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Abstract: The relationship between vegetation and selected soil characteristics in different monocul-
ture forest types was investigated as part of a landscape restoration project after brown coal mining.
Six forest types were selected: alder (Alnus sp.), spruce (Picea sp.), pine (Pinus sp.), larch (Larix sp.),
long-term deciduous forest (Quercus robur, Tilia sp.), and forest created by spontaneous succession.
These stands were classified into two age categories (younger and older). The soil attributes, C/N, TC,
TN, pH, and A horizon depth were assessed. The observed species were categorized into functional
groups by life history, life forms according to Raunkiær, and affinity to the forest environment. C/N
ratio, humus thickness, and canopy cover were the main soil parameters affecting plant communities.
The highest C/N values were recorded in Pinus and Larix stands, which were significantly different
from deciduous and succession stands. The highest diversity index was noted in younger stands
of Alnus and the lowest in younger stands of Picea. Intermediate values of the diversity index were
achieved in successional stands at both age levels and in Larix and Alnus stands. The species belong-
ing to a functional group was not an important factor in these habitat types. The species composition
and vegetation change over time in the Alnus, long-life deciduous, and Larix stands show that these
species are more suitable for forestry reclamation than spruce or pine. The study also emphasizes the
great value of spontaneous succession areas as full-fledged alternatives to forestry reclamation.

Keywords: forestry reclamation; spontaneous succession; plant diversity; spoil heaps; C/N

1. Introduction

Localities affected by coal mining have a specifically configured landscape with soil
always playing a very important role. By dumping mine waste, new habitats with great
biological potential are created [1,2]. Soil affects dominance, vegetation dynamics, and
succession [3–5], but most landfill areas have been technically renewed. Forestry reclamation
has involved mainly monoculture stands, but for technical reclamation, non-native trees
and shrubs are sometimes used [6,7], which can be unsuitable because of their invasive
potential [8,9]. If the source of diaspores of an invasive species is located close to a successional
area, these areas are susceptible to invasion [10]. Due to their often allelopathic characteristics
and influence on soil chemistry, these species can negatively impact biodiversity.

It is highly advisable that new mining sites are colonized by native species that will
naturally fill the ecological niche and, thus, contribute to better landscape stability. How-
ever, as nutrient availability increases, spoil heaps can become targets for invasive species

Diversity 2022, 14, 13. https://doi.org/10.3390/d14010013 https://www.mdpi.com/journal/diversity

https://doi.org/10.3390/d14010013
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diversity
https://www.mdpi.com
https://orcid.org/0000-0002-6510-7218
https://orcid.org/0000-0002-4114-6909
https://orcid.org/0000-0003-0057-8139
https://orcid.org/0000-0002-7060-2459
https://doi.org/10.3390/d14010013
https://www.mdpi.com/journal/diversity
https://www.mdpi.com/article/10.3390/d14010013?type=check_update&version=1


Diversity 2022, 14, 13 2 of 15

because of their excess resources. If habitat conditions change rapidly, for example, by the
addition of nitrogen [11], the new conditions may favour the expansion of undesirable
species, which then prosper at the expense of diversity [12]. The availability of nutrients that
are important to a species can affect the dispersion of that species in the environment [13].
The community’s response to the supplied nutrients tends to be very rapid and usually
leads to a reduction in species richness at the local level [14]. Nitrogen, phosphorus, and
potassium (the NPK nutrients) can quickly change the species composition in an area [15].
This can be particularly problematic in alder (Alnus) stands, where natural nitrogen fixation
occurs, and undesirable species such as Calamagrostis epigejos or Arrhenatherum elatius can
spread [16–18]. There is probably no such danger in spontaneous succession because the
community naturally tends towards stability in which community members use resources
efficiently and sustainably [19,20].

The ‘Velká Podkrušnohorská’ spoil heap (Czechia) consists of both forestry reclamation
and spontaneous succession. Vegetation on technical reclamation develops differently from
that under spontaneous succession [21]. On flat areas left to spontaneous succession, grass-
lands with Calamagrostis epigejos dominance develop [18,22–24]. If the area is not aligned
(waves are left from the conveyor belt), it can develop into a forest stand [22,25]. It is very
difficult to classify plant communities formed on sites affected by anthropogenic activities
into a syntaxon. The vegetation on an anthropogenic site is described as a complex resulting
from successional stages [26]. New communities develop on substrates that are quite different
in physical, chemical, and biological properties from the original ones. This happens despite
the altered geomorphology, which takes a long time to form in the natural environment.

