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Abstract


Soil erosion and hydrogeological risk are critical phenomena gaining increased recognition within the scientific community. Although these occurrences are naturally occurring, human activities can exacerbate their impacts. For example, deforestation consistently amplifies soil erosion. This study examines two distinct forest management strategies aimed at addressing soil erosion: the Banded Standards Method (BSM) and the Scattered Standards Method (SSM). We conducted a field experiment in two test areas located in central Italy, with one area employing the BSM and the other implementing the SSM. Two soil erosion plots were established, representing prototypes of a novel erosion monitoring apparatus called the Natural Erosion Trap (NET), or Diabrosimeter, specifically designed for forest environments. At regular intervals, particularly after significant storm events, sediment and leaf litter accumulated within the erosion plots were collected, dried, and weighed to quantify erosion rates and assess the efficacy of the silvicultural methods under investigation. The results revealed a 30.72% reduction in the eroded material with BSM compared to SSM, underscoring BSM’s ability to mitigate potential hazards and preserve environmental integrity.
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1. Introduction


Soil erosion and hydrogeological risk represent critical phenomena garnering increasing attention from the scientific community [1,2,3] as well as international and national regulatory bodies [4,5,6], owing to their profound ramifications on human livelihoods, infrastructure integrity, and ecological balance [5,7,8,9]. While both phenomena are inherently natural, anthropogenic activities often exacerbate their severity [10,11,12,13,14,15]. For instance, deforestation invariably triggers soil erosion and, contingent upon the geomorphological characteristics of the affected area, may precipitate hydrogeological instability [16,17,18]. Over time, numerous empirical investigations have been undertaken to understand soil erosion dynamics [19]. Pioneering work in this domain was conducted by Wischmeier and Smith [20,21], who, following years of experimental research, formulated the Universal Soil Erosion Equation (USLE).



This equation remains the cornerstone in soil erosion modelling, notably in its revised iteration, the Revised Universal Soil Loss Equation (RUSLE) [22,23]. Indeed, the genesis of this formula stemmed from extensive experimental endeavours predominantly within agricultural contexts [24]. The widespread adoption of the USLE (or RUSLE) framework for regional applications underscores its enduring utility [25].



To determine the equation, the researchers devised experimental plots with cemented sides terminating in water and sediment collectors, representing a widely employed setup in experimental fields. A comprehensive review revealed that the majority of such experiments have been conducted within agricultural contexts [26,27]. However, investigations into soil erosion estimation within forested areas utilizing experimental plots remain relatively scarce, with only a limited number of studies examining the effects of logging on soil dynamics [17,28,29]. In recent years, the predominant approach in natural environment research pertaining to soil erosion has shifted towards modelling within a Geographic Information System (GIS) framework, leveraging the Revised Universal Soil Loss Equation (RUSLE) [30,31,32,33,34,35].



Nevertheless, a significant challenge in such a modelling approach lies in the scarcity of detailed input data. Notably, commonly utilized digital elevation models, typically with a resolution of 30 m, lack representation of soil microtopography, potentially leading to oversimplified terrain characterization and erroneous erosion estimations. Consequently, the paucity of experimental studies on forest soil erosion primarily stems from the logistical challenges associated with constructing experimental plots. Notably, conventional plot construction techniques [20,21,36] are associated with notable environmental impacts, including substantial soil disturbance, introduction of artificial elements incongruent with natural settings, and significant financial outlay.



Italy stands out as one of Europe’s most hydrologically vulnerable nations, with 94% of its administrative regions grappling with various forms of hydrological instability according to the ISPRA Report on hydrogeological instability [37]. This predicament is poised to exacerbate in the coming years, particularly under the spectre of climate change, which forecasts a marked reduction in average rainfall alongside an uptick in extreme weather events, potentially escalating the frequency and severity of hydrological disturbances such as floods [6,38].



Italy’s geographical landscape is characterized by 41.6% hilly terrain, 35.2% mountainous regions, and a mere 23.2% flat land, predominantly occupied by urban settlements. Natural ecosystems, including forests, are predominantly situated in hilly and mountainous terrains. Consequently, owing to the Mediterranean precipitation patterns prevalent in the country, Italy witnesses a notably higher average annual soil erosion rate within forested areas compared with other European regions, as elucidated by Borrelli et al. [17]. Specifically, Italian forest ecosystems exhibit an average annual soil erosion rate of 0.33 t/ha/yr, surpassing the rates observed in Mediterranean forests (0.18 t/ha/yr) and other European counterparts (0.003 t·ha−1·yr−1).



