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Abstract  Traditional agroforestry systems (TAFs) 
in Europe represent an interface between agriculture 
and biodiversity conservation, being able to offer 
sustainable production while supporting diverse eco-
systems often with unique species assemblages. This 
systematic review synthesises research on TAFs con-
ducted between 1992 and 2024 using the PRISMA 
methodology. We analysed 232 studies to assess 
TAFs types, their distribution, biodiversity signifi-
cance, and ecosystem services’ contributions across 
Europe. The findings highlight regional variations, 
with dehesa/montado systems dominating Southern 
Europe and traditional orchards and wood pastures 
being prevalent in Central and Eastern Europe. Our 
review gives evidence that TAFs provide multifac-
eted ecosystem services, such as carbon sequestra-
tion, soil fertility enhancement, water regulation, and 

cultural heritage preservation. Additionally, TAFs 
harbour a rich biodiversity, particularly among vascu-
lar plants, birds, and insects, whose ecological roles 
are pivotal to the ecological functioning of these sys-
tems. Despite their significance, studies indicate that 
a decline in economic viability and changing land-
use patterns have threatened the future of TAFs. This 
review emphasises the need for innovative manage-
ment practices that integrate traditional knowledge, 
alongside political and public support, to ensure the 
long-term conservation and restoration of TAFs in 
Europe.
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Introduction

The world is experiencing a series of interlinked envi-
ronmental crises, including climate change, deforesta-
tion, soil erosion, and desertification (Barnosky et al. 
2011; IPCC 2021). These crises, driven largely by 
anthropogenic activity, have led to a rapid decline in 
ecosystem functions and services, such as water regu-
lation, pollination, and soil fertility, all essential for 
human needs and well-being (IPBES 2019). The loss 
of biodiversity is particularly alarming, with a grow-
ing body of evidence indicating that human activi-
ties are driving an unprecedented decline in species 
and habitats (IPBES 2019). Despite decades of con-
servation efforts, biodiversity continues to decline, 
particularly in agricultural landscapes, where intensi-
fied land-use practices, including monoculture farm-
ing, deforestation, and overgrazing, contribute sig-
nificantly to habitat loss and ecosystem degradation 
(FAO 2007; Torralba et al. 2016; Sattler et al. 2024). 
Additionally, land abandonment, a significant global 
phenomenon on all continents (Zerbe 2022) threatens 
the persistence of TAFs.

In response to these ongoing challenges, there is 
an urgency for developing innovative strategies that 
balance agricultural production with biodiversity 
conservation and the provision of ecosystem services 
(Berkes 1999; Tsonkova et  al. 2012; Fontana et  al. 
2014; Fagerholm et  al. 2016). A proposed approach 
is the integration of land-sparing and land-sharing 
strategies within spatially connected mosaic patches 
in cultural landscapes (Grass et al. 2019). Land-spar-
ing focuses on intensifying production in designated 
areas to conserve biodiversity in others, whereas 
land-sharing advocates for agricultural practices that 
promote biodiversity and ecosystem service conser-
vation on the same land (Grass et  al. 2021). These 
integrated approaches provide a pathway to har-
monising agricultural development with ecological 
sustainability (Plieninger et  al. 2015; Torralba et  al. 
2018) while aligning with the concept of landscape 
services, which serves as a link between landscape 
ecology and long-term ecological, social, and eco-
nomic sustainability (Termorshuizen & Opdam 2009; 
Zerbe 2022).

A key component of land-sharing strategies is 
the adoption of low-input agricultural systems, 
which reduce the reliance on external inputs such 
as chemical fertilisers and pesticides (FAO 2007). 

These systems aim to optimise internal produc-
tion resources, thereby improving sustainability and 
reducing the environmental footprint of farming (Jose 
2009; Fagerholm et  al. 2016). Low-input systems 
have numerous benefits, including reduced produc-
tion costs, minimised pollution of water and soil, 
and improved long-term farm profitability (Sarkar 
et  al. 2020). These systems are prevalent in multi-
functional traditional cultural landscapes, which have 
evolved over centuries to strike a balance between 
human agricultural needs and ecological sustain-
ability (Berkes 1999; Zerbe 2024). The term "tradi-
tional" used here refers to land-use practices rooted 
in long-standing cultural and ecological knowledge, 
often passed down through generations, and aligned 
with indigenous and local knowledge systems (Berkes 
2000; Viswanath & Lubina 2017; Zerbe 2024). In 
contrast, the term “sustainable intensification” refers 
to increasing agricultural productivity through inno-
vation while equally prioritising sustainability to pre-
vent environmental degradation (Petersen & Snapp 
2015). Traditional land-use systems, which often rely 
on extensive, low-input methods, have been shown 
to support higher levels of biodiversity (Bonari et al. 
2017), enable ecosystem functioning, and provide 
a broader range of ecosystem services such as water 
regulation, soil fertility, and pollination compared to 
high-input, intensively managed agricultural systems 
(Berkes 1999; Duru et al. 2015; Zerbe 2022).

