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Abstract

Non-Native Tree Species (NNTs) play crucial roles in global and European forests. However,
in the Czech Republic, NNTs represent a tiny fraction of the forested areas due to limited
research on their potential use. The country is actively afforesting abandoned agricultural
lands; NNTs which are already tested and certified could enhance the country’s forestry
system. This study aimed to evaluate the initial growth of Castanea sativa, Platanus acerifolia,
and Corylus colurna under three soil treatments on abandoned agricultural soil, evaluate
the survival and mortality of the tree species, and further compare the soil dynamics
among the three ecosystems to describe the initial state and short-term changes in the soil
environment. The research plot was set in the Doubek area, 20 km East of Prague. Moreover,
soil-improving materials, Humac (1.0 t·ha−1) and Alginite (1.5 t·ha−1), were established
on the side of the control plot at the afforested part. The heights of plantations of tree
species were measured from 2020 to 2024. Furthermore, 47 soil samples were collected
at varying depths from three ecosystems (afforested soil, arable land, and old forest) in
2022. A single-factor ANOVA was run, followed by a post hoc test. The result shows that
the Control-C plot (Castanea Sativa + Platanus acerifolia + Corylus colurna + agricultural soil
without amendment) had the highest total growth (mean annual increment in the year 2024)
for Castanea sativa (KS = 40.90 ± a21.61) and Corylus colurna (LS = 55.62 ± 59.68); Alginite-
A (Castanea Sativa + Platanus acerifolia + Corylus colurna + Alginite) did best for Platanus
acerifolia (PT = 39.85 ± 31.52); and Humac-B (Castanea Sativa + Platanus acerifolia + Corylus
colurna + Humac) had the lowest growth. Soil dynamics among the three ecosystems
showed that the old forest (plot two) significantly differs from arable soil (plot one), Humac
and Platanus on afforested land (plot three), Platanus and Alginite on afforested land (plot
four), and Platanus without amendment (plot five) in horizon three (the subsoil or horizon
B) and in horizon four (the parent material horizon or horizon C). Results document
the minor response of plantations to soil-improving matters at relatively rich sites, good
growth of plantations, and initial changes in the soil characteristics in the control C plot.
We recommend both sparing old forests and the afforestation of abandoned agricultural
soils using a control treatment for improved tree growth and sustained soil quality. Further
studies on the species’ invasiveness are needed to understand them better.
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1. Introduction
Abandoned and marginal agricultural lands are a crucial challenge in numerous world

regions. They are among Europe’s predominant land-use change processes, where these
lands are estimated to cover between 20,277 and 211,814 km2 by 2040 [1]. Numerous
benefits are identified for the afforestation of abandoned agricultural soils. These include
increased/restored soil fertility, water regulation, erosion control, fungal biomass increase,
greater decomposition ability, and carbon fixation [2]. Tree planting results in regaining
microbial biomass, mediating the challenges after carbon sequestration [3–5]. It increases
nutrient accessibility, like nitrogen and phosphorus, during mineralization through soil
organic matter (SOM) decomposition [6]. Non-Native Tree Species have been spread
throughout the world on abandoned agricultural soils and forestry systems for timber
production, biodiversity promotion, ecosystem enhancement, and landscape beautifica-
tion [7,8]. Contrary to the condition of agriculture, NNTs occupy a minor area in European
forests and the Czech Republic [9]. This represents 8.54 million ha, approximately 4% of
the forest cover in Europe [10], and 1.82% of the Czech Republic’s forest [9]. Many NNTs
were brought to Europe after the 16th century [11]. Some of the tree species have been
promoted (through cultivation) across Europe, due to the goods and services they provide
to societies [12]. After their first introduction, some of the NNTs have dispersed with little
or no human interaction, benefiting from good soil and climatic conditions, dominant
competition, and, in the end, becoming adapted or invasive in some scenarios [13]. Some
of the NNTs in Europe are planted for timber, such as Picea sitchensis, Eucalyptus globulus,
Pseudotsuga menziesii, and Robinia pseudoacacia, whereas some are used for ornamental
reasons, such as Quercus rubra L., Acacia dealbata, and Ailanthus altissima [14–17]. Some
researchers advocated that NNTs should be avoided in the massive tree-planting (3 billion
trees) campaign of Vision 2030 in Europe to attain zero carbon emissions by 2050 [18]