Given the substantial proportion (42.3%) of Italian forest cover comprising coppice forests, which inherently engender greater soil erosion compared with high stand forests, it becomes imperative to devise silvicultural strategies aimed at mitigating post-harvest soil erosion and subsequent hydrological instability. In pursuit of this objective, we investigate the efficacy of the Banded Standards Method (BSM), a silvicultural coppice method hypothesized by Del Favero [39] and conceptually scrutinized by our research team [40].



The primary distinction between the two coppice forest management techniques lies in the arrangement of the trees that remain in the forest after logging, known as standards. In the Scattered Standards Method (SSM), these standards are dispersed throughout the logged area. This method ensures that the trees are evenly spread, providing a more uniform structure to the forest after logging operations. In contrast, the BSM arranges the standards in a band or stripe that runs parallel to the contour lines of the terrain. This technique creates a more organized and systematic layout, concentrating the remaining trees in specific areas and following the land’s natural topography.



The BSM can make forest management practices, such as replanting and maintenance, more efficient because of the organized layout of the standards. By following the contour lines, this method can also help in reducing soil erosion and managing water flow more effectively, as the trees act as barriers to slow down runoff. This approach can be particularly advantageous in areas prone to erosion or with uneven terrain. Because of the band of standards that act as an ecological corridor, this method can also bring a reduction in the loss of animal and plant biodiversity and can ensure the conservation of gene flows. Those stripes can act also as wind barriers, so they can reduce the wind effect followed by the logging, and finally, they hide the view of the bare areas better, simulating a seamless covering of the slopes with a real improvement at the landscape level.



To evaluate the viability of the BSM, we conducted a field experiment wherein two test areas were established as follows: one employing the conventional SSM, typical in Italian coppice forest management, and the other implementing the BSM.



The experiment was carried out within a mixed coppice forest situated in Maiella National Park. After logging activities, two soil erosion plots were installed, each covering one of the logged areas. These soil erosion plots represent prototypes of a novel erosion monitoring apparatus termed the Natural Erosion Trap (NET) or Diabrosimeter, specifically designed for forest environments. At regular intervals, and particularly following significant storm events, sediment and leaf litter accumulated within the erosion plots were collected, dried, and weighed to quantify erosion rates and assess the efficacy of the silvicultural methods under investigation.




2. Materials and Methods


2.1. Study Area


The study area (Figure 1) is situated within the “Gole di Popoli” in the Municipality of Popoli, in the Abruzzo Region (central Italy). The site is part of Maiella National Park and of the State Natural Reserve “Mt. Rotondo” (42°11′20.78″ N; 13°50′57.24″ E). The altitudinal range of the area spans from 308 m to 332 m above sea level, characterized by an average slope of 48.5%, moderate ruggedness, and a predominant northeast-facing aspect. Geophysical data obtained from Geoportale Abruzzo [41] indicate that the study area exhibits typical physiographic features and lithological composition consistent with sloping terrain containing valleys and calcareous substrates. Specifically, the area is typified by Middle–Late Jurassic limestones and calcarenites, with radiolarian and filaments-like remains [42].



Regarding climatic aspects, the area can be classified in the temperate macroclimate, temperate oceanic sub-Mediterranean bioclimate with upper subhumid ombrotype, and upper mesotemperate thermotype [43]. According to the Köppen–Geiger climate classification, the study area has a temperate climate with hot summers and no dry seasons (symbol Cfa) [44]. The average annual rainfall is 719.6 mm, with an average of 86 rainy days in a year [45]. The maximum collected rainfalls are 36.4 mm (1 h) and 177.4 mm (24 h). The rainiest seasons are spring (April) and autumn (October, November, and December).



The minimum rainfall is in July (25.8 mm). The average daily temperature is 13.5 °C, with average maximum temperatures exceeding 30.0 °C in the summer months (absolute maximum 45.0 °C) and average minimum temperatures ranging between 0.1 °C and 0.8 °C during the coldest months (absolute minimum −17.0 °C). All climatic data refer to the thermopluviometric station of Popoli (UTM WGS84: 32T 899738.33E, 4678532.80N) for the period 1951–2000 [45] (Figure 2).



According to the phytosociological classification, the study area is covered by a mixed deciduous broadleaf forest dominated by Quercus pubescens Willd. belonging to the plant association Roso sempervirentis–Quercetum virgilianae with elements of Mediterranean sclerophyllous vegetation (Quercus ilex L., Viburnum tinus L., Ruscus aculeatus L., Smilax aspera L., etc.) of the class Quercetea ilicis [46,47].




