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Abstract

Invasive plants are a serious threat to biodiversity, biological invasion is a significant
problem in protected areas. In order to control their spread, we need to identify the solil,
hydrological and climatic conditions which provide favorable conditions for their occurrence.
Soil conditions, such as pH level, organic matter and calcium carbonate content and the rooting
depth can influence the occurrence of invasive plant species. Many plant species can be
associated with surface water, and thus distance from surface water can also be a determining
factor for biological invasion. Mean annual temperature and precipitation are climatic factors
that can also influence the spread of invasive plants.

We mapped the occurrence one of the most aggressively spreading non-native plants of
Eurasia (Ailanthus altissima, Asclepias syriaca, Elaeagnus angustifolia, Robinia pseudoacacia,
Solidago spp.) in Hungary, using field photos from the EUROSTAT Land Use and Coverage
Area Frame Survey (LUCAS) and CORINE Land Cover databases, and investigated with
geostatistical methods (ANOVA test in R statistics) how spatial characteristics of infection are
related to soil and climatic characteristics and habitat types of Hungary.

We found that all the considered soil, hydrological and climatic factor had significant
effect for the spread of the investigated invasive plant species. Our results confirm that
environmental preference differs between the examined species, climate change may also have
a different role on the occurrence.

Introduction

Invasive species are a serious threat to natural habitats, undemanding to their
environment and therefore more successful at displacing native species from their natural
habitat and invading anthropogenic areas. Biological invasion is the main problem in protected
habitats [1-4].

The most effective control against invasive plants is to prevent their spread [5-7]. To
find the most effective way to prevent the spreading of invasive species, we need to explore the
environmental factors that influence their spread. The environmental (geographical) factors
influencing invasion may be the quality and water management of the soil, or even temperature
and amount of precipitation [7-12]. In this study, we investigated the influence of soil
parameters such as organic matter content, pH, calcium carbonate content, rooting depth;
climatic parameters such as mean annual temperature and mean annual precipitation, and
distance from surface water on the occurrence of the most aggressively spreading invasive plant
species: Tree of heaven (Ailanthus altissima), Common milkweed (Asclepias syriaca), Russian
olive (Elaeagnus angustifolia), Black locust (Robinia pseudoacacia) and two invasive
goldenrod species (Solidago canadensis, Solidago gigantea)). The two goldenrod species are
mentioned as Solidago spp.
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Experimental

The study was carried out in the territory of Hungary. The distribution of invasive
species was obtained using the National GIS Database of Invasive Plant Species, which is a
point-based database. A point is invaded if at least one individual of the plant is present at that
point. If the plant is not detected at the point, it is considered as a non-invaded point [8] (Figure
1.). For the analysis of the environmental parameters, we used the Digital, Optimized, Soil
Related Maps and Information in Hungary (DOSoReMI.hu) database [13].

Using ArcGIS software, we overlaid the environmental parameters (soil, hydrological,
and climatic data) with the invaded and non-invaded points. This method was used to determine
the environmental parameters at the given points. For statistical analysis, one-way ANOVA
model was used and performed using Rstudio software.

@ Invaded points by Ailanthus altissima

@ Invaded points by Asclepias syriaca

@ T1nvaded points by Elaeagnus angustifolia
@ Invaded points by Robinia pseudoacacia

Invaded points by Solidago spp.

Figure 1. Distribution of the investigated invasive plant species in the territory Hungary, where
A, Ailanthus altissima; B, Asclepias syriaca; C, Elaeagnus angustifolia; D, Robinia
pseudoacacia and E, Solidago spp.

