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Highlights

e  Peri-urban agroforestry drives land-use transformation and soil recovery in contaminated regions.

e  Successional designs promote vertical stratification and self-regulating biomass cycles.

e Agroecological transitions foster territorial identity reconstruction and stigma reversal.

e Integration of food and health through the EcoFoodFertility biomonitoring framework (One Health).

e A replicable model for socio-ecological regeneration in degraded peri-urban contexts globally.

Abstract

Urban-rural fringes within contaminated regions frequently exhibit severe socio-environmental
fragmentation and territorial stigmatization. This study evaluates the implementation of a
Successional Agroforestry System (SAFS) in the "Land of Fires" (Southern Italy), conceptualized as
a multifunctional socio-ecological infrastructure. Adopting a six-year longitudinal exploratory case
study design (2019-2025), the study utilizes the Gioia methodology to triangulate systematic field
observations with iterative qualitative narratives. Quantitative results demonstrate that the 4D
stratified model significantly improved soil quality and vertical structural complexity; vegetation
density increased from 5 to 35 plants/m? while species richness exhibited a fourfold increase.
Beyond biophysical restoration, the intervention catalyzed a "narrative inversion," transitioning the
site from a stigmatized wasteland to a socio-ecological hub that fosters collaborative health literacy
and community resilience. By integrating agroecological practices with the EcoFoodFertility clinical
framework, the project illustrates the potential of localized interventions to function as "preventive
infrastructures” within a One Health paradigm. The findings suggest that SAFS represents a scalable
laboratory for territorial re-signification, offering transferable insights for aligning ecological
restoration with social innovation in degraded peri-urban landscapes, in accordance with Nature-
Based Solutions (NBS) and European Green Deal objectives.

Keywords: Land of Fires; peri-urban agroforestry; successional agroforestry systems; territorial
re-signification; social innovation; ecological regeneration; One Health; collaborative health literacy;
regenerative agriculture; community resilience
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1. Introduction

Ecological and socio-economic Ecological and socio-economic processes are inextricably linked
within urban ecosystems, forming complex multi-scale spatial structures that dictate overall
ecosystem functioning. In the field of urban landscape ecology, aligning sustainable land-use patterns
with social equity is considered a primary objective for global development [1]. This balance is
particularly precarious in the urban-rural fringe, where environmental degradation frequently
intersects with institutional neglect and social vulnerability. In contemporary Europe, few areas
exemplify this socio-environmental fragmentation as starkly as the "Terra dei Fuochi" (Land of Fires)
in Southern Italy. Since the 1990s, this region has been systematically impacted by illegal waste
disposal and toxic fires, sparking a public health crisis that demands urgent transdisciplinary
research and innovative policy frameworks [2]. The environmental pressure in this area has
disproportionately affected vulnerable demographics, establishing a direct link between localized
pollution and negative health outcomes [3]. Recent biomonitoring has confirmed the alarming
presence of Potentially Toxic Elements (PTEs)—such as arsenic and mercury —across both industrial
and agricultural landscapes [4].

However, the crisis extends beyond biophysical contamination, catalyzing a profound process
of territorial stigmatization. This "toxic scandal" has eroded consumer trust and devalued local
agricultural heritage, creating a socio-economic ripple effect that penalizes honest producers [5]. To
counter these dynamics, regenerative interventions must go beyond simple soil remediation; they
require a "transdisciplinary bridge" that integrates ecological health with social capital [6]. While the
European Green Deal and the Nature-Based Solutions (NBS) framework provide a macro-scale
roadmap for biodiversity restoration [7,8], there is a critical knowledge gap regarding how
community-led agroforestry can facilitate territorial re-signification in highly stigmatized contexts.

