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[bookmark: _Hlk157771731][bookmark: _Hlk148019493]Abstract

Analysts and advocates of farmers and farms characterised as practicing ‘regenerative agriculture’ typically focus narrowly on some aspects of the phenomenon they are keen to promote – this is not ever the whole system. Regenerative agriculture’s proponents do not consider the whole system, especially the economic and financial viability of the business. Farm businesses, which are regenerative, which can and do regenerate by passing from generation to generation, are ultimately what matters to many farmers. To regenerate the farm business, farm owners and managers understand and manage well all the bits and pieces of the business under their control, including those with major economic and finance implications for survival and success. Blinkered, partial farm analysis may help identify elements of the problems to be mastered to achieve the goal of regenerating the farm business, but this alone is not enough. The whole farm approach to regenerative agriculture is needed.

Keywords: regenerative agriculture, farm business management, whole farm approach, farm economics, farm systems.

Introduction

Running a good farm business is about combining all the key 'bits and pieces' that affect the farm business and those parts of its environment that the manager can influence or control. The bits and pieces comprising and affecting a farm business are (i) the human resources (family and non-related); (ii) natural, physical, and technical resources; (iii) economic and financial capital; (iv) the risk dimension; and (v) factors beyond the farm like weather and markets and policies and external costs and benefits affecting the rest of society. 

These bits and prices that comprise a farm business include a physical and biological mass called soil. The farmer attempts to grow natural things called plants, which are harvested by animals or machines to turn them into food or beverages or fibre. When climate, rainfall timing and frequency or infrequency, and the ups and downs of output and input markets are added to the farm biological systems and all the rest, the whole farm system is complex. Many other and different forms of business have more control, with specific inputs subjected to a measurable and set process to produce outputs, pre-determined in quantity, time and cost (known and certain production functions). 

No such certainty is available for a broadacre farm business. In addition, no part of the farm business is more complex than the human elements. Before commenting on, advising or criticising the managers of any farm business, it is prudent to ask: Why are these people farming? Why this farm? Why this way? What are the histories, visions, aims, aspirations, hopes, and expectations driving these farmers? What are the anchors, constraints, fears, and ghosts of past failures holding them back? Farm systems of all shapes, forms and sizes comprise these same bits and pieces, albeit coming in combinations of vastly different qualities and quantities. 

Despite a century of established farm economic understanding and approaching a century of ‘System Theory’, partial approaches to farm analyses, decisions and management are ubiquitous. These approaches commonly treat farm businesses as economics-free zones. By using a mix of emphases that includes only some of the farm bits and pieces, the partial farm analytical approaches produce information and advice that has a good chance of compromising achieving the goals of farm business survival, efficiency, liquidity and growth, and the often-important goal of continuation into subsequent generations, called succession or regeneration.

In employing the partial analytical approach, some farmers and their advisors over-emphasise a single input to production, such as the state of the soils and all that is in them; or over-emphasise predominantly technical considerations of crop or animal yield; or focus on increasing genetic potential of livestock without concomitantly lifting the environmental constraints to the expression of that potential; or use averages or poorly thought-out counterfactuals in evaluating alternative futures; or are oblivious to risk implications – all done unwittingly at the expense of the chances of achieving their goals. The whole farm economic approach, which has the discipline of economics as the core discipline (Dillon and McConnell, 1997; Malcolm, 2006; Malcolm and Makeham, 1981), does things better. 

[bookmark: _Hlk157771964]In this paper, the focus is on understanding how all the bits and pieces that make up a farm business are combined in such ways that the owners of the ‘bits and pieces’ manage to achieve a good many of the goals they have from going farming whilst meeting the expectations of the society which is home to the business. 

An attempt is made to combine the many threads that proponents claim is the most important but need to be woven to create the patchwork cloth, the individual family farm business. Those threads may be described as organic, bio-dynamic, regenerative, sustainable, alternative, wholesome, holistic, time-controlled grazing, carbon farming, etc. Claims will be made that if you just get this bit right, pastures of plenty await. Declarations follow that it is vital to concentrate on the genetic improvement of animals[footnoteRef:3], specific grazing systems, stocking rate, minimum tillage, no-tillage, or stubble retention. There is the answer, is the claim - and the list goes on.  [3:  For a critique of this particular view, see Shephard and Malcolm (2019). ] 


Some of these ‘answers to everything’ acquire cult status with devout followers. The central tenet of this paper is that if the results of partial analysis of farm systems, such as is done by proponents of ‘regenerative agriculture’, are considered to be the whole ‘answer’, then the framing of the question is wrong. Framing the question properly means the question has a thorough understanding of farmer goals and the knowledge that ‘answers’ to farm management questions come from working on and understanding deeply all the essential elements and forces that make up and affect the whole farm system. 

The argument mounted in this paper is that farm management economics is 'system analysis', but 'system analysis' as currently 'understood' by most protagonists is technical and partial because 'system analyses' that are widely applied more often than not are devoid of people and the principles of economics and finance and risk, capital and business management, and effects external to the farm and of the farm. These missing components all have significant roles in performance, all have to be managed, and all are a part of sound farm management analysis and decision-making. 

This combination of many things, within and beyond farms, under and beyond the farmer’s control, determines the current state of farm systems and whether farm businesses are to be able to regenerate and continue over generations, meeting the current needs of the farmers and the citizenry without compromising the chance of doing the same for future generations of farmers and the citizenry.

[bookmark: _Hlk157771646]Systems and Whole Farm Management Analysis

[bookmark: _Hlk157771993]Ludwig von Bertalanffy’s (1950, 1951) ‘General System Theory’, the science of ‘wholes’, emerged from work that started in the 1930s and 1940s and was later formalized in Von Bertalanffy (1968, 1973). In sum, von Bertalanffy was saying, 'Enough with reductionist methods, what about the operation of whole phenomena?’ - the whole that we cannot explain by knowing only about its inter-related components and cannot explain either by knowing only about how the parts of the whole are linked.  