Consequently, the advantages and disadvantages of valuable NNTs are a topic of
academic discussion, due to possible negative impacts on the ecosystems that may occur
from the spread of such species [19–22]. NNTs are progressively debated in a situation of
world market change, the adverse effects of climate change on life, and insufficient man-
agerial activities [23–25]. As a result, numerous legislative bodies have been established
in European countries, focusing on regulating the development of NNTs, e.g., Regulation
(EU) No 1143/2014 [26]. This regulation mandates several EU Member states to imple-
ment concrete management measures for invasive species on the EU watch lists [11,27].
This is in addition to the management recommendation of NNTs by many researchers,
targeting the reduction of their possible negative impact [28]. On the other hand, there are
ecosystem impacts usually associated with NNTs linked to soil or biodiversity, which are
measurable and of research interest [29]. The impacts of NNTs on soil chemical properties
may have permanent ecosystem outcomes, considering the role of soil as a foundation
for environmental functioning. Common effects of NNTs on soil chemical properties are
attributed to changes in nitrogen amount and some nutrients, organic-matter breakdown
rate, pH, and organic carbon [30,31]. Depending on the viewpoint, soil changes caused by
the NNTs may be perceived as either advantageous or harmful. For instance, soil nitrogen
increments from leguminous species may be advantageous from the farmers’ viewpoint,
but harmful to conservationists [32]. In biodiversity, there is a concrete debate about the
harmful impacts of NNTs because they decrease or change the species richness or diversity
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of indigenous taxa, including fauna and floral populations [33]. Allelochemical interference
linked to NNTs is considered as the main mechanism that lowers the species richness of
herbaceous plants under non-native, rather than native, tree species [34]. However, NNTs
showed the highest percentage of regeneration compared to native species when used as a
soil seed bank [35].

The tendency to use NNTs in the forestry system is debated in the Czech Republic,
as well. For instance, Pseudotsuga menziesii (Douglas fir), an important species in Europe,
is an established species through legislation (Decree No. 298/2018 Coll), forest manage-
ment, and forest plan units, although it has some challenges with nature conservation ex-
perts [36,37]. Nevertheless, the story is different with particular coniferous and broadleaved
trees; Sequoiadendron giganteum (giant sequoia), Cedrus atlantica (Atlas cedar), Juglans nigra
(black walnut), Quercus rubra (Northern red oak), and Metasequoia glyptostroboides (Chinese
redwood) and other potentially adaptable NNTs are under consideration, due to global
warming [38]. In the context of the Czech Republic, NNTs can only be planted in research
fields (plots) without administrative protocols. This is to understand their desirability and
potentiality in the field (practical forestry). It is compulsory to test the tendencies of their
existence (life), growth, development, and invasive ability [39]. In the Czech Republic,
there is insufficient information on the performance of NNTs, particularly broadleaved
species. There is also little information regarding using soil amendments (treatment)
for NNTs’ broadleaved trees on abandoned agricultural soils. Moreover, soil amend-
ments like organic manure, farmyard manure, and green manure could affect seedling
growth in abandoned agricultural soil [40]. Consequently, there is a need for intensive and
comprehensive research.

This study aimed (i) to assess the initial growth of selected introduced broadleaved
tree species, Castanea sativa, Platanus acerifolia, and Corylus colurna, with the application of
two soil-improving materials, Humac and Alginite, on afforested agricultural land in the
Doubek locality, Central Bohemia, the Czech Republic, and (ii) (another aim) to compare
the upper soil state (horizon B) among forest site, arable soil, and the recently afforested
agricultural soil. Humac was found to improve soil properties and all forms of observed
nutrients, which increase crop yield [41]. Alginite is a component of certain kerogens,
together with amorphous organic matter, commonly used in the adsorption, separation,
and removal of cadmium ions in aqueous solutions. The Alginite from a central European
geological maar in Hungary was used for the production of a new unconventional sorbent
or mineral Sievers, for the removal of toxic metals in the soil [42]. In Slovakia, the soil shows
high humus content (15.5%) and has a considerable number of macronutrients (K, Ca, Mg),
and a high water-retention ability (110%); it is a useful natural sorbent agent, a growth
enhancer with no side-effects on the environment, and a fertilizer [43]. Consequently, trying
Humac and Alginate on Czech soil may yield similar positive results.

The selected species, Castanea sativa, Platanus acerifolia, and Corylus colurna are noble
hardwoods of economic importance originated from Southern Europe, which are consid-
ered from the perspectives of the climate change [44]. Trying their performance under
Humac and Alginite in the experimental plot may give them the potential for integration
into the Czech Republic forestry system, where afforestation is actively underway to combat
climate change through biodiversity, among other factors. The research provides answers
to the following questions: (i) Is there a difference in the tree species growth under control
(Agricultural soil without amendment) and Alginate or Humac treatments? (ii) Is the
survival of the tree species affected by the treatments? Is there a difference between the
topsoil (horizon B) of the old forest (plot two), arable soil (plot one), Humac and Platanus
on afforested land (plot three), Platanus and Alginite on afforested land (plot four), and
Platanus without amendment (Plot Five)? The findings might provide valuable insights
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to support foresters, policymakers, and researchers in making informed decisions and
interventions on improving forested agricultural land through tree species selection and
soil quality enhancement.

