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Soil erosion estimation and the “soil footprint” for a bottle of Prosecco sparkling wine 

Publication on PLOS ONE of the scientific article: 

“Estimation of potential soil erosion in the Prosecco DOCG area (NE Italy), toward a soil footprint of bottled 

sparkling wine production in different land-management scenarios”.  

Freely available on PLOS ONE:  

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0210922 

The present article was previously released in pre-print version by PLOS ONE,  one of the most prestigious open 

access international scientific journal, on a Life Science public archive BiorXiv.org. The authors chose the pre-

print option both to amplify and to guarantee a transparent scientific review process. 

Our study on the Prosecco is framed within the international research about soil erosion in conventional 

agricultural areas, more specifically in wine production areas of the called “Mediterranean vineyards”. As it is 

extensively reported in the scientific literature of the last five decades, soil erosion in conventional agricultural 

areas is a world-wide phenomenon which is gaining attention due to its multiple impacts on the “environmental 

services”, especially in hilly areas where topography and rainfall regimes are key factors in soil erosion processes 

(Mongomery, 2007, Verheijen et al., 2009; Beddington et al., 2012; Campbel et al., 2017). In such agro-ecosystems 

agricultural practices and land managements may speed erosion rates up to 1-2 order of magnitude greater than 

natural processes of soil formation (Mongomery, 2007). High erosion rates can compromise agricultural 

productivity, driving to a drastic reduction of soil organic matter, nutrients, biota and water capacity (Lollino et 

al., 2016). Moreover, soil erosion processes decrease quality and quantity of ecosystem services that soil system 

is able to guarantee (Adhikari e Hartemink 2016). Due to these issues, in Europe tolerable thresholds were 

established for soil erosion, with limits between 0.3-1.4 tons per hectare per year (tons ha-1 year-1), which equates 

to the natural soil formation rates (Verheijen et al., 2009). 

At present, along different crops diffused in Mediterranean regions, conventional vineyards are the most erosion-

prone agricultural land (Cerdan et al., 2010; Lieskovsky e Kenderessy, 2016, Prosdocimi et al., 2016). This is 

mainly related both to geographical and anthropogenic factors. In Soil Science there are more than ninety scientific 

articles which study, using different approaches and methodologies, erosion rates in viticulture production areas; 

among them, Italian vineyards seems to show the highest erosion rates, with average values of 40 tons per hectare 

every year (Comino, 2018).  

In a context of agricultural intensification and expansion, but also of remarkable growth of wine production, the 

“Prosecco Conegliano-Valdobbiadene DOCG” embodies at present a paradigmatic case: 129% of increase from 

2003 to present, with about 90 million bottles yearly produced from 2016 (Annual Report Prosecco Consortium 

Conegliano-Valdobbiadene, 2016, 2017, 2018). However, this conspicuous wine production increase results in 

land use changes towards vineyards expansion: from some 4,000 hectares in 2000 to beyond 7,000 hectares in 

2016 (Visentin & Vallerani, 2018). In a recent research, published on Land Use Policy Journal, only from 2007 to 

2012 vineyards expansion in the Prosecco DOCG area reached 10.28% (+702 hectares) affecting other traditional 

crops (-361 hectares), grassland (-299 hectares), and wood (-26 hectares) (Basso, 2019). Despite the geographical 

dimension of wine production areas (about the 30% of the whole Prosecco DOCG surface, see Figures 1 and 2) 

and the dominance of vineyards on the other crops (about the 50% of monoculture, see Figure 2), scientific 

literature mainly focused only on economic and agronomic aspects, and on the organoleptic properties of Prosecco 

wine. In particular, with the exception of a technical report and maps produced by the Regional Agency for 

Environmental Protection and Prevention of the Veneto at regional and province scale (ARPAV, 2007, 2008), no 

peer-reviewed article about soil erosion estimation at Prosecco DOCG scale was found in literature. In such context 

our study aims to offer a scientific contribution proposing the concept of the “soil footprint” in relation the erosion 

estimates in the geographical area defined by the Prosecco DOCG wine production area, by modelling different 

land-management scenarios for wine production (see Tables 1, Figure 3). In Soil Science, different methodologies 

were developed and tested to estimate and to quantify soil erosion rates in vineyards: from direct/indirect measures 

on the field, to the use of predictive empirical models. Soil erosion analyses derived from measures are usually 

performed at plot-scale or field-scale and they are based un measures of erosion rate in real or simulated rainfall 

conditions; or they use such erosion markers (Novara 2011, Comino 2018). On the contrary, predictive 

elaborations are based on empirical models together with geospatial data processed by Geographical Information 
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https://journals.plos.org/plosone/
https://www.biorxiv.org/about-biorxiv


Systems, GIS), in order to develop spatial analyses of soil erosion processes at territory or hydrographic basin 

scales (Jahun et al., 2015; Lieskovsky e Kenderessy, 2016).  