The old saw 'The whole is more than the mere sum of its parts' refers to the idea that the whole cannot be well-explained by looking only at characteristics of essential individual parts – but there is more. Knowing about the parts of the whole phenomenon and the links between the parts is necessary but not sufficient to explain the whole. Also needed is an appreciation of and understanding of how, once the parts are linked, they operate as a whole and how the operation of the whole affects the parts. For example, in crop farming, the soil and its management affect the crop, and the crop affects the farm profit; the farm profit affects the crop, and the crop affects the soil; and in a mixed enterprise system, the soil and crop affect the stock, which in turn affect the soil and crop in ways which are difficult to measure.

As von Bertalanffy (1968) put it, 'The characteristics of the whole phenomenon, taken as a whole what was previously seen in parts,’…. ‘therefore, appear(s) as new or emergent...’. That is, initially knowing some of the parts, then seeing these in their proper place within the whole, we see anew. Seeing the whole is (too) often revelatory. Wide-eyed. Blinkers off.[footnoteRef:4]  [4:  There is a distinction here to do with the difference between the needs of science and research and that of practitioners, such as managers of farm businesses, managing and solving the real-world problems that they confront in the day-to-day pursuit of their goals. From science, Leeper (1959) argued cogently against what he saw as a disturbing tide of holism in scientific research, rejecting as absurd the notion that you cannot say anything about anything until you know everything about everything. 'How then?" he asked 'Can Knowledge begin?' Eminent agricultural economist Ross Parish was another critic of inter-disciplinary approaches to research, this time because it seemed to him too often to mean, in practice, 'no discipline at all!’] 


As always, progress in system thinking will be based on rigorous disciplinary science - knowing about the parts in their own right - as the key. In contrast, rigorous interdisciplinary system constructions remain the key to solving the whole problem. As Dillon (1976) said: the world does not come to us in disciplines. Hence, the mantra in farm management economics and farm system research is that ‘Solutions to problems of parts are not solutions to problems of the whole’. The whole phenomenon cannot be understood or explained from the behaviour of its parts in isolation. 

These observations lead directly and inevitably to the scholar Kenneth Boulding, intellectual heir to von Bertalanffy and one of the 20th century’s most highly regarded economists. Boulding knew much about economics, its strengths and limitations, and what economics and economists could and could not explain. He knew a ‘System’ view of the world and a ‘System Approach’ to problem-solving was the path to progress. Building on Von Bertalanffy’s General System Theory, Boulding wrote ‘General Systems Theory: The Skeleton of Science’[footnoteRef:5]. He held that given what can be known and cannot ever be known, when seeking answers to questions and problems, somewhere between approaches that are so general that they are devoid of content and approaches that are so specific that they can explain but a fraction of all that is happening, there is an ‘optimum degree of generality’ of disciplines and knowledge to apply. This way, solutions sufficiently right to be valuable and useable emerge, and pathways to betterment are illuminated.  [5:  Boulding, in a footnote to his General Systems paper, explained: The name and many of the ideas are to be credited to L. von Bertalanffy, who is not, however, to be held accountable for the ideas of the present author. For a general discussion of Bertalanffy’s ideas see General System Theory: A new Approach to Unity of Science, Human Biology, Dec. 1951, Vol.23, p.303-361.
] 


Nevertheless, system thinking is hard, and turning the thought into practice in a mixed farm enterprise farm takes more work. This is partly because farmers engage in enterprises that they enjoy and or are good at, and their wants of choice override the system's needs. Recalling thinking about ‘System’ brings to mind the hackneyed fable about the visually impaired describing an elephant: 

Six people who cannot see are brought before an elephant. Each touches a different part of the elephant. 

Going on with what they have learned from their exposure to the elephant, they are as sure they are correct as their fellows are wrong. Pundits all: often wrong, but nary in doubt!

It was possibly with this fable in mind that Kenneth Boulding, in his guise as a System Theorist and writing his own General Theory of Systems, talked about the need for 'generalised ears' so disciplinary specialists could speak to each other and counter the 'specialised deafness' of much problem-solving effort. Scientist specialists in each discipline carry on regardless, oblivious to all the bits of the world they know little about: in the right in their domain, in the wrong about the whole system. The information we have about the world, or a farm system, is but a fraction of the potentially relevant information, yet disciplinary specialists use their knowledge about the bit of the whole farm they know about to hold forth about the operation of the entire farm. There is always more to it. Thus, knowing what we do not know and acknowledging what is left out, is the way to start to ask the right questions. 

In authentic system thinking in a mixed farming enterprise, we need to learn much about the negative or positive relationships of the interrelated enterprises. Much of what we are sure about is deluded, mistaken, and wrong. On a dairy farm, it is easy to see if you made the right feeding decision yesterday. The result is measurable in the milk in the vat. On a cropping farm, the relationship between a management intervention in a paddock of crop and the effect on the condition and performance of that paddock within the crop year is often observable and measurable. 

However, the relationship between management intervention in one crop year and the state of the paddock between years becomes complicated. Measuring the relationship between a management intervention and its effects on a paddock basis in broadacre cattle and sheep farming becomes tricky. To take this further, a cropping farmer may claim that sheep reduce crop yield because of the negative impact of compaction. That may be true, but taking sheep out of the system may increase the whole farm's exposure to income risk or increase the cost of crop production, where artificial nitrogen is used to replace the legumes on which the sheep grazed. 

Systems lend themselves to categorisation, about which other systems theorists have had their say. Ackoff (1971) saw systems as able to be classified as being static or dynamic, open or closed, abstract or concrete, deterministic or stochastic. Dillon (1992) saw a farm as a 'purposeful system' made up of several sub-systems, namely: 
· goals and values sub-system
· technical sub-system
· informal structural sub-system
· formal organisational structure sub-system

These sub-systems intersect, and with ebbs and flows of inputs and outputs of materials and energy, information and influence, form the management sub-system. In almost a last word, Dillon recommended thinking about purposeful farm systems as being:
· Goal setting
· Open
· Stochastic (involving changes as a result of human choices and environmental changes)
· Dynamic
· Aimed at producing food and fibre
· Complex

The first step when starting a system analysis is to delineate the boundary fence of the system and then identify the influences from over the fence. The following steps are the goals, the resources, the sub-systems, the risks and, critically, how to judge the system's performance.

