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Soil diversity: National and local

United States

Source: https://www.nrcs.usda.gov/Internet/FSE_MEDIA/stelprdb1237749.pdf



Soil diversity: Western Skagit County

Inceptisols

27% relatively new 

soils

Source: https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/class/maps/

Source: http://geo.msu.edu/extra/soilprofiles/

Entisols

38% brand new soils

Alfisols

6% older soils

Andisols

26% volcanic

Histosols

1% peat soils



Soil forming factors: How did this diversity arise?

Source: https://dartmouthigert.wordpress.com/2015/01/23/an-apatite-for-kenyte/



Soil type affects…texture

• Parent material mineralogy

• Level of weathering

• Secondary clay mineral 
formation



Soil type affects…organic matter content

Soilquality.org.au

• Organic matter storage capacity

• Biological activity 



Soil type affects…soil pH

Slessarev et al., 2016



Soil nutrient cycling

Ref: Collins, Cogger, Miles, Koenig, WSU Exension



Soil organisms and their role in 
soil formation & functioning



What is “soil health”?

“The continued capacity of the soil to function as a vital, living ecosystem that 
sustains plants, animals, and humans.”

- Natural Resources Conservation Service



What is a healthy soil?

www.theatlantic.com/health/archive/2013/06/healthy-soil-microbes-healthy-people/276710/

Services:
• Efficient nutrient use
• Building and regeneration
• Strong skeleton/musculature
• Disease prevention
• Support growth

Self-maintaining

Services:
• Efficient/tight nutrient cycles
• Organic matter formation
• Soil structure maintenance
• Disease/pathogen resistance
• Support crop growth

Self-maintaining



What is an unhealthy soil?

Dave Orrick/Pioneer Press



Modified from Bünemann et al., 2018 

Challenges

Erosion/Run-off

Organic matter 
loss

Contamination

Sealing/Crusting

Compaction

Biodiversity loss
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Challenges Processes

Erosion/Run-off

Organic matter 
loss

Contamination

Sealing/Crusting

Compaction

Biodiversity loss

Soil aggregation

Nutrient cycling

Water cycling

Decomposition

Organic matter 
formation

Habitat for roots/
organisms

Services

Crop production

Water quality

Disease control

Carbon storage

Resilience

Climate regulation



Loss of soil health services:

• Reduced crop growth

• Loss of soil structure

• Loss of nutrients

• Disease pressure

Challenges Processes Services
Poor drainage



Improved drainage: Soil aggregation
What is an aggregate?

www.microped.uni-bremen.de

Pores for air 
and water

Protects 
organic matter 
inside

Living space for 
good bacteria and 
fungi

Soil particles (silt 
& clay) bound 
together with 
organic matter



Soil Particles Microbial “Glues” Fungal Hyphae

Soil Aggregate

Images by Daniel Rath



Soil aggregation
How are aggregates made?

Aggregate diagram from Brady & Weil, 2008; SEM images from www.microped.uni-bremen.de

Bacterial filaments securing 
soil particles

Fungal mycelia surrounding 
an aggregate



Patchy fragments on 
minerals

Decaying
microbes

Cell wall 
fragments

Growing 
microbes

Miltner et al., Biogeochemistry, 2008

Starving 
microbes

Plant
material

Up to ~80% of SOM can be derived from microbial biomass



Microbes themselves make soil organic matter!

From Kallenbach et al., 2016



Microbes themselves make soil organic matter!

From Kallenbach et al., 2016



Microbial products bind to clay minerals

Jilling et al., 2018



Total soil organic matter vs Active carbon

Sullivan, Moore, Brewer, 2019, OSU Extension



Total soil organic matter vs Active carbon

Sullivan, Moore, Brewer, 2019, OSU Extension

• Active C: The food that is 
available to microbes

• Faster to change

• More sensitive to management

Culman et al., 2013



Culman et al., 2016

Total soil organic matter vs Active carbon

Image: Thunen-Institut/AK

Image: AgVise



Feed microbes
• More carbon inputs to soil

• Organic matter inputs

• Cover crops

• Intercropping

• Crop residues

• Living roots

• Increase crop biomass

• Create conditions that favor aggregate
formation
• Reducing tillage

• Timing of tillage

• Weight of equipment

House 
microbes

What can we do to manage soils for soil health?



Examples

Published in Sullivan et al., 2019; Adapted from Ghimire et al., 2015



Examples

Published in Sullivan et al., 2019; Adapted from Ghimire et al., 2015

Griffin LaHue et al., unpublished data



Examples

Published in Sullivan et al., 2019; Adapted from Ghimire et al., 2015

Griffin LaHue et al., unpublished data

Collins et al., 2016



Testing for soil health
Solvita CO2 Burst Test



How/when should I take samples?

Take ~10 samples from 
random locations and 
consolidate in a bucket. 

Collect samples from 
problem areas or 
different management
areas separately

Using a long spade or a probe, 
take a sample to the depth of 
your plow layer or root zone 
(~6-10”).

soilhealth.cals.cornell.edu

Image: Doug Collins, 2012



Visual measurements

Slake test for aggregate stability

Low OM inputs High OM inputs



Visual measurements

Test for microbial activity

Low OM inputs High OM inputs



Visual in-field measurements



Soil challenges Soil processes Soil services

Reference values and benchmarks

Resilient soil

Soil compaction

We need to know where we started from, what the objective is, and where we are.  



Take-home messages
What is a healthy soil?

• Resilient

• Regenerating

Challenges, processes, and services

• Start with the challenge you want to address and identify what 
processes/practices will fix it.

Example: Soil compaction & aggregation

• Promote soil aggregation by feeding microbes and reducing 
disturbance

How do I measure soil health?

• DIY field tests & lab analyses

• Know where you started and what progress you’re making

• Strong structure

• Living!



Online resources

https://s3.wp.wsu.edu/uploads/sites/2073/2014/09/Soil-Testing-for-Farms-with-
Diverse-Vegetable-Crops.pdf

https://s3.wp.wsu.edu/uploads/sites/2074/2019/01/Soil-Fertility-in-Organic-Systems-1.pdf

https://s3.wp.wsu.edu/uploads/sites/2073/2014/09/Soil-Testing-for-Farms-with-Diverse-Vegetable-Crops.pdf
https://s3.wp.wsu.edu/uploads/sites/2074/2019/01/Soil-Fertility-in-Organic-Systems-1.pdf


Online resources

https://catalog.extension.oregonstate.edu/sites/catalog/files/project/pdf/em9251.pdf

https://catalog.extension.oregonstate.edu/sites/catalog/files/project/pdf/em9251.pdf


Online resources: Learn about your soil

SoilWeb



Online resources: Learn about your soil



Questions?


