
Tuesday September 4th 6:00 – 8:30 PM
CIC Venture Café – Kendall Square

Food, Soil, Climate; Regenerative 
Agriculture & H:3713



The Boston Area Sustainability Group (BASG) 
brings sustainability-minded professionals 
together to share, to learn, to make connections, 
and to further our collective body of work.

Join the Boston Area Sustainability Group online:

www.basg.org

About BASG



Introductions



Thanks to our Co-Sponsor



• Emeritus Professor of International Environmental Policy and Founding 
Director of the Center for International Environment and Resource Policy 
at The Fletcher School. He currently serves as 

• Co-Director of the Global Development and Environment Institute at 
Tufts, which he co-founded. Following a 26-year career in chemistry and 
environmental studies at Williams College, where he directed the Center 
for Environmental Studies. 

• Science Fellow in the US Senate, where he worked on legislation that successfully 
addressed ozone depletion, and on legislation responding to the 1973 energy crisis. Began 
working on climate change in 1988 as the first director of the climate program at World 
Resources Institute in Washington. 

• A lead author of five Intergovernmental Panel on Climate Change (IPCC) Reports. The IPCC 
shared the Nobel Peace Prize for its climate work in 2007.

• Serves on the boards of directors of The Nature Conservancy of Massachusetts, the 
Consensus Building Institute, Earthwatch Institute, and on the National Advisory Board of 
the Union of Concerned Scientists. 

• Chairs the boards of The Climate Group North America and Woods Hole Research Center.

• He received his BA degree in chemistry from Williams College and PhD in physical 
chemistry from MIT.

Bill Moomaw



Bill Moomaw
Tufts University
Boston Area Sustainability Group
September 4, 2018

FOOD SOIL AND 
CARBON
HOW DOES IT 
WORK?



Two interconnected issues

•Climate change is the existential challenge of the 21st

century

•Feeding the human population a nutritious diet 
without destroying the ecological support system is a 
growing challenge



Our warmer changed climate increases intensity 
of tropical storms



Industrial Agricultural Practices Are Destructive!



A point about carbon

• Carbon makes up about 50% of all plant material and proteins, and 85% of 
fats

• Carbon dioxide from the atmosphere is the source of carbon for plants

• Carbon in soils is not taken up by plants, but it s presence improves 
productivity of plant growth

• Carbon dioxide is released during metabolism of carbon containing 
materials including food by humans, animals and by soil bacteria

• Carbon dioxide is released by the combustion of fossil fuels











The “Hot Car Effect





We can address two problems at once!
• Fossil fuel combustion has added two-thirds of carbon dioxide to 

the atmosphere warming the planet and changing the climate
• Land use change including deforestation and draining wetlands, 

mostly for agriculture, overgrazing grasslands and row crop 
agricultural practices have contributed about one-third of carbon 
dioxide to the atmosphere



Many of today’s agriculture practices contribute 
to climate change
• Clearing of forests for increased planting of crops such as soybeans 

and to create pastures for beef production increases releases of 
carbon dioxide and methane, and reduces the capacity of terrestrial 
ecosystems to absorb carbon dioxide through photosynthesis
• Land management practices degrade soils and release soil organic 

carbon directly into the atmosphere or remove soil carbon
• Grazing practices degrade pasturelands with loss of organic matter 

as carbon dioxide to the atmosphere



Need for Restorative Development

• At the end of each harvest, the soil is less productive than at the start of 
the growing season

• Instead of this destructive development shift to a food production system 
that restores soil quality rather than degrading it

• Change agricultural practices to remove carbon from the atmosphere and 
restore it to the soil



Regenerative Agriculture Removes Carbon dioxide 
from the Atmosphere and Adds it to the Soil

• Rebuilding the carbon content in soils increases productivity of 
row crops and grass production in grazing lands
• Increasing soil carbon helps to retain soil moisture
• Increasing soil carbon controls erosion
• Increasing soil carbon reduces degradation of soils that releases 

more carbon dioxide 







Restorative Agriculture
Locally and sustainably grown



Solving Two Problems at Once
• The challenge of meeting the food, resource and energy needs of 

both present and a growing population for the future is daunting
• Climate change is decreasing the capacity for agricultural 

production through higher temperatures, increased frequency of 
floods, droughts, destructive storms
• Building soil carbon helps to meet both challenges



• Caro Roszell has over ten years experience working 
in farming and food security. 

