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Regenerative Agriculture Literature Review

The purpose of this document is to provide an overview, through the existing scientific
literature, of the field of regenerative agriculture. It will address the development and history
of the term, the current state of research, and the way current knowledge informs the
development of a Toha Network Catalyst Framework and Claims Forecast. It will also address
grey literature and other non-academic work where this informs the current state of practice
in Aotearoa New Zealand.

The target audience for this document is the research community and others interested in
the scientific basis for regenerative agriculture, and the decision-making process for Toha
and particularly Toha Science in choosing this as the first area of market development. It will
also provide a baseline for assessing the scientific veracity of regenerative agriculture Claims
produced on the Toha Network.
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Executive Summary

Modern agriculture has been highly successful when viewed through the lens of productivity,
but has repeatedly failed to account for externalities including impacts on water, soil,
biodiversity, and society. In response, various ‘alternative’ agricultures have developed, with
the largest uptake occurring for those which are otherwise compatible with an industrial

scale and approach to agriculture, such as organic and conservation agriculture.

Regenerative agriculture, which has gained significant prominence in the last decade,
originated as a term in the 1970s. Its goal is to regenerate agriculture itself, by internalising its
external impacts and identifying sets of practices which restore and sustain agricultural
systems. It has developed principally out of English-speaking settler-colonial nations in the
Americas and the Pacific, whose agricultural systems are characterised by large low-diversity
farms which have imported European agricultural practices and agroecosystems.
Regenerative agriculture’s practices and goals have developed in this context. In recent years
the term has become closely associated with agricultural practices which can reduce carbon
emissions and/or sequester carbon in soils, although there is significant variation in both

claims of and evidence for this.
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In many respects modern regenerative agriculture closely parallels the field of agroecology,
which has developed largely in South America and Europe. Both include a focus on high-skill
farm management and agroecosystem biodiversity, preferring ecological services over inputs
wherever possible. There is a significant body of evidence supporting the benefits of many
agroecological and regenerative agricultural practices and their overarching holistic
approach. However, successful adoption usually requires significant shifts across many
practices rather than individual uptake. Existing farm systems research has not yet translated

to regenerative agricultural studies.

European-style farming in Aotearoa New Zealand has resulted in significant environmental
impacts in a relatively short period of time, due to the development of modern industrial
agriculture in close parallel to the European settlement of Aotearoa. However, the most
significant impacts have been not on soils but on freshwater ecosystems and erosion-prone
hill country, due to Aotearoa’s geography and climate. While there is a significant body of
knowledge to draw on regarding regenerative agricultural systems, to address our own
externalities, Aotearoa will have to identify the suites of regenerative practices which are most

appropriate to our local landscape, climate, ecology, and the principles of mana whenua.
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Introduction

By many metrics, agricultural production in the third decade of the twenty-first century is the
most successful it has ever been. Thanks to the Green Revolution of the mid-twentieth
century and subsequent advancements in plant and animal breeding, technology, genetics,
and agronomy [1], we now produce on average 20% more food than we require to feed the
current planetary human population [2] on only 30% more land than was being farmed when

the population was two and a half times smaller [3].

However, stepping outside this narrow view - confined to productivity - the problems rapidly
become apparent. Current industrial agricultural production does not adequately account for
the myriad externalities associated with its practices. These include erosion and degradation
of soils, pollution of water, depletion of groundwater, loss of non-agricultural biodiversity, loss

of traditional agricultural biodiversity, greenhouse gas emissions, and social inequities [4]-[6].

In response to this, many ‘alternative’ forms of agriculture have been proposed and
implemented. Some, such as conservation agriculture, address very specific problems (the
loss/degradation of soil) [7]; others, such as agroecology, are social and political movements as
well as fields of study [8]-[11]. In the last five years, the concept of ‘regenerative agriculture’
has begun to gain popular prominence, particularly in regards to its claimed potential to
couple the sequestration of carbon in soil with the production of food in an environmentally
friendly manner [12]-[17]. While the scientific literature on regenerative agriculture is limited
[18], [19] there is an extensive body of grey literature [17], [18], and it has been promulgated
primarily through and by practitioner-led coommunities [20]-[22]. In Aotearoa New Zealand
over the last three years, regenerative agriculture has received extensive media and

increasingly academic attention, some of it notably hostile [20], [23]-[28].

1) Wicked problems are problems which, among other qualities, do not have true or false
solutions or obvious stopping points [29]. Many problems in modern agriculture are wicked
problems, for example soil degradation [30].
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The purpose of this literature review is to contextualise the emergence and claims of
regenerative agriculture, provide an overview of the relevant scientific literature, and arrive at
a definition suitable for the agricultural context in Aotearoa . It was conducted by starting
with existing review and definition papers on “regenerative agriculture” identified through
Google Scholar and proceeding through their citations (forwards and backwards) until no
new sources could be identified. Other fields discussed (such as agroecology) were searched
for, looking for reviews and definitions published in the last five years, and using these to
identify foundational papers defining the field. This review focuses on the academic literature
available on regenerative agriculture and associated fields and practices. Grey literature, news
articles, and other websites are referenced largely for context rather than as primary sources.
This final version of the review has incorporated feedback from three independent expert

reviewers.

The key question we seek to answer in this review is: can regenerative agriculture (under
any definition) provide solutions to the ‘wicked’ problems of modern agriculture,

particularly in Aotearoa?

It will cover:

the specific externalities which have not been addressed by agricultural development
to date

° the development in response of ‘alternative’ agricultures

° the role of practitioner-led movements in agriculture

e the history of the term ‘regenerative agriculture’

° the development of its practices in the historical context

° the specific practices which fall under the umbrella of regenerative agriculture

° their potential to regenerate soils, waters, ecosystems, and communities

° the history of agriculture in Aotearoa New Zealand

° some conclusions on the potential for regenerative agriculture in Aotearoa.
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We need to talk about agriculture

The externalities of modern agriculture

There is little debate that modern intensive agricultural practices have significant and
cumulative effects on the environment, which are becoming more apparent with time. When
we speak of ‘intensive’ agriculture in this review, we mean agriculture which relies
substantially on inputs external to the ecosystem of the farm itself, including irrigation,
mineral fertilisers, pesticides, and mechanical tillage [1] (also known as ‘conventional’ or
‘industrial’ agriculture) [31]. Yield increases across the twentieth century can be primarily
attributed to these factors, alongside improved crop and livestock breeding [1].

However, they also have negative effects both on and off the farm. Terrestrial agriculture is
ultimately dependent on soils, which rather than being a substrate upon which agriculture is
performed, represent a complex and biologically rich habitat that develops slowly - more
slowly than current rates of loss [32]. Global soil loss due to erosion is estimated at 43 Pg per
year [33], and remaining agricultural soils are degraded through loss of nutrients, oversupply
of nutrients, loss of soil physical structure, and loss of soil biodiversity [34]-[37] - although the
complexity of soil biodiversity globally is such that it is difficult to say we even understand the
extent or importance of what is being lost [32], [37]-[39]. Clearing of non-agricultural habitats
for agricultural use is also a major driver of biodiversity loss in a range of habitats, but
particularly in the forested tropics [40]. 40% of known insect species are at risk of extinction

with agricultural intensification as the primary driver [41], affecting all ecosystems [42].

Agriculture also relies on provision of adequate water, and returns waste to water. Use of
fertilisers - particularly synthetic nitrogen fertilisers, as humans have doubled the amount of
nitrogen entering the nitrogen cycle each year from the atmosphere [43] - has led to
significant nutrient pollution, from both nitrogen and phosphate, in rivers and oceans
worldwide [44]. Meanwhile, mining of phosphate from seabird guano deposits has severely
damaged island ecosystems and displaced local peoples [45]. Irrigation to increase the
productive capacity of soils beyond that which can be supported by rainfall has led to the
depletion and in some areas salinisation of aquifers [46]. Even increases in efficiency can

paradoxically lead to faster water use rather than less [47].

2) One Pg = one Gt (gigatonne); unit is given as per the referenced paper.
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Intensification and industrialisation of agriculture has also led to a reduction in agricultural
biodiversity - that is, the diversity of the animals and plants that are deliberately raised and
grown [48]-[50], as well as soil biodiversity and insect biodiversity in these simplified systems
[32], [57]. Intensive agriculture requires simplified systems and monocultures [1], [52], which
reduces system resilience [53]. Many breeding programmes are targeted at developing
breeds and strains which are well-adapted to high-input agriculture [54]. They have also
tended to focus on above-ground production and ignored the potential impacts of differing
root structures and soil-plant interactions, which can be highly important for soil structure
[54], [55]. There are also some breeding programmes targeting resilience to environmental

factors such as climate change [56] as well as consumer preferences [57].

Agriculture is also responsible for approximately 11% of global greenhouse gas emissions, plus
emissions from land use change [58], and is the major source of emissions for some nations
(such as Aotearoa ) [59]. The most significant agricultural contributors are the manufacture
and use of mineral nitrogen fertilisers which release nitrous dioxide (particularly in
conjunction with rainfall events and irrigation), the farming of methane-producing ruminants
and management of animal excrement, use of lime for soil amendment, and carbon loss
from ecosystems as they are altered for agricultural use (including tree loss and soil

cultivation) [60]-[63].

