

  agriculture-15-00250




agriculture-15-00250







Agriculture 2025, 15(3), 250; doi:10.3390/agriculture15030250




Article



Mitigating the Negative Impact of Certain Erosion Events: Development and Verification of Innovative Agricultural Machinery



Tomáš Krajíček 1, Petr Marada 1, Ivo Horák 2, Jan Cukor 3,4, Vlastimil Skoták 3,5,*, Jan Winkler 6, Miroslav Dumbrovský 7, Radek Jurčík 8 and Josef Los 1





1



Faculty of AgriSciences, Department of Agricultural, Food and Environmental Engineering, Mendel University in Brno, Zemědělská 1, 613 00 Brno, Czech Republic






2



Faculty of Business and Economics, Department of Finance, Mendel University in Brno, Zemědělská 1, 613 00 Brno, Czech Republic






3



Forestry and Game Management Research Institute, v.v.i., Strnady 136, 252 02 Jíloviště, Czech Republic






4



Faculty of Forestry and Wood Sciences, Czech University of Life Sciences Prague, Kamýcká 129, 165 00 Prague, Czech Republic






5



Faculty of Forestry and Wood Technology, Department of Geology and Soil Science, Mendel University in Brno Zemědělská 1, 613 00 Brno, Czech Republic






6



Faculty of AgriSciences, Department of Plant Biology, Mendel University in Brno, Zemědělská 1, 613 00 Brno, Czech Republic






7



Institute Water Landscape Management, Brno University of Technology, Žižkova 17, 602 00 Brno, Czech Republic






8



Faculty of Business and Economics, Department of Law and Social Sciences, Mendel University in Brno, Zemědělská 1, 613 00 Brno, Czech Republic









*



Correspondence: vlastimil.skotak@gmail.com; Tel.: +420-724320755







Citation: Krajíček, T.; Marada, P.; Horák, I.; Cukor, J.; Skoták, V.; Winkler, J.; Dumbrovský, M.; Jurčík, R.; Los, J. Mitigating the Negative Impact of Certain Erosion Events: Development and Verification of Innovative Agricultural Machinery. Agriculture 2025, 15, 250. https://doi.org/10.3390/agriculture15030250



Academic Editor: Caiyun Lu



Received: 30 December 2024 / Revised: 21 January 2025 / Accepted: 22 January 2025 / Published: 24 January 2025



Abstract

:

This paper aims to solve the problem of erosion sediment that negatively affects the quality of fallowed soil through the development of a new type of agricultural machinery. The transported erosion sediment will be quantified locally to evaluate the danger of these negative effects on the fallowed soil and on the functionality of the grass cover. Subsequently, a new type of machinery will be proposed for the remediation of eroded sediment and conservation of the fallowed soil. In various fallow research areas with different management methods (such as biobelts, grassed valleys, and grassed waterways), agricultural land affected by eroded sediment was examined, and appropriate machinery was designed to rehabilitate the stands after erosion events. By identifying the physical and mechanical properties of the soil, as well as the eroded and deposited sediment/colluvium, the shape, material, attachment method, and assembly of the working tool for the relevant mobile energy device were designed. The developed tool, based on a plow–carry system using a tractor, features flexible tools that separate the eroded sediment from the fallow land surface, transfer it over a short distance, and accumulate it in a designated area to facilitate subsequent removal with minimal damage to the herbaceous vegetation. The calculated erosion event was 196.9 m3 (179.0 m3 ha−1), corresponding to 295 tons (268.5 t ha−1) deposited from the area of 90 ha. Afterward, the proposed machinery was evaluated for the cost of the removal of the eroded sediment. Based on experience from the field, we calculated that 174 m3 per engine hour results in EUR 0.22 m−3. From the performed experiment, it is evident that the proposed machinery offers a suitable solution for eroded sediment removal locally, which prevents further erosion and subsequent sediment deposition in water bodies where the costs for sediment removal are higher. Moreover, we have proven the potential negative impact of invasive plant species because their seeds were stored in the sediment. Finally, it is credible to state that the proposed agricultural machinery offers an effective solution for the eroded sediment relocation, which subsequently can be used for other purposes and monetized. This results in an increase in the profitability of the erosion sediment removal process, which is already in place at the source before further transportation to aquatic systems where the costs for removal are significantly higher.
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1. Introduction


The European landscape has changed dramatically due to human use in the last few centuries and decades [1,2]. The impacts of human activity are most evident in the intensively farmed agriculture landscape, which currently covers approximately 50% of the territory of the European Union states [3], and it also dominates the rest of the world [4,5]. Negative impacts of conventional agricultural management are noticeable, not only in the context of global climate change but also in the context of erosion, which affects land degradation and the loss of natural soil fertility [6,7,8]. The negative effects of conventional agricultural management are evident, especially in Central and Eastern Europe with large field blocks and farms [9].



The most significant soil degradation processes are water and wind erosion, loss of organic matter, soil compaction, soil contamination, limitation of microbial activity in soils, soil waterlogging, accelerated water runoff, and built-up plots of agricultural land [10,11,12]. Damage to agricultural land is also increasingly the subject of lawsuits, based on which procedures for proper management and possible rehabilitation, recultivation, and revitalization are defined. Soil erosion is primarily attributable to the implementation of inappropriate agricultural practices [13,14]. Changes in the soil characteristics and development of the entire landscape are also strongly dependent on climate and vegetation development [15,16,17]. Soil erosion predominately occurs on the sloped parts of soil blocks due to intense rainfall, limited vegetation cover, and the planting of unsuitable crops [4,18,19]. Soil erosion and the amount of sediment deposited outside the source land irreversibly degrades the soil quality [20,21]. However, pollutants from synthetic fertilizers, heavy metals, and pesticides are also transported with erosion sediment, which can cause contamination of neighboring land, the eutrophication of water, and the disruption of ecosystems [22]. Environmental factors, such as topography, climate-influenced erosion, and sedimentation rates, have an impact on the soil quality [19]. Analyzing soil erosion is crucial in identifying vulnerable areas and assessing the amount of erosion sediments. Therefore, the knowledge of the temporal and spatial distribution of erosion is the basis for sustainable landscape management and soil conservation [23,24].



Soil erosion can be mitigated by preventive measures. Windbreaks are one of them. Their effectiveness is variable and contingent upon the tree composition, tree age, and windbreak structure [11,25,26]. Another method is soil protection with anti-erosion agrotechnical measures, including a selection of suitable crops with high soil coverage, biobelts, a combination of agricultural measures, or afforestation [8,19,27]. Scientific studies have shown that ground covered with vegetation has a significant effect on preventing soil erosion; there is a complex relationship between vegetation cover, the reduction in the kinetic energy of rainfall, and the subsequent catchment of erosional sediments [28,29,30,31,32]. Vegetation, especially herbaceous types, improves sediment deposition and stabilizes sediment layers [30,33,34]. Many scientific papers are devoted to the relationships between vegetation and erosion, or between erosional sediments in different ecosystems, such as coastal salt marshes [35], in areas exposed to tides and with built levees [36,37,38,39] in riparian ecosystems [40,41,42,43,44], and in abandoned field ecosystems in poor and sandy soils [45].