• Her farming experience includes:
• Full- time apprenticeships on mechanized 

tillage farms
• Assistant manager of a 30-acre organic farm
• For the past three years, starting and running 

her own no-till, small-scale CSA farm. 
• Manages the Soil Carbon Technical Assistance 

program for NOFA/Mass 
• Manages NOFA/Mass’ three-year 

Conservation Innovation Grant
• Manages  the curriculum for the NOFA Winter 

Conference and the year-round Education 
Events.

Caro Roszell



CARBON SEQUESTERING 
FARMING & GARDENING

A GLOBAL AND LOCAL PERSPECTIVE



§ Average annual land use C 
emissions in post industrial 
era are ~17x  pre-industrial 

§ 21 and a half days to emit a 
pre-industrial year’s worth of C 
emissions

§ 33% of postindustrial C 
emissions are from land use 
conversion 

§ 69% of total human-caused C 
emissions from agriculture 

Source: Dr. R. Lal: Soil Carbon Sequestration Impacts on Global 
Climate Change and Food Security,
University of Ohio Carbon Management and Sequestration Center



Scientists (United Nations, other institutions) estimate  that nearly 2/3 of the total 
excess carbon in the atmosphere today is from oxidized soil organic carbon resulting 

from soil degradation– and soil carbon loss is accelerating.

UN scientists (FAO) have warned we will experience massive 
global food shortages if current practices continue.

By some estimates we have 60 years of soil fertility remaining 



PRACTICES:    ‘THE RULES’

1. Minimize soil disturbance
2. Keep the soil covered year-round
3. Maximize surface plant diversity 
4. Maximize time (days/year) that living roots 

spend on the soil 
5. Integrate animals & insects into all farmland 

(pasture and cropland) in way that 
reproduces natural patterns (biomimickry) 

6. Minimize soluble fertilizers 



IMPLEMENTING REGENERATIVE 
FARMING PRACTICES: 
A GLOBAL SURVEY



QUEBEC:   PIONEER of NO-TILL BIOINTENSIVE MICROFARMING  

• 140 CSA 
members + 
restaurants 
served from one 
acre planted

• Dense plantings, 
high bed 
turnover

• Keeps soil 
covered when 
not planted

• Heavy use of 
compost: 36 tons 
/ acre / year

• Intercropping: 
cash crops and 
cover crops 



QUEBEC:   PIONEER of NO-TILL 
BIOINTENSIVE MICROFARMING  

• Use of tarps/ plastic sheets:

• Occultation excludes 
light, killing weeds/ crop 
residue / sod by denying 
photosynthesis. 
Encourages worms and 
fungi 

• Solarization kills quickly, 
but is harmful to 
microbiology in the top 
inch of soil 



CALIFORNIA:   REDUCING IRRIGATION, INCREASING SOIL HEALTH

Soil Organic Matter: 13%

Water Use: 1 hour / 
week drip irrigation

Three acres in 
production: Gross value 
per acre: $100,000 

Practices: No-till organic, 
dense planting, high 
compost, intercropping, 
perennial integration, 
cover crops, mulching, no 
bare soil

RECCOMENDED 
RESOURCE:
“The Drought Fighter”,  by 
Todd Oppenheimer, 
Craftsman Magazine 
craftsmanship.net/
drought-fighters/

Paul & Elizabeth 
Kaiser

Singing Frogs Farm, 
Sebastapol

https://craftsmanship.net/drought-fighters/
https://craftsmanship.net/drought-fighters/


Perennial 
buffers

- Acts as a soil 
microbiological 
reservoir by 
keeping roots 
in the ground 
year-round

- Creates a 
beneficial 
microclimate, 
buffering 
temperature 
extremes

- Attracts 
pollinators and 
other beneficial 
insects 

CALIFORNIA:   REDUCING IRRIGATION, INCREASING SOIL HEALTH



GERMANY:   MECHANIZATION of NO-TILL 

• Roller crimper bends over cover crops at critical 
growth phase, killing the cover crop while leaving 
roots in the ground and residue as a mulch 

• Transplanter with coulters that cut through heavy mulch



GERMANY:   MECHANIZATION of NO-TILL 

RECCOMENDED RESOURCE:
“Rotational No-till and Mulching 
Systems for Organic Vegetable 
Farms,” Youtube video

Jan 
Hendrick

Cropp

• “Cut and carry” mulching– pasture or 
cover crops converted to mulch for 
production fields. 



GHANA: 
MULCHING 

RECCOMENDED RESOURCE:  centrefornotill.org: website & videos

Through the 
work of the 
Center for No-
Till Agriculture 
(CNTA) in 
Ghana, farmers 
are taught to 
slash their weeds 
and crop residue 
and leave them as 
a mulch instead 
of the traditional 
method of 
burning the fields 
at the end of 
each year.



