What Is Regenerative Agriculture?

How Regenerative Agriculture Works to Reverse Climate Change and

Fight Global Hunger

This guide was developed to help provide an overview of regenerative agriculture (RA). We
provide context and background information to help you understand what RA is, what
agricultural practices are involved, and how RA works to fight climate change and sustain food
production.

See the table of contents below for quick navigation.

Summary of Key Points

Regenerative agriculture is the practice of any agricultural activity that improves the
resources it uses, rather than destroying or depleting them.

Goals of regenerative agriculture include reversing climate change, increasing soil
health, reversing biodiversity loss, and increasing food production while decreasing
environmental impact.

Regenerative practices to reach these goals include no-till farming, cover crops, diversity
of crops, well-managed grazing, and no pesticide use.

Regenerative agriculture has been shown to effectively improve soil health, but more
research is needed on its ability to fight climate change through increased soil carbon
sequestration.

Many farms and ranches around the world have implemented regenerative agriculture
practices.
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What Is Regenerative Agriculture?

Regenerative agriculture (RA), broadly defined, is the practice of any agricultural activity,
such as farming or ranching, that improves the environment at the same time as
producing food or other farming products.

There is no agreed-upon definition of regenerative agriculture. However, the most fundamental
principle, as indicated by the term “regenerative”, is that it improves the resources it uses, rather
than destroying or depleting them. In this sense, RA seeks to go beyond being merely
“sustainable” agriculture, or agriculture that has a net neutral environmental impact, and move
instead towards a net positive environmental impact.

Sustainable Agriculture = Regenerative Agriculture =
Net Neutral Impact Net Positive Impact
(Seeks to Maintain) (Seeks to Restore)

While definitions of regenerative agriculture vary, most definitions are based on one or both of
the following:

e Process-based definition: Defines RA as a set of agricultural practices and principles
e Outcome-based definition: Defines RA as an agricultural form that aims to enhance a
certain set of metrics or achieve specific goals (Newton et al. 2020).

What is the Purpose of Regenerative Agriculture? Outcome Goals

The desired or expected outcomes of regenerative agriculture can be separated into two
categories: big picture goals and incremental goals. RA practices work to achieve these
outcomes. (Note that these are goals, and the effectiveness of RA at achieving some of these
goals has been challenged.)

Big Picture Goals

Big picture goals are goals that require many steps and different activities working together. The
big picture goals of RA are:

Reversing Climate Change
The Problem: Climate change is caused by greenhouse gases like carbon dioxide building up in
the atmosphere, causing overheating. Agriculture (and associated land-use change such as


https://www.frontiersin.org/articles/10.3389/fsufs.2020.577723/full

deforestation) accounts for nearly one-fourth of greenhouse gas (GHG) emissions (Searchinger
et al. 2019).

RA’s Solution: Healthy soils absorb more carbon dioxide, allowing for greater carbon
sequestration in the soil, and pulling more CO, from the atmosphere. Additionally, RA aims to
use land more efficiently, allowing for less land-use and deforestation devoted to agriculture,
and more land with trees, plants and soil that efficiently sequesters carbon.
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Plants absorb carbon dioxide through photosynthesis, and return some of it to the air. The rest of the
carbon remains in the plant, and can be “stored” in soil when the plant dies and decomposes.

Increasing Food Production While Decreasing Environmental Impact

The Problem: Global demand for food is high, and is expected to keep growing at least through
2050, both overall and on a per-capita basis (Bodirsky et al. 2020). However, agriculture already
takes up one-third of global land use, and increasing food supply is difficult. In fact, the UN
predicts that, unless we can improve our degraded soil, we will only be able to effectively
continue farming for 60 years (although this prediction is disputed).

RA’s Solution: Increasing soil health and fertility through RA practices can help increase food
production. Additionally, RA aims to produce more nutrient dense foods that also have natural
pest-protection.

Reversing Biodiversity Loss

The Problem: Biodiversity refers to the variety of organisms living on Earth. In addition to being
intrinsically valuable, biodiverse ecosystems provide crucial services that support human life,
such as pollination, water purification, and control of agricultural pests. Agriculture is the single
largest contributor to biodiversity loss (Dudley & Alexander 2017).