The term traditional agroforestry systems (TAFs) 
is widely used in the literature to describe multi-
functional land-use strategies that encompass long-
established, culturally embedded agroforestry prac-
tices (e.g., Herzog 1998; Papanastasis et  al. 2009; 
Nerlich et  al. 2013; Viswanath & Lubina 2017; 
Zerbe 2024). In this study, we use “traditional” in 
a neutral, time-based sense, referring to systems 
that have been continuously managed for 100 years, 
which emphasise their long-term ecological adapta-
tion, historical continuity, and socio-cultural integra-
tion (Renes 2015; Nair et al. 2017). Agroforestry has 
been defined by the FAO (2015) as the integration of 
woody perennials with crops and/or livestock (Fager-
holm et al. 2016; Torralba et al. 2018). However, fol-
lowing Sinclair (1999) and Noordwijk et  al. (2016), 
these practices can be understood as components of 
broader agroforestry systems, which integrate eco-
logical interactions, social-ecological dynamics, 
policy, and economic contexts. Agroforestry systems 
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are classified into the categories of agrisilvicultural, 
silvopastoral, and agrosilvopastoral systems, each 
tailored to specific ecological and cultural contexts 
in Europe (Herzog 1998). Many TAFs incorporate 
“trees outside forests” (TOF), such as isolated trees, 
hedgerows, and scattered trees, which contribute to 
ecological, productive, and cultural functions across 
the landscape (Wani et  al. 2020). Unlike modern 
agroforestry, which is often planned to enhance pro-
ductivity and/or specific ecosystem services through 
technical interventions (Nerlich et al. 2013; Kay et al. 
2019), TAFs have a long history of promoting ecolog-
ical and socio-cultural benefits, reaching back to the 
Neolithic when people started to settle and perform 
agriculture (e.g., forest grazing) (Nerlich et al. 2013). 
Systems such as the Mediterranean dehesa/montado 
integrate grazing with oak woodlands, while tradi-
tional orchards like Streuobstwiesen (orchard mead-
ows) in Central Europe reflect multifunctional fruit 
production practices rooted in local knowledge (Joffre 
et al. 1988; Plieninger et al. 2015; Hartel & Plieninger 
2014).

Beyond their ecological role, TAFs occur within 
cultural landscapes recognised by international 
frameworks such as FAO’s Globally Important Agri-
culture Heritage Systems (GIAHS) and UNESCO’s 
Agriculture Heritage Landscapes (Koohafkan & Cruz 
2011; Zerbe 2024). Several European TAFs are rec-
ognised as GIAHS, for instance, the dehesa/montado 
in Spain and in Portugal, and traditional hay milk 
farming in the Austrian Alps (FAO 2025). Despite 
their significance, TAFs are increasingly threatened 
by land abandonment, agricultural intensification, 
and socio-economic pressures, leading to a vulner-
able state experienced by many traditional systems 
(Nerlich et  al. 2013). However, the role of TAFs in 
addressing global challenges such as biodiversity loss 
and climate change is increasingly recognised. By 
adopting low-input, multifunctional practices, these 
systems reduce reliance on chemical inputs and opti-
mise internal production resources, leading to lower 
environmental footprints and improved long-term 
sustainability (Jose 2009).

While previous studies have examined individual 
or regional TAFs in terms of their contributions to 
ecosystem services and biodiversity (Fagerholm 
et al. 2016; Torralba et al. 2018), a comprehensive 
and updated overview is still lacking. In particu-
lar, there is limited research on the different types 

of TAFs, their distribution across Europe, and the 
range of ecosystem services and biodiversity ben-
efits they provide to local and regional communi-
ties. While Large Language Models (LLMs) are 
increasingly used for information retrieval despite 
their lack of transparency and tendency to gener-
ate unverifiable content (Ji et  al. 2023), systematic 
reviews remain essential for transparent and repro-
ducible synthesis (Page et  al. 2021). Accordingly, 
in this paper, we addressed TAFs in Europe through 
a systematic review which applies the PRISMA 
framework aims to (1) identify, differentiate, and 
characterise the multifaceted TAFs in Europe, (2) 
outline their geographical distribution, and (3) sys-
tematically collect the knowledge gained so far on 
their biodiversity and the ecosystem services they 
can provide. Based on this, (4) we want to identify 
key research gaps that can inform sustainable land 
management practices in the future. In this context, 
revisiting TAFs means critically re-evaluating their 
current relevance, contribution, and functionality 
in light of recent socio-ecological transformations 
and policy agendas. With this systematic review 
approach, we would like to make a plea for tak-
ing those “old” but not outdated systems stronger 
into account in rural development and the imple-
mentation of the Sustainable Development Goals 
announced by the UN (2015).

Materials and methods

Study area

The study area covers Europe, which is divided into 
four regions: Northern, Southern, Eastern, and West-
ern Europe, according to the United Nations Geo-
scheme for Europe (UNSD 2010). These regions 
represent a wide range of climatic zones, from the 
Mediterranean zone in Southern Europe (e.g., Spain, 
Italy, Greece) to temperate zones in Western and 
Eastern Europe (e.g., Germany, Austria, Poland, 
Czechia), and boreal zones in Northern Europe (e.g., 
Norway, Sweden, Finland). This climatic diversity, 
combined with Europe’s varied geological, geomor-
phological, vegetation, and cultural landscapes (Bohn 
et  al. 2007), provides an ideal setting for examining 
TAFs.
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Methodology

We followed the PRISMA methodology (Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses) outlined by Page et al. (2021). This meth-
odology involves the three main steps: identification, 
screening, and inclusion. These steps are outlined 
below. The PRISMA flow diagram illustrating the 
study selection process is presented in Fig. 1.