CALIFORNIA:   REGENERATING RANGELANDS

RECCOMENDED RESOURCE:
Marin Carbon Project Website
www.marincarbonproject.org

Marin Carbon Project 

Survey conducted on 35 sites 
on 22 ranches in Marin and a 
literature review of soil 
carbon pools on CA 
rangelands: 

High-C soils correlated with 
history of manure application 

One-time application of 
composed manure resulted 
in three years of 
progressive soil carbon 
gains
Ø Average: 1 ton C gained 

per hectare, while control 
sites lost C



NORTH DAKOTA:  REGENERATIVE RANCHING

RECCOMENDED RESOURCE: 
’CARBON COWBOYS’ YoutubeVideo
Gabe Brown’s Website: Brownsranch.us

Farm as ecosystem– biomimickry
through intercropping, mob grazing (high 
density rotational grazing), and super-
diverse cover cropping

Moves cattle once a day to three-to-
seven times daily depending on 
conditions; rotates cattle through cover-
cropped vegetable producing fields

Brown’s Ranch has achieved exceptional 
soil health levels and profitabilty; Gabe 
Brown lectures internationally on 
regenerative ranching 



OHIO:  REGENERATIVE FARMING 
& REMINERALIZATION

RECCOMENDED RESOURCE:
Regenerative Agriculture Podcast

John Kempf: 
Advancing Eco Agriculture

By applying trace minerals to 
historically heavily-farmed 
fields, crop health and yields 
have been increased by 20-60% 
and the nutrient quality of the 
produce is also increased, as 
well as the quantity of carbon-
rich root exudates released 
into the soil



MASSACHUSETTS FARMS:    EXPERIMENTAL PHASE 

• No-till, reduced tillage
• Integrating livestock into cash crop fields
• Sheet mulching, Mulching beds and paths 
• Regular compost applications
• Biochar applications 
• Agroforestry
• Use of rock powers and biostimulants over sulfates/chlorides
• Growing and applying Indigenous Microorganisms
• Using landscape fabric to cover pathways instead of tractor-

cultivating the paths 
• Living pathways (clover, grass, etc) that are mowed instead of 

tractor- cultivating 
• Intercropping short season and long season crops (increase 

photosynthesis per sq. ft / season)
• Under-sowing cover crops into a standing crop (increase 

photosynthesis / sq foot / season)
• Increasing species diversity of cover crop mixes (increases 

soil biodiversity and surface biodiversity; increases N & C)
• Use of clear plastic (solarization) and black plastic 

(occultation) to control weeds and crop residues without 
tillage 



WHAT ARE WE DOING?

- Soil Carbon / Regenerative Agriculture Focus at conferences, events 
and webinars, including carbon-focused farmer keynotes at our 
Winter Conference in 2017 (Paul & Elizabeth Kaiser) 2018 (Gabe 
Brown) and 2019 (John Kempf)

- Teaching urban farmers/ community gardeners about soil health 
and nutrient-dense gardening practices through food access 
programs

- Peer-to-peer farmer organizing / mentoring around soil carbon and 
soil health statewide 

- One-on-one technical support through comprehensive soil carbon 
proxy testing 

- NRCS Conservation Innovations Grant:  Three year grant to study 
no-till farming practices and soil health / yield outcomes over time

- MDAR Grant: Three year grant to study farming management 
practices (including no-till) and crop nutrient profile outcomes over 
time

- Coalition-building, organizing, advocacy and legislative policy work 
for living soils, in toxics reduction, opposition to loosening of NOP 
regulations, Healthy Soils Bill in MA/ similar legislation across many 
states

- And more…



EDUCATION:   TEMPERATE AGROFORESTRY



EDUCATION:   NO-TILL FARMING 



- Learn about your local farmers’ practices:  no-till, 
regenerative, organic, or just local? 

- Eliminate conventionally-produced food from your 
diet as much as you are able according to your budget; 
organic soils are living soils and better preserve soil 
carbon

- Meat:/ Animal Products: Pastured / Grassfed v. 
conventional v. Organic– far greater greenhouse gas 
difference in cattle practices than vegetables / fruits 

It’s not just about food, it’s about 
the plant soil connection:

- Organize in your community to eliminate municipal 
use of chemicals 

- Cambridge (Harvard Campus),  Wellesley,  Athol, 
Marblehead, Northampton, others?

WHAT CAN YOU DO:   AS A CONSUMER / CITIZEN



WHAT CAN YOU DO:  
INTERNATIONALLY?