However, in most cases, it is too late to establish preventive measures, and, therefore, portions of field blocks are affected by land degradation and soil erosion processes, resulting in low fertility. On the other hand, agricultural land is also endangered by transport and erosion sediment deposition in lower elevations under risky eroded fields [19]. The sediment has a wide range of negative impacts on microhabitats. It is indisputable that an erosion event very quickly changes the soil conditions on eroded surfaces but also on land where the erosional sediment settles, i.e., fallows and other anti-erosion elements. Once an erosion event occurs, due to the sedimentation of the erosion residue, the physical properties of the soil, and above all, the properties of the affected fallow change; along with the eroded sediment, the seeds of non-native, invasive, and also standard resistant plants reach the fallow area. Moreover, the sediment plays a significant role in transporting neophytes, which can travel relatively long distances if the slope conditions are favorable. Neophytes represent a serious threat to native ecosystems and agroecosystems primarily due to a high tolerance to temperature extremes, salinity, and flooding conditions, easy spreading processes, and gaining dominance in ecosystems [46,47,48,49,50].



To avert the negative erosion impacts, it is imperative to implement follow-up measures and relocate the erosion sediments after particular events before long-term measures are established. However, an appropriate agricultural machinery that would enable the removal, subsequent recultivation, and revitalization of erosion sediment that works towards ensuring the functionality of the herbaceous cover of fallow has not yet been developed [51]. In the past, tractor backhoes with front blades were occasionally used, but they are unsuitable for grass-covered areas. Other machines, like landscape rakes or graders, fail to meet the requirements for removing sediment from dense grass cover without causing damage. At the same time, it is essential to evaluate the sediment event from the point of neophyte translocation and distribution in translocated soil from the point of possible rapid plant diversity changes. Therefore, the particular aims of this paper are (i) to evaluate the specific erosion event at a selected location in the agricultural landscape; (ii) to determine the reaction of the grassed fallow plant species to the layer of erosion sediment after the current erosion event in the agricultural landscape; and (iii) to create a prototype of an agricultural machinery that will be suitable for erosion sediment translocation and microhabitat revitalization.




2. Materials and Methods


2.1. Study Area


The erosion event was evaluated in a field block located in the cadastral territory of Želetice, near Kyjov, in the southeastern part of Moravia, the Czech Republic (GPS 49.0148436 N, 16.9922917 E; Figure 1). The wider area is characterized by a mild warm summer climate according to the Köppen climate classification [52] and belongs to the warm region according to the detailed Quitt’s classification [53]. The average annual precipitation in the wider area of interest is only about 509 mm, and the average annual temperature fluctuates around 9.2 °C. The length of the vegetation period reaches 170 days, with the highest mean temperature in July (19.3 °C) and the highest mean precipitation also in July (66 mm). The lowest average temperature was measured in January (−1.9 °C), and the lowest average precipitation is in November (9.1 mm). There is snow cover in the area for about 37 days. The subsoil in the locations consists primarily of loess, while the soil is mostly fluvisol clay on alluvial deposits and colluvium with a variable layer of organic components.



The erosion event was evaluated for the broader location of about 90 hectares under conventional agricultural management. The area was sown with common rapeseed (Brassica napus Napus Group). The erosion rate in the area of interest is predicted in tons per hectare per year and marked by a color range from white for the lowest risk (0–5 t ha−1 yr−1) to purple (˃30 t ha−1 yr−1). Eroded sediment is stored in the lowest area on the southern part of the location with an acreage of ca. 11,000 m2, where the borders are marked in red (Figure 1). The average elevation in the area with eroded sediment is about 186 m above sea level. The arable land in the location with eroded sediment was sown by a perennial forage mixture (6600 m2) and a biobelt with an acreage of 4400 m2.




2.2. Evaluation of Erosion Event


The amount of eroded sediment was evaluated by an unmanned aerial vehicle (UAV). In the first step, seven Ground Control Points were established in the area of interest with the Trimble R2 device receiving the Global Navigation Satellite System. Coordinates were collected in the X, Y, and Z axes where Z represents altitude in the Balt reference system. The geodesic and altitude dataset was used to determine the geometry and georeferencing of the actual orthophoto map (processed based on UAV images) and the digital surface model (DMP) and to combine the aerial photographs taken more efficiently.



In the second step, the area of interest was scanned by a UAV DJI Phantom 4 PRO+ V2.0 equipped with a barometric sensor for measuring flight height and a GPS compass. The camera was mounted on a gimbal for better image stabilization and could catch high-quality images (20MP Raw and JPG images). The detailed documentation from the 11,000 m2 was carried out by an autonomous flight from 30 m above ground level. The minimum overlay of the images was at least 60–80% for a high-quality digital ground model, which was recorded from 1685 images during a 68 min flight.



Using photogrammetry and Structure from Motion (SfM), the set of disordered and variously overlapping images was processed and then reconstructed into three-dimensional models from which the parameters of the erosion furrows (depth, width, length) were subsequently measured, and the volume of removed soil was determined by a constructed 3D model of the surface before the erosion event. The images were processed by the SfM method using the Agisoft PhotoScan Professional software (version 1.2.4.2399.). The program identifies the positions, directions, and tilts of the camera placed on the drone. The data output in ASCII format or a point layer with XYZ coordinates was processed further in ArcMap software. Based on the differential analysis of the observed digital model of the surface and the created theoretical original surface, the volume of erosion was determined for the monitored part of the slope. For the possibility of calibrating the obtained data scanned with the use of a UAV, the profiles of the erosion grooves were focused with an erodometer (erosion bridge; for the detailed methodology, see in [54]). The strength of the erosion sediment deposited in the fallow research area was measured using pedological probes, which were integrated into the plots for phytocenological relevé.



The erosion event resulted from heavy rainfall from 20 August 2022 (0:00) to 21 August 2022 (17:00), when the sum of precipitation was 27.01 mm and maximum precipitation per hour was 11.95 mm. The evaluation and monitoring of the erosion event were carried out on 27 August 2022.




2.3. Vegetation Assessment


The monitored plots are located on conventionally managed agricultural land. Rapeseed was sown in August 2022 and harvested in June 2023 on the soil block that was the source of the erosion sediment. During the erosion event, the field was currently seeded by rapeseed, but the seeds had not yet germinated, so the field was not covered by any vegetation cover.



The location of interest where the eroded sediment had settled (11,000 m2) was sown with the earlier mentioned clover mixture consisting of Festuca pratensis (15%), Arrhenatherum alatius (5%), Phleum pratense (3%), Poa pratensis (10%), Festuca rubra (10%), Medicago sativa (15%), Anthyllis vulneraria (5%), Trifolium incarnatum (7%), Trifolium pratense (10%), Lotus corniculatus (5%), and Trifolium repens (15%). The clover grass mixture was sown in March 2020. The clover grass mixture was harvested twice during the previous vegetation season.



