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Foreword by Molly Scott Cato MEP
The Kyoto and Paris Agreements have led to significant shifts in our systems for energy and industrial
production. There is a long way still to go but we are on the right road. But if we are to stay within the
1.5° or even 2.0° limit, the recent IPCC report was clear that we need to find ways of recapturing some
of the emissions already in the atmosphere. We need to turn our attention to the land and its
extraordinary capacity to absorb and hold carbon if farmed in a climate-friendly way.
Agriculture accounts for around 10-12% of global greenhouse gas (GHG) emissions, but we need not
only to reduce emissions to zero, but actually achieve negative emissions in agriculture, by farming in
a way that helps the soil to absorb and store more carbon.
The world's cultivated soils have lost around 50-70% of their original carbon stocks according to Ohio
State University. It is now widely accepted that intensive agriculture is leading to a loss of topsoil and
diminishing the quality of our soils, but policymakers have been convinced by the dubious charms of
so-called ‘climate-smart agriculture’(CSA). CSA often relies on a high level of inputs and new
technologies such as precision agriculture and genetically modified crops, instead supporting agroecological techniques, which we know already improve soil health.
One of the most highly regarded practices under the ‘climate-smart’ model is ‘no-till’, which often
relies on the use of the weed-killer glyphosate. The most widely used pesticide in the world, we know
that glyphosate is damaging for human health, and bad for the soil, so how can this be a ‘climate
smart’ alternative, when it props up the conventional farming system that is so damaging to our
environment?
It is clear that we need a third way, a more innovative way of farming that is based on practices that
keep the soil free from chemicals, allowing life within and around them to flourish. Organic agriculture
recognises and relies on the soil as an ecological system, not just a matter to plant crops in. When
small, mostly organic farmers produce most of the world’s food, a transition to organic/agroecological farming is undoubtedly achievable; all we need now is the political will.
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Executive summary
Large claims have been made for the potential of ‘Climate Smart’ Agriculture and Agroecology, two
farming approaches that have much in common but are often set up as rivals, to mitigate climate
change. These have a foundation in evidence, but in terms of scale should be approached with caution.
The storage of carbon in the soil on cropping lands, a significant factor in the claims, is a hugely
complex and little understood area, particularly when the detail of different practices is compared and
the variability of individual circumstances by field, soil type, weather and other factors is accounted
for.
What is clear is that increasing soil organic matter, and hence carbon, is a common good, for the
regeneration of our much-depleted soils and hence future food security, as well as climate mitigation.
And Agroecology in particular, with its focus on crop biodiversity, producer security and
independence, and decentralisation, has further significant claims of benefits to human health, food
security and bioabundance and biodiversity in the natural world. The debate is best conducted on
this broader ground of delivering on the globally agreed Sustainable Development Goals, rather than
simply on climate.
But what emerges from any discussion of these issues is that both Climate Smart Agriculture and
Agroecology are imprecise, undefined terms. They have no certification schemes, no agreed
parameters of action. There is only one form of agriculture, which falls under the Agroecology
“family”, that has precise definitions and broadly globally agreed parameters. That is organic
agriculture, well-established, known and popular with consumers, particularly in Europe.
Given, particularly, the urgency of action identified by the 2018 Intergovernmental Panel on Climate
Change report, often summarised as 12 years to prevent runaway climate change, there is a strong
case for heavily promoting the spread of organic agriculture in Europe (and beyond), as a way of
ensuring climate-mitigation-friendly agricultural practices are put into practice. That will also have the
added advantage in terms of soil health and greater crop diversity, of promoting climate adaptation
through improved food security.
Such a policy requires a concerted effort of research, extension, explanation and campaigning. The
legitimacy of currently dominant resource-intensive agriculture is draining away, but a great deal of
work needs to be done to establish the full legitimacy of organic agriculture as the future of a secure,
healthy food supply for the growing human population that also allows space for nature to regenerate.
It is crucial therefore, that all claims made around it, are well-founded in evidence.
There is also strong evidence for the value of zero-till or minimum-till production systems. This is not
entirely clear simply on the ground of soil carbon, but the evidence for broader benefits for soil health
are clear. But this should be organic or near-organic. The damage of herbicides, on both soils and the
broader environment, cannot be ignored.
Given the urgency of the need to improve the quality of diets, and increase consumption of fruit and
vegetables, it is also important to start towards planning for an agricultural system designed to feed
the human population securely and healthily, rather than maximise corporate profits or total calories.
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1 The field
1.1 The climate background
At the 24th Committee of the Parties of the (COP) in Katowice, Poland, in December 2018, one the
chief focuses of discussion at the technical and campaign panels held in national pavilions and
discussion rooms, outside the formal discussions, was of “nature-based solutions” (NBS), of how the
ways in which land is used, or not abused, can maintain current carbon stores, and establish enhanced
ones. This was the case in the official parts of the talks, but also among the non-governmental actors
and campaigners1.
There are a number of ways in which this vital issue is being approached. For some, as represented by
the long-established but highly controversial REDD+ scheme, this can mean nations, regions or
landowners being paid to store carbon, often by organisations “offsetting” their emissions. So a major
article in Science in 2004 concluded: “carbon sequestration has the potential to offset fossil fuel
emissions by 0.4 to 1.2 gigatons of carbon per year, or 5 to 15% of the global fossil-fuel emissions”2.
The term “carbon farming” is often used, sometimes inaccurately, to refer to management of land not
for food but simply for ecosystem services.
Offsetting is now deeply controversial, it might even be said to be discredited, as an approach. It risks
allowing a “business as usual” approach to emissions from human activities, on the basis that they can
be “mopped up”, a form of “natural geoengineering”. That does not mean that we do not need to be
doing everything possible to reduce carbon emissions and increase storage in cropland and other land,
but that this is not something that allows others to continue to emit any more than is unavoidable.
The Intergovernmental Panel on Climate Change Report of 2018, which took the restriction of increase
in global temperatures of not more than 1.5 degrees Celsius from a “nice to have” to “essential”, when
assessing key areas of nature-based solutions (which it categorises as “Agricultural, Forestry and Other
Land Use – AFOLU) focuses primarily on maintaining and enhancing forest cover, switching to less
carbon-intensive (i.e. less meat-heavy) diets, cutting food waste, reducing cropland and using some
for energy production, with less grassland. 3
Despite the difficulties and the complications, however, given the national basis for measurement of
the progress towards the IPCC 1.5-degree goal, through the Nationally Determined Contributions
(NDCs), it is clear that nations and the European Union, are going to have to do a great deal more work
in measuring, understanding and enhancing their soil carbon stores. In the Global North work on at
least the first two steps, and even to some degree the third, is broadly under way. For the Global
South, in many cases there is little or no progress. (It is however notable in surveying journals how
many papers on relevant issues are being published based on research undertaken in China.)
The primary focus of this literature review is on carbon stores in land being cropped to produce food.
It does not encompass forests, whether native or plantation, will not directly deal with the issue of
peatlands (organic soils), which have particular importance and issues that require even more
substantial changes in cultural practices than other soils. Due to word limitation, it will also not address
the treatment of pasturelands and the production of biofuels nor a thorough consideration of the
issues around livestock agriculture.
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The focus is on soil carbon, as while one obvious source of emissions from agriculture is fossil fuel use
for farm activities, this accounts for only about 10% of total European agricultural emissions. So while
use of fuel for tillage is a factor, it is not overall a major one. 4