Forestry reclamations have so far always been implemented as monoculture patches
that closely follow each other. However, these specific stands should be planted as a
mosaic of diverse habitats with a technical and successional component [27,28]. The chosen
dominant tree species strongly influences pedogenesis, the water requirement, and the
herbaceous community [18,29–32]. The vegetation, soil, and soil biota are components
that are closely intertwined and interdependent [33] and are very much influenced by the
composition of tree species, which strongly affect the biological properties of soils [34].
Vegetation composition is also influenced by the distance from source areas [35].

The main aim of our work was to determine which tree type for forest monoculture
was the most suitable alternative for succession. It is already known that spontaneously
restored areas have higher plant diversity than technically reclaimed sites [21]; however,
there is still a legal obligation to restore an area to the habitat type present before mining [36].
It is, therefore, not desirable or even possible to leave all areas to spontaneous succession.
We, therefore, defined three sub-objectives: (1) to find and define differences in herbaceous
vegetation between different types of forestry reclamation represented by the type of
dominant tree species in the tree canopy (Picea abies, Pinus sp., Larix decidua, long lived
deciduous, and Alnus sp., and spontaneous succession) in relation to soil properties; (2) to
determine, from the measured soil properties, the parameter that best reflects the variability
in specific vegetation of the spoil heaps and which factor is key to the formation of the
herbaceous vegetation; and (3) to compare the diversity, species abundance, life history,
life form, and affinity to the forest environment of selected forest reclamation stands with
spontaneous succession in two age categories.

2. Materials and Methods
2.1. Site Characteristics

The study was conducted on the ‘Velká Podkrušnohorská’ spoil heaps in Czechia
(50◦14′ 31′′ N, 12◦40′45′′ E) (Figure 1). This site contains mainly tertiary clays of the Cypris
series, which are composed mainly of montmorillonite, illite, and caolinite and are well
supplied with mineral nutrients (total P, especially). This is the overburden material from a
nearby lignite mine [37]. The mean annual precipitation is 800 mm, and the mean annual
temperature is 7 ◦C [38]. The pH of the substrate in the initial successional stages was 8 to
9 [39].
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Technical reclamation was carried out by direct planting of selected seedlings, and the
total area of the experimental planting was ~2000 ha. The gradual re-cultivation has created
a mosaic of forest stands of different ages. In the study site, there are mainly stands of pine
(Pinus sp.) and spruce (Picea sp.), alder (Alnus sp.) and larch (Larix decidua), summer oak
(Quercus robur), and lime (Tilia sp.). Smaller areas were left to spontaneous succession. Six
types of forest stands in two age categories were selected for the vegetation study. Five
habitat types were created by forestry reclamation as monoculture forests consisting of
(1) Norway spruce (Picea abies), (2) pine (Pinus sp.), (3) larch (Larix decidua), (4) long-aged
deciduous trees—small-leaved lime, English oak (Tilia cordata, Quercus robur), and (5) alder
(Alnus sp.). One forest type included in the study was formed by spontaneous succession
(6) as a combination of willow (Salix) and birch (Betula). For this study, stands of two
age categories were selected. The older forest is approximately 30–40 years old, and the
younger forest is approximately 20 years old.

2.2. Study Design and Data Sampling

Vegetation composition was studied in 36 plots (six forest types, two age categories,
three replicates). The size of the plots was set according to similar studies as a 5 × 5 m
square placed in the centre of the study plot represented by forest type and age [18]. Data
collection took place during the growing season (July and August). In each plot, the
herbaceous, shrub, and tree species (canopy cover) found were recorded, and their percent
cover was estimated. Communities occurring under these conditions were described by
dividing them into functional groups (if such a formation existed for the species). These
groups characterize individual species from different aspects: (1) life histories—according to
population strategies, i.e., response to external stimuli; we used the classical Grimm division
into C/S/R (competitive/stress/ruderal) strategies and their combinations; (2) life forms
according to Raunkiær—according to the deposition of regenerating buds, respectively. We
divide them into nanophanerophyte (NF), hemicryptophyte (HF), geophyte (G), therophyte
(T), and macrophanerophyte (MF); or (3) affinity to the forest environment (i.e., whether
the species occurs in the forest or not) [40]. Simpson’s diversity index (D) was calculated
for each plot. Soil samples were taken by sampler lawns from the top of the mineral soil
(after removal of the litter and organic horizon with trace of fermentation processes) at five
randomly selected points within each square simultaneously with the species inventory.
The sampler has a diameter of 23 mm and a length of 10 cm. Samples were dried at room
temperature and sieved through fine-sieve with a mesh size of 2 mm. Total soil carbon (C)
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and total soil nitrogen (N) were determined from these samples using a Primacs SNC-100
CN analyser. In addition, the depth of horizon A (humus) and pH were measured. The soil
pH values were determined after extraction with 0.01 M CaCl2 at a ratio of 1:2.5 (w/v).

