


LOWERING 
EARTH’S 

TEMPERATURE 
WITH 

COMPOST 













 
 





























 
That’s 50,000 lbs.  

of weight gain 
from eating fresh grass  

that did not exist 
six months ago. 



Grass plants are straws 
that sip carbon from the air. 











IN FACT, 
DR. CREQUE HAS 

INCREASED  
S.O.M. 

FROM 1% TO 12% 
IN THE SOILS 

OF THE  
McEVOY RANCH  

IN MARIN. 



       Darren Doherty, Australian Keyline Expert  
    “A 1.6% increase of the organic matter in the soils of 

all the arable lands on Earth would stop and reverse 
global warming within a decade.” 



AB-32,  
THE CLIMATE SOLUTION ACT 

HAD BEEN  
SIGNED INTO LAW  

IN 2006. 
 



A NEW REVENUE FOR  
RANCHERS TO DO 

THE ADDITIONAL WORK  
OF SEQUESTRING 

PERMANENT CARBON,  
 (NO LEAKAGE 

OR EXTERNALIZATIONS.) 



 

WE NEEDED A 
PROTOCOL. 



Dr. Whendee Silver, UC Berkeley Professor 
BioGeoChemist 

World Renowned Soil Carbon Expert 











Most soil carbon is in the  
bodies of plants and  

microorganisms, 
the Labile fraction. 



























THERE IS CARBON 
IN THE SOIL, 

BUT IT DOES NOT 
ENTER THE  

PLANT. 
IN FACT, IT’S THE  

OPPOSITE! 













Grasslands store one-third of the world’s soil carbon 

Grasses allocate a large percentage of their photosynthate  
belowground to roots, exudates and soil biota, including mycorrhizae. 





   California  Rangelands and Carbon Sequestration 

  1 MT C =   42 MMT CO2e/y 
  5 MT C = 211 MMT CO2e/y 
10 MT C = 422 MMT CO2e/y 
 
 

23 million hectares of rangeland statewide Assume 50% available for C sequestration 

•Livestock                        ~15 MMT CO2e/y 
 

•Comm’l/Residential     ~41 MMT CO2e/y 
 

•Transportation           ~188 MMT CO2e/y 
 
•Electrical generation ~109 MMT CO2e/y 
________________________________ 
                                         =353 MMT CO2 



THERE ARE 3.5 BILLION HECTARES 
OF GRAZED RANGELAND ON EARTH 

*30% of global land surface  *Over half of the global land use  
*33% of the US land area *56% of California land area 





We sampled 35 sites that were typical of land under  
management in our area; beef and dairy pasture. 
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•Large range in soil carbon pool size 
•Considerable soil C storage capacity 

From Silver et al.  2010 



Ranked soil profiles 
Marin Carbon Project 

Soil carbon pools vary widely, 
due to management history, precipitation,  

vegetation and soil type. 

Silver, Ryals & Eviner 2010 Silver, Ryals, et al. in prep 

California  
Literature Survey 

Regional  
Sampling Survey 
(Marin-Sonoma) 

Soil C to  
50 cm 
depth 

[Mg C ha-1] 

Ranked soil profiles 
Ranked soil profiles 

California rangelands 
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Literature data  
From California  
rangelands 

On average Marin soils appear to be in the  
mid range of California rangelands 

Average soil C for Marin/ 
Sonoma Counties 









Organic amendments increased soil carbon by 50 Mg C 
ha-1 in the top meter of soil 
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In 1996, French Nuclear testing 
Released a very unique Carbon Isotope 

Into the atmosphere. 
Scientists use this isotope as a  

“Distinct Time Stamp.”   



Dr. Silver is quoted as saying, 
 

“We were looking for a needle  
in a Haystack, and we found bricks 

of 10 year old French carbon  
a meter deep 

in Marin County soils!” 



WE NEEDED A WAY  
TO SCIENTIFICALLY 

TEST THE 
MECHANISM OF 

PHOTOSYNTHETIC 
CARBON TRANSFER 

WITHOUT THE 
EMISSIONS  



COMPOST! 
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Compost addition increased soil respiration over the first two years of 
the experiment 

Browns Valley, Ryals and Silver in prep 



Outputs I: Soil respiration influenced by rainfall and compost 
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WY1 
Total: 360.6 mm 

WY2 
Total: 632.0 mm 

WY3 (SO FAR) 
Total: 813 mm 
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Compost also increased soil moisture…. 