Identification and literature search

On April 4th 2024, we conducted a literature search 
using the Web of Science database to identify stud-
ies published between 1992 and 2024. The year 1992 
was chosen as the starting point due to it coinciding 
with the Rio Earth Summit, where the Convention 
on Biological Diversity was adopted, marking a key 
milestone for biodiversity and sustainable land-use 
policies relevant to agroforestry systems. The search 
included studies in the common European languages 

addressing TAFs. The search strategy employed a 
combination of terms related to agroforestry systems, 
ecosystem services, biodiversity, and geographical 
focus. The term "agroforestry" was first introduced in 
1977 (King 1987; Nair 1998). Prior to that, various 
other names were used to describe similar practices. 
Therefore, we derived agroforestry-related keywords 
from official FAO terminology and previous studies 
on agroforestry systems in Europe (e.g., Smith 2010; 
Nerlich et al. 2013; Torralba et al. 2016). Ecosystem 
services and biodiversity terms were aligned with the 
classification by the Common International Classifi-
cation of Ecosystem Services (CICES, Haines-Young 
& Potschin 2018). Although the term “ecosystem ser-
vices” was introduced by the Millennium Ecosystem 
Assessment in 2005, many relevant concepts, such as 
carbon storage, pollination, and cultural values were 
addressed earlier, therefore, relevant keywords may 
appear in the literature without explicitly using the 
term “ecosystem services”. Additionally, keywords 
such as “biodiversity,” “cultural landscape,” “species 

Fig. 1   PRISMA flow diagram for our systematic review on TAFs
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diversity”, and “species richness” were incorporated 
to capture the multifaceted nature of TAFs in Euro-
pean landscapes (Jose 2009; Plieninger et  al. 2015; 
Zerbe 2022). The detailed search strings and refer-
ences are reported in the Supplementary Table S1.

Criteria for the screening

To qualify for inclusion, studies had to be located 
within Europe and explicitly focus on traditional sys-
tems. We defined TAFs as long-established land-use 
systems that integrate trees or shrubs with agricul-
tural practices and are typically shaped by historical, 
cultural, and ecological contexts (Zerbe 2024). Papers 
were included that address primary research questions 
related to agroforestry systems, focusing on forestry 
and agricultural components, geographic distribu-
tion, ecosystem services, and/or biodiversity. Eligible 
studies were required to have been published between 
1992 and 2024. All review articles, non-research arti-
cles, such as editorials, proceedings, corrections, and 
meeting abstracts, were excluded. Duplicates were 
removed prior to screening.

Screening and selection

In the initial screening, titles, keywords, and abstracts 
were reviewed to identify studies meeting the inclu-
sion criteria from 6,045 articles. At this stage, 5,272 
articles were excluded due to irrelevant geographic 
focus, lack of relevance to TAFs, biodiversity, or eco-
system services, or a focus on unrelated disciplines, 
such as medicine, mathematics, or cell biology. Dur-
ing the subsequent full-text review, the remaining 
773 articles were thoroughly evaluated to identify all 
information relevant to TAFs and to exclude papers 
that were irrelevant or lacked data. Ultimately, 232 
articles met the inclusion criteria and were selected 
for inclusion in the review. In addition to these, 10 
review articles were retained for comparison and dis-
cussion purposes; however, they were excluded from 
the results section to prevent double-counting of data 
reported in both original studies and review articles.

Inclusion and data compilation

From the 232 studies included in the systematic 
review, data were extracted according to a predefined 
framework aligned with the PRISMA methodology 

to ensure consistency and transparency. Key vari-
ables were categorized into several thematic areas 
with (1) study characteristics, including author(s), 
title, year of publication, keywords, and DOIs; (2) 
TAFs type, documenting the specific agroforestry 
practices described; (3) tree and agricultural compo-
nents, which detailed tree species, agricultural and/or 
grazing systems, tree density, and stock density; (4) 
geographic information, identifying the location of 
studies; (5) ecosystem services, classified under pro-
visioning, regulating, and cultural services; and (6) 
biodiversity, with data on species richness, species 
per area, and conservation status such as red-listed or 
protected species. The final set of 232 eligible stud-
ies was compiled and it is reported in Supplemen-
tary Table S2. We summarised the frequencies of the 
variables and categories involved in the information 
extraction using descriptive statistics, and visualised 
the results with the ggplot2 package in R (R Core 
Team 2023).

Results

General characteristics of the data

The 232 included studies spanned 21 European 
countries, with 6.5% (n = 15) covering all of Europe 
and 7.8% (n = 18) focusing on transnational con-
texts, particularly in the Mediterranean region (e.g., 
dehesa/montado systems). Spain accounted for the 
highest number of studies (n = 61; 26.3%), followed 
by Portugal (n = 34; 14.7%), Romania (n = 20; 8.6%), 
and Italy (n = 19; 8.2%). In contrast, countries like 
Albania, Belgium, Estonia, Scotland, and Slove-
nia contributed only one study each  (Fig.  2a). All 
included papers were published in English, with only 
6 papers containing abstracts in German. 

