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Soil Health 
Definitions



“The ability of a soil to 
support and sustain crop 
growth while maintaining 
environmental quality.”

(Magdoff, 2001; Amundson, 2015)

What is “Soil Health”

Chemical

Physical

Biological

Soil Health



What is “Soil Health”

“the soil's fitness 
to support crop 
growth without 
resulting in soil 
degradation or 

otherwise 
harming the 

environment.”  
(Acton and Gregorich, 1996)

Dr. Newell Kitchen



Andrews et al. (2004) and Moebius-Clune et al. (2016). 

 Sufficient supply of nutrients

 Good soil structure

 Low populations of parasites

 High populations of plant-health 
promoting organisms

 Low weed pressure

 Resilience to degradation

 Low contaminant toxicity

Synergistic Characteristics of 
Healthy Soils 

Characteristics of healthy soils



Characteristics of healthy soils
U.S. farmers have noted that healthy soils:
• Are deeper and darker
• Are easier to plow
• Sponge up and hold more water
• Drain better
• Break down crop residues faster
• Have higher organic matter 
• Have less erosion
• Have more earthworms
• Have a sweet, fresh smell



• Lower fuel costs
• Less machinery wear and tear
• Less fertilizer required
• Less disease and insect problems
• Higher crop yields
• Better quality crops – and better     

animal performance

Characteristics of healthy soils



Soil Health 
Measurement



Indicators of Soil Health/Quality

Andrews et al., 2001



Biological Chemical Physical

Organic matter pH Soil texture

Soil protein P, K, S, Ca, Mg Wet aggregate 
stability

Active Carbon Fe, Mn, Cu,
Zn, B Water holding 

capacity1 day CO2-C 
respiration

Organic C, N

Some Major Soil Health Indicators

Indicators of Soil Health/Quality



Interpreting indicators

Andrews et al., 2001



1. Soil Management Assessment 
Framework (SMAF)

Physical Score
• bulk density
• water-filled pore 

space
• water-stable 

aggregates
Biological Score
• organic C
• B-glucosidase
• microbial C
• mineralizable N

Chemical Score
• pH
• electrical conductivity
• Extractable P and K

Veum et al., 2015



2. Comprehensive Assessment of 
Soil Health (CASH)



SMAF and CASH related

264 Samples

Karlen et al., 2016



3. Haney Soil Health Test (HSHT)



Comprehensive 
Assessment for Soil 

Health (CASH)
SHP Scored Indicators

• Organic matter 
• ACE soil protein 
• Active Carbon
• 1-day soil respiration (CO2-C)
• Wet aggregate stability 
• Water holding capacity (WHC)
• pH, P, K (Using SMAF scores)

Soil Management 
Assessment 

Framework (SMAF)
SHP Scored Indicators

• Soil Organic Carbon 
• Wet aggregate stability 
• pH, P, K 

Haney Soil Health Test

SHP Scored Indicators
• Wet extractable O, N (WEO/N)

• 1 day soil respiration (CO2 C)

Three major soil health scores

Range 
of 
scores:

0 – 100 0-500 – 100



4. Other tests

South Dakota State Univ.



Approximate costs of Soil Health tests
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Indicators Tests

**Prices obtained from various lab websites on 12/15/18. Prices do not include processing fees or packages. 



Should I invest in my farm?

New 2018 Previous enrolleesFuture sites 



Experimental Design
Site layout:
 On-farm strip trials.
 Cover crop vs conventional.
 4 replications per treatment per site.

Sampling Protocol: 
 0-6 in soil depths.
 Multiple samples per strip for soil 

nutrients and pH.
 1 composite sample per strip for 

CASH, SMAF, and Haney Test.

Should I invest in my farm?



What values might I expect?



How do they vary in time and space?
CV

 %
CV

 %



How do they vary in time and space?
CV

 %
CV

 %



Are SH and yield variation related?



Soil Health 
Improvement



Some things we cannot change

645 
samples

Karlen et al., 2017



Others we can, and quite rapidly



Soil Health goals

• Protect soil surface from erosion (wind and water)
• Add OM

– Retain more water and nutrients
– Build soil structure/tilth
– Soil aggregates further resistant to erosion
– Promote aeration and infiltration
– Promote microbial activity and diversity

• Add diversity
• Refine inputs
• Reduce negative environmental impacts



Practices with potential



No single practice, but many



Less or no-tillage and cover crops 
are great options

www.advancefarming.com

Laura Greiner, NRCS

Iowa State Ext.



