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Growth of invasive plant species communities as a substantial issue in post-
mining land development

Abstract

This article concerns the issue of the appearance and growth of invasive plant species in land degraded
by hard coal mining and the repercussions of this process, particularly in the context of land reclamation.
These species, such as Canadian goldenrod or Japanese knotweed, which nearly always form extensive
and monocultural patches of vegetation, contribute to the displacement of both native species and those
introduced as part of biological restoration. In 2015, the Central Mining Institute in Katowice prepared a
land development concept for a part of the area of the former KWK Paryz mine in Dgbrowa Gérnicza
(Upper Silesian Industrial Region — Poland), based on its resources and potential, encompassing the
“Jadwiga” dump and its vicinity . The presented actions scenarios did not fully factor in the issue related
to the growth and control of invasive plant species. Studies of the growth of invasive species
communities, conducted from 2015 to 2019 with the use of UAV (unmanned aerial vehicles), revealed the
significant propagation of the Japanese knotweed Polygonetum cuspidati (Moor 1958) Th. Mdiller et Goérs
1969 ex Gors 1974 association as well as the Canadian goldenrod Solidago canadensis community. Their
elimination increases the cost of the reclamation by 18%.

Keywords
post-mining areas, reclamation costs, invasive plant species, Canadian goldenrod community, Japanese
knotweed association, unmanned aerial vehicles
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Growth of invasive plant species communities as a
substantial issue in post-mining land development

Pawel Olszewski

Central Mining Institute, Department of Environmental Monitoring, Plac Gwarkéw, 40-166, Katowice, Poland

Abstract

This article concerns the issue of the appearance and growth of invasive plant species in land degraded by hard coal
mining as well as the repercussions of this process, particularly in the context of land reclamation. These species, such as
e.g. Canadian goldenrod or Japanese knotweed, which nearly always form extensive and monocultural patches of
vegetation, contribute to the displacement of both native species and those introduced as part of biological restoration.

In 2015, the Central Mining Institute in Katowice prepared a land development concept for a part of the area of the
former KWK Paryz mine in Dabrowa Gornicza (Upper Silesian Industrial Region — Poland), based on its resources and
potential, encompassing the “Jadwiga” dump and its vicinity. The presented actions scenarios did not fully factor in the
issue related to the growth and control of invasive plant species. Studies of the growth of invasive species communities,
conducted from 2015 to 2019 with the use of UAV (unmanned aerial vehicles), revealed the significant propagation of the
Japanese knotweed Polygonetum cuspidati (Moor 1958) Th. Miiller et Gors 1969 ex Gors 1974 association as well as the
Canadian goldenrod Solidago canadensis community. Their elimination increases the cost of the reclamation by 18%.

Keywords: post-mining areas, reclamation costs, invasive plant species, canadian goldenrod community, Japanese

knotweed association, unmanned aerial vehicles

1. Introduction

H ard coal mining in the Dabrowa Basin, a part of
the Upper Silesian Industrial Region (GOP)
since 1950, has been conducted since the end of the
18th century [1]. Many areas have undergone
transformation as a result of the mining activity due
to their physical, chemical and biological degrada-
tion. It is imperative to restore their regular eco-
nomic, social and environmental functions as
quickly as possible. Reclamation of land degraded
by the mining industry depends primarily on the
degree of the anthropogenic changes, the location of
the site and the needs of the local administration or
land owners. The projects and concepts for land
development typically include the work that must
be done, i.e. terrain formation, water drainage, soil
purification, planting shrubs and trees. At the same
time, the planned work should also factor in the
natural qualities and potential that can almost al-
ways be exhibited by the degraded land. Examples
may include the architectural, cultural and historical

