinogradova, Y.,
Dubovik, D., Skuratovich, A., Spiridovich, E.,
2019. Solidago canadensis impacts on tillable
land withdrawn from the farming turnover. IOP
conference series. Earth and Environmental
Science
390,
012013.
https://www.doi.
org/10.1088/1755-1315/390/1/012013
Shmelev,
V.M.,
Pankrushina,
A.N.,
2019.
Osobennosti
rasprostraneniya
invazionnykh
Solidago (Asteraceae) i ikh vozdeistvie na
prirodnye vidy [Spreading of invasive Solidago
(Asteraceae) and their impact on native species].
Vestnik TvGU. Seriya: Biologiya i ekologiya
[Herald of Tver State University. Series: Biology
and Ecology] 3 (55), 130–135. (In Russian). http://
www.doi.org/10.26456/vtbio105
Skrajna, T., Ługowska, M., Pawlonka, Z., 2012.
Wybrane cechy morfologiczne i biologia Solidago
canadensis L. na odłogach środkowej części
Niziny Południowopodlaskiej. Zeszyty Naukowe
Uniwersytetu Przyrodniczego we Wrocławiu –
Rolnictwo 585, 79–93. (In Polish).

Sun, Z.-K., He, W.-M., 2018. Invasive Solidago
canadensis versus its new and old neighbors:
Their competitive tolerance depends on soil
microbial guilds. Flora 248, 43–47. https://www.
doi.org/10.1016/j.flora.2018.08.015

Tang, J., Zhang, S., Zhang, X., Chen, J., He, X.,
Zhang, Q., 2020. Effects of pyrolysis temperature
on soil-plant-microbe responses to Solidago
canadensis L.-derived biochar in coastal salinealkali soil. The Science of the Total Environment
731,
138938.
https://www.doi.org/10.1016/j.
scitotenv.2020.138938
Teixeira, L.H., Yannelli, F.A., Ganade, G.,
Kollmann, J., 2020. Functional diversity and
invasive species influence soil fertility in
experimental grasslands. Plants 9 (1), 53. https://
doi.org/10.3390/plants9010053
Tokarska-Guzik, B., Węgrzynek, B., Urbisz, A.,
Urbisz, A., Nowak, T., Bzdęga, K., 2010. Alien
vascular plants in the Silesian Upland of Poland:
distribution, patterns, impacts and threats.
Biodiversity Research and Conservation 19,
33–54. https://www.doi.org/10.2478/v10119-0100019-x
Ufimtsev, V.I., 2018. Osobennosti rasprostraneniya
Solidago canadensis L. v narushennykh
soobshchestvakh
mezhdurechenskogo
gorodskogo okruga [Features of distribution
of the Solidago canadensis L. in the degraded
communities of the Mezhdurechensk town
district]. Materialy V mezhdunarodnoi konferentsii
“Problemy promyshlennoi botaniki industrial’no
razvitykh regionov” [Materials of the V international

Zagurskaya, Yu.V., 2022. Ecosystem Transformation 5 (2), 42–54.
conference “Problems of industrial botany in
industrialized regions”]. Kemerovo, Russia, 119–
120. (In Russian).
Ustinova, E.N., 2019. Izuchenie sposobnosti
nazemnykh mollyuskov Moskovskoi oblasti
ispol’zovat’ v pishchu invazionnye vidy roda
Solidago (S. canadensis, S. gigantea) [The ability
of terrestrial mollusks of the Moscow Region to
feed on invasive species of the genus Solidago
(S. canadensis, S. gigantea)]. Rossiiskii zhurnal
biologicheskikh invazii [Russian Journal of
Biological Invasions] 12 (3), 117–129. (In Russian).