2. Materials and Methods
2.1. Study Site

The research project was initiated in the autumn of 2019, and the research plot was
established on private arable agricultural land in the locality of Doubek, 20 km east of
Prague (50◦116.511 N, 14◦4353.920 E). The plot is fenced at 1.55 hectares, and the tree
species were planted in autumn 2019 (Figure 1). The area’s climate is moderately warm
and humid, with mild winters; it is characterized by higher average temperatures in sum-
mer and dry periods, and its mean annual temperature (long-term) and precipitation are
9.8 ◦C and 550 mm, respectively [45]. The area is part of the Central Bohemian uplands,
and the bedrock, formed by granite with loess enrichment, is fresh and loamy, with a
tendency to drying and compaction. The soils are modal cambisols (Kam) with transition
to luvic cambisols (KA1). The natural forest vegetation is determined as a medium-rich
Querceto-Fagetum type. The soil type evaluation and tree species were conducted according
to the published classification by Němeček et al. [46]. As it is the initial state, the arable soil
is to be considered.

Figure 1. Research plot Doubek locality, Czech Republic: 1—Old forest, 2—Arable land, 3—Humac
variant, 4—Alginite variant, 5—Control variant.

Planting

The planting was conducted in the autumn of 2019 in the arable soil, used for wheat
and oil rape cultivation up until to this time, under conventional agriculture. Three intro-
duced species, i.e., Castanea sativa (Sweet chestnut-KS), Platanus acerifolia (plane tree-PT),
and Corylus colurna (Turkish hazel-LS), were planted at a spacing of 1.5 × 1.5 m. The areas
were treated with 1.0 t/ha of Humac or 1.5 t/ha of Alginite materials. The application and
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incorporation of soil-improving materials into the surface soil layer were carried out using
regular agricultural machinery and techniques before planting at both blocks. The general
area layout is presented in Figure 1. The comprehensive description of the area is given
by Gallo et al. [47]. The soil-improving materials were chosen based on the demand of the
owner, supposing their testing in the given conditions.

2.2. Data Collection

The tree species data were collected every year, from 2020 to 2024, at the end of the
vegetation seasons. The heights of the seedlings/individuals were measured by measuring
poles. Individual tree quality was described using a simplified scale grading: 1—excellent,
2—slightly deformed, 3—forked, twisted, 4—dying, and dead.

The soil samples (47 samples) were collected in October 2022. They were taken
at each subplot (1–5,) using an iron frame of 25 × 25 cm, and consisted of holorganic
horizons—only under forest—and soil auger (mineral soil horizons, all plots). The follow-
ing were used: agricultural land (arable land after wheat harvest plot 1), the old forest neigh-
borhood to the fenced afforested area (subplot 2), plane tree + Humac, plane tree + Alginite,
plane tree + control (in the fenced afforested former agricultural soil—plots 3–5, always in
4 replications. At arable-land and plane-tree plots, the horizons were sampled 0–10 and
10–20 cm; in the forest, horizons were 0–5, 5–10 cm (accordingly to visible pedogenetic
horizons), and 10–20 cm. Moreover, the holorganic horizons (L + F + H) are also present in
the forest.

The soil samples were transported to the laboratory, air-dried, and processed in the
Research Institute of Soil Monitoring and Protection (VÚMOP), according to standard
methods. The amount of surface humus layer was determined as dry matter at 105 ◦C,
active (water) and exchange pH in 1 M KCl by the potentiometric method, and sorption
complex characteristics by Kappen [48]: S—base content, T—cation exchange capacity,
V—saturation of sorption complex by bases (V = S/T), content of total oxidizable carbon
(humus) and nitrogen by Kjeldahl methods [49,50]. Total carbon content was multiplied by
the mean coefficient (1.724) [51] to estimate the organic matter (OM) content, calculation
of the C/N ratio, and content of available nutrients (P, K, Ca, Mg) by Zbíral method [52],
exchangeable acidity, the content of exchangeable aluminum and hydrogen, and the content
of total nutrients in holorganic horizons (N, P, K, Ca, Mg) after digestion with sulphuric acid
and selenium as a catalyst; the repetition and widening of soil analyses are desirable [53].

2.3. Data Analysis

SPSS version 29.0.20 (20) was used for statistical analysis. The nature of the data
obtained (normal distribution) was assessed. Having the normal distribution of the data
confirmed, a single-factor analysis of variance (ANOVA) was run, followed by a post hoc
test, according to Tukey. The significance level was chosen at the level (α = 0.05). The
distinction of height (mean annual height was calculated by summing the height of all trees
measured directly with measurement poles and divided by the total number of trees for
each species) and increment (the year increment was calculated as the mean difference in
height for each species with consecutive years: 2020 from 2021, 2021 from 2022, 2022 from
2023, and 2023 from 2024) between all three experimental variants (Humac, Alginite, and
the control) were assessed. Distinction in individual years was assessed. Values that varied
significantly were marked with different alphabets in the result tables (the same applied
to the soil results). The number of lost seedlings was rated as mortality at the end of the
2023 growing season.
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3. Results
3.1. The Results in the Doubek Locality

The comparison of three treatments, Alginite-A, Humac-B, and Control-C, on the
growth (mean annual measurement) and three species, Castanea sativa-KS, Platanus acerifo-
lia-PT, and Corylus colurna-LS, is shown in Table 1. Alginite-A indicates a stable increase in
mean annual measurements in all three species. Humac-B indicates a similar pattern, but
slightly lower values compared to those of Alginite-A. The Control-C indicates a persistent
increase in measurements with height, and has medium values between Alginite-A and
Humic-B. Among the species comparison, PT continuously shows the highest mean annual
measurement throughout the three treatments, while LS indicates the lowest.