1.2 The agricultural background
There is now very broad acceptance that agriculture, particularly crop growing, cannot continue as
now, both as a result of its environmental impacts, including its greenhouse gas emissions and soil
degradation (with 25% of the world’s agricultural soils already highly degraded in what has been
described as a “global pandemic”5). Added to this is its inability to meet the need for food security of
a growing world population and the certainty of already locked-in climate change impacting on its
outputs6.
Two dominant groups of approaches to change can be identified: Climate Smart Agriculture - CSA (an
approach similar to that taken also by “conservation agriculture”, which is focused on zero- or very
low tillage practices); and Agroecology (which may also be considered to include organic agriculture,
as supported by IFOAM and in the UK the pioneering Soil Association, and permaculture, a loose
movement driven by a philosophy aiming to provide “a framework for sustainable living” that extends
to all aspects of life).
Agroforestry, the growing of trees for food or fodder or ecological services alongside other crops, can
be claimed by both divisions, but in practice seems to largely be undertaken by those who fit within
the agroecological family, so will be treated as such in this review. There is, however, limited technical
date on its use in the literature, particularly in relation to carbon storage, although extrapolation from
forest data is suggestive.
The philosophical difference between the two approaches is clear – CSA involves creating artificial
systems like those we have now that work better, while agroecology is based on gently adapting
natural systems for human purposes. On the ground, however, there may be considerable overlap in
practices and use of the terminology. Some extension work under the CSA umbrella that is sensitive
to the needs of smallholders and subsistence farmers, particularly in the Global South, may be very
similar in practice to agroecological approaches. And some elements of what it is offering may be
valuable, and should not be discarded simply because of the label.
There has also been significant research work, almost invariably focused more on restoring soil carbon
stores for reasons of fertility and soil heath, on fine-tuning the methods of resource-intensive
agriculture (using artificial fertilisers with pesticides and high levels of fossil fuel inputs for intensive
cultivation) for this purpose – one study from China might be taken as typical of such work7. But given
that it is clear such methods cannot continue to be used, they will not be generally considered in this
literature review.

1.3 Defining CSA, conservation agriculture and other “business as usual” approaches
The term Climate Smart Agriculture was used by the Food and Agriculture Organisation in 2010 in a
briefing document for The Hague Conference on Food Security, Agriculture and Climate Change,
defined as: “agriculture that sustainably increases productivity, resilience (adaptation), reduces/
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removes GHGs (mitigation), and enhances achievement of national food security and development
goals”. Since then promotion of the term and practice has been led by the FAO and the World Bank,
with the chief technical driver being the Consultative Group on International Agricultural Research
(CGIAR)8. It has largely replaced an earlier term, used at the Earth Summit in 1992, Sustainable Land
Management (SLM), although some researchers have treated the terms as effectively
interchangeable9.
A critical view of CSA as often practised and promoted is that it has at its core improving resource-use
efficiency – it means “business as usual” but done better. That means using broadly the agricultural
technologies, often including genetic modification of organisms, pesticides and herbicides, artificial
fertilisers and other non-organic methods of production, currently used in resource-intensive
agriculture (the term this paper will use for common mainstream agricultural practice that focuses on
maximum productivity with limited regard for externalised costs). It is also closely linked to the idea
of “sustainable intensification” (SI), which fits with traditional economic approaches of seeing growth
as an essential part of human progress.10 It is also criticised as being an imprecise term – it may be
relatively easy to measure “enhancing productivity” in terms of crop yield or even cost savings, but
understanding all of the impacts of a change to satisfy the “sustainable” element, or quantify it, is far
from simple. That lack of precision in its measurement is also reflected in classification – there is no
real clarity as to what is CSA.
Existing alongside this, and broadly fitting in this category, is “conservation agriculture”, defined by
the FAO as “a farming system that promotes maintenance of a permanent soil cover, minimum soil
disturbance (i.e. no tillage), and diversification of plant species”11. Currently this typically, although
not always, involves the use of the controversial herbicide glyphosate to destroy weed competition
before the planting of seed into the untilled field. This is also often known as “no-till” or “minimum
till” farming, although organic/agroecological models for no or minimum-till also exist.
Another term often used to cover practices that fit within the “better business as usual” category is
“integrated management” (with a particular Swiss frame of this being Proof of Ecological
Performance). A high-quality, long-term (13-year) study has just been published, concluding the
practices “did not result in an overall C sink, [but] model simulations showed that the use of cover
crops reduced the C losses compared to leaving the field bare. The use of solid manure improved the
C budget by importing substantial amounts of C into the soil, while liquid manure had only a small
effect”.12 Overall, carbon in the top 30cm of soil fell by 16 to 19%13.