2.2. Silvicultural Treatment


The forest underwent coppicing using the “coppice with standards” method. In one plot, standards were released onto the ground utilizing the SSM, the most prevalent technique in coppicing. Conversely, the other plot employed the BSM as proposed by Schirone et al. [40]. This method involves releasing standards in stripes perpendicular to the steepest slope direction, thereby altering conventional coppicing geometry. It was specifically designed to manage steep coppice forests and mitigate soil erosion following logging activities.



A field campaign was conducted in the logged area to assess the main characteristics of vegetation within the two plots. Data on the number of plants categorized into standards and stumps, the number of shoots, and their respective diameters (DBH) were collected (Table 1). The mean height of the trees, determined through direct measurement of selected logged trees, was recorded at 14 m (Table 1). Plot 1 (P1) corresponds to the area where the SSM was implemented, while Plot 2 (P2) represents the BSM plot. The average diameter of Plot P1 was 7.76 cm, the one in Plot P2 was 8.58 cm, and their mean was 8.17 cm. The diameter was calculated at breast height (1.30 m) for each standard and shoot with a diameter superior to 3 cm. All the standards, stumps, and shoots were counted. By summing the number of the standards with the number of the shoots, we obtained the total number of stems present in the two plots. Finally, the results were compared in hectares and then summed. Plot P1 resulted to have 88 standards (1760/ha) and 65 shoots (1300/ha) for a total of 153 stems (3060/ha). Plot P2 resulted to have 79 standards (1580/ha) and 69 shoots (1380/ha) for a total of 148 stems (2960/ha). The sum of the two plots was 167 standards (1670/ha), 134 shoots (1340/ha), and. in total, 301 stems (3010/ha).



The coppice cutting of the two plots was carried out between the end of September and the end of October 2022, by releasing 140 standards per hectare. Given that each plot was 500 square meters, 7 trees (standards) were left in each plot (see Figure 3).



In the first plot (SSM), the standards were dispersed throughout the study area, ensuring the representation of each species within the plot. The species, diameter (DBH), and height of these standards are detailed in Table 2. In the second plot (BSM), the standards were strategically positioned to form a single stripe (band) in the middle of the area, running parallel to the shorter side and approximately 25 m from both the base and the top of the plot. The two plots were modelled in three dimensions using the LiDAR module of an iPhone 14 pro combined with the PolyCam app [48], and the resulting models are included in the Supplementary Materials (Figures S1 and S2). Species differentiation was not considered; instead, standards were selected solely for inclusion in the designated band of standards (refer to Table 2). For this reason, in Plot P2, only two species remained (Quercus pubescens Wild. and Fraxinus ornus L.), while in Plot P1, four species remained (Quercus pubescens Wild., Quercus ilex L., Ostrya carpinifolia Scop., and Acer monspessulanum L.) (Table 2). Brushwood resulting from limbing activities was piled on the upper side of the standards band to further mitigate water runoff and act as a barrier against rocks of varying sizes, reducing the risk of hazards to humans.




2.3. Hydrological and Geological Data


Recognizing that soil erosion within a specific area is influenced significantly by both the rainfall regime and soil properties [21], we conducted thorough analyses on these factors. For the rainfall regime assessment, we utilized data obtained from a rain gauge station of the Abruzzo Hydrological Centre (Centro Funzionale e Ufficio Idrologia, Idrografico, Mareografico–Agenzia di Protezione Civile della Regione Abruzzo) situated near the study area.



Our examination focused on the daily rainfall and temperature readings recorded at the station, spanning from November 2022 to December 2023. Furthermore, we employed the 2023 dataset to construct a 2023 Bagnouls–Gaussen diagram (Figure 2), enabling us to grasp the climatic variances between 2023 and the data averages spanning 1951 to 2000 [45].



In terms of soil analysis, a comprehensive field campaign was undertaken, during which we collected four soil samples from each plot. With the utmost care, the initial 20 cm were extracted by samplings at a distance of 12.5 m in a 30 × 30 cm plot. These samples were subsequently subjected to analysis to determine key soil parameters, including texture, Total Organic Carbon (TOC), and Soil Organic Matter (SOM). The findings of these soil analyses are presented in Table 3.