Table 1. The mean annual height of KS, PT, and LS in the Doubek locality (research plot).

Variant Char.
Species (Mean ± Standard Deviation)

KS PT LS

Alginite-A H20 cm 39.01 ± 19.15 a 58.84 ± 27.25 b 30.60 ± 19.32 c
Alginite-A H21 cm 62.84 ± 38.64 a 132.10 ± 59.69 b 65.69 ± 40.29 c
Alginite-A H22 cm 94.98 ± 55.01 a 166.72 ± 81.07 b 99.40 ± 59.34 c
Alginite-A H23 cm 128.62 ± 70.88 a 206.57 ± 100.97 b 133.75 ± 75.03 c
Alginite-A H24 cm 149.46 ± 84.35 a 223.36 ± 111.72 b 155.38 ± 110.05 a
Humac-B H20 cm 36.14 ± 19.96 a 50.10 ± 23.30 b 25.46 ± 15.95 c
Humac-B H21 cm 58.61 ± 35.89 a 98.28 ± 44.53 b 45.38 ± 32.46 a
Humac-B H22 cm 84.85 ± 49.01 a 130.53 ± 58.21 b 74.19 ± 55.69 a
Humac-B H23 cm 117.34 ± 64.21 a 159.90 ± 72.72 b 96.46 ± 73.23 a
Humac-B H24 cm 138.15 ± 78.87 a 178.92 ± 82.01 b 118.22 ± 92.70 a
Control-C H20 cm 40.42 ± 18.97 a 47.38 ± 26.88 b 34.19 ± 20.47 c
Control-C H21 cm 64.60 ± 33.60 a 91.55 ± 52.83 b 59.31 ± 40.93 a
Control-C H22 cm 102.49 ± 50.45 a 134.22 ± 77.97 b 93.04 ± 61.16 a
Control-C H23 cm 143.39 ± 66.66 a 176.96 ± 105.12 b 148.65 ± 84.82 a
Control-C H24 cm 175.47 ± 81.67 a 192.80 ± 117.26 b 184.25 ± 94.49 a

Notes: Char. = characteristics, KS = Castanea sativa (Sweet chestnut), PT = Platanus (Plane tree), LS = Corylus colurna,
H = a height in the respective year. The same alphabet: statistically insignificant at 0.05. Different alphabets:
statistically significant at 0.05.

The comparison of three treatments, Alginite-A, Humac-B, and the Control-C, on the
mean annual increment and three species, Castanea Sativa-KS, Platanus acerifolia-PT, and
Corylus colurna-LS, is shown in Table 2. Alginite-A indicates an irregular pattern, with
the highest increment at I24 cm on KS. A decreasing increment was shown from I21 cm
to I23 cm, this but increased at I24 cm on PT. A relatively stable increment in Alginite
was shown on LS, with small fluctuations. Humac-B: KS indicates a relatively stable
pattern with a slight increase at I24 cm. PT indicates a decreasing pattern from I21 cm to
I23 cm, but this increased later, at I24 cm. Control-C indicates an increasing pattern
of the highest increment on KS at L24 cm. Unstable increment was indicated on PT at
I22 cm. An increasing increment pattern was shown to be the highest on LS. Overall,
KS shows a general mean annual increment across all treatments. PT shows an irregular
pattern of mean annual increment. LS indicates a stable mean annual increment across the
three treatments.

The general comparison among the Alginite-A, Humac-B, and Control-C shows
that control indicates the highest general growth for Castanea sativa (KS) and Corylus
colurna (LS). Alginite-A does best for the Platanus acerifolia (PT), while Humac-B shows
the lowest growth, generally, compared to the two treatments (Alginite-A and Control-C)
(Tables 1 and 2).
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Table 2. The mean annual increment of KS, PT, and LS in the Doubek locality (research plot).

Variant Char.
Species (Mean ± Standard Deviation)

