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1. Where we are

We live in an era in which the coexistence between man and nature
has reached a turning point. Every agricultural decision, every energy choi-
ce and every environmental protection policy contribute to designing the
future of the planet. This is no longer a monologue: it is a chorus in which
a multitude of communities, with their stories, their cultures and their bio-
diversity, may offer contributions of ideas and concrete paths to reconcile
economic growth and the protection of ecosystems. If we look at the data,
the trajectory is clear: the planet is warming, glaciers are melting and agri-
cultural productive cycles, once marked by well defined seasons and by the
wisdom of farmers, are being disrupted by heat waves, droughts and floods.

Emissions of greenhouse gases, mainly carbon dioxide, methane and
nitrous oxide, have now exceeded all records of the industrial era. The
data recorded at Mauna Loa, with CO; concentrations never reached
before and now up to 417 ppm, is not just a hard number — it tells a story
about what lies ahead: increasingly unstable agriculture, crops at risk, and
seasons changing in unpredictable ways. . When summers become sti-
fling, as is now being reported in many places, and winters swing between
sudden downpours, out-of-season frosts, and other unexpected events, it’s
the entire global food system that ends up paying the heaviest price. Our
food, the daily harvest, are strongly affected by climate change effects.
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Yet, intensive agriculture, while feeding billions of people, has a
very high ecological cost’. Amazonian deforestation and the unregu-
lated exploitation of the land of Northern Italy are two of the most
striking examples that demonstrate the devastating effects of the
anthropocentric vision. The incessant use of chemical fertilizers and
pesticides have reduced soil fertility and impoverished biodiversity so
as to make this model unsustainable in the long term. Only by looking
at the paradox — record of production on one hand, and habitat loss,
water contamination, soil erosion on the other hand — we can begin
to think of the need for alternative paths. There is no longer any need
to chase the myth of the indefinite increase in yield per hectare: we
need to restore vitality to the soil, recreate a biological fabric capable
of self-production and regenerate, restore balance among the living

* A. S. MacDougarr, E. H EscH, Dorgzar, A. J., Kamm, C., Carrorr, O. H., Tosl,
M., ... & CampBELL, M. M. Ecosystem services on restored marginal farmland. Frontiers in
Ecology and the Environment, 2866, 2025.



Agrobiodiversity as a tool for a better climate 307

beings present in nature without necessarily imagining a dominance
of the human being®.

2. Soil at the basis of the life

Soil regeneration is based on ancient gestures and scientific innova-
tions, but its imperativeness depends on the awareness that more than
70% of the planet’s arable soils are in an advanced degree of desertifi-
cation which results from a substantial and increasingly rapid process of
soil degradation’. It is a slow and often irreversible process, which is not
due to phenomena of loss of natural fertility but is supported by agri-
cultural models that push for the breakdown of the microbial balances
that underlie the ability of soils to guarantee food production. So, para-
doxically, while we have tried to produce food in large quantities, we have
caused the progressive loss of the ability of soils to produce food in the
future. Hence the need to regenerate the soil, where possible, drastically
stop land consumption, look at the reckless use of synthetic chemicals as
a fearsome enemy and proceed towards production models that respect
the ecosystem balance. Techniques such as crop rotation, mixed and/or
intercropping crops, as well as respect for cover crops are not a return to
the past, but the synthesis between peasant experience and soil microbio-
logy that today are supported by scientific knowledge®. These practices
stimulate microbial life, promote nitrogen fixation and reduce compaction
by ensuring drainage capacity: each layer of soil starts breathing again,
storing water and nutrients. When the soil regains its balance, it can plays
a role against climate crises, mitigating heat peaks and retaining moisture
in periods of drought. The mitigation of heat peaks, in particular, can be
effectively achieved in regenerated soils through increases in organic mat-

* WWE. Living Planet Report 2022 — Building a Nature- Positive Society. Gland,
Switzerland: WWE, 2022.

5 L. OissoN, H. BArBosa, S. Buabwar, A. Cowrs, K. Drrusca, et al. 2019.. Land
degradation. In Climate Change and Land: An IPCC Special Report on Climate Change,
Desertification, Land Degradation, Sustainable 1.and Management, Food Security, and Greenhouse
Gas Fluxes in Terrestrial Ecosystems, 345—436. Cambridge, UK.

¢ A. Kumar, G. AntONIELLA, E. Brasy, T. CHrti (2025). Recent advances in
regenerative sustainable agricultural strategies for managing soil carbon and mitigating climate change
consequences. Catena, 2025, 258, 109208.
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ter content, microbial biodiversity, and structural stability, which enhance
water retention capacity and promote evaporative cooling processes,
thereby contributing to the reduction of surface temperatures and their
greater temporal stability.

Moreover, the presence of vegetation cover limits direct solar radia-
tion and heat accumulation in the soil, ensuring effective natural microcli-
matic regulation and increasing ecosystem resilience to extreme thermal
stress events.

Healthy soil is also a powerful ally in the fight against climate change:
international estimates show that regenerated and well managed agricul-
tural land can sequester a range of 4-14 tonnes of CO; eq per hectare
each year (depending on the climate and soil usage)™®, acting as comple-
mentary ‘carbon sinks’ to forests. If the soil becomes naturally fertile and
rich in organic matter, extreme temperature variations are mitigated and
water retention capacity is improved, while also protecting crops from
heat waves and prolonged droughts. But to achieve these results, it is first
of all necessary to listen to the indications coming from the soil itself:
regular analyses (pH, organic matter, nutrient content) make it possible to
calibrate targeted interventions and to avoid overdoses which, over time,
threaten the balance of the system again’.