When discussing the imperative of seeing the farm as an entire system to understand and manage it to achieve goals, the system's openness is one of its key features - as farmers know well. The farm system is part of larger systems. Factors external to their farm boundaries are out of their control and can have the most significant effects on the performance of the farm and the attainment of goals. Nevertheless, it is not one-way traffic. The openness of the farm as a system to the external world means the farm also affects the surrounding environment and people. Maximum welfare of society is achieved when producers and consumers consider all private and external costs and benefits such that, in theory, an activity's marginal social cost equals its marginal social benefit, delivering just the right amount of private and public benefits for just the right amount of private and external costs. 

Thus, farming system analysis requires not only what is happening within the farm's boundaries to be accounted for and managed but also the effects the farm is having on the environment. People beyond the farm are included in the sums being done. An evident and pertinent example: with the farm being run to achieve the farmer's goals, external costs such as carbon dioxide equivalents must be part of the farm budget. The whole farm approach counts private costs, benefits, and external effects.

Elaborating on the art of systems analysis, Rountree (1977) cited Hoag (1973) on the art of systems analysis as saying that perhaps the most essential quality the systems analyst needs is: ‘The imagination to perceive an important problem before others have become aware of its imminence, and the inventiveness to devise novel alternatives for its solution (Rountree, 1977 p.252). 

Rountree went on: ‘Research and knowledge in agriculture cannot be based on the bare reporting of information or on the synthesis of beautifully logical ideas. The role of the systems framework is to combine the two’ (Rountree, 1977 p.253). The system framework of thinking is the bridge between generality and detail, requiring imagination and analysis, balancing the disciplinary and interdisciplinary knowledge brought to bear on the question. (Rountree, 1977 p.253). 

The system approach can be summed up as ‘it is better to solve the whole of the problem roughly than part of the problem precisely’, which is closely akin to sentiments expressed by earlier thinkers, viz:

[bookmark: _Hlk155690649]Carveth Read, in the 4th edition of his book ‘Logic: Deductive and Inductive’ published in 1920, wrote: ‘It is better to be vaguely right than exactly wrong.’

Attributed to Lord Keynes:. ‘It is better to be approximately right than precisely wrong’.

However, Aristotle said it first: ‘It is the mark of an educated mind to rest satisfied with the degree of precision which the nature of the subject admits and not to seek exactness where only an approximation is possible’. (Nicomachean Ethics, Aristotle in 23 Volumes, Vol. 19, translated and edited by H. Rackham. Cambridge, MA, Harvard University Press; London, William Heinemann Ltd. 1934.)

This paper is written in response to the rising tide of much so-called farm management analysis and understanding and, alarmingly, farm management advice and decision-making, epitomised presently by the writings and advocacy of ‘regenerative agriculture’ disciples. As K.O. Campbell wrote in 1955:

By training, our agriculturalists have been conditioned to look at the farm business in terms of ….morselization – the splintering of farm activities into distinct parts – rather than as an integrated entity functioning within defined resource limitations (pp.255-256).
As noted despairingly by Malcolm (2006) and elsewhere, frequently and still the case, there is a dispiriting abundance of examples where ‘the economics’ are an optional extra to farm analysis, where farm economics is done wrongly, if done at all. We could aim here at agricultural extension programs or long-running agricultural system models purporting to be about the whole farm in which the technical system is modelled with the utmost and impressive rigour and the other bits – the mere people, economics, finance, risk, capital – if acknowledged at all, are half-baked add-ons that are fundamentally flawed and would even be comical if it were not so severe. 

In this paper, though, the focus is on the march of one of the farm management ‘partialist brigade'. This army marches under the 'regenerative agriculture' flag – whatever that may be. As is their wont, like the post-modernists, the disciples of regenerative agriculture will make of it what they wish. 

Getting the management of the human and natural, physical, and technical bits and pieces right is an absolute requirement to achieving goals in farming. But more is needed. More is required to stay in business and be efficient, liquid and growing, managing the risk and uncertainty and getting the business culture right. For this, the whole farm economic approach is needed. Economics is the discipline of making choices. Farm economics is an integrating discipline; it is the core discipline of farm analysis, decisions and management. The key to the success of the whole farm economic approach is that it brings the balance of emphasis on the farm bits and pieces that are most apt to making the decisions and solving the problems at hand. 

The partialist analysts and advisors violate the primary mandate of farm management economic analysis, which is to start with the farm family and the reasons they are doing what they are doing: critical elements of the business culture. High on that list of reasoning is that farmers are doing what they are doing to keep on doing it for current and future generations of farmers. The iron law of capitalist farming is that farm businesses have to make something that can be sold for a value that exceeds the relevant costs of making it over the medium to long run, i.e., making a living doing something they love. 

Another inconvenient requirement is that other businesses that lend capital to farm businesses require the loan capital back at some future time and with interest paid. Advisors and advocates of changing farming for the better ignore the role of making a living at the peril of their target audiences.

The reality remains: each farmer and farm business is unique, with different emphases on the various bits and pieces combined to make the farm work. Farms are run how they are because farmers prefer farming the way they do, hoping to achieve their goals satisfactorily, knowing that goals have trade-offs. A goal of most farmers is to continue to own and run their businesses. Doing this requires, among other things, getting right each of the economics (profit, return on capital efficiency), finance (cash flow, debt servicing, gearing, growth, wealth), and risk management.