qualities of post-industrial sites, the extraordinary
biodiversity of the spontaneously appearing flora or
the reserves of raw material for recovery and use.
The economic analysis of the planned work should
encompass all the circumstances and factors that
require financial outlays. An example of action that
is very rarely included in the economic analysis is
the elimination of invasive plant species that appear
in the unused degraded land. These species displace
native taxons, suppress planting planned as part of
the biological restoration, and in extreme cases also
constitute a direct hazard to human health and well-
being. Some of them, i.e. traveller's joy Clematis
vitalba L., thicket creeper Parthenocissus inserta
(A.KERN.) or Jerusalem artichoke Helianthus tuber-
osus L., can be eliminated relatively easily, whereas
should they be retained and properly controlled,
they may perform decorative functions. Other spe-
cies, i.e. Canadian horseweed Conyza canadensis L.,
annual fleabane Erigeron annuus (L.) or New York
aster Aster novi-belgii L., are nearly guaranteed to
appear in degraded and reclaimed land, and their
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elimination seems practically impossible. Further-
more, extensive communities and associations are
particularly problematic, as they are characterised
by significant durability, fast growth and resistance
to control. Such formations include Canadian
goldenrod communities and Japanese knotweed
associations. Although the Canadian goldenrod
community is characterised by high decorative
qualities and provides valuable nectar flow during
fluorescence, its negative influence consists pri-
marily in the ease of its introduction into natural
and anthropogenic biotopes as well as the creation
of widespread monocultures and the displacement
of species native or planted as part of biological
restoration efforts. Eliminating the Canadian gold-
enrod communities may consist in repeated
mowing during the year and the subsequent use of
e.g. natural herbicides based on pelargonic acid,
which do not linger in the soil and the water. The
Japanese knotweed association, which can currently
be found in many places in Poland and the rest of
Europe, is particularly difficult and expensive to
control. Socioeconomic consequences of controlling
the plant in Great Britain were estimated at a level
of 165,6 million pounds per year [2]. Eliminating the
knotweed from the area of the London Summer
Olympics cost 70 million pounds, whereas the costs
of its elimination across the entire United Kingdom
were estimated at a level of about 1.56 billion
pounds [3]. Knotweeds (including Sakhalin and
Bohemian knotweed) are particularly characterised
by their extraordinary regenerative capabilities,
clearly observable, for example, when the epigeal
parts of the plants are damaged (e.g. by mowing),
which stimulates the generation of new sprouts.
Knotweeds propagate primarily through growth
and rhizome fragmentation [4]. Knotweed rhizomes
can be situated at a depth of 3 m in the subsoil and
may propagate even to a distance of 7m away from
the parent plant [5]. Eliminating the knotweed only
by clearing is ineffective in a medium and long-term
perspective [6]. An effective knotweed control
method is to mow the epigeal parts of the plant and
to replace the soil, as performed in cases of strongly
contaminated land. This method of elimination be-
comes very problematic in cases of extensive areas
occupied by the plant, and it generates very high
costs related to the performance of action involving
heavy machinery and the removal of the subsoil
containing the rhizomes, which must subsequently
be buried at a great depth. Spraying is an effective
knotweed control method as well, though it exhibits
significant limitations. The most commonly utilised
herbicides based on glyphosate can have a negative
influence on surface and ground water. Their effects

are not selective and thus they also eliminate co-
existing plants, which often rules out this method
for use in valuable or protected areas. Issues such as
the correlation between the use of glyphosate and
the incidence of cancer in humans were revealed as
well [7]. Despite the above problems, among all the
methods used for the elimination of the knotweed,
the application of glyphosate at the appropriate
phenological growth stages of the plant is the most
effective [8].

Unmanned aerial vehicles (UAV) are very useful
for the assessment of areas occupied by selected
invasive plant species. Coloured orthophotomaps
depict the ranges of individual formations, while
flights repeated regularly during fluorescence
become a helpful tool for monitoring the growth of
individual associations and communities, and for
planning action related to their elimination [9,10].

This article presents the technical and economic
issues pertaining to action intended for the elimi-
nation of invasive plant species, which is viewed as
a key element of the complex planning of mining-
degraded land reclamation. A vegetation inventory
taken in 2015 and the monitoring of the growth of
the Canadian goldenrod community and the Japa-
nese knotweed association performed in the years
2016—2019 in the degraded area of the “Jadwiga”
dump and the terrain adjacent to the former KWK
Paryz mine in Dabrowa Gornicza present a new
perspective regarding the additional costs related to
the reclamation of this area.

2. Materials and methods

2.1. Location and characteristics of the studied area

The area encompassed by the invasive plant
species and community studies is located in the
south-western part of Dabrowa Gornicza (Poland),
in the vicinity of Filtrowa street. It constitutes a part
of the former hard coal mine Paryz (Fig. 1). The
central part contains a separate area dedicated to
economic activity.

The post-industrial waste dump “Jadwiga”,
established in the 1960s, occupies its major part. It is
formed of made ground, most of which constitutes
carbonaceous shale, burnt shale, clay slate, sand-
stone debris, sinter, slag and fine coal. It is of an
irregular shape with numerous, occasionally very
steep slopes. From the south, the immediate vicinity
of the dump is an extensive and level flat area. Its
western part includes minor piles of coal slurry,
most likely originating from a filled sedimentation
tank. The dump, raised to a level of 386.3 m above
sea level, is mostly covered with a young birch, false
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acacia and poplar community. No technical or bio-
logical restoration was ever attempted in the area of
the dump and its vicinity — nearly all the vegetation
is an effect of natural succession. Wild elderberry
Sambucus nigra L. is the most prominent shrub. Gaps
in stand density as well as open spaces are occupied
by communities and associations of ruderal plants
characteristic of post-industrial areas: Lolio-Poly-
gonetum arenastri, Convolvulo arvensis — Agropyretum