Finally, modern agriculture has significant social costs. Globally, most farmers are women, but
this is highly skewed towards subsistence farmers in the Global South, while globally farm
ownership and decision-making is heavily male-dominated, with commensurate impacts on
social power and equity [64]. Despite the importance of the food system, agricultural labour
in the Global North - as opposed to farming-as-land-ownership - is poorly paid and often
exploitative, relying heavily on temporary migrant workers [65], [66]. Most importantly,
intensive agriculture, despite its overwhelming focus on productivity, has failed to actually
address global hunger: it produces more than enough food to meet global demand [2], but a
third of the world experiences food insecurity and approximately ten percent of people are
undernourished [67], despite intensive agriculture’s production being used to justify its
environmental impacts [68]. Crop yields do not predict hunger, and yield intensification does
not reduce land use [31]. Therefore, a production-only focus for agriculture will not address
hunger but will continue to damage the environments which are needed for food production

to continue.
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‘Alternative’ agricultures

So-called ‘alternative’ agricultures began to develop more or less in parallel with the
industrialisation and intensification of ‘intensive’ agriculture. They are all responses, in various
ways, to the problems laid out in the previous section. This section identifies the four most

common and most closely relevant to the development of regenerative agriculture.

Organic agriculture is the oldest and most codified and ‘de-radicalised’, defined currently by
what it excludes rather than what it includes: chemical pesticides and chemical fertilisers,
antibiotics, and genetically modified (GM) organisms [69]. It does not generally place
restrictions around other practices (e.g. irrigation, tillage) - in fact, maintaining organic
practices with monocultures generally requires technological solutions [70]. There are a
number of programmes of certification for organic farmers which have strict requirements
around documentation and international cross-recognition [71]. Organic food has a small but
significant market share and organic production accounted for approximately 1% of all
agricultural land use worldwide in 2011 [72], rising to 1.4% in 2019 [73]. It has lower
environmental impacts per unit of land area, although not necessarily per unit of production,

but commonly improves biodiversity [74].

Conservation agriculture developed in the wake of the human-induced North American
Dust Bowl erosion of the 1930s [72], [75] and is closely focused on retaining soil in arable and
horticultural contexts. The three principles of conservation agriculture are minimising soil
disturbance, maintaining plant cover at all times, and maximising crop diversity [76]. It does
not prescribe or restrict inputs and has been criticised as limited on this basis [77]. It is often
linked with the more general practice of ‘no till’ (i.e. planting only using direct drilling), but
technically speaking this is only one aspect of the wider practice. Conservation agriculture is
by some metrics extremely widely practised, usually in an industrial context with the use of
herbicides to kill weeds and (in countries where environmental release of GM organisms is

legal) GM crop strains [77] .

3) ‘Chemical’ is not a scientific or particularly useful term, but in this context can be taken to
mean products which are either manufactured or substantially purified by human activity.
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Agroecology is somewhat uniquely defined as a field of study, a social movement, and a
political movement [10], [78], [79], all working alongside each other with the goal of achieving
just transitions in agricultural practice [80]. It is “based on bottom-up and territorial processes,
helping to deliver contextualised solutions to local problems” [8]. The core concept of
agroecology is understanding agricultural systems as ecosystems, integrating ecology with
agricultural sciences [81] to reduce reliance on external inputs and promote social and
ecological resilience [53]. Permaculture is generally considered to be a form of agroecology
[52] which has developed from a practitioner level somewhat separated from formal research

[82]. It claimms much more explicit derivation from Indigenous agricultural practices [83].

Holistic management/grazing management is a catch-all term for a set of practices also
known as cell grazing, rotational grazing, management-intensive grazing, mob grazing,
Technograzing, adaptive multi-paddock grazing, and holistic planned grazing, among other
terms [84]-[91]. It refers to intensively managing grazing of ruminant livestock, with rotations
determined by ecological response, to create a grassland ecosystem where ecosystem
services negate the need for intensive inputs [85]. There is some degree of confusion in the
literature as to how this differs from conventional rotational grazing [96],[97]. It is strongly
practitioner-led and originally developed by dryland ranchers in natural grassland

ecosystems in the Interior Plains of North America and southern Africa [98], [99].

TOHA SCIENCE


https://www.zotero.org/google-docs/?M6qWtK

What unites alternative agricultures

Agricultural knowledge and innovation systems have been thought of from an academic
perspective as moving from centralised diffusion of specialised research to trans-disciplinary,
holistic development of knowledge with practitioners/farmers as co-designers [100]. This
represents general trends rather than a strict rule across all locations and systems (see this
discussion of innovation in New Zealand deer farms [101]). Changes in knowledge systems as
a whole are needed in order to achieve changes in practices at sufficient scale to address the
current externalities of agriculture [102]. Alternative agricultural movements have by and
large been founded and led by practitioners (used in this document to encompass advisors
as well as farmers) rather than researchers, often as a response to the centralised model of
innovation and to perceived and real failures to take values other than productivity into

account [21]. This leads to observable factionalisation in the scientific literature [98].

Agroecology is notable in having explicitly identified practitioner-led and researcher-led work
as different parts of the same field, especially as implementing ecosystem-based agriculture
requires adaptive management from farmers [103]. This has caused it to come into conflict
with narratives of technological progression [104]. Where farmers cannot form local groups,
they can now use the internet to connect with like-minded groups [105], [106], which makes
practitioner-led movements even more feasible than previously. Detailed literature can also
be distributed for self-education [107]. Alternative agricultures therefore can also be viewed as
expressing a shared desire for practitioners to lead development of their field and for
innovation to be closely linked to frontline work [20]. Farmer decision-making is centred as a
precondition of successful implementation [48]. (It should be noted that conventional
agricultural extension programmes have also identified the need for this approach in order to

achieve successful practice change [106].)

4) ‘Ecosystem services’ are direct and indirect services provided to humans by nature, which can
be divided into ‘provisioning’ (direct provision of goods, such as food and fiber) and
‘non-provisioning’ (social, cultural, and regulating) services [92]. Examples include retention of
floodwaters by wetlands, breakdown of dung by dung beetles and other insects, and shelter for
stock by riparian tree plantings [93]-[95].
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What else do the major alternative agriculture systems have in commmon? Broadly speaking, it

is:

° The intention to internalise and account for various externalities of agriculture (e.g.
pesticide use (organics), soil erosion (conservation agriculture and holistic grazing),
social inequity (agroecology))

° The prioritisation of biodiversity as an integral part of agricultural systems (all except,
to some degree, conservation agriculture)

° Concern for food security and human access to high-quality food - prioritised not
through the lens of productivity but the lens of access to culturally appropriate local

food [64], [108] (primarily agroecology, sometimes organic agriculture)

These are all values statements, but research can address the question of how practices align
with and achieve the goals set by these values [17]. In addition, the questions of what research
we choose to do, what purpose we do it for, and who we involve in it are also questions that
research must address in order to provide context for its outcomes and the application of
new knowledge by farmers. The most common criticism of alternative agricultures is that
they neglect yield, but reviews have shown that organic and conservation agriculture can
under many circumstances match conventional yields, when limiting factors and local

conditions are adequately understood [72], [109]-[111].

Regenerative agriculture shares all of the key concerns of other alternative agricultures
outlined above. In the next section, we will discuss what separates regenerative agriculture

from the main existing alternative agricultures and how the term has developed.
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What's special about regenerative agriculture?

Regenerative agriculture as a term is still poorly defined [17], [19], [112]. Unlike organic
agriculture, it has no legally mandated or internationally recognised certification processes
for producers, although independent research organisations are developing their own
certifications for the North American market [85], [113]. Unlike conservation agriculture, it does
not have a single universally accepted set of core principles [14]. One recent review
recommended that all papers that address it should provide their own definition of the
term[19]. Other work has noted differences between its use in an academic context (which is
still limited to a small body of work) and in the much more extensive grey literature [112]. A
2019 study found 23 uses of the term in academic papers, compared to 42,000 references in
the grey literature [18]. Use of the term has increased significantly in both the academic and
lay spheres since approximately 2015 [112], [20], [69], [19], [5], quadrupling in academic papers
between 2017 and 2019 [19]. In this section we cover the history of the term and the regional

and social contexts in which it arose.

5) Generally speaking alternative agricultures do not tend to distinguish between native and
invasive/introduced biodiversity, which is a very important distinction outside the Old World. Is a
farm in Aotearoa with rabbits more biodiverse than one without? Is that an optimal outcome?
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History of the term

The precise emergence of the term ‘regenerative agriculture’ in the academic literature is
hard to pin down. The first locatable academic paper which uses the term, from 1986 [114],
cites a 1979 article which has not to date been recovered [17], [20]. In this paper, it is framed as
a matter of increasing efficient use of farm resources rather than relying on
‘petroleum-based’ external inputs - in current parlance, circularising the farm
system/economy. External to the academic literature, the popularisation of the term and
sometimes the development is generally attributed to Robert Rodale, founder of the Rodale
Institute [115], which has promoted regenerative agriculture since the early 1980s. He
describes it as “encouraging nature to release the most benefits for human use with the least
possible effort”. In non-academic contexts, it is widely linked with ‘soil health’ and - in the last
decade - practices which increase the amount of carbon stored in soils [12], [13], [15], [116], [117].
A 2007 paper [118] advocates for ‘regenerative, semi-closed’ agricultural systems (but does not
cite any of the 1980s papers using the term), and frames it in the context of the circular
economy, [119], [120], where ‘regenerative/regeneration’ is considered to represent an
alternative to ‘sustainability’ - the goal of improving systems rather than preventing them
from degrading further [121]. However, regenerative agriculture is still sometimes described
as a ‘[working] towards a sustainable food system’ [122]. It is also often described as being
made unique in forefronting climate change mitigation through soil carbon sequestration as
a key outcome [12]-[15], [69], [112], although some literature from the last five years also

ascribes this outcome to agroecology [52].