The brutal fact is that the imperative for a farm to stay in business with its resources in good and improving shape for the time that is consistent with the owner's goals - the meaning of being sustainable – means that the bills have to be paid (Finance), a return on the invested capital has to be earned (Economics), wealth has to grow (Economics and Finance), and all the while the risk and uncertainty that comes its way has to be managed effectively. This has to be done under the one surety of farm analyses, decisions, and management: Uncertainty is Trumps. As ever, the future - what will happen on and in the farm business, and why - comes shrouded in Arrow’s clouds of vagueness (Arrow, 1992[footnoteRef:6]).  [6:  Nobel laureate Kenneth Arrow - in ‘I Know a Hawk from a Handsaw,’ in M. Szenberg, ed., Eminent Economists: Their Life Philosophies, Cambridge University Press (1992) - said: ‘It is my view that most individuals underestimate the uncertainty of the world. This is almost as true of economists and other specialists as it is of the lay public. To me our knowledge of the way things work, in society or in nature, comes trailing clouds of vagueness … 
] 


Critically, getting all the bits of the farm system and its surroundings right enough – success - will be unattainable if the business culture is not what it needs to be and is not tended to with loving care.
[bookmark: _Hlk157771666]
The New Partialists: Regenerative Agriculturalists
[bookmark: _Hlk157772035]
The argument to follow is that the term ‘regenerative agriculture’ has many meanings and interpretations, just as the meanings and interpretations of words such as 'sustainable', ‘alternative agriculture’, ‘sustainable development', 'farming systems' and ‘conventional agriculture’ are manifold. When a new adjective describing a phenomenon becomes used widely, such as 'sustainable agriculture' or, more latterly, 'regenerative agriculture,' users of these terms have in mind what is happening within a farm. In contrast, others see the term as being about the environmental and economic system within which the farm operates.

Here is not the place, nor the space, to indulge in the debate about what regenerative agriculture might be in practice. Many have tried. A brief literature scan reveals hundreds of definitions, differing across organisational units, some based on principles, some more akin to philosophy. Several authors are cited below to give the definitional issue range a flavour.

Tittonell et al. (2022) explain:
[bookmark: _Hlk149645632]
Regenerative agriculture (RA) is an agricultural practice that regenerates soils, natural resources, landscapes and ecosystems. The term was coined by Gabel (1979), and, as explained earlier, it was later articulated by Rodale (1983) in the definition of ROA. The publication of Francis et al. (1986) is perhaps the first to mention the potential for RA in the developing world. However, the term has resurged in the last decade and gained momentum worldwide across academics...’(p.4)

[bookmark: _Hlk149645660]Tittonell et al. (2022) say boundaries between categories or definitions are best seen as ‘fuzzy’.  ‘A continuous gradient or a “palette” would probably be better to describe the diversity of RA approaches that exist in reality’ (p.14).

The latest review of the literature about regenerative agriculture by Khangura et al. (2023) is exceptionally detailed in its coverage, referencing over 400 papers. Their insights and conclusions, whilst supporting those mentioned above, warrant recording here.  Khangura et. al. (2023) say:

The fundamental principles of RA are to keep the soil covered, minimise soil disturbance, preserve living roots in the soil year round, increase species diversity, integrate livestock, and limit or eliminate the use of synthetic compounds (such as herbicides and fertilisers). The overall objectives are to rejuvenate the soil and land and provide environmental, economic, and social benefits to the wider community (p.1).
RA is not a completely new farming system; rather, it incorporates features from established sustainable agricultural systems with the primary goal of restoring soil health in order to revitalise degraded land and bring environmental, economic, and social benefits to a broader community (p.26).

These authors too lament the absence of a ‘globally agreed’ definition of regenerative agriculture. They note the challenge this creates for researchers trying to assess the benefits of it. They also note that there is good science evidence for a number of the methods espoused as being part of regenerative agriculture, such as improving soil organic carbon which enables nutrient cycling and maintains plants and the microbes in the soil. 

They noted that the literature puts the case that ‘agricultural practices such as minimum tillage, residue retention, and cover cropping can improve soil carbon, crop yield, and soil health in certain climatic zones and soil types’ (p.1), while over-use of synthetic chemicals ‘can lead to biodiversity loss and ecosystem degradation’ (p.1). They continued:

RA practitioners use a number of methodologies that combine biological and ecological systems to increase productivity and restore landscape function. The overarching goal is to capitalise on natural processes, including by doing the following:

1.     Capturing soil carbon through the photosynthesis of high-biomass-producing plants.
2.     Improving symbiotic soil microbiota–plant interactions.
3.     Using biological systems to enhance soil structure and water retention.
4.     Including livestock, with an anticipated positive impact on ecosystem services.

There is no universal approach; instead, these practices must be tailored to the specific farming and climatic environment in which they are used. Factors such as precipitation, temperature, soil type, farm enterprise mix, markets, and individual preferences must be addressed before implementing an RA system. Furthermore, RA is not organic farming and is not a prescriptive agricultural method. Rather, it is based on core concepts that assist individuals in implementing a variety of techniques on their properties in order to achieve the desired outcomes. Many of the practices used by RA farmers are well          established “good farming” practices that conventional farmers also use. Some RA practices overlap with other forms of sustainable agriculture practices, such as conservation agriculture, organic farming, low-input farming, climate smart agriculture, and carbon farming (p.3).

[bookmark: _Hlk169622940]To Khangura et al. (2023) the benefits of various regenerative agriculture practices depend strongly on particular agroecosystems and ‘may not necessarily be applicable across multiple agroecological regions’ (p.1). They recommended that to discern the benefits, ‘long-term farming system trials’ were needed to compare conventional and RA practices. 

[bookmark: _Hlk149645721]From the United States, Newton et al. (2020) said that despite ‘widespread interest in regenerative agriculture, no legal or regulatory definition of the term "regenerative agriculture" exists, nor has a widely accepted definition emerged in common usage (p.1). They reviewed 229 journal articles and 25 practitioner websites to characterise the term "regenerative agriculture’ (p.1.). They elaborated:

Regenerative agriculture is an alternative means of producing food that its advocates claim may have lower—or even net positive—environmental and/or social impacts….

	Table 1. Dimension of Regenerative Agriculture: Processes and Outcomes


	Processes
	
	
	
	

	Reduce tillage (or no-, minimal, conservation-)

	Protect/cover the soil

	Use cover crops

	Use crop rotations

	Use crop plant diversity (including intercropping)

	Incorporate perennials and trees

	Restore natural habitats

	Integrate livestock

	Use ecological or natural principles or systems

	Use no or low external inputs; maximise on-farm inputs

	Use organic methods

	Use natural pest control

	Use no synthetic pesticides

	Use organic fertilisers

	Use compost, mulch, green manure, or crop
residues
	
	
	
	

	Use no synthetic fertilisers
	
	
	
	

	Focus on localism and/or regionality
	
	
	
	

	Focus on small scale systems.
	