repentis, Calamagrostietum epigeji, Echio-Melilotetum
and Artemisio-Tanacetetum vulgaris. Shaded and
slightly waterlogged areas are typically occupied by
the Urtico — Aegopodium podagrariae and Calystegio-
Eupatorietum associations [10]. Vast formations of
invasive species that span extensive areas include:
the Japanese knotweed Polygonetum cuspidati (Moor
1958) Th. Miiller et Gors 1969 ex Gors 1974 associ-
ation, the Canadian goldenrod Solidago canadensis
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Fig. 1. Location of the site encompassed by the reclamation concept and the invasive plant species inventory.
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community and the false acacia Robinia pseudoacacia
community.

Observations made during numerous surveys
indicate the presence of deer, hedgehogs, hares,
sedentary birds and birds of prey (common kestrel,
sparrowhawk and buzzard) as well as at least two
species of frog. However, such fauna is not an
exception in these types of post-industrial areas.

Despite its strongly anthropogenic character, the
area has high natural value. The dense vegetation
offers a habitat for numerous species of fauna and
flora. At the same time, it functions as a wildlife
corridor and ecological junction with adjacent areas.

2.2. Conducted studies and inventories

In 2015, the Central Mining Institute prepared
a variant-based concept for the development/recla-
mation of the “Jadwiga” dump and its vicinity
together with an economic analysis for the Dabrowa
Gornicza Municipality. All the variants factored in
the presence of great quantities of diverse post-in-
dustrial waste in the area of the “Jadwiga” dump
and its vicinity, which could be recovered and
subsequently used. The presence of dense vegeta-
tion in the form of trees and shrubs, which present
natural potential and could, in the case of the trees,
constitute a source of wood, was important for the
prepared variants. Other important factors included
the favourable location within the city centre, good
transport potential, clear ownership status and
a defined position in the Area Development Plan of
the Dabrowa Goérnicza Municipality.

The quantity and quality of the waste collected in
the area was assessed based on existing studies
provided by the Municipality. Furthermore, the area
encompassed by the concept was subjected to
thermal activity testing during the summer, which
provided no indications of thermal activity in either
the old, elevated part of the dump or in its other
sections.

The tall vegetation inventory was taken in
a manner enabling the assessment of wood re-
sources while simultaneously determining the costs
related to the logging. The inventory indicated the
presence of 4482 trees in the studied area, mostly
false acacias (30%), poplars (30%), birches (20%) and
willows (10%). Other species, i.e. oak, maple, linden,
chestnut, pine, elm, ash and bird cherry, constituted
about 9.5%. The great majority of the trees could be
exempted from logging fees, based on art. 86 of the
Polish Environmental Protection Law of 16th April,
2004, as amended. The logging fees for the
remaining trees were estimated at a level of about
1.2 million EUR. The value of the obtainable wood

was based on a wood quality inspection and was
estimated to be worth 29 thousand EUR.

Using archival geological studies and updated
geodesic measurements, a spatial model of the
“Jadwiga” dump was constructed, encompassing
both its above-surface and subsurface parts. Useful
strata were identified, including those potentially
containing coal and aggregates. Feasible technolo-
gies for recovery were specified as well.

The first flights over the studied area using un-
manned aerial vehicles were also performed in 2015.
Images taken by the UAV enabled the preparation
of an orthophotomap of the area, which clearly
displayed the Canadian goldenrod community and
the Japanese knotweed association.

3. Results and discussion

3.1. Reclamation variants

Analysing the authors’ own studies, the spatial
model, the available reports and the conducted field
surveys resulted in the preparation of a variant-
based concept for the reclamation of the “Jadwiga”
dump and its vicinity, together with a recommen-
dation of the most favourable variant.

Five variants were prepared.

Variant “0” assumed that the dump and its vi-
cinity would not be altered, in order to retain the
already established post-industrial ecosystem. The
site would have a natural, educational and scientific
function.

Variant “I” assumed that the cone of the dump
would be dismantled and the terrain would be lev-
elled to 267 m above sea level. It could be accom-
plished in three ways. Option “A” involved
transferring the waste to a specialist company for
processing. In option “B”, the waste would be sorted
in situ and the obtained products (coal and aggre-
gates) would be sold or used for the levelling. Op-
tion “C” assumed transporting all the unnecessary
material for recovery outside the installation or
transferring it to a stockyard.