This study addresses this gap by analyzing the establishment of the "Orto Eubiotico" in
Sant’ Anastasia (Naples). Located in one of the most symbolic epicenters of the Land of Fires, the Orto
Eubiotico represents a pioneering application of a Successional Agroforestry System (SAFS) in a
contaminated peri-urban setting. By integrating six years of longitudinal field observations (2019—
2025) with qualitative narratives, this research evaluates how the transition from a degraded site to a
multifunctional "socio-ecological infrastructure" can trigger a narrative inversion. The findings
demonstrate that small-scale, localized interventions can function as "preventive infrastructures,"
reversing territorial stigma and fostering collaborative health literacy in alignment with the One
Health paradigm.

2. Theoretical Framework

2.1. Agroecological and Agroforestry Transition in Urban Landscapes

Agroecology is understood as a systemic approach that integrates ecological principles into
urban and peri-urban landscapes, emphasizing biodiversity, resilience, and knowledge co-
production between scientific and local actors. Within this framework, agroforestry systems—
defined as the intentional integration of woody perennials with crops and/or livestock—are
recognized as multifunctional land-use strategies that enhance ecosystem services, improve soil
functionality, and support climate adaptation at the landscape scale [10,11].

These spatially explicit approaches contribute to biodiversity conservation, carbon
sequestration, and the stabilization of the urban-rural interface, while also diversifying production
and strengthening socio-ecological stability [12,13].

2.2. Successional Agroforestry Systems (SAFS): Spatial and Structural Complexity

Successional Agroforestry Systems (SAFS), or dynamic agroforestry, represent an advanced
regenerative model based on ecological succession theory. These systems replicate natural forest
dynamics by organizing plant species in complex temporal and spatial layers. Early-stage species
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modify environmental conditions facilitating the establishment of more complex plant communities
[14,15].

From an urban landscape ecology perspective, the structured and dynamic design of SAFS
promotes spatial heterogeneity, making them particularly suitable for restoring ecosystem
functioning in degraded and marginal environments [16-18].

2.3. Socio-Ecological Transition and Landscape Governance

Ecological regeneration is increasingly understood as a socio-ecological process rather than a
purely biophysical one.

Social ecology theory conceptualizes environmental systems as interconnected ecological and
socio-political structures, where degradation reflects broader governance dynamics and multi-scale
spatial interactions [19,20]. In this perspective, regeneration involves strengthening social capital and
collaborative landscape management. Such transdisciplinary exploration has been shown to foster
empowerment and civic engagement, especially in vulnerable territories [21-26]. Urban agroecology
frames these agricultural spaces as multifunctional nodes that integrate the urban tissue with its
surrounding environment [27-29].

2.4. Subsection Sparial and Policy Dimension of Territorial Sustainability

From a socio-spatial perspective, regeneration entails the reconfiguration of territorial meanings
and landscape identity. Space is a socially produced construct shaped by everyday practices [30]. In
the context of urban landscape ecology, the ultimate goal of building sustainable ecosystems is to
ensure the global sustainable development of human society.

In stigmatized territories, ecological regeneration challenges dominant narratives of degradation
through new spatial organizations.

These processes are supported by European frameworks, including the Green Deal [31] and
Horizon Europe [32], which recognize nature-based solutions as key drivers for ensuring the
sustainability of human settlements.

2.5. Conceptual Framework: Spatially Explicit Socio-Ecological Transitions

This study is grounded in an integrated socio-ecological framework that links agroecological
transition, successional agroforestry dynamics, and urban landscape ecology. The framework
conceptualizes agroforestry systems as multifunctional socio-ecological infrastructures where
ecological processes and social dynamics co-evolve across different scales [34,35]. Specifically, the
analysis is structured around three interconnected theoretical domains: urban landscape ecology and
spatial production, which conceptualize land as a socially produced and continuously reshaped
space determined by multi-scale spatial organizations [36]; Agroecological and agroforestry
transition frameworks, which highlight the role of diversified land-use systems in enhancing
ecosystem services and resilience at the urban-rural fringe [37,38]; Successional agroforestry theory,
which explains ecosystem development through vertical and horizontal stratification, enhancing
system self-organization [39-41].

