

    
        
          Regenerative Agriculture: Science, Practice, and Policy for Resilient Food Systems

        

        
        
          Steven T. Jones

        

        
          Published by HeritageSaga Press, 2025.

        

    



  
    
    
      While every precaution has been taken in the preparation of this book, the publisher assumes no responsibility for errors or omissions, or for damages resulting from the use of the information contained herein.

    
    

    
      REGENERATIVE AGRICULTURE: SCIENCE, PRACTICE, AND POLICY FOR RESILIENT FOOD SYSTEMS

    

    
      First edition. June 1, 2025.

      Copyright © 2025 Steven T. Jones.

    

    
    
      Written by Steven T. Jones.

    

    
      10 9 8 7 6 5 4 3 2 1

    

  


Table of Contents

Title Page

Copyright Page

Regenerative Agriculture: Science, Practice, and Policy for Resilient Food Systems

Chapter 1: Introduction

Chapter 2: Theoretical Background and Foundations

Chapter 3: Key Principles of Regenerative Agriculture

Chapter 4: Scientific Foundations of Regenerative Agriculture

Chapter 5: Methodologies and Practices of Regenerative Agriculture

Chapter 6: Global Practices and Case Studies in Regenerative Agriculture

Chapter 7: Economic and Ecological Benefits of Regenerative Agriculture

Chapter 8: Implementation Strategies for Scaling Regenerative Agriculture

Chapter 9: Challenges and Barriers to Adoption

Chapter 10: Innovations and Emerging Trends in Regenerative Agriculture

Chapter 11: Policy Implications and Recommendations

Chapter 12: Future Directions and Conclusion


Regenerative Agriculture: Science, Practice, and Policy for Resilient Food Systems

	[image: image]
	 	[image: image]


[image: image]

Chapter 1: Introduction
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Agriculture stands at a crossroads in the 21st century. Decades of intensive conventional farming—characterized by heavy tillage, monocultures, and high synthetic input use—have boosted food production but often at the expense of soil, water, and ecosystem healthcbf.orgcbf.org. Symptoms of this unsustainable approach include accelerating soil erosion, nutrient depletion, diminishing biodiversity, and pollution of water bodies from agrochemical runoffcbf.org. Globally, about 38% of agricultural land is degraded, undermining the resource base on which future food security dependslink.springer.com. In response to these challenges, regenerative agriculture (RA) has emerged as a promising paradigm that not only aims to sustain resources but actively regenerates them. RA represents a holistic approach to farming that works with natural systems to restore soil fertility, increase biodiversity, and enhance ecosystem services, all while maintaining productivity and farmer livelihoodsbanyanbotanicals.comlink.springer.com.

Regenerative agriculture is often defined in terms of its outcomes for ecosystem health rather than any single prescribed method. In simple terms, RA is a holistic approach to agriculture that focuses on the interconnection of farming and ecology as a whole, aiming to improve the resources it uses rather than deplete themcbf.orgmorningagclips.com. A widely cited definition by The Carbon Underground and California State University–Chico describes RA as “farming and grazing practices that, among other benefits, reverse climate change by rebuilding soil organic matter and restoring degraded biodiversity – resulting in both carbon drawdown and improved water cycles”morningagclips.com. In essence, regenerative farming leverages biological processes (like photosynthesis and nutrient cycling) to restore soil health, increase biodiversity, and sequester carbon, thereby enhancing the land’s capacity to produce food in a sustainable, resilient mannermorningagclips.commorningagclips.com. This approach stands in contrast to industrial agriculture, which often degrades these very ecosystem services. By closing the carbon cycle and revitalizing the soil microbiome, RA can improve crop resilience and nutritional quality while mitigating environmental damagemorningagclips.comnews.mongabay.com.