RA’s Solution: RA practices that work to increase biodiversity include planting diverse crops,
rotational grazing (giving land resting time between being grazed), and growing trees around or
among the crops (agroforestry). With these practices, agricultural land will begin to look more
like natural lands, which provides habitats and resources for a wider array of organisms.
Microbe biodiversity will also be increased through RA by using fewer pesticides.


https://agritrop.cirad.fr/593176/1/WRR_Food_Full_Report_0.pdf
https://agritrop.cirad.fr/593176/1/WRR_Food_Full_Report_0.pdf
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0139201
https://www.scientificamerican.com/article/only-60-years-of-farming-left-if-soil-degradation-continues/#:~:text=ROME%20(Thomson%20Reuters%20Foundation)%20%2D,UN%20official%20said%20on%20Friday.&text=%22Ninety%20five%20percent%20of%20our%20food%20comes%20from%20the%20soil.%22
https://www.scientificamerican.com/article/only-60-years-of-farming-left-if-soil-degradation-continues/#:~:text=ROME%20(Thomson%20Reuters%20Foundation)%20%2D,UN%20official%20said%20on%20Friday.&text=%22Ninety%20five%20percent%20of%20our%20food%20comes%20from%20the%20soil.%22
https://www.amnh.org/research/center-for-biodiversity-conservation/what-is-biodiversity
https://www.tandfonline.com/doi/abs/10.1080/14888386.2017.1351892?journalCode=tbid20

Incremental Goals

Incremental goals are shorter term outcomes that will incrementally help achieve big picture
goals. That is not to say, however, that incremental goals are simple. Incremental goals include:

Improving soil health: Improving soil health is one of the main goals of regenerative
agriculture. Healthy soil sequesters more carbon, helps increase food production, increases
nutrient cycling, reduces erosion, increases water filtration, and increases microbe biodiversity.

Improving ecosystem health: Healthy ecosystems are biodiverse and nutrient-rich. RA aims to
improve ecosystem health both for the sake of the planet and wildlife, but also to help human
food production.

Increasing carbon sequestration: Increasing carbon sequestration through healthy soil and
diverse crops will help fight climate change.

Improving water health: RA practices such as using natural pest control and natural fertilizers
contribute to water health, as these reduce the amount of toxic runoff into water systems. RA
also helps fight climate change through improved water health, as less pesticide runoff reduces
acidification of water, which in turn allows for water to sequester more carbon.

Newton et al. 2020 reviewed data from 229 journal articles and 25 practitioner organizations to
summarize the various definitions of RA. See their full list of regenerative agriculture outcomes.

Regenerative Practices: How RA Differs From Conventional Farming

There are a wide variety of practices that can be grouped under the umbrella of regenerative
agriculture. Regenerative agriculture includes the following practices.

Low or No-Till Farming

Conventional farming practices soil tilling, the process of mechanically overturning soil to break
it up, intended to prepare soil for planting. Low-till or no-till farming is a farming technique to
grow crops that uses the least amount of mechanical disturbance possible. Rather than plowing,
farmers drill seeds into the ground.

No-till farming has been a principle common to conservation agriculture since the 1970s, and is
a key principle of regenerative agriculture. No-till farming:

Reduces soil erosion

Increases the ability of water to infiltrate the soil

Helps soil retain and cycle nutrients more effectively

Increases microbial diversity in soil, which helps increase nutrients and increase soil
resilience


https://www.frontiersin.org/articles/10.3389/fsufs.2020.577723/full
https://www.frontiersin.org/files/Articles/577723/fsufs-04-577723-HTML-r1/image_m/fsufs-04-577723-t001.jpg
https://regenerationinternational.org/2018/06/24/no-till-farming/

Part of no-till farming is keeping plant roots in soil as long as possible. Roots help feed
beneficial soil microbes, which in turn work to protect and feed crops. When a plant dies,
microbes in the soil eat it, which converts the roots back into nutrients, and soil carbon and soil
structure are improved. Living roots also help protect against erosion or topsoil blowing away.