1.4 Defining Agroecology
Agroecology is a relatively new umbrella term, first used in 1967, for approaches to food production
and land use that have often been explored and developed by the organic agriculture and
permaculture movement. One recent study concluded “agroecology revolves around the concept of
integral sustainability, and that there is agreement on neither its object of study nor goal”14. But it
seems useful to go the FAO again for its definition: “based on applying ecological concepts and
principles to optimize interactions between plants, animals, humans and the environment while taking
into consideration the social aspects that need to be addressed for a sustainable and fair food
system”15. The FAO maintains an “agroecology hub” and funds events and activities under this
umbrella, although there is little to no overlap with CSA work, or with the personnel involved in each
set of activities.
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Organic agriculture is defined by its international representative body as:
"Organic Agriculture is a production system that sustains the health of soils, ecosystems
and people. It relies on ecological processes, biodiversity and cycles adapted to local
conditions, rather than the use of inputs with adverse effects. Organic Agriculture
combines tradition, innovation and science to benefit the shared environment and
promote fair relationships and a good quality of life for all involved."16
It predates the term agroecology by several decades and has an established framework of legislation
and specification, with European rules being established in 1991 with Regulation (EEC) No 2092/91
(most recently updated in 2018)17. The latest figures put 6.2% of land in the European Union is farmed
organically (about 185,000 farms), although that overall figure disguises considerable differences
between different nation states18. Organic standards vary by jurisdiction – with the production
recorded in 179 nations around the world covering at last estimate 50.9 million hectares (cropland
and grassland), about the area of Spain. But the differences in rules are generally not to so great a
degree as to require being treated differently in assessing climate change or other impacts19.
Other terms that can be considered to fit within the agroecological framework include permaculture,
defined by David Holmgren as “consciously designed landscapes which mimic the patterns and
relationships found in nature, while yielding an abundance of food, fibre and energy for provision of
local needs”. However, its role in the broader movement of agricultural transformation is limited by
“general isolation of permaculture from science, both in terms of a lack of scholarly research about
permaculture and neglect within the permaculture literature of contemporary scientific perspectives”
20
. Its strength is in a global network of practitioners providing opportunities for practical action
research and mobilisation of communities21.
One notable exception to this is extensive research on the Bec Hellouin farm in France, which has been
described as “bio-intensive microagriculture”, inspired by permaculture if not in its mainstream
practice. That has been extensively studied, although only being in operation for seven years, with
one study of its soils. The limited range and extremely unusual nature of the practice here has to be
noted, as does the sample depth (20cm), but the study found a significant increase in soil carbon over
similar nearby soils under conventional agriculture22.
Biodynamic agriculture, although its foundations are not based on science, also produces outcomes
that fit within the agroecological framework. It has an agreed registration system and history, but
some of its foundations in spirituality and the sacred are not a comfortable fit with elements of current
structures and assessments.
There is also the recently coined “regenerative agriculture” (which distinguishes itself chiefly by saying
that it wants to improve the quality of the Earth’s ecosystems and climate rather than maintain it) but
otherwise fits within the agroecology “family”.23.
Agroecology is also closely associated with the food sovereignty movement, and is often promoted
explicitly by smallholder and peasant organisations such as La Via Campesina, which has described it
as “a way of life, struggle and resistance against capitalism”24. The “biointensification” promoted at
Bec Hellouin in France25, a form of market gardening involving high labour and knowledge inputs into
primarily fruit and vegetable production, also fits under the agroecological label. (This approach also
has the potential to free large amounts of land for “rewilding”, reforesting or other high carboncapture uses.)
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Agroforestry, the incorporation of woody perennials with crops, is often mentioned as a possibility
with CSA, but most practical examples would appear to fit more closely with the Agroecology
approach. It can include restored or enhanced hedging, trees of contours, intercropping, multiple
cropping, bush and tree fallows, and (more modestly) shelter belts.
Any research regarding carbon emissions or other impacts from any of these systems can broadly be
said to be relevant to comparing CSA and agroecological approaches.

1.5 The practices of CSA and Agroecology
The following table summarises some of the key similarities and differences between the two
approaches. As indicated, there can be considerable overlap, and differing claims, due to the lack of
clear definitions of both.