Importantly, regenerative agriculture is not an entirely new invention but builds upon principles long practiced in traditional and indigenous farming systems. Many pre-industrial and Indigenous agronomies emphasized maintaining soil fertility through manure, composting, crop rotations, and agroforestry – practices that echo today’s regenerative methodscbf.org. The term “regenerative agriculture” itself was popularized in the 1980s by pioneers like Robert Rodale, who defined regenerative organic agriculture as farming that “improves the resources it uses, rather than destroying or depleting them”, calling it a holistic system encouraging continual innovation for environmental, social, and economic well-beingmorningagclips.com. Thus, RA can be seen as part of the broader continuum of sustainable agriculture, rooted in agroecology and organic farming movements, but with an added emphasis on actively improving soil and ecological function. Whereas “sustainability” aims to maintain a steady state, “regeneration” implies making things better – rebuilding what has been lostlink.springer.com. As one formulation puts it, “sustainability is a bridge, regeneration is the destination”, underscoring that given the degraded state of many farmlands, we must restore soil carbon, biodiversity, and water cycles to their former vitality rather than merely slow their declinelink.springer.comlink.springer.com.

One hallmark of regenerative agriculture is that it is principle-driven rather than recipe-driven. There is no single universal technique that defines RA; instead, it is characterized by a set of core principles and goals that farmers adapt to their local contexthutton.ac.ukhutton.ac.uk. This flexibility makes RA applicable globally – from large row-crop farms in the American Midwest to smallholder plots in the tropics – but it also means the term can encompass a wide range of practices and sometimes causes confusion in definition. Indeed, a 2020 review of scientific literature found “no uniform scientific definition” of regenerative agriculture, but rather a convergence around key objectives such as improving soil health, enhancing water quality, and increasing biodiversitycdfa.ca.govcdfa.ca.gov. These outcomes align closely with the concept of farming as a provider of ecosystem services, such as carbon sequestration, water filtration, and habitat provisioncdfa.ca.gov. In practical terms, most RA systems share common techniques – minimal soil disturbance, covering soil with plants or residues, diverse crop rotations, integration of livestock, and reduced synthetic inputs – which collectively aim to mimic natural processes in agricultural settingscbf.orgcbf.org. The emphasis is on feeding and protecting the soil biome, which in turn sustains plant health, rather than exclusively feeding the crop with chemical fertilizers.

The rise of regenerative agriculture has been propelled by mounting evidence of its potential benefits. Research and on-farm case studies have documented outcomes such as improved soil structure and fertility, greater water infiltration and drought resilience, enhanced biodiversity (from soil microbes to pollinators), carbon capture in soils, and even improved profitability for farmers (through input cost savings or premium markets)pubmed.ncbi.nlm.nih.govcsuchico.edu. For example, farmers adopting soil health practices like no-till and cover crops often report that their fields better withstand extreme weather, maintaining yields during droughts or floods better than conventional fieldscfsph.iastate.eduperryworldhouse.upenn.edu. Long-term trials support these observations: in Rodale Institute’s 40-year Farming Systems Trial, organic regenerative plots had 31% higher corn yields than conventional plots in drought years, thanks to higher soil organic matter retaining moisturerodaleinstitute.orgrodaleinstitute.org. Likewise, ranchers using regenerative grazing methods have seen degraded rangelands rebound with rich pasture, improving both ecosystem function and livestock productivity. These successes have attracted attention not only from farmers and environmentalists, but also from major food companies and policymakers. By the mid-2020s, a host of multinational corporations (from General Mills to Nestlé and PepsiCo) announced initiatives to source more ingredients from regenerative farmers or invest in RA training and subsidies, driven by sustainability commitments and consumer interestfoodservicefootprint.comsustainablefoodbusiness.com. Governments, too, are exploring how RA can help meet climate targets and revitalize rural economies. For instance, the EU’s Common Agricultural Policy and the U.S. Farm Bill are increasingly steering resources toward soil health and regenerative practicesnature.orgworldwildlife.org.

Despite the growing enthusiasm, it is crucial to approach regenerative agriculture with a scientific lens and a balanced perspective. RA is often heralded as a “win-win” solution—improving the environment while benefiting farmers—but implementing it successfully requires knowledge, adaptation, and time. There are challenges and debates surrounding RA that this book will not shy away from discussing. Skeptics correctly point out that the term can be overhyped or used without rigor, and that not all claims (e.g. about carbon sequestration potential or immediate yield boosts) are yet backed by unequivocal evidencelink.springer.comgeneticliteracyproject.org. Transitions to regenerative systems can entail short-term risks, such as initial yield declines when reducing tillage or chemicalsgeneticliteracyproject.org. Moreover, what works well in one region’s climate and soil may need modification elsewhere—context is key in agroecosystemshutton.ac.ukhutton.ac.uk. Throughout this book, we will examine both the achievements and the challenges of regenerative agriculture, drawing on up-to-date scientific research, case studies from around the world, and insights from farm practitioners and policymakers.

