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ABSTRACT

The invasion of alien species is an increasing threat to native ecosystems and causes structural alterations in watercourses. Japanese knot-
weed is one of the species that affects watercourses in Austria the most and is particularly difficult to control. This article presents the ap-
proach of a nature-based engineering solution to control invasive knotweeds by installing a native riparian forest and restoring ecosystem
function. Four different structures were implemented on a knotweed-infested riverbank on the Schwechat River. The development of the
individual structures was monitored and the knotweed was removed at each of the monitoring. It was found that variants combining the
use of an eco-fleece in combination with soil and water bioengineering techniques developed best. The results show that maintenance
measures are necessary in the initial phase of an intervention. In the long term, however, the dense riparian vegetation should be able to

effectively suppress the knotweed.

INTRODUCTION

The spread of invasive alien species is one of the main causes of ecosystem change, leading to biodiversity loss and affecting various sectors
such as agriculture, forestry and human health. (European Commission, 2013). The extent to which invasive alien plants are already affecting
ecosystem services and how changing conditions such as climate change will exacerbate their impact is largely unknown. Invasive alien
plants have very strong dispersal mechanisms that enable them to take up large areas in a short time and form monocultures. The impor-
tance of the threat of invasive species is reflected in a suite of international, European and national policies and legislations. Amongst them
is the Austrian Action Plan on Invasive Alien Species, the Austrian Strategy for Adaptation to Climate Change, the EU biodiversity strategy,
and the EU regulation 1143/2014 on invasive alien species. In Austria, invasive neophytes particularly invade riverine habitats (softwood
riparian forests, tall herbaceous vegetation, riparian pioneer vegetation) (Essl et al. 2002), thus invading areas that have unique plant com-
munities and an exceptional diversity of environmental processes. One of the most challenging species for landscape managers in Austria
is Japanese knotweed (Fallopia spp.), which is one of the 100 most difficult invasive alien species to control worldwide (Lowe et al. 2000).
Along river courses, where it spreads rapidly, it can have a significant impact, including on hydromorphological characteristics. With heavy
knotweed colonisation in the active channel, water levels and sediment transport are reduced during the growing season as knotweeds
can increase hydraulic roughness, trap and stabilise transported sediment and debris and so cause aggradation. This aggradation leads to
a narrowing of the river channel, stable floodplains and banks, resulting in a loss of aquatic habitats and may increase flooding. In winter,
when the above-ground biomass of the invaders has disappeared, the results are reversed and the floodplain is more susceptible to erosion
(van Oorschot et al. 2017). There is a wide range of control methods that have been applied for different situations including mechanical
measures such as mowing, tarping, grazing and uprooting, chemical methods such as the use of herbicides or biological methods such as
planting competitive native plants. However, there is no standard solution and there are different reports and publications on the success
of each measure. In order to find a suitable control method, various factors must be taken into account, such as the size of the knotweed
stand to be controlled, the site conditions (e.g. climate, slope, hydrological factors) and the practical applicability of the intervention (e.g.
accessibility, available resources, stage of invasion in the catchment). What all measures have in common is that they must be planned for
the long term and usually require monitoring of the area with appropriate maintenance work. This article presents a nature-based engineer-
ing solution designed and implemented with the aim of installing a native riparian forest and restoring ecosystem function on a riverbank
overgrown by knotweed. Different methods of knotweed control are combined to support the native vegetation until it can effectively sup-
press the knotweed through shading and root competition. The presented techniques are based on previous experiments in which soil and
water bioengineering techniques were applied for knotweed control (e.g., Horbinger & Rauch 2019, Dommanget et al. 2015). More detailed
information on the presented experiment can be found in the final report of the project “Nature-based engineering solutions - Management

against invasive alien plants” (Rauch et al. 2022).

METHODS

A test site was implemented at a Japanese knotweed invaded bank of the Schwechat River in the Wienerwald Biosphere Reserve. The initial
situation before the implementation is shown in Figure 1. Four different types of structures adapted to the terrain were installed. In the flat
upper part, the experimental variant (V1) was installed using eco-fleece and hardwood cuttings. The cuttings were planted in a narrow grid

of 15 x 15 cm. In the area of the bank slope, the two test variants (V2, V3) were installed. Both variants were designed as willow brush
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mattresses, which were constructed with/without eco-fleece and whose foot protection was made of willow fascines. In variant 2 (V2), a
20 cm layer of soil material was applied onto the eco-fleece to provide a base for the willow branches to sprout. Soil excavated on site was
used and only larger fragments of knotweed rhizomes were removed. The aim of these two variants is that the dense willow sprout mat-
tress both protects the slope from erosion by the river and is a strong competitor for knotweed due to the closed willow stand. In the area
directly adjacent to the Schwechat River, variant 4 was constructed in the form of rhombus-shaped plots, which were framed with willow
fascines and covered with an eco-fleece. In addition, an herb-grass seed mixture was sown, and willow cuttings were planted. Surveys were
conducted with a three-to-four-week interval during the first vegetation period. During each monitoring, the knotweed shoots were removed
using secateurs. The number of shoots was recorded and the harvested biomass was then dried in a drying cabinet and measured. Dry bio-
mass of the knotweed shoots best reflects the development of the plants after the repeated interventions, which is why this parameter was
used for further analysis. Furthermore, the development of the planted willows was assessed by counting the developed shoots. Based on
the assessed data, the performance of the variants was evaluated. Detailed monitoring was limited to the year 2021 but the site was under

observation in the following years as well.

Figure 1 : Photo of the trial site before the installation of the nature-based engineering solution in August 2020 (left) and sketch of the trial site (right) (Fioretta et al. 2021).