Practice
Use of cover crops
Improved
rotations
(crop/fallow)
Improved crop varieties

CSA
Yes
Yes

Agroecology/Organic
Yes
Yes

Yes, including GMOs

More varieties of crop
Reduced/minimum/zero tillage
Use of organic fertilisers
Use of artificial fertilisers
Use of chemical pesticides
Agroforestry

Suggested but not common
Yes, usually
Sometimes
Yes, with increased efficiency
Yes, with increased efficiency
Rarely

Yes for organic conditions. No
GMOs
Probably more common
Sometimes
Yes, crucial
No
No (with some exceptions)
More commonly

1.6 Animal agriculture
By whatever method crops are grown, there is of course the question of to what purpose they are put.
Presently about one third of arable land is dedicated to growing feed for animals, as over the past 50
years global meat consumption has more than quadrupled. It is clear that meat consumption has to
fall rapidly – and arable food products be eaten far more efficiently by humans. That’s outside the
scope of this study, but it is worth noting the proponents of CSA generally talk only about increasing
efficiency of meat production, while proponents of agroecology would almost universally
acknowledge the need to slash unsustainable meat production.
However, it is also important to outline the importance of livestock for soil health in agroecological
models. Livestock farming can also be part of a sustainable system that looks after soil health and
helps to maintain vital carbon sinks2627. For instance, grazing livestock that is part of mixed arable crop
rotation or that graze wetlands and grasslands can have a positive impact of soil C.28 Some livestock
can also consume surpluses of waste and biomass that are hard to use otherwise. Finally, livestock can
provide natural fertiliser from their manure.
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1.7 Carbon storage in soil. How does it work?
This section of the paper does not seek to provide a complete account of this intensely complex
process, but to provide a brief survey to help the reader understand the level of complexity, and the
huge gaps in our understanding that have only started to be plugged in recent years.
When considering the potentially climate-mitigating effects of cropping practices, the maintenance of
soil organic matter (SOM), in particular organic carbon (SOC), is crucial. The statement that globally
soils contain three times as much carbon (organic carbon making up about 1550 GT - billion metric
tons) as the atmosphere has generated much excitement29.
This statistician be weighed against the fact that, while measurements vary enormously, in general in
the European Union, and much of the rest of the world, comparisons over decades show a steady
decline, often a halving of SOM and SOC, although in the past decade a new focus on the issue has
seen some signs of stabilisation or even enhancement3031. Reasons for this commonly include the
conversion to arable of previous grasslands, forests and other natural vegetation, intensive tillage,
“overfertilisation” and fertiliser use in general (which promotes the activities of organisations
consuming the carbon in the soil) and draining (particularly of organic/peatland soils)32. In some areas,
generally in the EU around the Mediterranean, soil erosion and wildfires are of particular importance,
the former also in other parts of the EU, particularly where maize growing has become more
common33.
To start at the beginning, croplands can “fix” carbon from the atmosphere through the photosynthesis
of plants, which can then be held in the plants themselves or after their death, in their remaining
materials, which may be incorporated into the soil, at varying depth, by natural or human activities.
But they also release carbon, through the respiration of the plants themselves and the soil microorganisms that are intimately and essentially interrelated with the crop biome. And typically large
amounts of carbon is taken from the land in harvest and then usually will be quickly returned into the
carbon cycle through consumption.
Understanding the interactions of the animals (both relatively large, such as earthworms) and a huge
variety of microscopic species, bacteria and fungi is crucial to understanding what is happening with
all soil nutrients, including carbon. An excellent study of what we know, and don’t know, about what
is happening at the microbial and chemical level at the roots of plants concludes: “Our understanding
of rhizosphere interactions will remain incomplete without considering their interactions with
rhizosphere bacteria, protozoa and plant roots within the heterogeneous pore network of the soil
matrix.” 34
Crucial work on boreal forests has suggested that at least in those, “the previous dogma that humus
accumulation is regulated primarily by saprotrophic decomposition of … litter, and envisage an
alternative process by which organic layers grow from below through the continual addition of
recently fixed C to the organic profile … roots and associated myceliums”35.
Some SOC has what are known as Mean Residence Times (MRTs) of decades to millennia, but
determining and increasing this high MRT SOC is far from simple, being dependent on “(i) the average
biomolecular properties of SOM in the pools with reference to their source in plant litter, (ii) the
accessibility of the SOM to decomposer organisms or catalytic enzymes, or (iii) constraints imposed
on decomposition by environmental conditions, including soil moisture and temperature”.36
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A simplistic view that applying or retaining organic matter will boost soil carbon has long been
rejected. As was noted in 2004, “supply of fresh C may accelerate the decomposition of soil C and
induce a negative C balance … soil C losses increase when soil microbes are nutrient limited”.37 More
recent research has suggested a priming effect (PE) from soil fungi, which acts as a balancer: “PE is
low when nutrient availability is high, allowing sequestration of nutrients and carbon; in contrast,
microbes release nutrients from SOM when nutrient availability is low … [this] may help to synchronize
the availability of soluble nutrients to plant requirement”38.
There is evidence that soils can reach a state of “carbon saturation”, or at least a point at which
previous assumptions about capacity do not hold39.
An overview attempt to create a model of stabilisation mechanisms sums it up well: “stabilization
potentials of soils are site‐ and horizon‐specific. Furthermore, management affects key stabilization
mechanisms”.40 Certain agronomic practices might have positive impacts in one field in terms of
increasing soil carbon, in one year, but they may have opposite effects in different weather, on
different fields, or in other circumstances.
Further complexity is added by the fact that in general, increased temperatures, as we know will
broadly occur under climate change, will have an impact. High carbon-use efficiency (CUE) promotes
growth and potentially carbon stabilisation, but evidence is that CUE decreases as temperature rises
41
. And even if the carbon is stored in soils, will it stay there? The recent IPCC report concludes “An
important consideration for CDR [Carbon Dioxide Removal] which moves carbon from the atmosphere
to the geological, oceanic or terrestrial carbon pools is the permanence of carbon stored in these
different pools” – concluding that it cannot be guaranteed that terrestrial, including soil, carbon
storage can be more than decadal42.