A vegetation assessment was performed in October 2022 on the plots affected by the deposition of erosion sediment. In total, 20 phytocenological plots (relevés) were recorded. The area of each relevé was 20 m2 (4 × 5 m). All recorded species’ cover areas were estimated in percentages. The scientific names of plant species were used according to [55]. In addition, the area and thickness of erosional sediment were estimated in percentage and centimeters, respectively. An average of four measurements were conducted on each of the relevé. The plant species were classified into four functional groups (Table 1), monocotyledonous or dicotyledonous, annuals or perennials, according to [56]. Information about the native or alien origin of the species in the Czech Republic adheres to [57].



Multivariate analyses of the ecological data were applied to the sampled data (species composition and characteristics of the erosion sediment). We used a linear regression model to find relationships between the sediment area in the plot (%) and sediment depth (cm) concerning the cover area of plant groups (annual dicots, annual monocots, perennial dicots, perennial monocots). DCA (Detrended Correspondence Analysis) segment analysis was performed, which calculates the length of the longest gradient (it indicates a gradient length of 2.9 SD units along the first axis). Hence, further processing by Canonical Correspondence Analysis (CCA) was deemed more suitable. The statistical significance of erosional sediment on species composition was tested by the Monte-Carlo test (999 permutations were calculated). The necessary calculations were performed using the Canoco 5.0 computer program.




2.4. Development of Appropriate Technology for Erosion Sediment Relocation


Within selected fallow research areas of different management methods (biobelts, grassed valleys, grassed waterways), agricultural land damaged by eroded sediment was analyzed, and a suitable design of machinery was proposed for rehabilitating stands after erosion events. Based on identifying the physical and mechanical properties of the soil-eroded and deposited sediment/colluvium, the shape, material, method of attachment, and aggregation of the working tool to the corresponding mobile energy device was designed. The developed tool was based on a plow–carry system using a tractor, comprised of flexible working tools separating (cutting off) the soil of the eroded sediment from the surface of the fallow land, pouring it over a shorter distance, and then accumulating it in a selected place with the aim of subsequent removal and minimal damage to the herbaceous vegetation.



The following relationships were used to determine the basic technical parameters of the blade and the performance of the tractor with the developed tool:



The working tool consists of a flexible standard spring with blades:


  Standard   spring   radius   r       r =    H   2   sin  ⁡  γ      ( m )  








where H is the height of the standard spring with the blade; we suggest 0.5–0.7 m.


roll angle β (45–65°)










cutting angle γ (45–55°)











The mounting design of the conceived tool should allow changing the angle of cutting and rolling—through hydraulic, correctly connected circuits—with regard to the cohesion and structure of the soil. The functionality of the tool will be affected by the limit of plasticity (Wp) and the adhesion of the soil, which adversely affects the resistance of the tool and, thus, the quality of the work.



The width of the tool (rows of standard springs) should be 200–300 mm longer than the width of the chassis of the towing mobile energy vehicle. The width of one part of the standard spring is approximately 100 mm. The placement of the standard springs on the frame must ensure minimum passage and the possibility of cutting—20 mm (a gap of 20 mm must be created between individual standard springs). The standard material will consist of strip spring steel, which helps overcome the resistance during the cutting, crowding, and the soil friction without changing the tool shape.



The traction force of the mobile energy device Ft must cover the total working resistance of the tractor system and the tool being developed, i.e., all partial resistances.


Ft ≧ ∑Ri ≧ Rp + Rr1 = Rp + Rsc + Rh + Rrb (N)








where



Ri—total working resistance of the system;



Rp—resistance to movement of the mobile energy device;



Rsc—resistance to soil cutting;



Rh—frictional resistance of the ground prism against the ground;



Rrb—resistance against the friction of the soil against the blade.



From the calculated values, it is possible to determine the traction power of the mobile energy device using the relationship


Pt = Ft · Vp [kW]








where



Pt—tractive power of the tractor (kW);



Ft—traction force (N);



Vp—tractor travel speed in m s−1.



In practice, the tractor set is rarely loaded by simple traction force; it mostly consists of a supported machine connected to the tractor by means of a three-point hitch.



The labor costs of the machine were calculated based on the normal use of similar equipment used in combination with a tractor. At this stage, it is an estimate, as the price of the prototype during production has not been clearly determined. Therefore, only a simple calculation is used for the approximate calculation of costs without the purchase price per engine hours.


Nb = Nm + Ne + No








where



Nb—labor costs of the machine;



Nm—labor costs;



Ne—the cost of fuel and engine lubricants;



No—the cost of repairs.



The volume of sediment removal was calculated for the machine according to the formula


Wsk = (v . tv)/(ts . k2)








where



Wsk—volume of sediment removal;



v—volume of piled-up soil (m3);



tv—time usage in percentage;



ts—total time of 1 work cycle in hours;



k2—coefficient of loosening of the soil.





3. Results


3.1. Evaluation of Erosion Events with the Objective of Quantifying the Amount of Transported Erosional Sediment


As a result of eroded sediment accumulation at the location of interest, a decrease in the total natural production capacity of the soil was recorded. The fertility of colluviums is significantly impaired by the accumulation on previously formed horizons, often of considerable thickness. If erosional sediment washed away from surfaces, or soil horizons, degraded due to earlier processes, the newly formed erosional sediments (colluvium) are also infertile.



Based on the differential analysis of the focused digital model of the surface and the created theoretical original surface, the erosion volume was determined to be 179.0 m3 ha−1 for the monitored part of the slope above the collection area with an acreage of 1.1 ha. Therefore, the total amount of eroded sediment was 196.9 m3. For the possibility of calibrating the obtained data scanned with an unmanned drone, the profiles of erosion grooves were obtained using an erodometer (erosion bridge).



In erosion furrows and significant cuts, the average height of the soil horizon was 1.78 cm. The depth of the most exposed erosion grooves reached 26.4 cm, and the maximum width of erosion notches exceeded 76 cm. With a volumetric weight of 1.5 t m−3, 268.5 tons of material per hectare were removed. Therefore, the total amount for the area with the stored eroded sediment (1.1 ha) was 295 tons. The resulting value of the determined volume of eroded material does not include the contribution of surface erosion, which cannot be recorded and measured by the methods used.




3.2. Working Tool for Eroded Sediment Removal


Based on the working tool verification and validation, the concept was created and evaluated.



The working tool consists of a flexible standard spring with blades (Figure 2), where we suggest the following:




	-

	
0.7 m standard spring height with H blade (working blade);




	-

	
Roll angle β = 65°;




	-

	
Cutting angle γ = 55°;




	-

	
Material of standard spring with the blade-rolled steel thickness of 0.015 m and width of 0.10 m.









Power of the mobile energy device—min. 50 kW. The supporting frame of the Herkules Plus PB 1–250 machine was used to fix individual work tools (Figure 3), which has the following technical data:




	-

	
Weight 800 kg;




	-

	
Working width 2.0 m;




	-

	
Transport width 2.5 m;




	-

	
Lateral tilting + 0.2 m;




	-

	
Attachment (aggregation) through a standard three-point hitch and the use of standard hydraulic systems of agricultural tractors.