KS PT LS

Alginite-A I21 cm 23.83 ± 25.08 a 73.26 ± 40.41 b 35.09 ± 30.02 c
Alginite-A I22 cm 32.69 ± 23.21 a 37.24 ± 23.88 b 38.34 ± 31.01 b
Alginite-A I23 cm 23.26 ± 32.87 a 16.52 ± 50.91 b 19.13 ± 53.64 b
Alginte-A I24 cm 33.65 ± 26.41 a 39.85 ± 31.52 a 34.35 ± 29.33 a
Humac-B I21 cm 22.46 ± 23.13 a 48.17 ± 30.24 b 19.92 ± 21.52 a
Humac-B I22 cm 27.43 ± 23.35 a 32.25 ± 19.67 b 30.13 ± 31.64 a
Humac-B I23 cm 23.31 ± 19.36 a 19.02 ± 26.21 b 19.31 ± 25.68 a
Humac-B I24 cm 32.48 ± 24.45 a 29.37 ± 20.75 a 22.27 ± 32.81 a
Control-C I21 cm 24.17 ± 20.60 a 44.17 ± 37.08 b 25.11 ± 26.09 a
Control-C I22 cm 37.89 ± 24.12 a 44.77 ± 33.14 a 34.57 ± 29.27 a
Control-C I23 cm 31.82 ± 19.51 a 15.42 ± 21.55 a 40.08 ± 49.48 a
Control-C I24 cm 40.90 ± 21.61 a 42.75 ± 32.51 a 55.62 ± 59.68 a

Notes: Char. = characteristics, KS = Castanea sativa (Sweet chestnut), PT = Platanus (Plane tree), LS = Corylus
colurna, I = height increment in the respective year. The same alphabet: statistically insignificant at 0.05. Different
alphabets: statistically significant at 0.05.

3.2. Number of HealthySeedlings and Mortality in the Doubek Locality

The mortality of the tree species and the health condition at the end of the
2023 growing season in the Doubek locality research area were monitored. Table 2 shows
statistical outcomes. The data indicate the healthy and mortality distribution for the tree
species Castanea sativa -KS, Platanus acerifolia-PT, and Corylus colurna-LS throughout
different years. The general results showed that most of the experimental trees were healthy,
with a smaller fragment suffering death (mortality) (Table 3).

Table 3. Mortality and healthy state of tree species in the Doubek locality (research plot).

Tree Species Healthy State/Mortality Year
2020 2022 2023 Total

KS
Healthy state 278 21 30 329

Mortality 53 2 2 57
Total 331 23 32 386
PT Healthy state 276 41 11 328

Mortality 50 9 3 62
Total 326 50 14 390

LS Healthy state 71 23 11 105
Mortality 16 4 5 25

Total 87 27 16 130

Total
Healthy state 625 85 52 762

Mortality 119 15 10 144
Grand total Healthy state + Mortality 744 100 62 906

Notes: KS = Castanea sativa, PT = Platanus acerifolia, and LS = Corylus colurna.

3.3. Dynamics of Soil Properties in the Doubek Locality (Research Plot)

The different soil characteristics evaluated throughout plots one to five and horizon
number three and four (because horizons one and two are only on one, plot two-old
forest) on the Doubek locality showed that old forest (plot two) has significant differences
compared to arable soil (plot one), Humac-B and Platanus (plot three), Alginite-A and
Platanus (plot four) and the Control-C; Platanus without amendment (plot five). The
differences in the soil characteristics among the five plots showed that the old forest (plot
two) has different properties from the other plots (Table 4).
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Table 4. Different characteristics of soil properties on particular plots at the Doubek locality. Data
from holorganic horizons (1, 2) not indicated (present only at forest (plot 2)).

Characteristics Unit Horizon pl 1 pl 2 pl 3 pl 4 pl 5

pH/H2O 3 5.60 a 4.87 b 5.83 c 5.91 c 5.84 c
4 5.64 a 5.08 b 5.72 a 5.76 a 5.71 a

pH/KCl 3 4.54 a 3.57 b 4.74 a 4.80 a 4.68 a
4 4.67 a 3.76 b 4.75 a 4.63 a 4.63 a

S mval/100 g 3 9.77 a 5.81 b 10.67 a 10.68 a 11.88 a
4 9.74 a 4.89 b 9.99 a 10.01 a 11.26 a

T − S mval/100 g 3 2.60 a 7.33 b 2.18 a 2.11 a 2.06 a
4 2.25 a 5.21 b 2.04 a 2.20 a 1.95 a

T mval/100 g 3 12.38 a 12.94 a 12.84 a 12.79 a 13.94 a
4 11.98 a 10.10 a 12.02 a 12.20 a 13.22 a

V % 3 78.99 a 42.73 b 82.93 a 83.43 a 85.07 a
4 81.29 a 47.74 b 83.17 a 81.99 a 85.13 a

Titration acidity mval/kg 3 2.26 a 27.27 b 1.97 a 1.93 a 1.77 a
4 2.06 a 24.27 b 2.00 a 1.99 a 1.82 a

H+ mval/kg 3 1.59 a 1.68 a 1.38 ab 1.28 b 1.34 b
4 1.52 a 1.70 b 1.43 a 1.41 a 1.38 a

AL3+ mval/kg 3 0.67 a 25.29 b 0.59 a 0.64 a 0.43 a
4 0.54 a 22.57 b 0.58 a 0.58 a 0.48 a

Humus content % 3 2.50 a 4.90 b 2.69 a 2.34 a 2.83 a
4 2.63 a 2.98 a 2.20 a 1.97 a 2.05 a

