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Managing Soils as a Foundation 
to Support Ecosystem Services

Toby O’Geen
Soil Resource Specialist in Cooperative Extension
Dept. Land, Air and Water Resources, UC Davis

Managing for Multiple Outcomes
Productivity

Biodiversity

Carbon
Sequestration

Sustainable 
Water Supply

How do we manage soils for 
multiple outcomes?

Photo by K.W. Tate

Bulk density
Aggregate stability
Soil organic carbon
Soil biodiversity
Plant available water 
Total water storage
Vegetative cover

Soil Properties 
Impacted Process

Impacts of Improper Grazing on Soil

Compaction
Infiltration
Runoff
Erosion
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Effects of Grazing on Soil Compaction

Tate et al., 2004

root restrictive condition

Root & H2O restrictive
threshold

Bulk density (g/cm3)Textural Class
Sand & loamy sand
Sandy Loam
Loam & sandy clay loam
Clay loam
Sandy clay
Silt loam
Silty clay loam
Clay
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Soil Properties Dictate Resilience to Disturbance 
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Impacts of Grazing and Oak Cover on Infiltration

What is the functional difference?

For most storm events in CA, soils w/ 
infiltration rates exceeding 4 cm/hr 
should not produce runoff.
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Rangeland Soil with Good Soil Structure Compacted Rangeland Soil

Evidence of Poor Drainage in Compacted Soil 
Horizon “Cow Pan”

1. Get to know your soils
2. Minimize stocking density when soils are wet
3. Encourage landscape utilization with 

supplement and water
4. Avoid continuous heavy grazing

Steps to Maintain Soil Health

Minnesota (8% SOM) California (4% SOM)

Studies of Effects of Prescribed Grazing on 
Carbon Sequestration are Inconclusive

C sequestration 
is controlled 
by:
Climate
Vegetation
Topography
Parent material
& Time 

Be Skeptical About Large Investments that 
Claim to Promote Carbon Sequestration

My advice:  Adopt management 
practices that improve soil health 
this will protect the existing 
carbon stock and may gradually 
increase C in degraded areas.
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Profile Distribution of OrganismsC and Biodiversity are Linked
http://casoilresource.lawr.ucdavis.edu/soilsurvey

Tools to Get to Know Your Soils

Enter location here List of map units in view 
field. Click on MU of 
interest

Google Maps Interface Browse Soil Survey 
Data:

Soil organic matter
Plant available water

Erosivity
Permeability

SoilWeb: Get to Know Your Soils in the Field 
with Smartphone Apps Soil surveys of 

rangelands should 
be interpreted 
carefully

Cropland

Rangeland

Rangeland soil map 
units are 
generalized and 
depict multiple soils 
within a delineation
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Recognize Systematic Patterns in Services

Grazing Intensity (Au/ac/yr)
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http://casoilresource.lawr.ucdavis.edu/soilsurvey Perennials can Increase Soil Organic 
Carbon but Studies are Inconclusive in CA

Annuals on left and perennials on right of each panel

Soil Organic Carbon is Variable in CA but 
Tends to be Higher Under Blue Oak Savanna 
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Oak Oak Oak

Soil organic carbon (top 5 cm) along a 100-m transect of an oak woodland/annual 
grassland catena. Shaded regions are under oak canopy, un-shaded are open 
grassland

Grass: 4.0+1.3%
Oak: 6.9+2.1%
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