Hearing about soil as a living organism may seem poetic, yet it is the
truest image to describe the complexity that is hidden a few centimeters
under our feet. A healthy soil is a complex system where bacteria, mycor-
rhizal fungi and countless small invertebrates transform organic matter
into available nutrients, retain water and store carbon instead of releasing
it into the atmosphere. Every ounce of healthy soil contains more living
organisms than all the people on the planet'’, and this invisible communi-
ty regulates vital processes for the entire ecosystem, from the water cycle
to the control of plant diseases.

" R. LAL,. Regenerative agriculture for food and climate. Journal of Soil and Water Conservation,
2020, 75(5), 123A—124A.

8 K. PausTiaN, E. LARSON, J. KENnT, E. MARX, A. SWAN. S0/ carbon sequestration as a
biological negative emission strategy. Frontiers in Climate, 2019, 1, Article 8.

% A. SaukrA, N. Rar, R. MonaraTRA, V. THRIVENI, KK, YaDAV, L. UrADHYAY, S.
GHOSH. Assessing the Role of Regenerative Practices in Enbancing Soil Carbon Sequestration in
Farmlands: A Review. Journal of Scientific Research and Reports, 1015, 31(7), 231-246.

" R.D. Barocert, WH. VAN DER PUTTEN. Belowground biodiversity and ecosystem
functioning. Nature, 2014, 515(7528), 505-511.
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The state of soil health is therefore not a technical issue confined
to specialized magazines: it is the material basis of our eating habits, the
quality of the water we drink and the climatic stability of entire regions.
Every agricultural choice — from the density of sowing to the introduction
of organic substances — has repercussions in an intertwining of processes
that involve the planet and future generations. Protecting and regene-
rating soils means investing in resilience, well-being and environmental
justice, always keeping in mind that a handful of living soil is worth more
than an entire deposit of chemical fertilizers.

3. Food issues ant the centrality of agricultural biodiversity

Meanwhile, the paradox of food security is getting worse. Statistics
speak of a constantly increasing world food production, but also of a
growing number of people suffering from hunger or malnutrition. It is
a problem of distribution and waste: estimates of approximately 91 mil-
lion tons of food discarded annually in China and 19 million tons in the
United States reveal a food system that prioritizes the quantity produced
and accumulated, while equity in access to food remains marginal. If the
surplus of foodstuffs is not transformed into nourishment for those who
need it, then abundance becomes an ethical and ecological issue. We need
to redefine the concept of efficiency, including social justice in the final
calculation.

Agricultural biodiversity lies at the core of a potential shift. Time
teaches us that local varieties, shaped by centuries of natural and cultural
selection, are our insurance against sudden changes. Today, 75% of culti-
vated varieties are extinct, but smallholder farmers continue to safeguard
the vast majority of traditional seeds worldwide''. Each seed is a baggage
of adaptations: resistance to pathogens, drought tolerance, unique flavors.
Protecting this genetic wealth means filling a vulnerable void: diversity is
the most subtle form of climate insurance.

Agricultural biodiversity is much more than a simple inventory of
cultivated plants and animals: it is the living testimony of millennia of dia-

" UL.C. Batpos, A. CisNeros-PINEDA, K.O. FucLig, T.W. HeRTEL. Adoption of
improved crop varieties limited biodiversity losses, terrestrial carbon emissions, and cropland expansion
in the tropics. Proceedings of the National Acadeny of Sciences, 2025, 122(6), ¢2404839122.
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logue between man and the landscape he cultivates. A traditional wheat field
in Sicily or a cassava bed in the indigenous communities of the Amazon are
both cases evidencing there is an intertwining of genetic varieties, different
species and cropping systems capable of adapting to local challenges. This
richness, which is expressed in the thousands of cultivars, varieties, ecotypes
selected over time and in the breeds bred according to centuries-old tradi-
tions, constitutes the connective tissue of a resilient agriculture, capable of
responding to climate change, field diseases and market fluctuations'.

The functional value of this diversity becomes particularly evident
under conditions of stress and crisis. During prolonged drought events,
locally adapted varieties frequently exhibit enhanced tolerance to water
scarcity compared to uniform commercial cultivars. Moreover, the diversity
of flavors and nutrients associated with diversified cropping systems and
multi-crop diets constitutes a critical buffer against malnutrition, ensuring
a more balanced intake of essential vitamins, minerals, and bioactive com-
pounds. In addition, structurally heterogeneous agricultural landscapes,
characterized by the presence of hedgerows, flowering grasslands, aquatic
features, and fruit trees, provide key ecosystem services by supporting pol-
linator communities, enhancing biological pest regulation, and safeguarding
groundwater quality.

Yet this wealth is increasingly endangered. Extensive monocultures
have converted vast territories into biological deserts, in which reliance
on a single, highly productive variety becomes a latent risk in the face of
epidemics®. Markets reward uniformity and aesthetic standards, pushing
growers to abandon “imperfect” strains that are perfectly suited to their
environments. At the same time, the abandonment of the countryside
and the aging of generations of farmers erode traditional skills on the
collection, selection and conservation of seeds, dramatically reducing the
available genetic heritage.

