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Abstract. Over the past half-century, an expansion of agricul-

ture on lands is observed, followed with increased intensifi cation 

through larger fi elds of monoculture crops and application of high 

level of inputs, that increases the pressures agriculture sets upon the 

environment. Raising awareness of consumers and environmen-

talists led to the promotion of several alternative farming practic-

es, including integrated food and non-food systems (IFNS). Here 

we explore the potential of different kinds of IFNS systems in de-

livering environmental benefi ts, focusing on preserving soil func-

tions as the IFNS is the form of land use limiting the loss of soil by 

water erosion. All of selected IFNS systems are agroforestry sys-

tems. Six successfully implemented IFNS agroforestry systems 

located in UK, Poland, Italy, Denmark and Romania, were taken as 

a baseline to investigate their potential impact onto lowering the 

rates of soil loss by water erosion in their respective NUTS3 (No-

menclature of Territorial Units for Statistics) regions, when they 

would be applied widely on a regional scale. The results of analy-

ses performed within GIS systems based upon European datasets 

revealed, that altogether the highest potential of limiting the area 

of soil erosion exceeding 0,5 Mg ha-1y-1 by an IFNS existing in 

a particular NUTS is observed in Romania, where 531 km2 may 

be protected effectively with existing silvopastoral system, while 

applied in a longer term on non-pastoral land cover classes it 

could provide effective protection for another 1362 km2. Second 

largest infl uence can be achieved in Polish NUTS region, where 

125 km2 may be taken into protection directly and an another 

1140 km2 may be transformed into agroforestry systems to lower 

the risk of soil erosion by water. In all investigated regions, a wide 

introduction of IFNS, that are already proven to be economically 

successful, would decrease soil loss considerably on existing land 

cover classes similar to IFNS systems covering 4927 km2, while 

potentially on all agricultural land up to 8854 km2.

Keywords: innovative food and non-food systems, agroforestry, 

soil erosion by water, RUSLE.

INTRODUCTION

 Over the past half-century, we can observe expansion of 

agriculture on lands and in the same time its increased in-

tensifi cation through larger fi elds of monoculture crops and 

application of high level of inputs, that potentially pollute 

environment and cause degradation of ecosystem services 

on which agriculture depends (Foley, 2011; Pretty, 2008). 

This has led to the promotion of several alternative prac-

tices (Garibaldi, 2017), including combined food and non-

food systems. Ensuring food security (provision of suffi -

cient, safe and nutritious food) and increasing the value of 

by-products, integrated systems could substantially reduce 

the climate and economic risks farmers face while deliver 

both food and non-food products in the same time (Bogda-

nski, 2012; Mullender et al., 2020). However, integration 

of food- and non-food production (IFNS) is not an easy 

task at the landscape scale. The questions arise, whether 

these systems enhance ecosystem services relative to con-

ventional agriculture and what is their general impact at the 

local scale in terms of climate change complexities. Here 

we explore the potential of different kinds of IFNS systems 

(both modern type combining food and SRC wood produc-

tion as well as traditional models producing bioenergy/bio-

products by smallholders in silvo-arable or silvo-pastoral 

systems) in delivering environmental benefi ts, focusing on 

preserving soil functions, especially food production.

 The United Nations Food and Agriculture Organisation 

(FAO) estimates, based on a publication from the last dec-

ade, the global intensity of water erosion between 20·109 Mg 

and 200·109 Mg per year, with results exceeding 50·109 Mg 

per year considered as unrealistic (FAO, 2015).

 The report by Jones et al. (2012) presents estimates of 

areas threatened by water erosion in the nineties at 105 mil-

lion hectares – 16% of Europe (without Russia), while 42 

million hectares are at risk from wind erosion. The results 
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obtained in studies using various variants of the RUSLE 

(Revised Universal Soil Loss Equation) model indicate 

that approximately 17% of Europe’s total land area is af-

fected by erosion to varying degrees (Bittner et al., 2002), 

of which 92% by water erosion (EEA, 2003). New estima-

tion of the risk of erosion in the model created in the JRC 

indicates 1.3 million km2 of the EU-27 area affected by 

water erosion, while for almost 20% of this area, the ero-

sion intensity exceeds 10 Mg per hectare per year (Panagos 

et al., 2015).