Among the various TAFs examined in the lit-
erature, the most frequently studied system was the 
dehesa/montado systems, with 85 publications. This 
was followed by wood pasture systems (n = 45) and 
both orchard and grazed orchard systems, each rep-
resented in 15 studies. Chestnut groves appeared in 
12 publications. In contrast, shrubland grazing (n = 3) 
and alley cropping (n = 4) were the least studied 
TAFs.

Overall, besides all included papers that focused 
on describing TAFs, there were 102 articles (44%) 
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focusing on biodiversity, and 72 publications (31%) 
on ecosystem services. Before the year 2000, pub-
lications on traditional agroforestry were relatively 
scarce. However, the number of relevant articles 
increased substantially in the following years, peak-
ing in 2018 with 22 studies published (Fig. 2b).

Types of traditional agroforestry systems in Europe

Silvoarable systems, combining agriculture and for-
estry, include alley cropping, bocage in France, fruit 
orchards throughout Europe, and Mediterranean 
olive orchards (Table 1). Many of these systems rely 
on “trees outside forests” (TOF), including isolated 

trees, hedgerows, and scattered trees, which con-
tribute to ecological, productive, and cultural func-
tions across the landscape (FAO 2025; Wani et  al. 
2020). Silvopastoral systems, which integrate live-
stock with trees, are exemplified by wood pastures 
like the dehesa in Spain and montado in Portugal. 
In northern Europe, reindeer husbandry systems in 
Finland, Norway, and Sweden utilise forest under-
storey resources. Whereas in Central Europe, well-
known agroforestry systems such as Germany’s 
“orchard meadows” (Streuobstwiesen) allow live-
stock and trees to coexist. Lastly, agrosilvopastoral 
systems, common in the Mediterranean and Euro-
pean Alps, blend cropping, grazing, and forestry. 

Fig. 2   Number of studies analysed within our review of TAFs (n = 232) per country (a) and by year (b)
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Besides single TAFS, 11 articles (4.7%) investi-
gated multiple TAFs.

The dehesa/montado systems, studied in 36.6% 
(n = 85) of included articles, are TAFs with animal 
grazing under various oak species (e.g., Quercus ilex, 
Q. suber), range from 20 to 400 trees per hectare and 
support traditional livestock breeds like, for example, 
Black Merino sheep and Iberian pigs (Acha & New-
ing 2015).

Shrubland grazing, forest pasture, and grazed 
woodland accounted for 1.3% (n = 3), 2.6% (n = 6), 
and 5.6% (n = 13) respectively. Wood pasture sys-
tems, still largely present in Romania, account for 
19.4% (n = 45) of the studies. These systems, some 
of the oldest in Europe dating back to the Neolithic 
period, emerged in southeastern and Central Europe, 
were adapted approximately 6,000 years ago in Brit-
ain, northwestern Germany, and Denmark, and about 
4,000 years ago in the Baltic and Scandinavian areas 
(Rackham 2008; Bergmeier et  al. 2010; Mosquera-
Losada et al. 2012). They integrate livestock grazing 
with wooded or partially open areas, featuring tree 
densities of 10 to 50 trees per hectare and stocking 
rates of 0.7—2.2 sheep, and 0.4—0.8 cattle per hec-
tare (Fig. 3c). Livestock in traditional systems include 
mainly sheep, cattle, and goats, which graze from late 
April to mid-October.

Orchard systems, including both orchards with 
crops and grazed orchards (13%, n = 30) in Cen-
tral Europe (e.g., Germany, Czechia), combine fruit 
trees like apple (Malus domestica) and pear (Pyrus 
communis), as well as nut trees like walnut (Juglans 
regia), with livestock grazing and crop cultivation 
(Fig.  3d). In France (pré-verger) and Germany, tree 
densities range from 20 to 100 trees per hectare.

Silvoarable systems such as alley cropping and 
hedgerows (5.6%; n = 13) integrate crops like wheat, 
maize, and barley with trees such as walnut (Juglans 
regia), poplar (Populus spp.), and wild cherry (Pru-
nus avium). Found in Belgium, Germany, and Italy, 
these systems use alley cropping to optimise land 
use, maintain soil fertility, and provide crop shelter. 
In Atlantic and Central Europe, hedgerows serve as 
living barriers, preventing wind erosion and provid-
ing firewood and timber.

Vineyard systems (4.7%; n = 11), common in the 
Mediterranean region and those regions with a mild 
temperate climate in Central Europe, combine vine-
yard with grazing by sheep or donkeys, occasionally 

interspersed with olive and oak trees (Fig.  3e). 
Around 2,500 to 3,000  years ago, viticulture spread 
across Europe from Italy after the ancient Greeks 
introduced vineyard cultivation (Griffith 2004). 
Chestnut groves (5.2%; n = 12) in Italy, France, and 
Spain integrate grazing with tree farming. These 
systems involve periodic pruning and harvesting of 
timber and nuts, while grazing practices help con-
trol undergrowth and maintain open soil conditions, 
thereby facilitating the establishment of new chest-
nut saplings. Chestnut cultivation has spread across 
Europe, mainly for its fruits, which were used to pro-
duce flour, rather than for timber or poles as chestnut 
coppice, which is a traditional forest system (Mattioli 
et al. 2015).