2.4. Experimental Plot


Following the logging activities, we introduced a novel erosion control mechanism known as the Natural Erosion Trap (NET) or Diabrosimeter. This choice stemmed from the necessity for a larger plot compared with traditional Wischmeier soil erosion plots, measuring 22.13 m in length and 1.83 m in width [49]. The forested study area demanded a larger footprint than agricultural settings because of the general high biodiversity and the presence of trees and their expansive canopies, which significantly influence erosion dynamics. Thus, there was a clear need for a solution that could be easily installed and removed, had minimal environmental impact, could adapt to various terrains including protected areas, and effectively mitigate risks associated with falling rocks within the study site.



The NET prototype was meticulously engineered to intercept water runoff, sediment, rocks, and organic debris. Its adaptable design facilitates deployment across diverse environmental conditions, accommodating variable slopes, and allowing customization in terms of shape and size to meet specific research objectives (see Figure 4).



The initial prototype we constructed features a rectangular configuration, with its shorter sides aligned parallel to contour lines and the longer sides perpendicular to these lines. Divided into two primary sections, the first serves as a protective barrier, effectively isolating the plot from its surroundings, while the second functions as the primary collection unit.



The protective barrier comprises a sturdy metallic mesh to shield the plot from external rockfall and other debris, complemented by a mulching film that serves to prevent the ingress of water and sediment. This fencing component spans three sides of the plot, encompassing the top and longer edges.



Meanwhile, the collector section incorporates a reinforcing net structure along with a heavy-duty 900 g/m2 waterproof PVC tarpaulin, acting as the sediment collection apparatus. Both sections are affixed to wooden poles positioned along the perimeter at regular intervals, approximately two meters apart.



For installation, the fencing component is vertically embedded into the soil, while the collector’s net is similarly inserted vertically. The PVC tarpaulin is partially secured horizontally to the soil, with its upper section buried about 10 cm deep, and the remainder fixed in conjunction with the net.



Additionally, the vertical section of the collector can accommodate nozzles, facilitating either water runoff collection or functioning as a relief valve (refer to Figure 5).



The vertical section of the collector effectively intercepts water and assorted sediments, while the horizontal component facilitates the flow of water and sediment toward the vertical portion. The robust fencing and the substantial PVC tarpaulin ensure that even sizable rock fragments are impeded, safeguarding the system from damage. Various methods exist for sediment retrieval, contingent upon forest type and topography. Options include employing nozzles connected to tubing and tanks for sediment and water collection, or, alternatively, blocking the nozzles and utilizing a pump to extract water and sediment into tanks. In the absence of water, sediment can be directly retrieved from the collector. Additionally, depending on research objectives, pegs can be installed using the soil erosion peg method depicted in Figure 5 [50,51,52,53].




2.5. Collection and Analysis Methodologies


The research team manually conducted the removal of sediments and leaves accumulated by the two NETs over the period from November 2022 to December 2023. This task typically involved two operators. The first operator accessed the site via a side entrance positioned in the middle of the left long side of the plot, cautiously minimizing ground disturbance while navigating along the perimeter to reach the collector. Meanwhile, the second operator remained outside the plot.



The picking process unfolded systematically, progressing from left to right in a prescribed sequence. Initially, surface materials, predominantly dead leaves, were gathered and placed into numbered bags. Next, residual water accumulated within the collector was suctioned out using a pump and stored in numbered tanks. Subsequently, sediment accumulated at the bottom of the collector was retrieved and stored in numbered containers. This sequence was repeated for the adjacent experimental plot, adhering to the same operational protocol.



Once the sediment, residual water, and leaves were removed from the plots, they were transported to the laboratory for further analysis. Initial processing involved cleaning the leaves to eliminate any adhering sediment, also to prevent potential fermentation within the bags. This cleaning procedure entailed soaking the leaves in water, followed by thorough cleaning, drying, and subsequent weighing after each collection.



Regarding sediment analysis, samples collected directly from the plots were naturally dried or oven-dried as appropriate. Sediment suspended in water tanks underwent a decanting process to separate the solid components, after which it was dried and combined with other sediment samples. Subsequent differentiation classified sediment into gravel (particles with a diameter greater than 2 mm) and fine sediment (particles with a diameter less than 2 mm, including sand, loam, and clay), achieved through the use of pedological sieves. The weights of the two sediment types were recorded and summed for each plot.





3. Results and Discussion


The two NETs plots commenced operations effectively from 4 November 2022, continuing until 14 December 2023, spanning approximately 13 months. To ensure a meaningful comparison between the two plots and to accurately convert the erosion results into square meters and hectares, we initially determined their respective areas and slopes. Plot P1 (SSM) exhibited a mean slope of 47.1% and covered an area of 373 m2, while Plot P2 (BSM) featured a mean slope of 49.03% and occupied an area of 435 m2. The combined average slope for both plots was calculated at 48.17%. As for leaf collection, we conducted multiple weightings throughout the year, whereas sediment weight measurements were undertaken only three times during the entire year.