To react to this erosion, it is necessary to activate strategies both in the
field and in germplasm deposits. I sitn conservation requires incentives for
those who cultivate local varieties, preserving traditional cultivation systems
and their intertwining with rural culture. At the same time, seed banks —

12.C. Prins, D. SREEKUMAR, V. SEJIAN, V. Climate change and wildlife biodiversity: Impact
and mitigation strategies. Arch. Life Sci. Res, 2025, 1, 6-22.

3 N. EstRADA-CARMONA, A.C. SANCHEZ, R. REMANS, S.K. JONES,Complex agricultural
landscapes host more biodiversity, ecosystem resilience, and hunman well-being. Proceedings of the
National Academy of Sciences, 2022, 119(34), ¢2203385119.



Agrobiodiversity as a tool for a better climate 311

most notably the Svalbard Global Seed Vault — safeguard thousands of
species, acting as a global backup for the world’s agricultural heritage. In
parallel, networks of farmer-custodians and participatory breeding initiati-
ves empower growers as active agents, encouraging the exchange of seeds
and knowledge to develop varieties able to thrive in an ever-evolving envi-
ronment.

It is precisely within smallholder farming that the true capital of agri-
cultural biodiversity is concentrated. These farmers are the ones who know
every nuance of the soil, the growing model of a variety, the best seasons
for sowing. They often work in marginal territories where large agricultu-
ral industries find little incentive to invest, and their practice unfolds as a
mosaic of observation, experimentation, and choice — blending scientific
reasoning with empirical intuition to create place-specific solutions for
every corner of the planet.

Today, scientific research and digital technologies can amplify this
ancient knowledge. Genomic analyses identify genes that confer resistance
to water or biological stress, while sensors and drones monitor moisture,
nutrients and pests in real time. Online platforms network farmers, techni-
cians and researchers, making it possible to exchange data, seeds and field
test results. This continuous dialogue between tradition and innovation is
the key to developing solutions that are truly effective and sustainable.

On the policy level, instruments such as the International Treaty
on Plant Genetic Resources and the Convention on Biological Diversity
recognize the value of agricultural resources and define guidelines for
equitable access and benefit-sharing. They also recognize the rights of
growers to traditional seeds, promoting practices that ensure the conser-
vation and sustainable use of food plants. These regulations are crucial,
but we also need concrete national and local measures that translate inter-
national commitments into action on the ground.

4. Does the relation to climate crisis mitigation exist?

The conservation and promotion of agricultural biodiversity should
not be regarded as a nostalgic endeavor, but rather as a forward-looking
investment in sustainable food systems. The preservation of genetic
resources, the intergenerational transmission of traditional and local
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knowledge, and the effective implementation of international legal and
policy frameworks at the field level collectively contribute to the devel-
opment of resilient and inclusive agricultural systems capable of ensur-
ing global food security while remaining within planetary boundaries.
Addressing this challenge requires coordinated action, institutional com-
mitment, and long-term strategic vision, grounded in the recognition that
diversity, at all the levels (genetic, species, and agroecosystem levels) con-
stitutes a fundamental risk-mitigation mechanism in the face of increasing
environmental and socio-economic uncertainty.

In this sense, agrobiodiversity is a natural ally in the fight against climate
change. When we talk about agrobiodiversity, we generally imagine a medley
of plant varieties and cultivated animal breeds, but its meaning goes far beyond
a catalog of genetic entities. Rather, it is the set of relationships and practices
that have shaped agricultural landscapes around the world, interweaving seeds,
soils, climate and human knowledge. At a time when weather anomalies are the
norm and agricultural yields are faltering under the wave of extreme droughts
or heatwaves, agrobiodiversity emerges as a resilience, survival and mitigation
strategy with multiple benefits.

First of all, an agricultural system rich in local species and varieties func-
tions as a large carbon sink. Trees integrated into agroforestry systems, perenni-
al crops and deep roots of subsoil legumes increase the soil’s ability to sequester
carbon dioxide!". In Brazil, indigenous communities combine cassava, banana
trees, fruit trees and medicinal plants in agroforestry facilities that, in addition to
feeding families, sequester and stock CO; in biomass and soils. In Tuscany and
Sicily, hedges between vineyard rows and terraced olive groves slow soil erosion
and promote the accumulation of organic matter, turning slopes into effective
carbon sinks'"'.

“E Haru, (2025). The role of agrobiodiversity and diverse canses of its losses and methods
of conservation: A review. In Food and Humanity, 100500.

2 J. Pan, S. CHEN, D. Hi, H. Znou, K. NING, N., Ma, Z. DONG, Z. (2025). Agroforestry
increases soil carbon sequestration, especially in arid areas: A global meta-analysis. Catena, 249, 108667.

16 R.K. Srivastava, A. YETGIN, S. SRIVASTAVA. The role of legume roots in carbon
sequestration, soil health enbancement, and salinity mitigation under climate change: a comprebensive
review. Soil Tillage Res, 2025, 253.

" F. ScaNDELLARI, G. CARUSO, G., LiGUORL, E. MEGGIO, A.M. PALESE, D. ZANOTELLI,
M., TAGLIAVINL. A survey of carbon sequestration potential of orchards and vineyards in Italy. In
European Journal of Horticultural Science, 2016, 81(2), 106-114.