Variant “II” assumed that the cone of the dump
would be dismantled and the terrain would be lev-
elled to 263 m above sea level. It could be accom-
plished in three ways, similarly to variant “I”, where
options “A” and “C” were identical as in variant “I”.
Option “B” assumed the recovery and use of the
aggregates. Only the coal was to be sold.

Variant “III” assumed that the cone of the dump
would be dismantled, while useful material would
be extracted from the subsurface part of the dump,
and finally the terrain would be levelled to 267 m
above sea level. The variant involved waste sorting
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in situ, selling the obtained coal and using the
remaining material for the levelling.

Variant “IV” assumed that the cone of the dump
would be dismantled (like in variant “II”’), while
useful material would be extracted from the sub-
surface part of the dump, and finally the terrain
would be levelled to 263 m above sea level. Pro-
cessing would encompass material obtained from
the dismantling of the dump cone above the level of
263 m as well as from excavations below the level of
263 m until the bottom of the useful strata. The final
levelling to a height of 263 m above sea level would
result in a lowering of the entire area relative to the
railway embankments by the north side.

An economic analysis was performed for variants
“I-IV”, which included the costs of performing the
groundwork and territorial development as well as
the income from selling the obtained aggregates and
coal, and selling the terrain to external investors.

The obtained results indicated that implementing
any of the analysed variants was economically
inefficient. This was due to the very high expendi-
tures necessary to prepare and develop the terrain
for the needs of the future investors. The financial
outlays would not be compensated by the income
obtained from selling the wood and the products
acquired through the sorting of the materials
deposited in the dump, even when including the
potentially high income from selling the area to
investors.

The negative outcome of the conducted variant-
based economic efficiency analysis was primarily
influenced by the low value of the materials
deposited in the “Jadwiga” dump. The cost of their
sorting exceeded the potential income from selling
the obtained products (coal and aggregates) despite
the proposed use of a modern and relatively inex-
pensive dry sorting method. This was primarily due
to the low market price of coal and the low content
of the coal itself in the material deposited in the
“Jadwiga” dump.

At the same time, the prepared concept analysed
the possibility of obtaining financial support for the
individual variants in the form of European Union
subsidies. The results of this analysis clearly indi-
cated that variants “IC” and “IB” would become
efficient at a subsidy level of 25% and 35% respec-
tively. In the case of variant “IA”, the project would
become economically efficient assuming a subsidy
of 85%.

An element that generated significant costs in
variants “I-IV” was the logging fee for the trees
identified during the inventory of the studied area
(1.2 million EUR). Avoiding this fee would guar-
antee the economic efficiency of variants “IA”, “IIB”,

“III” and “IV”. Only variants “IIA” and “IIC” would
remain economically inefficient.

3.2. Inventory of invasive plant species and
communities

Post-industrial areas, including mining and
metallurgical waste dumps, are characterised by
high biodiversity. This is related to the mosaic
character of their intertwining and diverse habitats
as well as the terrain adjacent to them. The
“ecological niches” that form here are places where
many rare, or even protected species of fauna and
flora can be found. They are also places that include
numerous invasive plant species, which are almost
always characterised by excellent adaptive capabil-
ities in harsh conditions through e.g. the production
of great quantities of seeds, the growth of subter-
ranean organs (rhizomes) or their resistance to dry
soil, pests and diseases. This leads to a displacement
of native species and an impoverishment of the
flora.

The presence of 10 invasive plant species was
identified in the area of the “Jadwiga” dump and its
vicinity. These included: box elder Acer negundo L.,
New York aster Aster novi-belgii L., annual fleabane
E. annuus (L.), traveller's joy C. vitalba L., Canadian
horseweed C. canadensis (L.), Jerusalem artichoke
H. tuberosus L., thicket creeper Parthenocisus inserta
(A. KERN), Japanese knotweed Reynoutria japonica
Houtt., false acacia R. pseudoacacia L. and Canadian
goldenrod S. canadensis L. [11—14]. Most of them
could be found in small patches or individually in
nearly the entire area.

Particular attention should be devoted to the
presence of three vast, widespread formations of
invasive species: the Canadian goldenrod commu-
nity — S. canadensis, the Japanese knotweed associ-
ation — P. cuspidati (Moor 1958) Th. Miiller et Gors
1969 ex Gors 1974 and the false acacia community —
R. pseudoacacia.

The last of the aforementioned communities
(R. pseudoacacia), according to the inventory taken
for the purposes of the potential logging, was
comprised of specimens located primarily on the
elevated part of the dump, to a total of over 1300
trees. Only 13 of them exhibited a circumference of
over 100 cm at a height of 130 cm — average age of
over 72 years [15]. The thickest false acacia had
a circumference of 122 cm at a height of 130 cm —
average age of over 84 years [15]. The great majority
(about 80%) of the trees were specimens with trunk
thicknesses of 20—50cm (average age of 17—39
years). The false acacia patches comprising younger
specimens were characterised by high density and
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were always accompanied by other species of de-
ciduous trees, i.e. aspen and warty birch.