Leaf Collection


After the initial leaf collection, a notable disparity became evident between the two plots. Plot P1, managed using the SSM, amassed a greater quantity of leaves compared with Plot P2, where the BSM was applied. Plot P1 accumulated a total leaf weight of 6.4 kg, whereas Plot P2 amassed 3.8 kg.



These findings, however, did not factor into the variation in slope between the two plots. To address this, we adjusted the results proportionally, considering the slope. Consequently, the weighted leaf mass of Plot P1 experienced a slight increase, rising from 6.4 kg to 6.6 kg, while Plot P2 saw a decrease, dropping from 3.8 kg to 3.7 kg. Subsequently, we divided the adjusted sum by the respective plot areas, revealing soil loss rates of 0.018 kg/m2 for Plot P1 (SSM) and 0.008 kg/m2 for Plot P2 (BSM). Notably, the BSM exhibited a 55.5% reduction in leaf loss compared to the SSM (Table 4).



After the first process of weighing, we investigated the rainfall that generated the leaf loss. Thanks to the data provided by the rain gauge of the Abruzzo Hydrological Centre (Centro Funzionale e Ufficio Idrologia, Idrografico, Mareografico–Agenzia di Protezione Civile della Regione Abruzzo), we could correlate the leaf loss inside the two plots with the rainfall that generated that loss. As evident, there exists a substantial correlation among rainfall, seasonal variations, and leaf loss. Particularly, during November and December, an important leaf loss is observed, closely associated with both rainfall and the seasonal shedding typical of broadleaf forests. Despite potentially lower rainfall levels during this period compared with others, the majority of leaf shedding occurs, as exemplified by the January collection, which yielded more leaves than that of 16 February. This trend persists throughout the year, with consistent leaf loss occurring even during periods of relatively lower total rainfall. Consequently, there is a continual loss of organic matter throughout the year, emphasizing the ongoing impact of leaf shedding on forest ecosystems (Table 5 and Figure 6).



Table 5 and Figure 6 clearly show that Plot P2 experienced a decrease in the loss of leaves, suggesting that this plot has a blocking effect on leaves, so it could reduce the organic matter loss.



Regarding the sediment collected by the two erosion plots, we faced limitations in conducting the same procedure as that used for the leaves. We could only conduct three weightings throughout the year, allowing us to establish correlations with rainfall and seasonal variations. Recognizing the significance of differentiating sediment types—rock fragments, which, depending on their size, can pose risks to human health, and fine sediment, which affects only soil fertility—we initially categorized the collected sediment into gravel (with a diameter larger than 2 mm) and fine sediment (including sand, loam, and clay).



The results of this differentiation revealed that in Plot P1 (SSM), we collected 4508.1 g of gravel and 3698.4 g of fine sediment, while in Plot P2 (BSM), we collected 3486.2 g of gravel and 5039 g of fine sediment. Similar to the leaves, we adjusted the collected sediment weights based on slope and area to obtain values in kg/ha.



For Plot P1 (SSM), erosion rates were calculated at 123.5 kg/ha for gravel and 101.3 kg/ha for fine sediment, totalling 224.8 kg/ha. In Plot P2 (BSM), the erosion rates were 78.8 kg/ha for gravel and 113.9 kg/ha for fine sediment, with a total erosion of 192.6 kg/ha. Notably, the BSM exhibited lower erosion rates overall, with a 19% decrease in total soil erosion. While gravel erosion consistently favoured Plot P1, fine sediment erosion initially favoured Plot P2, though this trend equalized over the year.



The final weighing showed a decrease in fine sediment erosion in Plot P2, attributed to its enhanced anti-erosive capacity one year post-logging, suggesting better forest recovery and subsequent erosion mitigation. The results show promising differences. For a better comprehension of the results, Table 5 shows the Plot P1 and Plot P2 results.



Apart from mitigating leaf and soil losses, the BSM demonstrated effectiveness in averting large rock displacement. While Plot P1 experienced no obstructions from rocks, Plot P2 intercepted numerous rocks successfully.



By integrating standards with bundled twigs, the method effectively prevented the movement of six rocks, collectively weighing 90.35 kg. Notably, these blocked rocks encompassed varying weights, including heavy ones, underscoring the method’s pivotal role in ensuring human safety.