 Accelerated soil degradation as a result of reduction of 

the humus level caused by erosion is considered for decades 

the main threat to agriculture and economy on a global scale 

(FAO, 2015). The rate of erosion on cultivated or intensively 

grazed soils is 100 to 1000 times faster than the formation of 

the humus level, which is well below 1 Mg ha-1 year-1 with 

a median of about 0.15 Mg ha-1 year-1 (FAO, 2015 ).

 One of crucial factors affecting the intensity and extent 

of soil erosion by surface runoff remains the density and 

character of canopy cover, protecting the soil surface from 

the energy of elements, especially water and wind (Wisch-

meier, Smith, 1978; Jozefaciuk et al., 2014; Borelli et al., 

2017). Agroforestry presents a high protective potential 

against soil erosion, providing protection arising from its 

permanent crop component – trees (Palma et al., 2007). 

 The paper aims at assessing the potential of chosen ex-

isting IFNS agroforestry farming systems to limit the in-

tensity of soil erosion caused by water at regional scale, 

providing, that the chosen systems are economically sound 

and scalable at regional scale.

METHODS

Agroforestry systems under consideration

 A network of representative integrated food and non-

food agroforestry systems was identifi ed in different socio-

economic and environmental settings in Northern, Eastern 

and Southern Europe across countries and bio-geographi-

cal zones (Fig. 1). The network comprised of both tradi-

tional and innovative systems in which trees, crops and 

livestock are integrated in different ways and at different 

spatial scales (Table 1). All of the farms chosen for this 

exercise are well established, economically sound farm 

holds, that run agroforestry as their normal agricultural 

practise. Protective function of agroforestry was assessed 

using the method proposed by Palma et al. (2007) based 

upon the percent area covered by trees.

Spatial analyses

 A spatial modelling approach has been used to assess 

the risks to soil productivity and soil functions caused 

by water erosion in NUTS3 regions, where chosen IFNS 

farms where located. The aim was to investigate the cur-

rent extent of soil erosion by water as a reference and cal-

culate the area that can be protected by the introduction of 

agroforestry, where agroforestry: 

 – can be easily introduced by means of low cost transfor-

mation from similar CORINE land use classes;

 – can be introduced to all farming land.

 Following spatial datasets were used in the estimation 

of the extent and intensity of soil erosion risk by surface 

runoff:

 – Soil erosion risk by water (Panagos et al., 2015) as 

a raster dataset with 100 m resolution, EU-wide;

 – NUTS3 regions dataset, vector layer;

 – EEA Reference Grid, INSPIRE compliant (Annex 1, 

theme Geographical grid systems);

 – CORINE Land Cover 2018, 100 m resolution.

 The input datasets were harmonized by grid and co-

ordinate system transformations in Quantum GIS into 

CORINE CLC 2018 grid corresponding to EEA Reference 

Grid in EPSG 3035 projection. Overlay analyses were per-

formed in SAGA GIS and ArcGIS 9.2 using standard toll 

boxes and Python scripting.

Table 1. Network of agroforestry farms taken in the study.

IFNS category Site location
Farm

 size

Country

code
NUTS3 code

Combined food and energy 

production systems

Experimental farm Taastrup, 

Denmark 
11 ha DK DK012

Multipurpose olive tree 

production systems

Muzzi Farm, Bagni village, Orvieto municipality, 

Italy
7 ha IT IT122

Silvopastoral systems

Elm Farm, Berkshire, 

United Kingdom 
85 ha UK UKH14

Mihalca Farm, Petrova Municipality, 

Romania 
85 ha RO RO114

Oikos farm, Sękowa, 

Poland
111 ha PL PL218

Silvoarable systems
Wakelyns Farm, Suffolk, 

United Kingdom 
22.5 ha UK UKJ11
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F igure 1. Chosen IFNS sites’ location in ecological zones of Europe (DMEEREEA codes).

 Additionally spatial analyses of terrain eleva-

tion, slope and aspect were conducted to empha-

size the variability of landscape characteristics 

the chosen agroforestry farms are located. Euro-

pean digital elevation model (EUDEM) down-

loaded from the EEA was used to derive terrain 

features of the area where IFNS are located, pro-

viding an overview of the farming conditions in 

each of the case studies.