3.3. Amount of Work Performed and the Costs


The machine work performance was assessed based on the collected erosional sediment and calculation. The calculation is based on the assumption of ideal conditions. The machine moved at an average speed of 7 km per hour during translocation. At a working width of 2.0 m, the machine can process one layer of erosion material at 1.4 ha hr−1. When the machine cutting layer is optimally set, the performance of a mobile machine in combination with a sediment removal tool is 174 m3 per engine hour. The cost of the set was EUR 38 per hour (labor costs EUR 17, the cost of fuel and engine lubricants EUR 16, and the cost of repairs EUR 5). The machine can translocate a cubic meter of sediment at a cost of EUR 0.22. These are the costs for providing the service.




3.4. Impact of Erosion Sediment on Vegetation Composition


A total of 54 plant taxa were found on the monitored phytosociological plots (relevés; PR) after the erosion event. The perennial grass species Arrhenatherum elatius was the most dominant species in the study plots. Additionally, perennial dicotyledonous herbs were significantly represented here. The total number of taxa (mainly species) in the defined groups is 21 for annual dicotyledonous plants, 4 for annual monocotyledonous plants, 24 for perennial dicotyledonous plants, and 5 for perennial monocotyledonous plants. Invasive plant species were found in the studied areas (Amaranthus retroflexus, Arrhenatherum elatius, Cirsium arvense, Conyza canadensis, Echinochloa crus-galli, Erigeron annuus, Panicum miliaceum, Portulaca oleracea, Setaria pumila, and Symphyotrichum novi-belgii).



A positive relationship was found for annual dicots cover, which increased significantly with a higher sediment area and sediment depth in the plots (R2adj = 0.577, F1,18 = 26.9, p < 0.001, and R2adj = 0.378, F1,18 = 12.6, p < 0.01, respectively). A negative relationship was found in the case of perennial monocots, where the cover of plants significantly decreased with the sediment area and depth (R2adj = 0.657, F1,18 = 37.4, p < 0.001, and R2adj = 0.546, F1,18 = 23.9, p < 0.001, respectively). Covers of annual monocots and perennial dicots were not affected by the sediment area or depth (Figure 4 and Figure 5).



The results of the CCA, which was used to assess the presence and cover of plant taxa and the area and thickness of erosional sediment, were significant at the α = 0.001 significance level for all canonical axes. The graphical representation of the results of the CCA is in Figure 6. Based on the CCA, the detected plant taxa can be divided into three groups. The species were divided according to the relationship to the area, the thickness of the erosional sediment, and the invasive status of the taxa.





4. Discussion


Soil erosion is one of the main drivers of agricultural land degradation in intensively managed agricultural landscapes [58,59,60]. Soil degradation processes are related to the main drivers of erosion, namely, water, wind, tillage, and harvesting, and frequently, a co-occurrence of multiple different processes [58]. All of those factors are affected by inappropriate agricultural management practices [10,59,61]. Overall, ~110 million hectares are covered by agricultural land in the European Union, of which 43 million hectares are prone to a single driver of erosion, 15.6 million hectares to two drivers, and 0.81 million hectares to three or more drivers [58]. The average rate of soil loss by sheet and rill erosion in Europe is 2.46 Mg ha−1 yr−1 [10]. At the same time, on a global scale, 75 billion tons of crop soil are lost worldwide to erosion by wind and water and through agricultural management [59].



On a local scale, an erosion event occurring during heavy rainfall can cause soil loss of hundreds of tons from areas of relatively small field blocks. That was also the case for the area we analyzed—where the volume of the erosion event was determined to be 196.9 m3 (179.0 m3 ha−1), which corresponds to 295 tons (268.5 m3 ha−1) of transferred soil material relocated by water erosion from a wider locality of ca. 90 hectares. After recalculation, the erosion amount was ca. 3.3 t ha−1 in one erosion event within a few days. In contrast, the recommended sustainable threshold is 2 t ha−1 yr−1. However, more than 25% of EU land has erosion rates higher than the recommended sustainable threshold, and more than 6% of agricultural lands suffer from severe erosion (11 t ha−1 yr−1) [62]. These erosion events and soil losses are associated with enormous costs of sediment removal if the erosion events are not effectively mitigated by preventive measures.



One considerable cost of soil erosion originates from the sediments delivered to aquatic systems (e.g., rivers, lakes, and seas), which may generate a wide range of environmental and economic impacts [60]. For example, estimations from France suggest that the feasibly quantifiable total off-site costs of soil erosion are about EUR 800–4300 ha−1 yr−1 of farmed land [63]. Concerning the EU (including the UK), the cost of an estimated 135 million m3 of accumulated sediments due to water erosion is likely to exceed EUR 2.3 billion annually [60]. In contrast, our proposed solution consists of a newly designed working tool for eroded sediment removal directly from the location where it was deposited by an erosion event before it reaches aquatic systems. Thus, it is possible to repurpose the eroded sediment. We calculated that the cost of sediment translocation and summarization is about EUR 0.22 m−3. However, the raw soil material can be reused for different purposes, potentially generating revenue from the sale of sediment. The limitations in this context include a slower working pace, with the work rate calculated at 174 m³ per engine hour. However, this reduced performance is compensated for by a more meticulous and precise approach to the area being treated. However, we demonstrated that the eroded sediment must be considered as a source of invasive plant species, which reduces the ecological potential for its possible monetization. The composition of natural flora and fauna constantly changes, with species dispersing and settling in new areas while becoming extinct in other areas. Human activities often disrupt these processes and cause rapid and substantial changes in species composition [64]. Human activities can result in an erosion event on arable land and the subsequent settling of part of the erosion sediment. In the year of the erosion event, the vegetation reacts to the deposition of the erosion sediment by changing the species composition and the cover. With increasing values of erosion sediment characteristics, the coverage of perennial monocotyledonous species decreases, and conversely, the coverage of annual dicotyledonous species increases. The representation of perennial dicots is similar, but there is a change in the species composition. Some species considered invasive (Amaranthus retroflexus, Cirsium arvense, and Symphyotrichum novi-belgii) are more easily established in areas with settled erosion sediment. There are also species that can be assumed to have been washed down from the surrounding fields and to have been part of the erosional sediment. These include Brassica napus, Datura stramonium, Lycopsis arvensis, Panicum miliaceum, Stellaria media, and Viola arvensis. According to [65], up to 13,000 weed seeds are present in 1 m2 of arable soil at a depth of up to 5 cm. As they further point out, the plant species present in the soil seed bank in the soil do not correlate with the presence of species in the vegetation. In areas with settled sediment, wind-dispersed species (Crepis tectorum, Lactuca serriola, and Taraxacum sect. Taraxacum) also became more established. On the contrary, a number of species retreated under the influence of deposited erosional sediment. These were mainly the grasses Arrhenatherum elatius, Dactylis glomerata, Echinochloa crus-galli, Festuca rubra, Lolium perenne, and Setaria pumila. The decrease in coverage was also noticeable in perennial dicotyledonous herbs, which are valuable as fodder (Achillea millefolium, Cichorium intybus, Daucus carota, Plantago major, and Trifolium pratens). But even some perennial dicotyledonous herbs, which are undesirable in forage stands, reacted by decreasing the coverage and frequency of their occurrence (Artemisia vulgaris, Carduus acanthoides, Conyza canadensis, Convolvulus arvensis, Galium album, Reseda lute, Silene latifolia, and Stellaria graminea). Managing the agricultural landscape causes several problems, such as accelerated erosion of farmland and the associated deposition of erosional sediment.