2.3. Data Analysis

Factorial ANOVA was used to compare variables measured in the field and in the
laboratory. After significant results were obtained (p < 0.05), multiple comparisons using
Tukey’s HSD test were used to identify significant differences between treatments. All anal-
yses were performed using Statistica ver13.5 software (Statsoft, Tulsa, OK, USA). Canonical
correspondence analysis (CCA) was used to visualize differences in plant community
composition in the context of the variables of interest. Forest type and age were used as
additional categorical variables. The variables (from C/N, TN, TC, pH, A horizon depth,
and canopy) that best captured the variability in our data were tested and selected using
the forward selection function, and a Bonferroni correction was applied to reduce the
probability of first-order error [41]. Canoco 5 software was used for CCA with additional
variables, variability distributions, and other projections [42].

3. Results

The newly formed substrates were first colonized by R-strategy plants, which are
annuals—therophytes that tolerate frequent disturbances, quickly colonize open areas, and
reproduce rapidly. Species with this strategy leave alder stands, long-lived deciduous trees,
spruce (Picea), and pine (Pinus) in the younger growth stages. During habitat development,
R-strategists are replaced by competitively stronger C-strategists or species that carry
this strategy at least in combination (Figure 2). However, C-strategists do not tolerate
stress and disturbance. The highest proportion of competitive strategists relative to the
average number of species was recorded in Larix stands. S-strategists, which tolerate stress
well, were not seen in the experimental plots. This category is present only as mixed
CS-strategists in all stands except stands in the younger growth stage of succession and
Picea stands in both categories. Species with the SR strategy occurred only in the younger
growth phase of longleaf deciduous stands and in the growth phase of successional stands
of willow and birch. Of the intermediate phases, species with a CSR strategy were the most
abundant in all categories surveyed, which is not uncommon on sites such as these.

The distribution of plants into Raunkiær life forms was fairly even across all vegetation
types (Figure 3). Only in successional stands was the proportion of hemicryptophytes the
highest, while geophytes, therophytes, and macrophanerophytes were less represented than
in the other forest types studied. The presence of macrophanerophytes in the herbaceous
layer indicates natural rejuvenation of the stands. The number of species relative to
total herb abundance is visualized in Figure 4. The highest abundances were found in
stands of Alnus at the younger and older stages, but in neither case were stands with
the highest number of species detected. Most species were collected in stands of Larix
and long-statured broadleaves, where there was also a relatively good involvement of
the herbal layer (abundance). The lowest abundance was recorded in Picea stands at
both ages. The successional stands were in the middle values of the measured data.
This is a balanced relationship between abundance and number of species. A similar
equilibrium was recorded in older stands of Pinus and long-aged broadleaves. Some
stability in successional stands is shown in Figure 5. In the younger successional stages,
non-forest or rather non-forest species (species occurring partly in forest but mainly in
open vegetation) dominate with a smaller proportion of inert and forest species. During
succession, the species that prefer treeless conditions recede and inert or forest species
predominate, while the proportion of species that do not grow spontaneously in forests
decreases. Regardless of stand type, the proportion of species in both forest and non-forest
vegetation increases with age. This change was least evident in the Picea stand, where,
however, there were no forest-associated species in either age group. The species found here
are generally found outside of forest habitats or are more likely to be non-forest species.
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Older Pinus stands had the highest measured total carbon levels, which were demon-
strably different from those of younger Larix stands (Table 1). Total nitrogen levels did
not differ between sites (F = 2.487; p = 0.059), but because these values were of borderline
significance, a Tukey’s post hoc test was performed to distinguish between younger Larix
stands and younger long-lived deciduous stands (Table 1).