RESULTS

Topography

 Six chosen IFNS are located within two dif-

ferent groups of landscapes: lowland fl at land-

scape of United Kingdom (UK) and Denmark 

(DK) and highlands and mountains of Italy (IT), 

Poland (PO) and Romania (RO) (Fig. 2). The 

highest share of high terrain slope values are ob-

served in Romania, then Italy and Poland (Fig. 3).

 In highly diverse landscapes, especially those 

at high elevation, the terrain aspect tend to be 

a crucial terrain feature for agricultural activities, 

shaping evapotranspiration, soil temperature, 

water storage etc. The “hottest” terrain aspect is 

observed in Italian IFNS, while the “coldest” in 

Romanian and Polish IFNS (Fig. 4).

Risk of soil erosion by water in chosen IFNS 

and their regions

 Soil erosion by water is one of the major 

threats to soils in the European Union, with a 

negative impact on ecosystem services, crop 

production, drinking water and carbon stocks 

(ESDAC, 2015). The European Commission’s 

Soil Thematic Strategy has identifi ed soil erosion 

as a relevant issue for the European Union, and 

has proposed an approach to monitor soil erosion 

(COM 46 (2012)). According to recently pub-

lished study based upon RUSLE method utilizing 

input factors (Rainfall erosivity, Soil erodibility, 

Cover-Management, Topography, Support prac-

tices) from recently available pan-European data-

sets (Panagos et al., 2015) in high resolution of 

100 m (Figure 5), the mean soil loss rate in the 

European Union’s erosion-prone lands (agricul-

tural, forests and semi-natural areas) was found 

to be 2.46 t ha-1 y-1, resulting in a total soil loss 

of 970 Mt annually (Panagos et al., 2015). The 

study revealed 4 million hectares of croplands is 

under threat of severe soil loss rates of more than 

5 t ha-1 y-1, and to which policy measures should 

be targeted. 

Fig ure 3. Terrain slope in IFNS case study landscapes.

Figu re 4. Terrain aspect in IFNS case study landscapes. 

 The IFNS and their regions differ considerably in each of soil ero-

sion threat index (Fig. 6, Table 2), Italian IFNS is highly at risk of soil 

superfi cial erosion according to RUSLE (Panagos et al., 2015) due 

to its location in highly diverse terrain and soil susceptible to water 

erosion. 

R. Wawer et al. – Potential of agroforestry systems in preserving Europe’s soil productivity in lowland and highland ...
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Figur e 5. Soil loss by superfi cial water erosion (RUSLE, source: ESDAC) [Mg ha-1 y-1].

Figure  6. Soil erosion by water (RUSLE, source: ESDAC).
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Agroforestry in limiting soil erosion by water

 An important part of evaluating soil erosion risk by wa-

ter with RUSLE model remains the canopy cover factor C 

and supporting practices P, that infl uence the fi nal ratios of 

soil loss vastly. To estimate the soil loss reduction by agro-

forestry systems we used the method proposed by Palma 

et al (2007) of calculating a C-factor as a combination of 

crop-only C-factor and tree-only C-factor: 

C = [Covera Ca] + [Coverf Cf]  

where Covera and Coverf are the proportions of the total 

area occupied by the arable and forestry component, re-

spectively (0–1), and Ca and Cf are the related C-factors 

for the arable and forestry component. Considering the 

characteristics of particular IFNS in terms of the ratio of 

canopy cover coverage and supporting practices (in terms 

of leaving crops residues on soil in a no-till soil prepara-

tion schemes) agroforestry schemes of chosen IFNS can 

limit soil loss by water even by 48% compared to typical 

farming practices characteristic for a given area and land 

cover type in particular NUTS (Table 3). We compared C 

factor estimates based on literature (CLC-lit), remote sens-

ing (CLC-RS) and agroforestry (IFNS), characterised as an 

indicator of % tree cover (Palma et al., 2007).

Table  2. Average soil loss by water in agricultural space for NUTS 

of chosen IFNS.

NUTS 
code

RUSLE [Mg ha-1 y-1]

minimum maximum average

DK012 0.000 4.915 0.405

ITI22 0.000 200.000 8.410

PL218 0.000 200.000 4.078

RO114 0.000 138.975 2.127

UKH14 0.000 5.306 0.236

UKJ11 0.000 15.498 0.617

Table 3. USLE crop cover factor for chosen IFNS (following Palma et al., 2007).