18 S. DREXLER AND A. DON. Carbon sequestration potential of hedgerow soils. In Geoderma,
2024, 445, 116878.
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But agrobiodiversity is not only used to mitigate and stock green-
house gases: its multiple plant and animal forms constitute a natural
defense mechanism. In fields where cereals, legumes and cover crops
alternate, the microbial community of the soil — mycorrhizal fungi, rhizo-
bacteria, actinomycetes — thrives and plays a significant monitoring role.
These microorganisms fix nitrogen, break down organic matter, and sup-
press pathogens, dramatically reducing the need for chemical fertilizers
and herbicides. Fewer synthetic inputs mean less pollution, less depen-
dence on oil for their production and, consequently, a further reduction
in emissions along the entire agricultural supply chain.

On the contrary, in conditions of excessive rain, plants with deeper
roots or with different leaf structures spread water better, protecting the
soil from erosion and preventing flooding, This “functional” diversity
— varieties characterized by different responses to environmental stress —
makes it possible not to put all the eggs in the same basket: if one species
succumbs, another can continue to guarantee yields and income.

The role of agrobiodiversity then extends to the most subtle but
equally vital ecosystem services. An agricultural system that integrates
flowering meadows, shrubby borders and mixed rows creates habitats for
bees, bumblebees and other pollinators, operating the pollination of more
than 75% of food crops'. Similatly, natural hedges and irrigation canals
covered with vegetation promote the life of microfauna — earthworms,
springtails, useful nematodes — by improving aeration and the ability to
retain water in the soils. In a context of increasingly unpredictable climate
change, these services offer a safety net that intensive monocultures can-
not replicate.

Another crucial aspect of agrobiodiversity is the maintenance of tra-
ditional knowledge and local techniques. Small farmers, in Italy as in the
Amazon, preserve genetic memories and agricultural practices that even
concern natural fertilization with algae or the sowing of nitrogen-fixing
plants. This knowledge is not a legacy of the past, but a capital of innova-
tion: integrating satellite monitoring with direct observations of the farm-
er, for example, makes it possible to intervene promptly in the event of an
attack by parasites or water stress. Collaborations between universities and

9 B. Barsora, P. KuMARL, S. YADAY, S. MISHRA, K. JAISWA. Approach to Agrobiodiversity
Preservation and Sustainable Agriculture in a Changing World. In Biotechnological Innovations for
Sustainable Biodiversity and Development, 2025, 292-304.
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rural communities, in this sense, are essential to combine precision farm-
ing technologies with the centuries-old experience of local producers.

However, to fully exploit the climate potential of agrobiodiversity,
targeted policies are needed. It is necessary to encourage the 7 situ con-
servation of traditional varieties, to support seed fairs and to strengthen
germplasm banks. Regulations should recognize the rights of custodial
growers, granting them access to genetic resources and economic com-
pensation when their seeds become raw material for new patents. At the
same time, funding for agricultural research must embrace participatory
breeding programs, in which scientists and farmers collaborate to select
plants that are more adapted to climate change, without sacrificing nutri-
tional qualities and local flavors.

Benefits of agricultural
biodiversity

N ([ A
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Main benefits derived from agricultural biodiversity

In this direction, agrobiodiversity is not a small detail of the agricultu-
ral system but takes on the role of the backbone of an agriculture capable
of mitigating the effects of global warming and adapting to its fluctua-
tions through a natural genetic diversification in perfect balance with the
surrounding ecosystem. Protecting and increasing this diversity means
cultivating food security, preserving life in the soil, combating erosion
and reducing emissions. It is a bet on a future in which the recognition
of the intrinsic value of every seed and every animal breed translates into
concrete practices, courageous policies and a real partnership between
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science, farmers and institutions. Only in this way will we be able to tran-
sform our fields into green shields against the climate crisis.

5. Communities, territories, diversities

In Italy, the link with the territory emerges from the heroic cul-
tivations on the terraces in Liguria, Campania, Sicily, or in the small
Mediterranean islands: microcosms of resistance and resilience where
biodiversity and landscape support each other. Similarly, in Latin America,
indigenous communities in the Amazon cultivate agroforestry systems
that blend fruit trees, vegetables, and medicinal plants, generating income
and preserving the forest. In both cases, agroecology is not a theoretical
laboratory, but a daily life of choices where the boundary between forest
and field dissolves into a living mosaic. Territory and community are
not two separate elements, but the faces of a single living organism: the
community gives meaning to the territory, and the territory nourishes the
community, opening up paths of sustenance, identity and care. In this
intertwining, natural resources — watet, soil, forests, pastures, waterways
— are not simple assets to be exploited, but heritages to be collectively
preserved, shaped by practices sedimented over time and by direct know-
ledge of one’s own land®. In the Italian Apennine villages, for example,
as well as on the major and minor islands, the maintenance of terraces
is not an aesthetic exercise, but a daily pact between men and landscape.
Dry-stone structures and steep agricultural furrows play a significant
role in soil stabilization, erosion control, and the regulation of surface
runoff, thereby enabling the sustained cultivation of vineyards, olive gro-
ves, and horticultural crops. This landscape configuration is underpinned
by an agricultural community that maintains and transmits traditional
agronomic knowledge, including pruning techniques, seasonal crop sche-
duling, and the systematic observation of local meteorological variables,
such as wind regimes and cloud cover. Without this constant presence,
the territory would lose its integrity and the ability to generate sustenance.