53

reduces the competitive ability of the invasive
weed Solidago canadensis under high nitrogen
conditions. Flora 240, 68–75. https://www.doi.
org/10.1016/j.flora.2017.12.012
Wang, C., Jiang, K., Zhou, J., Wu, B., 2018. Solidago
canadensis invasion affects soil N-fixing bacterial
communities in heterogeneous landscapes in
urban ecosystems in East China. Science of The
Total Environment 631–632 (1), 702–713. https://
www.doi.org/10.1016/j.scitotenv.2018.03.061

Ustinova, E.N., Lysenkov, S.N., 2020. Comparative
study of the insect community visiting flowers of
invasive goldenrods (Solidago canadensis and
S. gigantea). Arthropod-Plant Interactions 14, 825–
837. https://doi.org/10.1007/s11829-020-09780-7

Wang, C., Wu, B., Jiang, K., Zhou, J., Du, D., 2019a.
Canada goldenrod invasion affect taxonomic
and functional diversity of plant communities in
heterogeneous landscapes in urban ecosystems
in East China. Urban Forestry & Urban Greening
38,
145–156.
https://www.doi.org/10.1016/j.
ufug.2018.12.006

Ustinova, E.N., Schepetov, D.M., Lysenkov, S.N.,
Tiunov, A.V., 2021. Soil arthropod communities
are not affected by invasive Solidago gigantea
Aiton (Asteraceae), based on morphology
and metabarcoding analyses. Soil Biology
and Biochemistry 159, 108288. https://doi.
org/10.1016/j.soilbio.2021.108288

Wang, C., Wu, B., Jiang, K., Zhou, J., Liu, J., Lv, Y.,
2019b. Canada goldenrod invasion cause significant
shifts in the taxonomic diversity and community
stability of plant communities in heterogeneous
landscapes in urban ecosystems in East China.
Ecological Engineering 127, 504–509. https://
www.doi.org/10.1016/j.ecoleng.2018.10.002

Vilà, M., Espinar, J.L., Hejda, M., Hulme, P.E.,
Jarošík, V., Maron, J.L., Pyšek, P., 2011. Ecological
impacts of invasive alien plants: a meta-analysis
of their effects on species, communities and
ecosystems. Ecology Letters 14, 702–708. https://
doi.org/10.1111/j.1461-0248.2011.01628.x

Weber, E., 1997. Phenotypic variation of the
introduced peren-nial Solidago gigantea in Europe.
Nordic Journal of Botany 17 (6), 631–638. https://
www.doi.org/10.1111/j.1756-1051.1997.tb00359.x

Vinogradova, Yu.K., Mayorov, S.R., Khoroon, L.V.,
2010. Chernaya kniga flory Srednei Rossii.
Chuzherodnye vidy rastenii v ekosistemakh Srednei
Rossii [Black Flora Book of Central Russia. Alien
plant species in the ecosystems of Central Russia].
GEOS, Moscow, Russia, 502 p. (In Russian).
Vinogradova, Y.K., Aistova, E.V., Antonova, L.A.,
Chernyagina, O.A., Chubar, E.A. et al., 2020.
Invasive plants in flora of the Russian Far East:
the checklist and comments. Botanica Pacifica. A
journal of plant science and conservation 9 (1), 103–
129. https://www.doi.org/10.17581/bp.2020.09107

Weber, E., Jakobs, G., 2005. Biological flora of
central Europe: Solidago gigantea Aiton. Flora
200 (2), 109–118. https://www.doi.org/10.1016/j.
flora.2004.09.001
Weber, E., Schmid, B., 1998. Latitudinal population
differentiation in two species of Solidago
(Asteraceae) introduced into Europe. American
Journal of Botany 85 (9), 1110–1121.
Werner, P.A., Bradbury, I.K., Gross, R.S., 1980.
The biology of Canadian weeds. 45. Solidago
canadensis L. Canadian Journal of Plant Science
60, 1393–1409.
Wolfe, B.E., Klironomos, J.N., 2005. Breaking
new ground: soil communities and exotic plant
invasion. BioScience 55, 477–487. https://doi.
org/10.1641/0006-3568

Wan, J., Oduor, A.M.O., Pouteau, R., Wang, B.,
Chen, L. et al., 2020. Can polyploidy confer
invasive plants with a wider climatic tolerance?
A test using Solidago canadensis. Ecology and
Evolution 10 (12), 5617–5630. https://www.doi.
org/10.1002/ece3.6303

World Flora Online, 2021. Web page. URL: http://
www.worldfloraonline.org (accessed: 25.10.2021).