As a result, the vegetation is exposed to a new disturbance, where it responds by changing the species composition, but questions remain: what are the long-term consequences of the deposited erosion sediment, and how can it be removed? What strategies can be employed to address such a situation? With regard to ensuring the functionality of fallow grass as an anti-erosion measure, it is necessary to minimize the risk of the influence of erosive sediment and to rehabilitate, recultivate, and subsequently revitalize damaged land using appropriate techniques and procedures, taking into account the requirements of a suitable grass cover.



Finally, we are indicating a general need to rethink mitigation strategies for sustainable agricultural landscapes in Western Europe [66] and in other regions affected by the risk of erosion events. To mitigate the impacts of soil erosion, the European Union’s Common Agricultural Policy has introduced conservation measures that reduce soil loss through water erosion by 20% on arable lands [10]. However, the solutions should be implemented on small farms where it is possible to use them in addition to conservation measures and with the proposed agricultural machinery. The regular maintenance of grassed soil carried out this way after erosion events makes it possible to use them in practice with techniques for precision farming aimed at supporting the biodiversity of agroecosystems.




5. Conclusions


Soil erosion poses a threat to agricultural land throughout Europe. It is one of the main challenges for agricultural managers of larger farms but also for small landowners with limited possibilities to deal with particular erosion events. As we have proven, the detrimental effects of erosion extend beyond the mere transportation of eroded sediment. The disruption of plant communities in areas affected by erosion can also facilitate the dispersal of seeds of invasive species and subsequent infestation by invasive plants. Hence, we designed and tested agricultural machinery specifically to effectively remove eroded sediment from the affected area. This solution enables easy transportation in areas where the soil erosion cannot be prevented by other mitigation measures. Moreover, the costs of agricultural operations related to sediment removal can be compensated for in accordance with bioeconomic principles by using removed material for the substrate in agriculture and forestry or for other purposes, which is crucial, especially for small landowners. This will also ensure the circular return of the material. In the future, the research aim is to test the machine in various climatic conditions and soil types. More photos and graphs for the article can be found in Supplementary Materials.
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The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/agriculture15030250/s1, Figure S1 image of the area before the erosion event. Figure S2: image of the area after an erosion event and eroded areas. Figure S3: surface scan of the erosion source area. Figure S4: detail of the area after an erosion event. Figure S5: layer of accumulated sediment on locality of interest. Figure S6: localization of transverse profiles on the orthophoto map section. Figure S7: transverse profile A–A’. Figure S8: transverse profile B–B’. Figure S9: transverse profile C–C’. Figure S10: transverse profile D–D’. Figure S11: zetor proxima 7441 tractor and the designed prototype of the machine for remediation of eroded sediment from fallow. Figure S12: zetor proxima 7441 tractor and the designed prototype of the machine for remediation of eroded sediment from fallow at work. Figure S13: area after sediment removal.





Author Contributions


Conceptualization, T.K., P.M., J.W., M.D. and J.C.; methodology, T.K., P.M. and J.W.; software, T.K.; validation, P.M., T.K. and J.C.; formal analysis, T.K., P.M., J.W., I.H. and R.J.; investigation, T.K., P.M., J.W., I.H. and R.J.; resources, P.M. and M.D.; data curation, P.M.; writing—original draft preparation, P.M. and T.K.; writing—review and editing, T.K., P.M., J.W., I.H., J.C. and V.S.; visualization, T.K.; supervision, R.J., J.L. and P.M.; project administration, P.M.; funding acquisition, P.M. All authors have read and agreed to the published version of the manuscript.




Funding


This publication was created thanks to the support of the research project solution—Innovation voucher of the Ministry of Industry and Trade—Development of research and development for innovation. Project No. CZ.01.1.02/0.0/0.0/20_358/0027903—“Research on the revitalization of damaged environmental sites” and thanks to the support of the research project solution Technology Agency of the Czech Republic and the Ministry of the Environment of the Czech Republic under the Environment for life Progamme (Project No. SS06010290).




Data Availability Statement


Data for the article are available from the authors.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Levers, C.; Butsic, V.; Verburg, P.H.; Müller, D.; Kuemmerle, T. Drivers of Changes in Agricultural Intensity in Europe. Land Use Policy 2016, 58, 380–393. [Google Scholar] [CrossRef]

	



Malek, Ž.; Verburg, P.H.; R Geijzendorffer, I.; Bondeau, A.; Cramer, W. Global Change Effects on Land Management in the Mediterranean Region. Glob. Environ. Chang. 2018, 50, 238–254. [Google Scholar] [CrossRef]

	



Groeneveld, A.N.; Peerlings, J.H.M.; Bakker, M.M.; Polman, N.B.P.; Heijman, W.J.M. Effects on Participation and Biodiversity of Reforming the Implementation of Agri-Environmental Schemes in the Netherlands. Ecol. Complex. 2019, 40, 100726. [Google Scholar] [CrossRef]

	



Stoate, C.; Boatman, N.D.; Borralho, R.J.; Carvalho, C.R.; De Snoo, G.R.; Eden, P. Ecological Impacts of Arable Intensification in Europe. J. Environ. Manag. 2001, 63, 337–365. [Google Scholar] [CrossRef] [PubMed]

	



Tanentzap, A.J.; Lamb, A.; Walker, S.; Farmer, A. Resolving Conflicts between Agriculture and the Natural Environment. PLoS Biol. 2015, 13, e1002242. [Google Scholar] [CrossRef] [PubMed]

	



Kleijn, D.; Kohler, F.; Báldi, A.; Batáry, P.; Concepción, E.D.; Clough, Y.; Díaz, M.; Gabriel, D.; Holzschuh, A.; Knop, E.; et al. On the Relationship between Farmland Biodiversity and Land-Use Intensity in Europe. Proc. R. Soc. B Biol. Sci. 2012, 276, 903–909. [Google Scholar] [CrossRef]

	



Maia, A.G.; Miyamoto, B.C.B.; Garcia, J.R. Climate Change and Agriculture: Do Environmental Preservation and Ecosystem Services Matter? Ecol. Econ. 2018, 152, 27–39. [Google Scholar] [CrossRef]

	



Marada, P.; Cukor, J.; Kuběnka, M.; Linda, R.; Vacek, Z.; Vacek, S. New Agri-Environmental Measures Have a Direct Effect on Wildlife and Economy on Conventional Agricultural Land. PeerJ 2023, 11, e15000. [Google Scholar] [CrossRef] [PubMed]

	