Similarly, in the indigenous communities of the Brazilian Amazon,

2 H. C. pa Suva, M.A. GUERRERO-MORENO, EA. Orivera, L. Juen, EG. DE
CARVALHO, J.M. BARBOSA OLIVEIRA-JUNIOR, (2025). The inportance of traditional communities
in biodiversity conservation. In Biodiversity and Conservation, 34(2), 685-714.
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the boundary between sacred forest and food garden is blurred. Far from
being a “wild” area, each forest is crossed by harvesting paths, associa-
ted with native fruit species, enriched with medicinal plants. The elders
tell of the curves of the river, of the seasons of fruit, of the herbs that
cure fevers. It is thanks to this network of social and cultural ties that the
forest preserves its biodiversity: the practices of minimal and regenerative
cutting, rotation of harvesting sites and spontaneous sowing ensure that
no species disappear™.

These experiences show that conservation is not the exclusive task
of biologists or public bodies, but a shared responsibility. Communi-
ties guard “living zones”, spaces in which they regulate access, and they
establish rules for fishing, hunting, and grazing. Through informal control
systems — assemblies, agricultural festivals, rituals of thanksgiving to the
territory — monitoring and sanctioning mechanisms are established that
keep the ecosystem in balance. It is what experts call “governance of the
commons’: a model in which collective ownership or use becomes the key
to preserving precious resources. Another example comes from Sicilian
fishing cooperatives, where fishing boats and nets are managed together,
with limited fishing hours, bans on endangered species and the regenera-
tion of small coral reefs. Here the maritime community recognizes that
the sea produces wealth if the shoals of fish have time to repopulate and
imposes on itself more stringent rules than those of the law. The result is
quality products and a relationship of respect for the environment, which
in turn supports the life of every fisherman.

This deep bond between community and territory becomes even
more crucial in times of climate change. When prolonged droughts or
torrential rains put crops and pastures at risk, it is precisely social networ-
ks and traditional practices — knowledge of diversified planting times,
favorable winds, hidden water sources — that offer the timeliest solutions.
Communities that are well rooted in their territory are able to reorgani-
ze, share supplies, protect wells and secure the edges of the fields*. To

2L SW. MILLER, (2025). The Environmental History of Latin America. A Companion to
Global Environmental History, 93-108

2 J. Doupa, K. BouBLiK, J. Dounpova, M. KYNCL. Traditional forest management practices stop
Jorest succession and bring back rare plant species. In Journal of Applied Ecology, 2017, 54(3), 761-771.

% D. Karras, S. KALOGIANNIDIS, O. PAPAEVANGELOU, F. CHATZITHEODORIDIS,

(2024). Assessing the connection between land use planning, water resources, and global climate
change. Water, 16(2), 333.
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strengthen this link, it is essential to recognize and enhance the rights of
communities in the territory: from access to land to the protection of
traditional knowledge on seeds and cultivation techniques. Legal instru-
ments such as Community Conserved Areas or regulations on the rights
of indigenous peoples are stages of a path that must lead to participatory
and inclusive management™. Governments and international organiza-
tions can provide technical support, economic incentives and exchange
platforms, but the real innovative force is in the hands of communities.
The link between territory and community is the lifeblood that nourishes
the conservation of natural resources. Where this link is broken — due
to rural abandonment, building speculation or intensive exploitation —
chasms of ecological degradation open up. On the contrary, every time a
community organizes itself to safeguard a forest, a stream, a centuries-old
olive grove, it builds a bulwark of resistance that is good not only for its
members, but for the whole planet. Protecting this link means recogni-
zing that territory and community are accomplices in a common project:
transforming conservation into a daily act of care, rooted in history and
looking to the future.

6. Technology and innovation: tool or enemy?

In such a context of complexity, the idea that increasingly advanced
technology can be the solution to all critical issues has become increasin-
gly concrete. In any way, the anthropocentric approach has always been
present, and it took shape after the Second World War as technological
innovation through the development of synthetic chemistry. The same
today happens in the form of precision agriculture and genetic modifica-
tions. The growing interaction between technology, biodiversity and the
agricultural landscape is now part of a context that does not provide real
answers to the climate crisis, also requiring a deep reflection on social
development models and the use of so-called innovations. Industrial
agriculture, as has already been widely discussed, has been substantially
supported by mechanical, chemical and digital technologies, carving out
a significant role for contributing to the emission of greenhouse gases,

* H. PuaM, M. SANER, (2024). Framework and proposed indicators for the comprebensive
evaluation of inclusiveness: the case of climate change adaptation. FACETS, 9, 1-15.
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deforestation and the loss of fertile soils, aggravating the effects of cli-
mate change. The technological response is not functional to the modi-
fication of the paradigm and the reversal of the process, and therefore
to a real mitigation of the climate crisis. It is probably a way to distract
society and make people believe that there are anthropocentric solutions
that would require less commitment from human beings on the planet.
This applies to precision agriculture, which has aspects of interest but
often cannot be shared with most small-scale agriculture, assuming, on
the contrary, a very elitist positioning”. And it is also true for genetics
that thinks of ‘building’ varieties for use and consumption in different
agricultural contexts, creating new organisms that propose a series of
critical issues on an ecological, social and cultural level of considerable
depth. Over the last fifty years we have gone from technological support
for genetically modified organisms (GMOs) to technological support for
new GMOs, plant varieties made by ‘switching off” or ‘turning on’ the
expression of certain genes without considering a multitude of factors
that lead to insecurity for farmers and risks to the environment and
agrobiodiversity. All supported by a demagogic narrative that claims that
these bodies, in any way modified, make a substantial contribution to the
direction of sustainability.

