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Soil Health 101:
What does it mean and how do biosolids fit in?



What is “soil health”?



What is an unhealthy soil?
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What do we want from a healthy soil?

Functions:
• Support growth
• Efficient nutrient use
• Resilience & regeneration
• Strong skeleton/musculature
• Disease prevention

Self-maintaining

Functions:
• Support crop growth
• Efficient/tight nutrient cycles
• Resilience & formation
• Good soil structure
• Pathogen & pest suppression

Self-maintaining
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Does this differ from soil fertility or soil quality?

• It depends on who you ask!

• To me, soil health recognizes:

• the living nature of soils

• the role of soil organisms in 
many of the functions we look for

• a system with feedbacks between 
chemical, physical, and biological 
soil properties

Soil quality

Soil 
fertility

Soil health

Soil quality

Soil fertility 



How do we measure these functions?



Soil health assessments

Physical
Water holding capacity
Erosion potential
Compaction

Chemical
Organic matter
Nutrient availability
pH and salinity 

Biological
Active carbon levels
Microbial activity & abundance
Biological diversity



Long-term biosolids experiment: GP-17
• Douglas County: ~10 inches precipitation per year
• Sandy loam soil (60% sand, 3% clay)
• Biosolids (Renton facility) applied every 4 years since 1996
• Wheat-fallow rotation until 2017, then other crops included
• Became no-till in 2013

Treatments
• 2 dry tons BS/Ac
• 3  dry tons BS/Ac
• 4.5 dry tons BS/Ac
• Anhydrous ammonia
• No fertilizer



Soil Health Institute’s North American Project
Sampled in April 2019 – last biosolids application 2016

Figure from Norris et al., 2020



Biological indicators
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Biological indicators – C pools

• Both soil respiration and active C were 
higher with 4.5 DT BS/Acre
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Chemical properties
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Soil pH is reduced to ~4.7 in 4.5 DT/Ac
• Potential issues with Al?

Soil EC is increased by biosolids but is still 
within a normal range
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Physical indicators
Available water holding capacity (AWHC) =

• Increased AWHC with 3 and 4.5 DT BS/Ac 
• Due to increased WHC at field capacity
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Lower bulk density 
=

Greater porosity
=

Higher water holding 
capacity

No biosolids With biosolids

Physical indicators
Available water holding capacity (AWHC) =

• Increased AWHC with 3 and 4.5 DT BS/Ac 
• Due to increased WHC at field capacity
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p = 0.0001 • Bulk density decreased with biosolids 
applications, more so at higher rates



How is crop yield affected?
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Next steps: Synergistic effects of biosolids, 
cover cropping, and grazing



How do biosolids affect soil health?

Physical
↑ Water holding capacity
↓ Erosion
↓ Compaction

Chemical
↑ Organic C content
↑ Long-term nutrient avail.
↑ Cation exchange capacity
↓ Micronutrient deficiencies

Biological
↑ Active carbon
↑ Microbial activity & abundance
↑ Nutrient cycling potential
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