After a deep literature review, but also due to the lack of experimental data “on the field”, we adopted for soil 

erosion estimation a modified and updated version of the Universal Soil Loss Equation (USLE Model) proposed 

by Wischmeier e Smith (1978). The USLE take into the model the main factors in soil erosion processes: 1) 

topography; 2) rainfall erosivity; 3) soil characteristics; 4) land uses. Specifically, we selected the updated Revised 

Universal Soil Loss Equation (RUSLE model) which is, together with RUSLE-derived formulas - with the limits 

of any model- the most adopted methodology to estimate and geo-visualize soil erosion at territory scale, as 

reported by more than 1,000 publication indexed in Scopus (Ashiagbor 2013; Aiello 2015; Jahun 2015; Panagos 

2015a; 2015b; Yhang 2015; Zang 2017; Prosdocimi et al., 2016). RUSLE model performs soil erosion estimation 

in terms of tons per hectares per years (in the article measure units are Mg ha-1 yr-1) and allow to visualize values 

by powerful thematic maps (see Figures 3 and 4). It is worth noting in our analyses we used public spatial data at 

very high temporal and spatial resolution: LiDAR topographic data at 1 m/pixel geometric resolution (Province of 

Treviso 2007), 10 years rainfall data (ARPAV), and local data about pedology (ARPAV-derived) and land uses 

(Veneto Region, 2012). RUSLE model has been previously tested and validated in different study about soil 

erosion in Mediterranean region, also in Italy, often by integrating experimental field measures into the RUSLE 

model (Bazzoffi 2007; Arpav 2008; Kinnel 2010; Jahun et al., 2015; Aiello et al., 2015; Panagos et al., 2015; 

Ashiagbor et al., 2013; Prosdocimi et al., 2016; Napoli et al., 2016). It is worth noting that RUSLE model, and 

RUSLE-based models, are adopted from European Commision to have quantitative estimation on soil erosion 

within the Good Agricultural and Environmental Condition (GAEC) and Common Agricultural Policy (CAP) 

(Panagos, 2015). Hence, our geographical analyses allowed to estimate and to map soil erosion at Prosecco DOCG 

scale in terms of magnitude (tons per hectares per year) and total erosion (tons per year), and to calculate a sort of 

“ecological footprint” on a single bottle of sparkling Prosecco produced (kilograms per bottle). Estimation and 

mapping of soil erosion were performed by simulating and by combining different land-management scenarios in 

order to compare results: i) conventional land-management scenario; ii) “greening scenarios” which may include 

mitigation measures such as buffer strips and shrubs around vineyards, and 100% grassed cover in vine inter-rows 

(See table 2).  

Our results show that in a conventional land-management scenario, potential erosion in the Prosecco DOCG area 

may reach a total value of 400,000 tons per year, by an average erosion rate of 19.5 tons per hectares per year. As 

expected, very high of erosion rates were found along cultivated steep slopes, with values well beyond 40 tons per 

hectares per year (Figures 3 and 4). In such scenario, potential erosion within Prosecco vineyards may reach a total 

of 300,180 tons per year, with an average erosion rate of 43.7 tons per hectare every year. This estimated value is 

31 times greater than the tolerable erosion limit identified for European soils. Similar results in the Prosecco DOCG 

area, based on RUSLE model, were found in Prosdocimi et al. (2016), and in reports and maps produced by the 

Regional Agency for Environmental Protection and Prevention of the Veneto (2008). Result on soil erosion 

estimation in the Prosecco DOCG area are quite similar to the “Chianti Classico” wine production area (Tuscany). 

Here, by validating data modelled by RUSLE with 566 experimental plots, Napoli et al. (2018) reported a soil 

erosion of 42.1 tons per hectares per year against the 43.5 we estimated in the Prosecco DOCG vineyards.  