Table 1. Results of factorial ANOVA for soil properties. Letters indicate significant differences based
on post hoc Tukey test.

Type Age pH (CaCl2) TC * [%] TN * [%] C/N [-] D * [-] Humus Thickness [cm]

Alnus
younger 7.4 ab 9.27 abcd 0.57 ac 16 ab 0.92 b 4.42 ab

older 6.1 abc 8.98 abcd 0.58 ac 16 ab 0.48 ab 9.55 c

Larix
younger 7.1 abc 5.82 a 0.26 b 23 bc 0.22 a 3.19 ab

older 6.8 abc 10.87 cd 0.39 ab 28 cd 0.65 ab 7.33 ac

L–L Deciduous
younger 7.4 ab 10.36 bcd 0.75 c 13 a 0.34 ab 10.00 c

older 7.3 ab 8.36 abc 0.56 ac 14 a 0.23 a 7.07 ac

Picea
younger 7.5 b 6.40 abc 0.41 ab 15 ab 0.06 a 3.81 ab

older 5.7 c 6.16 ab 0.40 ab 15 ab 0.36 ab 3.59 ab

Pinus
younger 7.0 abc 6.70 abc 0.35 ab 19 ab 0.17 a 2.95 ab

older 5.9 ac 13.29 d 0.39 ab 35 d 0.24 a 5.46 abc

Succession
younger 5.6 c 6.24 ab 0.48 ab 12 a 0.54 ab 2.33 b

older 7.4 ab 6.32 ab 0.41 ab 15 ab 0.55 ab 3.92 ab

F (5;24) 10.486 7.59 2.487 6.691 2.766 5.315

p 0.05 <0.001 <0.001 0.059 <0.001 0.041 0.002

* TC—total carbon; TN—total nitrogen; D—Simpson’s diversity index.

The lowest measured A horizon depth was recorded for the younger successional
stages. In contrast, the deepest horizon was recorded in older Alnus stands and on long-
lived deciduous stands (Table 1). The highest C/N ratio (Figure 6, Table 1) was recorded in
Pinus stands. These stands differed significantly from long-lived deciduous, Picea, Alnus,
and successional stands (F = 6,691; p < 0.001). There was no joint effect of forest type and
age (F = 1.724; p = 0.168). Thus, stand type was a significant factor influencing the C/N
ratio. Using forward selection analysis with Bonferroni correction, we identified the depth
of the C/N ratio (p = 0.036) and A horizon (p = 0.072) as the best fit to the distribution
of our data. There was no further explained variability for tree canopy cover (p = 0.234)
or pH (p = 0.712). When we tested the variables without Bonferroni or other correction,
C/N (p = 0.006), A horizon depth (p = 0.012), and canopy (p = 0.039) emerged as significant
factors. We, therefore, chose the variable C/N as a representative environmental gradient
along which plant species were distributed in terms of their habitat requirements; this
relationship can be visually represented using Van Dobben circles (Figure 7). Species such
as Aegopodium podagraria, Ranunculus repens, Calamagrostis epigejos, Geum urbanum, Festuca
ovina, Dactylis glomerata, Rosa sp., and Symphytum officinale have affinity for lower values
of C/N. Affected species include Carduus acanthoides, Artemisia vulgaris, Fagus sylvatica,
Monotropa hypopitys, Salvia pratensis, Betula pendula, Agrostis stolonifera, Lathyrus pratensis,
Leontodon hispidus, Crataegus sp., Lysimachia nummularia, Arctium lappa, Festuca rubra, Scro-
phularia nodosa, Trifolium dubium, Daucus carota, Luzula luzuloides, Festuca arundinacea, and
Solidago canadensis.
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Plant diversity as expressed by the Simpson’s index (Figure 6b) varied among stand
types (F = 2.8, p = 0.04). The highest values were measured in younger stands of Alnus and
the lowest in younger stands of Picea. Interesting results were obtained in successional
stands of both age categories and in older stands of Larix and Alnus. The Larix stands in
the younger stages were species-poor, but with increasing age many species entered the
understorey, and diversity increased significantly. The CCA analysis (Figure 8a) shows
the different characteristics of the studied forest stands over time. C/N, A horizon depth,
and tree canopy were used as explanatory variables. These factors were selected as best
explained by the forward selection function (above). The projections showed that younger
stands of Alnus and Larix typically have a dense canopy, but canopy cover decreases with
increasing age. The change over time is most pronounced in stands of Alnus, Larix, and
long-lived deciduous trees. Over a period of about 20 years, the tree canopy becomes looser,
but at the same time, due to well-distributed litter, a good humus is formed, represented by
the horizon A. Succession stands have a lower tree canopy richness at younger stages due
to natural, gradual, and spontaneous colonization by different tree species, dominated by
Salix or Betula, and canopy cover increases with stand age. The least striking changes, in
terms of crown involvement and A horizon development, occurred in Picea stands, which
did not differ much from each other. Picea and Pinus stands also did not differ much in
terms of the parameters observed at younger stages. The A horizon deepened as the tree
canopy became more open.