Cox % 3 1.45 a 2.84 b 1.56 a 1.35 a 1.65 a
4 1.53 a 1.73 a 1.28 a 1.14 a 1.19 a

combustible l % 3 4.81 a 7.09 b 5.02 a 4.86 a 5.26 a
4 4.84 ab 5.51 b 4.49 a 4.36 a 4.63 a

% 3 0.143 a 0.150 a 0.146 a 0.109 a 0.096 a
total N 4 0.121 a 0.122 a 0.135 a 0.120 a 0.119 a

P mg/kg 3 36.0 a 21.67 a 3.50 a 37.08 a 36.25 a
4 37.25 a 14.00 b 2.75 a 41.25 a 32.25 a

K mg/kg 3 203.75 a 157.67 a 253.75 a 343.00 b 390.20 b
4 182.75 a 142.75 a 184.00 a 180.50 a 185.75 a

Ca mg/kg 3 1084.8 a 478.0 b 1183.3 a 1083.5 a 1197.3 a
4 1163.0 a 469.3 b 1185.5 a 1089.3 a 1266.8 a

Mg mg/kg 3 114.0 a 75.0 b 120.75 a 129.5 a 121.0 a
4 122.8 a 70.3 b 110.5 a 105.5 a 114.0 a

Notes: Plots: 1 = arable land; 2 = old forest; 3 = Humac + Platanus; 4 = Alginite + Platanus; 5 = control, no
amendment + Platanus; Horizons: 3 = Ah, 4 = B (upper 10 cm); Characteristics: S = base content exchange capacity
(ekv. BC); T-S = hydrolytical acidity; T − S = cation exchange capacity (ekv. CEC); H+ = exchangeable hydrogen
ion content; AL3+ = exchangeable aluminum ion content; Cox = oxydable carbon content; P, K, Ca, Mg = plant
available-nutrient contents. The different alphabets show statistically significant results at 0.05; otherwise, they
show statistically insignificant results.

For active (water) and exchange pH (pH/H2O) in 1M KCL, horizons three and
four showed more significant differences between the old forest (plot two) and the four
other plots. Significant differences in horizons three and four were recorded in complex
characteristics: S-saturation base content, T-S-total soluble salts, and V-base saturation
between the old forest (plot two) and the other plots. Furthermore, significant differences
were observed in the titrable acidity between the old forest (plot two) and the others in
horizons three and four, respectively. Only horizon three showed significant differences
between plots four and five and the rest of the plots in H+. For Al3+, significant differences
were observed between horizons three and four of plot two and the rest. Humus in horizon
three of plot two showed significant differences from the other plots. For organic carbon,
the same horizon three showed a significant difference between plot two and the others.
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For the contents of combustible humus, plot two showed a significant difference compared
to the four others.

For the content of available nutrients (P, K, Ca, Mg), Potassium (K) in horizon three
showed a significant difference in Alginite and Platanus (plot four) and in control (plot
five) compared to arable soil (plot one) and old forest (plot two), and Humac with Platanus
(plot three). However, calcium (Ca) and magnesium (Mg), on both horizons three and four,
showed significant differences between the old forest (plot two) and the others.

4. Discussion
Regarding the general growth comparison among the three treatments (Alginite-A,

Humac-B, and Control-C) on the tree species, Castanea sativa (KS), Platanus acerifolia (PT),
and Corylus colurna (LS), there is a significant difference in growth in individual species
(Table 1). There are also significant differences between soil-improving treatments within
species. This is because KS and LS show the highest growth in the control, consistent
with Podrázský et al. [44], who reported the best performance of some introduced tree
species under control treatment in the Czech Republic. This may be due to the period of the
abandoned agricultural soil, among other drivers, which influences the growth, as reported
by Perdersen et al. [54], in Denmark. This could be due to the quick recovery of higher
macro-porosity and lower bulk density (physical properties) of soil after abandonment,
as reported by Piche and Kelting [55], in the eastern United States. In China, it was
found out that there is a relationship between soil properties on abandoned afforested
agricultural soil as years increase, which has a positive effect on tree height and diameter
of crown [56]. Adapting the introduced tree species to the new locality may also play a
role, as naturalization or invasiveness is normal in some NNTs, as reported by Vaceket
al. [39]. Similar invasiveness of NNTs was reported in Austria, many countries in Central
Europe, and the European Alpine area [57,58]. Nevertheless, Castanea sativa (KS) in Europe
is among the tree species affected by ink diseases, due to biological conquering fueled by
humans [59,60]. We also found that Alginite was particularly effective for the PT species.
This shows a significant difference between soil-improving treatments within species,
contrary to Podrázský et al. [44], who reported insignificant Alginite on the PT growth in
2023. This new development may be due to the slow mineralization of the Alginite, which
is a common characteristic reported in reviews around the world of organic amendments
in soils [61]. Organic fertilizer becomes typically more effective with an increase in years,
unlike inorganic fertilizer, which has an immediate effect [62]. Among the three treatments,
we found Humac to be the least effective on the replications’ growth and development. This
is probably due to the slower decomposition of Humac, especially in temperate regions [63].

