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What is the objective of 
Soil Health?

The objective of managing Soil Health is to 
promote: 

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



Why should we be concerned?

• The productivity of many lands worldwide 
threatened due to topsoil erosion &
desertification

• Estimated loss due to erosion of soils in the USA 
is $44 billion per year

• Globally the estimated annual loss of topsoil is 
75 billion tons

• Comparison of “native prairie” soils adjacent to 
intensively cropped soils in the U.S. reflect up 
to 50% loss of SOM



What is a healthy soil?



Healthy Crops



Managing personal health

• Healthy living habits:
• Diet - i.e. an apple a day…
• exercise
• reduce exposure to disease
• medical examination and advice
• intervention or treatment
• What about the life within us?



Living things 
have health.

Soil Health relates to 

living qualities of the soil.







Physical Components 

• Size and distribution of 
mineral particles 

• Sand 

• Silt 

• Clay 

• Soil structure 
• air and water 

movement



Physical Components 

• Soil structural properties
• Porosity = Aeration 

• Water Infiltration

• Water Availability

• Interactions with OM



Physical Components 

• Management concerns
• Compaction

• Drainage

• Erosion

• Loss of organic matter



Increasing OM by 1% 
increases water availability 1 inch



Infiltration

Aggregated Soil

Erosion and Soil Health

Modified from Topp et al. (1995).

Runoff

Soil Seals and Crusts after 
Aggregates Break Down



Chemical Components 

• Traditional Soil Testing has always 
focused on the chemical components

• Soil Tests evaluate nutrient supply:
• pH, BpH, P, K, OM, 

• CEC (Ca, Mg, Na), S, Zn, 

• Micronutrients (Cu, Fe, Mn, B) 



Cation Exchange Capacity



Chemical Components 

• Management with Soil Testing 
• Recommendations for fertilizer or 

• Data only for mapping



Soil Health is Soil Centered

• Living things have health.

• Soil Health is a measure of 

the living qualities of the soil.



Biological Components 

• How do we manage our soil livestock?



Biological Components 

• Soil Biology
• Plant cover and crop influences



Biological Components 

• Soil Biology
• Macro and Microbiological influences



Biological Components 

• Reactions in the soil are regulated by moisture 
and temperature, and nutrient sources.

• Are a function of the size and diversity of the 
microbiological population.



Biological Components 

One gram of soil (enough to fit on top of a nickel) 

can contain one billion (1,000,000,000) 

living organisms and over ten thousand species. 



Soil Micro-organisms

• Require nutrient inputs

• Perform nutrient cycling 

• Provide decomposition 

by-products



Soil Micro-organisms

• Concentrated in the topsoil 
• Associated with Organic Matter

• Require energy, oxygen, nutrients

• Respire carbon dioxide

• Extend into the subsoil



Soil Micro-organisms

• Microbial life requires inputs - soil livestock
• Colonize food sources

• Plant roots
• 25% of carbon captured by plants in photosynthesis is 

lost to the soil.  Why?

• Beneficial microbial associations – health, nutrient 
cycling

• Symbiotic relationships with soil micro-organisms.

N2 fixation

Mycorrhizae



Soil Micro-organisms

• Colonize food sources (Cont.…)
• Plant residue, 

• Manure, 

• Easily available nutrients 

• Only 20% of applied P fertilizer is taken up by plants

• Nitrogen can be more or less available too



Soil Organic Matter
• Vital to biological nutrient cycling 

• Residue and waste products of 
plants, animals and micro-organisms.

• Decomposes to humus, that resists 
further decomposition.  

Consists of 50 – 58% C 

4  – 6% N



C:N Ratio 

• Indicates the stability of Organic Matter

• 12:1 is stable, well decomposed OM

• Soil micro-organisms have a ratio of 10:1
• Utilize soil C for energy and 

• N for protein synthesis and cell growth

• Bacteria 5:1 to 8:1

• Fungi 7:1 to 25:1



C:N Ratio 

• Plant Material added to the soil with C:N > 30:1 
• Soil available N will be immobilized

• If the C:N ratio is < 20:1 
• Plant material is easily mineralized

• N is readily available to plants growing in that soil 

• Crop residues: 
• Corn stover 50:1

• Rye cover crop 25:1

• Legume hay 17:1



Soil Microbes and Structure

• Microbial life enhances the soil ecosystem
• Nutrients are retained and recycled in the soil

• Increased biological activity

• By-products of organisms bind particles
• Worm castings and burrowing

• Mucilage from fungi and molds

• Forms stable aggregates



Soil Microbes and Structure

Physical components improved by Soil Biology

• Aggregate stability

• Water availability
• Infiltration and

• Water Holding Capacity

• Compaction reduced
• Bulk Density lower

• Crusting reduced



What’s in a Soil Health Test?

• Biological activity evaluation

• Soil Health Score (under revision by Soil Health Institute)

• Nutrient availability
• From organic/biological and inorganic sources

• N, P and K (water soluble and extractable)

• Other elements (Ca, Mg, Fe, Al) and pH



Soil Health Analysis 

• Carbon Respiration Rate

• Water extraction of C, N, and P

• Organic Matter

• Traditional Soil Test

• Haney Extraction



Same Prep as Traditional



Carbon Respiration Rate

Moistened soil

Incubated 24 hours 

Values of 1-300 ppm



C:N Ratio 

• C:N = Water Soluble Carbon
Water Soluble Nitrogen

C and N are
analyzed together.



Soil Health Score

The CO2 Respiration, C:N Ratio and Water 
Soluble C and N are used to calculate:

• Soil Health Score  (1 – 50 sometimes higher)

• N Mineralization Rate 

• P Mineralization Rate



Organic Matter 

• A routine part of soil tests

• Relates to all 3 components

of Soil Health.



Haney Soil Extraction

• An weak acid solution similar to the solution 
around a growing root is used to extract 
nutrients.  

• Comparison of these results with traditional 
procedures points out plant available nutrients 
(P, K, Ca) and reserve nutrient content.



Soil Health Assessment

• Soil Health Score provides a benchmark value 
to judge changes and assess “biological activity”

• Provides measures to use in managing soil

• C:N Ratio to guide Cover Crop prescriptions

• CO2 Respiration, Soluble C & Total C

• Comparison of Nitrogen Fractions

• Water and H3A data can assist in Fertilizer 
Guidelines



Reporting

• Standardized format
• Basic

• Routine

• Complete

• All samples get a 
traditional soil test.

• Recommendations 
based on the soil test 
and one crop.



Interpreting Results

• 1 – 50, >20 is good

• 60 – 150 is good

• 10 – 15 is good



Cover Crop Recommendation



Water Soluble Values



Haney (H3A) Extraction



Managing Soil Health

• Maintain growing plants on the soil

• Reduce tillage

• Increase organic matter – cover crops, manure

• Balance nutrient applications with crop uptake



Cover Crop Biomass Analysis

• Cover crops have the ability to take up nutrients, 
hold them and recycle them back into the soil for 
use by your next crop. 

• Provides a measurement of N and other key 
nutrients taken up by the cover crop 

• C:N ratio used to estimate rate of decomposition.

• If cover crops are used for forage, gain 
understanding of nutrients to replenish for next 
crop.

• Utilize Cover Crop Biomass Analysis prior to 
terminating your cover crop













Final thoughts…

• Nothing changes if nothing changes

• Whether you think you can or you think 

you can’t …YOUR RIGHT!
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