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Regenerative agriculture (RA) is an ecological approach to farming that goes
beyond sustainability by actively restoring soil health, biodiversity, and
ecosystem services while improving resilience to climate change. Instead of
relying on a fixed set of techniques, RA emphasizes adaptable practices such
as no-till farming, cover cropping, diversified rotations, perennial crops,
organic inputs, and livestock integration to rebuild soil organic carbon and
enhance system stability. For researchers, practitioners, and policymakers
alike, RA opens a space where agronomic science, ecological insight, and
farmer experience can co-create pathways toward a more resilient,

equitable, and climate-positive food system.

As agriculture faces the pressure to feed a growing population among climate
uncertainty, soil degradation, and biodiversity loss, regenerative agriculture (RA) has
emerged both as a scientific paradigm and a practical pathway toward resilient food
systems. Rooted in ecological processes, RA reframes the goals of agriculture, offering

not just sustainability, but regeneration of agroecosystems.

Proposed by Robert Rodale in the early 1980s, regenerative agriculture was envisioned
as a holistic farming philosophy that increased biological and economic stability while
moving away from synthetic chemicals and non-renewable resources (Giller et al,,

2021). In the decades since, RA has evolved into a system-based approach that



leverages diverse and context-specific practices to rebuild soil health, enhance

biodiversity, and mitigate climate change.

Although there is no universally accepted definition, most frameworks converge
outcome-based goals: increasing ecological resilience, recovering biodiversity,
enhancing ecosystem services such as carbon sequestration, and sustaining

productivity over time (Beacham et al,, 2023; Schreefel et al,, 2020).

Soil asthe foundation of regeneration

Modern industrial agriculture has left soils depleted, compacted, and less biologically
diverse. Globally, agriculture is the leading driver of soil degradation, primarily through
mechanized tillage, erosion, agrochemical overuse, and the decoupling of crop and
livestock systems (Olsson et al,, 2019). These impacts extend beyond the farm,

contributing to climate change, biodiversity loss, and impaired water cycles.

Regenerative agriculture directly addresses
this degradation by considering soil as a
living system that is the foundation of healthy

agroecosystems. Healthy soils store

nutrients, cycle water, support root growth,

and provide habitat for an immense diversity

Mechanized tillage can contribute to
soil degradation and erosion. Photo of organisms. The cornerstone of these
courtesy of Pixabay/Erich
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functions supplied by healthy soils is soil

organic carbon (SOC), the largest terrestrial

carbon reservoir (Chen et al., 2022). Soil
organic carbon includes both short-lived, easily decomposed forms and long-lasting,
stable ones. While some practices lead to temporary carbon storage, regenerative

agriculture focuses on carbon sequestration, stabilizing carbon in the soil, so it's



resistant to decomposition and climate effects (FAO & ITPS, 2020).

Most importantly, soils can be either a sink or source of carbon depending on
management. Hence, RA lies in adopting practices that not only increase carbon inputs
(e.g., root exudates, plant residues, and organic residues), but also enhance
stabilization mechanisms like aggregation, deep-root deposition, and microbial

processing (Pierret et al,, 2016; Dietzel et al., 2017).

Regener ative practices that wor k

As previously noted, RA does not rely on a fixed set of practices. Rather, it applies core
principles that are adapted to specific ecological conditions, soil type, climate, and
socio-economic contexts. Nevertheless, several key practices are consistently

associated with successful regeneration:

No-till and reduced disturbance

Reducing soil disturbance through no-till or conservation tillage protects soil structure,
prevents erosion, and promotes carbon stabilization. No-till systems tend to show
improved soil aggregation, microbial activity, and nitrogen retention, particularly when
combined with residue retention and cover cropping (Blanco-Canqui & Ruis, 2018;

Ogle et al,, 2012).

Cover cropping

Cover crops are among the most widely adopted regenerative tools. These plants
protect bare soil, suppress weeds, and increase biomass input. They also reduce
nutrient leaching and improve infiltration. Grasses tend to enhance soil structure while
legumes contribute nitrogen through fixation. The combinations of species, planting

timing, and termination methods can influence SOC outcomes (Lal, 2015; Ruis &



Blanco-Canqui, 2017; Jian et al,, 2020).

Diversified rotations

Crop rotations increase temporal biodiversity, disrupting pest and disease cycles while
supporting different root and residue inputs. Including perennials and legumes can
significantly increase SOC and resilience to extreme weather events (King & Blesh,
2018; Zhang et al., 2021; Gaudin et al,, 2013). Rotational diversity fosters distinct soil
microbial communities, generating legacy effects that enhance biogeochemical

cycling, particularly on carbon and nitrogen (Tiemann et al,, 2015; Faucon et al., 2021).

Deep-rooted and perennial crops

Plants with extensive root systems drive carbon deeper into the soil where it is less
likely to oxidize. Fine root turnover, rhizodeposition, and exudates stimulate microbial
communities in lower horizons, leading to long-term carbon stabilization (Romero-Ruiz
et al, 2023). Deep roots also improve water uptake and soil porosity, increasing

drought resilience.

Organic inputs and residue recycling

Incorporating compost, manure, and crop residues reintroduces labile carbon and
nutrients. These inputs not only feed microbes, but also build SOC over time. Proper
residue management (e.g., no burning, delayed incorporation) is key to sustain SOC

formation and microbial diversity (Collins et al., 1992; Menefee et al,, 2023).

