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“The continued capacity of soil to function as a vital living ecosystem 

that sustains plants, animals, and humans”

“This definition speaks to the importance of managing soils so they 

are sustainable for future generations”

“To do this, we need to remember that soil contains living organisms 

that when provided the basic necessities of life - food, shelter, and 

water - perform functions required to produce food and fiber”

NRCS Definition of Soil Health



Conceptualizations of soil health



Re-inventing the wheel?

McDaniel, 2017. Integrated Crop Management Conference. Iowa State University



“Biology” distinguishes Soil Quality vs Health

McDaniel, 2017. Integrated Crop Management Conference. Iowa State University
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“The practice of using cover crops for conserving soil productivity 

is a highly desirable practice and should be encouraged”



Support for and use of cover crops is increasing 
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Co-rise of “soil health” and cover cropping



Cover crops directly and 

indirectly influence soil health

Alltech Crop Science, 2015



How do cover crops factor in soil health?

USDA Natural Resources Conservation Service (NRCS) has 
identified four basic principles for maintaining and improving 
soil health:

1. Keep the soil covered as much as possible

2. Disturb the soil as little as possible

3. Keep plants growing throughout the year to feed the soil

4. Diversify crop rotations as much as possible





Plants are C pumps C influx drives soil 

biology



Feeding the 

soil food web

Importance of 

roots in the ground



Accelerate nutrient cycling

Soil structure

Shield soil from erosion

The carbon pump of cover crops also comes with a drill and shield



1. C input: Augment base of the trophic chain

2. Build and fortify soil structure 

3. Erosion control: Protect the soil investment

Underlying ‘engineering’ functions of cover crops



Cover crops are a solar panel-powered 
carbon pump for the soil food web

• Flow of energy through cells facilitated 
by net C influx from atmosphere to soil 

• Measurable indicators target specific 
aspects of soil biology address how this 
C flows through soil: 

• Who
• What they’re eating
• How they’re eating 

• Tier 1 and Tier 2 biological soil health 
indicators identified by Soil Health 
Institute

• Active area of research







Soil health indicators: quantifiable measures

19 endorsed indicators

(Tier 1 and 2)



https://www.federalregister.gov/documents/2018/09/14/2018-19985/notice-of-recommended-standard-methods-for-

use-as-soil-health-indicator-measurements





Six key soil physical and biological processes were identified that must function well in a 

healthy soil, and therefore would especially benefit from measurement methods 

standardization: (1) Organic matter dynamics and carbon sequestration, (2) soil structural 

stability, (3) general microbial activity, (4) C food source, (5) bioavailable N, and (6) 

microbial community diversity. The chosen methods met several criteria including indicator 

effectiveness with respect to management sensitivity and process interpretability, ease of 

use, cost effectiveness, measurement repeatability, and ability to be used for agricultural 

management decisions. The soil health indicator methods included are soil organic 

carbon, water-stable aggregation, short-term mineralizable carbon, four enzymes: β-

glucosidase, N-acetyl-β-D-glucosaminidase, acid or alkaline phosphatase, and 

arylsulfatase, permanganate oxidizable carbon, autoclaved citrate extractable (ACE) 

protein, and phospholipid fatty acid analysis. Standard operating procedures to be used in 

laboratories have been provided in the appendices.
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Six key soil physical and biological processes were identified that must function well in a 

healthy soil, and therefore would especially benefit from measurement methods 

standardization: (1) Organic matter dynamics and carbon sequestration, (2) soil structural 

stability, (3) general microbial activity, (4) C food source, (5) bioavailable N, and (6) 

microbial community diversity. The chosen methods met several criteria including indicator 

effectiveness with respect to management sensitivity and process interpretability, ease of 

use, cost effectiveness. The soil health indicator methods included are soil organic 

carbon, water-stable aggregation, short-term mineralizable carbon, four enzymes: β-

glucosidase, N-acetyl-β-D-glucosaminidase, acid or alkaline phosphatase, and 

arylsulfatase, permanganate oxidizable carbon, autoclaved citrate extractable (ACE) 
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laboratories have been provided in the appendices.



(1) OM dynamics 

(2) Soil structural stability

(3) General microbial activity 

(4) C food source  

(5) Bioavailable N  

(6) Microbial community diversity 

(1) TOC, mineralizable C

(2) water-stable aggregation 

(3) enzyme activities

(4) labile carbon (POXC)

(5) ACE protein 

(6) PLFA

Biological process/property Biological Indicator







“A Tier 2 indicator needs additional research before users can have the 

same level of confidence in its measurement, use, and interpretation.”



Tier 2 indicators are largely biological 



Microbes

(PLFA)

SOM

N P S

(TOC)

(ACE protein)(POXC)

(enzymes)

Biological indicators, 

largely Tier 2, monitor 

various steps of the 

nutrient functions of soil 

health



Underlying ‘engineering’ functions of CCs



Underlying ‘engineering’ functions of CCs

1. C input: Augment base of the trophic chain

2. Build and fortify soil structure 

3. Erosion control: Protect the soil investment



“Physical health” component of soil health: overlooked?

Liebig’s Law of the Minimum



“Physical health” as a commonly limiting component of soil health

Soil health
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“Physical health” as an integrator and enabler variable 

Integrate 

organo-mineral-biota interactions

Soil aggregate

Enable conditions 

for soil biological processes 



Context matters: Cover crop choices tailored to the Midwest

Sudex cover crop; CA Central Valley Rye, canola, pea, radish mixture; western PA





What about tailoring soil health for the Midwest?
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Fine et al 2017 SSSAJ 81:589

What about tailoring soil health for the Midwest?

n=5,676 soils



Findings

“In general, soil health values for the Midwest 

region were less favorable compared to the Mid-

Atlantic and Northeast, notably for Wet Aggregate 

Stability, Organic Matter, Active Carbon, Protein, 

Respiration, and Root Health.”

“Midwestern soils generally showed lower variability 

in measured values.”

Fine et al 2017 SSSAJ 81:589

What about tailoring soil health for the Midwest?

n=5,676 soils



Findings

“In general, soil health values for the Midwest 

region were less favorable compared to the Mid-

Atlantic and Northeast, notably for Wet Aggregate 

Stability, Organic Matter, Active Carbon, Protein, 

Respiration, and Root Health.”

“Midwestern soils generally showed lower variability 

in measured values.”

Explanations?

“Northeast and Mid-Atlantic soils generally receive 

more organic inputs (especially manure) and are 

often managed to include diverse rotations with 

perennial crops, as opposed to typical corn-soybean 

rotations in the Midwest. 

n=5,676 soils

Fine et al 2017 SSSAJ 81:589

What about tailoring soil health for the Midwest?



Integrating cover crop + soil health research 
and initiatives stands to maximize ROI  

• Cover crops can drive and enable soil health improvements 
• Fulfill 4 principles of soil health management:  

1. Keep the soil covered as much as possible

2. Disturb the soil as little as possible

3. Keep plants growing throughout the year to feed the soil

4. Diversify crop rotations as much as possible, including cover crops

• Physical health as an ‘integrator’
• Easy(er) to evaluate 

• Functional 

• Enables conditions for soil biology 

• Next steps: making soil health specific to Midwest cover crop 
systems



Questions?

MI landscape (fishhawk via Flickr)





Current soil health research in Illinois: 
UIUC-ICGA partnership at Pistorius Farm 



Experimental design: ICGA Macon Co. Field Lab



Dr. Nick Seiter (left) and UIUC students performing 

the first soil sampling at ICGA Field Lab in Macon Co.
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