






Regenerating soils while sequestering 
carbon can happen quickly, but trapping 
carbon in the soil for long periods of time  
is a more time-consuming process. 

Since the carbon cycle is dynamic and the study of soil is inherently 

complex, the factors influencing retention time of carbon in soil are 

actively being researched [34,133]. 

All soil carbon is in flux and the degree to which it is protected 

in undisturbed soil aggregates protected from decomposers and 

respiration largely determines how long it is held in soil [26]. 

Carbon locked in mineral-associated organic matter (MAOM) 

has a saturation point, but is stable over millennial time periods, 

while particulate organic matter (POM) cycles more quickly to 

provide plant nutrients each season but may be able to accrue 

carbon indefinitely [134]. Soil structure plays a critical role in the 

stability of soil carbon [33, 135, 87], which can be improved by crop 

management and diverse types of plant roots growing for as much  

of the year as possible.  

Carbon is more likely to be protected deeper in the subsoil, at one to 

two meters [5,136–140]. And yet, it remains rare that soil carbon is 

measured below plow depths of 30 to 40 centimeters [16] meaning 

it is likely that current data sets underestimate soil carbon stocks. 

Recent results from paired organic and conventional vegetable 

and grain systems found significant differences in the deeper 

soil profiles [48, 87, 102]. If soil had not been measured below 30 

centimeters, almost 60% of the soil organic carbon in the organic 

system would not have been accounted for [102]. Conversely, the 

shallow measurement depth would have suggested that carbon 

was gained in the conventional system, when in fact the deeper 

measurements revealed an overall loss of carbon in that system 

[102]. 

This is important as reduced tillage systems that once were assumed 

to have lost soil carbon compared to no-till, rather  

may have redistributed carbon to below the plow level and out  

of reach of most soil sampling [28]. Beyond 30 centimeters in the 

soil profile, the age of carbon increases, much of it persisting for 

thousands of years [141]. 

 

Both rapid and stable carbon sequestration under the conditions 

encouraged by regenerative agriculture are possible. Additions 

of fresh organic matter can, under the right circumstances, be 

effectively sequestered rapidly. After only one application of 

compost and cattle manure, soil organic carbon levels were 

significantly higher in the ensuing years, even after accounting for 

the carbon in the amendments [97,99]. Two years after conversion 

from a degraded conventional row crop system to regenerative 

grazing, dairy farms in the Southern US began sequestering carbon 

at a rate of 4.6 metric tons of carbon per hectare per year. This 

increased to a very high 9 metric tons a year before the researchers 

saw a plateau and decline in the rate of sequestration after six years 

[24]. Similarly, in tropical soils, results suggest that two years of 

organic system management may significantly and consistently 

enhance microbial biomass carbon [142]. 

These results suggest that stable soil carbon can be built quickly 

enough to result in a rapid drawdown of atmospheric carbon 

dioxide upon transition to regenerative agricultural systems. 

THE QUESTION of YIELDS
Crop yields are often touted as the  
reason why we cannot scale up organic  
and regenerative systems, but evidence 
does not support this claim.

Meta-analyses of refereed publications show that, on average, 

organic yields are lower than conventional [143,144].  But the 

yield gap is most prevalent when practices used in organic mimic 

conventional [145], that is, when the letter of organic standards are 

followed using an input mentality akin to conventional chemical-

intensive agriculture. Regenerative systems are based on a holistic 

approach to farming that aims to improve soil health, they are not 

simply replacing conventional chemicals with organic-approved 

chemicals. 

Actual yields in well-designed regenerative organic systems, 

rather than agglomerated averages, have been shown to 

outcompete conventional yields for almost all food crops 

including corn, wheat, rice, soybean and sunflower [18,72,143]. 

Researchers have found that “adoption of organic agriculture under 

agroecological conditions, where it performs best, may close the 

yield gap between organic and conventional systems” [144,146]. 

In 2016, Rodale Institute’s organic no-till with manure system 

produced 200 bushels of corn per acre—a record-breaking yield 

for the organic system and well above the county average and the 

conventional corn yield that same year (140 bushels per acre).  

Over a forty-year period there has been no statistical difference in 

yield between the organic and conventional systems within that trial 

[17,147]. 

It has been noted that the organic yield gap also arises, in part, due 

to a lack of varieties adapted for organic systems [31]. Conventional 

seeds, and the chemical systems they are locked in, have benefitted 

from immense R&D funding by private corporations and their 

university researcher partners, whereas ecological plant breeding 

for organic production has not [148-150].