3. Materials and Methods

3.1. Study Area and Spatial Context

The study was conducted in the municipality of Sant’Anastasia (Campania Region, Southern
Italy), a strategic node located at the eastern margin of the so-called “Land of Fires”, Terra dei Fuochi.
This area is historically affected by illegal waste disposal and socio-environmental degradation
[42,43]. The research focused on a private peri-urban plot of approximately 4,000 m?, representing a
typical experimental unit at the urban-rural interface, characterized by fragmented land use and
urban expansion pressure.
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Prior to the intervention (2019), the site exhibited clear indicators of landscape-scale degradation,
including severe soil compaction and reduced vegetation cover. From a landscape ecology
perspective, these conditions represented a disruption of ecosystem functioning and a loss of
connectivity between the urban tissue and the surrounding environment. The agroforestry
intervention was monitored over a six-year period (2019-2025), enabling the observation of multi-
scale spatial dynamics associated with system evolution.

3.2. Research Design: A Transdisciplinary Spatially Explicit Approach

This study employs a longitudinal, exploratory case study approach. Following
transdisciplinary landscape ecology principles, our methodology integrates prolonged field
observations with qualitative narratives to capture the interactions of the urban tissue with its
surrounding environment. To ensure analytical rigor, data were analyzed using the Gioia
Methodology [44], integrated with Reflexive Thematic Analysis (TA) [45]. This dual approach ensures
a transparent and rigorous bridge between raw empirical evidence and higher-order theoretical
dimensions. Methodological rigor was established through data triangulation—cross-verifying
longitudinal field notes (monthly observations) with iterative semi-structured interviews conducted
with purposively sampled key informants (n=5). These informants, including agronomists and local
activists directly involved in the site’s evolution, were interviewed periodically over the six-year
period to capture the shifting perceptions and the narrative transition of the territory. The small
sample size is compensated for by the depth and longitudinal consistency of the data, ensuring what
is known in qualitative research as information power and prolonged engagement.

Sire characterization at the urban-rural interface &
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Figure 1. Transdisciplinary research design, longitudinal timeline (2019-2025), and data analysis
framework based on the Gioia methodology. The flowchart illustrates the sequential development of
the study across three distinct phases. Horizontal arrows indicate temporal progression, while vertical
and divergent arrows show methodological causalities and data generation pathways. The diagram
demonstrates how the six-year longitudinal study moves from initial site setup and SAFS activation
(Phase 1, 2019-2020) through a six-year dual-track ecological and social monitoring producing
disparate qualitative data (Phase 2, 2020-2023). Finally, the framework details the crucial dynamic of
Phase 3 (2024-2025): data triangulation and the systematic analytical cascade of the Gioia
methodology, which moves inductively from specific 1st-order empirical evidence to 2nd-order
analytical themes, culminating in aggregate dimensions that define the final predictive model for
socio-ecological regeneration.

The coding process moved from 1st-order concepts (derived from informants' original
terminology and field observations) to 2nd-order themes (theory-centric labels), finally clustering
into aggregate dimensions that define the socio-ecological transition. This systematic coding path,
mapping the transition from site-specific evidence to broader dimensions of territorial sustainability,
is synthesized in Table 1.
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Table 1. Thematic Coding Path: triangulating field evidence and narratives. The data structure (Table

1) illustrates the inductive-deductive process used to ensure qualitative rigor. By mapping field

evidence to aggregate dimensions, we highlight how spatial patterns (e.g., vertical stratification) and

social narratives (e.g., stigma reversal) converge to define the sustainability of the peri-urban

ecosystem.
Data source 1st Order concepts (representative 2nd Order Aggregate
evidence) themes dimensions
(analytical label)
Field notes High mortality of initial saplings; soil Ecosystem stress  Ecological Self-
(2019-2020) crusting prevents water infiltration. Organization