The results underscore the method’s ability to address broader concerns beyond soil erosion. By obstructing rocks, the BSM mitigates potential hazards and preserves environmental integrity, demonstrating its versatility across diverse terrains. Its successful application in Plot P2 highlights its adaptability to challenging conditions, validating its efficacy in sustainable land management.



Continued research and implementation of the BSM offer promise in mitigating soil erosion and enhancing environmental resilience. Integrating findings from this study into land management practices can inform the development of more robust erosion control strategies, ensuring the long-term health and sustainability of ecosystems globally.



The ability of the BSM to effectively block rocks complements its other benefits, making it a comprehensive solution for mitigating various forms of land degradation and promoting ecosystem health.



After converting all measurements to tons per hectare (t/ha), we conducted a comprehensive analysis of sediment accumulation in the two plots, P1 and P2, as shown in Table 6.



The sediment amassed in P1 totalled 0.40 t/ha, while P2 accumulated 0.28 t/ha. This calculation revealed a noteworthy 30.72% reduction in erosion for P2 compared with P1, indicating a potentially more effective erosion control strategy in the latter. Additionally, we assessed the impact of rock barriers installed in the area.



The weight of rocks obstructed by these barriers was quantified at 2.07 t/ha. Had the barriers not been in place, the erosion rate in P2 would have surged to 2.35 t/ha. This figure is staggering, representing a 487.5% increase over P1’s erosion rate and a 739.3% increase over the actual erosion rate in P2. The results indicate that there are encouraging differences.



The comparison between P1 and P2 highlights the effectiveness of such treatments, emphasizing the importance of implementing sustainable land management practices to combat erosion effectively.



This study not only provides valuable insights into erosion dynamics but also emphasizes the need for proactive measures to address soil erosion. Further research and implementation of erosion control strategies are warranted to mitigate the adverse effects of erosion on land and ecosystems worldwide.



From our experience, we can infer that within coppice forests in sloping areas, especially where there is a significant risk to human health (such as the presence of large rocky boulders), it might be prudent to employ our silvicultural model, known as the BSM. The data collected during the initial year of experimentation is preliminary and requires further verification over subsequent seasons, as there are no existing experimental data in the literature for comparison.



Regarding the considered silvicultural aspects, the preliminary results confirm the effectiveness of the BSM as a treatment to mitigate surface soil erosion risk. Our model successfully reduces erosion, particularly concerning large sediment, and prevents the loss of leaves and organic matter. These positive outcomes are attributed to the action of the bands of standards and the bundles of twigs, which act as effective barriers. Additionally, the BSM does not compromise wood production or forest owner profits while simultaneously improving ecological efficiency. Notably, there are no reported technical inconveniences for forest users, and the access methods and extraction procedures remain straightforward.



Regarding leaf loss, the BSM-treated plot shows a great reduction (55%) in litter removal. This finding underscores the influence of coppice management on gradual soil fertility decline. Because of frequent rotations compared with high forest management, the system lacks sufficient time for organic matter mineralization. Moreover, on sloping terrain, a substantial portion of litter is lost to water erosion.



The NET (Natural Erosion Plot), although still a prototype, demonstrates usefulness and effectiveness. It effectively captures sediment of all types, even in the challenging context of a coppice forest with an average slope of 48%. Its applicability extends to various environments, and with modifications, it could potentially provide run-off data in addition to its existing capabilities.





4. Conclusions


This paper delves into a comprehensive investigation of two distinct forest management strategies aimed at mitigating soil erosion. The initial observations present promising prospects for erosion reduction, evident in differences in eroded material between the experimental plots. The innovative erosion monitoring system developed deserves attention, although the data collected during the inaugural year of experimentation are preliminary and warrant validation through subsequent seasons, given the absence of comparable experimental data in the existing literature.



Examining the silvicultural dimensions under scrutiny, albeit in preliminary stages, the results affirm the efficacy of the Banded Standards Method as a viable approach for mitigating soil surface erosion risk.



In particular, two soil erosion plots were established, representing prototypes of a novel erosion monitoring apparatus called the Natural Erosion Trap (NET), or Diabrosimeter, specifically designed for forest environments. At regular intervals, particularly after significant storm events, sediment and leaf litter that accumulated within the erosion plots were collected, dried, and weighed to quantify erosion rates and assess the efficacy of the silvicultural methods under investigation. The results revealed a 30.72% reduction in the eroded material using BSM compared with SSM, underscoring BSM’s ability to mitigate potential hazards and preserve environmental integrity.