The Canadian goldenrod community was present
in the form of dense or partially scattered patches in
relatively flat areas exposed to solar radiation. The
greatest area occupied by the community was found
by the north side, adjacent to the railway tracks and
footpaths. Minor and medium patches of the com-
munity were present in the entire studied location,
often growing in areas that were not occupied by
other perennials, shrubs and trees.

The Japanese knotweed association was present in
the form of very dense patches, practically without
other co-existing species, in places both strongly dry
and slightly waterlogged located in an area of local
depressions. It frequently occupied spaces between
older trees and shrubs in the central and northern
part of the studied area [10].

3.2.1. Changes in invasive community surface areas

Flights over the “Jadwiga” dump and its vicinity
were started in the autumn of 2015. The surface of
the studied area was 17.05 ha. The studies employed
a remote-controlled aerial vehicle integrated with
a Sony ILCE-6000 camera with a 24 Mpx matrix and
a Sony SEL30-M35 30mm f/3.5 lens. The flights
were conducted at a height of 150 m and the adop-
ted ground sample distance (GSD) was 2.0 cm/px.
The obtained RGB images were used to prepare a
coloured orthophotomap of the studied area.

Clearly visible areas occupied by Canadian gold-
enrod and Japanese knotweed were manually
marked and their planimetry was measured. The
flights were conducted during optimal goldenrod
fluorescence. Selected patches were measured
traditionally using a measuring tape for purposes of
comparison and verification.

In 2015, the Canadian goldenrod community
occupied a total area of 1.218 ha, which constituted
7.14% of the studied area. The Japanese knotweed
association occupied 0.281ha, which constituted
1.64% of the area. Selected fragments of the studied
location orthophotomap are presented below, with
marked and measured goldenrod and knotweed
areas.

Flights over the studied area were also conducted
from 2016 to 2019. Clear changes in the areas
occupied by the communities in question were
observed on the prepared orthophotomaps.

The growth of the Canadian goldenrod commu-
nity in 2016 compared to the year 2015 was 17.56%.
The total area occupied by this species in 2016 was
1.43 ha. In subsequent years (2017—2019), its growth
in the studied area was about 5% per year. In this
period, the goldenrod exhibited a minor growth in

the analysed patches, spreading into available gaps
in co-existing communities in flat areas strongly
exposed to solar radiation. The area occupied by the
goldenrod in 2019 was about 1.6 ha.

Clear changes in the occupied area were also
noted for the Japanese knotweed. In 2015, the
patches of this association occupied a total area of
0.281 ha. In 2016, the area occupied by the knotweed
patches was 0.254 ha (decrease by 9.47%), which was
a result of maintenance work carried out by the
leaseholder/entity conducting business activities in
the area of the former “Filtering station”. The work
encompassed levelling a fragment of the terrain at
the east side of the fence by means of heavy ma-
chinery (Figs. 4 and 5), and levelling the ground and
removing vegetation at the north side of the main
building (Figs. 6 and 7).

Simultaneously, there had been a growth of the
knotweed patches in other areas since 2016. The
plant increased its range very dynamically in the
groups that had been observed earlier. Analysing
one of the smaller patches located in the east part of
the studied area (Fig. 8) reveals its growth from
40 m? (state for the year 2016) to 73 m? in 2019 — an
increase in surface area at a level of 82%. It would
appear that the key factor for the dynamic growth in
this case was the free space around the patch. Its
further growth will continue southward and most
likely advance along the hard-surfaced footpath by
the west side.

New, previously unidentified “hotspots” also
appeared in places formerly occupied by herba-
ceous plants.

From 2016 to 2019, the Japanese knotweed asso-
ciation in the studied area grew by 4422m?® As
a result of the groundwork carried out in 2016 and
the minor herbicide spraying in 2019, the area of the
patches temporarily decreased by 484 m®. The esti-
mated area occupied by the knotweed in 2019
(flights conducted in October) was 0.648 ha.

3.2.2. Invasive species community growth
repercussions and control efforts

Each of the ultimately adopted reclamation vari-
ants for the “Jadwiga” dump and its vicinity first
requires solving the issue of the spontaneous inva-
sion of invasive plant species and their communities
into the area in question.