Importantly, yields under organic systems are more resilient to 

the extreme weather accompanying climate change. As found in 

the long-running Rodale Institute Farming Systems Trial, during 

drought years, yields are 30% to 100% higher in the organic systems 

[151,152]. Crop resilience in a changing climate is an important 

economic co-benefit because “climate-resilient soil can stabilize 

productivity, reduce uncertainty, and produce an assured yield 

response even under extreme weather conditions” [5].  

LOCKING CARBON UNDERGROUND 

Carbon is more likely to be 
protected deeper in the subsoil 
at one to two meters.
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Rodale Institute’s Farming Systems Trial has proven that organic systems 

(right) can outperform conventional systems (left) during times of drought.
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TAKING ACTION
We need to reduce greenhouse gases  
in the atmosphere now. 

This requires strong policy action that can support the total 

transformation of our energy and transportation sectors. At the 

same time, we know that the terrestrial carbon pool is a massive 

reservoir that’s been drained by intensive agricultural practices.  

We can refill that reservoir by recarbonizing farm and rangeland 

soils. 

Farmers have led the revolution in regenerative agriculture, and 

many need little more than knowledge, experience and support 

to switch practices. However, beyond a certain eyes-to-acres ratio 

[160], taking a new approach may be more difficult. Large-scale 

conventional, industrial farming is locked in a system that needs 

more than the farmer’s will to shift. It’s a system built on high 

capital expenses, proprietary inputs, seeds purposefully designed 

to work only in tightly controlled chemical regimes, and on scales 

reliant not on eyeballs and acres, but by satellites geolocating across 

miles. The great capital expenses involved produce low-priced 

commodity crops. The only way these systems work is through 

externalization of costs and sheer scale coupled with support from 

government agricultural policies and entrenched interests of large 

agribusiness corporations. To recarbonize, we need to support 

place-based, customized regeneration for all farms, including large 

scale operations. 

In the past five years, there has been an explosion of attention on 

regenerative farming, carbon farming, soil carbon sequestration and 

soil health. Among several international initiatives, the “4 per 1000” 

launched at COP21 in 2015 galvanized many governments to support 

soil carbon sequestration as part of their climate change strategies. 

The voluntary program draws attention to “an annual growth rate 

of 0.4% in the soil carbon stocks in the first 30-40 cm of soil, would 

significantly reduce the CO2 concentration in the atmosphere 

related to human activities.” In the U.S., a bill introduced in early 

2020, the Agriculture Resilience Act, would have the country 

join the 4 per 1000 initiative, and lists a comprehensive set of 

regenerative agriculture policy support measures. 

Policymaker, farmer, or eater—everyone can do something to 

support shifting the food system from industrial to regenerative.

A strong evidence base has been building that shows regenerative 

systems bring a wide range of traditionally under-valued benefits 

that are equally as important as yields [2,77,146,153]. When 

compared to conventional industrial agriculture, regenerative 

systems improve: 

•  �Biodiversity abundance and species richness

•  �Soil health, including soil carbon

•  �Pesticide impacts on food and ecosystem

•  �Total farm outputs

•  �Nutrient density of outputs

•  �Resilience to climate shocks

•  �Provision of ecosystem services

•  �Resource use efficiency

•  �Job creation and farmworker welfare 

•  �Farm profitability 

•  �Rural community revitalization 

THE MYTH OF A FOOD SHORTAGE 

There is no global food shortage. Nor are we on a trajectory for 

a global food shortage. World food production has been steadily 

rising, currently providing 2,900 calories per person per day, 22% 

more than is needed [154]. 

The continued use of the trope that ‘we will soon need to feed nine 

billion people’ as justification for seeking ever greater yields is 

duplicitous. Hunger and food access are not yield issues.  

They are economic and social issues which, in large part, are the 

result of inappropriate agricultural and development policies 

that create and reinforce hunger [155]. We currently overproduce 

calories. In fact, we already produce enough calories to feed nine 

billion people. However, we do it in a manner that degrades soils 

and harms the environment, putting our health and future food 

production at risk. 

Worldwide hunger and food access are inequality issues that can 

be ameliorated in part by support for small-scale regenerative 

agriculture, both urban and rural [156]. For those smallholder 

farmers for whom yield is a matter of eating or not eating, 

regenerative agriculture with few inputs is the best means of 

increasing yield as documented across tropical regions for more 

than 50 years by development agronomists [21].  