Cover Crops

Cover crops are other plants grown in between “cash crops” (crops grown to be sold or
consumed). Cover crops have a multitude of benefits, including:
e Reduction of erosion
e Natural weed suppression (cover crops can smother weeds or take up space, not
allowing them to grow)
e Support of pollinators and pollinator habitats, which helps your cover crops and cash
crops alike
e Natural fertilizer (e.g. legume cover crops act as nitrogen fixers)
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Example of cover crops - clover and wheat grown together (Image: SARE)

These benefits increase soil health and crop yields, helping to address food insecurity.
Additionally, cover crops increase water health by reducing the need for polluting agents like
pesticides and fertilizers.

Diverse, Rotating Crops

As industrial agriculture has grown, the variety of crops grown has lessened, and has led us to
what some refer to as a “seed extinction.” In fact, the vast majority of seed species have gone
extinct (Humphreys et al. 2019).

This is due to a dependence on monocultures, or the growth of a single crop type in a single
area, rather than a diversity of crops. Monocultures have a negative effect on soil health and
crop yields, increase pest problems, and reduce global food security.


https://www.sare.org/resources/cover-crops/
https://www.sare.org/resources/cover-crops/
https://doi.org/10.1038/s41559-019-0906-2

Planting diverse crops has a number of benefits, including:

e Reduction in pests: Planting a wide variety of crops breaks up insect and disease cycles,
leading to great crop vyield.

e Lower pesticide use: Because diverse crops are less prone to pests, farmers can use
less pesticides. This increases wildlife health (especially pollinators’ health), water health
(less runoff) and ultimately human health (less exposure to toxic pesticides).

e Spread of economic risk: Diverse crops benefit farmers. If one crop type does poorly for
any reason in a single year, the farmer’s entire yield is not lowered.

Rotating the type of crops planted over time or seasons also fights against the negative impacts
of monocultures. Crop rotation promotes healthy soil and water infiltration, allowing for healthier,
more resilient plants overall. Crop rotation also fights against pest cycles, as different pests are
attracted to different plants; yearly or seasonal rotation does not allow specific pests time to
multiply.

Reduced pests and disease, in addition to increased soil health, helps create healthier, more
resilient crops. Not only can healthy plants help increase food production, but they can also help
sequester carbon through photosynthesis.

Incorporate Trees (Agroforestry)

Planting trees or bushes among crops is known as agroforestry. Some researchers believe that
among all practices linked to regenerative agriculture, agroforestry is the most promising for
fighting climate change (Giller et al. 2021).

Agroforestry allows for:

e Increased soil sequestration of carbon (which fights climate change and increases plant
health)

e Increased plant sequestration of carbon through photosynthesis (a process by which
plants take in carbon and release oxygen)
Increased soil-erosion control and crop safety (trees can act as a windbreak)
Increased pollination and pollinator habitats
Increased biodiversity through
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https://www.sare.org/publications/diversifying-cropping-systems/why-diversify/
https://journals.sagepub.com/doi/full/10.1177/0030727021998063

The way in which agroforestry is conducted, as well as how effective it is, depends on where it is
put into practice. For example, carbon sequestration rates tend to be higher in tropical climates
(Eeliciano et al. 2018).

Integration of Livestock & Well-Managed Grazing

Adding livestock to crop areas helps introduce natural biological processes to agriculture.
Integration of livestock and crops can close the nutrient cycle; livestock like cattle deposit
manure on the soil, which provides nutrients to the plants. In turn, livestock eat the plants.
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Not only does this have environmental benefits, but it can also provide economic benefits to
farmers, who no longer need to spend money hauling manure to their fields.

When integrating livestock, it's important to manage grazing to avoid overgrazing. One strategy,
referred to as rotational grazing, is to move cattle or other livestock around frequently. In
rotational grazing, grazing animals are rotated and only allowed to graze in one portion of the


https://www.sciencedirect.com/science/article/pii/S0167880917305297
http://biorecycle.com/nutrient_cycle.shtm
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1097378.pdf
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Rotational grazing increases pasture yields, as plants and soil have more time to recuperate
between grazing. This has the added benefit of providing high quality forage for the livestock.