European Communities. Wind Erosion: Average Field Size in Ha; European Communities: Ispra, Italy, 2008. [Google Scholar]

	



Panagos, P.; Imeson, A.; Meusburger, K.; Borrelli, P.; Poesen, J.; Alewell, C. Soil Conservation in Europe: Wish or Reality? Land. Degrad. Dev. 2016, 27, 1547–1551. [Google Scholar] [CrossRef]

	



Vacek, Z.; Řeháček, D.; Cukor, J.; Vacek, S.; Khel, T.; Sharma, R.P.; Kučera, J.; Král, J.; Papaj, V. Windbreak Efficiency in Agricultural Landscape of the Central Europe: Multiple Approaches to Wind Erosion Control. Environ. Manag. 2018, 62, 942–954. [Google Scholar] [CrossRef]

	



Kertész, Á.; Nagy, L.A.; Balázs, B. Effect of Land Use Change on Ecosystem Services in Lake Balaton Catchment. Land Use Policy 2019, 80, 430–438. [Google Scholar] [CrossRef]

	



Irvem, A.; Topaloǧlu, F.; Uygur, V. Estimating Spatial Distribution of Soil Loss over Seyhan River Basin in Turkey. J. Hydrol. 2007, 336, 30–37. [Google Scholar] [CrossRef]

	



Hessel, R.; Jetten, V. Suitability of Transport Equations in Modelling Soil Erosion for a Small Loess Plateau Catchment. Eng. Geol. 2007, 91, 56–71. [Google Scholar] [CrossRef]

	



Kosmas, C.; Danalatos, N.; Cammeraat, L.H.; Chabart, M.; Diamantopoulos, J.; Farand, R.; Gutierrez, L.; Jacob, A.; Marques, H.; Martinez-Fernandez, J.; et al. The Effect of Land Use on Runoff and Soil Erosion Rates under Mediterranean Conditions. Catena 1997, 29, 45–59. [Google Scholar] [CrossRef]

	



Marston, R.A. Geomorphology and Vegetation on Hillslopes: Interactions, Dependencies, and Feedback Loops. Geomorphology 2010, 116, 206–217. [Google Scholar] [CrossRef]

	



Cogez, A.; Meynadier, L.; Allègre, C.; Limmois, D.; Herman, F.; Gaillardet, J. Constraints on the Role of Tectonic and Climate on Erosion Revealed by Two Time Series Analysis of Marine Cores around New Zealand. Earth Planet. Sci. Lett. 2015, 410, 174–185. [Google Scholar] [CrossRef]

	



Vrieling, A.; de Jong, S.M.; Sterk, G.; Rodrigues, S.C. Timing of Erosion and Satellite Data: A Multi-Resolution Approach to Soil Erosion Risk Mapping. Int. J. Appl. Earth Obs. Geoinf. 2008, 10, 267–281. [Google Scholar] [CrossRef]

	



van Leeuwen, C.C.E.; Cammeraat, E.L.H.; de Vente, J.; Boix-Fayos, C. The Evolution of Soil Conservation Policies Targeting Land Abandonment and Soil Erosion in Spain: A Review. Land Use Policy 2019, 83, 174–186. [Google Scholar] [CrossRef]

	



Tripathi, M.P.; Panda, R.K.; Raghuwanshi, N.S. Identification and Prioritisation of Critical Sub-Watersheds for Soil Conservation Management Using the SWAT Model. Biosyst. Eng. 2003, 85, 365–379. [Google Scholar] [CrossRef]

	



Sutherland, R.A.; Ziegler, A.D. Effectiveness of Coir-Based Rolled Erosion Control Systems in Reducing Sediment Transport from Hillslopes. Appl. Geogr. 2007, 27, 150–164. [Google Scholar] [CrossRef]

	



Wilson, G.V.; Cullum, R.F.; Römkens, M.J.M. Ephemeral Gully Erosion by Preferential Flow through a Discontinuous Soil-Pipe. Catena 2008, 73, 98–106. [Google Scholar] [CrossRef]

	



Renard, K.; Foster, G.; Weesies, G.; McCool, D.; Yoder, D. Predicting Soil Erosion by Water: A Guide to Conservation Planning with the Revised Universal Soil Loss Equation (RUSLE); Agricultural Handbook 1997, No. 703; IAHS Publications: Wallingford, UK, 1997. [Google Scholar]

	



Nyakatawa, E.Z.; Jakkula, V.; Reddy, K.C.; Lemunyon, J.L.; Norris, B.E. Soil Erosion Estimation in Conservation Tillage Systems with Poultry Litter Application Using RUSLE 2.0 Model. Soil Tillage Res. 2007, 94, 410–419. [Google Scholar] [CrossRef]

	



Lee, K.H.; Ehsani, R.; Castle, W.S. A Laser Scanning System for Estimating Wind Velocity Reduction through Tree Windbreaks. Comput. Electron. Agric. 2010, 73, 1–6. [Google Scholar] [CrossRef]

	



Reháček, D.; Khel, T.; Kučera, J.; Vopravil, J.; Petera, M. Effect of Windbreaks on Wind Speed Reduction and Soil Protection against Wind Erosion. Soil Water Res. 2017, 12, 128–135. [Google Scholar] [CrossRef]

	



Cukor, J.; Vacek, Z.; Vacek, S.; Linda, R.; Podrázský, V. Biomass Productivity, Forest Stability, Carbon Balance, and Soil Transformation of Agricultural Land Afforestation: A Case Study of Suitability of Native Tree Species in the Submontane Zone in Czechia. Catena 2022, 210, 105893. [Google Scholar] [CrossRef]

	



Zhao, X.; Wu, P.; Chen, X.; Helmers, M.J.; Zhou, X. Runoff and Sediment Yield under Simulated Rainfall on Hillslopes in the Loess Plateau of China. Soil Res. 2013, 51, 50–58. [Google Scholar] [CrossRef]

	



Fagherazzi, S.; Kirwan, M.L.; Mudd, S.M.; Guntenspergen, G.R.; Temmerman, S.; D’Alpaos, A.; Van De Koppel, J.; Rybczyk, J.M.; Reyes, E.; Craft, C.; et al. Numerical Models of Salt Marsh Evolution: Ecological, Geomorphic, and Climatic Factors. Rev. Geophys. 2012, 50, 1–28. [Google Scholar] [CrossRef]

	



Kakeh, N.; Coco, G.; Marani, M. On the Morphodynamic Stability of Intertidal Environments and the Role of Vegetation. Adv. Water Resour. 2016, 93, 303–314. [Google Scholar] [CrossRef]

	



Li, H.; Yang, S.L. Trapping Effect of Tidal Marsh Vegetation on Suspended Sediment, Yangtze Delta. J. Coast. Res. 2009, 25, 915–924. [Google Scholar] [CrossRef]

	



Temmerman, S.; Bouma, T.J.; Govers, G.; Wang, Z.B.; De Vries, M.B.; Herman, P.M.J. Impact of Vegetation on Flow Routing and Sedimentation Patterns: Three-Dimensional Modeling for a Tidal Marsh. J. Geophys. Res. Earth Surf. 2005, 110, F04019. [Google Scholar] [CrossRef]