In the chapters that follow, we begin by laying out the theoretical background and origins of RA, situating it within the evolution of sustainable agriculture thinking (Chapter 2). We then detail the key principles that guide regenerative practices (Chapter 3) and delve into the scientific foundations underpinning those principles—exploring soil ecology, nutrient cycling, water dynamics, and climate interactions (Chapter 4). Chapter 5 provides an in-depth look at methodologies and practices, from no-till farming and cover cropping to agroforestry and holistic grazing, illustrating how these techniques are applied. In Chapter 6, we survey global practices and case studies, highlighting real-world examples of regenerative agriculture on different continents and scales, from smallholder communities to large-scale commercial farms. Building on those experiences, Chapter 7 reviews the economic and ecological benefits documented for RA, including impacts on yields, farm profitability, soil health indicators, biodiversity, and ecosystem services. Recognizing that adoption is not automatic, Chapter 8 discusses implementation strategies—how farmers transition to RA, and the roles of education, extension, and market support. We then confront challenges and barriers in Chapter 9, such as financial constraints, knowledge gaps, and policy obstacles, as well as scientific debates about RA’s efficacy and definitions. Chapter 10 explores innovations and emerging trends, including technological advances (like precision agriculture and AI) that could accelerate RA, as well as new business models and certifications. In Chapter 11, we turn to policy implications, examining how government policies and institutional frameworks can enable (or hinder) the regenerative transition, and what policy tools are being considered—from subsidies and research funding to carbon markets and soil health legislation. Finally, Chapter 12 looks ahead to future directions, considering how regenerative agriculture might evolve, what research is still needed, and how scaling up RA could contribute to global goals such as climate change mitigation, biodiversity conservation, and sustainable development.

The language throughout is aimed at an expert audience—agricultural professionals, researchers, forward-thinking policymakers, and advanced students—seeking a comprehensive, rigorous understanding of regenerative agriculture. Our discussion is grounded in current scientific literature and data, with references provided to enable deeper exploration of key points. By the end of the book, readers should appreciate not only what regenerative agriculture entails, but also why it is garnering attention as a transformative approach to farming, how it can be implemented in practice, what outcomes can be expected, and what is required from a policy and societal standpoint to support its broader adoption. In sum, regenerative agriculture offers a hopeful vision for the future of farming—one where agriculture becomes a solution to environmental degradation and climate change, rather than a contributor to those problems. Realizing that vision, however, will demand innovation, solid science, and collaboration across disciplines and sectors. Let us now delve into the foundations of this regenerative revolution in agriculture.
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Chapter 2: Theoretical Background and Foundations
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Regenerative agriculture did not emerge in a vacuum; it is part of a continuum of agricultural thought that increasingly views the farm as an ecosystem rather than a factory. To understand RA’s theoretical underpinnings, we must trace its roots and distinguishing features in relation to other approaches such as sustainable agriculture, organic farming, and agroecology. We will also examine conceptual frameworks—like ecosystem services and resilience theory—that provide a scientific basis for regenerative practices.

2.1 From Sustainable Agriculture to Regeneration

The concept of “sustainability” in agriculture gained prominence in the late 20th century as the downsides of industrial farming became apparent. Sustainable agriculture emphasizes meeting current food needs without compromising the ability of future generations to meet theirs, often focusing on conserving resources and reducing chemical inputs. Regenerative agriculture shares these goals but goes a step further: instead of merely conserving, it seeks to restore and enhance the agroecosystem’s functions. This distinction is increasingly highlighted by thought leaders. As one formulation expresses, in the face of degraded lands, “sustainability alone is no longer sufficient; we must now focus on regeneration”link.springer.com. RA practitioners often say they aim to leave the land in better condition each year—more fertile, richer in life—than it was the year before.