The CCA analysis (Figure 8b) shows the best fitting species of the monitored stands.
For Alnus (older phase) it was Rosa sp., Festuca ovina agg., or Pastinaca sativa and species of
the genera Rubus and Ribes. In the older phase, the communities of alder stands, larches,
and longleaf deciduous trees were mainly composed of species that occur in either forest
or non-forest environments, but shrubs or trees were also found in the herbaceous layer
(Prunus, Alnus, Rubus, and Ribes). The best fitting species of younger long-lived deciduous
trees were Hypericum perforatum (non-forest species), Ligustrum vulgare, and Tanacetum
vulgare. Festuca gigantea is one of the forest species. Non-forest species such as Crepis
biennis, Tussilago farfara, Medicago lupulina, and Poa compressa were found in the herbaceous
layer. The phase was characterized by a greater representation of the tree layer. A species
typical of forest edges and clearings, Epipactis helleborine, was also recorded. However,
typical non-forest species such as Melilotus albus or Trifolium pratense were also found in the
stands. In one case, the invasive species Impatiens parviflora was found. Older long-aged
broadleaves resemble older stands of Alnus in terms of their observed characteristics.
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Figure 7. Van Dobben circles on the bases of CCA, the blue circle shows species negative responses,
and the yellow ring shows the positive reactions of species on the C/N ratio (red triangle). Aegopodium
podagraria—AegpPodg; Agrostis stolonifera—AgrsStol; Arctium lappa—ArctLapp; Artemisia vulgaris—
ArtmVulg; Betula pendula—BetlPend; Carduus acanthoides—CardAcan; Calamagrostis epigejos—CalmEpig;
Crataegus sp. —CrataSp; Dactilis glomerata—DactGlom; Daucus carota—DaucCart; Fagus sylvatica—
FagsSylv; Festuca arundinacea—FestArun; Festuca ovina—Festovin; Festuca rubra—FestRubr; Geum
urbanum—GeumUrbn; Lathyrus pratensis—LathPrat; Leontodon hispidus—LeonHisp; Luzula luzuloides—
LuzlLuzl; Lysimachia nummularia—LysmNumn; Neottia nidus-avis—NeotNids; Ranunculus repens—
RanuRepn; Rosa sp.—RosaSp; Salvia —SalvPrat; Scrophularia nodosa—ScrpNods; Solidago canadensis—
SoldCand; Symphoricarpos albus—SympAlbs; Torilis japonica—TorlJapn; Trifolium dubium—TrifDubi.
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Figure 8. CCA with supplementary variables (forest type and age). Total explanatory variables
account for 13.25%. The first ordination axis included 37.99% of the data variability, and the second
included 35.25%. Blue points indicate forest types differentiated by age (Y—younger, O—older),
the abbreviation L–L decid indicates long-lived deciduous trees. (a) CCA with supplementary
variables (forest type) with environmental variables (humus, canopy, C/N ratio); (b) CCA with
supplementary variables (forest type) with species context. The 55 most fitting species are listed.
Species differentiated according to affinity to forest environment (brown—non-forest; green—forest;
red—rather non-forest; purple—inert; blue tree/shrub). Artemisia vulgaris—ArtmVulg; Astragalus
glycyphyllos—AstrGlyc; Barbarea vulgaris—BarbVulg; Betula pendula—BetlPend; Calamagrostis epigejos—
CalmEpig; Calystegia sepium—CalsSepi; Carduus acanthoides—CardAcan; Centaurea stoebe—CentStoe;
Cirsium vulgare—CirsVulg; Crataegus sp. —CrataSp; Daucus carota—DaucCart; Epilobium angustifolium—
EpilAngs; Epipactis atrorubens—EpipAtro; Festuca arundinacea—FestArun; Festuca ovina—Festovin; Fes-
tuca rubra—FestRubr; Galeopsis bifida—GaleBifd; Geum urbanum—GeumUrbn; Hieracium murorum—
HierMuro; Hieracium pillosela —HierPill; Hypericum perforatum—HyprPerf ; Lathyrus niger—LathNigr;
Lathyrus pratensis—LathPrat; Leontodon hispidus—LeonHisp; Leucanthemum vulgare—LeucVulg; Ligus-
trum vulgare—LigsVulg; Luzula luzuloides—LuzlLuzl; Mycelis muralis—MyclMurl; Pastinaca sativa—
PastSatv; Pimpinella saxifraga—PimpSaxf ; Pinus sylvestris—PinsSylv; Plantago lanceolata—PlanLanc; Poa
nemoralis—PoaNemor; Poa trivialis—PoaTrivi; Potentilla erecta—PotnErec; Prunus—Prunus; Ranunculus
repens—RanuRepn; Ribes sp.—RibesSp; Rosa sp.—RosaSp; Rubus caesius—RubsCaes; Rubus ideaus—
RubsIdea; Salvia pratensis—SalvPrat; Scrophularia nodosa—ScrpNods; Solidago canadensis—SoldCand;
Stellaria media—StelMedi; Tanacetum vulgare—TancVulg; Taraxacum sec. Ruderalia—TarSecRd; Tilia
cordata—TiliCord; Tussilago farfara—TussFarf ; Urtica dioica—UrtcDioi.

