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Idaho Fescue (Festuca idahoensis)



Grass plants are straws
that sip carbon from the air.







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



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.”  



“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!”







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

the experiment

Browns Valley, 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.
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DayCent Flow 
Diagram



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.

Compost Carbon

Photosynthetically
Derived Durable
Soil Carbon



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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Applied to 5% of CA Rangeland

ONE TON PER

YEAR FOR 

30 YEARS



California  Rangelands and Carbon Sequestration

At a rate of 1 MT C ha-1 y-1

= 42 MMT CO2e/y
At a rate of 5 MT C ha-1 y-1

= 211 MMT CO2e/y
At a rate of 10 MT C ha-1 y-1

= 422 MMT CO2e/y

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

•Livestock ~ 15 MMT CO2e/y

•Commercial/residential ~ 41 MMT 
CO2e/y

•Transportation emits ~188 MMT CO2e/y

•Electrical generation ~109 MMT CO2e/y

Units:
Hectare = 2 .45 acres
MT = Metric ton
MMT= Million metric tons 
CO2e = CO2 equivalents
MT=Mg=Metric ton
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Carbon Farm Plans

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













FIRST PRINCIPLES OF 
THERMOPHILIC COMPOSTING









EXPANDED FEEDSTOCKS





























High Pressure Liquid Chromatography

One of the key features of this device 

is the extremely low amount of sampling that is needed. 

In a compost sample with hundreds of thousands of different types of molecules, 

we are able to differentiate all of them. 

It is not just a matter of having a very sensitive set of detectors, 

our uniqueness is the expertise to look at ALL of the 

chemical and biological reactions during the compost process.



HPLC UNIT AT LBNL

In the middle of the HPLC unit you see an area that holds small, 
2 ml glass vials with black screw caps on top. 

It can hold up to 100 different samples. Each vial is automatically sampled, one at a time through the HPLC, 
it takes about 7 minutes to feed the Mass Spec the fractionated set of compounds from one sample



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

You can barely see a very thin tube crossing the front of the Thermo Mass Spec 
unit which is the only connection between the 2 machines. 



The HPLC separates the material from the compost 
into tens of thousands of different fractions based on their polarity. 

Each of these fractions is sent on to the nano-electrospray ionization 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









































Sites plotted by county

ORIGINAL MCP RESEARCH

NRCS/UCB FIELD TRIAL/ RESEARCH

UCSB/UCB RESEARCH

NRCS FIELD TRIAL ONLY



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

















THE 
CALIFORNIA 

CARBON
PROJECT



Comparative Research

Organic Sources:

Food Waste
Dairy Manure
Woody Biomass

Processes:

Landfill
Mulching
Composting
Bio Digestion
Reactive Processes
Pyrolysis
Incineration

Fates:

Soil Systems
Emissions
Water
Energy
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