Not much effect regarding mortality was found among the three treatments in the
research plot (Table 3). This probably means that the two amendments (Alginite-A and
Humac-B), just like the control treatment, do not affect the health or death of the seedlings,
as reported by Podrázský et al. [44]. It could be due to the adaptability of the newly
introduced tree species (KS, PT, and LS) to the temperate Czech soil [64]. This would
enhance mixed forestry in the Czech soil, where non-native tree species are scarce, as
reported by Wagner et al. [65]. This is essential, as mixed forests enhance ecological
stability, improve biodiversity, forest sustainability, resilience, redundancy of function,
and complementary approaches, and improve soil biological and chemical quality in tree
growth, especially on abandoned agricultural soils [66].

However, we found irregular growth patterns, especially in the mean annual increment
of the two soil amendments, stagnation, and negative growth (Table 2). This is more
significantly pronounced in Humac treatment, especially in PT and LS. This may be due to
the mean annual increase in each tree volume; it changes with varying growth phases in a
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tree’s life cycle [67]. The mean annual increment is usually highest in the medium years of
trees, and hence decreases slowly with an increase in age [68]. The mean annual increment
is the crest typically used in tracing the biological maturity of a tree and its ripeness for
logging [69]. It may be due to the relative fertility of the former land use (abandoned
agricultural soil), which makes those in the control treatment appear not much affected [70],
or the soil amendments, coupled with climate fluctuation, in Central Europe [71]. This may
change, as found in central Italy, because the addition of soil amendments and tree planting
increase soil quality over a longer period, which in turn improves tree growth [66].

Concerning different characteristics of soil properties in the Doubek locality (Table 4),
on active (water) and exchange pH (pH/H2O) in 1M KCL, horizons three and four showed
more significant differences between the old forest (plot two) and the four other plots. Soil
pH may respond quickly in the old forest compared to the arable soil (plot one), plot three
(Humac and Platanus on afforested land), plot four (Platanus and Alginite on afforested
land), and plot five (Platanus without amendment). This is due to the substitution in the
base cation pattern and the incorporation of plant remnants [72], which leads to a more
unusual pile of soil organic matter [73]. Consequently, the significant differences between
plot two and the others are probably a result of more excellent base cation absorption (by
trees) [72]. This may result from higher organic remnant downfall and decomposition [74].
Soil pH was lower in plot two in our study, consistent with Hong et al. [72] and Berthrong
et al. [74], who reported lower pH with higher C in continuous forested land than in
agricultural soils. In addition, the significant differences in pH/KCL (acidity/extractable
and water-soluble Al in soil) align with the findings of Dlouhá et al. [75], who reported
decreased pH values with increased Aluminum concentration in old forests. Accordingly,
the more significant part of KCl-extractable Al exists in the Al3+ form [75]. Furthermore,
significant differences in base saturation (v), exchangeable sodium (S), total soluble salt
(TSS), and percentage base saturation (V%) were observed between plot two and the other
four plots, in horizons three and four. The same information was observed between plot
two and the rest on the titer acidity and exchangeable hydrogen (H+). This may be related
to the old-forest stand age; however, similar soil dynamics may be recorded in the amended
afforested agricultural soils [40], as observed in a 34-year-old afforested agricultural soil
enriched with organic matter. Soil pH is recognized for identifying dynamics between
forest and afforested agricultural soil [76]. This study also observed significant differences
in Humus, organic carbon (C) content (Cox% %), and combustible I (a portion of the
organic matter that can be burnt or oxidized at high temperature), mainly on horizon three
between plot two and the other four plots. This is probably due to disturbances linked
to agricultural fields during tillage, unlike the old forest, which hardly encountered such
incidences [77–80]. Soil organic carbon stock was found to increase (up to 30 years and
above) after the afforestation of former agricultural soils [81,82]. However, soil organic
carbon stock was claimed to be unchanged after 30 years of afforestation on a pasture [83] in
Swiss alpine areas. This is contrary to the Czech Republic chernozem area, which recorded
an increase in SOC after more than 50 years [84].

Lastly, we observed significant differences between plot two and the other four, with
Phosphorus (P) only on horizon four. The higher amount of P in the old forest was probably
due to higher soil organic matter, mostly from litter fall, compared to the agricultural soil,
afforested agricultural soils with amendments, and the control [85]. Another study sug-
gested that P increases with age, following afforestation of abandoned agricultural soils [86].
Agricultural soil was found to have the least P content compared to other ecosystems; it is
possibly a result of P absorption by the arable crops [87]. P increase in the forest ecosystem
or afforested agricultural soil is also associated with the composition of the tree species;
pine-dominated stands increase level of P more than other species [88]. In our study,
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Potassium (K) in horizon three significantly differed on Alginite and Platanus (plot four)
and the control Platanus without amendment (plot five). This is likely due to its possible
constituents in the Alginite amendments (plot four) or its application during fertilization
in the arable field (plot five), especially for wheat cultivation, as in our study area. This is
consistent with Zörb et al. [89], who reported the mean soil reserve K as generally large,
necessitating its supply as soluble fertilizer. K-absence could affect photosynthates and
sugar accumulation on leaves, which not just yield production, but also quality indices, as
in wheat, grape, and potato [89]. Calcium (Ca) and Magnesium (Mg) in horizons three and
four significantly differed in plot two from other ecosystems in our study (Table 4). This is
probably due to the same fate as mentioned above in the litter fall accumulation of the old
forest, especially from coniferous trees like Douglas fir, as reported by Novák et al. [36].

