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Nicasio Native Grass Ranch

Soil provides nutrients and water for plant growth, which 
directly and indirectly support agriculture.

Figure credit: Iowa State University Extension, Integrated Crop Management

Soils harbor tremendous biodiversity
Bacteria

Fungi

Spongiforma squarepantsii

Bacillus species

Soil organisms are nature’s waste disposal system
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Plants and soil microbes have a significant effect on 
global atmospheric CO2 concentrations
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Hypothetical emissions reduction scenario

Reducing emissions alone will not mitigate 
climate change CO2

CO2 via photosynthesis + nutrients + water 
= Plants

Carbon leaves ecosystems via Respiration
from soil microbes

CO2

Photosynthesis CO2

Respiration

DOC

CO2

Carbon Inputs > Carbon Outputs

= Terrestrial Carbon Sequestration

Soil Carbon

Grasses allocate a high proportion of their photosynthate 
belowground to roots  greater soil carbon pools
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Grasslands cover a significant portion of the Earth’s 
land surface

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

California  Grasslands and Carbon Sequestration

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

Units: 
MT = Metric ton
MMT= Million metric tons 
CO2e = CO2 equivalents
MT=Mg=Metric ton

At a rate of 0.5 MT C ha‐1 y‐1

= 21 MMT CO2e/y

Units: 
MT = Metric ton
MMT= Million metric tons 
CO2e = CO2 equivalents
MT=Mg=Metric ton

At a rate of 1 MT C ha‐1 y‐1

= 42 MMT CO2e/y

California  Grasslands and Carbon Sequestration

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

At a rate of 0.5 MT C ha‐1 y‐1

= 21 MMT CO2e/y

Units: 
MT = Metric ton
MMT= Million metric tons 
CO2e = CO2 equivalents
MT=Mg=Metric ton

At a rate of 1 MT C ha‐1 y‐1

= 42 MMT CO2e/y

•Livestock ~ 15 MMT CO2e/y

•Commercial/residential ~ 42 MMT 
CO2e/y

•Electrical generation ~112 MMT 
CO2e/y

California  Grasslands and Carbon Sequestration

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

Emissions data: CA GHG Inventory ARB 2010

Managing grasslands for increased carbon 

content has many co-benefits

Carbon sequestration in pastures and rangelands 

increases:

•Fertility

•Water holding capacity

•Soil stability

•Sustainability

•Productivity

Can we manage rangelands to increase 
carbon storage, while maintaining other 
ecosystem services?

Marin Carbon Project
(UC Berkeley and Davis,  Stakeholders, Resource Conservation District, UC 

Extension, Marin Agricultural Land Trust, Marin Organic, County 
Agricultural Commissioner, USDA-NRCS)
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Can we manage rangelands to increase 
carbon storage, while maintaining other 
ecosystem services?

•Forage production
•Soil stability
•Plant community/biodiversity

Marin Carbon Project
(UC Berkeley and Davis,  Stakeholders, Resource Conservation District, UC 

Extension, Marin Agricultural Land Trust, Marin Organic, County 
Agricultural Commissioner, USDA-NRCS)

2 6 1554719532516 71549173648 950241854 411 3 514 830342723221210393738

Profile

0

50

100

150

So
il 

C
ar

bo
n 

to
 5

0 
cm

 d
ep

th
 (

M
g 

C
 h

a-1
)

•Large range in soil carbon pool size
•Considerable soil C storage capacity

From Silver et al.  2010

Field (ranked)
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We can detect changes in rangeland soil carbon pools with 
management

Soils sampled from 35 grazed rangeland 
sites in Marin and Sonoma Counties

From Silver et al.  In prep

Organic amendments increased soil carbon by 50 Mg C 
ha-1 in the top meter of soil
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From Silver et al.  In prep

Livermore Landfill

Redirecting the waste stream and reducing greenhouse gas emissions

Jepson Prairie Organics
2008-2011 Field experiments
Controlled, replicated experiments 
on working rangelands to test the 
effects of management practices on 
ecosystem carbon and greenhouse 
gas dynamics
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• Organic matter amendments (compost) to grazed rangelands
• Followed CO2, N2O, and CH4 fluxes, soil C pools and net primary production

Compost increased soil moisture….

Browns Valley, Ryals and Silver in prep

Jun 09    Aug 09     Oct 09      Dec 09      Feb 10      Apr 10 Jun 10     Sep 10     Nov 10

Browns Valley, Ryals and Silver in prep

...and soil respiration
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Compost increased forage production in Browns Valley...

WY 1 WY 2 WY 3
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...and at Nicasio (averaged over three years) Compost added an average of 1177 to 3265 lb/acre per year

= 0.5 to 1.5 Mt C/ha per year
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We were able to detect an increase in soil C pools in 
Browns Valley
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Valley Grassland

PT = pretreatment

Control

Compost

I. Input Variables II. Management III. Ecosystem 
Response

IV. Avoided 
Emissions

•Source Materials
•Water use
•Transportation
•Fertilizer

•Number of animals
•Management (e.g., 
diet, additives 
manure)
•Soil amendment 
application

•Forage production
•Soil GHG 
emission
•Soil carbon 
storage

•Landfill diversion
•Manure diversion
•Lower externally 
produced feed

Life Cycle Assessment

CO2 CH4 N2O

65,000 ha

Net global warming potential from soil amendments 
applied in California grasslands

Summary

Rangeland soils and plants offer many ecosystem services.

One key ecosystem service is their potential to store 
carbon, and help mitigate climate change.

Our research suggests that compost amendments increase 
plant and soil carbon sequestration.

Life cycle and simulation modeling in progress will help 
us transfer the science into sound management practices.
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Marin Carbon Project

Nicasio Native Grass Ranch

Support provided by:
The Marin Community Foundation
The Rathmann Family Foundation

The Lia Foundation
The Kearney Foundation for Soil Science

USDA

We detected an increase in soil C pools after one year

Ryals and Silver in prep