Early use of the term ‘regenerative agriculture’ was, and in the academic literature still is,
strongly linked with the main farming types in the United States and Australia [17] - that is,
large-scale arable crop production [123], [124] and pastoral farming, primarily of cattle [116],
[125]-[127]. The spread of the term to encompass other types of farming such as dairy farming
[90], [97], tree crops [128], [129], and horticulture [130], has been more recent. Newton et al.

found that over time it was linked with or described as cognate to “agroecological farming”

”ou nou

“alternative agriculture,” “biodynamic agriculture,” “carbon farming,” “nature inclusive

”ou " ou ”ou

farming,” “conservation agriculture,” “green agriculture,” “organic regenerative agriculture,”

nn

and “sustainable agriculture”’[19]. Of these, only ‘conservation agriculture’, ‘organic

agriculture’, and ‘agroecology’ have widely accepted definitions [78], [131], [7].
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The consistent themes in definitions of regenerative agriculture centre around:

° Restoring ‘soil health’ and increasing soil organic carbon through low levels of
disturbance, maintaining continuous plant cover, and supporting soil ecology [13], [15],
(18], 3], [122]-[124], [132], 133], [21], [17];

° Increasing agricultural and non-agricultural ecosystem diversity on farms, with the
goal of replacing inputs with ecosystem services where possible [124], [132], [21], [17];

° Reducing external inputs in general, including pesticides, chemical/inorganic
fertilisers, imported feed, and sometimes fuel/external electricity (although unlike
organic agriculture, regenerative agriculture has no universal prohibitions on specific
inputs) [12], [13], [15], [21], [117], [118], [134];

° Restoring and/or altering water cycles through improvements to soil infiltration and
water holding capacity, as well as landscape-level movement of water, removing or
reducing reliance on irrigation [18], [20];

° Improving farmers’ socio-economic wellbeing and connection with their land [20],
M3], 171, [122].

Not all definitions encompass all these themes, as can be seen from the number of citations
for each. The most consistent and narrow definition of regenerative agriculture focuses only
on soil and soil quality in connection to carbon sequestration, but this limitation does not
extend to the wide variety of practices which have been described as fitting under the
umbrella of regenerative agriculture. Few if any are unique to it [5]. These include the
consistent use of cover crops [13], [14], [128], intensive grazing management
(holistic/cell/adaptive/rotational grazing) [88], [97], various forms of agroforestry including
silvopasture and intercropping [18], [132], integrating livestock and cropping systems [13], [14],
[123], keyline irrigation/landscape management [112], [135], reduced tillage [13], [14], [128], crop
and pasture diversity [14], circularisation of farm inputs [12], [118], and reduced or eliminated
use of synthetic fertilisers and pesticides [12], [124]. All of these are underpinned by a strong
emphasis (in both the scientific and grey literature) on practitioners engaging in systems
thinking and understanding the root causes of negative outcomes [20], [136], [137], with this
often being considered more important than the specific practices they choose to
implement [123], [132].
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In this, regenerative agriculture is strongly aligned with agroecology, which takes a similarly
broad approach with a highest-level focus on the development of agroecosystems, as well as
an explicit embrace of social justice and the need for societal and political reform as part of
agricultural practice reform [8], [80], [138]. Regenerative agriculture has been described as a
part of agroecology [5], [81], as equivalent to it [139], as a mixture of conservation agriculture,
organic agriculture, and holistic grazing management [14], and as an ideology rather than an
area of science [23]. It is explicitly different from organic agriculture in its increased flexibility

[122].

The description of regenerative agriculture as an ‘ideology’ is not entirely rejected by less
hostile reviews which describe it in more positive terms as a set of values [17], [20]. Like
agroecology, it extends beyond analysis of agricultural productivity or systems to assert that
agriculture needs to account for and value externalities both environmental and social. It is
focused on outcomes rather than individual processes [20]. Given that agroecology has a rich
body of scientific inquiry and literature associated with it, as well as policy implementation
[78], this does not appear to be a barrier to the scientific analysis of regenerative agriculture -
rather, an indication that it is important for studies to set out in detail how the broader

principles of the movement are being applied in any given case.

TOHA SCIENCE



Regenerative agriculture in context

To understand the current status of regenerative agriculture, it is also necessary to
understand the context from which it has emerged. Despite its close similarities to
agroecology in terms of approach and practices, the regenerative agricultural movement has
been largely distinct from the agroecological movement. The agroecological movement has
been most widely taken up in Europe and South America, and is closely linked with
Indigenous farmers and movements in the latter location [10], [78]. Papers reviewing
regenerative agriculture generally do not consider the extensive body of literature on
agroecology, or related fields such as landscape ecology, except when those papers explicitly
mention regenerative agriculture - see for example Newton et al. [19] (usually as a synonym
for agroecology, for example Callicott [140]). Agroecology does not reciprocally recognise
regenerative agriculture, either; a review of the importance of livestock in agroecological
systems does not mention any form of holistic grazing [48], and a 2020 review acknowledges

only that agroecological practices ‘can be called regenerative’ [138].

The key practitioner proponents of the practice most closely associated with regenerative
agriculture (as opposed to other alternative agricultural systems such as grazing
management to improve water cycling and soil fertility) were based in Australia, the United
States of America, and Zimbabwe [85], [112], [135], [141], [142] - areas dominated by dryland
pastoral farming [17]. Even considering the increased presence of the term in the last decade,
a recent Francophone review noted that almost all the primary sources came from the
English literature, and the most-cited practitioners were all white Anglophone/Anglosphere
farmers [112]. This is highly relevant because agriculture in the settler-colonial Anglosphere is
dominated by systems which imported European farming practices and agro-ecosystems
onto continents and islands where they had not previously existed. In the most extreme
example, Aotearoa’s current dominant land-use (pastoral agriculture of large ruminant
mammals) has been described as ‘inevitable’ [143], when ruminants - and indeed land
mammals - were entirely absent from the Aotearoa archipelago until approximately seven
hundred years ago [144]. The dominance and increasing intensification of pastoral agriculture
is not an inevitability of our climate or geography, but a specific choice made mostly by

European settlers.
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The development of the settler-colonial states of the Americas and the Pacific occurred as a
result of the dispossession of Indigenous peoples in these areas, opening up large areas of
land to be farmed using European agricultural modes, crops, and livestock. Average farm
sizes in the settler-colonial Anglosphere and much of Latin America are, as a result,
significantly larger than farms in Europe, Asia, or Africa [145]. Compensation payments to
slave-holders when slavery was outlawed in the British Empire also funded the
agglomeration of agricultural estates in Europe at the expense of smallholders,
demonstrating the global effects of these agricultural systems [146]. The development of
large farm estates in the settler-colonial world was supported by the development of chattel
slavery as a primary mode of large-scale agricultural production in the Americas [147] and
forced labour (not legally but debatably a form of slavery) in Australia and the Pacific [148].
While a number of agricultural crops (particularly maize, potatoes, and cassava) from the
Americas have become part of the global intensive agricultural package subsequent to
European colonisation of the Americas [149], the techniques used to farm them on
commercial scales are generally not those of the Indigenous cultures that domesticated
them. Rather European plough-based agriculture is used [150], although traditional methods
are still applied at local levels [151]. The dominant commercial mode of farming in the
countries where regenerative agriculture has developed has, fundamentally, been the

transfer of European agricultural practices and societies to new ecosystems [152].

The Indigenous agricultures marginalised in these areas are often mischaracterised because
they do not necessarily fit into the progressive model attached to Western agricultural
systems, which assumes that societies move from hunting and gathering to settled
agriculture, including the plough, as they become more sophisticated [153]. Indigenous
modes of life in the Americas, Australasia, and the wider Pacific include a mixture of
deliberate planting and fishing, hunting, and gathering [151] including extensive use in
tropical and sub-tropical zones of what are now known as ‘food forests’ [154], rather than
conforming to Western/European understandings of ‘wild land’ versus ‘settled land’ [155].
European understanding of Indigenous systems in the Americas was significantly limited by
the deaths of ~90% of the Indigenous population following the beginning of colonisation
[156], such that extensive settled agricultural systems such as the terra preta soils in the
Amazon have only recently been re-discovered/acknowledged [157]-[159]. However,
Europeans often openly acknowledged at the time of settlement that European-style
agriculture in colonial settlements was an experimental process that could not be made
successful by replicating European practices, and that Indigenous communities were crucial

sources of knowledge [160].
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The field of agroecology has done a significant amount of work in acknowledging Indigenous
practices as sources of knowledge for implementing agroecological principles. Indigenous
knowledge can allow the recognition of alternatives rather than trying to overcome the
constraints of imposing European agro-ecosystems onto existing ecosystems [81]. However, it
is important not to subsume Indigenous knowledge into Western knowledge systems by
deeming Indigenous practices as merely ‘another kind' of agroecology [83]. Regenerative
agriculture has been identified by some Indigenous groups as in alignment with their
principles [161], but the same danger applies, with surface levels of alignment being
cherry-picked to gain credibility for the regenerative movement without real engagement
with or participation by Indigenous peoples. Moreover, the most popular principles of
regenerative agriculture, which focus on soils, do not necessarily embrace social elements in
the same way agroecology does, and it is these social elements which have caused
agroecology as a field to be identified as key to food sovereignty for Indigenous peoples [162].
Regenerative agriculture, broadly speaking, has yet to do the same sort of work, because it
comes from settler farmers - sociology has already identified it as a method of reclaiming
social licence for this group [28]. If we accept the foundation of regenerative agriculture as a
push to ‘regenerate’ land to a productive agricultural condition, and to ‘reconnect’ farmers (as
landowners, not agricultural labourers) to their land, we must take into account what the
original condition of that land was, and who the original owners were. ‘Regenerative’
agriculture cannot be a return to the past, because the specific past sometimes implied does
not exist in the places where it has emerged. There has never been a time when European
modes of agriculture were practised in a sustainable or local ecosystem-appropriate manner
in settler-colonial states; colonisation is and always has been a process of appropriation,
destruction, and attempted assimilation [163]. In particular, the ‘reconnection’ of farmers to
land should potentially be re-contextualised as addressing the unacknowledged trauma of
colonial settlement, which cut settlers off from their ancestral lands and societies, as

described in Imagining Decolonisation [164].
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What are we regenerating?