The 2015 concept prepared by GIG did not
include solutions for this process, as its scale was
inadequately understood at the time. The first
flights using UAV intended for the observation of
invasive species communities were conducted in the
autumn of that year. Information gained from
the performed vegetation inventory primarily
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Fig. 4. Fragment of an orthophotomap from 2016. Groundwork in the area of the “Filtering station's” eastern fence. Visible removed part of the
ground together with patches of the Japanese knotweed. The red line denotes the range of the patches in 2016, whereas the green line provides the

range in 2019.

concerned the false acacia community, whose in-
fluence on the area and the reclamation variants was
at the time considered in terms of logging costs as
per art. 84, 85 and 86 of the Polish Environmental

6583500 6583525

boundary of the
research area

Reynoutria japonica
— coverage in 2019
Reynoutria japonica
— coverage in 2016

Protection Law [16] and potential wood yields.
Subsequent years of observation conducted from
2016 to 2019, focused on the growing patches of the
Canadian goldenrod S. canadensis community and

6583550

5578000

5577975

Fig. 5. Fragment of an orthophotomap from 2019. The groundwork carried out in 2016 “exposed” the subsoil containing knotweed rhizomes (see
Fig. 4). Visible patch growth in the central part of the image. Herbicide spraying was applied to a part of the patch in 2019 — visible light-brown,

desiccated parts of the plants.
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Fig. 6. Fragment of an orthophotomap from 2016. The trees, shrubs and perennials by the north side of the main “Filtration station” building were

removed as part of the maintenance work.

the Japanese knotweed P. cuspidati (Moor 1958) Th.
Miiller et Gors 1969 ex Gors 1974 association,
document the scale of the problem, while the
measured surface areas of the patches make it
possible to provide a new perspective regarding
reclamation costs.

Determining the range of the false acacia com-
munity by means of UAV is difficult and may be
burdened with a significant error. Though the lo-
cations occupied by false acacia are adequately
visible in vertical images during optimal fluores-
cence (May, June), in many cases other trees, such as
warty birch, aspen, sycamore and goat willow, also
have a significant presence in the community.
Additionally, determining the range of the com-
munity is nearly impossible as young specimens
originating from self-seeding, which are found at its
borders, blossom only after 8—15 years. For this
reason, monitoring the community using ortho-
photomaps was disregarded, and the one-time
elimination (logging) cost estimation was based on
the vegetation inventory taken in 2015.

The false acacia community, located primarily on
the elevated part of the dump, consisted of over 1300
specimens, 80% of which constituted trees of an
average age of 17—39 years. In all the reclamation
variants, except for variant “0”, the dump was to be
levelled, therefore no further maintenance and care
procedures were planned following the actual log-
ging. The logging fee estimated at the time for the

false acacia trees that could not be exempted from it
was about 69 thousand EUR. The costs related to the
felling, skidding and fragmentation of all the trees of
this species were estimated at a level of 5.4 thousand
EUR. Since the circumferences of the trees did not
undergo significant change over the course of the
four years following the detailed inventory, the
logging fees decreased only slightly (3.07 EUR per
cm of false acacia circumference in 2015 to 2.66 EUR
per cm of circumference in 2020), while the cost of
man-hours for the forest work increased, therefore it
was assumed that the false acacia removal costs
would remain at a similar level in 2020 and would
amount to about 74.5 thousand EUR. In the case of
variant “0”, the false acacia community would need
to be retained.

In 2019, the Canadian goldenrod community occu-
pied an area of 1.6 ha (1.218 ha in 2015). Regardless of
the adopted reclamation variant (except for variant
“0”), the Canadian goldenrod community can be
eliminated through two-time mowing with manual
motor mowers e.g. in May and August or at the
beginning of June and September prior to fluores-
cence. The procedure should be repeated in the next
three or four years [17,18]. Spraying using a natural
herbicide based on pelargonic acid, which does not
linger in the soil and the water, can be performed
about two weeks prior to the mowing [19]. The
spraying after moving should be repeated in the
subsequent years. The cost of these efforts, depending
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6583450 6583475 6583500

Fig. 7. Fragment of an orthophotomap from 2019. Exposed and levelled areas were colonised by the Japanese knotweed association. The green line
denotes patches with a height of about 1.5 m. Young sprouts from remaining and grown rhizomes were found in nearly the entire area.

on the shape and availability of the terrain as well as
the utilised equipment, is estimated at a level of 2.2
thousand to 6.6 thousand EUR/ha, which at the
adopted average spraying, mowing and groundwork

6583630 6583635

- boundary of the
mmmm | research area

Reynoutria japonica
‘ — coverage in 2019

Reynoutria japonica
— coverage in 2016

cost of 4.4 thousand EUR/ha, the double performance
of the action during the year and the surface area of
about 1.6 hayields a yearly cost of about 11.5 thousand
EUR. The north-eastern area will prove difficult in