Historically, the ethos of regeneration can be seen in works by agricultural ecologists and organic farming pioneers. In the 1980s, American agronomist and thinker John Ikerd and others discussed systems that not only sustain but regenerate rural communities and resources, although the terminology wasn’t yet fixed. Around the same time, Robert Rodale (son of J.I. Rodale, a founder of the organic movement) explicitly used the term “Regenerative Organic Agriculture.” Rodale’s definition encapsulated a broad vision: “a holistic systems approach to agriculture that encourages continual on-farm innovation for environmental, social, economic, and spiritual well-being,” whereby farming improves the resources it relies onmorningagclips.com. This philosophy built on organic farming (which rejects synthetic fertilizers and pesticides) by adding a stronger emphasis on soil regeneration and ecosystem health. In a 1982 paper, agroecologist Richard Harwood also described regenerative farming systems that integrate biological cycles and minimize external inputs, foreshadowing today’s RA principles.

Another strand of influence comes from agroecology and the study of traditional farming systems. Agroecology views farms as ecosystems and advocates designing agricultural systems based on ecological principles (diversity, nutrient recycling, energy flow, etc.). Many indigenous and smallholder farming practices—such as crop rotations, intercropping, use of manure and compost, terracing, and water harvesting—have long exemplified these principles. Regenerative agriculture has explicitly acknowledged these roots: it often recognizes the value of Indigenous knowledge and time-tested practices for maintaining soil and landscape healthcbf.org. In fact, RA can be seen as a modern re-invention or packaging of such practices, augmented by contemporary science. The Chesapeake Bay Foundation notes that “the concept of regenerative farming is not new. It was used by Indigenous communities centuries ago... based on principles that work with the world’s natural systems instead of against them.”cbf.org.

2.2 Core Themes and Objectives of Regenerative Agriculture

One reason “regenerative agriculture” has sometimes been difficult to pin down is its broad scope encompassing environmental, social, and economic dimensions of sustainability. A 2020 systematic review by Schreefel et al. analyzed 28 peer-reviewed articles to find commonalities in RA definitions, and concluded that multiple combinations of objectives and activities together define RAcdfa.ca.govcdfa.ca.gov. They identified several core themes consistently mentioned: improving soil health, optimizing resource management (such as nutrient and water use efficiency), enhancing biodiversity, and alleviating climate change impactscdfa.ca.gov. Notably, soil health emerged as the central focus – “the soil is the base of RA”, as the authors put itcdfa.ca.govcdfa.ca.gov. Nearly all definitions emphasized restoring soil organic matter and soil biology. Other frequent objectives included improving water quality and availability, reducing greenhouse gas emissions, and enhancing farm resilience to climate extremescdfa.ca.govcdfa.ca.gov. Social aspects such as farm family well-being, rural community resilience, and even farmer “happiness” or sense of purpose were mentioned in some writings (e.g., Dahlberg 1990s) but were less uniformly stressed and thus did not emerge as primary “themes” in the literaturecdfa.ca.govcdfa.ca.gov. This indicates that while RA is fundamentally environmental in focus, many proponents see it as part of a bigger social movement to regenerate rural communities and create a more just food system, aligning with values of social equity and healthcdfa.ca.govcdfa.ca.gov.

The ecosystem services concept provides a useful theoretical lens for RA’s objectives. Healthy agricultural ecosystems can provide provisioning services (food, fiber, fuel), regulating services (climate regulation through carbon sequestration, water regulation via improved infiltration and storage, pest control by natural enemies), supporting services (nutrient cycling, soil formation, pollination), and cultural services (landscape aesthetics, cultural heritage, etc.). Regenerative agriculture explicitly aims to enhance these services. The core themes identified by Schreefel et al. map closely to the ecosystem services framework: for example, enhance soil health, optimize resource use, and improve water quality correspond to supporting and regulating services like nutrient cycling, water purification, and erosion controlcdfa.ca.gov. Likewise, alleviate climate change ties to carbon sequestration (regulating service), and improve farm economic viability connects to provisioning services and livelihoodscdfa.ca.govcdfa.ca.gov. By framing farming in terms of ecosystem services, RA represents a paradigmatic shift: the farm is not just an input-output system for commodities, but a managed ecosystem that can yield multiple benefits if stewarded properlycdfa.ca.govcdfa.ca.gov.