Ecosystem services of TAFs

According to the reviewed studies on TAFs, a broad 
range of ecosystem services is provided (Table  2). 
From the 72 included publications,  we found 16 
studies (22.2%) simultaneously addressed provision-
ing, regulating, and cultural services, whereas the 
remainder focused on one or two service categories 
only. Among all articles, regulating services were by 
far the most frequently examined feature in 77.8% 
(n = 56) of the papers, followed by provisioning ser-
vices at 37.5% (n = 27). Cultural services appeared in 
20.8% (n = 15) of the studies, with a strong empha-
sis on cultural landscapes and recreation (Fig. 4). For 
example, Plieninger et al. (2015) showed how wood-
pasture systems in Spain preserve traditional farm-
ing and support local farmers. Garrido et  al. (2017) 
emphasised that traditional knowledge, cultural land-
scapes, and heritage values, which are rarely consid-
ered in ecosystem service assessments, were among 
the most frequently acknowledged ecosystem services 
in the dehesa system. Rolo et  al. (2021) discussed 
how Mediterranean agroforestry systems enhance 
the cultural identity of rural communities and social 
cohesion.

As reflected in Table 1, agrosilvopastoral systems 
provide diverse products, such as food (meat, milk, 
cereals, fruits, nuts), raw materials (timber, firewood, 
cork), and other categories like herbs. Silvoarable sys-
tems, such as those with edible plants like asparagus 
(Asparagus officinalis) and fennel (Foeniculum vul-
gare), contribute to local food production. Silvopas-
toral systems, including chestnut and olive orchards, 
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supply food (e.g., honey, chestnuts) and materials 
(e.g., timber, firewood). Wood pastures provide live-
stock, wild food, timber, and multiple crops.

TAFs contribute to crucial regulating services, 
such as carbon storage and sequestration, water puri-
fication, pest control, microclimate stabilisation, the 
enhancement of soil quality, and erosion control. 
Hereby, silvoarable and silvopastoral systems might 
differ in the main services they provide. Particularly, 
carbon storage and sequestration were addressed in 
the reviewed studies. The storage and sequestration 

capacity strongly depends on the type of TAFs (e.g., 
woodland pasture, orchard), tree density, and land 
management (e.g., pasture, meadow). Aboveground 
carbon storage, for example, ranged from 5  Mg C 
ha⁻1 in UK’s grazed woodlands (Smith 2014) to 
2,160 Mg C ha⁻1 in French hedgerow systems (Viaud 
& Kunnemann 2021). Belowground carbon storage, 
for instance, ranged from 265 Mg C ha⁻1 in Italian’s 
larch pastures (Nagler et al. 2015) to 610 Mg C ha⁻1 
in French’s hedgerows systems (Viaud & Kunnemann 
2021).

Fig. 3   Traditional agroforestry systems; Allmendweiden (com-
munal pastures) in Southern Black Forest, Germany (a), Larch 
meadow in South Tyrol, Italy (b), Wood pasture in Transylva-
nia, Romania (c), Streuobstwiesen (apple orchard) in Hessen, 

Germany (d), Vineyard grazed with sheep in South Tyrol, Italy 
(e), Olive grove in Maremma Regional Park, Italy (f). Photo 
credits: G. Bonari (f), T. Plieninger (a,c,d), S. Zerbe (b,e)
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Biodiversity of TAFs

Biodiversity in TAFs has been studied in 102 stud-
ies, including studies which cover multiple taxonomic 
groups and encompass various systems. The most 
studied organisms were plants, accounting for about 
49% of the reviewed research (n = 50) (Fig. 5). Stud-
ies on animal diversity accounted for 38.2% (n = 39), 
and 13 studies (12.8%) investigated both animals and 
plants, where we also included lichens and fungi. 
Vascular plants were mostly studied (39.2%; n = 40), 
followed by birds with 22 studies (21.6%). A smaller 
part of the reviewed studies addressed tree and shrub 
species, bryophytes, lichens, and fungi among the 
plants and beetles (Coleoptera), butterflies (Lepidop-
tera), spiders (Arachnida), earthworms (Lumbricina), 
bats (Chiroptera), reptiles (Squamata), and mammals 
(Mammalia).

Regarding biodiversity of TAFs, the number of 
species was recorded and certain species of nature 
conservation concern were highlighted. The high-
est vascular plant species richness was recorded for 
the dehesa/montado systems in Spain and Portugal, 
ranging from 225 up to 431 species in each system 
in an area of 150 hectares (Pereira & Da Fonseca 
2003; Moreno et  al. 2016). Also, wood pasture sys-
tems and grazed shrubland showed a high plant diver-
sity, particularly woody species diversity. Bokdam & 
Gleichmann (2000) recorded 88 woody species in a 
shrubland grazing system with a 5-hectare area exten-
sion. Swedish wood-pasture systems provided habitat 
for up to 65 lichen species on an area of 6 hectares, 
including the rare and nationwide near-threatened 
species Cliostomum corrugatum, Buellia violaceo-
fusca, and Ramalina baltica (Paltto et al. 2011).