In this context - of regenerative agriculture as a set of practices emerging from
settler-colonial states - it can most appropriately be framed as regeneration of agriculture
itself, by internalising its external impacts and identifying sets of practices which restore and
sustain agricultural systems. All of the core principles of regenerative agriculture to date
ultimately revolve around restoring ecosystem services as appropriate for local landscapes,
with the added urgency, in the twenty-first century, of mitigating and offsetting carbon
emissions. The specific outcomes targeted by researchers and practitioners of regenerative
agriculture are soil ecosystem function and carbon sequestration; water quality and
availability; agroecosystem biodiversity; and farmer understanding and wellbeing.
Regenerative agriculture is not the rebuilding of something old, even as it includes practices
of long standing [112]. It is the latest development of a century of responses to intensifying,

industrialising, settler-led agriculture, framed by the current climate crisis.
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Regenerative practices

This section discusses the literature around specific agricultural practices linked to the
identified regenerative outcomes, all of which have been included by some practitioners and
orfacademics under the umbrella of regenerative agriculture. It is important to note at the
outset that this discussion does not exclude economic profitability or productivity as metrics
for agricultural success; instead, it is intended to also encompass environmental outcomes.
Nonetheless, environmental benefits often lead to significant economic returns [165], [166]. In
addition, we acknowledge that not all practices are equally relevant to all areas of farming; for
example, pasture and grazing management is obviously specific to pastoral livestock
farming, and tillage is more relevant to horticulture and arable cropping. We do not discuss
some practices specific to non-pastoral livestock farming (colloquially called ‘factory farming’)

as they are not considered to be regenerative by any sources.
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Regenerating soils and climate

Understanding and improving soil quality or health is considered by many practitioners and
researchers to be the core aim of regenerative agriculture [22], [122], and is central to both the
goals of sequestering carbon [13] and addressing soil degradation [37]. These goals are
directly linked because there is a strong relationship between soil organic matter content
(which holds the bulk of soil carbon) and other aspects of soil quality, such as soil physical
condition [167] and agricultural yield/fertility [168], as well as water infiltration and holding
capacity [169]. Most of the core regenerative agricultural practices - such as reduced tillage,
reduced fertiliser use, increased pasture diversity, grazing management, and use of cover
crops - have been shown to have some direct relationship with soil quality. Healthy soils

underpin all the United Nations’ Sustainable Development Goals [36].

But what is soil quality? Unlike air quality or water quality, which have well-defined sets of
indicators [170], [171] (although contention sometimes remains about appropriate levels for
those indicators, such as nitrate in freshwater [172]), there is no widely agreed set of indicators
for soil quality or soil health [173], or even agreement on whether those terms are appropriate
to use [174]. In general, scientists prefer the term ‘soil quality’ and practitioners ‘soil health’
[37]. It generally goes unstated that ‘soil quality’ assessments are fundamentally assessments
of soils’ capability to act as agricultural soils, as soil can be unsuited for agriculture but
perfectly ‘healthy’ as part of a natural ecosystem [175]. No agricultural use of soils is ‘natural’
and there is no set of agricultural practices that truly replicates processes that would
generate and affect soils absent human involvement. Therefore, it has been suggested that
soil health should be considered as a useful metaphor for soil's “capacity to promote the
pertinent functions of the land in which it is embedded” [176] but also that it is useless as a
concept because it cannot be directly quantified [175]. ‘Soil quality’ is then, perhaps, a
measure of the health of an agro-ecosystem - that is, a given soil's capacity to operate as part
of an agro-ecosystem without transferring impacts externally, and to retain or improve that

capacity.

REGENERATIVE AGRICULTURE LITERATURE REVIEW | 15

Some general sets of indicators have been developed by various national bodies, principally
centering around soil organic matter/carbon, soil physical structure and interaction with
water, and availability of key nutrients [177]. Soil carbon, soil structure, soil water dynamics,
and microbial biomass are the indicators measured by the Soil Carbon Initiative [178]. There
are a number of physical tests of soil structure which have been designed for or are practical
for practitioner use, such as the Visual Soil Assessment [179] and simple water infiltration
tests [180], as well as laboratory tests such as macroporosity which can be linked to pasture
growth [181], [182]. Debate around chemical indicators (i.e. major nutrients) has focused on the
difference between raw concentration and availability to plants, and also the effect of
micronutrients such as magnesium and calcium on major nutrient availability and plant
growth. This has led to the development of alternative testing methods measuring major
nutrient availability under specific conditions. This includes measurements of organic
extractants [183], [184], which require calibration in new soils and generally lead to
recommendations of lower fertiliser use [184] (an economic benefit to the farmer). There is
wide consensus that the soil ecosystem is linked to soil ecosystem services and that metrics
of biological diversity are part of the measure of soil quality [177], [185], [51], but there is even
less consensus on appropriate biological metrics than on physical and chemical metrics [32],
[38], [39]. There is also a considerable divide between practitioners and soil scientists in some
areas [186], [187], primarily about the generalisability of specific indicators of soil quality, or the
contribution of specific practices. For example, the ratio of fungi to bacteria is frequently
promoted as a key metric of soil health [123], but this is not strongly supported by the existing
literature, particularly in comparison to analysis of total microbial biomass and/or fungal
biomass [188], [189], and in light of the extreme complexity of soil microbial communities
[190]. Many indicators are localised so it is hard to prescribe metrics at a global scale [37]. For
example, diversity indicators for specific groups of soil invertebrates, such as community

structure, can be useful but require a high level of skill and knowledge to accurately use [177].

The most accepted and perhaps important general chemical metric is soil organic
matter/carbon [37], as it affects soil structure [191], [192] and is strongly linked to agricultural
yield [168] and water cycle regulation [169]. On the other hand, perhaps the most controversial
aspect of regenerative agriculture claims is whether regenerative agricultural practices can
reliably increase soil carbon as part of climate change mitigation [193]-[195]. There is extensive
debate about whether increases are even possible [196], [197], whether they are possible to
the extent claimed [69], whether measurement practices are accurately detecting them
[198]-[201], and how long carbon can even be sequestered for in actively farmed soils [202].

Perhaps the only un-debated aspect is that soil contains carbon.
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Small increases in soil carbon can still have large beneficial impacts, and the general weight
of evidence is that agricultural practices - including organic matter addition, nitrogen
fertilisation (in some cases), intercropping, perennial crops, and possibly reducing tillage - can
increase soil carbon over time [203], [204], with the main barriers being around practice
adoption and effective combination of practices [204]. Equally important is limiting and
reducing carbon /oss, and other greenhouse gas emissions, from soils [203], [205]. This can be
most effectively done by lessening erosion [99] and reducing nitrogen overloading [206], but
is also closely linked with soil microbial activity [51], [205]. Addition of biochar to soils is
another method of carbon sequestration in soils which can also improve retention of
nutrients [207], [208].

Another key question around soil quality is around the roles of disturbance and soil microbial
and invertebrate biodiversity (decreasing the former and increasing the others being two of
the main consistent regenerative agriculture principles) and functional ecosystem
interactions, such as the role of plant secondary metabolites [54]. The underlying argument
here is that lowered disturbance allows the development of a resilient, high-biomass
ecosystem [209], with biodiversity being less important as a measure in itself and more
important as a provider of functional resilience to disturbance [39]. In particular this seems
highly likely to be true for microbial communities, which have complex activity patterns
where 95% of total biomass can be inactive at any given time [38], and which may contribute
over 50% of soil organic carbon as necromass [210]. Soil biodiversity has been shown to
decrease with intensive agriculture [51], but there is insufficient knowledge on interactions at
appropriate spatial scales to directly recommend policy [32]. Introducing novel agricultural
plant species in some locations has also involved introducing symbiotic microorganisms [211],
demonstrating the complex relationships between soil microbial diversity and agriculture. On
the other hand, the possibility that the rise of “kauri dieback” disease in Aotearoa may be due
to environmental changes to the relationship between an extant soil microorganism and a
native tree species [212] demonstrates the importance of factors and relationships within the

soil/plant ecosystem which are not yet known or understood.
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The key practices that have been linked to soil quality, including soil carbon, are tillage,
fertiliser type and use, pasture and crop diversity, cover crops, grazing management,

irrigation, and pesticide use.

Reduced tillage is the central tenet of conservation agriculture [7] and its impacts on soil
carbon, soil structure, water use, and erosion have been extensively studied [76], [199], [209],
[213]-[221]. It is highly effective in dry climates (when combined with soil covers and crop
rotation) in increasing topsoil organic matter and water holding capacity, and reducing
erosion and runoff [76], [77]. It also increases total soil biomass [188]. However, the
effectiveness of different degrees of tillage in improving soil structure depends on soil type
and moisture levels [222]. Reducing tillage does not necessarily increase pest prevalence,
perhaps because tillage also reduces predator numbers [223], but disease control depends
heavily on its integration with other practices such as crop rotation [222] and cause and effect
is not well understood [76]. The evidence is equivocal as to the effectiveness of zero tillage in
isolation for carbon sequestration. As a practice zero tillage is only beneficial in certain
situations [224], [225].