The analysis of materials captured in the traps also revealed a notable presence of microfauna alongside soil and litter, highlighting the occurrence of biological erosion—a phenomenon often overlooked in agricultural studies focusing on soils devoid of natural biological components.



To gather comprehensive scientific information on erosion measurement methods in forest environments and assess the efficiency of the NET erosion plot, further experiments are necessary. These experiments should be conducted in diverse locations, considering different soil types and various forest ecosystems. Overall, considering this research as preliminary proof, there are compelling reasons to consider Banded Standards arrangement as part of coppice management.
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Figure 1. The figure shows the location of the study area. On the left is its location on a national scale, while its location on a regional scale is on the right. The Abruzzo Region is highlighted in blue, the contour of Maiella National Park is highlighted in yellow, and the study area is highlighted in red. The image on the right is a satellite orthophoto of the region. 
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Figure 2. Bagnouls–Gaussen diagram of the study area during the period 1951–2000. 
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Figure 3. Views of silvicultural treatments applied in the study area: (a) the bottom shows Plot P1 on the left, which employs the Scattered Standards Method (SSM), while Plot P2 on the right uses the Banded Standards Method (BSM); (b) the top shows plot P2 (BSM) on the left and plot P1 (SSM) on the right. In plot P1, the typical standards disposition is visible, while in P2, the band of standards and the bundles of twigs are positioned on their bases; and (c) a detailed view from above of the PVC collector installed at the bottom of the cut area. In red, a detail of the comparison sections between the two methods. 
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Figure 4. Features and operation of the NET erosion plot prototype: (a) plot length can be modulated; (b) plot perimeter can be easily adjusted to suit different environmental conditions; (c) the system operates by channelling surface runoff towards the base of the plot following rainfall events; (d) the collector receives water and eroded soil, with the soil settling while the water flows through nozzles. 
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Figure 5. Overview of the erosion plot prototype’s elements. 
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Figure 6. Relationship between rainfall and leaf loss, and the difference in leaf loss between the two plots. Plot P1 is represented by the dark grey column, while Plot P2 is represented by the light grey column. 
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Table 1. Summary of the principal characteristics of the 2 plots and in total. The first two lines show the average diameter (DBH) and height of the standing trees, and the other lines represent data on the number of plants, in their categories. The results were reported for both, as they were counted and compared to hectares. Finally, the basal area and the volume of the trees inside the plots are provided.
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Plot P1 (SSM)

	
Plot P2 (BSM)

	
Total




	

	
N

	
N/ha

	
N

	
N/ha

	
N

	
N/ha






	
Average diameter (DBH)

	
7.76

	
8.58

	
8.17




	
Average height (m)

	
13.60

	
13.70

	
13.65




	
Standards

	
88

	
1760

	
79

	
1580

	
167

	
1670




	
Stumps

	
29

	
580

	
28

	
560

	
57

	
570




	
Shoots

	
65

	
1300

	
69

	
1380

	
134

	
1340




	
Stems

	
153

	
3060

	
148

	
2960

	
301

	
3010











 





Table 2. This table summarizes the main characteristics of the standards left after logging. Species, diameter (DBH), and height are noted. In particular, the standards inside Plot P1 (SSM) are shown on the left and those in Plot P2 are shown on the right (BSM).
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Plot P1 (SSM)

	
Plot P2 (BSM)




	
Species

	
DBH (cm)

	
h (m)

	
Species

	
DBH (cm)

	
h (m)






	
Quercus pubescens

	
20

	
13.5

	
Quercus pubescens

	
17

	
13.5




	
Quercus pubescens

	
23.5

	
14

	
Quercus pubescens

	
13

	
13




	
Quercus pubescens

	
21

	
12.6

	
Quercus pubescens

	
15

	
14




	
Quercus ilex

	
14.5

	
14.4

	
Quercus pubescens

	
13

	
14.4




	
Ostrya carpinifolia

	
15.75

	
13.5

	
Quercus pubescens

	
17

	
13.5




	
Acer monspessulanum

	
27.5

	
14

	
Quercus pubescens

	
23

	
14




	
Acer monspessulanum *

	
23–31.5

	
13.5

	
Fraxinus ornus

	
9

	
13.5








* bicormic.