Agrosilvopastoral systems in Southern Europe 
provide habitat for a large number of bird species. 
Domokos & Domokos (2016) recorded 65 bird spe-
cies on about 3 hectares. The high bird species rich-
ness was also reported from Polish apple orchards 
(Kajtoch 2017) and German traditional vineyards 
(Rösch et  al. 2019). Bat species have been reported 
from Swedish wood-pastures, amounting to 12 bat 
species listed in the IUCN Red List species (e.g., 
Myotis dasycneme, M. nattereri, and Eptesicus seroti-
nus) (Wood et  al. 2017). Dehesa supported 60 bee 
species on an area of 150 hectares (Moreno et  al. 
2016), while Czech orchards harboured up to more 
than 400 beetle species on 25 hectares, including Ta
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17 red-listed species (Horak 2014). Spider diversity 
was investigated on Romanian wood-pastures with a 
record of 140 species in 21 spider families on an area 
of 250 hectares, also including Red List species on 
the national level; even two spider species were new 
for Romanian fauna, namely Synageles subcingulatus 
and Talavera parvistyla (Gallé et al. 2017).

Besides the high species numbers of TAFs, con-
siderable numbers of species of conservation concern 
have been recorded, including some endemic species. 
In dehesa system characterised by cork oak (Quercus 
suber) and holm oak (Q. ilex), rare and threatened 
species have been found, such as the eagle species 
Aquila adalberti, the latter included in the IUCN Red 
List (González et  al. 2008). Portuguese montado, 

Fig. 4   Number of studies focusing on the provisioning, regu-
lating, and cultural ecosystem services (ES) (a), and the pro-
portion of studies dedicated to each type (according to CICES, 

Haines-Young & Potschin 2018) of ecosystem services (b), 
acknowledging that a single study may address multiple eco-
system services

Fig. 5   Number of reviewed studies which address plant or animal diversity or both (a), specified with regard to the taxonomic 
groups (b). For visualisation and analysis, we included lichens and fungi with plants
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hosted vulnerable plant species at the national level, 
like Helictochloa lusitanica (Díaz et al. 1997; Valente 
et  al. 2010). In Romania, Transylvanian wood pas-
tures harbour rare vascular plants such as Salvia 
transsylvanica and near-threatened bird species like 
the European pied flycatcher (Ficedula hypoleuca) 
(IUCN 2021; Cremene et al. 2005; Dorresteijn et al. 
2013). In these systems, the endemic species Aconi-
tum peterfii has been recorded (Cremene et al. 2005). 
Also, in Spanish grazed shrublands endemic woody 
species at the national level have been found, such as 
Genista tridens (Gil-López et al. 2018).

Detailed species information, including conserva-
tion status across TAFs, is available in Supplemen-
tary Table S3.

Discussion

Our review on TAFs in Europe reveals their multi-
faceted types, which have served or are still serving 
manifold purposes for local communities and rural 
economies. The tree components part of the land-use 
systems encompasses a high number of tree and shrub 
species across Europe, with a considerable number 
of indigenous broad-leaved and coniferous tree spe-
cies used for timber, fruit (including oil production in 
the case of olives) or nut production and as fodder for 
animals (e.g., leaves or young branches). Under the 
trees, which also provide regulating services (e.g., on 
the micro-climate of the land-use system or erosion 
protection on slopes), the various species and breeds 
of grazing animals produce meat, fur, and dairy 
products. In silvopastoral systems, trees additionally 
provide shade that reduces heat stress and supports 
higher productivity and welfare in grazing livestock 
(Goncherenko et al. 2024; Ripamonti et al. 2025). In 
other systems, biomass of herbs and grasses is pro-
duced for feeding animals in stalls or cereals and veg-
etables serve for self-sufficiency as well as for local 
and regional markets. TAFs all over Europe have been 
developed during the past centuries related to geology 
and soil, geomorphology, local species pools (e.g., 
including local breeds), traditional knowledge on land 
management practices, and the specific needs of local 
communities and the demands of local rural markets.

Regarding the production of diverse timber and 
non-timber products and manifold cultural ecosys-
tem services, particularly the large number of studies 

on the Mediterranean dehesa/montado systems (e.g., 
Cardinael et  al. 2017; Plieninger et  al. 2021) docu-
mented their high importance for the multifunction-
ality of cultural landscapes and sustainable landscape 
development in the past (Zerbe 2022). However, 
recent analyses indicate that large areas of dehesa 
are misclassified as forest in remote-sensing data-
sets, which underscores the persistent underrepre-
sentation of multifunctional agroforestry systems in 
land-use evaluation (Lawson et  al. 2024). Compara-
ble multifunctional roles are also evident in chestnut 
(Castanea sativa) groves with main occurrences in 
Italy and France, which combine nut production with 
grazing (Pantera et al. 2018; Rolo et al. 2021). In for-
mer times, being an additional agricultural produc-
tion option in cultural landscapes with limited provi-
sion of natural resources, Sweet chestnut today has 
advanced to a niche product of high importance for 
rural economies, for example, in the Southern Alps 
(Bender 2010; Conedera et al. 2004). Thereby, Sweet 
chestnut is the raw material for multiple products 
such as bread, cake, and beer (Seliger et al. 2024).