Fertiliser type and use has a significant impact on soil quality. Persistent large-scale use of
synthetic NPKS fertilisers can acidify soil and disrupt ecosystem services [226], [227].
Manufacture and use of nitrogen fertiliser is a significant contributor to agricultural
greenhouse gas emissions [62], [228], [229]. However, lack of nutrient addition can also cause
soil degradation over extended periods of agricultural production [34], [230], [231], and carbon
cannot be sequestered without additional nitrogen [196]. Regenerative agriculture focuses on
circularising farm nutrient cycling to the greatest extent possible through use of organic
amendments, crop-livestock integration, and crop/pasture diversity, in particular through
promoting natural nitrogen fixation. The goal is to avoid nitrogen excess, which leads to
nitrogen leaching and increased soil greenhouse gas emissions [232]. As mulches, organic
amendments to soil can also reduce water transpiration and erosion [233] and can help
sequester carbon and store nitrogen [202], [233]-[235]. Biochar as an amendment can
sequester carbon and control nutrient release[208], [236], [237]. Live microbial cultures are
popular as amendments among some practitioners, but there is a lack of data on their

efficacy outside of companies producing them [37].

Pasture and crop diversity includes intercropping, crop rotation, and diverse perennial crops
and pastures. It increases soil biodiversity [238] and therefore ecosystem services [51].
Appropriate use of nitrogen-fixing annual [43], [239] and perennial [230] crops, including in
rotation, can provide this major nutrient, and plant functional diversity can alter availability of

other nutrients [54]. It can also change abundances of pests and diseases [240]-[242].
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Cover crops and mulches, used as part of rotations, provide soil cover. They reduce water
and wind erosion [43] and, if leguminous cover crops are used as green mulches, can add
carbon and nitrogen to soil [243], with comparable yields to conventional systems using
fertiliser [43]. They are also linked to increases in soil biodiversity [189] and in some cases can
significantly reduce nitrogen leaching over winter [244]-[246]. There is a considerable body of
evidence that their use whenever possible is preferable to leaving soils fallow [43], particularly

to reduce soil erosion [191].

Grazing management - specifically intensive management of pastoral animals on perennial
pastures, not merely rotational grazing to a set timeline [117] - affects pasture growth and
therefore water cycling, pasture yield, erosion, nutrient, and biodiversity, which all affect soil
quality, soil biological activity, and carbon sequestration [62], [202], [247]-[249], as well as
greenhouse gas emissions from ruminants [250], [251]. There is considerable evidence for the
benefits of intensive grazing management in dryland pasture in terms of soil quality and
ecosystem services including water infiltration [91], [252], water quality [253], [254], pasture
composition [255] and potentially increasing carbon and nitrogen stocks [96], [256]. It is
important for grazing management studies to address real farm practices and not confound
the effects of different management aspects [141], [257]. In particular, trials should not assume
that continuous grazing (or timed rotation grazing) leads to spatially homogeneous grazing
patterns [89]. Intensive grazing of winter and summer crops (rather than pastures) in wet
climates can supplement pasture with feed produced on-farm rather than brought-in feed,
but can also lead to significant disturbance of soils and bare soil, and subsequent sediment
and nutrient run-off and soil compaction, depending upon how crop grazing is managed
[258]-[260].

Irrigation can decrease soil carbon [236] and in some locations salinise soils [26]1].
Requirements for irrigation can be effectively reduced, to the limits of local
evapotranspiration, by management of soil organic matter and structure. High organic
matter and good soil structure increase infiltration of natural rainfall and water holding

capacity [169], [191]. Warming climates are expected to increase demand for irrigation [262].

Pesticide use affects soil by killing and altering the activity, biomass, reproduction, and other
activities of soil invertebrates [264], which can impact the important ecosystem services they
provide [94]. Reducing pesticide use has been described as a ‘no-regret’ solution to the

current invertebrate biodiversity crisis [265].

Because soil is a complex ecosystem, no single one of these practices is an effective
guarantor of soil quality, however that is measured. Instead, appropriate packages of

practices must be developed for local soils and climatic conditions [77].

6) We use ‘pesticides’ here as a generic term to include herbicides, fungicides,
and insecticides - the main agricultural pesticides which are broadly applied
[263].
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Regenerating waters

In comparison to soil, there is a degree of consensus on what constitutes water quality and
what causes it to degrade in agricultural contexts, though there is debate over appropriate
limits for different catchments [266]. Broadly speaking, water (encompassing both freshwater
and groundwater), while varying depending on the environment that it is found in, is
principally degraded by run-off of sediment, excess nutrients, and pathogen-carrying fecal
matter [44], [267], [268]. Sediment blocks photosynthesis and affects flow, nutrients promote
algal overgrowth (lowering oxygen levels), and the presence of pathogens makes water
non-potable and/or dangerous to interact directly with. The effect of agricultural pesticides
on freshwater ecosystems depends on mobilisation and degradation of pesticides in soils and
terrestrial ecosystems [269] but is globally significant [263]. The location of water matters as
well as the quality: too much or too little water at the wrong time or place are both damaging
to agro-ecosystems. Both droughts and floods contribute to soil loss and soil degradation, so
the condition of soils and waters is intimately linked [225]. Choices around irrigation use also
impact soil health [236], [270]. Landscape-scale alteration of water cycles also strongly

impacts flooding risk and erosive capacity of rivers [268], [271], [272].

Regenerative agricultural practices focus on water largely in terms of managing the water
cycle to ensure that soils store water year-round for pasture or crops, minimising need for
irrigation beyond rainfall as much as possible. Irrigation in and of itself is not necessarily a
non-regenerative practice, but draining and contamination of aquifers used to support
agricultural production [273], [274] is clearly not regenerative in a systems sense. It can be
regarded as another external input, as water stored in aquifers would not naturally return to
surface water cycles in the quantities and over the timescales enabled by irrigation. Water
used for agriculture is largely lost as water vapour [44]. Long-term use of irrigation has
widespread ecosystem effects such as year-round low river levels and loss of water for trees in
non-agricultural ecosystems [268], [275], [276]. Irrigation can also take place using stored
rainfall rather than drawing on aquifers [277]. This could have positive effects (recharging

aquifers) or negative (promoting leaching of nutrients) depending on how it is used.

The regenerative agricultural practices that most closely concern water quality are tillage,

pesticide use, fertiliser use, grazing management, and rewilding/ecosystem restoration.
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Reducing tillage in some soils leads to higher soil organic matter [76], [77] and improved soil
structure [215], which improves infiltration and soil water holding capacity [76], [191]. Tillage is
also a major source of soil erosion [278], which can end up in waterways. However, the effect
of reduced tillage is highly dependent on soil type and moisture [222], on the type of tillage
and measurement used [200], [216], [279], and also on which other practices it accompanies,

such as large-scale pesticide use.

Pesticide use can result in diffuse contamination of freshwater depending on rates of
application, mobilisation, and degradation. All pesticides (insecticides, fungicides, and
herbicides) have significant and well-documented effects on freshwater ecosystems [41],
[261], [280] which lead to direct impacts on ecosystem services such as decomposition [281].
Unlike organics, regenerative agriculture practitioners do not have a consensus on
eliminating pesticide use altogether, but techniques such as integrated pest management
can support reduced use [282]. Practices which support increased insect biodiversity can also

support increased predator control of pests [223].

Fertiliser use is perhaps the key agricultural practice impacting water quality, for two
reasons. Firstly, excess nutrients which are not taken up by plant growth or adsorbed to soils
are mobilised into groundwater and waterways [283]. They can also be mobilised regardless
of adsorption if soil loss into waterways then occurs. This applies to both inorganic fertilisers
and organic nutrient sources such as effluent, manure, and composts, depending on rate,
timing, and method of application. Secondly, when fertilisers are being used to support
pasture growth for livestock beyond the natural carrying capacity of a piece of land, excess N
in pasture becomes excess N in livestock urine and excreta, which is also ultimately mobilised
into water if it is beyond the uptake capacity of the pasture ecosystem [206], [284], [285].
Nutrient pollution (eutrophication) is one of the most serious forms of agricultural pollution of
water [44] and has been described as “both socially and environmentally unacceptable” [286].
It is important to consider both nitrogen and phosphorus as excess nutrients to understand
true environmental impacts [287]. Most regenerative agriculture practitioners seek to
minimise if not eliminate use of inorganic/chemical fertilisers, usually going well beyond
regulated minimisation [266]. However, claims in some grey literature sources about the
ability of different plants to release nutrients from soils [137] do not necessarily reflect soil

capacity to maintain long-term nutrient balance.
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Grazing management impacts water quality when it affects soil compaction [167] and soil
cover [259]. Compacted soil leads to higher levels of runoff rather than infiltration and bare
soil is more easily eroded, again leading to higher levels of sediment runoff (and other

contaminants if attached to sediment). Intensive grazing management can improve water
infiltration in dryland pasture [253], [254]. Use of winter crops as part of grazing can lead to

runoff if bare soils are left, particularly in wet climates.