In contrast, our simulation of different greening land-management scenarios showed that soil erosion within 

vineyards could be drastically reduced:  the 100% grassed cover vine inter-rows showed, for instance, a 3-times 

reduction of soil erosion (from 43.7 to 14.6 tons per hectares per year), saving about 50% of soil. 

The soil footprint modelled is about 3.3 kg of soil per every Prosecco bottle produced in the conventional land-

management scenario, while it could be reduced to 1.1 in the “completely green” scenario. For a better 

understanding of results, we invite to read the article freely accessible on line.  

This study presents, for the first time in the research on soil erosion, the concept of “soil footprint” as the ecological 

footprint on the soil, which is related to a single unit of agricultural product, in this case a bottle of sparkling wine. 

As academic researcher we are aware that erosion expressed in terms of quantity of soil per surface units (tons ha-

1 year-1) or soil lowering (millimeters years-1) are easily comprehensible, but mainly for experts in Soil Science. 

However, to facilitate the dialogue between Science and Society and to make more clear and understable also to 

non-experts the issue of soil erosion and the importance of environmental services provided by soil system we 

identify the soil footprint as a tool for visualizing and understanding erosion processes.  

The present study, as the first screening of soil erosion at a very detailed scale in the Prosecco DOCG production 

area, aims to provide useful data and information to support a more sustainable management of soil system. 

Moreover, it suggests the urgent need to develop a public monitoring system of soil erosion processes in the 



Prosecco DOCG area, by integrating direct and indirect field measures with spatial analyses at wine production 

scale. 

 

Padova, Italy  

 

 

 

The authors: 

 

Salvatore Pappalardo* – Department of Civil, Environmental and Architectural Engineering (ICEA) 

Lorenzo Gislimberti - Department of Civil, Environmental and Architectural Engineering (ICEA) 

Francesco Ferrarese - Department of Historical and Geographic Sciences and The Ancient World (DiSSGeA) 

Massimo De Marchi - Department of Civil, Environmental and Architectural Engineering (ICEA) 

Paolo Mozzi – Department of Geoscience  

University of Padua (Italy) 

 

*Salvatore Pappalardo - Corresponding author. Email: salvatore.pappalardo@unipd.it 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:salvatore.pappalardo@unipd.it


Cited literature 

Adhikari K, Hartemink AE. Linking soils to ecosystem services—A global review. Geoderma 262; 2016; 101–111. 

http://dx.doi.org/10.1016/j.geoderma.2015.08.009. 

Agenzia Regionale per la Prevenzione e protezione ambientale del Veneto. ARPAV. “La Carta dei Suoli della Provincia di 

Treviso” (Scala 1:200.000). Provincia di Treviso; 2008. Download: http://www.arpa.veneto.it/temi-ambientali/suolo/file-e-

allegati/TV_rischio_erosione_200k.pdf 

Agenzia Regionale per la Prevenzione e protezione ambientale del Veneto. ARPAV. Valutazione del rischio d’erosione per 

la Regione Veneto; 2007. Download: http://www.arpa.veneto.it/temi-ambientali/suolo/file-e-allegati/documenti/minacce-di-

degradazione/Rapporto%20finale_erosione_ARPAV3.pdf 

Aiello A, Adamo M, Canora F. Remote sensing and GIS to assess soil erosion with RUSLE3D and USPED at river basin 

scale in southern Italy. Catena. Elsevier B.V.; 2015;131: 174–185. doi:10.1016/j.catena.2015.04.003. 

Ashiagbor G, Forkuo EK, Laari P, Aabeyir R. Modeling Soil Erosion Using Rusle and Gis Tools. Int J Remote Sens Geosci. 

2013;2. 

Basso M, (2018), in ISPRA Istituto Superiore per la Protezione e la Ricerca Ambientale. Monocolture agricole e degrado 

del suolo.  Considerazioni a partire dal caso dei territori di produzione del Prosecco. ISPRA. Consumo di suolo, dinamiche 

territoriali e servizi ecosistemici. Roma; 2018. Available: 

http://www.isprambiente.gov.it/it/pubblicazioni/rapporti/consumo-di-suolo-dinamiche-territoriali-e-servizi-ecosistemici.-

edizione-2018?set_language=it 

Basso M. Land-use changes triggered by the expansion of wine-growing areas: A study on the Municipalities in the 

Prosecco’s production zone (Italy). Land use policy. Elsevier; 2019;83: 390–402. doi:10.1016/j.landusepol.2019.02.004. 