 





Table 3. Summary of the soil analysis. The results are shown in percentage (%). The samples were taken every 10/15 m, from the bottom to the top of the plots, in the central parts.
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Plot P1 (SSM)




	
Sample

	
1

	
2

	
3

	
4

	
Mean




	
%

	

	

	

	

	




	
Sand

	
70.0

	
71.5

	
71.5

	
87.7

	
75.2




	
Silt

	
13.2

	
21.0

	
6.9

	
8.2

	
12.3




	
Clay

	
16.8

	
7.5

	
21.6

	
4.1

	
12.5




	
TOC

	
5.0

	
5.7

	
4.3

	
3.8

	
4.7




	
SOM

	
8.5

	
9.8

	
7.3

	
6.6

	
8.0




	
Plot P2 (BSM)




	
Sample

	
1

	
2

	
3

	
4

	
Mean




	
%

	

	

	

	

	




	
Sand

	
71.7

	
62.6

	
79.5

	
94.4

	
77.1




	
Silt

	
11.6

	
23.4

	
14.0

	
5.6

	
13.7




	
Clay

	
16.7

	
14.0

	
6.5

	
0.0

	
9.3




	
TOC

	
5.0

	
4.7

	
6.4

	
3.9

	
5.0




	
SOM

	
8.7

	
8.1

	
11.1

	
6.7

	
8.7











 





Table 4. Weighing results of the leaf collection. The first column shows the total rainfall that led to leaf loss. The second and third columns show the results for Plot P1 and Plot P2, respectively. Each weight is associated with the date of collection.
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Plot P1

	
Plot P2




	
Collecting Date

	
Total Rainfall (mm)

	
Weight (g)






	
15 December 2022

	
240.6

	
1011

	
464.8




	
19 January 2023

	
56.4

	
632.7

	
588.6




	
16 February 2023

	
94.6

	
303.4

	
249.2




	
22 February 2023

	
0.2

	
330.6

	
159.6




	
8 March 2023

	
26

	
127.9

	
66.5




	
21 April 2023

	
132.8

	
766.1

	
399.5




	
5 May 2023

	
97.8

	
189.9

	
101.7




	
28 August 2023

	
117

	
391.3

	
225.1




	
28 October 2023

	
96

	
712

	
421.1




	
14 November 2023

	
42

	
273.3

	
126.8




	
14 December 2023

	
71.6

	
1670.9

	
947.7




	
Total (g)

	
-

	
6409.1

	
3750.6




	
Total (kg)

	
-

	
6.4

	
3.8




	
Plot slope (%)

	
-

	
47.1

	
49




	
Mean slope (%)

	
-

	
48.2

	
48.2




	
Total considering slope

	
-

	
6.6

	
3.7




	
Area m2

	
-

	
373.1

	
434.8




	
Total kg/m2

	
-

	
0.018

	
0.008











 





Table 5. Sediment weight from Plot P1 (SSM) and Plot P2 (BSM).
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Sediment Weight, Plot P1, SSM

	
Sediment Weight, Plot P2, BSM




	
Collecting Date

	
Gravel

	
Fine Sediment

	
Total

	
Gravel

	
Fine Sediment

	
Total






	
28 August 2023

	
4241.35

	
3202.96

	

	
3381

	
3672.6

	




	
28 October 2023

	
195.7

	
234.4

	

	
66.4

	
245.4

	




	
14 December 2023

	
71

	
261

	

	
38.8

	
121

	




	
Total (g)

	
4508.1

	
3698.4

	
8206.4

	
3486.2

	
5039

	
8525.2




	
Slope (%)

	
47.13

	
47.13

	

	
49.03

	
47.13

	




	
Mean slope (%)

	
48.17

	
48.17

	

	
48.17

	
48.17

	




	
Total with slope (g)

	
4607.5

	
3780

	
8387.5

	
3425

	
4950.6

	
8375.6




	
Area

	
373

	
373

	

	
435

	
435

	




	
Total g/ha

	
123,493.1

	
101,312.5

	
224,805.6

	
78,772

	
113,859.9

	
192,631.9




	
Total kg/ha

	
123.5

	
101.3

	
224.8

	
78.8

	
113.9

	
192.6




	
%

	
55

	
45

	

	
41

	
59

	











 





Table 6. Summary of the total sediments collected in the two erosion plots.
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Sum of Sediments




	

	
Plot P1

	
Plot P2






	
Leaves

	
175.58

	
84.75




	
Sediment

	
224.8

	
192.6




	
Total kg/ha

	
400.37

	
277.35




	
Total t/ha

	
0.40

	
0.28




	
Rocks t/ha

	

	
2.07




	
Absolute total

	
0.4

	
2.35




	
Percentage decrease

	

	
30.72%
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