An increasing number of studies investigate TAFs 
with regard to their potential to adapt to and mitigate 
climate change (Fagerholm et al. 2016). For Mediter-
ranean wood pastures, for instance, the considerable 
potential of carbon storage has been revealed (Cardi-
nael et al. 2017; Kay et al. 2018; Leal et al. 2019; Pec-
chioni et al. 2020; Ivezić et al. 2021). Traditional low-
input and extensively managed agroforestry systems 
promote stable below-ground carbon storage by main-
taining soil structure (Faivre et al. 2017) and above-
ground carbon storage related to tree density and age 
and land management (Nagler et al. 2015). The wide 
range of carbon storage amounts and sequestration 
rates revealed up to now, however, calls for more sys-
tematic approaches to enhance comparability of data 
and traditional land-use systems across Europe.

Cultural ecosystem services of TAFs, such as rec-
reation, aesthetics, symbolic and identity values, and 
natural and cultural heritage preservation are more 
difficult to assess and quantify compared to provi-
sioning and regulating services due to their intangible 
nature (Rolo et  al. 2021). These services, however, 
gain increasing importance e.g., for sustainable tour-
ism approaches and concepts such as eco or green 
tourism and agritourism (Acha & Newing 2015; 
Roblek et  al. 2021; Joshi et  al. 2025) since TAFs 
can bridge traditional practices with modern societal 



	 Agroforest Syst          (2025) 99:236   236   Page 18 of 25

Vol:. (1234567890)

needs, although this aspect is underrepresented in 
policy discussions up to now (Helming et  al. 2013; 
Plieninger & Huntsinger 2018; Sørensen et al. 2021).

There is a growing number of studies which reveal 
that traditional land-use types are more diverse in 
terms of species and habitats compared to inten-
sive systems (Zerbe 2022). Particularly, European 
TAFs have been investigated in this regard, focus-
ing on diverse taxonomic groups, rare and Red List 
species of national and global concern, and endem-
ics. The diverse horizontal and vertical structures of 
TAFs promote ecological niches for many plant and 
animal species, also encompassing fungi, lichens, 
and microorganisms. It has been documented that 
rare and highly threatened plant and animal species 
can have a habitat in TAFs while large parts around 
them are intensively managed and species-poor. Out-
standing examples are the Iberian lynx (Lynx pardi-
nus) and European turtle dove (Streptopelia turtur) in 
Mediterranean wood-pastures and Central European 
orchards (Plieninger & Wilbrand 2001; Rösch et  al. 
2019). Pollinators, crucial for many agricultural pro-
duction systems and globally in steep decline due to 
land-use change and pesticide application in intensive 
agriculture (Dicks et al. 2021) can be most abundant 
in TAFs (Rundlöf et al. 2008; Udawatta et al. 2021; 
Basu et al. 2024). In conclusion, TAFs not only con-
tribute to biodiversity but also to agrobiodiversity 
(Clara Manasa et al. 2024) and, due to their manifold 
land-use practices also to agrodiversity (Mariel et al. 
2021; Zerbe 2022).

Three major global landscape development trends 
increasingly threaten TAFs on a global scale, namely 
urbanisation, land-use intensification, and land aban-
donment (Zerbe 2022). Many studies have linked the 
decline of biodiversity and ecosystem services with 
the change of traditional, low-input land-use prac-
tices to intensive, high-input practices. This has been 
shown, for example, for carbon storage and sequestra-
tion (Lal et al. 2015; Pecchioni et al. 2020). Increased 
mechanised interventions and high fertilisation rates 
in intensive systems can accelerate soil organic car-
bon turnover, potentially reducing net sequestration 
benefits over time (Lal et  al. 2015). Land abandon-
ment and rewilding of ecosystems and landscapes 
might create some benefits for nature conserva-
tion (Quintas-Soriano et  al. 2022), but, in general, 
pose a threat to cultural values (Rey Benayas et  al. 
2007). This holds particularly true for TAFs with 

their often-high biodiversity and manifold ecosys-
tem services. In Eastern Europe, the decline of tra-
ditional agroforestry systems is further intensified 
by two concurrent processes: land abandonment and 
the expansion of industrialised agricultural practices 
(Bergmeier et  al. 2010; Hartel et  al. 2013; Hartel & 
Plieninger 2014). In Romania, where traditional and 
diverse wood pastures remain abundant, agro-indus-
trial expansion is transforming cultural landscapes 
into monocultures (Stoicea et al. 2023). While mod-
ern agroforestry is increasingly promoted for climate-
smart agriculture and innovation, a critical evaluation 
of these systems, however, reveals that although they 
might be more productive, they often fail to address 
the needs of environmentally friendly production and 
socio-economic sustainability compared to traditional 
practices (Harvey & González 2007). Moreover, the 
shift from traditional to modern systems can have a 
negative impact on cultural ecosystem services, par-
ticularly the sense of place and cultural heritage, 
while reducing attractiveness of rural landscapes for 
tourism (Plieninger et al. 2015; Torralba et al. 2018).