Bazzoffi P. Erosione del suolo e sviluppo rurale : fondamenti e manualistica per la valutazione agroambientale. 2007. 

Edagricole. 

Beddington  JR, Asaduzzaman M, Clark ME, Bremauntz AF, Guillou MD, Howlett DJB, et al; 2012. What next for 

agriculture after Durban? Science 335, 289–290. doi: 10.1126/science.1217941. 

Campbell BM, Beare DJ, Bennett EM, Hall-Spencer JM, Ingram JSI, Jaramillo F, et al. Agriculture production as a major 

driver of the earth system exceeding planetary boundaries. Ecol Soc. 2017;22. doi:10.5751/ES-09595-220408. 

Cerdan O, Govers G, Le Bissonnais Y, Van Oost K, Poesen J, Saby N, et al. Rates and spatial variations of soil erosion in 

Europe: A study based on erosion plot data. Geomorphology. Elsevier B.V.; 2010;122: 167–177. 

doi:10.1016/j.geomorph.2010.06.011. 

Comino RJ. Five decades of soil erosion research in “terroir”. The State-of-the-Art. Earth-Science Rev. Elsevier; 2018;179: 

436–447. doi:10.1016/j.earscirev.2018.02.014. 

Consorzio Conegliano-Valdobbiadene, “Rapporto Annuale 2014”. Disponibile online: http://www.prosecco.it/wp-

content/uploads/2015/06/report_2014.pdf 

Consorzio Conegliano-Valdobbiadene, “Rapporto Annuale 2015”. Disponibile online: http://www.prosecco.it/wp-

content/uploads/2015/06/2015-rapporto-4A.pdf 

Consorzio Conegliano-Valdobbiadene, “Rapporto Annuale 2016. Disponibile online: http://www.prosecco.it/wp-

content/uploads/2015/06/2016rapporto_annualeConeglianoValdobbiadene.pdf 

Consorzio Conegliano-Valdobbiadene, “Rapporto Annuale 2017. Disponibile online: http://www.prosecco.it/wp-

content/uploads/2015/06/coneglianovaldobbiadene_rapporto-economico-2017.pdf  

Consorzio Conegliano-Valdobbiadene, “Rapporto Annuale 2018. Disponibile online: http://www.prosecco.it/wp-

content/uploads/2018/11/Rapporto-Economico-Annuale-2018.pdf 

Jahun BG, Ibrahim R, Dlamini NS, Musa SM. Review of Soil Erosion Assessment using RUSLE Model and GIS. J Biol 

Agric Healthc. 2015;5: 36–47. 

Kinnell PIA. Event soil loss, runoff and the Universal Soil Loss Equation family of models : A review. J Hydrol. Elsevier 

B.V.; 2010;385: 384–397. doi:10.1016/j.jhydrol.2010.01.024. 

Lieskovský J, Kenderessy P. Modelling the Effect oVegetation Cover and Different Tillage Practices on Soil Erosion in 

Vineyards: A Case Study on Vráble (Slovakia) Using Watem/Sedem. Land Degradation and Development; 2012; 25:3; 

https://doi.org/10.1002/ldr.2162. 

Lollino G, Manconi A, Clague J, Shan W, Chiarle M. Effects of Soil Management on Long-Term Runoff and Soil Erosion 

Rates in Sloping Vineyards. Engineering Geology for Society and Territory. 2015. pp. 1–572. 

Montgomery DR. Soil erosion and agricultural sustainability. Proc Natl Acad Sci U S A. 2007;104: 13268–72. 

doi:10.1073/pnas.0611508104. 

Napoli M, Cecchi S, Orlandini S, Mugnai G, Zanchi CA. Simulation of field-measured soil loss in Mediterranean hilly areas 

(Chianti, Italy) with RUSLE. Catena. Elsevier B.V.; 2016;145: 246–256. doi:10.1016/j.catena.2016.06.018 

Novara A, Gristina L, Saladino SS, Santoro A, Cerdà A. Soil erosion assessment on tillage and alternative soil 

managements in a Sicilian vineyard. Soil Tillage Res. 2011;117: 140–147. doi:10.1016/j.still.2011.09.007. 