Just over 55% of world crop production is eaten directly by 

people [158]. Calorie availability could be increased by 70% by 

shifting crops away from animal feed and biofuels to direct human 

consumption [157]. If livestock were raised on pasture instead of 

competing for arable land suited for human food production, “a 

100% shift to organic agriculture could sustainably feed the human 

population in 2050, even with a yield gap” [158]. What’s more, over 

40% of the current global harvest is wasted each year, largely before 

it ever reaches consumers [159].

It’s clear we need to make environmentally conscious food choices, 

but we also need to focus resources on solving food waste, returning 

ruminants to pasture, and curtailing the use of fertile land for fuel 

production. When we take a holistic perspective on the food system, 

we see that yields alone mean little. Regenerative agriculture 

absolutely can feed the world. And it can do it while stabilizing 

the climate, regenerating ecosystems, restoring biodiversity, 

and enhancing rural communities. 

Over 40% of the current global 
harvest is wasted each year.
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WHAT CAN EATERS DO?  
Put the Pressure On!

 

�Put pressure on supply chains. We need to take away 

the social license for food companies to use food and fiber 

products and ingredients that degrade ecosystems. Tell food 

manufacturers that ecologically destructive supply chains 

are a time bomb about to explode for their brands. Let them 

know it’s no longer ok to produce food at the expense of 

humanity’s future. Demand food and fiber products that are 

sourced from farms employing regenerative practices. 

�Give policymakers hope. We need to approach 

governmental leaders with regenerative strategies. Many 

of them buy into the green revolution myth that we can 

sustainably intensify conventional agriculture. They know 

the soils of their states and nations are being destroyed, but 

they don’t see an alternative. Tell them there is a better way, 

show them this report and others like it. Let them know you 

support their actions to shift agriculture from the problem 

side of the climate equation to the solution side. 

�Start a conversation. Ask your grocer, school, 

workplace, local hospital, and other institutions and 

organizations you frequent to carry products from farms 

practicing regenerative agriculture. If they can’t talk to the 

producer directly, tell them to look for third-party verified 

labels like Regenerative Organic Certified, Land to Market, 

Real Organic Project, and the Soil Carbon Initiative.

�Buy regenerative. When possible, buy from brands who 

source food stocks and ingredients from regenerative farms.  

Let them know you appreciate their sourcing practices.  

Or better yet, buy directly from regenerative farms.  

Many regenerative farms that sell to the public are proudly 

transparent about their practices. But remember that most 

farms, especially large-scale ones further from metropolitan 

areas, are not set up to sell directly to the public—shopping 

alone is not going to shift this.

40% of the current global harvest is wasted each year.
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WHAT CAN POLICYMAKERS DO?  
Defund Soil Destruction! 

Learn from constituents. Regenerative agriculture is a 

farmer-led and consumer-supported movement the world over, 

it does not have the lobbying power of industrial agribusiness. 

Prioritize actively building relationships with this movement. 

Even in unlikely places, there are passionate people working 

to shift the food system from a climate problem to a climate 

solution. Find these constituents; they may be regenerative 

farmers, natural food store and co-op buyers, sustainable 

agriculture organizations, or even university researchers. 

Build the relationships that will keep you informed about 

regenerative agriculture locally and globally.  

Support regenerative, organic, and regenerative 
organic agriculture. Policies that support regenerative 

agriculture recognize and reward farmers for building soil 

organic matter. These policies are best focused on supporting 

and rewarding positive outcomes. There are a wide range of 

policy options, from direct cost-sharing for cover crops to 

facilitating farmer-to-farmer peer learning, funding organic 

research, creating local or regional food policy councils and 

integrated landscape initiatives, and much more. The current 

complexity of precise outcome measurements means that 

it may be more feasible to support systems of interlinked 

practices, such as those proposed in the U.S. Agriculture 

Resilience Act, than to reward outcomes.

Defund soil destruction. Policymakers can shift 

soil destructive policies in many ways. Start by rethinking 

commodity-based subsidies and support, crop insurance, 

biofuel mandates, government procurement programs, 

government funding for chemical-intensive research, and 

agribusiness corporate mergers. Consider how a Healthy Soil 

Act might be introduced to give soil rights [5]. Be vigilant to the 

global political power of industrial agribusiness corporations; 

their consolidation is a serious threat to shifting the food 

system to regenerative approaches [161].  