Integrating livestock for synergy

Livestock are often seen as either saviors or villains in climate discussions. In RA, their
role is nuanced but potentially powerful. Properly managed, livestock can accelerate

nutrient cycling, enhance soil health, and increase system productivity.

Cropivestock integration



Integrated crop-livestock systems involve growing crops and raising animals in a
mutually beneficial manner, either on the same land or through coordinated exchanges
between farms. This synergy reduces dependency on external inputs and recycles

nutrients efficiently (Russelle et al., 2007; Sulc & Tracy, 2007).

Integrated crop-livestock systems have been shown to match or exceed yields of
specialized monocultures while improving soil structure, microbial biomass, and
organic matter (Peterson et al., 2020). While integration adds management complexity,

it also adds resilience, buffering farms against price volatility and climatic stress.

Managed grazing

Rotational and adaptive grazing mimic natural herbivore patterns, enhancing soill
structure, reducing compaction, and boosting root biomass. Hoof action promotes
shallow incorporation of residues, and manure introduces labile nitrogen and carbon

(Teague & Kreuter, 2020; Fenster et al,, 2021).

Soil compaction is often a concern, but studies show its effects are context
dependent. In sandy or dry soils, compaction is minimal and often reversible (Bell et al.,
2011). Grazing can even stimulate belowground biomass, enhancing productivity

(Lopez-Marsico et al., 2015; Hamilton & Frank, 2001).



There are several key practices that are consistently associated with successful
regeneration, including incorporating deep-rooted and perennial crops, reducing soll
disturbance, keeping soils covered, diversifying rotations, and integrating livestock into the
system, among others. lllustration courtesy of Science Photo Library/Elena Hartley.

Regener ative agriculture and climate solutions

Regenerative agriculture plays a dual role in the climate equation: adaptation and
mitigation. Improved water retention, reduced erosion, and biological nutrient cycling
enhance farm resilience to heatwaves, droughts, and floods. Meanwhile, increased SOC

and reduced input reliance lower greenhouse gas emissions.

While short-term yield reductions may occur during transition, long-term productivity
often improves as soil function recovers (Sher et al,, 2024). Importantly, regenerative
farms frequently report higher profitability due to reduced input costs and enhanced

resource efficiency (USDA-ARS, 2023).



Regenerative agriculturein practice: case studiesin regeneration

Fazenda Roncador (Brazil)

In Mato Grosso, Brazil, the 152,000-ha Fazenda Roncador (Figure 1) serves as a model
for regenerative intensification. Half the land is conserved forest; the remainder
supports soybean, corn, and beef production in a rotational, integrated system.
Nitrogen from legumes sustains pastures while residues enrich soil and prevent

erosion.

With biological pest control and reduced chemical input, Roncador has increased food
production 41-fold over a decade, without expanding cropland. The system
demonstrates that regeneration can scale, remain profitable, and meet environmental

benchmarks well beyond international standards.
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Figure 1. Fazenda Roncador, located in Mato Grosso, Brazil. (A) and (B) show plants with
extensive root systems reaching over 3 m deep in Oxisol soils, following the
implementation of an intensive regenerative agriculture (RA) system. (C) shows soybeans
growing under the RA system, using no-till practices in rotation with corn.

Kansas State University Innovation Farm (USA)

In the U.S. Midwest, Kansas State’s RA Innovation Farm (Figure 2) is a living laboratory
exploring regenerative principles in action. Researchers test diversified rotations,
livestock integration, and in situ sensors to evaluate soil moisture, carbon fluxes, and

nutrient cycling.

More than research, the farm serves as an experiential platform for students and
stakeholders. The goal is not just data generation, but building a bridge between
science, practice, and adoption, providing real-world insight into what works, for

whom, and under what conditions.

Markets, consumers, and the business
casefor RA

Once a grassroots movement, RA is
increasingly integrated into mainstream

agricultural markets. In 2022, the global RA

market was valued at more than $8.5 billion

Figure 2. Innovation Farm at
Kansas State University, located in
Manhattan, KS, where an RA

with projections exceeding $18 billion by

2032 (NielsenlQ, 2022). Consumer interest in

soil-friendly, climate-smart foods is growing. system is being implemented. The
image captures the wheat growing

Major agribusinesses are responding. McCain season under this management
approach.

Foods is committed to sourcing 100% of its
potatoes from regenerative systems by

2030. Syngenta and Bayer are developing tools and programs focused on soil health



and input reduction (Bayer, 2022; Syngenta, 2023).

These market signals matter. They help align private-sector investments with good
outcomes. Meanwhile, payments for ecosystem services, cost-share programs, and
soil health policies offer essential incentives for producers transitioning to

regenerative systems.

Conclusion: reimagining therole of agriculture

Regenerative agriculture is not a one-size-fits-all solution, but it is a powerful tool for
rethinking how we grow food. From microbial life belowground to wildlife in restored
landscapes, from yield resilience to market transformation, RA offers a compelling,

evidence-based model for a thriving agricultural future.

For researchers, practitioners, and policymakers alike, RA opens a space where
agronomic science, ecological insight, and farmer experience can co-create pathways

toward a more resilient, equitable, and climate-positive food system.

Regeneration is not about returning to the past; it's about building the future from the

ground up.
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