	
	
	

	Rely on farm labour, including for local knowledge
	
	
	
	

	
	
	
	
	

	Outcomes
	
	
	
	

	To improve ecosystem health (including
ecosystem services)
	
	
	
	

	To increase biodiversity
	
	
	
	

	To improve water health (e.g., hydrology, storage, reduce pollution)
	
	
	
	

	To improve soil health (e.g., structure, soil organic matter, fertility)
	
	
	
	

	To increase carbon sequestration
	
	
	
	

	To reduce greenhouse gas emissions
	
	
	
	

	To improve animal welfare
	
	
	
	

	To maintain or increase yields
	
	
	
	

	To maintain or improve farm productivity
	
	
	
	

	To increase crop health and/or resilience
	
	
	
	

	To improve food access and/or food security
	
	
	
	

	To improve food nutritional quality and/or human health
	
	
	
	

	To improve food safety
	
	
	
	

	To improve the social and/or economic wellbeing of communities
	
	
	
	

	To increase farm profitability
	
	
	
	

	To create a circular system and/or reduce waste
	
	
	
	



Our review revealed many definitions and descriptions of regenerative agriculture in usage. These were variously based on processes (e.g., use of cover crops, the integration of livestock, and reducing or eliminating tillage), outcomes (e.g., to improve soil health, to sequester carbon, and to increase biodiversity), or combinations of the two. Process-based definitions may imply that advocates or users of such definitions are open-minded about the possible outcomes of these processes. Similarly, outcome-based definitions may imply that users of such definitions are open-minded about the processes that may lead to those outcomes. 

Newton et al. (2020) included the material in Table 1 of the various dimensions of regenerative agriculture they discovered from the substantial review. Unsurprisingly, they found that only half the users of the term regenerative agriculture in the literature they surveyed had bothered defining or describing the term (p.6); that researchers and practitioners have used the term regenerative agriculture to mean many very different things (p.6).; and third, regenerative agriculture was conflated with and interchangeably with other terms, suggesting overlap (p.6).

Gordon (2023, and undated) dismissed the idea that regenerative agriculture can be grasped as a listing of practices, saying: Many organisations have started talking about the 'principles' of regenerative agriculture - but all they do is list a set of practices….Principles should instead reflect more fundamental truths about how we approach and perceive agricultural landscapes….The practices, on the other hand, are the actual application of those principles.

So what are the principles?
· Think holistically: The roots of regenerative agriculture stem from holistic thinking. This is because farmers conduct their work within nested, living systems - these cannot be understood without a holistic approach.
· Have an understanding of complex adaptive systems: To aid your holistic decision making, it is important that you understand how nature behaves in complex, often unpredictable and dynamic ways.
· Be comfortable in ambiguity: Do not try and control things, accept that we don't have all the answers, and probably never will.
· Have the capacity for continuous, transformative learning: We must mirror the reflexivity of our ecologies by continuously evolving as they do. Personal development is critical.
· Make place-based decisions, within bio-regions: Our decisions need to be specific to the uniqueness of the places and landscapes we inhabit. Follow your intuition; do not act on advice that claims universal relevance without questioning its validity.
· Understand that humans and cultures are co-evolving with their environments: We co-evolve with our environments on a biological level. But also on a cultural level. The cultural significance of landscapes needs to be reintegrated into land management approaches.
· Acknowledge and involve diverse ways of knowing and being in landscapes: Last but not least, empathise with other ecological perspectives. Integrate their wisdom into your own practice whilst holding fast to your personal ecological vision.
· Participate in cultural and ecological reconciliation

As a set of so-called principles, this listing reads more like ‘behaviours’ or ‘philosophical tenets’, most of which would not be unknown to successful farmers, albeit likely known by them in different language.

The recent resurgence in interest in regenerative agriculture prompted a thoughtful article by Geller et al. (2021). They asked about regenerative agriculture, what problems it solves and how. (p.1). Moreover, they pondered whether Regenerative Agriculture was a means or an end. They identified the two challenges most frequently associated with Regenerative Agriculture: restoring soil health, increasing soil carbon, and reversing biodiversity loss (p.6).

The argument of Geller et al. (2021) was summarised as follows:

Many practices promoted as regenerative, including crop residue retention, cover cropping and reduced tillage, are central to the canon of ‘good agricultural practices’. In contrast, others are contested and, at best, niche (e.g. permaculture, holistic grazing). Worryingly, these practices are generally promoted with little regard to context. Practices most often encouraged (such as no-tillage, no pesticides or no external nutrient inputs) are unlikely to lead to the benefits claimed in all places. We argue that the resurgence of interest in Regenerative Agriculture represents a re-framing of what have been considered to be two contrasting approaches to agricultural futures, namely agroecology and sustainable intensification, under the same banner. This is more likely to confuse than to clarify the public debate. More importantly, it draws attention away from more fundamental challenges. (p.1).

[bookmark: _Hlk157773144]In similar overall vein, Giller et al (2021) summed up:

Regenerative Agriculture will continue to struggle to differentiate itself from other forms of ‘alternative’ agriculture. In contrast, the practices with which it is associated will (continue to) vary little, if at all, from those in the established canon of ‘Good Agricultural Practices’.
[bookmark: _Hlk157772117]
Part of the argument in the rest of this paper is that proponents of regenerative agriculture, with their partial analyses of farm systems, fail to give attention to more fundamental challenges, viz sustaining the farm business for current and future generations.

Agricultural economist Tweeten was on board in 1990. Tweeten (1990) reported on the rise of regenerative agriculture as a concept – akin to prior terms of sustainable and alternative farming. For Tweeten, the defining characteristic of regenerative agriculture was its emphasis on conserving and improving a farm's natural resources while minimising synthetic chemicals and the loss of nutrients, soil, and water from the farm system. Tweeten noted the overlap between conventional farming and regenerative farming, saying that a good many practices delineated as being the province of regenerative agriculture, such as a focus on soils and minimum tillage, crop rotations, crop-livestock integration, conservative use of inputs, and water and soil conservation, were developed in conventional agriculture. 