RESULTS AND DISCUSSION

The trial site can be divided into three different sections: bank zone (floodplain), embankment zone and the upper zone (shaded by sur-
rounding trees and shrubs). The measures were adapted to the site conditions, which is why they differ in their function and design. The
development of the structures is presented and discussed on the basis of the results of the monitoring (see Figure 1) and below on the basis
of exemplary photos (see Figure 2). The first monitoring was carried out six weeks after completion of the structure on 7/5/2021. At this
point of time the number of knotweed shoots and the recorded dry biomass of knotweeds was still very low at all trial variants. The willows
had not yet sprouted. Results from 28/05/2021 show that the willow shoots started to sprout densely, especially in the variants with the
willow sprout mattress (V2 and V3). In every variant, the number of willow shoots was higher compared to the number of knotweed shoots,
and the values of collected dry biomass decreased in all variants except variant 3. This shows that the knotweed was weakened after the
first removal of shoots except for variant 3. The results of 18/06/2021 show that knotweed biomass production had increased in all variants.
Particularly noticeable are the values of variant 3, which increased significantly from 90 g to 391 g, which corresponds to an increase of 334
%. The other variants also recorded an increase in values, but these remained at a very low level. Variant 3 is the only variant without the
use of eco-fleece, which may also be the reason for the strong growth of the knotweed in the early phase of the experiment. The results of
12/7/2021 show a decrease of willow shoots and an increase in knotweed biomass values, with the exception of variant 3, which decreased
significantly for the first time. Lower values in knotweed shoots with a simultaneous increase in biomass can be explained by a lower shoot
thickness and shoot length that the knotweed develops after repeated removal. Variant 2 performed best at this time, with knotweed shoots
decreasing by 72 % and willow shoots by 18 %. In variant 3, the number of knotweed shoots increased by 14 % and the number of willow
shoots decreased by 68 % since the last monitoring. It is the only time that the number of knotweed shoots (53.5 shoots/m?) was higher
than the number of willow shoots (45.2 shoots/m?). Variants 1 and 4 changed only slightly in the development of willows and knotweed.
At the next monitoring on 10/08/2023, there was the last increase in knotweeds compared to the previous control this year, but already at
a low level. This shows that the main growth of the knotweed stands was completed for this growing season. By the last monitoring on

20/10/2021, the knotweed was only growing at a very low level and the number of willow shoots remained on a constant level.
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Figure 2: Development of the number of shoots of knotweeds and willows (columnar graph) and the dry biomass production of knotweeds (line graph) in the four trial variants over the first

growing season.

In Figure 2 the development over time is illustrated. The first picture was taken a few weeks after construction and shows no development
of willows and knotweed yet (26/05/2021). One month later, both willow and knotweed had developed. The picture (26/05/2021) shows
variant 3, where the knotweed had developed the most. The next picture was taken on 12/07/2021, when knotweed development was at its
peak, and shows the difference between variant 2 (front) and variant 3 (back). At this point, the knotweed shoots had developed strongly
in variant 3, while only individual shoots were visible in variant 2. The willows had developed strongly by this time. The last photo shows
the development one year later, on 02/06/2022. It shows that knotweed shoots had decreased significantly, and a dense and vital willow
stand had developed. All photos were taken before the removal of the knotweed, which was carried out as part of each monitoring. Table

1 summarises the description of the test variants applied, the traits monitored and the global results.

Figure 3 : Photographs showing the development of the intervention in the first growing season and in the second growing season.
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Trial variant Traits monitored Global results
Combination of eco-fleece and A high number of willow shoots
hardwood cuttings (V1). and a low biomass development

= > of knotweed was observed.

Combination of willow brush This variant showed the best

mattress and eco-fleece (V2). results of all measures.
Willow brush mattress (V3), Dry biomass of knotweed and | This variant showed the
number of willow shoots. strongest knotweed growth of
all variants.
Combination of willow The willows and greening were

fascines, eco-fleece and a > able to develop well and

greening (V4). knotweed growth could be

strongly reduced.

Table 1 : Description of the trial variants applied, the traits monitored and the global results

CONCLUSIONS

In the upper zone a simple structure, which combines the use of eco-fleece and willow hardwood cuttings was installed (variant 1). Over a
period of 2 years, it was observed that the knotweed only appears at the holes around the hardwood cuttings, but does not push through the
fleece. During the monitoring in the first vegetation period, a high number of willow shoots and a low biomass development of knotweed
was noticeable. In the area of the embankment, a willow shrub mattress was installed in combination with eco-fleece (variant 2) and without
the use of eco-fleece (variant 3). Variant 2 showed the best results of all measures, while on variant 3 the knotweed growth was strong and
a correspondingly a weaker growth of the willows could be observed. Variant 4 is located directly on the river channel, which means that
frequent flooding and hydraulic loads had to be taken into account when designing the structure. Eco-fleece was used, which was covered
with a thin layer of soil and reinforced with willow fascines. In addition, willow cuttings were planted and the area was sown. The construc-
tion type shows the second highest development of knotweed after variant 3. Over time, however, the willows and greening were able to
develop well and knotweed growth was strongly reduced. Nature-based engineering solutions for the control of invasive knotweeds involve
increased construction effort. They appear to be particularly suitable for combating neophyte populations from which further spread can
occur. Immediate erosion protection by the auxiliary materials and fast-growing pioneer plants can hinder the development of knotweeds
and prevent further downstream colonisation. Particularly along watercourses, the construction methods must be adapted to the local con-
ditions (hydraulic loads, steep slopes). The results show that maintenance is absolutely necessary in the initial phase of an intervention. In

the long term, however, the dense riparian vegetation should be able to effectively displace the knotweed.
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