Barry Commoner, father of modern ecology since the early 70s,
emphasized these issues by emphasizing how nature is perfectly capable
of providing solutions to manage the alterations that derive from the
anthropocentric model®. In this way he became the precursor of that
cultural and scientific approach that today is enclosed by the framework
of the so-called nature-based solutions (NbS).

NbS represent an innovative and multifunctional approach to the
management of environmental and climate challenges, based on the
sustainable use of natural processes and elements. In agriculture, NbS are
deeply intertwined with the concept of agrobiodiversity, which is a funda-
mental resource for climate resilience, food security and ecological sustai-
nability. The integration between NbS and agrobiodiversity is manifested
through practices such as agroforestry, crop rotation, the use of local
varieties and participatory management of the agricultural landscape,

» M. SANYAOLU, A.SADOWSKI The Role of Precision Agriculture Technologies in Enbancing
Sustainable Agriculture. Sustainability. 2024; 16(15):6668.
% B. CoMMONER. The Closing Circle: Nature, Man, and Technology. New York, 1971.
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which not only contribute to climate change mitigation and adaptation,
but also promote the restoration of degraded ecosystems and the conser-
vation of natural capital®’. According to the Intergovernmental Panel for
Climate Change (IPCC) and the EU Biodiversity Strategy to 2030, NbS
offer an effective and flexible response to bring nature back to health in
the face of the climate crisis, generating environmental, social and eco-
nomic benefits. In this context, agrobiodiversity, therefore, is not only a
heritage to be preserved, but a dynamic element to be enhanced through
territorial policies and agricultural practices that recognize the central role
of biological diversity in the construction of resilient systems. The expe-
riences documented by Istituto Superiore per la Protezione e la Ricerca
Ambientale (ISPRA) of the Italian Ministry of the Environment highlight
how the application of NbS in the agroecological field can reduce emis-
sions, improve soil and water quality, and strengthen the adaptive capacity
of rural communities. Ultimately, the synergy between nature-based solu-
tions and agrobiodiversity represents a crucial frontier for the ecological
transition of agriculture, capable of combining innovation, tradition and
sustainability in response to the challenges posed by climate change.

7. Agroecology as an innovative tool for the future

Agroecology can be understood both as a scientific discipline and as
an agricultural practice, as it goes beyond the mere application of ecolo-
gical principles to food production and integrates the cultural, economic,
and political dimensions of rural systems. From a social science perspecti-
ve, it investigates the interactions between farmers, local communities,
and the environment, promoting participatory and inclusive models of
natural resource governance as well as forms of social and food justice.
As an agricultural practice, agroecology translates into sustainable mana-
gement strategies that enhance crop diversification, integration of crops
and livestock, reduction of external inputs, and the revitalization of tradi-
tional knowledge, generating resilient systems capable of addressing the
challenges posed by climate change and biodiversity loss.

In this dual perspective, agroecology assumes a transformative role,

7 A. KUMAR, S. SINGH, R. KumaRr, M. KumaR, K. RAN, J. JAMES. Balancing conservation
and develgpment for achieving land degradation nentrality. Horizon, 2(4), 17-24, 2024.
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contributing to the redefinition of rural landscapes as multifunctional
spaces capable of reconciling production, conservation, and social cohe-
sion. It also represents a strategic tool for climate change mitigation,
integrating ecological principles into agricultural systems and promo-
ting the reduction of greenhouse gas emissions, the increase of carbon
sequestration capacity, and the resilience of rural landscapes. Through
practices such as agroforestry, crop diversification, cover cropping, and
reduced tillage, agroecology contributes to enriching soil organic matter
and enhancing soil fertility, with direct effects on carbon storage and the
reduction of dependency on high-energy external inputs.

This approach also promotes the conservation and enhancement of
both agricultural and wild biodiversity through the creation of mosaic
landscapes, ecological corridors, and multifunctional habitats that stren-
gthen essential ecosystem services, such as pollination, natural pest con-
trol, and nutrient cycling. Moreover, the connection between agroecology
and biodiversity has a social dimension, as it values the traditional knowle-
dge of rural communities, preserves cultural landscapes, and strengthens
the bonds between society and nature. In this context, agroecological
rural landscapes serve a multifunctional role, functioning not only as sites
of food production but also as spaces for climate regulation, environmen-
tal conservation, and the safeguarding of cultural heritage. Agroecology
therefore emerges as an integrated strategy capable of addressing the glo-
bal challenges of climate change, promoting biodiversity, and redesigning
rural landscapes from a sustainable, resilient perspective that prioritizes
the well-being of local communities.

The conceptual development of agroecology has been progressively
shaped by international and regional organizations, which have elabora-
ted principles and frameworks to guide the transition toward sustainable
agri-food systems. The FAQ, in particular, has identified ten fundamental
elements that serve as methodological and strategic pillars®: diversity,
knowledge creation and sharing, synergies, efficiency, recycling, resilience,
human and social values, food culture and traditions, responsible gover-
nance, and circular and solidarity-based economy. These elements aim to
guide governments, communities, and institutions in rethinking agricultu-

# FA. MURRIEL. GONZALES, J. DESSEIN, J. ADRIAENSENS. Knowledge on agroecology
disseminated by the FEAQ: assessment from a human-nature relationship perspective. International

Journal Of Sociology Of Agriculture And Food, 2025, 31(1), 15-52.
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ral models and reorganizing production practices according to ecological,
social, and cultural criteria.

