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Soil Colors of the US (25 cm depth)



Objectives
• Why incorporate Soil Health 

Principles 
• How Soil Health Principles impact 

management decisions 
• How to implement Soil Health 

Principles 



Soil Health Principles To 
Support High Functioning Soils

Maximize
living roots

Maximize 
diversity

Minimize 
disturbance

Maximize 
cover



What do we want soil to do for us?
Soil Function 





Important Soil Functions
• Support productive plants 
• Be stable and resist erosion
• Efficient at cycling nutrients internally  
• Allow H2O to enter quickly 
• Drain well to avoid drowning plant roots
• Store H2O for future plant use
• Resist pests, pathogens, and disease
• Help plants grow during ‘stressful’ events



Important Soil Functions



Food Webs 
are 

everywhere!



Farming with Soil Life: A Handbook for Supporting Soil Invertebrates and Soil Health on Farms – Xerces Society

Soils are host to ~25% of Earth’s Biodiversity 

https://xerces.org/sites/default/files/publications/19-051.pdf


Soil is ALIVE!



Soil Organisms 
3 Functional Groups

Key Ecosystem 
Functions

Ecosystem 
Engineers

Biological 
Regulators

Biochemical 
Engineers

Decomposition 
& C Cycling Ecosystem 

Resiliency

Building soil, 
creating  

aggregates & 
pores

Population 
Regulation

Nutrient Cycling

Plant 
Productivity



Soil Organisms Functional Group: 
Biochemical Engineers

Functional
group

Functions Representative 
members

Biochemical 
Engineers

Regulate 90% of energy flow in soil; 
Build soil organic matter and 

aggregates; Protection from and 
cause of plant stress; Nutrient 

cyclers

Soil microbes 
(bacteria, archaea, 

fungi, protozoa)

Turbe et al., 2010; Global Soil Biodiversity Atlas. 2016. Orgiazzi, Bardgett, Barrios et al. 



Radiotrophic fungus:
Discover in 1991 in Chernobyl Nuclear Power Plant 

Cryptococcus neoformans Exophiala dermatitidis

Cladosporium sphaerospermum

Ionizing Radiation Changes the 
Electronic Properties of Melanin 
and Enhances the Growth of 
Melanized Fungi 
(E. Dadachova et al., 2007)

Biology is Resilient 



Soil Organisms Functional Group: 
Biological Regulators

Functional
group

Functions Representative members

Biological 
Regulators

Regulate populations
of other soil organisms; 

Mineralize nutrients

Protozoa and small invertebrates 
(e.g., nematodes, pot worms, 
springtails, mites, tardigrades)

Turbe et al., 2010; Global Soil Biodiversity Atlas. 2016. Orgiazzi, Bardgett, Barrios et al. 

Nematodes Springtails and Mites ProtozoaTardigrades



Functional
group

Functions Representative members

Ecosystem
Engineers

Build pore networks and 
soil aggregates 

Redistribute soil particles, 
microbes, & organic matter

Plant roots, earthworms, & other 
larger invertebrates (millipedes, 
centipedes, beetles, caterpillars, 

scorpions, etc.)

Soil Organisms Functional Group: 
Ecosystem Engineers

Bioturbation video: 
https://vimeo.com/222168889 

Turbe et al., 2010; 
Global Soil Biodiversity Atlas. 2016. Orgiazzi, 
Bardgett, Barrios et al. 

https://vimeo.com/222168889


Manage for healthy soils = Considering 
biology and function in everything you do.

CO2





Root zone 
(rhizosphere)

Earthworm & 
Root channels

Aggregate 
surfaces

Pore spaces
Litter layer

Photo: Dr. Joao Carlos De Moraes Sa

Biological Hot Spots



Soil Aggregate 
Stability
Demonstrations



Macroaggregate
• Root
• Fungal hyphae

Microaggregate
• Root hairs
• Fungal hyphae
• Polysaccharides

Sub-microaggregate
Mineral grains coated 
with plant and microbial 
exudates

Primary particles
Silt, clay and humus

Soil Aggregation:
Where texture and organic matter meet



Photo Credits 
https://lmecol.evsc.virginia.edu/soils/handouts/strom/
https://teara.govt.nz/en/photograph/12281/soil-texture
Sand Biofilm 10 | A natural community of bacteria growing on… 
| Flickr
Clay - The Daily Garden