Another theoretical cornerstone of RA is the concept of resilience. Ecologically, resilience refers to an ecosystem’s capacity to absorb disturbances (droughts, floods, pest outbreaks) and still maintain function. Conventional monoculture systems, dependent on chemical inputs, often lack resilience—crop yields can plummet under stress if, say, irrigation fails or a pest develops pesticide resistance. Regenerative systems, with their greater diversity and soil health focus, tend to build resilience. For instance, soils rich in organic matter and covered by mulch or cover crops lose less moisture and support crops better in drought conditionscfsph.iastate.eduperryworldhouse.upenn.edu. Diverse crop rotations and polycultures break pest and disease cycles, reducing the risk of catastrophic loss to any single threat. From a socio-economic view, a regenerative farm that diversifies its production (multiple crop and livestock enterprises, direct marketing, etc.) can better withstand market or climate shocks, thereby improving livelihood stability. RA’s emphasis on resilience is in harmony with principles of agroecosystem design advanced by agroecologists like Stephen Gliessman, who argue that farming must mimic natural ecosystem characteristics (diversity, redundancy, efficient nutrient cycling) to be sustainable and resilient. This is why RA often looks to natural analogues—for example, managing a farm field more like a native prairie or forest with continuous living cover and diverse species performing complementary roles.

2.3 Regenerative vs. Organic vs. Conservation Agriculture

It is helpful to delineate RA from related concepts like organic agriculture and conservation agriculture, as these terms sometimes overlap and are even used interchangeably in popular discourse.


  Organic Agriculture is a well-defined system codified by standards (e.g., USDA Organic, EU Organic) that prohibit synthetic fertilizers, pesticides, genetically modified organisms, and emphasize natural inputs and crop rotations. Organic farming’s philosophical roots align with soil health and ecological balance, and many organic farmers indeed practice regenerative techniques. However, certified organic does not automatically mean regenerative. For instance, an organic farm could still be a monoculture or practice intensive tillage for weed control, which might deplete soil structure. Conversely, a regenerative farm might judiciously use a minimal amount of synthetic input when needed (though many try to eliminate them) but maintain excellent soil health and biodiversity. Some have described RA as “organic 2.0” or “beyond organic,” in the sense that it focuses strongly on outcomes (soil carbon, biodiversity) rather than just a list of prohibited inputscdfa.ca.govcdfa.ca.gov. There is significant convergence, however. The Regenerative Organic Certification (ROC) introduced by the Rodale Institute and partners attempts to marry the two concepts by building upon organic standards and adding criteria for soil health, fairness, and animal welfare. In practice, many farms are both organic and regenerative; indeed, historically, organic farming literature (e.g., Albert Howard, Lady Eve Balfour) stressed regenerating soil fertility as a core principle.
  Conservation Agriculture (CA) is another term often encountered, especially in academic and international development contexts. CA typically rests on three principles: minimal soil disturbance (no-till), permanent soil cover (cover crops or mulch), and crop rotations. These certainly overlap with regenerative principles. In fact, one could consider conservation agriculture as a subset or foundation of regenerative agriculture focused mainly on soil conservation. CA has been promoted widely, such as via the FAO, and has known benefits like reducing erosion and improving water retention. However, CA does not explicitly encompass the broader goals of biodiversity or socio-economic aspects that regenerative agriculture does. Also, CA can be (and often is) implemented in conjunction with conventional inputs (e.g., no-till with herbicide use to kill cover crops, rather than rolling or grazing). Schreefel et al. note that RA’s “entry point” is healthy soils and environmental issues balanced with social values, whereas circular agriculture (another concept related to resource reuse) focuses on closing resource loops (4R: reuse, recycle, etc.)cdfa.ca.govcdfa.ca.gov. RA and CA share many methods, but RA tends to emphasize a holistic, systems-level change, whereas CA can sometimes be adopted as a set of practices without fundamentally altering the farming philosophy. Indeed, one study cautioned that simply adopting individual practices (like no-till alone) under a conventional mindset may not yield the full benefits seen in regenerative case studies – a systems-level shift in mindset and management is neededpubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov.