Panagos P, Borrelli P, Meusburger K, Alewell C, Lugato E, Montanarella L. Land Use Policy Estimating the soil erosion 

cover-management factor at the European scale. Land use policy. Elsevier Ltd; 2015;48: 38–50. 

doi:10.1016/j.landusepol.2015.05.021. 

Panagos P, Borrelli P, Meusburger K. A New European Slope Length and Steepness Factor (LS-Factor) for Modeling Soil 

Erosion by Water. 2015; 117–126. doi:10.3390/geosciences5020117. 

Prosdocimi M, Cerdà A, Tarolli P. Soil water erosion on Mediterranean vineyards: A review. Catena. Elsevier B.V.; 

2016;141: 1–21. doi:10.1016/j.catena.2016.02.010. 

http://dx.doi.org/10.1016/j.geoderma.2015.08.009
http://www.arpa.veneto.it/temi-ambientali/suolo/file-e-allegati/TV_rischio_erosione_200k.pdf
http://www.arpa.veneto.it/temi-ambientali/suolo/file-e-allegati/TV_rischio_erosione_200k.pdf
http://www.arpa.veneto.it/temi-ambientali/suolo/file-e-allegati/documenti/minacce-di-degradazione/Rapporto%20finale_erosione_ARPAV3.pdf
http://www.arpa.veneto.it/temi-ambientali/suolo/file-e-allegati/documenti/minacce-di-degradazione/Rapporto%20finale_erosione_ARPAV3.pdf
https://doi.org/10.1002/ldr.2162


Verheijen FGA, Jones RJA, Rickson RJ, Smith CJ. Tolerable versus actual soil erosion rates in Europe. Earth-Science Rev. 

Elsevier B.V.; 2009;94: 23–38. doi:10.1016/j.earscirev.2009.02.003. 

Visentin F, Vallerani F. A Countryside to Sip : Venice Inland and the Prosecco ’ s Uneasy Relationship with Wine Tourism 

and Rural Exploitation. Sustainability. 2018; 2195. doi:10.3390/su10072195. 

Yang X. Digital mapping of RUSLE slope length and steepness factor across New South Digital mapping of RUSLE slope 

length and steepness factor across New South Wales , Australia. 2015; doi:10.1071/SR14208. 

Zhang H, Wei J, Yang Q, Baartman JEM, Gai L, Yang X, et al. Geoderma An improved method for calculating slope length 

( λ ) and the LS parameters of the Revised Universal Soil Loss Equation for large watersheds. Geoderma. Elsevier; 

2017;308: 36–45. doi:10.1016/j.geoderma.2017.08.006. 

 

Suggested literature 

Agenzia Regionale per la Prevenzione e protezione ambientale del Veneto. ARPAV. “La Carta dei Suoli della Provincia di 

Treviso” (Scala 1:200.000). Provincia di Treviso; 2008. Download: http://www.arpa.veneto.it/temi-ambientali/suolo/file-e-

allegati/TV_rischio_erosione_200k.pdf 

Agenzia Regionale per la Prevenzione e protezione ambientale del Veneto. ARPAV. Valutazione del rischio d’erosione per 

la Regione Veneto; 2007. Download: http://www.arpa.veneto.it/temi-ambientali/suolo/file-e-allegati/documenti/minacce-di-

degradazione/Rapporto%20finale_erosione_ARPAV3.pdf 

Basso M. (2018), in ISPRA (Istituto Superiore per la Protezione e la Ricerca Ambientale). Monocolture agricole e degrado 

del suolo.  Considerazioni a partire dal caso dei territori di produzione del Prosecco. ISPRA. Consumo di suolo, dinamiche 

territoriali e servizi ecosistemici. Roma; 2018. Available: 

http://www.isprambiente.gov.it/it/pubblicazioni/rapporti/consumo-di-suolo-dinamiche-territoriali-e-servizi-ecosistemici.-

edizione-2018?set_language=it 

Basso M. Land-use changes triggered by the expansion of wine-growing areas: A study on the Municipalities in the 

Prosecco’s production zone (Italy). Land use policy. Elsevier; 2019;83: 390–402. doi:10.1016/j.landusepol.2019.02.004. 

Bazzoffi P. Erosione del suolo e sviluppo rurale : fondamenti e manualistica per la valutazione agroambientale. 2007. 

Edagricole. 