NUTS 
code

IFNS type CLC2018 
Land cover class 

for main crop

C factor

type % tree cover IFNS CLC-lit CLC-RS

DK012 cereals/SRC 16 211 0.168 0.20 0.20

ITI22 olives/grass 48 223/231 0.118196 0.1–0.3 0.2273

PL218 trees/grass 20 231 0.07224 0.05–0.15 0.0903

RO114 trees/grass 20 231 0.07224 0.05–0.15 0.0903

UKH14 cereals/SRC 42 211 0.116 0.20 0.20

UKJ11 trees/grass 42 231 0.052374 0.05–0.15 0.0903

CLC-lit – C factor estimates based on literature; CLC-RS – C factor estimates based on remote sensing IFNS – C factor estimates for IFNS

Regional potential for agroforestry as soil erosion 

limiter

 Analysis of the abundance of soil erosion risk in land 

cover classes from the CORINE land Cover 2018 datasets 

revealed a high potential of lowering erosion risk by ap-

plying the IFNS systems existing in each of NUTS regions 

under consideration.  Table 4 summarizes the spatial over-

laying of RUSLE soil erosion risk map and agricultural 

land cover classes in considered NUTS.

 Altogether the highest potential of limiting the area of 

soil erosion exceeding 0,5 Mg ha-1y-1 by an IFNS exist-

ing in a particular NUTS is observed in Romania, where 

531 km2 may be protected effectively with exiting sil-

vopastoral system, while applied in a longer term on non-

pastoral land cover classes it could provide effective pro-

tection for another 1362 km2. Second largest infl uence can 

be achieved in Polish NUTS regions, where 125 km2 may 

be taken into protection directly and an another 1140 km2 

may be transformed into agroforestry systems to lower the 

risk of soil erosion by water. Although the NUTS region in 

Italy has the highest average soil loss rate, relatively low 

rates are observed on pastures and olive groves, the ex-

isting IFNS is consisting of, however the introduction of 

silvopastoral IFNS could still save 114 km2 of soil with 

106 km2 being under severe soil erosion threat exceeding 

5 Mg ha-1y-1. The highest risk is still observed on agricul-

tural land with cereals and other seasonal crops. Olive or-

chard would be diffi cult to accept by the farmers on these 

lands but other agroforestry systems, that include cereals 

could be introduced, saving potentially up to 784 km2. In 

all observed regions, a wide introduction of IFNS, that are 

already proven to be economically successful, would de-

crease soil loss considerably on existing land cover classes 

similar (marked in green on Table 4) to IFNS systems cov-

ering 4927 km2, while potentially on an agricultural land 

up to 8854 km2.
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 Table 4. Soil erosion by water risk in regions of chosen IFNS farms (green indicates areas that can be easily transformed into agrofor-

estry).