Sub-microaggregate
Mineral grains coated 
with plant and 
microbial exudates

Primary particles
Silt, clay and humus

Iron OxideSand Biofilm

https://lmecol.evsc.virginia.edu/soils/handouts/strom/
https://teara.govt.nz/en/photograph/12281/soil-texture
https://www.flickr.com/photos/adonofrio/4482835986/
https://www.flickr.com/photos/adonofrio/4482835986/
https://www.thedailygarden.us/garden-word-of-the-day/clay


Microaggregate
• Root hairs
• Fungal hyphae
• Polysaccharides

Fungal hyphae 

SEM photo source: Eickhorst, Thilo & Tippkoetter, Rolf. 
Micropedology – The hidden world of soils. University of 
Bremen, Germany. http://www.microped.uni-bremen.de

Bacteria (ovals) with ‘sticky’ 
polysaccharides (red 
arrows)



Macroaggregate
• Root
• Fungal hyphae

https://www.agweek.com/business/4434742-start-digging-aggregation-soil-
health-indicator
http://www.csun.edu/science/scale/4th_grade/graphics/columns/columns-
Pages/Image4.html

https://www.agweek.com/business/4434742-start-digging-aggregation-soil-health-indicator
https://www.agweek.com/business/4434742-start-digging-aggregation-soil-health-indicator
http://www.csun.edu/science/scale/4th_grade/graphics/columns/columns-Pages/Image4.html
http://www.csun.edu/science/scale/4th_grade/graphics/columns/columns-Pages/Image4.html


Mycorrhizal hyphae can grow beyond 
roots to access more soil and acquire 
nutrients and water more efficiently.

Mycorrhizal fungi holding soil 
aggregates together

Magnificent Mycorrhiza 



Mycorrhizal hyphae can grow beyond 
roots to access more soil and acquire 
nutrients and water more efficiently.

Mycorrhizal fungi holding soil 
aggregates together

Magnificent Mycorrhiza 



https://www.pinterest.com/pin/502855114622813480/
https://www.uidaho.edu/cals/soil-orders/aridisols
https://www.summitdaily.com/news/new-reports-gauge-severity-of-soil-damage-from-east-troublesome-williams-fork-fires/

Soil Aggregation:
Physical /Chemical Factors:
• Drying & Wetting
• Freeze – Thaw
• Fire
• Inorganic binding agents

– Oxides
– Calcium

https://www.pinterest.com/pin/502855114622813480/
https://www.uidaho.edu/cals/soil-orders/aridisols
https://www.summitdaily.com/news/new-reports-gauge-severity-of-soil-damage-from-east-troublesome-williams-fork-fires/


1. Organic matter feeds 
the soil food web 

2. The soil food web 
creates stable aggregates 

“The formation and maintenance of 
a high degree of aggregation is one 
of the most difficult tasks of soil 
management, yet it is also one of 
the most important, since it is a 
potent means of influencing 
ecosystem function.” Brady & Weil

3. Soil functions as 
an ecosystem



Father of Conservation
Hugh Hamond Bennett (1881-1960)

“If we are bold in our 
thinking, courageous in 
accepting new ideas, 
and willing to work with 
instead of against our 
land, we shall find in 
conservation farming 
an avenue to the 
greatest food 
production the world 
has ever known.”



Soil Degradation Spiral

Building Soils for Better Crops – Ecological Management for Healthy Soils  
Image modified from Topp et al. (1995)

Photo Credit: https://www.istockphoto.com/photo/the-
demolition-of-the-house-gm544323062-97797213 

https://www.istockphoto.com/photo/the-demolition-of-the-house-gm544323062-97797213
https://www.istockphoto.com/photo/the-demolition-of-the-house-gm544323062-97797213


Soil Degradation Spiral



Soil Aggregation Climb
Jerry Hatfield USDA-
ARS 2004 – Build soil by 
biological activity not 
chemical or physical 
manipulations

Biological Activity

Organic Matter Turnover

Improved Nutrient Cycling

Improved Soil Structure

Improved AWC

Invisible and 
Dynamic Processes

Efficiency, 
Yield, ProfitVisible 

Outcomes



Marla Riekman, Soil Management Specialist, Manitoba Agriculture

Think like a root! Which soil would you like better?