	



Boorman, L.A.; Garbutt, A.; Barratt, D. The Role of Vegetation in Determining Patterns of the Accretion of Salt Marsh Sediment. Geol. Soc. Spec. Publ. 1998, 139, 389–399. [Google Scholar] [CrossRef]

	



Silva, H.; Dias, J.M.; Caçador, I. Is the Salt Marsh Vegetation a Determining Factor in the Sedimentation Processes? Hydrobiologia 2009, 621, 33–47. [Google Scholar] [CrossRef]

	



Fagherazzi, S.; Mariotti, G.; Leonardi, N.; Canestrelli, A.; Nardin, W.; Kearney, W.S. Salt Marsh Dynamics in a Period of Accelerated Sea Level Rise. J. Geophys. Res. Earth Surf. 2020, 125, e2019JF005200. [Google Scholar] [CrossRef]

	



Leonard, L.A.; Croft, A.L. The Effect of Standing Biomass on Flow Velocity and Turbulence in Spartina Alterniflora Canopies. Estuar. Coast. Shelf Sci. 2006, 69, 325–336. [Google Scholar] [CrossRef]

	



Shi, Z.; Hamilton, L.J.; Wolanski, E. Near-Bed Currents and Suspended Sediment Transport in Saltmarsh Canopies. J. Coast. Res. 2000, 16, 909–914. [Google Scholar]

	



Borsje, B.W.; van Wesenbeeck, B.K.; Dekker, F.; Paalvast, P.; Bouma, T.J.; van Katwijk, M.M.; de Vries, M.B. How Ecological Engineering Can Serve in Coastal Protection. Ecol. Eng. 2011, 37, 113–122. [Google Scholar] [CrossRef]

	



Möller, I.; Kudella, M.; Rupprecht, F.; Spencer, T.; Paul, M.; Van Wesenbeeck, B.K.; Wolters, G.; Jensen, K.; Bouma, T.J.; Miranda-Lange, M.; et al. Wave Attenuation over Coastal Salt Marshes under Storm Surge Conditions. Nat. Geosci. 2014, 7, 727–731. [Google Scholar] [CrossRef]

	



Daly, E.R.; Miller, R.B.; Fox, G.A. Modeling Streambank Erosion and Failure along Protected and Unprotected Composite Streambanks. Adv. Water Resour. 2015, 81, 114–127. [Google Scholar] [CrossRef]

	



Docker, B.B.; Hubble, T.C.T. Quantifying Root-Reinforcement of River Bank Soils by Four Australian Tree Species. Geomorphology 2008, 100, 401–418. [Google Scholar] [CrossRef]

	



Järvelä, J. Flow Resistance of Flexible and Stiff Vegetation: A Flume Study with Natural Plants. J. Hydrol. 2002, 269, 44–54. [Google Scholar] [CrossRef]

	



López, F.; García, M. Open-Channel Flow through Simulated Vegetation: Suspended Sediment Transport Modeling. Water Resour. Res. 1998, 34, 2341–2352. [Google Scholar] [CrossRef]

	



Pollen-Bankhead, N.; Simon, A. Hydrologic and Hydraulic Effects of Riparian Root Networks on Streambank Stability: Is Mechanical Root-Reinforcement the Whole Story? Geomorphology 2010, 116, 353–362. [Google Scholar] [CrossRef]

	



Ryspekov, T.; Jandák, J.; Balkozha, M.; Winkler, J. Vegetation of Abandoned Fields on Soil Types of Kastanozems in Northern Kazakhstan (Kostanay Region). J. Ecol. Eng. 2021, 22, 176–184. [Google Scholar] [CrossRef]

	



Chung, C.H.; Zhuo, R.Z.; Xu, G.W. Creation of Spartina Plantations for Reclaiming Dongtai, China, Tidal Flats and Offshore Sands. Ecol. Eng. 2004, 23, 135–150. [Google Scholar] [CrossRef]

	



Zhi, Y.; Li, H.; An, S.; Zhao, L.; Zhou, C.; Deng, Z. Inter-Specific Competition: Spartina Alterniflora Is Replacing Spartina Anglica in Coastal China. Estuar. Coast. Shelf Sci. 2007, 74, 437–448. [Google Scholar] [CrossRef]

	



Biber, P. Evaluating a Chlorophyll Content Meter on Three Coastal Wetland Plant Species. J. Agric. Food Environ. Sci. 2007, 1, 1–11. [Google Scholar]

	



Meng, W.; Feagin, R.A.; Innocenti, R.A.; Hu, B.; He, M.; Li, H. Invasion and Ecological Effects of Exotic Smooth Cordgrass Spartina Alterniflora in China. Ecol. Eng. 2020, 143, 105670. [Google Scholar] [CrossRef]

	



Li, X.; Ren, L.; Liu, Y.; Craft, C.; Mander, Ü.; Yang, S. The Impact of the Change in Vegetation Structure on the Ecological Functions of Salt Marshes: The Example of the Yangtze Estuary. Reg. Environ. Chang. 2014, 14, 623–632. [Google Scholar] [CrossRef]

	



Marada, P.; Mareček, J.; Krčálová, E.; Krajíček, T.; Lacina, L.; Horák, I. The Circular Economics of Revitalization Process of Concentrated Water Runoff Paths and Retention Reservoirs. In Proceedings of the 10th International Conference on Management-Zero Waste Management and Circular Economy, Brno, Czech Republic, 10 June 2021. [Google Scholar]

	



Köppen, W.; Geiger, R. Handbuch der Klimatologie: Das Geographische System der Klimate; Borntraeger: Berlin, Germany, 1936; Volume 35. [Google Scholar]

	



Quitt, E. Klimatické Oblasti Československa; Academia: Prague, Czech Republic, 1971; Volume 16. [Google Scholar]

	



Dumbrovský, M.; Drbal, K.; Sobotková, V.; Uhrová, J. An Approach to Identifying and Evaluating the Potential Formation of Ephemeral Gullies in the Conditions of the Czech Republic. Soil Water Res. 2020, 15, 38–46. [Google Scholar] [CrossRef]

	



Kaplan, Z.; Danihelka, J. Klíč Ke Květeně České Republiky [Key to the Flora of the Czech Republic], 2nd ed.; Academia: Prague, Czech Republic, 2019. [Google Scholar]

	



Chytrý, M.; Danihelka, J.; Kaplan, Z.; Wild, J.; Holubová, D.; Novotný, P.; Reznícková, M.; Rohn, M.; Drevojan, P.; Grulich, V.; et al. Pladias Database of the Czech Flora and Vegetation. Preslia 2021, 93, 1–87. [Google Scholar] [CrossRef]

	



Pyšek, P.; Sádlo, J.; Chrtek, J.; Chytrý, M.; Kaplan, Z.; Pergl, J.; Pokorná, A.; Axmanová, I.; Čuda, J.; Doležal, J.; et al. Catalogue of Alien Plants of the Czech Republic (3rd Edition). Preslia 2022, 94, 447–577. [Google Scholar] [CrossRef]