SOIL HEALTH for a LIVABLE FUTURE 
The climate crisis is a monumental 
opportunity to change course. 

Now is the time to create a future that embraces life, a future bent 

on encouraging health, a future where healthy soil, clean air and 

clean water is available to all. In so many ways, a fundamental 

restructuring of how we cultivate our food is at the heart of 

this shift; we need to cooperate with nature. The tired era of 

sustainability is over. We turn now to regeneration. Regenerative 

agriculture is our best hope for creating a future we all want to live 

in, and a future our children will be happy to inherit.

Regenerative agriculture is aligned with forms of agroecology 

practiced by farmers concerned with food sovereignty the world 

over. Choosing farming practices that create regenerative systems 

can increase soil carbon stocks, decrease greenhouse gas emissions, 

maintain yields, improve water retention and plant health, improve 

farm profitability, and revitalize traditional farming communities 

while ensuring biodiversity and resilience of ecosystem services. 

Soil carbon sequestration through regenerative agriculture 

is a human-scale remedy to global warming that’s ready for 

implementation now. Farmers are already leading the evolution 

to regenerative systems. But we need to scale up and out, to make 

regeneration possible on conventional farms, on smallholder 

tropical farms, on orchards and ranches the world over in ways  

that make sense for each place.  

This shift is going to take all of us working together—farmers, eaters, 

and policymakers—to create widespread societal support for moving 

to regenerative systems. We need to put positive pressure on supply 

chains, get better at measuring and sharing on-farm progress, and 

defund soil destruction. 

Robert Rodale urged us toward this vision of regeneration in 1985:

My hope is that the period of sustainability 
will not be sustained for more than 10 or 15 
years but that we will move beyond that to 
the idea of regeneration, where what we are 
really doing with the American Land is not 
only producing our food but regenerating, 
improving, reforming to a higher level the 
American landscape and the American Spirit 
[162]. 

Nearly 35 years later, the specter of the climate crisis has provided 

an unparalleled opportunity to harness cutting-edge technological 

understanding, human ingenuity and the rich history of farmers 

working in tandem with the wisdom of natural ecosystems to arrive 

at a stable climate. It’s time now to heal our land and ourselves.

WHAT CAN FARMERS DO?  
Grow This Movement!

Grow the community. The regenerative agriculture 

movement is farmer-led; if you don’t know of a group nearby, 

join a regional, national or international organization for 

farmer-to-farmer learning about organic, regenerative, 

agroecological, holistic grazing, or syntropic agroforestry, 

among others. If you already frequent these circuits, consider 

creating a Carbon Farm Plan or becoming certified to a 

more stringent standard that goes beyond organic, such as 

Regenerative Organic Certified, Real Organic Project, Land to 

Market (for graziers), or Soil Carbon Initiative. You can also 

set up a local or regional group to regenerate at the landscape 

scale, organize a Regeneration Alliance, or start or join a food 

policy council where diverse constituents make a path for a 

regenerative food system that is adapted to the local context. 

Experiment, observe, share. As a farmer-led movement, 

experimentation on real farms is critical. When you shift 

management practices based on what you are learning, observe 

and measure changes in soil health and biodiversity, and then 

share those results with others. Whether informally talking 

to your neighbors, hosting field-days, posting on social media, 

collaborating with researchers, or speaking at conferences and 

other meetings, when you experiment, observe and share your 

farm’s regeneration story, you inspire others, provide data for 

researchers and policymakers, and enhance the benefits to your 

farm, community, and the greater food system.  

Measure outcomes. Regenerative systems provide a wide 

host of beneficial outcomes that society values. High total 

farm outputs, nutrient density, resilience to extreme weather, 

ecosystem services like reduced runoff or fertilizer use, and job 

creation are a few [2]. In addition, farms can track the buildup 

of soil organic matter where testing services are available and 

affordable. In general, 50% of soil organic matter is soil organic 

carbon [29]. For some regions, testing soil carbon sequestration 

may be feasible in the near future with affordable soil sensors 

and other accurate soil carbon measurements [140]. There 

are also many no-cost observations to determine soil health 

impacts related to management changes, including biodiversity 

observations, soil aggregation and water infiltration tests. You 

can obtain or design a soil health card to record observations 

and track your farm’s progress. 
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