Soil Health Principles To 
Support High Functioning Soils

Maximize
living roots

Maximize 
diversity

Minimize 
disturbance

Maximize 
cover



Soil Health Principles To 
Support High Functioning Soils

PROTECT   FEED Maximize
living roots

Maximize 
diversity

Minimize 
disturbance

Maximize 
cover

Soil Biology
Improve Resilience 
Continuous C input 

(SOM)

Organism Habitat
Soil aggregates

Soil Organic 
Matter (SOM)



FEED BIOTA
Maximize Living Roots & 
Maximize Diversity
• Break disease/pest cycles
• Stimulate/change belowground 

diversity
• Increase soil organic matter (SOM)
• Increase nutrient cycling
• Enhance plant growth
• Increase predator & pollinator 

populations

Maximize
living roots

Maximize 
diversity



Cover Cropping

Avoid fallow

Increase re-
cropping interval

Winter Pea, 
Crimson Clover

Cereal rye 
cover crop mix



Cover Cropping Resources



Cover Cropping Resources





Incorporate 
Livestock

Row 
Intercropping

C
om

panion Planting

Relay Cropping

Attract 
Pollinators 



Minimize Disturbance & 
Maximize Soil Cover 
• Maintain stable aggregates
• Reduce erosion and runoff risk
• Buffer temperature
• Reduce evaporation
• Maintain soil organic matter
• Habitat for soil organisms
• Reduce weed pressure

Image courtesy of Barry 
Fisher, NRCS-SHD

PROTECT SOIL HABITAT 
AND ORGANIC MATTER

Minimize 
disturbance

Maximize 
cover



National Historic Oregon Trail Interpretive Center
 Baker City, OregonIncrease 

habitat for soil 
organism

Avoid common 
disturbances 
• Physical
• Chemical
• Biological

Control Traffic



Be mindful about disturbance 

https://www.producer.com/crops/ct-scan-tech-used-to-check-soil-health/ 
Dorthe Wildenschild, Oregon State University

no disturbance
Machinery compacted 14 years 
prior, no disturbance since

Vertical pores 
reduced 

Horizontal 
pores have 
collapsed 

Pore space 
= BLUE

https://www.producer.com/crops/ct-scan-tech-used-to-check-soil-health/


With What?

How 
Much?How Deep?

How 
Often?

Be mindful about disturbance 



Cover Cropping

Relay Cropping
Mulch

Mitigate Soil 
Erosion 



Management Spectrum

Diversity

Doing 
Nothing

Getting 
Good

Trying 
Things

Total 
Success!

Covered

Living Root

Disturbance



Management Spectrum

Diversity

Doing 
Nothing

Getting 
Good

Trying 
Things

Total 
Success!

Covered

Living Root

Disturbance



Mmm, 
delicious! It’s just 

residue!

49

“Relaxed tillage”

Anders Suneson, 2012



Web Soil Survey 
 https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm

https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm


Web Soil Survey



     PROTECT       FEED
Organism 

Habitat

Soil Aggregates

Soil Organic 
Matter (SOM)

Maximize
living 
roots

Maximize 
diversity

Minimize 
disturbance

Maximize 
cover

Soil Biology

Improve 
Resilience

Continuous C 
input (SOM)

1% organic matter in top 6 inches = $750 per acre per percent



53

Interested? Rainfall simulation this 
afternoon!

CT, no 
residue

CT, with 
residue

CT, cover 
crop (oats, 

clover)
No till, 

cover crop
Fence line (no till, 
permanent cover)

Runoff water 

 Infiltration water

Michael Patin, NRCS, 2022



Questions, comments?
Theresa Brehm, 

Resource Conservationist (Soil Conservationist)

theresa.brehm@usda.gov
(971) 273-4814

In accordance with Federal civil rights law and U.S. Department of Agriculture (USDA) civil rights regulations and policies, the USDA, 
its Agencies, offices, and employees, and institutions participating in or administering USDA programs are prohibited from 
discriminating based on race, color, national origin, religion, sex, gender identity (including gender expression), sexual orientation, 
disability, age, marital status, family/parental status, income derived from a public assistance program, political beliefs, or reprisal or 
retaliation for prior civil rights activity, in any program or activity conducted or funded by USDA (not all bases apply to all programs). 
Remedies and complaint filing deadlines vary by program or incident. Persons with disabilities who require alternative means of 
communication for program information (e.g., Braille, large print, audiotape, American Sign Language, etc.) should contact the 
responsible Agency or USDA's TARGET Center at (202) 720-2600 (voice and TTY) or contact USDA through the Federal Relay 
Service at (800) 877-8339. Additionally, program information may be made available in languages other than English.
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