	



Borrelli, P.; Panagos, P.; Alewell, C.; Ballabio, C.; de Oliveira Fagundes, H.; Haregeweyn, N.; Lugato, E.; Maerker, M.; Poesen, J.; Vanmaercke, M.; et al. Policy Implications of Multiple Concurrent Soil Erosion Processes in European Farmland. Nat. Sustain. 2023, 6, 103–112. [Google Scholar] [CrossRef]

	



Montanarella, L. Agricultural Policy: Govern Our Soils. Nature 2015, 528, 32–33. [Google Scholar] [CrossRef] [PubMed]

	



Panagos, P.; Matthews, F.; Patault, E.; De Michele, C.; Quaranta, E.; Bezak, N.; Kaffas, K.; Patro, E.R.; Auel, C.; Schleiss, A.J.; et al. Understanding the Cost of Soil Erosion: An Assessment of the Sediment Removal Costs from the Reservoirs of the European Union. J. Clean. Prod. 2024, 434, 140183. [Google Scholar] [CrossRef]

	



Panagos, P.; Ballabio, C.; Lugato, E.; Jones, A.; Borrelli, P. Condition of Agricultural Soil: Factsheet on Soil Erosion Overview of Models, Data and Information on Soil Erosion in Agricultural Soils; Publications Office of the European Commission: Luxembourg, 2017. [Google Scholar] [CrossRef]

	



Panagos, P.; Ballabio, C.; Poesen, J.; Lugato, E.; Scarpa, S.; Montanarella, L.; Borrelli, P. A Soil Erosion Indicator for Supporting Agricultural, Environmental and Climate Policies in the European Union. Remote Sens. 2020, 12, 1365. [Google Scholar] [CrossRef]

	



Patault, E.; Ledun, J.; Landemaine, V.; Soulignac, A.; Richet, J.B.; Fournier, M.; Ouvry, J.F.; Cerdan, O.; Laignel, B. Analysis of Off-Site Economic Costs Induced by Runoff and Soil Erosion: Example of Two Areas in the Northwestern European Loess Belt for the Last Two Decades (Normandy, France). Land Use Policy 2021, 108, 105541. [Google Scholar] [CrossRef]

	



Ødegaard, F.; Tømmerås, B.Å. Compost Heaps—Refuges and Stepping-Stones for Alien Arthropod Species in Northern Europe. Divers. Distrib. 2000, 6, 45–59. [Google Scholar] [CrossRef]

	



Hunková, E.; Winkler, J.; Demjanová, E. The Weed Seed Bank Assessment in Two Soil Depths under Various Mineral Fertilising. Acta Univ. Agric. Silvic. Mendel. Brun. 2011, 59, 105–112. [Google Scholar] [CrossRef]

	



Boardman, J.; Vandaele, K. Soil Erosion and Runoff: The Need to Rethink Mitigation Strategies for Sustainable Agricultural Landscapes in Western Europe. Soil Use Manag. 2023, 39, 673–685. [Google Scholar] [CrossRef]








[image: Agriculture 15 00250 g001] 





Figure 1. Localization of the study area (▲) with the detailed description of the research location (right side) where the erosion risk is evaluated in tons of eroded soil per hectare per year and marked by color range from white 0–5 t ha−1 yr−1 to purple (˃30 t ha−1 yr−1). 
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Figure 2. The working tool of the plowshare (range of spring standards) and its parameters. r—spring standard radius, H is the height of the spring standard with a working blade; we suggest 0.5–0.7 m, roll angle β (45–65°), cutting angle γ (45–55°). 
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Figure 3. Schematic of a newly developed tool for the remediation of erosional sediment from herbaceous stands. 
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Figure 4. Dependence of the coverage of plant groups on the area of erosional sediment accumulated in the plot. Linear regression fits are displayed in the case of the significant relationship. 
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Figure 5. Dependence of the coverage of plant groups on the depth of erosional sediment accumulated in the plot. Linear regression fits are displayed in the case of the significant relationship. 
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Figure 6. Relationships of recorded plant taxa and erosional sediment characteristics (RDA analysis result; total explained variability = 24.1%, F ratio = 2.3, p-value = 0.002). Legend: Sedim%—area of erosional sediment; SedimCm—strength of erosional sediment. Species with invasive status are marked with red, species with casual status are marked with yellow, species with naturalized status are marked with brown, species with native status are marked with green. 
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Table 1. Groups of plant taxa according to RDA analysis.
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Relationship to Characteristics of Erosional Sediments

	
Invasive Status of Taxa

	
Abbreviation—Taxa






	
Positive response—higher coverage and frequency of occurrence

	
invasive

	
AmaRetr—Amaranthus retroflexus, CirArve—Cirsium arvense, SymNovi—Symphyotrichum novi-belgii




	
naturalized

	
CreTect—Crepis tectorum, DatStra—Datura stramonium, LacSerr—Lactuca serriola, LycArve—Lycopsis arvensis, PanMili—Panicum miliaceum




	
casual

	
BraNapu—Brassica napus




	
native

	
PoaAnnu—Poa annua, RumObtu—Rumex obtusifolius, SteMedi—Stellaria media, TarSect—Taraxacum sect. Taraxacum, VioArve—Viola arvensis




	
Neutral—other environmental factors had a greater influence on the coverage and frequency of occurrence

	
invasive

	
EriAnnu—Erigeron annuus, PorOler—Portulaca oleracea




	
naturalized

	
ArcTome—Arctium tomentosum, CapBurs—Capsella bursa-pastoris, DesSoph—Descurainia sophia, LamAmpl—Lamium amplexicaule, LolMult—Lolium multiflorum, ThlArve—Thlaspi arvense, TriInod—Tripleurospermum inodorum, VerPers—Veronica persica, VerPoli—Veronica polita




	
native

	
ArcMinu—Arctium minus, CreBien—Crepis biennis, CheAlbu—Chenopodium album, PerAmph—Persicaria amphibia, PerLapa—Persicaria lapathifolia, PolAvic—Polygonum aviculare, RumCris—Rumex crispus, SenJaco—Senecio jacobaea, TraOrie—Tragopogon orientalis, UrtDioi—Urtica dioica




	
Negative—lower coverage and frequency of occurrence

	
invasive

	
ArrElat—Arrhenatherum elatius, ConCana—Conyza canadensis




	
naturalized

	
CicInty—Cichorium intybus, ConArve—Convolvulus arvensis, EchCrus—Echinochloa crus-galli, ResLute—Reseda lutea, SetPumi—Setaria pumila, SilLati—Silene latifolia




	
native

	
AchMill—Achillea millefolium, ArtVulg—Artemisia vulgaris, CarAcan—Carduus acanthoides, DacGlom—Dactylis glomerata, DauCaro—Daucus carota, FesRubr—Festuca rubra, GalAlbu—Galium album, LolPere—Lolium perenne, PlaMajo—Plantago major, SteGram—Stellaria graminea, TriPrat—Trifolium pratens
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