6583645 6583650

Fig. 8. Fragment of an orthophotomap from 2019. Growth of the Japanese knotweed patch located in the east part of the studied area. Area of the patch

in 2016 marked in red. Range of the patch in 2019 marked in green.
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terms of the goldenrod control given its direct adja-
cency to the railway tracks. The goldenrod in this area
is present in the form of significantly stretched and
long patches (Figs. 2 and 3). Railway embankments
with gentle slopes exposed to solar radiation will al-
ways be at risk of goldenrod invasion due to the
movement of rolling stock (diaspora dispersion) and
the extraordinarily common occurrence of this species
in the exact same habitats also outside the focus of this
analysis. Spraying and mowing in this part should be
repeated much more frequently relative to the rest of
the area. It should be noted that railway traffic main-
tenance services carry out self-seeding plant mowing
along the embankments, but the purpose of these
efforts is only to maintain smooth and safe railway
traffic. Undertaking systemic action aimed at con-
trolling invasive species along railway tracks appears
very difficult at the moment.

The Japanese knotweed association occupied an
area of 0.281 ha in 2015. As a result of the mainte-
nance work carried out in 2016, its surface was
reduced by 0.027 ha. It underwent dynamic growth
in subsequent years. In 2019, the association occu-
pied an area of 0.648 ha, which constituted 3.8% of
the studied location.

A method that guarantees effective knotweed
elimination is soil replacement, which would entail
the removal of the rhizome-containing soil to
a depth of 3m and at a distance of 7m away from
the parent plant, the transport of said soil to a waste
disposal ground and its storage at a great depth. In
order to effectively eliminate knotweed plants
occupying an area of 1m?, it is necessary to remove
over 500 m? of soil [5,4,20]. In the case of the area in
question, after factoring in the number and location
of individual patches, it would be necessary to
transport about 20 thousand m® of soil. Though the
removed volume could be partially replenished with
material from the dismantled “Jadwiga” dump, this
method would nevertheless be extremely expensive.
Factoring in the necessary groundwork, the cost of
transportation to the nearest waste disposal ground,

and primarily the storage fee, the cost of eliminating
the knotweed using this method would amount to
about 1.3 million EUR.

Since the entire studied area constitutes post-in-
dustrial land, strongly degraded and located away
from farmlands, water courses and reservoirs, the
knotweed elimination in this case could be accom-
plished by mowing combined with herbicide
spraying.

The best results were observed when the knot-
weed was sprayed with a mix of herbicides con-
taining three active substances — clopyralid,
fluroxypyr and triclopyr. 97% of the plants were
killed eight weeks after spraying, and only 7% of the
plants regrew from subterranean organs five
months after the procedure. Such action would need
to be repeated at least for the next three years [4].

The first spraying can be performed in May or
June, when the plants are about 1 m high and pro-
duce leaves. The second spraying can be carried out
in early autumn, during fluorescence [21].

Mowing in the proposed combined method
should be performed four to eight times, including
always after spraying.

The costs of knotweed elimination using this
method amount to about 17.7 thousand EUR/year/
ha. The procedure should be repeated for at least
three years, which yields a total cost of about 53.1
thousand EUR.

Box elder A. negundo L. had a relatively minor
presence in the studied area. The vegetation in-
ventory revealed the existence of 110 specimens of
this species, which constituted 2.45% of the total
number of trees. These were specimens with thick-
nesses ranging from 21 to 69 cm (at breast height).
The vast majority of them could be exempted from
the logging fee in 2015 as per the Polish Environ-
mental Protection Law (art. 86 sec. 1 item 7) of 2004
[16]. The box elder logging fee estimated at the time,
amounting to nearly 8.4 thousand EUR, concerned
multi-stem specimens with total circumferences of
over 120cm. The costs related to the felling,

Table 1. Elimination costs for significant invasive plant species communities located at the “Jadwiga” dump and its vicinity.
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Invasive species Occupied area Elimination method, number of procedures, Costs [thousands

/association/community /number of specimens elimination period of EUR]
Acer negundo L. box elder 110 specimens one-time logging (with fees) 8.8
Polygonetum cuspidati (Moor 1958) 0.648 ha Over a year: 2x herbicide mixture spraying 53.1
Th. Miiller et Gors 1969 ex Gors 1974 combined with 4x mowing.
Japanese knotweed association 3 subsequent years.
Robinia pseudoacacia L. false acacia 1300 specimens one-time logging (with fees) 74.5
Solidago canadensis 1.6 ha Over a year: 2x natural herbicide spraying 345

Canadian goldenrod community combined with 2x mowing. 3 subsequent years.
Total cost of action 170.9
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Fig. 9. Jerusalem artichoke Helianthus tuberosus L. accompanying
widespread Japanese knotweed patches in the north-eastern part of the
studied area.

skidding and fragmentation were estimated at a
level of about 440 EUR. It was assumed that the box
elder elimination costs would be similar as in 2015,
and thus in 2020 they would be at a level of about 8.8
thousand EUR. In the case of variant “0”, the box
elder would need to be retained.