NUTS id
Soil loss

Non-irrigated 

arable land

Fruit trees 

and berry 

plantations

Olive 

groves
Pastures

Annual crops 

associated 

with 

permanent 

crops

Complex 

cultivation 

patterns

Land principally 

occupied 

by agriculture, 

with signifi cant 

areas of natural 

vegetation

Mg ha-1 y-1 km2 km2 km2 km2 km2 km2 km2

DK012 0.0–0.5 27.8 0.1 - 0.9 7.1

 0.5–1.0 22.8 0.1 - 2.3

 1.0–2.0 6.6 0.1 - 0.6

 2.0–5.0 0.9 - 0.1

 > 5.0 -

ITI22 0.0–0.5 24.0 - 6.3 1.5 0.1 16.3 7.7

 0.5–1.0 6.4 - 0.1 0.1 1.8 1.0

 1.0–2.0 26.9 - 0.3 0.9 6.5 4.6

 2.0–5.0 90.6 - 3.1 3.6 0.3 27.3 18.2

 > 5.0 378.0 - 96.0 9.5 2.7 176.0 113.4

PL218 0.0–0.5 37.3 0.8 -- 12.2 18.8 17.4

 0.5–1.0 17.3 0.5 - 12.1 16.6 11.4

 1.0–2.0 52.3 1.8 - 30.8 44.9 24.3

 2.0–5.0 155.0 8.7 - 55.0 121.6 107.1

 > 5.0 568.4 26.6 - 26.9 151.4 195.9

RO114 0.0–0.5 54.9 5.7 - 86.6 28.5 33.8

 0.5–1.0 86.3 6.0 - 33.8 11.0 16.0

 1.0–2.0 155.7 12.9 - 63.8 26.4 35.6

 2.0–5.0 179.1 38.8 - 186.1 98.5 77.7

 > 5.0 208.6 7 - 246.9 262.4 156.4

UKH14 0.0–0.5 2479.3 - - 382.5 4.4 61.2

 0.5–1.0 260.6 - - 20.8 0.1 3.9

 1.0–2.0 33.8 - - 2.5 0.7

 2.0–5.0 1.9 - - 0.1

 > 5.0 - -

UKJ11 0.0–0.5 198.8 1.4 - 244.2 0.9

 0.5–1.0 124.8 0.1 - 63.3 0.1

 1.0–2.0 89.4 - 26.8

 2.0–5.0 40.2 - 9.1

 > 5.0 3.3 - 1.4

  The results indicated, that according to the land cover 

map of CLC 2018, the area of highly productive agrofor-

estry can be increased in all of the NUTS3 regions under 

investigation. The effects of this transition could decrease 

the area of land exposed to soil erosion by surface runoff 

by 1092 km2 – 1172 km2 on arable land and by 2834 km2 – 

3656 km2 on pastures, only on investigated NUTS3.

 Humanity stands before a heavy challenge of sustain-

ing growing population, while being exposed to climate 

change and land degradation (FAO, 2015). Growing inter-

est and transformation of traditional and currently not ef-

fective farming practices into agroforestry, observed i.a. in 

India (Gupta et al., 2021) and Africa (NPC, 2017; Cheikh 

Mbow et al., 2014), already show high soil protection and 

at the same time – economical potential of this traditional 

yet till recently abandoned farming systems. FAO (FAO 

and ICRAF, 2019) treats agroforestry as a key farming 

systems in the quest to spread climate-smart agricultural 

practices across the world. 
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CONSLUSIONS

 The aim of this paper was to investigate how much area 

can be easily turned from a traditional farming, practiced 

in a particular region, into an agroforestry system, that has 

been proven to provide enough income to sustain a farming 

family in the same region. 

 1. Our research confi rms potential of protecting signif-

icant areas under the risk of soil erosion caused by surface 

runoff in chosen 6 NUTS 3 European regions, with a well-

established and economically sound agroforestry systems. 

Those systems have advantages in decreasing soil erosion 

risk, maintaining good durable income for farmers and 

increasing landscape biodiversity and hence its resilience 

against stress factors, including climate change impacts.

 2. Agroforestry systems that consist of arable land, 

present in Denmark and the UK, have the potential to be 

widely applied on non-agroforestry land cover classes: 

non-irrigated arable land and complex cultivation patterns, 

providing a potential protection against soil erosion by 

water for 58 km2 in NUTS DK013 and 2776 km2 in the 

UKH14 NUTS3 region. 

 3. Silvopastoral agroforestry systems, present in the 

regions of UKJ11, RO114, PL218 and IT122 could be 

relatively easily introduced into pastoral land cover classes 

with potentially good impact against soil erosion by wa-

ter onto 16 km2 in IT122, 137 km2 in PL218, 490 km2 

in RO114 and 345 km2 in UKJ11. Additionally in IT122 

106 km2 of olive groves may be easily transformed into 

silvopastoral systems analogue to the Muzzi farm, that was 

chosen as example for that region. 

 4. Land cover class of land principally occupied by 

agriculture with signifi cant areas of natural vegetation has 

the potential to be transformed to agroforestry systems, 

however its suitability is hard to assess due to variability 

of the plant cover in various regions. Potentially it can be 

turned into productive agroforestry systems, which will 

be especially important in hilly and mountainous NUTS 

under consideration in Poland (203 km2 under severe and 

very severe soil erosion risk), Romania (234 km2 under se-

vere and very severe soil erosion risk) and Italy (131 km2 

under severe and very severe soil erosion risk).