- Support projects that are 
community and stake-holder 
based, like HGBF CNTA, 

- Projects that center on soil 
health and not carbon are more 
successful at the community-level

- Global carbon trading schemes 
for soil carbon are likely to result 
in more corporate land-grabs and 
accelerate disconnection of 
communities from the land

- Support desert revegetation / 
reclamation efforts 

RECCOMENDED RESOURCE:
Google ”Loess Plateau” and
“Desert Reclamation”



- Mulch the soil 

- Avoid monocropping– mix up your 
plant families 

- Integrate perennials and annuals

- No chemical fertilizers, reduce 
soluble fertilizers like suflates (feed 
the soil, not the plant) in favor of 
manures and rock powders

- Use cover crops-– no matter how 
small your garden

WHAT CAN YOU DO: 
AS A GARDENER

RECCOMENDED RESOURCE:
“The Carbon Sequestering Garden” 
NOFA/Mass publication



- Reduce lawn space in favor of dense 
mixed plantings with greater biomass 
potential

- Be pollinator-friendly in your garden by 
mixing natives with ornamental (exotic) 
and naturalized plants

- For grasses-- plant native grasses and 
mow less often and mow higher– root 
depth is related to plant height, and C 
sequestration is related to root depth

- Favor perennials over annual plants 

- No chemical fertilizers, reduce soluble 
fertilizers in favor of manures and rock 
powders

- If you hire a landscaper, make sure they 
are AOLCP certified (NOFA Organic Land 
Care) 

WHAT CAN YOU DO: 
AS A HOMEOWNER



WHAT CAN YOU DO:   WITH NOFA/MASS

- Join NOFA/Mass to support our advocacy work and 
to provide education for disadvantaged farmers 

- Specific tips at nofamass.org/carbon

RECCOMENDED  
RESOURCES:   

NOFAmass.org/carbon
NOFAmass.org/events
NOFAmass.org/inspiring-ideas

- Learn more & network with practitioners:
- NOFA/Mass Winter Conference
- NOFA Summer Conference 
- Upcoming events (NOFAmass.org/events)
- Free Webinars: NOFAmass.org/inspiring-ideas
- NOFA/Mass Podcast 



EVALUATING SUCCESS:

- Soil aggregates 
- Earthworms
- Fungi
- Sensitive wildlife

- Salamanders, frogs, reptiles and rare insects



Caro Roszell
Education Director
Northeast Organic Farming Association,
Massachusetts Chapter (NOFA/Mass) 
c & vm: 508.360.0874
home: 978.544.9838
caro@nofamass.org

SAVE THE DATE! 
JANUARY 12 – WORCESTER STATE UNIVERSITY
2019 NOFA/Mass Winter Conference 
"Food As Medicine”

mailto:caro@nofamass.org


• Cofounder of Soil4Climate 
• Co-founder of Somerville Climate Action. 
• Serves on the board of the Somerville 

Community Growing Center, a quarter-acre 
urban oasis offering artistic, cultural, and 
educational programming in an organic garden 
setting

• Experience in the environmental laboratory field
• Marketed electric vehicles for the company that 

evolved out of MIT's Solar Car Team
• Focus is climate communications, including 

poetry
• B.A. in chemistry from Wesleyan University.

Karl Thidemann
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Karl Thidemann



5’ of top soil loss

New Mexico, 1957



“A large fraction of anthropogenic climate 
change resulting from CO2 emissions is 
irreversible on a multi-century to millennial time 
scale, except in the case of a large net 
removal of CO2 from the atmosphere over a 
sustained period.” - Intergovernmental Panel 
on Climate Change, Fifth Assessment Report, 
2013

“The potential for land to hold carbon and act as 
a sink for greenhouse gases is unparalleled.” -
United Nations Convention to Combat 
Desertification





What does the Healthy Soils Bill H.3713 do?

Create a Healthy Soils Program within the 
Department of Agriculture Resources, tasked with 
supporting farmers through education, technical 
assistance, and incentives to work in the field of 
regenerative agriculture and pave the way for future 
grants, loans, and incentives for farmers using soil 
health practices.

Improve Massachusetts's food security and food 
system efficiency by including an expert in 
regenerative agriculture on the Mass. Food Policy 
Council.





Restoring Soil to Reverse 
Global Warming



Announcements?
Share an upcoming event and post to the 

Susty Boston calendar:
sustyboston@gmail.com



Next month: October 2nd 

The Future of (Sustainable) Work

Sampurna Majumder