Elimination costs for significant invasive plant
species communities located at the “Jadwiga” dump
and its vicinity are presented in Table 1.

Jerusalem artichoke H. tuberosus L. in the form of
just a few small patches with a total area of 5m?
accompanied the Japanese knotweed association in
the north-eastern part of the studied location
(Fig. 9). The artichoke would also need to be sub-
jected to mowing and spraying should the knotweed
undergo elimination. The elimination costs in this
case would be insignificant.

The remaining invasive species, i.e. New York
aster Aster novi-belgii L., annual fleabane E. annuus
(L.) and Canadian horseweed C. canadensis (L.), will
always occur in this type of land, regardless of the
adopted reclamation variant. Particular monitoring
should be devoted to climbing plants, i.e. traveller's
joy C. vitalba L. and thicket creeper Parthenocisus
inserta (A. KERN), which currently have a minor
presence in the area, but which may form wide-
spread seam communities in the future that are
dangerous to other plants.

4. Conclusions

A multi-variant land development concept was
prepared for the “Jadwiga” waste dump and its vi-
cinity, constituting a part of the former KWK Paryz
mine in Dabrowa Gornicza, which ultimately pro-
vided 5 variants of action. Four of these involved

selling the area or making it available to investors,
combined with the maximum possible use of the
aggregates, coal and wood present there. One of the
variants — variant “0” (costless) — assumed that the
dump and its vicinity would not be altered in order to
retain the established post-industrial ecosystem.

The conducted economic analysis of the four
different reclamation variants (excluding variant “0”)
revealed all of them to be cost ineffective. The
incurred costs of the work would not be compen-
sated by the income from selling the obtained ag-
gregates, coal and wood and the entire area itself.

The first UAV flights were conducted over the
studied location in 2015 with the purpose of assess-
ing the areas of the two significantly widespread
formations of invasive species: the Canadian gold-
enrod S. canadensis community and the Japanese
knotweed P. cuspidati (Moor 1958) Th. Miiller et Gors
1969 ex Gors 1974 association. The goldenrod surface
area measured on the orthophotomaps prepared at
the time was 1.218 ha (10.23% of the studied loca-
tion). The Japanese knotweed association occupied
0.281 ha (2.36% of the studied location).

The flights and the monitoring of the aforemen-
tioned formations were continued in the subsequent
years, from 2016 to 2019. Significant growths of the
formations were observed. In 2019, the area occu-
pied by the goldenrod was 1.6 ha (which constitutes
an increase by 31% compared to 2015). The knot-
weed occupied 0.648 ha (increase by 230%) in 2019.

The false acacia R. pseudoacacia community pre-
sent in the area is significant from the perspective of
the vegetation and the reclamation efforts. Since
a vegetation inventory was taken in 2015 together
with an evaluation of the wood that could be ob-
tained, it was possible to determine the fees for
removing the false acacia. The costs related to the
removal of another invasive species, box elder
A. negundo L., were estimated in the same way.

The costs related to the elimination of four inva-
sive plant species by means of methods recom-
mended and described in this article were estimated
based on a previously prepared concept, a vegeta-
tion inventory and studies employing UAV. This
elimination, based on:

— the one-time logging of the box elder A. negundo
L.,

— the one-time logging of the false acacia R. pseu-
doacacia L.,

— the three-year mowing and spraying of the Ca-
nadian goldenrod S. canadensis L.,

— and the three-year mowing and spraying of the
Japanese knotweed R. japonica Houtt, would
involve a cost of about 171 thousand EUR.
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The costs of the one-time false acacia and box elder
logging were included in the proposed reclamation
variants for the entire area (excluding variant “0”).

Eliminating the Japanese knotweed association
and the Canadian goldenrod community will be an
additional cost, estimated at a level of 87.6 thousand
EUR. This sum increases the area reclamation cost
for the most effective variant “IC” (expenditure of
about 490 thousand EUR) by nearly 18%. This pro-
vides a new perspective on all the reclamation var-
iants proposed in 2015.

The remaining invasive plant species identified in
the studied area should be subjected to monitoring.

Apart from continued monitoring, variant “0”,
which assumes that the dump and its vicinity would
remain in an unaltered state, also requires under-
taking elimination action, as the area in question is
currently a “transit point” that allows invasive plant
species to spread into adjacent regions.
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