Field notes Presence of Lumbricus terrestris and Trophic Ecological self-
(2024-2025) complex fungal networks under the complexity organization
mulch layer.
Interview "We no longer need external compost; the Nutrient Cycle Ecological self-
(Agronomist) system started feeding itself through internalization organization
succession.”
Field Evolution from a 2D monoculture-like Vertical Ecological self-
observations  plot to a 4D stratified forest (herbaceous stratification organization
to canopy)
Interview "People once referred to this area as the Narrative Territorial
(Local "Land of Fires’; today, students and citizens inversion & resignification
Activist) visit the agroforest to engage in participatory ~ Stigma reversal
practices (e.g. communal pruning, farm-to-
table cooking workshops, and regenerative
cultivation).”
Field Distribution of pesticide-free Preventive Food  Collaborative
observations agroforestry vegetables to the local systems health literacy
community
Project reports Integration of traditional farming Knowledge co- Collaborative
knowledge with successional production health literacy

agroforestry theories.

3.3. Agroforesty System Implementation: Modeling Spatial Patterns

The intervention followed a three-phase chronosequential design based on the principles of
Successional Agroforestry Systems (SAFS). This approach prioritized the creation of complex, multi-
scale spatial organizations to restore ecological connectivity in the degraded urban-rural fringe
[30,33].

Phase 1: succession activation and vertical stratification (2020-2021). The project initiated with
the introduction of fast-growing pioneer species to establish an initial vertical canopy. This phase
aimed at creating a primary spatial pattern capable of generating rapid biomass, shading the highly
compacted soil, and initiating microclimate regulation.

Phase 2: soil reactivation and horizontal connectivity (2022-2023). The focus shifted to the
promotion of below-ground biodiversity through systematic "pruning and mulching” cycles. This
phase deliberately managed the horizontal spatial distribution of organic matter to build a protective
surface layer, mitigate topsoil degradation, and foster extensive subterranean fungal networks.

Phase 3: functional integration and 4D system maturation (2024-2025). The final phase marked
the transition toward a mature, multifunctional agroecosystem where productive fruit trees and
herbaceous crops were fully integrated into the forest structure. The resulting 4D stratified forest—
where time and ecological succession act as the fourth dimension—represents a novel socio-spatial
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organization that actively ensures the long-term sustainability and resilience of the peri-urban
ecosystem.

3.4. Quantitative Indicators of Transition

To complement the qualitative findings, a set of simplified quantitative indicators was integrated
into the monitoring framework. Ecological recovery was assessed through annual field-based
observations (2019-2025), including: (i) Vegetation density (plants/m?) via random quadrat sampling
(n=10); (ii) Species richness (total count); (iii) Soil surface coverage (%); and (iv) Frequency of
bioindicator species (e.g., earthworms). Social impact was tracked through participation-based
metrics, including the annual number of events and average participant turnout.

4. Results

4.1. Ecological Regeneration

Between 2019 and 2025, the study site underwent a progressive ecological transformation,
evolving from degraded peri-urban soil conditions into a structurally diversified 4D agroforestry
system. This transition is visually documented in the Figure 2.

& H'm T g ) ﬂ E 1

(b) (o)
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Figure 2. Chronosequence of the experimental site’s spatial evolution (2019-2025). (a, b) Baseline stage
(2019-2020): Initial conditions characterized by high soil compaction and ecosystem stress. (c, d)
Implementation phase (2021-2023): Introduction of Successional Agroforestry (SAFS) layers and
nursery management. (e, f) Mature establishment (2024-2025): Structural complexity showing 4D
stratification (vertical layers + temporal evolution) and high biomass accumulation.

4.1.1. Soil Quality and Functional Reactivation

Field observations and longitudinal monitoring revealed a significant shift in soil functionality.
The transition from "Ecosystem stress" (visible in the bare and compacted soil of Figure 2a) to
"Nutrient cycle internalization" (as conceptualized in Table 1) was characterized by the following
qualitative indicators:

1. Organic matter accumulation: the continuous deposition of pruning residues and plant litter
created a stable protective mulch layer, visible in the mature stages of the project (Figure 2 e-f), which
significantly reduced soil exposure and surface thermal stress.

2. Structural improvement: observations evidenced increased soil aggregation, enhanced
porosity, and a transition toward darker soil coloration, suggesting a build-up of humic fractions
compared to the baseline stage (Figure 2 a-b).