REFERENCES

Barrios E., Sheperd K.D., Sileshi G.W., Sinclair F., 2012. 

Agroforestry and soil health: Linking trees, soil biota, and 

ecosystem services. pp. 315-330. In book: Soil Ecology and 

Ecosystem Services; eds: Diana H. Wall et al. 

Bittner G., Feranec J., Jaffrain G., 2002. Corine land cover up-

date 2000: Technical guidelines, EEA Technical report No 82, 

Bogdanski A., 2012. Integrated food–energy systems for climate-

smart agriculture. Agriculture & Food Security, 1:9.

Borrelli P., Lugato E., Montanarella L., Panagos P., 2017. A 

new assessment of soil loss due to wind erosion in European 

agricultural soils using a quantitative spatially distributed 

modelling approach. Land Degradation & Development, 28: 

335-344, doi: 10.1002/ldr.2588.

Cheikh Mbow, Meine Van Noordwijk, Eike Luedeling, Henry 

Neufeldt, Peter A Minang, Godwin Kowero, 2014. Agro-

forestry solutions to address food security and climate change 

challenges in Africa. Current Opinion in Environmental Sus-

tainability, 6: 61-67, doi: 10.1016/j.cosust.2013.10.014. 

EEA, 2003. Assessment and reporting on soil erosion. Back-

ground and workshop report.. European Environment Agen-

cy. Technical report no. 94/2003.

European Soil Data Centre (ESDAC), esdac.jrc.ec.europa.eu, Eu-

ropean Commission, JRC.

FAO and ICRAF. 2019. Agroforestry and tenure. Forestry Work-

ing Paper no. 8, Rome,  40 pp. 

FAO and ITPS. 2015. Status of the World’s Soil Resources 

(SWSR) – Main Report. Food and Agriculture Organization 

of the United Nations and Intergovernmental Technical Panel 

on Soils, Rome, Italy.

Feliciano D., Ledo A., Hillier J., Dali Rani Nayak, 2018. Which 

agroforestry options give the greatest soil and above ground 

carbon benefi ts in different world regions? Agriculture, Eco-

systems & Environment, 254: 117-129.

Foley J.A., Ramankutty N., Brauman K.A., Cassidy E.S., 

Gerber J.S., et al., 2011. Solutions for a cultivated planet. 

Nature, 478: 337-342, doi: 10.1038/nature10452. 

Gentile A.R. et al., 2000. Down to earth: Soil degradation and 

sustainable development in Europe - A challenge for the 21st 

century. EEA, ISBN 92-9167-398-6.

Gupta Niti, Shanal Pradhan, Abhishek Jain, Nayha Patel, 

2021. Sustainable agriculture in India 2021: What we know 

and how to scale up. New Delhi: Council on Energy, Environ-

ment and Water.

Jones R.J.A., Hiederer R., Rusco E., Montanarella L., 2004. 

Estimating organic carbon in the soils of Europe for policy 

support (2005). European Journal of Soil Science, 56(5): 

655-671.

Jones A., Panagos P., Barcelo S., Bouraoui F., Bosco C., et al., 

2012. The state of soil in Europe. EEA report No. 25186, 80 pp.

Józefaciuk A., Nowocień E., Wawer R., 2014. Soil erosion in 

Poland: environmental and economical effects, preventive 

measures. Monografi e i Rozprawy Naukowe IUNG-PIB, 

44, 263 pp.

Kay S., Rega C., Moreno G., den Herder M., Palma J.H.N., et 

al., 2019. Agroforestry creates carbon sinks whilst enhancing 

the environment in agricultural landscapes in Europe. Land 

Use Policy, 83: 581-593.

Mullender S., Sandor M., Pisanelli A., Kozyra J., Borek R., 

Ghaley BB., Adrain G., von Oppenkowski M., Roesler 

T., Salkanovic E., Smith J., Smith L., 2020. A delphi-style 

approach for developing an integrated food/non-food sys-

tem sustainability assessment tool. Environmental Impact 

Assessment Review, 84: 106415, doi: 10.1016/j.eiar.2020.

106415. 

NPC 2017. Agroforestry strategy framework for South Africa, 

March 2017. Department of Agriculture, Forestry and Fisher-

ies, Republic of South Africa, 39 pp.