5. Conclusions and Recommendations
This study explored how three non-native tree species—Sweet Chestnut (Castanea

sativa), Plane Tree (Platanus acerifolia), and Turkish Hazel (Corylus colurna)—responded
to different soil treatments in abandoned agricultural soil in Central Bohemia, Czechia
(Doubek locality). We tested two organic soil amendments, Humac-B and Alginite-A, along-
side a Control-C treatment, to assess their impact on tree growth. The control treatment
showed the best overall performance, but it is too early to determine its superiority, as
forestry research takes decades. We recommend afforestation of abandoned agricultural
soil using a control treatment for better tree growth. Tree mortality rates remained un-
changed across treatments, suggesting all three species adapted well. After finding these
species non-invasive, we encourage their integration into Czech forests to boost biodiver-
sity, stability, and resilience. This finding, that is, using control treatment and invasive-free
non-native tree species on abandoned agricultural soils, could be used in forestry systems
for afforestation of abandoned agricultural lands at the international level, especially in the
current situation of rapid climate change, where resilient forests are needed which could be
achieved through mixed forestry, among other factors.

For soil and ecosystem comparisons, we analyzed three ecosystems: an old forest
with diverse tree species, arable soil previously used for wheat cultivation, and afforested
agricultural soil treated with amendments using Platanus acerifolia. Results showed sig-
nificant differences in horizons three (upper soil or B horizon) and four (C-horizon) of
the old forest, reinforcing the importance of preserving natural forests and afforesting
marginal agricultural lands to maintain soil health amid climate challenges. This study
found that potassium (K) levels differed notably between certain plots (four and five). We
suspect these variations may be linked to previous fertilization practices or the presence
of K in Alginite treatment. More studies are needed to pinpoint the exact cause. Due
to resource limitations, we could not replicate treatments across additional plots, but we
recommend further trials with Sweet Chestnut and Turkish Hazel to better understand
species adaptability and long-term soil dynamics.
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19. Wagner, V.; Večeřa, M.; Jiménez-Alfaro, B.; Pergl, J.; Lenoir, J.; Svenning, J.; Pyšek, P.; Agrillo, E.; Biurrun, I.; Campos, J.A.; et al.
Alien plant invasion hotspots and invasion debt in European woodlands. J. Veg. Sci. 2021, 32, e13014. [CrossRef]

20. Bezabih Beyene, B.; Li, J.; Yuan, J.; Dong, Y.; Liu, D.; Chen, Z.; Kim, J.; Kang, H.; Freeman, C.; Ding, W. Non-native plant invasion
can accelerate global climate change by increasing wetland methane and terrestrial nitrous oxide emissions. Glob. Change Biol.
2022, 28, 5453–5468. [CrossRef]

21. Shovon, T.A.; Auge, H.; Haase, J.; Nock, C.A. Positive effects of tree species diversity on productivity switch to negative after
severe drought mortality in a temperate forest experiment. Glob. Change Biol. 2024, 30, e17252. [CrossRef] [PubMed]

22. Nag, S.; Sangha, K.S.; Dhillon, G.P.S. Differences in gall development by invasive pest Eucalyptus gall wasp (Leptocybe invasa) in
susceptible and resistant Eucalyptus clones. J. For. Res. 2025, 36, 23. [CrossRef]

23. Wohlgemuth, T.; Moser, B.; Pötzelsberger, E.; Rigling, A.; Gossner, M.M. Über die Invasivität der Douglasie und ihre Auswirkun-
gen auf Boden und Biodiversität. Schweiz. Z. Fur Forstwes. 2021, 172, 118–127. [CrossRef]

24. Frigo, D.; Eggertsson, Ó.; Prendin, A.L.; Dibona, R.; Unterholzner, L.; Carrer, M. Growth form and leaf habit drive contrasting
effects of Arctic amplification in long-lived woody species. Glob. Change Biol. 2023, 29, 5896–5907. [CrossRef] [PubMed]

25. Lázaro-Lobo, A.; Ruiz-Benito, P.; Cruz-Alonso, V.; Castro-Díez, P. Quantifying carbon storage and sequestration by native and
non-native forests under contrasting climate types. Glob. Change Biol. 2023, 29, 4530–4542. [CrossRef]

26. Pötzelsberger, E.; Lapin, K.; Brundu, G.; Adriaens, T.; Andonovski, V.; Andrašev, S.; Bastien, J.-C.; Brus, R.; Čurović, M.; Čurović,
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