3. Functional recovery: increased moisture retention and biological activity (e.g., presence of
earthworms and fungal networks) were recorded, consistent with regenerative agroecosystem
dynamics [46].

4.1.2. Vegetation Structure and Vertical Stratification

The system progressively transitioned from an open, managed plot to a complex, multi-layered
vegetation structure. By Phase 3, the integration of herbaceous, shrub, sub-canopy, and canopy layers
was complete, optimizing vertical spatial resource use (Figure 2 e-f). The emergence of spontaneous
understory vegetation and a high density of diverse botanical species (self-organizating processes)
suggest the activation of self-organizing ecological processes typical of mature SAFS [47]. The 4D
stratified forest model demonstrated increased internal resource efficiency compared to the initial
nursery management phase.

4.1.3. Biomass Cycling and Input Reduction

Between 2019 and 2025, the study site underwent a progressive ecological transformation,
evolving from degraded peri-urban soil conditions into a structurally diversified 4D agroforestry
system. This transition is visually documented in the Figure 2. Biomass production and recycling
became progressively internalized within the system. While the intermediate phase (Figure 2 c-d)
required external nursery stock, the later stages (2024-2025) exhibited: closed-loop nutrient cycling
(e.g. pruning residues and plant litter were systematically retained on-site as mulch, contributing to
autonomous soil fertilization) and reduced dependency (such as, visible shift from intensive
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management to a more autonomous, self-regulating structure, indicating increased ecological
resilience [48,49].

4.2. Integration with Health-Oriented Frameworks

Beyond its biophysical functions, the agroforestry system was strategically integrated with
health-oriented research frameworks, acting as a spatial infrastructure for preventive health. This
integration is operationalized through its alignment with the EcoFoodFertility approach, a
biomonitoring and prevention model that explores the complex interactions between environmental
exposure, dietary patterns, and human reproductive health [50-53]. Within this transdisciplinary
framework, the regenerated urban-rural fringe directly supports the local production of plant-based
foods consistent with Mediterranean dietary patterns, which are inherently characterized by a high
intake of vegetables and protective bioactive compounds.

Because the successional design entirely eliminates the need for synthetic inputs, the garden
functions as a natural buffer; scientific evidence indeed suggests that organically and agroecologically
managed systems are associated with higher concentrations of antioxidant compounds and a drastic
reduction in pesticide residues compared to conventional production [54-56]. Overall, this functional
integration demonstrates how localized spatial interventions can operate at the critical intersection
of landscape regeneration and public health, effectively transforming a stigmatized territory into a
preventive health strategy that links ecosystem functioning with broader human well-being.

4.3. Community Engagement and Socio-Territorial Impact

The agroforestry initiative developed a strong community-oriented dimension, functioning
simultaneously as a productive system and a transdisciplinary educational platform. Project
activities—ranging from agroforestry training sessions and participatory planting initiatives to
nutritional education programs and food preparation workshops—promoted environmental
awareness and knowledge exchange. These collaborative practices significantly contributed to the
strengthening of local social capital, as evidenced by the increasing involvement of the local
population.

Specifically, between 2023 and 2025, the site evolved into a central socio-ecological hub, hosting
an average of two open debates and participatory workshops per month.

The impact of these initiatives is reflected in the steady growth of attendance: while early-stage
meetings typically involved a small core of 5 to 8 participants, the mature phase of the project (2024—
2025) saw a substantial scale-up, with events regularly attracting over 30 citizens, students, and
activists.

Beyond its biophysical functions, this visible transformation of the landscape triggered a
profound shift in local perception, effectively counteracting the negative narratives and socio-
economic stigma historically associated with the "Land of Fires."

By fostering active community participation, the regeneration process operated at both
ecological and socio-symbolic levels. This shift provided empirical evidence for a successful
territorial re-signification, where the spatial configuration of the Agroforestry system enhanced the
perceived value, collective identity, and resilience of the place [57,58].