UCSFREC, Browns Valley, Ryals and Silver 2013 
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Results: Above-ground production (forage) has exceeded controls by 
about 50% every year following the single ½” compost application in 
2008 
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Ryals and Silver 2012, Ryals and Silver in prep. 
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Assumptions: 
 
Heterotrophic respiration = 50% of total 
Root biomass = shoot biomass 
No difference in grazed biomass 

Organic amendments increased system carbon by over  
14.8 Mg C/ha in year 1; net gain, beyond compost additions  

was approx. 0.8 Mg C/ha. 

Nicasio, Ryals and Silver in prep 
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Soil C from amendments can be stored in soil C  
pools with long turnover times 

Analysis of 14C in soil carbon fractions                                       Silver et al. in prep. 

OLF: decades to centuries 
HF: centuries to millennia 
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Ryals et al. 2014 SBB and in prep 



Effects of Organic Matter Amendments on Net 
Primary Productivity and Greenhouse  
Gas Emissions in Annual Grasslands 

     Rebecca Ryals AND Whendee L. Silver 
   Ecological Applications, 23(1), 2013, pp. 46–59, 2013 

This paper showed that compost 
increased plant production, water 
holding capacity, and ecosystem C 

storage in rangelands in two 
bioclimatic zones in California.  



Impacts of Organic Matter 
Amendments on Carbon and Nitrogen 

Dynamics in Grassland Soils 
Rebecca Ryals , Whendee L. Silver, Michael Kaiser, Margaret S. Torn, Asmeret 

Asefaw Berhe 
Soil Biology & Biochemistry 68 (2014) 52e61 

 

This paper showed that compost applications led 
to an increase in bulk soil C stocks and that over 3 

years we detected an increase in the free light 
and occluded light C fractions.  



Grassland Compost Amendments 
Increase Plant Production Without 

Changing Plant Communities  
Rebecca Ryals,1,3,† Valerie T. Eviner,2 Claudia Stein,1,4 

Katharine N. Suding,1,5 and Whendee L. Silver1 
Ecosphere March 2016 v Volume 7(3)  

This paper showed that there were  
no losses in biodiversity in  
composted-amended sites  

and that we did not see an increase  
in invasive weed species. 

 







FIG. 3. The black line shows simulated decomposition of the compost following application to grassland soils. Gray circles show the monthly 
change in total ecosystem carbon, not including compost carbon. Values are averages across site characterizations, with standard error bars in 

light gray. Ryals et al, 2015. Ecological Applications, 25(2): 531–545. 

 



 
 

Results indicated that  
Carbon storage  
would persist  

for 30 to 100 years, 
  

and that compost application  
resulted in a long-term increase  

in C capture and associated  
nutrient cycling.  

 



Few differences were seen  
when applying  
small amounts  

for multiple years, 
 versus  
a single  

one-time application.  
 



Compost with lower C:N ratios  
led to greater sequestration,  

but higher N2O emissions. 
 



A SINGLE APPLICATION OF  
½”COMPOST WILL RESULT IN 
30 – 100 YEARS OF ONGOING 

SOIL CARBON SEQUESTRATION! 
 

AND PERHAPS ¼” WOULD 
PRODUCE THE SAME RESULTS. 
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Life Cycle Assessment suggests significant 
GHG mitigation potential statewide 

Emissions from Ag and forestry 
sector (2008) 

Emissions from commercial 
sector (2008) 

DeLonge et al. 2013 

Applied to 5% of CA Rangeland 
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Life Cycle Assessment suggests significant 
GHG mitigation potential statewide 
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DeLonge et al. 2013 

Applied to 5% of CA Rangeland 

ONE TON PER 
YEAR FOR  
30 YEARS 



A Lifecycle Model to Evaluate Carbon 
Sequestration Potential and 

Greenhouse Gas Dynamics of 
Managed Grasslands  

Marcia S. DeLonge, Rebecca Ryals, and Whendee L. Silver 
Ecosystems (2013) 16: 962–979 

 We used a lifecycle assessment approach to 
explore the integrated impacts of compost 
amendments. Results showed that waste 

diversion represented a large offset in 
emissions; which increased when coupled 

with compost applications. 



BUT DOES IT WORK 
ON “REAL” RANCHES? 











EXPANDED FEEDSTOCKS 















 



 



 





















HPLC UNIT AT LBNL 



Nano-Electro Spray ionization (nano-
ESI) mass spectrometer. 



 
Combined, we are able to separate a sample into thousands of different samples,  

each containing a fraction of the original number of compounds  
and then accurately identifying the exact mass of each compound  

to back-calculate the molecular structure.   
 



WWW.THERMOPILEPROJECT.ORG 









 









FIRST PRINCIPLES OF  
THERMOPHILIC COMPOSTING 















 

WE HAVE A 
PROTOCOL. 