2. The controversy: Which approach is best for mitigating climate change?
Big claims have been made for both CSA and Agroecological approaches for increasing soil carbon. At
COP21, France was the driving force behind the “4 in 1,000” initiative, which was based around the
statement “an annual growth rate of 0.4% in the soil carbon stocks, or 4‰ per year, would halt the
increase in the CO2 concentration in the atmosphere related to human activities”43. It suggested that
this could be continued for 30 or 30 years. The focus was particularly on forests and grasslands, but it
also talked of not leaving “bare soil” and “working it less” (minimum or reduced tillage). It broadly fits
within the CSA frame, although also encompassing agroecological approaches.
Caution should be applied whenever such claims are encountered. As one survey article noted in
considering the significant number of studies made of varying approaches to increasing or restoring
soil carbon stores, “the high variability and diversity of data make comparisons difficult”44. An
important study published in Science in 2016 threw a large dose of cold water over some of the more
extravagant claims, with a study of the basic science, of the rate of turnover of soil carbon
underestimated by a factor of six, leading to estimates of the carbon sequestration potential of soil
half that used in much climate modelling45.
That’s considering the possibilities from a technical angle, but cultural limits also have to be
considered. One survey article concludes “this restoration of SOC is unlikely to be realized because of
economic, institutional, educational and social barriers”. 46 Achieving “peak sequestration” for any
field is a highly skilled task, with no simple “recipe” that can be transferred even to its neighbour, let
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alone to different soil types, climates or crops, or across time, particularly with the impact of the
climate change already built into our planet by existing emissions.
There are a significant number of studies comparing either CSA or Agroecology against established
resource-intensive systems. Unsurprisingly, they almost universally show that more carbon is stored
in the soil from the systems designed to achieve this end, and that use of energy-intensive artificial
fertilisers, the application of which also results in the release of GHGs of far greater heating intensity
than carbon, results in very high carbon emissions from crop production. One typical study found a
244% increase in soil carbon over 6.5 years in the comparison47.
There is, however, little work comparing CSA versus Agroecology, and all too often what work is
available is in popular discourse twisted to simplistic conclusions, as IFOAM points out with regard to
an article in Nature 48 used to claim that “organic farming is worse for the climate” despite the fact
that the entire organic sample size was two crops in Sweden49.

2.1 Reasonable general claims for both CSA and Agro-ecology
One of the best general survey articles concludes: “Numerous investigations have shown that soil
organic matter was improved in ﬁelds under organic management compared with conventional
management,” and “improved soil structure and aggregate stability, water inﬁltration and holding
capacity, as well as diversity and activity of soil organisms50”. Although the article noted that effects
typically take at least several years to become evident.
Such conclusions are also drawn for conservation tillage approaches. Some of the reasons for this are
obvious: the use of cover and “green manure” crops means organic matter is being generated and left
on or in the soil, when otherwise it would be rare under many systems of industrial agriculture. “It is
assumed that vegetation cover present throughout the year increases soil OM inputs, as it is the case
for permanent grassland, under grass bands or when intermediate crops are cultivated during the
winter season.” 51 Moreover, this allows the sophisticated ecology of soils to continue with less
disruption than traditional “full tillage”. One article found one crucial element in this is likely to be
fungal associations with the roots, with “Less intensive tillage and winter cover cropping … increased
AMF [Arbuscular mycorrhizas] colonization of summer annual cash crop roots by 30%” 52
But attempts to create models that will predict carbon storage from general measures have been less
than successful. One example saw the authors conclude “tested in isolation using a bare fallow
experiment … it could predict soil organic matter levels with high accuracy. In the cropping
experiments predictions were less accurate…. Predictions were more accurate on loamy than on sandy
soils.”53
But there is an important question of measurement to be considered. Most work has looked at carbon
storage and emissions per area of land. But crop yield is also an important factor. If it is lowered, and
larger areas of land need to be farmed for the same produce, then emissions may rise. Looking at the
overall climate outcomes, a rare Belgian study comparing conventional and organic wheat-growing
found:
Using 1 kg of grains as FU [a functional unit], results are not significantly different in global
warming and cumulative energy demand. Very highly significant differences for soil
acidification and eutrophication, and significant differences for agricultural land
occupation were found to be in favor of conventional wheat production. Due to the high
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yield level in conventional farming (8.5 t/ha at 15% humidity against 4.5 t/ha for organic
wheat), organic winter wheat has an equivalent or even, in some impact categories, a
higher impact than conventional winter wheat. Using 1 ha as FU, organic production is
less impacting than conventional production, except for soil acidification and
eutrophication.54
But conclusions about yields of organic versus high-input agriculture are an area in which widely
differing conclusions have been drawn. Increasing numbers of trials find that, often after an initial dip
of about seven years, organic yields can match those of high-input agriculture – notably the Rodale
Institute Trials run over 30 years55. Individual farm accounts sometimes match or even exceed this56.
Again, this variation may arise from differences in location, soil type and history, climate, skill and
other factors.