A future outlook

Today, agroforestry is considered to have the poten-
tial to address key global and regional policy chal-
lenges related to climate change, biodiversity conser-
vation, and sustainable land management (Manning 
et al. 2006; Helming et al. 2013; Soulard et al. 2018). 
International initiatives like the FAO’s Sustainable 
Agricultural and Rural Development program and 
the EU’s Common Agricultural Policy (CAP) offer 
frameworks for integrating agroforestry into broader 
environmental strategies (Helming et  al. 2013; Sou-
lard et al. 2018). The integration of agroforestry as an 
Ecological Focus Area (EFA) under the CAP allows 
farmers to receive payments for implementing these 
practices (EU Regulation 1307/2013) (Santiago-
Freijanes et al. 2021). Similarly, the EU Green Deal, 
Farm to Fork Strategy, and Biodiversity Strategy for 
2030 highlight agroforestry as a nature-based solu-
tion that enhances carbon sequestration, soil health, 
and ecological connectivity (European Commis-
sion 2020a, 2020b). Policies such as the European 
Climate Change Programme and the Global Alli-
ance for Climate-Smart Agriculture recognise agro-
forestry as a key tool for climate change adaptation 
and mitigation (Santiago-Freijanes et  al. 2021). The 
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2023 revision of the CAP further includes financial 
support through Eco-Schemes, Agro-Environmental 
and Climate Measures (AECMs), and Rural Devel-
opment programs, yet adoption remains limited due 
to administrative barriers, fragmented funding, and 
lack of awareness among farmers (Den Herder et al. 
2017; EU Regulation 2021/2115). The presence of 
TAFs within heritage landscapes (e.g., FAO-GIAHS, 
UNESCO Agricultural Heritage) underscores their 
multifunctional contributions, such as maintaining 
long-term ecological functions, enhancing biodiver-
sity, and preserving cultural knowledge. This high-
lights the importance of landscape-scale management 
approaches that simultaneously support conservation, 
cultural heritage, and rural livelihoods (Plieninger 
et al. 2021; Zerbe 2022; FAO 2025). As governments 
continue to develop climate-smart agriculture strate-
gies, agroforestry should be fully integrated into poli-
cies that support sustainable food production (Dupraz 
2005; Jose 2009; Garrido et al. 2017). To overcome 
current challenges, enhancing financial support, sim-
plifying regulations, and improving advisory services 
are considered crucial (Burgess & Rosati 2018). Poli-
cymakers should also expand financial incentives, 
develop integrated agroforestry action plans, and 
strengthen knowledge-sharing platforms to maxim-
ise benefits for biodiversity, climate resilience, and 
sustainable agriculture (García de Jalón et  al. 2018; 
Mosquera-Losada et al. 2018). Although increasingly 
acknowledged in policy frameworks, agroforestry 
systems are rarely classified as distinct land-use types 
in EU national inventories. Instead, they are classi-
fied under agriculture or forest categories, limiting 
accurate assessment of their extent (Den Herder et al. 
2017; Lawson et al. 2024).

Limitations and research gaps

This systematic review identifies several criti-
cal research gaps in TAFs, which play a key role in 
mitigating biodiversity loss and addressing climate 
change. While agroforestry systems such as dehesa/
montado in the Mediterranean region have been well-
documented (Hidalgo-Galvez et  al. 2023), there has 
been less focus on systems in Northern and Eastern 
Europe, including wood-pastures in Scandinavia and 
traditional grazing systems in the Balkans (Torralba 
et al. 2018). Historical practices such as swidden-fal-
low, or slash-and-burn cultivation, also illustrate how 

farming and forestry have long been interconnected in 
Europe, for example, the Svedjebruk system in Swe-
den (Dove 2015). Such practices highlight the deep-
rooted connections between farming and forestry 
which are closely related to TAFs.

The number of articles included in the review does 
not accurately represent the comprehensive coverage 
of TAFs in Europe, as grey literature was excluded 
from the analysis. Additionally, research published in 
non-English languages, particularly Russian, remains 
underexplored, limiting the breadth of knowledge on 
TAFs in these regions. This gap restricts our under-
standing of the potential and challenges of these sys-
tems across diverse environmental and socio-cultural 
contexts within Europe (Plieninger et al. 2021). Fur-
thermore, much of the existing research on TAFs 
tends to focus on short-term outcomes, often neglect-
ing the long-term trade-offs in ecosystem services 
and sustainability (Jose 2009).

Conclusions

The preservation and revitalisation of TAFs, in com-
bination with sustainable modern land-use practices, 
offer promising options to contribute to the UN Sus-
tainable Development Goals (UN 2015) directly (e.g., 
Goals 12 and 15) or indirectly (e.g., Goals 3 and 8), 
particularly in rural environments. These systems 
enhance food security and contribute to the eco-
nomic resilience of rural communities. Key policy 
frameworks, including the EU Green Deal, Common 
Agricultural Policy (CAP), and Climate Adaptation 
Strategy offer essential support through financial 
incentives, expanded research funding, and better 
incorporation of agroforestry into national land-use 
policies. To safeguard the future of these systems, 
policymakers should prioritise evidence-driven strat-
egies, long-term ecological and economic assess-
ments, and innovative land management practices 
that integrate traditional and modern knowledge. 
Strengthening institutional collaboration, fostering 
interdisciplinary partnerships, and enhancing knowl-
edge exchange among farmers and researchers will 
be vital in mainstreaming agroforestry as a scalable, 
climate-resilient land-use model. Given the acceler-
ating threats of biodiversity loss and climate change, 
immediate action is essential to preserve these 
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multifunctional land-use systems and ensure their 
role in sustainable agricultural and environmental 
policies.
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