+ 





IMPLEMENTATION 



Carbon Farm Plans 

We will complete 20 Carbon Farm Plans in the next 3 years, thanks to RCPP! 







Scaling Up: 
 

 
 
 
 
 
 

 
RCPP     
2015 

Healthy 
Soils 
Initiative 
2017 





































MLRA 4B: Coastal Redwood Belt;  
sites in Marin (compost already spread; data collection only) and San Mateo 
   
MLRA 5: Siskiyou-Trinity Area; site in Mendocino 
  
MLRA 15: Central California Coast Range; sites in Alameda, Sonoma, and Yolo 
  
MLRA 16: California Delta; sites in Contra Costa & Solano 
   
MLRA 17: Sacramento and San Joaquin Valleys; sites in Kettleman City,  
San Joaquin (NRCS Plant Materials Center, ungrazed), Stanislaus, Tulare, and Yolo 
  
MLRA 18: Sierra Nevada Foothills; sites in Fresno & Yuba  
(compost already spread; data collection only) 
  
MLRA 20: Southern California Mountains; sites in San Diego & Santa Barbara 
 







Sites plotted by county  

ORIGINAL MCP RESEARCH 

NRCS/UCB FIELD TRIAL/ RESEARCH 

UCSB/UCB RESEARCH 

NRCS FIELD TRIAL ONLY 















Comparative Research 

Organic Sources: 
 
Food Waste 
Dairy Manure 
Woody Biomass 

Processes: 
 
Landfill 
Mulching 
Composting 
Bio Digestion 
Reactive Processes 
Autoclaving 
Pyrolysis 
Incineration 

Fates: 
 
Soil Systems 
Emissions 
Water 
Energy 



THE  
CALIFORNIA  

CARBON 
PROJECT 



AN INVITATION TO SCALE UP 
 

1) NRCS FIELD TRIALS/ 
UC B-UC SB RESEARCH 

 
2) CARBON FARMS ACROSS CA. 

 
3) CONNECTING COUNTIES TO  

AGRICULTURE TO CLIMATE  



4) BUILD OUT INFRASTRUCTURE 
TO SUPPORT MANAGEMENT 

AND PRODUCTION OF  
FLOWS OF MATERIALS  

IN OUR SOCIETY. 



HUMAN SOCIETY  
AS WE DESIRE  

CAN ONLY EXIST 
WITH RELIABLE 
AGRICULTURE. 



RELIABLE 
AGRICULTURE 
REQUIRES A 

STABLE CLIMATE. 



AS CURRENTLY  
PRACTICED,  

AGRICULTURE IS  
DESTABILIZING  
OUR CLIMATE. 

 



IPCC 5TH ASSESSMENT (2015) 

 
A LARGE FRACTION OF  

ANTHROPOGENIC  
CLIMATE CHANGE  
RESULTING FROM  

CO2 EMISSIONS  
IS IRREVERSIBLE  

ON A MULTI-CENTURY  
TO MILENNIAL SCALE. 

 
 



EXCEPT  
IN THE CASE OF A LARGE  
NET REMOVAL OF CO2  

FROM THE ATMOSPHERE  
OVER A SUSTAINED 

PERIOD. 



AND THAT IS WHAT 
WE HAVE DISCOVERED.  

A NEW VERSION 
OF AGRICULTURE 

THAT CAN STABILIZE  
OUR CLIMATE.  







Reversing the Keeling Curve 



THERE IS A FINITE 
AMOUNT OF CARBON 

ON EARTH. 
THAT CARBON IS IN  
ONE OF FIVE POOLS 
AT ANY TIME, AND 
IS TRANSFORMED  

AS IT MOVES BETWEEN 
THESE FIVE POOLS. 



WHERE CARBON RESIDES  
IS IMPORTANT,  

AND IS UNDER OUR 
INFLUENCE. 



 
• ATMOSPHERE    CO2 

• BIOSPHERE         C6H12O6 
• PEDOSPHERE      C 
• LITHOSPHERE     C 
• HYDROSPHERE   H2CO3 



Plant growth reduces  
Atmospheric Carbon Emissions  

Spring 

End of 
Summer 

Source: NASA 



WE CAN  
LOWER EARTH’S  
TEMPERATURE. 



AND, 
WE CAN DO THIS  

THROUGH  
THE INCREASED  

PRODUCTION OF…  



HEALTHY FOOD,  
SAFE FIBER, 

RENEWABLE FUEL,  
and VERY INTERESTING  

FLORA. 
 



ESPECIALLY  
IF EVERYTHING 

THAT WE TOUCH IS 
INFINITELY  

RECYCLABLE, 



AND  
THE POWER THAT 

WE ENJOY IS FROM 
RENEWABLE 

ENERGY. 
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