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• Eric Toensmeier is the award-winning author of Paradise Lot and 
Perennial Vegetables, and the co-author of Edible Forest Gardens. He 
is an appointed lecturer at Yale University, a Senior Biosequestration
Fellow with Project Drawdown, and an international trainer. He has 
studied useful perennial plants and their roles in agroforestry systems 
for over two decades. 

• He is the author of The Carbon Farming Solution: A Global Toolkit of 
Perennial Crops and Regenerative Agricultural Practices for Climate 
Change Mitigation and Food Security.



Why Attention to Farming Practices are 
Critical in the coming decades
• Food security

• Human Need



Food Security

• i.  Agriculture is the single largest employer in the world, providing livelihoods 
for 40 per cent of today’s global population. It is the largest source of income 
and jobs for poor rural households.

• ii.  500 million small farms worldwide, most still rain fed, provide up to 80 per 
cent of food consumed in a large part of the developing world. Investing in 
smallholder women and men is an important way to increase food security 
and nutrition for the poorest, as well as food production for local and global 
markets.



Human need

• i. Figure Food Gap:  By 2050, only 31 years from now, the world 
will need 70% more calories than it did in 2006.  This is a 
whopping increase in demand.

• ii. Not only are there more people, people are consuming more 
calories per capita than ever before. Fig food consumption by 
nation







Human need

• iii. People are increasing demand for protein and are consuming more 
protein than needed for daily requirements

• iv. Much of this increase in demand is in the form of animal protein

• v. Animal Protein is much more resource intensive than plant protein. 
Some animal protein sources are significantly worse than others. 











Human need

• vi. Beef Foot print is huge world wide. If cattle were a nation, it would be 
the world's third largest GHG emitter behind China and USA. Demand for 
beef by 2050 is expected to grow by 95%.

• vii. Alteration of dietary habits, without any special farming techniques can 
alter GHG emissions.  Dietary changes are compared with a standard US 
diet. Reduction of beef consumption by 70% is equal to a vegetarian diet in 
terms of land use efficiency and GHC emissions.

• viii. Even a 40% reduction in consumption of beef and dairy has huge 
savings in both land use and GHG emissions: twice the land mass area of 
India would be saved and would avoid 168 billion tons of future GHG 
emissions (time period?)



World GHG Emissions Flow Chart

• Globally one third to one half of all agricultural GHG emissions are 
related to livestock and manure
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Solutions for Meeting Increasing Need and 
Demand for Agriculture While Mitigating Climate 
Change and Global Warming

• The Carbon Farming Solution



The Planetary Carbon Cycle

• A natural cycle that has moved carbon back and forth among 5 major 
pools for billions of years. 

• Burning fossil fuels and farming have moved carbon from the fossil 
and terrestrial pools to the atmospheric pool. 







Why do we care about carbon farming? 

• Agriculture is a major contributor to greenhouse gases globally. 
Toensmeier lists a high percentage due to agriculture 44-57 % 
including deforestation, processing and distribution, and waste in the 
tally. Other estimates are between 18 and 25% globally, 10% in USA.

• The Great Irony is that agriculture can move from being a large 
contributor to GHG to being a carbon sink.











Connor Stedman – Agroforestry, Ecology 
Specialist

• Connor is a field ecologist, agroforestry specialist, and educator based 
in western New England and the Hudson Valley.  

• He holds an M.S. in Ecological Planning from the University of 
Vermont and is a lead organizer of the internationally recognized 
Carbon Farming Course.  

• Connor offers consulting and design for multi-productive forest 
management at AppleSeed Permaculture, including silvopasture, 
forest understory crops, productive buffers, and wildlife habitat.











Carbon Farming Definitions
1.*A suite of crops and agricultural practices that sequester 
carbon in the soil

2. A system of increasing carbon in terrestrial ecosystems for 
adaptation and mitigation of climate change, to enhance 
ecosystem goods and services, and trade carbon credits for 
economic gains. (Dr Rattan Lao, Ohio State University, Direc. 
Carbon Management and Sequestration Center)

3. A working definition: a suite of agricultural practices that 
increase Soil Organic Carbon by increasing the total mass of 
perennial plants and amending the quality of soils.









Category Practice Location Lifetime Soil Organic 

Carbon

Gains per Hectare

Annual cropping Conservation 
agriculture

USA. India -4 to +20

Improved annual 
cropping

Global 30-50

Silvoarable 
agroforestry

Tree intercropping Tropical humid “very low”-150

Tree intercropping Temperate Up to 200
Protective systems

(e.g., windbreaks)

Arid and semi-arid Up to 100

Grazing systems Improved grazing and

Pasture management

Global 30-50 (Expert est.)

Up to 16 (Review)
Livestock with 
trees

Silvopasture Global Up to 250

Fodder banks Tropical Up to 140
Woody biomass Coppiced firewood lots Tropical Up to 140
Woody 
polyculture

Multistrata 
agroforestry

Humid tropics Up to 300

Lifetime Soil Carbon Stocks of Carbon Farming Systems Compared































Carbon Farming 
In 

California



Dr. Jeffrey Chreque, PhD Nicasio Native Grass Ranch, Marin CA



The Beginning

• John and Peggy bought the 540 acre former dairy ranch in 1998 as a 
hobby farm

• To initiate its return to a “pristine” state, they barred neighbors’ cows 
from the land

• The land began to change within months, but not in the direction 
expected



Beginnings cont.

• Brush encroached on the meadow

• Dried-out grass blocked growth of new grass

• Disease struck the oak trees

• Woolly distaff thistle, an invasive weed, took over the pasture and 
was immune to attempts to eradicate it



What Now?