The species composition of the plant community resulting from spontaneous succes-
sion was characterized by a fairly balanced representation of forest and non-forest species,
especially in the younger phase. In this phase, Calamagrostis epigejos or Tussilago farfara was
still the dominant species. In older stands, non-forest species were declining due to the
greater canopy cover. The endangered taxon Pyrola minor (near-threatened category, IUCN)
was recorded in these stands. Younger Larix stands were characterized by a low abundance
of species in the herbaceous floor (Figure 4). The observed species involved only a few
individuals. Non-forest species were mainly represented by Poa compressa, Crepis biennis,
and Carduus acanthoides. Of the forest species, Milium effusum was recorded. Older phases
of Larix stands were among the most species-rich stand types. The reason for this was
probably the change in soil conditions, loosening up of the canopy, and subsequently, the
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occurrence of heliophytes. The plant communities here were well developed. Non-forest
species of the genus Festuca or Achillea millefolium and Pimpinella saxifraga and a relatively
large number of seedlings of other woody plants were well established in these stands.

The younger Pinus stands lacked mature herbaceous vegetation. The understorey
consisted mainly of non-forest or rarely occurring species in forest stands. These were
probably species that were retreating from the previous growth phase. The number of
species in the stands did not change significantly, but the herbaceous understorey increased
in abundance. There were still no forest species, but species that occur mainly in non-forest
habitats such as Artemisia vulgaris and Daucus carota were found. The Picea stands in both
phases did not have a developed herbaceous understorey. Species occurring in the younger
stands of the previous phase tended to disappear. Once the forest cover was established,
there was not enough light penetrating the lower levels, and the soil conditions were
unfavourable for plant growth.

4. Discussion

In this study, we investigated differences in forest reclamation and succession in
terms of biodiversity, plant functional groups, and selected soil properties. In the case
of forest reclamation, seedlings were placed directly into the backfill. Borůvka et al. [43]
reported that topsoil application improved initial substrate quality, but this approach is
only applicable to small areas. Taking into account the cost of planting and replanting dead
seedlings, and the time required, this is a very costly restoration relative to the alternative
of spontaneous succession [20,21,44,45].