4.4. Quantitative Validation of the Transition

Quantitative trends confirm the biophysical and social shift observed during the longitudinal
study. Vegetation density (plants/m?) was estimated through random quadrat sampling (n = 10 per
year), counting all individual plants including herbaceous, shrub, and tree seedlings with visible
above-ground biomass.

The data show that vegetation density increased from approximately 5 plants/m?2in 2019 to over
35 plants/m? in 2025, while species richness expanded from 10 to over 40 species. Soil coverage
improved from 15% to over 90%, coinciding with the systematic recording of earthworms in 80% of

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.2017.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 April 2026 d0i:10.20944/preprints202604.2017.v1

sampled plots by 2025. Socially, engagement scaled from 3 annual activities with 5-8 participants to
over 20 events per year with an average turnout exceeding 30 individuals.

These metrics provide a measurable backbone to the qualitative aggregate dimensions of
Ecological self-organization and territorial re-signification, validating the effectiveness of the agroforest
as a multifunctional infrastructure.

5. Discussion

The findings of this longitudinal study suggest that peri-urban successional agroforestry
systems (SAFS) can function as multifunctional socio-ecological infrastructures. In the specific
context of the investigated agroforest, the integration of ecological restoration, social innovation, and
territorial re-signification indicates that such systems transcend mere productive functions. They act
as transdisciplinary interventions where biophysical processes and social dynamics co-evolve
through a complex four-dimensional (4D) spatio-temporal organization.

From an ecological perspective, the transition from "Ecosystem Stress" toward internalized
nutrient cycles supports the hypothesis that SAFS models may address some limitations of
conventional restoration in degraded urban fringes. The documented qualitative improvements in
soil structure and vegetation stratification within the agroforest reflect a trajectory of managed
ecological succession. Unlike traditional monocultural reforestation, this stratified model appears to
optimize resource efficiency by mimicking natural forest dynamics. This provides a potential strategy
for soil recovery in peri-urban environments characterized by fragmented management and limited
institutional maintenance.

The impact of this intervention, however, extends beyond biophysical outcomes, highlighting
the role of the agroforest as a platform for social learning. In territories affected by deep
environmental stigma and institutional mistrust, such as the "Land of Fires," the visible landscape
transformation facilitated what we define as a "Narrative Inversion." This shift from a degraded plot
to a productive agroforestry system aligns with landscape ecology theories stating that physical
landscape structures are inextricably linked to cultural perception. The observed growth in
community participation suggests that the agroforest acted as a catalyst for territorial re-signification,
transitioning from a symbol of "toxic degradation” toward a "socio-ecological hub" where collective
identity is reclaimed through regenerative practices.

A significant contribution of this work is the functional link between agroecological transition
and the circular health framework of the EcoFoodFertility project. Aligning the agroforest with
preventive health strategies positions the site as a potential "preventive infrastructure.” By fostering
collaborative health literacy and providing access to agroecologically managed food, the intervention
addresses socio-ecological vulnerabilities at their root. This suggests that peri-urban agroforestry is
not only an agronomic choice but a strategic component of the One Health approach, linking soil
health to human well-being and reproductive resilience.

From a governance perspective, these findings highlight the potential of agroforestry as a
Nature-Based Solution (NBS) within European frameworks such as the Green Deal. While the
capacity to integrate food security, biodiversity, and social cohesion makes this a relevant model for
post-degraded landscapes, some caution is required regarding generalizability.

Despite the rigor of the longitudinal approach, this study is subject to limitations. As an
exploratory single-case study, the results are context-specific and should be viewed as a transferable
model rather than a universal solution. Furthermore, while biophysical proxies (e.g., earthworm
frequency and vegetation density) indicate functional recovery within the agroforestry system, they
do not replace high-resolution biogeochemical analyses.

Future research should integrate these qualitative narratives with quantitative measurements of
carbon sequestration and heavy metal immobilization to further validate the biophysical efficacy and
scalability of the agroforest model in other contaminated Mediterranean contexts.
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