Finally, ‘rewilding’ [288] or return of agricultural land to self-sustaining non-agricultural
ecosystems can play a key role in water quality, as wetlands and riparian boundaries provide
ecosystem services including improving water quality through multiple effects and on
multiple axes [283], [289], [290], as well as providing capacity to handle temporary periods of
increased water flow [93], [291], reducing erosion [166], and sequestering carbon [62], [292].
This does not necessarily mean returning ecosystems to their ‘original’ state, as this may not
be possible [288].
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Regenerating ecosystems

“Increasing diversity” is one of the generally-agreed tenets of regenerative agriculture. This
can be interpreted in multiple ways: as increasing the diversity of agro-ecosystems as a
whole, increasing the diversity of the ecosystems in which agro-ecosystems operate, and
increasing the diversity within different productivity streams of agro-ecosystems, by taking
up practices such as intercropping, diverse pastures, or agroforestry. Specialisation of
agricultural systems - reducing the number of types of farming practised per farm, often to
monoculture, as well as the number of breeds/strains of individual animal species and crops
used has increased substantially. It has been favoured by the low monetary cost of inputs (i.e.
fertilisers and pesticides) and discounting of their non-monetary costs [293] as well as the
increased complexity and scale of external systems with which farmers are interacting [294].
As a specific example, when fertiliser is cheap and mechanised tillage is used, it is easier to
only farm wheat at a large scale than to have an integrated crop/livestock system to maintain
soil fertility. Increasing diversity is a specific goal of regenerative agriculture [129] which aligns
it most closely with agroecology, which ultimately seeks to, wherever possible, replace inputs
with ecosystem services [92], [103], [147] through integrating ecology and knowledge of
ecological systems with agricultural science and practices [8]1], [295]. Regenerative agriculture
as a movement has been criticised for not paying enough attention to diversity-increasing
agroecological practices such as integrated pest management, intercropping, and strip
cropping [5]. However, other sources consider these to already be included in the corpus of
regenerative practices [18], [139], reflecting the variety of definitions of ‘regenerative
agriculture’. Integrated and diversified farming systems have been shown to improve
ecosystem services [293], [296], [297], although it is still extremely difficult to draw direct links
between soil biodiversity and specific ecosystem services [39]. This is due to the complexity of
interactions between environmental conditions and ecosystems, as well as temporal effects.
One common argument is that it is necessary to increase agricultural production to save land
for biodiversity [298], but this ignores the opportunities of ecosystem services provided by
integrated biodiversity [95]. Identifying indicators for ecosystem services requires a local lens
involving farmers, and interpretation is as important as parameter selection [299]. Ecosystem
services can also have tradeoffs between each other, which should not be overlooked [92].
Most importantly, using single practices within otherwise intensive systems does not equate

to a diverse, ecologically-oriented system [295].
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Diversifying agro-ecosystems can be more difficult to integrate with conservation
approaches outside the Old World, as most agriculturally important species are exotic and
can be damaging. Taking Aotearoa as an example, deer are both farmed and, through prior
introductions for sport, established as a significant mammalian pest. Farm escapes have
helped establish new pest populations [300]. In Europe, 50% of species depend on
agricultural habitats [227] whereas, as an example, native plant species in Aotearoa are
generally adapted to low-N, low-pH soils [301], [302]. Native fish, bird, and some invertebrate
species mostly prefer forest ecosystems and are not routinely present in actively farmed
agricultural habitats, though this is an under-studied area [302]-[304]. Re-wilding native
ecosystems in areas such as wetlands, riparian banks, and re-forested erosion-prone slopes
can still provide important habitat, but this requires a more deliberately patchwork approach
to land use [305]-[307]. This contrasts with native agroforestry systems in use in Africa [230]
and Europe [308], where there is significant potential to integrate native species into

agricultural practice.

The specific practices which are most closely aligned to increasing biodiversity in agricultural
systems are pesticide reduction, agroforestry, integrated systems, and diverse crops and

pastures.

Pesticide reduction has been a central tenet of alternative agricultures for over half a
century, most widely popularised by Rachel Carson’s book Silent Spring [309]. This includes
reduction in use of herbicides, insecticides, and fungicides. Pesticides significantly reduce the
biodiversity of soil organisms [264] and can penetrate groundwater as well as freshwater
ecosystems [310]. Insecticides and fungicides have more impact than herbicides on soil
organisms [311], and herbicides can negatively impact desirable species even when used
selectively [312]. Some pesticides considered acceptable by organic systems can still cause
build-up of undesirable compounds in soils (e.g. copper) [313]. Use of drenches prevents the
introduction or re-introduction of dung beetle species providing ecosystem services such as
reduced sediment runoff and reduced greenhouse gas emissions [94], [314]-[317]. Control of
pests through understanding of agroecosystems and drivers of pest/pathogen populations is
known as integrated pest management. This represents a shift to a system or
landscape-level approach to management, although it does not necessarily have pesticide
reduction as a goal [282]. One study found that insect pests were significantly lower on
regenerative farms using a variety of practices including reduced or no pesticides, but not
formal integrated pest management [124]. High-input practices in general reduce soil
biodiversity [191], [318].
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Diverse pastures refers to deliberately cultivating multispecies grasslands in place of
monospecies or two-species pastures (such as the ryegrass-clover pasture system used in
some pastoral farms in Aotearoa). This more closely mimics natural grasslands [319] and offers
the opportunity to take advantage of ecosystem services provided by different plant
functional groups, including the effects of phytochemical release in soils [54] and other
plant-soil interactions, including nutrient release [320]. There is some evidence that
managing ruminant grazing diets through plant choice can impact greenhouse gas
emissions, particularly nitrous oxide from urinary nitrogen [320]-[322], as well as mitigating
nitrate leaching [323]-[326]. There is evidence they can have higher nutritive value [327],
though maintaining them also requires higher levels of management [328]. Diverse pastures
have also been shown to be more resilient to climatic conditions [329], [330], potentially
addressing issues of persistence and resilience in low-diversity pastures [331]-[334] and
mitigating drought risk [335]. Grazing management can also interact with multispecies
pastures to promote high-forage value species [255], [336]. Unfortunately, much of the
existing research that has been done on diverse pastures has focused on combining relatively
low numbers of species (seven or fewer) in order to iteratively test combinations [329], [337],
with few exceptions [90]. Significant knowledge gaps remain over the most appropriate
mixes of species for different location and purposes, such as antihnelminthic properties or
improving soil structure and leaching [326], [338]. In the context of Aotearoa, there is some

existing work on the properties of individual species which can be taken into account [339].

Crop diversification including crop rotation, intercropping, use of cover crops, and strip
cropping is protective against pests [1], [189], [340] and can reduce nitrogen fertilisation
requirements [230], [239], [341]. Diversification is also an important factor in retaining yield [31],

[117], reducing risk to farmers [342], and improving nutrient management [241].

Agroforestry encompasses a variety of regenerative practices [154] all of which focus on
incorporating tree species into agriculture. This can take the form of intercropping (planting
trees between crops) [230], silvopasture (trees in grazed lands) [343], and riparian buffer
planting [95], [344]. Trees provide a wide variety of ecosystem services in different contexts
including erosion and drought control [343]; native biodiversity support; shade, shelter, and
forage for livestock [95]; shelter for crops; carbon sequestration [62]; and mitigation of
sediment and nutrient run-off into waterways [165], [292]. In general, inclusion of
non-productive vegetation in agro-ecosystems improves ecosystem services [345]. There is

considerable overlap between agroforestry and the general principle of integrating systems.
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Integrating systems refers to connecting different agricultural production systems on a
single farm or piece of land. The most significant form is the integration of crop and livestock
systems, directly recycling animal waste into fertiliser for crops and crop waste into animal
feed. Crop-livestock integration has been extensively studied globally and has generally been
shown to have positive impacts on yield, biodiversity, soil quality, and the farm environment
[53], [102], [110], [341], [346] but is not always implemented in a holistic way [347]. Another
important practice is intercropping and strip cropping of non-tree crops, which can promote
‘win-win' gains in ecosystem services and yields [297]. Coppicing of trees can also be
integrated with livestock production, with trees coppiced for feed and used for nutrient
management [348], [349]. Different forms of livestock production can also be integrated with
each other [350]. In one modelled case (beef and dairy) integration reduced total greenhouse
gas emissions and potentially improved social licence [351]. One analysis found existing
integrated crop-livestock systems required greater managerial intensity, knowledge, and
capital but reduced disease and weed abundance [352]. In general, diversification practices
within agricultural systems have been identified as crucial to making up yield gaps between
organic/low-input and intensive agricultural systems [31], [72], [111], [353], [354]. Support and/or
introduction (where not present) of non-crop/livestock species such as dung beetles into
agroecosystems has also been successful [94], [315]. However, the patchy history of species
introductions [355] highlights the potential for unintended consequences, and from an

Indigenous perspective they bring yet another layer of exotic introduction [356].
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Regenerating communities

Improving agricultural livelihoods has been identified as one of the major transformations
required for agriculture at the global scale [64], [357]. Studies of farmers who take up
regenerative practices show that community and wellbeing are both one of the biggest
attractions of regenerative agriculture [358] and one of the most significant barriers to entry -
in that farmers can feel pressure from their communities to stick to conventional practices
[21], and are sometimes reluctant to self-identify as regenerative farmers due to stigma [358].
They can connect with other ‘alternative’ agricultural practitioners on the internet [105].
Peer-to-peer learning opportunities have been identified as crucial to regenerative
transitions [117]. (It is worth noting that the academic literature is probably not keeping up
with the pace of change in community expectations; farmers in Aotearoa are increasingly

connected and self-organising using the internet [359].)

Few agricultural sustainability frameworks measure farmer wellbeing, but one study in
Australia of self-identified regenerative graziers suggested regenerative practices were
associated with higher eudaimonic wellbeing (experiencing meaning and purpose) and
perception of community connectedness [126]. Outside views of regenerative agricultural
practices vary. One study of holistic grazing in the North American Great Plains found that
non-regenerative as well as regenerative farmers perceived regenerative practices to have
benefits [360]. However, a study of farmers who had not planted riparian banks in Taranaki,
Aotearoa found that they perceived them as having no positive benefits, whereas farmers
who had chosen to plant riparian zones perceived multiple benefits [361]. To achieve
landscape-scale transformation, collaboration and a common vision across multiple farms is
needed [305].