Indeed, many sound modern practices go back to the Ancient Romans and are documented in the earliest writings about the basic rules of farming (e.g. Varro De re rustica 37 BCE); Cato the Elder’s De agri cultura ‘On Agriculture’ (161 BCE); Farmer and scholar Columella De re Rustica  (65 AD), lupins are the best fertiliser ‘for depleted vineyards and fields, for exhausted soils. Macerated and boiled, it provides good winter feed for oxen’.

Profitable regenerative farming?

When a description of a new way of farming becomes popular, comparisons follow based on physical characteristics like livestock carrying capacity, physical production from land, or soil characteristics, such as fertility or degradation. Sometimes, comparisons include the external costs of the different farm systems. Even rarer, but occasionally, estimates are made of measures related to economic performance (see Bennett, 2021). 

Usually, these latter efforts are flawed. Bennett (2021) documents comparisons of the economic performance of conventional versus alternative farm systems. None are theoretically sound. First, the people doing the analysis need to learn farm economics and not make up their version. This can often entail using technical ratios (benchmarks) of input to output, partial indicators such as gross margin per DSE or hectare, or even absurdities like 'profit/DSE. Furthermore, they usually ignore risk. Measures of efficiency, liquidity, growth, external costs and the risk associated with these measures define farm performance. Second, as every farm and farmer are unique, with unique resources, goals, and histories, the only feasible comparison is the performance of one farm with itself over time. More to the point and consistent with the whole system view, comparison between alternative ways of using resources should be from the perspective of total social benefits and costs, i.e., private benefits and costs plus positive and negative externalities.

A digression (maybe?): pseudoscience and regenerative agriculture

In a paper in 2011, Edmeades posed the query, 'Pseudo-science: a threat to agriculture? He commenced by citing Thomas Macaulay (1830), 'On what principle is it that when we see nothing but improvement behind us, we are to expect nothing but deterioration before us’. 

Edmeades went on to question if post-modernist philosophies, that gave credibility to ‘pseudo-science-truth’, are no more nor less than what you believe - was this a less than helpful development, a step away from the well-trodden paths of enlightenment and scientific rectitude?  Edmeades (2011) concluded, '…science must be asserted, and it must regain its proper moral high ground in society' (p.46), and cited Carl Sagan's 'The only antidote to pseudo-science is science itself' (p.46). 

Related to the observations above by Edmeades (2011), it warrants noting that ‘regenerative agriculture’ is sometimes described as a philosophy. Is regenerative agriculture what you believe it to be?[footnoteRef:7]  [7:  In this context of battles of philosophies, ideas, and practices and the continuing emergence of new scientific truth, Thomas Jefferson’s comment about seeking truth when establishing the University of Virginia in 1819 is pertinent, when he said, ' …this institution will be based on the illimitable freedom of the human mind, for here we are not afraid to follow truth wherever it may lead, nor to tolerate any error so long as reason is left free to combat it.
(Thomas Jefferson to William Roscoe, 27 Dec. 1820)
] 


[bookmark: _Hlk157772215]If the Whole System's Performance is to be Assessed, What Will be Measured?

The trite saying that one cannot manage what is not measured is only partly correct. To manage something, what is to be managed must be measured and understood. This includes recognising what is unknown and what cannot be known. 

[bookmark: _Hlk157772284]The focus on regenerative agriculture of recent times spawned literature comprising mainly; it often seems, lists of things to measure: Live canopy abundance; Living organisms; Vigor and reproduction of contextually desirable Functional Groups (FG); Presence of  Warm and cool season grasses, forbs and legumes, trees and shrubs; Contextually desirable and undesirable species,’  Litter abundance; Litter decomposition; Dung decomposition; Bare soil; Soil capping; Wind erosion; Water erosion and on it goes. There is no end to what could be measured.

In the context of measuring the state of nature on the farm, it is best if the measure tells something important. Questions arise. Having occurred and existing, what is the likelihood of the phenomena being identified and ‘diagnosed’? Assume the measure or test is linked to the problem (disease) whose existence we are interested in identifying and treating (say, a crop pathogen). The test for the presence of the pathogen is sensitive (say 95% of affected crops return a positive test result), and the test is specific (say 97% of healthy crops return a negative result). If the crop disease being monitored for is rare (say 2% of crops in the district are affected), and all 200 farms in the district are tested (of which four are truly infected), we can expect ten positive farm test results![footnoteRef:8] However, only 4 of these 10 are truly diseased crops; the six false-positive farms will waste chemicals, diesel, and equipment, cause stress, and consume precious management and labour time with treatments.  [8:    Test positives = true positives + false positives = 4 * 0.95 + 196 * (1 – 0.97) = 3.8 + 5.9 = 9.7 ~ 10 ] 


The race to apply sensors on farms to measure everything that moves and does not is compounding this problem; the risk of over-diagnosing problems is growing. Measurement and understanding are essential for good management. Is it a big problem? Will the benefits of fixing it exceed the costs? If the information is not actionable, then why test for it? 

The measures of elements of the farm system that are relevant are those that inform diagnosis and action, i.e., measures as diagnostic tests. Relevant information (measures) tells the analyst about the state of a system component that, taken with similar knowledge about other phenomena that make up the whole, helps the analyst to piece together a picture of the state of the whole. 

Three traditional main measures that are actionable are the ones that indicate the performance of the whole farm system, now and in future. Some such indicator(s) of external effects are:
· Efficiency as shown by operating profit as a percentage of the total capital involved in producing the profit
· Liquidity (ability to meet cash obligations) as indicated by the annual net cash flow after debt servicing.
· Yearly growth in wealth as indicated by the addition to equity from the year's farming activities.
· External effects on the natural environment: Nowadays, net annual emissions of carbon dioxide equivalents need to be known to be held accountable for external costs to society from farming activities.
· The business culture is not as measurable as the above indicators. However, it involves many facets and requires close observation and insightful interpretation of the business's operation and dealings with external commercial entities and people. On the people front, while keen observation and thoughtful evaluation of family and staff values and behaviours tell much, measurables about staffing, such as turnover, difficulties in recruitment and legal issues, are part of the story.