2.2 Tillage, an area of significant debate
Despite the obvious theoretical arguments for no or minimum-tillage increasing soil carbon, however,
there are a number of credible papers arguing, with caveats, that there is a lack of evidence for this
occurring.
Luo, Wang and Sun conducted a meta-analysis based on 69 paired experiments in an article published
in 2010. They concluded:
Conversion from CT [Conventional Tillage] to NT [No Tillage] changed distribution of C in
the soil profile significantly, but did not increase the total SOC except in double cropping
systems. After adopting NT, soil C increased by 3.15 ± 2.42 t ha−1 (mean ± 95% confidence
interval) in the surface 10 cm of soil, but declined by 3.30 ± 1.61 t ha−1 in the 20–40 cm
soil layer. Overall, adopting NT did not enhance soil total C stock down to 40 cm.
Increased number of crop species in rotation resulted in less C accumulation in the
surface soil and greater C loss in deeper layer. Increased crop frequency seemed to have
the opposite effect and significantly increased soil C by 11% in the 0–60 cm soil57.
One recent commentary concluded:
Let us be realistic about no-till: The benefits of no-tillage for erosion control are well
established by retaining surface ground cover by residues, not breaking up soil aggregates
and improving water infiltration. It is also clear that reducing tillage can aid in maintaining
the structural quality of soil while maintaining a buffer to moisture loss under drought
conditions… But no-till advantages are not universal: A recent global met-analysis of 5463
yield comparisons showed that generally yields are reduced in no-till compared to
conventional tillage. Also, the conservation management ‘package involves not simply a
change in tillage implements and seeders, which are a large investment, but also often
includes increased usage of mineral fertilizers and herbicides.58
However, another recent study conducted in France concluded:
Our results demonstrate the importance to account for system features to ensure the CT
[conservation tillage with glyphosate] efficiency for farmland birds, declining strongly in
Europe since 1980 (−55 to −67%). Results also highlight an even more negative impact of

Rich Earth

10 | P a g e

herbicides than tillage, showing that stopping tillage to intensify herbicide use is not a
promising way.59
This last cited study is still-though indirectly- relevant to SOM, as there is evidence to suggest that the
presence of birdlife on farmlands influences the microbial communities in soil60 and are an important
pollinator.
Recently published work also makes an important point about the impact of depth of sampling on
conclusions. For obvious practical reasons, sampling has often been quite shallow, sometimes 30cm,
and this may not be fully capturing the carbon dynamics of a soil 61. A Chinese study of a wheat/maize
rotation found no difference in overall soil carbon between tillage and no-till treatments, although the
carbon was concentrated at higher levels in the no-till treatment, and soil structure was better62.
It is notable that in this area, as in so much else of the matters covered by this literature review, a very
considerable proportion of the papers have been published in the past four years, many in the past
year. Researchers have noted that discussion of SOC in the scientific literature has risen steadily and
significantly since the early 2000s63. This is a field in which it is to be hoped there will be considerably
more data and growing understanding of the mechanisms involved in the next few years. Of course,
however, the IPCC tells us that we cannot afford to wait for that data before acting.
Discussion of “organic versus conservation” agriculture has often seen this as assuming “organic”
means conventional tillage, but as key survey article authors note “Inversion tillage is permissible
under organic regulations, however, since it is counterproductive to soil building, many producers
have transitioned to low-intensity, non-inversion conservation tillage or no-till practices aiming to
conserve soil moisture, reduce erosion, decrease energy and costs, while maintaining weed biomass
at acceptable levels.”64 This would seem to be broadly more true of the US than the European Union
– although a recent complete special issue of the journal Agriculture devoted to the practice indicated
significant work is underway65. A Canadian survey, somewhat obviously it would have been thought,
warns that it is crucial this is conducted in cooperation with organic farmers, so their concerns are
addressed66.

2.3 Agroecology better than CSA?
We know from first principles that increasing biodiversity, a characteristic of more typical of
agroecological approaches than CSA, in general increases soil carbon67. But organic farmers,
particularly in Europe (as compared to North America) have been more reluctant to embrace no-till
approaches with their (possible) benefits for carbon storage and clear benefits for soil structure and
functioning, due to concern about potential problems with weed control. One possible middle ground
is demonstrated by a review article looking at trials of shallow non-inversion tillage, which showed
positive results compared to deeper ploughing68.
The complexity of possible approaches (and difficulty in drawing general conclusions) is shown by the
example of Bio-Gemusehof, a German organic horticultural producer, which currently uses “rotational
no-till practices”, with crops being planted straight into mown and then compost-covered manure
crops, but these are currently being sown into tilled soil.
A broad survey of the possibility of increasing yields in organic agriculture explores the important issue
of the possible impact this might have on GHG emissions from the practice:
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There are many examples of how increasing yields can lead to decreased climate impact,
but the examples from ruminant production illustrate how important it is to consider the
climate impact from agricultural products from a systems perspective on a case-by-case
basis, to avoid sub-optimisation. Moreover, estimation of climate impacts is hampered
by the large variability in biological systems, including the large uncertainties in
measuring or modelling N2O emission rates and soil carbon dynamics.69
The use of agroforestry would appear a very good bet on increasing carbon storage, based on our
knowledge of the importance of forests as a carbon store, although has been more explored in theory
than practice70. There are long-term traditional forms of agroforestry in the EU, notably the
cork/cropping production systems in Portugal, and more recently developed case studies such as that
of Wakelyns in Suffolk, UK71.
Then there is the crucial issue of artificial fertilisers, on which there is unfortunately little data available
beyond the gross figures. Certainly in climate terms, the biggest single issue with conventional
agriculture is emissions from the production and use of nitrogen fertiliser But proponents of CSA
would very likely say that they are moving to minimise its use 72 – even to the level of suggesting
robots applying very small quantities to the roots of individual plants – cutting the climate impact. And
the use of organic fertilisers such as solid manure and slurry can also have significant impacts –
certainly we know in terms of runoff and probably also GHG emissions73.
There is also scant evidence of what might be a significant factor – the impact of pesticides on the soil
biome. There is some limited evidence that the impacts might be significant74, particularly on soil
fungi75, but other studies have not shown significant effects76. One of the most convincing studies
concluded, without notable confidence, that
“Glyphosate increased respiration in the reference grassland soil, potentially due to a
stress response of glyphosate sensitive species, while it depressed respiration in the
chronically exposed soil, probably as a result of selection for organisms acclimatised for
rapid assimilation of substrates from the comestible decay of the molecule… longer term
studies involving repeated addition of glyphosate to previously unexposed soils are
needed to understand important shifts in community metabolism caused by the typical
agricultural use of this herbicide.77”