No specific set of regenerative practices is directly targeted at improving community and
wellbeing, though Maori frameworks understand culturally regenerative practices as directly
linked to the wellbeing of iwi, hapd, and whanau [362]. Some regenerative farm advisors
regard a paradigm shift towards planning and decision-making on a systems level [363] as a
key aspect of regenerative practices, though this does not imply its absence in
non-regenerative systems [364]. One study suggests committing to regenerative practices
changes the relationship farmers have with land, strengthening the value placed on
non-monetary outcomes including biodiversity [365]. This differs markedly from some
existing models for farmers, which often represent agroecosystems using mechanistic
models of abiotic resource flows [103]. Economic considerations (productivity and financial
stability) are still highly important to regenerative farmers, and improved economic indicators

can also be a motivator to transition [117].
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The major gap in discussions of community and wellbeing for regenerative practices is
around farm workers as a whole. The studies cited above all focus on farmers as land and/or
business-owners. This ultimately ties into the settler-colonial conception of the yeoman
farmer, master of his own land [28]. Agricultural labour in much of the Global North is heavily
reliant on temporary, often migrant labour [66]. If regenerative agriculture is to live up to its
own standards, it should address wellbeing and connection for workers as well as
land-owners. This approach is seen in the Rodale Institute's Regenerative Organic Standard

[113], but needs to be addressed from a research perspective as well.
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Regeneration in Aotearoa

It is uncontroversial to say that there is essentially no academic literature on regenerative
agricultural practices per se in Aotearoa New Zealand, with all the major works available
having been published in the last two years and being reviews or discussions of the system,
rather than active research [17], [20], [23], [24], [28]. However, it has received extensive
coverage in the media and from activist groups [25]-[27], [139], [366], and a number of
industry bodies have announced research projects to assess its suitability [367]-[370]. Over
the last two years, it has particularly been promoted by the farmer group Quorum Sense and
been covered multiple times on the popular farming show Country Calendar. In this section,
we will discuss the history of agriculture in Aotearoa, what place regenerative agricultural

principles and practices might have, and what the future could look like.
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Agriculture in Aotearoa

The commonly understood history of agriculture in Aotearoa starts with the agricultural
practices brought by Maori when the first waka arrived approximately seven hundred years
ago. Maori agriculture was horticultural and relied on a ‘package’ of tropical plants, some of
which did not survive in Aotearoa’s temperate climate [371], [372]. KUmara (lpomoea batatas),
originally from South America, was the most important. Early European visitors to Aotearoa
were impressed by the lack of weeds in Maori gardens [373] and their horticultural
knowledge, which allowed kGimara to be cultivated as far south as Otepoti | Dunedin [374].
European crops were widely taken up once introduced, particularly potatoes [371], and early
nineteenth century Maori farmers, primarily based in the Waikato and Bay of Plenty, were net
exporters of food - both to Pakeha (white European) settlers and overseas [375]. However,
following the signing of Te Tiriti o Waitangi, Maori land was rapidly expropriated by Pakeha
settler-colonists through land deals and military action, deforested, and turned to pastoral
agriculture [45], [376], supported by refrigerated shipping beginning in 1882 [377], which
made it possible for European settler-farmers in Aotearoa to sell meat and dairy products to
European markets. In the early twenty-first century, over half of Aotearoa’s total landmass is
still used for pastoral agriculture [378], primarily sheep, beef and deer farming (in terms of
land usage), followed by dairy cattle. Aotearoa thus experienced an unusually rapid transition
from a managed forest ecosystem to pastoral agriculture. Rather than specialty products,
with some exceptions such as manuka honey and wine, Aotearoa has a demand-driven,
commodity-based agricultural system [379] that primarily exports bulk goods such as milk
powder [45]. This export-driven market disconnects production from local ecological
feedback [376]. The intensification of ‘agro-industry’ in Aotearoa has been described as
“inescapable, relentless and embedded within New Zealand's social-ecological institutions
affecting agro-ecosystems” [143], prioritising (to a limited extent) the protection of soils and
waters over native biodiversity [380]. However, agricultural impacts on soils and waters are
still significant and ongoing [381], [382]. Alternative agricultures have made very little
headway in Aotearoa [383], aside from organic production, which commands price
premiums [384], [385] while still allowing for conventional specialised production [70]. Some
forms of organic agriculture have been described as more compatible with Maori world-views
about agriculture [386]. However, as of 2019 only 0.8% of land in Aotearoa was in organic
production - just over half the global average [73]. There have been calls for landscape
ecology [305], [306] to focus on creating sustainable landscapes in Aotearoa, and the field of
agroecology is regarded as a potential tool for returning Maori worldviews to agriculture
[387]-[389].
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The dairy industry is a particular focus for criticism as the most profitable [390], but also most
industrialised and intensified, form of agriculture in Aotearoa [45], [391]. Increased fertiliser
and imported feed use directly reduces the environmental efficiency of dairy production
[392]. The most significant environmental impacts have been on water quality [267], [286],
[381], [393], which is directly incompatible with the importance of water as a source of identity
and integral part of human relationships in te ao Maori [394]. Agriculture also accounts for
nearly half of all greenhouse gas emissions in Aotearoa, principally due to dairy, sheep, and
beef farming [59]. On the other hand, because of the extensive amount of landmass they take
up, sheep and beef farms host nearly a quarter of remaining native vegetation and sequester
approximately ¥ of their carbon emissions [395], [396]. The agricultural economy is highly
siloed, which reduces opportunities for integrated/circular approaches [379]. Proven practices
such as deferred grazing and agroforestry are not taken up due to a focus on incrementally
improving existing systems [336]. There is a strong existing body of farm systems research

within specific industries, e.g. hill country pastoral farming [364].

Finally, in terms of social impacts, the agricultural industry in Aotearoa is heavily reliant on
seasonal migrant labour from the Pacific region in specific sub-areas (horticulture, viticulture,
and increasingly dairy farming), which can lead to exploitative practices, particularly when
workers are also housed on-site [397], [398]. In terms of ownership versus labour,
farmers-as-owners in Aotearoa are overwhelmingly male, Pakeha, and older [399], [400]. This
represents a significant demographic divide between the wider population and those in

control of and making decisions about land management practices.
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Regenerative agriculture in Aotearoa

In considering the potential utility of regenerative agriculture in Aotearoa, the crucial point is
that agriculture in Aotearoa has simply, despite its rapid transition to a highly productive
export-driven system, had much less time for the impacts of industrial agriculture to be felt.
As in other settler-colonial countries, agricultural production is rarely understood in the
modern era as the product of the sweeping and deliberate transformation of local
ecosystems that early European settlers knew themselves to be undertaking [307], [376].
However, the geography of Aotearoa and the early focus of European settlers on products
that could be exported to European markets (meat, wool, and butter), combined with the
technological innovation that made that possible, meant that intensive arable production
and its associated impacts have never been significant here. Aotearoa’s soils are relatively
carbon-rich [236], [401]-[403] but often naturally low in nitrogen, phosphorus, and trace
elements [382], [404], to the extent that seabird colonies represented a major source of
nutrient transfer [405]. Historically, even post-Maori arrival, the dominant ecosystem was
forested and had no mammalian herbivores [144], [406]. Therefore, the internationally
widespread view of regenerative agriculture, which is narrowly focused on soil quality/carbon
sequestration in the context of natural grasslands with native mammalian herbivores, is not
particularly useful here. It is not possible to ‘regenerate’ an ecosystem that never naturally

existed.

However, as established, this is one particularly narrow conception of what regenerative
agriculture is. The unifying principles of regenerative agriculture, as earlier defined, center
around creating agro-ecosystems that rely primarily on ecosystem services for productivity
and can remediate the impacts of intensive agriculture. If we instead ask what the
externalities of agriculture are in Aotearoa that could potentially be mediated by regenerative

practices, the key problems are:

Biodiversity - the majority of Aotearoa'’s pre-human forests and wetlands have been cleared
and repurposed as agricultural land [382], [406], [407], and there is a significant bias towards
steep landscapes unsuited for agriculture in what remains, which does not represent lowland
ecosystems [406]. All major terrestrial faunal groups are experiencing significant threats
[408]. Indigenous biodiversity on farms is valued chiefly in terms of Western-style
conservation (‘land sparing’) rather than for any ecosystem services it may provide [404],

[409]. Some ecosystems are essentially changed beyond recovery to their original state [410].
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The water cycle - agriculture in some areas of Aotearoa relies heavily on irrigation from rivers
and aquifers, particularly in the relatively drier areas of Canterbury | Waitaha and the Hawke's
Bay | Te Matau-a-Maui. This has contributed to significant drops in aquifer levels [274] and
nitrate contamination, particularly in areas of intensive dairy farming [411]. Conversion of
wetlands to agricultural production has resulted in ongoing carbon emissions [412] and
increased flooding risks [93]. Freshwater is significantly contaminated nationally [381] and the
majority of contamination from farms enters the freshwater system through streams that fall
below the current limits for regulatory remedial action [413]. Some lowland stream
ecosystems are so badly damaged by agriculture all sensitive taxa have been lost [414] and
only intensive management can remediate them [415]. Additionally, retention times in the
water cycle means that even immediate action may not be reflected in contamination levels

for some time [381]

Erosion - The majority of pastoral land in Aotearoa is in hill country and its geological history
and climate means that it is highly prone to erosion [416], exacerbated by massive
deforestation [406] - 96 million tonnes of soil are lost per year [166]. Erosion means not only
the loss of soil and in some circumstances net loss of the carbon stored within it [417], [418],

but can lead to contamination of waterways and damage to remaining land.

Soil compaction - with a temperate and relatively wet climate, many soils in Aotearoa are
prone to and experiencing compaction from machinery and livestock under intensive
agriculture [167], [382]. This is damaging to soil quality and the ability of water to move
through soils, resulting in higher runoff and lower water storage [419]. This also increases

vulnerability to drought.