As ever, measures of the annual performance of the whole system lack meaning until they are seen considering the riskiness associated with producing this performance and how this risk sits with the farmer's attitude to risk.

The most critical questions about 'measures' of the state of a business must be seen in the light of the way the indicator measured links to the farmer’s goals:

(i) The goal is growth without too much risk.  Does the measure link to these components of the diagnosed system's 'state of health'?
(ii) The goal is efficient use of farm capital and paying the bills. Are the measures, say, a low return on capital or illiquidity, sensitive indicators of the 'state of health' of these business features? e.g. a high proportion of farm businesses in 'poor health' exhibit similar results to the low return on capital or illiquidity measure in question. 
(iii)  Are the measures, say, low return on capital or illiquidity, specific indicators of the state of affairs (e.g., a high proportion of farm businesses in good health return a negative test)?
[bookmark: _Hlk149835386]The point here is that the empirical information measured about the farm system has to have purpose, meaning, and link to their contribution or hindrance of farmers achieving their goals. The art of successful management requires the astute manager to observe the point at which to intervene.

[bookmark: _Hlk157771700]To Regenerate Farming

[bookmark: _Hlk157772371]The point of this paper is not to debate the good and bad of regenerative agriculture, aside from noting that much of the good intersects with what is also much of the good of conventional agriculture, but to argue the case that the components of farm systems that are most commonly identified as being predominant within the bailiwick of the aims and practices of regenerative agriculture – improving the natural resources farmers manage - are necessary but not sufficient conditions for being able to achieve the goals of the owners of these farm systems and society. 

Achieving the goals of farming, be it conventional or regenerative agriculture, requires first that control is retained by the owners of the resources intended to be improved. The business continues as a going concern, stays in business, and regenerates.  Continuing to farm requires that the owners/managers run the farm efficiently (profitably); the business is liquid (pays the bills); wealth grows (to remain competitive and resilient to farming's adversities); and the risks and uncertainties are managed and acceptable. Doing all this is only possible if business culture makes it possible. 

Common to these aims is the imperative to increase the productivity of the farm, without which the cost-price squeeze of agriculture and the superior competitiveness of your local and worldwide competitors will make the going too challenging to continue. Further, farming efficiently and staying in business needs to be done without causing net external costs to society. Farm businesses survive by being efficient, liquid, growing, managing risks, having a good culture, and mitigating or being accountable for the negative externalities they produce.

[bookmark: _Hlk157772418]The word regenerate means (amongst other things) to re-create, re-constitute, or makeover, especially in a better condition. At any time in farming, some farmers desperately try to hang on in the face of severe drought. Some are trying to educate children. Some are working to build the business to enable succession. Some see increased biodiversity or farming carbon as a part of their future. 

Throughout history, the challenges of restoration work on farms have been monumental, repairing the damage done by rabbits, poor farming methods, excessive and inappropriate clearing of land, soil erosion and salinity – too often the result of ill-advised government closer settlement and irrigation schemes. Most farmers will claim that they want to leave the farm in better condition than when they took it over, so if successful, will they have been practising regenerative farming? Compared to much of the past century, the country has never been in better shape or hands.

Semantics aside, more concerning are the practical implications of the rise of the ‘emerging regenerative agriculture movement’ and the consistency with which members of the movement are guilty of partialism in farm analysis – seeing part of a whole situation and proposing solutions to that part without the simultaneous inclusion of all the missing bits and pieces such as economics analysis and business survival. This approach to analysing how a farm is performing and how it could perform suggests the whole is poorly understood, or maybe reflects some vague hope that by doing something about the part that is considered central to 'The Regen Movement' with luck, there will be something good in it for the whole business and those running it as well. 

The argument here is that it is possible to do better: it is called the whole farm approach to farm management analysis. Indicators of farm performance that derive from this approach to investigations will tell whether a farm business has prospects of being truly regenerative for generations to come.

Management is the art of combining the resources at your disposal (marshalling) and using those resources to achieve agreed goals in an agreed time. In a family farm business, unless those goals consider the human, economic, financial, physical, risk and cultural aspects of the enterprise, it is unlikely to be able to regenerate. 

The farm manager needs to be able to regenerate the business's resources, re-create, re-constitute, or makeover, especially in a better condition. The lives of people, machinery, and ways of doing things are short; repairing, replacement, recreation, and renewal are imperatives of farm business survival from generation to generation, not a choice. Continual improvement and continual learning about the whole farm system are crucial to survival and success in the farmer's world of regular, rapid change.

There are many paths to farming's pastures of plenty. There are many different combinations of emphases and time horizons involved in the tricky balancing act of (i) using and conserving the natural and financial resources of farms and (ii) ensuring the survival of farm businesses with agricultural landscapes populated by healthy, happy people and animals, atop soils which stay in place, with improving vitality. Prioritising short-term profit and cash and overlooking the natural resources cannot deliver long-term success; neither can the obverse of this. The resource conditions and financial condition of the business are complementary.

Regenerative farming advocates preach 'thinking holistically' and, at the least, will use pasture cover crops, rotationally graze livestock and practice minimum tillage. These practices and others will help improve soil characteristics such as water-holding and water-use and carbon content. Conventional agriculture, too, emphasises retaining topsoil, improving water retention and use, supporting carbon sequestration and so on – amongst many other things on the comprehensive 'must-do list' if the business needs to pay its way. Notwithstanding the difficulty of achieving goals in farming like farming forever, most farmers are highly motivated to achieve just this for themselves and, sometimes, for the subsequent generation. 
[bookmark: _Hlk157772449]
[bookmark: _Hlk155705254]To regenerate in farming is to survive in farming for at least the careers of the farmers, sometimes more. Stephens (2020) and Stephens et al. (2022) asked, 'Why and how, in some cases, has the same family operated a farm for generations, and why and how do other such family farms cease to continue in the same ownership’? The study investigated the intergenerational succession of family farm businesses in which there were three main aims of family farm business owners (Kaine et al. 1997). The definition of the three main aims used was:

• Provide adequate for the retirement of the owners

• Pass on to heirs a farm that has reasonable prospects of being a sound economic the proposition is financially viable, can cope with the risk and uncertainty, and has the potential for the necessary future improvements in productivity and growth of wealth that is necessary for the farming child or children

• Provide a share of resources for the non–farming children that they consider being adequately commensurate with their entitlement and that they are content with that share.