Generally, well-managed grazing practices stimulate:

Improved plant growth

Increased soil carbon deposits (increased grasses leads to higher carbon sequestration)
Increased pasture and grazing land productivity

Increased soil fertility,

Increased insect and plant biodiversity

Use Natural Fertilizers and Pest-Control Methods
Pesticides have extremely negative effects on the health of soil, water, wildlife, pollinators and
even humans.

Although pesticides are designed to protect crops, pesticides can actually end up harming crops
in the long term. For example, most insects are beneficial, and many pesticides kill off insects

indiscriminately. This may include crucial pollinators.

A 2014 study argues that it is possible to reduce pesticide use by 50 percent or greater without
harming crop yields (Pimental & Burgess 2014).

Use of natural pesticides reverses biodiversity loss and improves water and soil health.

Use of natural fertilizers, substances that are produced by the earth or a living thing, can help
close natural biological cycles (for example, livestock manure as a fertilizer, described above).


https://link.springer.com/chapter/10.1007/978-94-007-7796-5_5#:~:text=Reduction%20in%20crop%20sanitation%2C%20including,insect%20pests%20are%20more%20abundant.

Natural fertilizers also improve water health, as fertilizer can runoff into water, causing pollution.
Fertilizer runoff also reduces the ability of water to absorb carbon, reducing the effectiveness of
a crucial carbon sink.

Effectiveness of Regenerative Agriculture

Researchers have performed several studies to test the effectiveness of regenerative
agricultural practices. RA has been found to increase soil health, crop yields and farming profits.
However, more research is needed to confirm RA's goal of increasing carbon sequestration.

It is also difficult to make generalizing claims about RA’s effectiveness, as its effectiveness is
highly dependent on where agriculture is taking place.

Regenerative agriculture leads to increased nutrient density. The Bionutrient Institute found
that grains from producers utilizing regenerative agriculture practices had increased nutrient
density compared to those that did not (The Bionutrient Insti 2021).

Impact of regenerative management practices on the
Bionutrient Quality Index of grains compared to a non-
regenerative reference set of samples
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Regenerative practices as reported by grain producers

Low pesticide use does not lead to reduction in crop yields. Both Sweden and Indonesia
implemented a reduction in pesticide use. In Sweden, a 61 percent reduction in pesticide use
did not reduce crop yields. In Indonesia, a 65 percent reduction in pesticide use actually
resulted in a 12 percent increase in rice yield (Pimentel & Burgess 2014).

Insecticide-free regenerative farms have fewer pests, which can help increase yield.
Biodiversity and a complex ecosystem resulting from regenerative agricultural practices help
increase crops’ resiliency against pests. A 2018 study found that pests were 10-fold more
abundant in corn fields that used insecticide than in fields that did not (LaCanne et al. 2018).


https://our-sci.gitlab.io/bionutrient-institute/bi-docs/Grains_Report/
https://link.springer.com/chapter/10.1007/978-94-007-7796-5_5#:~:text=Reduction%20in%20crop%20sanitation%2C%20including,insect%20pests%20are%20more%20abundant
https://doi.org/10.7717/peerj.4428

Even if RA fields have lower crop yields, profits may still be higher. The same 2018 study
found that RA fields had 29 percent lower grain production but 78 percent higher profits when
compared to conventional corn farming. This was due to improved soil organic matter, less cost
for inputs (insecticides and fertilizers), and different marketing of the products (LaCanne et al.
2018).

RA may increase soil carbon levels. A 2015 study found that on farms who had implemented
some regenerative farming practices, soil carbon levels increased within a decade. The soil
carbon levels began to look more similar to natural forest soils (Machmuller et al. 2015). The
Bionutrient Institute also argues that no-till farming increased soil carbon sequestration (The
Bionutrient Institute 2021).

Agroforestry can act as a carbon sink to fight climate change. Several papers calculate the
amount of carbon that tree growth among crops would absorb, showing that agroforestry has a
lot of potential to act as a climate sink. A 2016 paper argues that agroforestry is an extremely
valuable tool to absorb carbon from the atmosphere and mitigate climate change (Zomer at al.
2016).

Additionally, grazing practices that increase the amount of grass growing also increase the
field’s ability to store carbon (M rthy et al. 2011).

Critiques and Challenges of Regenerative Agriculture

While RA has shown extremely promising results, there are several challenges and critiques
associated with RA.