Nutrient balance - while unmanaged ecosystems in Aotearoa generally have low nutrient
contents where inputs from ocean ecosystems are not involved, some agricultural areas have
high levels of nutrient run-off [420], [421] and ongoing nitrogen saturation of soils [422],
although there have been limited studies on the direct effects of specific agricultural
practices on freshwater ecosystems (e.g. fertiliser use, winter cropping, effluent treatment)
[423]. Modeling of nitrogen and phosphorus transport has primarily been conducted using a
commercial software tool (Overseer), which in a recent external review was described as not
fit for the purposes it is being applied for [286]. In areas of intensive dairy farming soils now
have an excess rather than a deficiency of phosphorus, after less than half a century of

intensive farming practices [419], and may be losing carbon [422], [424].
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Regenerative agriculture therefore has a role to play in Aotearoa in the context of
regenerating water cycles, addressing the specific local issues with our soils, and finding,
insomuch as it is possible, ways to integrate native biodiversity and ecosystems with
agroecosystems. Work to align agricultural practices with tikanga Maori (Maori principles)
and matauranga Maori (Maori knowledge) has been assessed in the context of agroecology
[162], [386]-[388] though not yet, in the academic literature at least, strictly in the context of
regeneration and regenerative agriculture. Commercial and community Maori enterprises

focusing on regenerative agriculture are developing rapidly [368], [425].

Rejection of regenerative agriculture in the context of Aotearoa has focused on two specific
(though contradictory) objections: that regenerative agricultural practices have not been
tested properly in Aotearoa so cannot be recormmended [23], and that they are already in
practice in Aotearoa and therefore minor improvements to existing practices are preferred to
further significant change [23], [24]. Practice changes (whether they are labelled
‘regenerative’ or not) that lead to reduced or static production are criticised on the grounds
that this will only increase production in other, less environmentally-minded countries [426].
Dairy production in Aotearoa has been described as the least carbon-intensive in the world,
although in fact it is within standard error of the carbon footprint of a number of other
countries [427] and as of 2015 only 32% of dairy farms operated with eco-efficient low-input
systems [392], [428].

Understanding regenerative agriculture as a set of practices appropriate to achieve
remediation along with ensuring future production, it is clear there is plenty of work to be
done in Aotearoa, and specific targets to be set for regeneration and testing of practices to
identify both trade-offs [429] and win-win scenarios. It is imperative to identify the practices
that work in a local context [19], as agroecologists so often emphasise [53]. For example, there
is evidence that one-off full-inversion tillage can store carbon in some Aotearoa soils [236],
[430] even though there is significant evidence that in many soils tillage causes net loss of
carbon [216], [217], [43]]. A standardised measurement programme for soil carbon stocks has
yet to be developed, but is crucial to monitoring changes and response to agricultural
practice changes [432]. For another, the high level of endemism among native species in
Aotearoa [408] means that work to better integrate native and agro-ecosystems cannot be
generalised from other ecosystems [20]. Understanding interactions between native
plantings and ecosystem services from invertebrates, for example, is at an early stage [433].
Lupins, which are already being taken up as a nitrogen-fixing pasture component in high
country farms in the South Island | Te Waipounamu [434] - diversifying pastures - are
damaging to downstream freshwater ecosystems [435]. Local research on the constraints of
implementing practices (such as establishing diverse pastures [436], [437]) is vital - and
therefore needs to be carried out where it is lacking. Inaction only supports the status quo
[307].
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Secondly, as long as significant impacts such as those listed above remain, it is meaningless
to claim that the current system of agricultural practices is truly regenerative in our context,
even if they are an improvement on some overseas practices (for example, established use of
ryegrass/clover pasture rather than monoculture ryegrass) [438]. Additionally, individual
practices cannot adequately address detrimental outcomes on their own [95]. For some areas
of agriculture, the cost of unaccounted-for externalities (including globally, such as the
impacts of palm kernel production) is estimated to outweigh actual revenue [391]. Where
significant impacts are being caused by specific current practices (e.g. fertiliser and imported
feed use [382], [392], [381]) there is an urgent need to trial different approaches, rather than
focus on small changes. Evidence for the regenerative impact of a number of practices (e.g.
diversifying pastures, agroforestry in hill country, deferred grazing, riparian planting) already
exists [95], [165], [326], [336], [409], [439] - the question is how best to motivate their adoption.
Existing surveys of regenerative and non-regenerative practitioners can provide guidance
here [117], [360], [361], as well as other existing guidance on agricultural extension

programmes [106].

Productivity/profitability can and should be assessed as part of a suite of outcomes [110], [134],
[440], [441], but care must be taken to disambiguate system profits from capital gains on land
value, which do not necessarily reflect the sustainability of agricultural practices [442]. This is
particularly important for ruminant livestock agriculture, as greenhouse gas emissions are in
part a result of direct inefficiencies in production, representing carbon and nitrogen lost from
the production system [232], [443]. Existing studies show that lower-input farm systems are
often more profitable at low prices (or high input costs) and therefore more resilient [444],
[445]. Resilience - both environmental and economic - is highly important in the face of the

predicted impacts of climate change on Aotearoa [446].

Finally, there is significant evidence that sets of practices included in regenerative agriculture
(e.g. the three core practices of conservation agriculture [225]) must be practised as a whole
to have worthwhile impact; their effects are compounding. This requires systemic changes
and testing, rather than trialing individual practices one by one [70], [123], [128], [295].
Economic analysis also suggests addressing multiple externalities at once (nitrogen leaching
and carbon emissions) is better for farmers, even excluding analysis of all environmental
benefits [447]. Regenerative agriculture as a movement towards a semi-circular agricultural
economy (a concept also increasingly discussed in non-academic organic agricultural circles)
requires integration of different agricultural areas, rather than continued (over)simplification
[118], [448]. To address the need for integrated practices and analysis, we can look to
approaches such as life cycle analysis [134], [248], [287], [449], which allows examination of
multiple outcomes on a farm system level, and landscape ecology, which allows collaborative

design on a landscape scale [306].
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The future of regenerative farming

Defining regenerative agriculture as a set of practices that improves system performance
now and in the future, while acknowledging the full set of agricultural outcomes, we find that
the practices most closely associated with it are sound and the vast majority are already
being implemented to some degree. These include holistic grazing, diverse pastures,
livestock/crop integration, silvopasture, crop rotation, reduced tillage, and others. There is
significantly more agreement about the principles of regenerative agriculture than the
practices, probably due in part to variation between locations and farming systems. However,
there is a lack of economic and productivity data (and data on social wellbeing, which is
linked [126]) for regenerative (versus organic or conservation agriculture) systems, in part due
to the difficulty in comparing diverse sets of practices across different agricultural contexts
[31]. In general, ‘regenerative agriculture’ as a term is having a moment in the sun, being
taken up by large commercial operations [403]. It attracts significant hostility in part because
when meaningfully applied, it is a radical reconceptualisation of how the success of
agricultural practices should be measured [161], building on the foundations laid by and
ongoing work of other alternative agricultures. In many contexts, it demands not just minor
adjustments to existing practices but entirely new approaches. Technological solutions are
not inherently excluded by regenerative agriculture (or indeed other systems such as
agroecology [6], [70]) but technological solutions are often preferred because they are more
amenable to the ‘tinkering around the edges’ approach of intensive agriculture [104]. They
can also be prohibitively expensive for farmers to take up. They have been described in the
Aotearoa context as the ‘main opportunit[y] to reduce farm emissions’ [454]. While solutions
such as improving animal traits through breeding can provide significant gains, for example
in reducing nitrogen emissions, [455], [456], they must be tested alongside practice changes
to ensure the gains are present in regenerative as well as intensive conditions. Adoption of a
single-practice mindset puts regenerative agricultural practices in danger of greenwashing
and adoption into industrial systems in the same way that organic practices and some
aspects of agroecology have been [70], particularly as financial institutions incorporate

practices into metrics for sustainable investment [457]-[459].
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The question posed at the start of this literature review was “can regenerative agriculture
(under any definition) provide solutions to the ‘wicked’ problems of modern agriculture,
particularly in Aotearoa?’. Having defined regenerative agriculture as any set of practices
that lead to low-impact, integrated agro-ecosystems - based on outcomes - this is in fact not
the most useful question. A more useful question is “in Aotearoa, which sets of agricultural
practices are regenerative?”’ - meaning, which sets of practices move us closer to the most

closed possible agro-ecosystem with the lowest environmental impacts on a system level?

The same question can be asked in any country's context. Western science is well-placed to
help answer this question as it relates both to aspects of individual practices, where
appropriate, as well as the outcomes of system-level changes. There is also a clear meeting
place in this framing for regenerative agriculture and matauranga Maori, with the latter
being especially aligned with landscape-scale management as kaitiakitanga and care for
Papatuanuku. Agricultural practices and systems can be assessed by mana whenua for their
alignment with ao Maori principles, as a key component of their identification as
regenerative. In fact, nobody can seriously claim ‘regeneration’ in Aotearoa if it does not align

with the values of mana whenua, as the original agricultural practitioners on these islands.

Ultimately, what we call improvements in agricultural practices is much less important than
whether they improve. Defenders of current agricultural practices in Aotearoa call them
‘contextually optimal’ [24]. In the context of nearly two hundred years of settler-colonial
imposition of European ecosystems and practices onto an archipelago in Te
Moana-Nui-a-Kiwa [460], with increasingly troubling environmental outcomes, this seems like
a dangerous sort of arrogance: whose context are we actually acknowledging? Fortunately,
the rich body of literature on alternative agricultural practices and systems assessments gives

us the tools that permit us to do better - to, hopefully, regenerate.
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