3. The bigger picture: It isn’t just about climate change
3.1 What is farming for?
A useful place to begin may be to think about what agriculture is for: why do we grow grains, plant
trees or vegetables, choose the agronomic systems currently employed? The practical reality now is
that most farmers’ chief priority, through necessity, is to generate income to meet their costs. The
source of that income is in the vast majority of cases not the final consumer of the product, but large,
often multinational, companies, supermarkets, industrial food processors, whose priority, to varying
degrees under different national jurisdictions, by law has to be the maximisation of profits. Farming
now operates to maximise the profits of the owners of these firms, which as Jennifer Clapp has shown,

Rich Earth

12 | P a g e

in very interesting work, on a global scale is increasingly financial companies far removed from any
production78.
Further, in the productivist approaches of recent decades there has been a “calories-first” approach
to agriculture policy, which is now seen as contributing to an epidemic of obesity79. And “agriculture
has increasingly become an engine not for producing food, but for generating animal feed, biofuels
and industrial ingredients for processed food products (e.g. sugar-sweetened beverages, ready-to-eat
meals and snacks)”80.
One issue that is just starting to rise up the research and policy agenda is crop diversity, or the lack
thereof. There are only about 150 commercially important crops, and 103 species comprise more than
90% of the production, with three crops, rice, wheat and maize, responsible for about 60 percent of
the calories and 56% of the protein people derive from plants81. One attempt to start to address these
issues is the Global Action Plan for Agricultural Diversification82.
Partly through the perspective of the Sustainable Development Goals, an alternative approach has
gathered attention in recent years, focusing on the purpose of agriculture as being to provide
sufficient, healthy, nutritious, secure food supplies for all. The technical phrase that has begun to
embrace this perspective, and provide an analytical frame to discuss it, is “nutrition-sensitive
agriculture”83. This has largely been seen as an approach to assist the vulnerable in the Global South,
but there are strong arguments for its extension to the Global North, where, with huge amount of ink
spilled on the subject of what is a healthy diet, there is general academic consensus: “A diet of
minimally processed foods close to nature, predominantly plants, is decisively associated with health
promotion and disease prevention” 84.
What a healthy human diet demands is a great deal more vegetables and fruit and (as well as less
meat), less grains and oils85. The Bec Hellouin farm cited above is one small case study of a move in
this direction.
One Chinese academic paper points to revival and enhancement of traditional vegetable growing,
described as “spatial multi-cropping”, on what seems to be at least a somewhat similar model
(although with far higher chemical inputs)86. This study is highly unusual and innovative in attempting
to measure and compare the actual nutritional value of a wide variety of produce for human beings,
with the authors saying:
None of these previous studies have involved comparisons among such a range of
products. This present study involved the assessment of 22 different products, … the
combined nutritional equivalent unit was used … defined as the mean of the respective
ratios (percent of daily recommended intake values) of the main nutrients (calories,
vitamin A, carotene, vitamin C, vitamin E, calcium, phosphorus, potassium, sodium,
magnesium, iron, zinc, selenium, copper, and manganese) to those recommended by the
Chinese National Institute for Nutritional Health. The functional unit of the study was set
as ten thousand (10,000) nutrient equivalent units. This functional unit allows us to make
direct comparisons among food and cash crops that are variable in production yield and
dietary needs.”
This begins to show the way towards genuine SDG-compliant agriculture. For the record, “the global
warming potential, eutrophication potential, and acidification potential of producing equal amounts
of NE [nutritional equivalent] units were all lower for the vegetable cultivation system ...than for the
wheat/maize system”.

Rich Earth

13 | P a g e

3.2 Are these just scientific questions?
When considering the climate impacts of forms of agriculture, it isn’t enough to consider simply
technical measurements and agronomic methods. An interesting detailed study of the London
borough of Sutton, attempted to calculate the possible GHE impacts of urban community farming that
considers social, cultural and economic factors (e.g. if the crops grown are those most likely to replace
air-freighted or heated greenhouse production elsewhere)87.
Furthermore, it is clear that while management is typically at the field level, a transformation of our
landscape of the scale required to achieve climate and other goals will also need some form of coordination. No field is an island, or as authors wrestling with these broader issues concluded:
“sustainable solutions need to embed short-term management in long-term landscape planning”88.