Critiques

Most critiques of RA are skeptical of the claim that it can help reverse climate change.
There is much scientific debate over whether RA practices like no-till actually increase soil
carbon sequestration (Powlson et al. 2014). If soil carbon does not actually increase with RA
practices, then RA is unlikely to be as useful a tool to fight climate change as some say it is.

Generally, critics believe that there is too little information about soil carbon sequestration. The
World Resources Institute argues that while RA does increase soil health, the process and
impacts of soil carbon sequestration are unclear (including how and if it really works, the trade
offs that can potentially increase GHG emissions, the absence of enough nitrogen for soil
sequestration to occur, and the challenges of upscaling).

Challenges

Challenges associated with studying and implementing RA include:


https://doi.org/10.7717/peerj.4428
https://doi.org/10.7717/peerj.4428
https://www.nature.com/articles/ncomms7995
https://our-sci.gitlab.io/bionutrient-institute/bi-docs/Grains_Report/
https://our-sci.gitlab.io/bionutrient-institute/bi-docs/Grains_Report/
https://www.nature.com/articles/srep29987
https://www.nature.com/articles/srep29987
https://www.researchgate.net/publication/265229129_Climate_Smart_Agriculture_Smallholder_Adoption_and_Implications_for_Climate_Change_Adaptation_and_Mitigation
https://www.nature.com/articles/nclimate2292
https://www.wri.org/blog/2020/05/regenerative-agriculture-climate-change

e RA practices need to be maintained for the effects to occur. For example, many
farmers who practice no-till farming also plow their soil every few years (Powlson et al.
2014). This reverses many of the positive impacts that may have occurred.

e The time frame of RA is unclear. For RA to become more effective and adopted by
more farmers, we need to know when we will actually see the benefits of RA, and if
these benefits will last over time. This is of particular concern when it comes to climate
change, as benefits that only come to fruition in a century may not be helpful.

e Food and agricultural systems are different everywhere; there is no one size fits
all solution. Because no two actual or potential farmlands are identical anywhere, the
potential solutions to addressing soil health and biodiversity will be highly variable
depending on the farmland.

e Regenerative agriculture is not clearly defined, which makes it harder to put into
practice. The definition of Regenerative Agriculture itself is not yet clear and has not
achieved consensus. In some cases there are even divergent interpretations of what its
practices should be or what is allowable (e.g., being fully organic or not) (Schreefel et al.
2020).

e Regenerative agriculture needs more research to confirm its effects. The claims
made by RA's proponents should be thoroughly tested using a rigorous scientific study
design. Confirming some of RA's claims can help increase the practice’s popularity.
Disproving some of RA’s claims avoids wasted resources trying to shift to RA, and allows
for more research into other options.

Regenerative Agriculture In Action

Despite the uncertainty surrounding some of RA’s claims, there have been many success
stories from farms, ranches, and even personal gardens.

RA practices have been implemented successfully on farms and ranches around the world,
including in Brazil, Senegal, the UK and Australia.

Examples of RA in action range from small farms to large-scale food production.

Several major food producers are also pushing RA forward. General Mills, a major global food
producer, has begun pilot programs for farmers, who are provided practical tools for
implementing regenerative agriculture, customized implementation plans, soil health testing,
farmer networking communities, and biodiversity and economic assessments to demonstrate
impact on outcomes over time.


https://www.researchgate.net/publication/273621217_Limited_potential_of_no-till_agriculture_for_climate_change_mitigation
https://www.researchgate.net/publication/273621217_Limited_potential_of_no-till_agriculture_for_climate_change_mitigation
https://www.sciencedirect.com/science/article/pii/S2211912420300584
https://www.sciencedirect.com/science/article/pii/S2211912420300584
https://ellenmacarthurfoundation.org/circular-examples/the-balbo-group
https://www.oaklandinstitute.org/regenerative-agriculture-senegal
https://www.impactlab.org.uk/case-studies/changing-the-way-food-is-produced
https://soilsforlife.org.au/case-studies/
https://www.generalmills.com/en/Responsibility/Sustainability/Regenerative-agriculture

Regenerative Agriculture Certifications

There are several certifications farms and other agricultural institutions can achieve to show
their commitment to RA practices. These help show buyers that their products have a lower
ecological impact than conventional farms.