Given these overlaps, some critics worry that “regenerative agriculture” could become just a buzzword or repackaging of existing practices. The term’s popularity has indeed surged, and with no strict definition, different actors interpret it differentlycdfa.ca.govcdfa.ca.gov. However, the growing body of scientific research is helping to clarify what RA, as implemented by leading practitioners, generally entails and achieves. The British Ecological Society (BES) in 2025 convened over 40 experts to assess the evidence on RA, implicitly defining it through five core principles (discussed in the next chapter) and evaluating eachhutton.ac.ukhutton.ac.uk. They concluded that regenerative farming, especially when multiple principles are combined, can indeed improve soil health and biodiversity significantly, aligning with its theoretical promisehutton.ac.uk. Notably, the BES report emphasizes context and system thinking: “There’s no one principle that delivers clear change on its own... A good understanding of the context of the individual farming system is required, and multiple principles ideally need to be adopted.”hutton.ac.ukhutton.ac.uk. This reinforces a core theoretical stance of RA: holism. The farm system is complex, with many interacting components (soil, plants, animals, atmosphere, human management). Changes in one part (e.g., eliminating tillage) will have cascading effects and may need complementary changes (like cover cropping to compensate for weed control and soil cover). Therefore, RA theory treats the farm as an integrated whole, requiring a synergistic application of practices guided by adaptive management.

2.4 Outcome-Based Approach and Adaptive Management

A distinguishing philosophical aspect of regenerative agriculture is its outcome-based approach. Rather than prescribing rigid dos and don’ts, RA encourages innovation and adaptation as long as the management leads toward improved outcomes in soil health, biodiversity, etc. This is why RA is sometimes described as more of a “movement” or “framework” than a specific set of practiceslink.springer.comlink.springer.com. In some sense, it’s analogous to the way “integrated pest management (IPM)” is defined by goals (minimize chemical use, keep pests below thresholds via various tactics) rather than specific recipes. For example, a regenerative grain farmer in France might use cover crops and reduced tillage with some synthetic nitrogen when needed, whereas a regenerative grain farmer in Nebraska might be 100% no-till with diverse cover crops and cattle integration. Both can be considered to practice RA if their management is regenerating soil and ecosystem function. This outcome focus is gaining traction even among corporations and policy circles, which talk about “outcome-based metrics” for regenerative sourcing—such as increases in soil organic carbon or biodiversity on farms, rather than checking off whether a farmer used practice X or Y.

Adaptive management is inherent to this outcome-based philosophy. Farmers are encouraged to observe their land, measure changes (soil tests, biodiversity counts, etc.), and adjust practices accordingly. Tools like soil health tests (e.g., the Haney test for soil microbial activity and nutrient availability) are promoted for regenerative farmers to track progress beyond what conventional NPK tests showlink.springer.com. An adaptive approach resonates with ecological theories where continuous feedback and learning are essential due to system complexity. RA thus often involves a cycle of innovation: a willingness to experiment on a small scale (say a few acres of new cover crop mix or grazing pattern), monitor results, and then scale up what works. This experimental mindset differentiates RA from more formulaic approaches and explains why many pioneering regenerative farmers are known for their on-farm trials and openness to new ideas. It also underscores why knowledge-sharing networks (farmer-to-farmer learning groups, field days, conferences like Groundswell in the UK or NO-TILL on the Plains in the US) are vital in the RA movement. The complexity of ecological interactions means no one expert has all the answers; progress comes from a community of practice collaboratively figuring out solutions, guided by core ecological principles.

In summary, the theoretical foundation of regenerative agriculture integrates the sustainability paradigm (with its triple bottom line of environmental, social, economic goals) and pushes it further by explicitly targeting the regeneration of degraded resources. It aligns closely with agroecology and draws from organic farming’s ethos, but is distinguished by being outcome-oriented and holistic. RA’s conceptual pillars include improving soil health as a keystone, boosting biodiversity (both below and above ground), enhancing resilience to climate and economic shocks, and leveraging natural processes to provide ecosystem services that benefit both agriculture and the broader environmentlink.springer.comlink.springer.com. As we move to the next chapter on key principles, these theoretical concepts will translate into actionable guidelines that farmers follow in regenerative systems.

(In the following chapters, we will occasionally refer to these theoretical ideas—for instance, noting how a particular practice improves an ecosystem service or builds resilience—as we connect theory to practice.)
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