3.3 What will make an agroecological Europe (and world)?
While the scientific data is crucial in making the technical case for agroecology, an important article
from 2016 explores the way in which organic agriculture has acquired at least “thin legitimacy”, from
market demand and policy interventions. It looks at how agroecology could acquire “thick legitimacy”,
which means that “people accept something – knowledge, norms, customs, or technologies – as
credible and authoritative, and express or practice it widely”89.
The authors say: “legitimacy does not have a single base: something can become legitimate through
a ‘coproduced’ bundle of processes, including: scientific validation, recognition in policy-making and
government, practical testing against experiences, and verification by civil society actors”. They note
that one important step is “fostering publicly funded inquiry-based science related to agroecological
principles” – something that is a crucial area of political and policy endeavour – and also that by
“advancing an ethics of regeneration that emphasizes cyclical – not extractive – processes, we can
create conditions for agroecology to become widely regarded as a new normal”.
“Thick legitimacy” is something that resource-intensive agriculture had, but is starting to lose. Climate
change is one of the reasons for that, but far from the most significant. At least at the policyr level,
understanding of the damage it has done to soils, and the risks it presents to food security, are major
factors.
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4. Conclusion
The debate between proponents of CSA and agroecological approaches is one that is likely to consume
many more pages of academic journals and occupy considerable rhetorical space. It is likely, at the
end of the day, to prove of little practical use, at least until we are able to have the benefit of a much
wider range of detailed and authoritative studies.
The complexities of soil carbon, the way in which localised soil conditions, both chemical and biological
(reflecting the history of land use), weather and management choices below even the field level mean
answers to the question of “which approach will store most carbon?” are effectively impossible. And
that should not be the sole factor in any decision about farming or any other policy. There is a danger,
as the “Dieselgate” scandal exposed, of taking greenhouse gas emissions as the key deciding factor in
policy choices or agronomic approaches. We are at, or approaching, the limits of this planet in many
areas, far away also from delivering on the social and economic aims of the SDGs. As crucial and
threatening as climate change is, we cannot make it the only basis of our decision-making.
The world is, however imperfectly, chiefly through the mechanism of the SDGs, seeking to achieve a
balanced state of economic, social and environmental priorities, understanding all of these as being
inextricably interlinked. Another way of putting this is that an attempt is being made to bring systems
analysis, also knowns as systems thinking, into the highest level of global, supranational, national and
lower levels of decision-making90.
In political and policy terms, there are three key areas in which agroecological approaches have a huge
advantage over CSA. The first, and politically most powerful, because everyone has to eat, is health –
the nature of human diets produced by “business-as-usual” agriculture is deeply unhealthy. Closely
related to that is the benefits to farmers and communities of agroecological approaches. Finally, and
again politically powerful, is the biodiversity and bioabundance benefits for wildlife of agroecology.
But there is one key issue. As this work has already outlined, there is no agreed definition, or criteria,
for what “agroecology” (or indeed CSA) is in practice. There is no certification scheme, not even a clear
outline or acceptable and unacceptable practices, or qualification for practitioners.
One of the few published examples is of the RISE (Response-Inducing Sustainability Evaluation)
system, which is “an indicator-based method for holistic assessment of sustainability of agricultural
production at farm level”, developed at the Bern University of Applied Sciences, School of Agricultural,
Forest, and Food Sciences (HAFL) in Switzerland . The output is 47 sustainability indicators, condensed
into 10 themes 91. This is however, primarily intended as an on-farm tool for directing improvements
and agronomic choices.
The only form of agriculture for which a clear definition exists, almost everywhere in the world, well
-established, with a strong scientific ethos, and with growing popularity in the European Union, is
organic agriculture. Aside from the very powerful arguments for organic agriculture in its own terms,
it can be argued that its expansion would significantly cut carbon emissions by providing a guarantee,
in the absence of any other certification or approval system, of low-carbon methods. To establish a
parallel system of checking the practices of farmers for their impact on carbon emissions would be
extremely resource-intensive for the certifying authority.
There is increasing interest in transferring elements of farm practice developed by organic farmers
into conventional production systems. (One example is a UK government-funded study with the
Organic Research Centre in Suffolk).92 Another typical example is a South African study looking to
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reduce the need for phosphate fertilisers by use of cover crops93. This can have obvious benefits and
should certainly be encouraged, but without the guarantee provided by organic certification or at least
commitment to organic principles, it will be hard to know what overall climate or other impacts of
total farm practice will be. There is also the issue of the cost of organic conversion and certification –
something that should certainly be considered and possibly addressed, however ‘Climate-Smart’
agriculture is not necessarily a cheaper alternative model, as it often relies on expensive technologies.
No matter the financial cost, it is clear that the environmental costs of farming are far more important.
A major reassessment of the conventional farming model is needed if the world is going to transform
the agricultural sector from being a net emitter of carbon emissions, to a sector that routinely achieves
negative emissions. This study has demonstrated that the loosely defined ‘Climate Smart’ Agriculture
can be easily manipulated to suit various models and can even be used as a greenwash. Agroecology
on the other hand is less ambiguous as an established practice, and better still organic is enshrined in
EU law with strict definitions and requirements. Whilst the true potential for these practices in terms
of soil carbon sequestration is largely unknown, the very nature of organic and agrocecological
methods minimise the effect of the environment, and are shaped around the process of building and
maintaining soil organic matter that we see in occurring naturally.
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