• The land was losing its vitality

• Wick concluded, “Our vision of wilderness was failing. Our naïve idea 
was not working out so well.”

• Then range ecologist, Jeff Creque, came into the project



Creque’s Action Plans

• Squeeze out weeds with conditions favorable to grasses

• Bring back the cows



Rationale

• Grasslands and grazing animals co-evolved.

• Grasses rely on animals for defoliation and the recycling of nutrients 
since they don’t shed their leaves.

• The manure and urine from grazing animals fuels healthy growth. 
Done right, grazing could be restorative.



Isn’t Grazing turning the World into a Desert?

• How you graze makes all the difference.

• Animal herds should feed at high density for short periods before 
being moved to new pasture (like wild buffalo herds):  intensive 
rotation pulse grazing benefits the land.

• If the animals are let loose and rounded up a few months later — the 
“Columbus method” — the land is likely to end up hard-packed and 
barren.



Cows Return to the Ranch

• Wick borrowed a herd of cattle for the summer

• Cows beat back the brush

• New and different grasses grew

• Perennial plants began to return

• The herd gained 50,000 pounds by fall

• The land was richer and the grass lusher

• Meadow larks and other animals were more abundant



How Creque Accounted for the Extra Cattle Weight

• Grasses were like straws sipping carbon from the air, bringing it back 
to earth. 

• Carbon, the building block of life, was constantly flowing from 
atmosphere to plants into animals and then back into the 
atmosphere.  

• Plants could be deliberately used to pull carbon out of the sky.



Further Preliminary Findings

• A thin layer of compost, spread half an inch over 3 acres, resulted 
in increased soil carbon. 

• Grazing alone did not lead to carbon sequestration. Soil in untreated 
control plots lost carbon. The compost treated plots absorbed carbon 
equivalent to 1.5 tons of CO2 (0.41 tons of carbon) per acre per year. 

•
• This was the inspiration for the Marin Carbon Farming Project.



Marin Carbon Farming Project

• Founded in 2008 by Jeff Creque and John Wick 

• Initiated more than $15 million in field, laboratory research, and 
demonstration projects 

• Led to adoption of a statewide California Healthy Soils Initiative in 
2015 with collaborators and stakeholders throughout the state.



Key Findings

• Restorative land management practices increase durable soil carbon

• Compost addition was of particular importance

• Organic matter amendments increased soil carbon by 50 MT C ha-1 in 
the top meter of soil. 30 years later, approximately half that carbon 
remained in the soil

• Each year for 4 years after adding compost, the soil carbon increased.

• The initial treatment jump-started the soil’s microbial community and 
energized the plants. 







Loren Poncia’s Stemple Creek Ranch
was one of the nine demonstration projects







Stemple Creek Plan

• Compost and manure were used as fertilizer

• Trees were planted and riparian forest buffers added to areas near 
the creek

• *An intensive grazing practice, rotation pulse grazing, was used. 
Cattle were confined to graze intensively for a short duration before 
they were moved to a new pasture. 



Poncia’s Observations

• Land had been grazed for over 200 years

• In past 15 years due to new practices, he has doubled the herd 
carrying capacity because of the amount of grass he can grow

• He continues to add more perennial plants that keep living roots in 
the ground year round even with 6mo/ year drought. Their deep 
roots reach moisture that annuals can’t, bring micronutrients to the 
surface, and decompact the soil.



Comparison of good and poor soil Soil after using SOC practices



Poncia’s Observations

• “We’re reaping the benefits of storing more carbon and water in the 
soil. Carbon in the soil is like a sponge”.

• Carbon fosters a cycle: with more carbon, 
• the soil will store more water, and more perennial plants can grow; 

• the more perennial plants, the more carbon stored in their roots. 

• When perennials decay in the soil, more organic material is added to the 
earth.



Poncia’s Observations

• Carbon farming has not directly made his operation more profitable. 

• To subsidize up to half of those costs, he participates in federal and 
state cost-sharing programs. 

• He also sold his development rights to a local land trust, adding to his 
bottom line and preventing the land from ever being developed.







*

*

*

*



Conclusions

• For the Marine Carbon Farming Project the three practices that have 
sequestered the most carbon on the nine original ranches are:

• Compost addition to degraded rangeland

• Construction of an anerobic manure digester to handle animal 
waste

• Use of prescribed, pulse rotation, grazing



Category Practice Location Lifetime Soil Organic 

Carbon

Gains per Hectare

Annual cropping Conservation 
agriculture

USA. India -4 to +20

Improved annual 
cropping

Global 30-50

Silvoarable 
agroforestry

Tree intercropping Tropical humid “very low”-150

Tree intercropping Temperate Up to 200
Protective systems

(e.g., windbreaks)

Arid and semi-arid Up to 100

Grazing systems Improved grazing and

Pasture management

Global 30-50 (Expert est.)

Up to 16 (Review)
Livestock with 
trees

Silvopasture Global Up to 250

Fodder banks Tropical Up to 140
Woody biomass Coppiced firewood lots Tropical Up to 140
Woody 
polyculture

Multistrata 
agroforestry

Humid tropics Up to 300

Lifetime Soil Carbon Stocks of Carbon Farming Systems Compared





Conclusions

• Toesmeier emphasized Agroforestry based CF solutions well suited to 
the tropics and subtropics. These tree based CF practices have the 
greatest SOC sequestration potential per hectare. I did not use his 
examples to quantify CF in this lecture. 

• The Marin Carbon Farming Project and separate lecture by Connor 
Stedman prominently featured regenerative practices suitable for 
temperate climates, annual cropping, and grazing. I used these 
examples since they apply to the USA and had quantitative data. 
Expected SOC/hectare is lower but the applicable acreage is many 
fold greater.
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