Community structure is influenced by many biotic and abiotic factors [24,32,33]. The
initiation of pile processing and the type of dominant woody plant are the critical factors in
the ecosystem that determine the direction of community development [46]. Forest type
determines the composition of the herbaceous understory. Each stand type develops a spe-
cific plant community, so a forest should be planned as a mosaic of different species [29,30].
Deciduous tree species influence soil biological properties more than conifers [34], as soils
in deciduous forests are more fertile than in coniferous forests [47]. For example, Pinus
stands have a slowly decomposing understory compared to that under deciduous trees,
again slowing down pedogenesis [48]. Larix stands performed relatively well in this ex-
periment, but the ambiguity of views on the natural distribution of this species should
be taken into account [40,49]. Non-native species can sometimes increase plant diversity
and habitat heterogeneity, including soil characteristics, but this carries risks of potential
invasion [50], especially for Alnus stands. These have a higher proportion of herbaceous
vegetation and higher biomass production due to faster nutrient cycling, including better
nitrogen availability, which increases the risk of invasiveness [50–54]. Since Alnus stands
start to decline much earlier than other monitored stands, it would be advisable to have
further plantings allocated in the forest management plan or the management plan, if
the area is protected. In terms of pedogenesis and speed of preparation for subsequent
use, Alnus is a suitable solution, including for landscaping. Vacek et al. [54,55] stated that
Alnus-dominated forestry reclamations were quite popular; however, in the case of the
Sokolov spoil heaps, such stands were definitely underrepresented.

Picea stands did not reach favourable ecological parameters. Picea on spoil heaps gen-
erally does not perform well [55,56] because of edaphic and geographic reasons. Picea is not
a natural dominator of the vegetation in this area [26]. Edaphic factors and high tree abun-
dance also play important roles in Pinus stands. Once the forest canopy becomes denser,
not enough light penetrates to the lower levels, and soil conditions are less favourable for
plant growth [18]. Low abundance in the younger stages does not necessarily imply low
abundance in the following years, as shown by the results of measurements in long-lived
deciduous, Pinus, and Larix stands, where the age of the site may influence growth [56,57].

In this study, the most important factors determining the plant community type
were the soil C/N ratio and the humus horizon thickness, which correspond with the
soil biological activity [24]. According to previous studies, in the early stages of the



Diversity 2022, 14, 13 12 of 15

spoil heap development, soils have a low content of readily available organic matter and
nitrogen [57,58]. Composition of tree species is a very important variable that determines
the C/N ratio of soils [58,59]. Picea stands had a surprisingly low C/N ratio, which is
in contrast to other studies [59,60]. This fact is explained by the sampling scheme below
the organic horizon with trace of fermentation processes, where there is a large amount
of clay and consequently less organic matter. According to Frouz et al. [33], time has a
great influence on the community. Over time, forest species should start to appear in
the understorey, but the problem is with the quality of the diaspore source. The area is
mainly characterized by species-poor, unnatural spruce stands, but even these types of
habitats can contribute to carbon sequestration, albeit with a different distribution within
the ecosystem compared to natural forests [60,61]. There were no significant differences
in species differentiation by life form, which is not consistent with Piekarska-Stachowiak
et al. [61,62]. The different results may be explained by different geographical conditions
(temperature, altitude), as these factors are often the main drivers of the community [62,63].
The slower development of the plant community in Picea stands compared to others is
shown by the fact that no species with a CS strategy was found at any age stage [21].

The herbaceous vegetation in the different stands differed significantly. The dominant
tree species strongly influenced pedogenesis and the herbaceous layer [18,29–31]. Forest
reclamations are often formed as monoculture strips, and on longer time scales, reclaimed
forests do not lag behind the nearby commercial forests [63,64]. However, spoil heap
reclamation should be planned as a diverse mosaic of habitats with both technical and
successional components [27,28,64,65]. Deciduous trees from spontaneous succession or
reclamation appear to be best from a landscape stability perspective [65,66]. Vegetation,
soil, and soil biota are components that are tightly intertwined and interdependent [33]
and depend heavily on the characteristics of the tree canopy [34].

5. Conclusions

This study identified C/N ratio, A horizon depth, and tree cover as important factors
shaping the herbaceous vegetation of the spoil heaps. Plant communities change over
time, but the relatedness of functional groups with vegetation type and age could not be
traced in the vegetation of the spoil heaps. Therefore, we do not consider these functional
groups to be determinative for this type habitats. Herbaceous vegetation does not change
significantly in Picea stands, where the abundance of the herbaceous floor is low even at
older ages. For sustainable forestry reclamation, we propose that it should be planned as
a deciduous or mixed forest. We recommend that the mix should include mainly alder,
long-standing broadleaves and, if conditions are right, Larix. The combination of these
species should also have an impact on plant diversity and soil characteristics. A large
number of sites are still technically reclaimed, although spontaneous succession is a very
suitable alternative, as is managed succession, as other studies have shown. We, therefore,
recommend combining spontaneous succession with technical reclamation if biotic and
abiotic factors of habitats favour this solution.
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