The Regenerative Organic Certified program is outcome oriented (increased soil organic matter,

improved animal welfare, enhanced economic stability and fairness). However, farms are
assessed mainly on whether or not they institute regenerative practices.

The Savory Institute’s Ecological Outcome Verified program requires demonstration of improved

outcomes to maintain certification (e.g., soil health and biodiversity).

More Resources

Films

Kiss the Ground, a Netflix documentary focused on how RA can solve the climate crisis,
restore ecosystems, and increase food supply.

Polyfaces - A World of Many Choices, a documentary about Joel Salatin’s regenerative
agriculture practices.

[Embed Trailer] <iframe title="vimeo-player"
src="https://player.vimeo.com/video/138177205?h=69ad400c40" width="640"
height="360" frameborder="0" allowfullscreen></iframe>

Books

Dirt To Soil: One Family’s Journey Into Regenerative Agriculture by Gabe Brown (NRDC
Review)

The Farm as Ecosystem: Tapping Nature’s Reservoir — Biology, Geology, Diversity by
Jerry Brunetti (Summary article by Brunetti)

Folks, This Ain't Normal: A Farmer's Advice for Happier Hens, Healthier People, and a
Better World by Joel Salatin (Amazon)

The Omnivore’s Dilemma by Michael Pollan (Amazon)

Speeches and Podcasts

“How to Fight Desertification and Climate Change” TED talk - Allan Savory, a farmer
from Zimbabwe

Regenerative Agriculture Podcast - This podcast is aimed at farming professionals.
Biological Farming Roundtable - This podcast is aimed both at farmers and food
consumers

Joel Salatin Interview on Joe Rogan - This free form interview with Joe Rogan from May
of 2020 provides further insight into one farmer’s regenerative farming operation.



https://regenorganic.org/
https://savory.global/
https://www.netflix.com/title/81321999
http://www.polyfaces.com/
https://www.nrdc.org/experts/arohi-sharma/gabe-browns-book-dirt-soil-speaks-power
https://www.nrdc.org/experts/arohi-sharma/gabe-browns-book-dirt-soil-speaks-power
https://www.ecofarmingdaily.com/build-soil/soil-life/soil-microbes/book-week-farm-ecosystem/
https://www.amazon.com/Folks-This-Aint-Normal-Healthier/dp/0892968206/ref=asc_df_0892968206/?tag=hyprod-20&linkCode=df0&hvadid=312168166316&hvpos=&hvnetw=g&hvrand=171753154140142135&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9031316&hvtargid=pla-548176765145&psc=1
https://www.amazon.com/Omnivores-Dilemma-Natural-History-Meals/dp/0143038583/ref=asc_df_0143038583/?tag=hyprod-20&linkCode=df0&hvadid=312049124368&hvpos=&hvnetw=g&hvrand=7740768613182777238&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9031316&hvtargid=pla-627183520712&psc=1&tag=&ref=&adgrpid=61851652213&hvpone=&hvptwo=&hvadid=312049124368&hvpos=&hvnetw=g&hvrand=7740768613182777238&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9031316&hvtargid=pla-627183520712
https://www.ted.com/talks/allan_savory_how_to_fight_desertification_and_reverse_climate_change?language=en
http://regenerativeagriculturepodcast.com/
https://podcasts.apple.com/au/podcast/biological-farming-round-table/id1317600609
https://open.spotify.com/episode/4ftPQAYtdWSzh23GadelrV

Websites and Reports

The Savory Institute, created by Allan Savory, works to disseminate knowledge on
regenerative practices and promote their adoption.

Regeneration International is an organization that educates and advocates for
regenerative agriculture.

The IUCN and UNFCCC commissioned a report consolidating evidence of the positive
impacts of regenerative agricultural practices and its potential to benefit smallholder
farmers, business and society. It propounds the benefits of agroforestry and soil
management as methods to boost yields and improve human nutrition and livelihoods
while supporting soil and ecosystem health.


https://savory.global/
https://regenerationinternational.org/
https://www.iucn.org/sites/dev/files/regnererative_agriculture_in_africa_report_2021.pdf
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