Orgiazzi A., Panagos P., Yigini Y., Dunbar M.B., Gardi C., 

Montanarella L., Ballabio C., 2016. A knowledge-based 

approach to estimating the magnitude and spatial patterns of 

potential threats to soil biodiversity. Science of the Total En-

vironment, 545-546: 11-20.

R. Wawer et al. – Potential of agroforestry systems in preserving Europe’s soil productivity in lowland and highland ...



86 Polish Journal of Agronomy, No. 47, 2021

Palma J.H.N., Graves A.R., Burgess P.J., Keesman K.J., van 

Keulen H., MAyus M., Reisner Y., Herzog F., 2007. Meth-

odological approach for the assessment of environmental ef-

fects of agroforestry at the landscape scale. Ecological Engi-

neering, 29: 450-462.

Panagos P., Van Liedekerke M., Jones A., Montanarella 

L., 2011. European Soil Data Centre: Response to Euro-

pean policy support and public data requirements; (2012) 

Land Use Policy, 29(2): 329-338, doi:10.1016/j.landuse-

pol.2011.07.003.

Panagos P., Borrelli P., Poesen J., Ballabio C., Lugato E., 

Meusburger K., Montanarella L., Alewell C., 2015. The 

new assessment of soil loss by water erosion in Europe. En-

vironmental Science & Policy, 54: 438-447, doi: 10.1016/j.

envsci.2015.08.012.

Pretty J., 2008. Agricultural sustainability: Concepts, princi-

ples and evidence. Philosophical Transactions of the Royal 

Society: Biological Sciences, 363: 447-465, doi: 10.1098/

rstb.2007.2163. 

Ravi S., D’Odorico P., Breshears D.D., Field J.P., Goudie A.S., 

et al., 2011. Aeolian processes and the biosphere. Reviews of 

Geophysics, 449(3): RG3001.

Wawer R., Nowocien E., Podolski B., 2017. Wind erosion rates 

for ten soils under threshold wind speed in controlled condi-

tions. Journal of Food Agriculture and Environment, 11(1): 

1432-1436.

Wischmeier W.H., Smith D.D., 1965. Predicting rainfall-erosion 

losses from cropland east of the Rocky Mountains. Agricul-

ture Handbook No. 282, ARS-USDA, in cooperation with 

Purdue Agricultural Experiment Station.

Wischmeier W.H., Smith D.D., 1978. Predicting rainfall erosion 

losses – A guide to conservation planning. USDA Handbook 

537, Washington, D. C.

Young A., 1989. Agroforestry for soil conservation. CAB Inter-

national, 318 pp.

Zachar D., 1982. Soil erosion. Development in Soil Science, 10, 

Amsterdam-Oxford-New York, 547 pp.

Acknowledgements 

The paper originates from the Sustain Farm project, fund-

ed through the FACCE SURPLUS ERA-NET Co-fund 

formed in collaboration between the European Commis-

sion and a partnership of 15 countries in the frame of the 

Joint Programming Initiative on Agriculture, Food Secu-

rity and Climate Change (FACCE-JPI).

received – 1 September 2021

revised – 15 December 2021

accepted – 29 December 2021

This ar! cle is an open access ar! cle distributed under the terms and condi! ons of the Crea! ve Commons A" ribu! on-ShareAlike 

(CC BY-SA) license (h" p://crea! vecommons.org/licenses/by/4.0/).CC

SABY

Author ORCID

Rafał Wawer 0000-0001-9266-9577

Piotr Koza 0000$0002$0243$7631

Robert Borek 0000-0001-9414-3181

Bhim Bahadur Ghaley 0000-0002-0864-7613

Laurence Smith 0000-0002-9898-9288

Mignon Șandor 0000-0002-2007-992X

Andrea Pisanelli 0000-0003-1229-1581

Angela Augus! 0000-0002-9591-693X

Giuseppe Russo 0000-0001-6641-4562

Marco Lauteri 0000-0003-1071-7999

Marco Ciolfi 0000-0003-4831-8053

Lisa Mølgaard Lehmann 0000-0001-5674-2116

Eugeniusz Nowocień 0000-0002-2673-0023

Damian Badora 0000-0002-2497-8500

OSwiadczeniefarmy