Results and discussion

The results show that all the considered environmental parameters have an influence on
the occurrence of invasive plants studied. All soil and climatic factors (except mean annual
precipitation) have significant impacts on the spread of Ailanthus altissima. The organic matter
content was significantly lower, soil pH, calcium carbonate content, rooting depth, distance
from surface water and mean annual temperature was significantly higher at the invaded points.
In the case of Asclepias syriaca, all soil characteristics and climatic factors had a very high
significant effect. Organic matter content and mean annual precipitation were significantly
lower, soil pH, calcium carbonate content, rooting depth, distance from surface water and mean
annual temperature were significantly higher at the invaded points by Asclepias syriaca. To
Elaeagnus angustifolia we found that the soil pH, calcium carbonate content and mean annual
temperature were significantly higher and mean annual precipitation was significantly lower at
the invaded points. All soil characteristics (except calcium carbonate content) showed
significant differences between invaded and non-invaded points by Robinia pseudoacacia.
Organic matter content of the soil and soil pH were significantly lower, rooting depth and
distance from surface water were significantly higher at the invaded points. Mean annual
temperature was significantly lower at the invaded points, but we found no difference in the
case of mean annual precipitation. Examining Solidago spp. we found significant differences
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in all of the investigated soil and climatic characteristics (except rooting depth) between
invaded and non-inveded points (Table 1.).

Environmental Parameters
Organic Calcium Distance
matter pH carbonate from surface
content content water

Mean annual | Mean annual
temperature | precipitation

Ailanthus
altissima

Robinia
pseudoacacia

£

3 Asclepias
z‘/:;" syriaca
-

= Elaeagnus
9‘: angustifolia
<

>

=

—

Solidago spp.

[ The enviromental parameters of the invaded points have significantly lower values than those of the non-invaded points.

I The enviromental parameters of the invaded points have significantly higher values than those of the non-invaded points.
Table 1. Differences between invaded and non-invaded points as a function of the soil,
hydrological, and climatic parameters for the invasive species investigated.

The results confirm that this method is well applied to investigate which environmental
parameters influence the spread of invasive plants. The results show that these species are well
tolerant of soils with low organic matter content and that high calcium carbonate content has a
positive effect on their occurrence (Figure 2.). This does not necessarily mean that these plants
prefer soils with low organic matter content and high calcium carbonate content. The results
explain that invasive plants can grow well in poorer quality habitats where native species do
not [4,13].

The results show that high precipitation has a positive effect on the occurrence of
Solidago spp., but high temperatures inhibit its spread. In contrast, the opposite is true for
Asclepias syriaca and Elaeagnus angustifolia. These plants prefer drier and warmer habitats
[12] (Figure 2.).
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Figure 2. Differences between invaded and non-invaded points regarding organic matter
content, calcium carbonate content, mean annual temperature and mean annual precipitation;
(A, Ailanthus altissima; B, Asclepias syriaca; C, Elaeagnus angustifolia; D, Robinia
pseudoacacia and E, Solidago spp.)

Conclusion

Like any other plant, the spread of invasive plants is highly dependent on environmental
parameters. Some environmental factors promote, and others inhibit the occurrence of these
plants [7-12]. Our results confirm that invasive plant species tolerate low soil organic matter
and calcareous soils well.

The results show that Asclepias syriaca and Elaeagnus angustifolia prefer warmer and
drier climatic conditions, while Solidago spp. prefers cooler and wetter conditions. This
suggests that climate change promotes the occurrence of Asclepias syriaca and Elaeagnus
angustifolia, but inhibits that of Solidago spp.

Acknowledgements

I would like to take this opportunity to thank all my co-authors for their dedicated work.
I would especially like to thank my supervisor, Dr. Szilassi Péter for his help, without him this
study would not have been possible.

374



29th International Symposium on Analytical and Environmental Problems

References

1. Follak, S.; Bakacsy, L.; Essl, F.; Hochfellner, L.; Lapin, K.; Schwarz, M.; Tokarska-Guzik,
B.; Wolkowycki, D. Monograph of Invasive Plants in Europe N°6: Asclepias Syriaca L. Bot
Lett 2021, 168, 422—451, doi:10.1080/23818107.2021.1886984.