The European debate, particularly through the High Level Panel of
Experts (HLPE) report and contributions from Agroecology Europe, has
expanded and deepened this framework, formulating thirteen principles
that articulate more comprehensively the complexity of agroecological
transitions”. These include recycling, reduction of external inputs, soil
health, animal health, biodiversity, synergy, economic diversification,
co-creation of knowledge, social values and diets, equity, connectivity,
land and natural resource governance, and participation. Compared to the
FAO elements, the European principles place greater emphasis on spe-
cific aspects such as soil and animal health, the ecological foundation of
biodiversity, economic diversification as a tool for socioeconomic resilien-
ce, and connectivity among actors and territories as a lever of cohesion.

Overall, the ten FAO elements and the thirteen European princi-
ples are complementary: the former provide a concise and universal
framework to promote agroecology globally, while the latter represent
a contextualized refinement for the European setting, characterized by
specific ecological, agricultural policy, and social dynamics. From an aca-
demic perspective, the comparison of these two approaches highlights
how agroecology, beyond being a science and agricultural practice, is also
a political and cultural process in evolution, capable of integrating multi-
ple levels of governance and systematically addressing the challenges of
climate change, biodiversity loss, and socioeconomic inequalities through
increasingly sophisticated analytical and operational tools.

» L.L. VAZQUEZ. Scope of agroecology during the agroecological transition of the local food
Systens. Lotechnol Dioeng, s , 00-05.
5). Appl Biotechnol Bioeng, 2025, 12(2), 60-65
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The interconnections between the factors that make up the 10 principles of agroecology
(Fao, 2018)

Among the organizations most closely linked to food production and
the fight against the climate crisis, Slow Food has played a central role at
the international level, fostering the development of a global network of
activists committed to exploring the cultural and social dimensions of
agricultural production, deeply rooted in biodiversity and identity-based
traditions. For Slow Food, agroecology represents an integrated approach
to food production that combines environmental sustainability, biodiver-
sity conservation, social equity, and the promotion of local food cultures,
viewing food not merely as a commodity but as a fundamental cultural
and social element.

The Slow Food Farms, recently launched as a program to bring
together resilient farmers, constitute tangible expressions of this appro-
ach™. They function as model farms or farms in active transition, where
practices based on agroecological principles are systematically applied
through crop diversification, the valorization of local varieties and bre-
eds, sustainable management of soil and water resources, and integration
between agriculture and local communities. These farms also promote
networks of exchange and cooperation among producers, consumers, and
educational institutions.

0 bitps:/ | wwmw.slowfood.com/ slow-food-farms/ (entered on August 2025)
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The relationship with the FAO is evident in the shared objectives
and principles, particularly in the promotion of agricultural biodiversity,
the dissemination of participatory knowledge, and the construction of
resilient and sustainable food systems. Slow Food and the FAO also col-
laborate on the development of guidelines, capacity-building initiatives,
and awareness campaigns aimed at supporting agroecological transitions
globally, emphasizing the role of small-scale producers and rural commu-
nities in conserving genetic, cultural, and environmental heritage.

Within this framework, agroecology, as envisioned by Slow Food,
is not only a set of sustainable agricultural practices but also a platform
for inclusive governance and social responsibility, strengthening the con-
nections between food production, biodiversity conservation, and rural
development. This approach aligns with the principles and strategies pro-
moted by the FAO for fair, sustainable, and climate-resilient agriculture.

THE CONTRIBUTION OF SLOW FOOD TO THE FIVE LEVELS
OF THE AGRECOLOGICAL TRANSITIONS

© SLOW FOOD FARMS \
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Source: Slow Food International (www.slowfood.com)
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8. Concluding remarks

Agricultural biodiversity, encompassing locally adapted crop landra-
ces and indigenous livestock breeds shaped by specific agro-ecological
and socio-environmental conditions and integral to food and agricultural
systems, constitutes a critical strategic asset for enhancing system resilien-
ce and addressing contemporary sustainability challenges. Nevertheless,
this biodiversity is increasingly undermined by the intensification and
homogenization of production systems, as well as by the largely unregula-
ted digitalization and commodification of genetic resources. The agricul-
tural landscape, recognized as a historical and cultural expression of the
interaction between man and nature’, undergoes radical transformations
under the pressure of technologies that privilege production efficiency
to the detriment of ecological complexity and territorial memory. In this
scenario, the climate crisis acts as a vulnerability multiplier, accelerating
the degradation of ecosystems and the loss of rural identity. However,
technology can also offer solutions if guided by agroecological principles
and inclusive governance. Tools such as precision agriculture with a social
inclusiveness approach, environmental monitoring systems and digital
platforms for knowledge sharing can contribute to reducing environmen-
tal impact and strengthening climate resilience, as long as they are inte-
grated with traditional practices and with the active involvement of local
communities. The challenge is to overcome the technocratic approach
and promote an agricultural paradigm that recognizes biodiversity and the
agricultural landscape as central elements for sustainability, environmental
justice and food security in a world marked by climate instability