Achieving these aims means a business is meeting aspirations of regenerating.

After an initial survey of professionals advising 6300 broadacre farmers, from 100 extensive, detailed records of the historical performance and changes to farming businesses, Stephens (2020) conducted sixteen whole farm business case studies. The cases were chosen from businesses that Stephens knew (nearly) all about – their history and how they operated and performed. In the cases in which these three main aims of farm family businesses - the business regeneration principles - had been achieved, the characteristics that enabled this to happen were as follows:

[bookmark: _Hlk157772650](i). The controlling generation set out to achieve the goal of regenerating. To do this, they had well-defined goals and worked hard to achieve them. They:
· Employed and retained the best people available
· Provided choices for following generations
· Expanded the capital base of the business in real terms.
· Ensured family cohesion within and between generations,
· Managed expectations of individual family members.

These measures can be summed up as building a business culture that fosters the growth of the critical resources of the people and the owned and managed capital.

(ii). The family accepted that the succession plan will always be a work in progress because:
· People change their minds
· Die unexpectedly
· Unexpected circumstances external to the business, including poor seasons markets and government policy can create an environment that results in setbacks in the execution of the plan.

(III). The family ensured that the people in the business consistently focussed on and performed at a high level to achieve the three main aims.

(iv). Many things the people in the case study business did were difficult to quantify precisely, but some measures of family and business actions could be measured. These measures included:
· The family had a history of achieving the three main aims.
· Control was given to the next generation at a young age (younger than mid-30s).
· There were periodic injections of family capital to aid succession.
· The family had clearly defined succession growth goals.
· Siblings worked together to build a business that could become two or more businesses.
· Off-farm income contributed to enabling succession.
· The family increased farm size by increasing livestock numbers, leasing land to carry them, and using the accumulated increased livestock as collateral for further land purchases. Alternatively, more fully used surplus capital capacity, such as machinery, by leasing land, cropping it, and building equity.
· The family readily bought land and sold it, too.
· Share farming and leasing assets were a factor in enabling business growth.
· Livestock stocking rates of the businesses were at the higher end of stocking rates for their form of production.
· The family branched out and started an extra new business.

Common to the farms that did or will remain in the family was that over decades, they had strived for and achieved efficiency, liquidity and growth while managing risk and uncertainty. From these cases, the conclusion was that no single step or strategic act would ensure the three main aims would be achieved, and the business would regenerate, nor would the absence of some of the actions listed mean that the three main aims would not be achieved. 

[bookmark: _Hlk149645828][bookmark: _Hlk149645841]The most important feature of the farm businesses that achieved these aims was that control was handed over at a young age in all businesses that would continue. Calus et al. (2008) points out the critical importance of having a successor ready to take over. Seventy-three per cent of those families in which the three regenerative aims were achieved had a long history of successful succession. They started involving the next generation in the business at an early age. Conversely, only 24 per cent of families in which the three main regenerative aims were not achieved had a history of successful succession. History matters (Penrose 1995).

In all cases of farm businesses that regenerated, and the farm was handed on to the next generation with good prospects of succeeding, the family had taken a whole of family, whole of business, whole of farm approach to analysing and managing the business. This enabled them to consistently deliver on the culture, efficiency, liquidity, growth and risk management measures of farm performance for decades. Notably, although the term 'Regenerative Agriculture' was used widely when the study was concluded in 2020, it was not mentioned as practised by any case study participants in the 100 client records.

[bookmark: _Hlk157771811]Conclusion

[bookmark: _Hlk157772529]As common usage of the term has it, a farmer and farm characterised as practising ‘regenerative agriculture’ is less clearly defined and envisaged than farm businesses, which can and do regenerate - pass from generation to generation. To regenerate the farm business, the managers understand and manage well all the bits and pieces of the business under their control. Partialism may help identify elements of problems but cannot solve them. 

Regenerative approaches to the natural components of the many bits and pieces that make up a farm system is a necessary but not sufficient condition to having regenerative farm businesses. Farmers have to get the many bits and pieces of the farm system right; they manage the whole system well.

[bookmark: _Hlk149645861][bookmark: _Hlk157772488]Perhaps the last word belongs to Marcus Terentius Varro, a Roman scholar born in 116 BCE. He was on the wrong side in the war of Pompey the Great against Julius Caesar in 47-48 BCE. Varro was knowledgeable, and Caesar put him in charge of the library. Taking to the role with a vengeance, Varro composed 74 works comprising 620 books, including the three books he wrote on farming in 37 BCE, the three volumes of ‘Rerum Rusticarum Libi 111’.  In De re rustica Varro, on farmers and farmers about whom and with whom he worked, he wrote:

 Successful farmers seem to have two things, particularly in view in their farming.

The first is whether their land would yield a fair return for their investment in money and labour.

The second is whether the situation is healthy or not. (By healthful, he meant that the farm was where humans, plants and animals could thrive).

Varro concluded:

 If any of these elements is lacking, any man (sic) who, in spite of that fact, desires to farm has lost his wits and should be taken in charge by his kinsmen (sic) and family.

So, if today’s farmers can make a living, achieve goals, pay the bills, enjoy themselves, stay sane, and wish to continue farming, they should continue to do so. The imperative to be competitive, to farm well, and to farm profitably remains. If farmers get it wrong nowadays, while they may or may not be taken in hand by their kinsmen (sic), they certainly can and will be taken in hand by their creditors.
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