Campbell BM, Beare DJ, Bennett EM, Hall-Spencer JM, Ingram JSI, Jaramillo F, et al. Agriculture production as a major 

driver of the earth system exceeding planetary boundaries. Ecol Soc. 2017;22. doi:10.5751/ES-09595-220408. 

Montgomery DR. Soil erosion and agricultural sustainability. Proc Natl Acad Sci U S A. 2007;104: 13268–72. 

doi:10.1073/pnas.0611508104. 

Napoli M, Cecchi S, Orlandini S, Mugnai G, Zanchi CA. Simulation of field-measured soil loss in Mediterranean hilly areas 

(Chianti, Italy) with RUSLE. Catena. Elsevier B.V.; 2016;145: 246–256.  

Otto S, Loddo D, Baldoin C, Zanin G. Spray drift reduction techniques for vineyards in fragmented landscapes. J Environ 

Manage. Elsevier Ltd; 2015;162: 290 298. doi:10.1016/j.jenvman.2015.07.060. 

Panagos P, Borrelli P, Poesen J, Ballabio C, Lugato E, Meusburger K, et al. The new assessment of soil loss by water 

erosion in Europe. Environ Sci Policy. Elsevier Ltd; 2015;54: 438–447. doi:10.1016/j.envsci.2015.08.012. 

Prosdocimi M, Cerdà A, Tarolli P. Soil water erosion on Mediterranean vineyards: A review. Catena. Elsevier B.V.; 

2016;141: 1–21. doi:10.1016/j.catena.2016.02.010. 

Rodrigo-Comino J. Five decades of soil erosion research in “terroir”. The State-of-the-Art. Earth-Science Rev. Elsevier; 

2018;179: 436–447. doi:10.1016/j.earscirev.2018.02.014. 

Visentin F, Vallerani F. A Countryside to Sip : Venice Inland and the Prosecco ’ s Uneasy Relationship with Wine Tourism 

and Rural Exploitation. Sustainability. 2018; 2195. doi:10.3390/su10072195. 

 

 

  

http://www.arpa.veneto.it/temi-ambientali/suolo/file-e-allegati/TV_rischio_erosione_200k.pdf
http://www.arpa.veneto.it/temi-ambientali/suolo/file-e-allegati/TV_rischio_erosione_200k.pdf
http://www.arpa.veneto.it/temi-ambientali/suolo/file-e-allegati/documenti/minacce-di-degradazione/Rapporto%20finale_erosione_ARPAV3.pdf
http://www.arpa.veneto.it/temi-ambientali/suolo/file-e-allegati/documenti/minacce-di-degradazione/Rapporto%20finale_erosione_ARPAV3.pdf


 

 
Figure 1: Vineyards distribution in the Prosecco DOCG wine production area (NE Italy, Province of Treviso). 

Pappalardo SE, Gislimberti L, Ferrarese F, De Marchi M, Mozzi P. 

PLOS ONE 14(5): e0210922. https://doi.org/10.1371/journal.pone.0210922 

 

 
Figure 2: Percentage of area covered by principal land use classes in the Prosecco DOCG zone. More of 30% of DOCG 

territory is covered by vineyards. 

PLOS ONE 14(5): e0210922. https://doi.org/10.1371/journal.pone.0210922 

 

 

  



 
Figure 3: Map of potential soil erosion rate in the Prosecco DOCG area under conventional land-management scenario, 

represented in four classes. Soil erosion rate with higher intensity (>40 Mg ha-1 yearr-1) is clustered on long and steep 

slopes, characterized by agricultural activities, mainly vineyards. 

Pappalardo SE, Gislimberti L, Ferrarese F, De Marchi M, Mozzi P. 

PLOS ONE 14(5): e0210922. https://doi.org/10.1371/journal.pone.0210922 

 

 
Table 1: Estimation of potential soil erosion in different land management scenarios and metric units. 

Pappalardo SE, Gislimberti L, Ferrarese F, De Marchi M, Mozzi P. 

PLOS ONE 14(5): e0210922. https://doi.org/10.1371/journal.pone.0210922 

 



 
Figure 4: Sample area of soil erosion estimation in conventional land-management scenario in S. Stefano di Barbozza 

(Valdobbiadene Municipality). 

Pappalardo SE, Gislimberti L, Ferrarese F, De Marchi M, Mozzi P. 
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