And this is a challenge that can only be faced if we change the
agri-environmental approach of the policies that underlie agricultural pro-
duction, especially in Europe where there is an increasingly evident drift
that links agricultural subsidies to agro-industry lobbies. The European
Court of Auditors has repeatedly rejected the results of the CAP (Com-
mon Agriculture Policy), both because the funds are not fairly distributed
(80% of the resources allocated to 20% of companies, always the largest
and most agro-industrial with the exclusion of small and medium-sized
farms), and because the measures identified have proved to be unsuc-

' E. SERENL. History of the agricultural landscape. Rome-Bari, 1961.
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cessful in achieving agti-environmental goals™. Agri-environmental poli-
cies represent a crucial tool to address the environmental and climate
challenges that threaten global agriculture and European instruments, if
well-modulated, could play a decisive role only on condition that it is defi-
nitively decided to adopt strict measures that orient the agricultural sector
towards sustainable and resilient practices.

Agrobiodiversity, in this direction, can be central as well as identified
and reported in the joint report between the Intergovernmental Panel
for Climate Change (IPCC) and the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services (IPBES), presented
in 2021, which highlights the interconnection between biodiversity and
climate change, emphasizing the need to address both challenges with
integrated approaches™. This report presents policymakers with a com-
prehensive scientific assessment of the intricate relationships between
biodiversity, water, food, health and climate, which, however, are often
overlooked. However, integrating environmental criteria into agricultu-
ral subsidies and rural development plans can steer production choices
towards greener models.

Moreover, closely connected to the considerations outlined above,
rigorous agri-environmental policies foster the resilience of rural commu-
nities, strengthen food sovereignty, and safeguard agricultural landscapes
— elements that today are not optional but essential.

Addressing this challenge requires an inherently interdisciplinary
perspective. Agronomists, ecologists, sociologists, economists, jurists,
and anthropologists must engage in dialogue with policymakers and sta-
keholders to co-design participatory land management models, identify

2 https:/ | www.eca.enropa.en/ Lists| ECADocuments/ SR20_13/ SR_Biodiversity_on_
Sarniland_I'T pdf, 2020
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effective mitigation pathways to confront the ongoing climate crisis, and
develop forms of agricultural support capable of driving a genuine para-
digm shift.

Within Europe, common agricultural policies should reward farmers
who reduce the carbon footprint of their land, reintroduce forgotten
species that restore ecological balance and enrich community knowledge,
and invest in training the next generation of farmers. At the same time,
environmental education must return to schools — through garden-based
projects that teach the value of soil and life cycles, and through curricula
where the environmental crisis is not treated as an occasional topic of
discussion but as a continuous theme for learning and reflection. Without
building bridges between traditional knowledge and scientific research,
we risk losing an invaluable collective heritage. The peasant grandparen-
ts who knew every plant and every season of sowing, the healers who
transformed leaves into ancient remedies, and the women who mastered
the secrets of food preservation and seed saving, all embody knowledge
that remains indispensable. At the same time, digital technologies, satel-
lite monitoring, and genomic analysis can strengthen this heritage by
providing real-time insights into soil moisture, nutrients, and biodiversity
— without, however, becoming instruments of exploitation, alteration,
or mere profit. Only a balanced dialogue between these perspectives can
generate genuine innovation.

Looking ahead, we have the chance to build an agricultural model
that unites economy and ecology, science and culture, the global North
and South. By weaving together with the experiences of communities
worldwide — across civil society and academia — we can create a global
laboratory of sustainable practices. What is needed is not a sudden revo-
lution, but a gradual process of transformation that engages local com-
munities, markets, and international institutions alike. On this path, every
seed preserved, every soil restored, and every piece of knowledge shared
will represent a tangible step toward a planet in balance.
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Abstract

In the face of accelerating climate change and ecological degrada-
tion, agrobiodiversity emerges as a strategic resource for building resilient
agricultural systems. This paper explores how traditional knowledge,
local crop varieties, and nature-based solutions can mitigate environmen-
tal impacts and enhance food security. By analyzing soil regeneration
practices, community-led conservation models, and inclusive agricultural
policies, the study highlights the role of agrobiodiversity in carbon seque-
stration, ecosystem restoration, and climate adaptation. Drawing on case
studies, it advocates for a paradigm shift that integrates scientific innova-
tion with cultural heritage, promoting a sustainable and equitable future
for global agriculture.

Agrobiodiversita: strumento di mitigazione della crisi climatica

Il contributo analizza il ruolo centrale dell’agrobiodiversita nella
costruzione di sistemi agricoli resilienti e sostenibili, capaci di rispondere
alle sfide poste dal cambiamento climatico. Attraverso un’ampia riflessio-
ne che intreccia conoscenze tradizionali, pratiche agroecologiche e poli-
tiche territoriali, il testo evidenzia come la diversita biologica — di semi,
suoli, paesaggi e comunita — rappresenti una risorsa strategica per la rige-
nerazione dei suoli, la sicurezza alimentare e la mitigazione degli impatti
ambientali. Sono molteplici gli esempi che mostrano come le comunita
locali, grazie a pratiche sedimentate nel tempo e a un rapporto profondo
con il territorio, possano diventare protagoniste di un cambiamento con-
creto, capace di coniugare innovazione scientifica e giustizia ambientale.