2. Gurevitch, J.; Padilla, D.K. Are Invasive Species a Major Cause of Extinctions? Trends Ecol
Evol 2004, 19, 470-474, doi:10.1016/j.tree.2004.07.005.

3. Csiszar, A.; Kézdy, P.; Korda, M.; Bartha, D. Occurrence and Management of Invasive Alien
Species in Hungarian Protected Areas Compared to Europe. Folia Oecologica 2020, 47,
178-191, doi:10.2478/foecol-2020-0021.

4. Paz-Dyderska, S.; Ladach-Zajdler, A.; Jagodzinski, A.M.; Dyderski, M.K. Landscape and
Parental Tree Availability Drive Spread of Ailanthus Altissima in the Urban Ecosystem of
Poznan, Poland. Urban For Urban Green 2020, 56, doi:10.1016/j.ufug.2020.126868.

5. Mehta, S. V.; Haight, R.G.; Homans, F.R.; Polasky, S.; Venette, R.C. Optimal Detection and
Control Strategies for Invasive Species Management. Ecological Economics 2007, 61, 237—
245, doi:10.1016/j.ecolecon.2006.10.024.

6. Maxwell, B.D.; Lehnhoff, E.; Rew, L.J. The Rationale for Monitoring Invasive Plant
Populations as a Crucial Step for Management. Invasive Plant Sci Manag 2009, 2, 1-9,
doi:10.1614/ipsm-07-054.1.

7. Royimani, L.; Mutanga, O.; Odindi, J.; Dube, T.; Matongera, T.N. Advancements in Satellite
Remote Sensing for Mapping and Monitoring of Alien Invasive Plant Species (AIPS).
Physics and Chemistry of the Earth 2019, 112, 237-245.

8. Szilassi, P.; Szatmari, G.; Pasztor, L.; Arvai, M.; Szatmari, J.; Szitar, K ; Papp, L.
Understanding the Environmental Background of an Invasive Plant Species (Asclepias
Syriaca) for the Future: An Application of Lucas Field Photographs and Machine Learning
Algorithm Methods. Plants 2019, 8, doi:10.3390/plants8120593.

9. Szilassi, P.; Sodky, A.; Batori, Z.; Habenczyus, A.A.; Frei, K.; Tolgyesi, C.; van Leeuwen,
B.; Tobak, Z.; Csik6s, N. Natura 2000 Areas, Road, Railway, Water, and Ecological
Networks May Provide Pathways for Biological Invasion: A Country Scale Analysis. Plants
2021, 10, doi:10.3390/plants10122670.

10.  Vaz, A.S.; Alcaraz-Segura, D.; Campos, J.C.; Vicente, J.R.; Honrado, J.P. Managing
Plant Invasions through the Lens of Remote Sensing: A Review of Progress and the Way
Forward. Science of the Total Environment 2018, 642, 1328-13309.

11.  Wang, R.; Gamon, J.A. Remote Sensing of Terrestrial Plant Biodiversity. Remote Sens
Environ 2019, 231, doi:10.1016/j.rse.2019.111218.

12. Visztra, G.V.; Frei, K.; Habenczyus, A.A.; Sodky, A.; Batori, Z.; Laborczi, A.; Csikds,
N.; Szatmari, G.; Szilassi, P. Applicability of Point-and Polygon-Based Vegetation
Monitoring Data to Identify Soil, Hydrological and Climatic Driving Forces of Biological
Invasions-A Case Study of Ailanthus Altissima, Elaeagnus Angustifolia and Robinia
Pseudoacacia. 2023, doi:10.3390/plants.

13. Pasztor, L.; Laborczi, A.; Takécs, K.; Illés, G.; Szabo, J.; Szatmari, G. Progress in the
Elaboration of GSM Conform DSM Products and Their Functional Utilization in Hungary.
Geoderma Regional 2020, 21.

375