Wan, L.-Y., Qi, S.-S., Zou, C.B., Dai, Z.-C., Zhu, B.,
Song, Y.-G., Du, D.-L., 2018. Phosphorus addition

Wu, S., Xu, X., Zhang, Y., Zhao, Y., Li, H., Cheng, J.,
Qiang, S., 2019. Polyploidy in invasive Solidago

54

Zagurskaya, Yu.V., 2022. Ecosystem Transformation 5 (2), 42–54.
canadensis increased plant nitrogen uptake, and
abundance and activity of microbes and nematodes
in soil. Soil Biology and Biochemistry 138, 107594.
https://www.doi.org/10.1016/j.soilbio.2019.107594

Yang, R., Zhou, G., Zan, Sh., Guo, F., Su, N., Li, J.,
2014. Arbuscular mycorrhizal fungi facilitate the
invasion of Solidago canadensis L. in southeastern
China. Acta Oecologica 61, 71–77. https://www.
doi.org/10.1016/j.actao.2014.10.008
Ye, X.-Q., Yan, Y.-N., Wu, M., Yu, F.-H., 2019. High
capacity of nutrient accumulation by invasive
Solidago canadensis in a coastal grassland.
Frontiers in Plant Science 10, 575. https://www.doi.
org/10.3389/fpls.2019.00575
Zelnik, I., Klenovšek, V.M., Gaberščik, A., 2020.
Complex undisturbed riparian zones are resistant
to colonisation by invasive alien plant species.
Water 12 (2), 345. https://www.doi.org/10.3390/
w12020345
Zhang, C.B., Wang, J., Qian, B.Y., Li, W.H. 2009a.
Effects of the invader Solidago тcanadensis on
soil properties. Applied Soil Ecology 43, 163–169.
https://www.doi.org/10.1016/j.apsoil.2009.07.001
Zhang, Sh., Jin, Y., Tang, J., Chen, X., 2009b. The
invasive plant Solidago canadensis L. suppresses
local soil pathogens through allelopathy. Applied
Soil Ecology 41 (2), 215–222. https://www.doi.
org/10.1016/j.apsoil.2008.11.002
Zhang, J., Bi, F., Wang, Q., Wang, W., Liu, B. et
al., 2018. Characteristics and influencing factors
of cadmium biosorption by the stem powder of
the invasive plant species Solidago canadensis.
Ecological Engineering 121 (1), 12–18. https://
www.doi.org/10.1016/j.ecoleng.2017.10.001

Zhang, K.-M., Shen, Y., Yang, J., Miu, X.,
Bhowmik, P.C. et al., 2019a. The defense system
for Bidens pilosa root exudate treatments in
Pteris multifida gametophyte. Ecotoxicology and
Environmental Safety 173, 203–213. https://www.
doi.org/10.1016/j.ecoenv.2019.01.097
Zhang, P., Li, B., Wu, J., Hu, S., 2019b. Invasive
plants differentially affect soil biota through litter and
rhizosphere pathways: a meta-analysis. Ecology
Letters 22, 200–210. https://doi.org/10.1111/
ele.13181
Zhang, Sh., Zhu, W., Wang, B., Tang, J., Chen, X.,
2011. Secondary metabolites from the invasive
Solidago canadensis L. accumulation in soil and
contribution to inhibition of soil pathogen Pythium
ultimum. Applied Soil Ecology 48 (3), 280–286.
https://www.doi.org/10.1016/j.apsoil.2011.04.011
Zhou, X., Peng, P., Li, J., 2019. Simulated climate
warming and nitrogen deposition influence leaf
traits and leaf trait spectrum in Solidago canadensis
from China and North America. Shengtai Xuebao
39 (5), 1605–1615. https://www.doi.org/10.5846/
stxb201805111040
Zihare, L., Soloha R., Blumberga, D., 2018. The
potential use of invasive plant species as solid
biofuel by using binders. Agronomy Research 16
(3), 923–935. https://doi.org/10.15159/AR.18.102
Zubek, S., Majewska, M.L., Rożek, K., Karpowicz, F.,
Zalewska-Gałosz, J. et al., 2020. Solidago
canadensis invasion in abandoned arable fields
induces minor changes in soil properties and does
not affect the performance of subsequent crops.
Land Degradation and Development 31 (3), 334–
345. https://www.doi.org/10.1002/ldr.3452