Claassen and Wade, 2015. Soil 
Health Economics Workshop. 
ARMS survey

Yet.. adoption of no-till still low



Claassen and Wade, 2015. Soil Health Economics Workshop. ARMS survey

Cover crop adoption 
by region

And… even lower for cover crops
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Many short-term challenges 

NCR-SARE, 2015



SHP – few short-term differences

Different time scales for yield and soil health indicator changes??
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What about long-term success?



Long-term plot and field research

30 plots
1 ac 
each

90 
ac

1991 - Present



Conventional: 
Till,  corn-soybean

No-till: 
No-till, corn-soybean

No-till + cover + diversified: 
no-till corn-soybean-wheat-cover 
crop (red clover, hairy vetch) + less 
total herbicides (atrazine, metolachlor, 
and glyphosate).

Plots - Three cropping systems



Conservation systems 
maintained corn yield and profit

Cropping system
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Conservation systems improved biological, 
chemical, and total SMAF scores
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Field Study
1991-2003: Pre-PAS

MTCS
2004-2014: PAS

Soybean-wheat (north) 
Soybean-corn (south)

No-till + cover crop



Cover Crops

Summer cover after Wheat
• Vetch / Clover / Winter peas
• Radish / Turnip / Cabbage
• Millet / Oat / Sudangrass / 

cereal rye

After Corn: 
• Cereal Rye
• Cereal Rye / turnip / radish / 

oats



Cover Crops

Summer cover after Wheat
• Vetch / Clover / Winter peas
• Radish / Turnip / Cabbage
• Millet / Oat / Sudangrass / 

cereal rye

After Corn: 
• Cereal Rye
• Cereal Rye / turnip / radish / 

oats

+$40 / acre cover crop

-$39 / acre with no-till
+$3 / acre 
herbicides

-$20 / 
acre 

herbicides



Relative yield

Blue = Lower yield
Orange = Higher yield

Temporal variation

Blue = More variable
Orange = Less variable

Blue = Less  profit

Profit

3% of 
the area

Soil Health practices maintained 
yield and profit

Yost et al., 2017



Improved Soil Health score by 12%
1991-2003

MTCS

2004-present
Soybean-Wheat (N) 

Soybean-Corn (S)
No-Till + Cover Crop

~76
SMAF

~88
SMAF



10 – 17 years of precision + conservation: 
– Increased crop yields on shallow soils
– Decreased crop yields in wet waterways
– Decreased yield variability in southern part

of the field
– Improved soil health by about 12%
– Maintained profit – without subsidies

Field & Plots Summary



Soil Health 
Utilization



Soil Health

Fertilizer Management



Haney Test For Fertilizer Guidelines 



CO2-Burst 
(24-hr 

Solvita)

Components/recommendations of 
Haney soil health test



CO2-Burst 
(24-hr 

Solvita)

Soil 
health

calc.

Components/recommendations of 
Haney soil health test

Water extractable 
C and N



CO2-Burst 
(24-hr 

Solvita)

N min.

Avail. N

Components/recommendations of 
Haney soil health test

Water extractable 
C and N

Organic N release
Inorganic N



CO2-Burst 
(24-hr 

Solvita)

N min.

Avail. N

Fertilizer 
N rate

Yield 
goal

Avail. 
N

Components/recommendations of 
Haney soil health test



CO2-Burst 
(24-hr 

Solvita)

N min.

Avail. N

Fertilizer 
N rate

Yield 
goal

Avail. 
N

Components/recommendations of 
Haney soil health test

17 sites in 2016
8 Midwest states
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(24-hr 

Solvita)

N min.
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Soil 
health
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N rate
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Avail. 
N

Haney N recommendation 
did not relate well to EONR
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N min.
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Soil 
health
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Fertilizer 
N rate

Yield 
goal

Avail. 
N

Available N explained 
more variation in EONR
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The soil health calculation 
explained even more



CO2-Burst 
(24-hr 

Solvita)

N min.

Avail. N

Soil 
health

calc.

Fertilizer 
N rate

Yield 
goal

Avail. 
N

The CO2-Burst explained 
slightly more



CO2-Burst 
(24-hr 

Solvita)

The CO2-Burst related to OM

Soil 
organic 
matter



CO2-Burst 
(24-hr 

Solvita)

But OM not as related to EONR

Soil 
organic 
matter



Take home messages
• It may take 10-20 years to see changes in 

yield, profit, and soil health. Be patient, 
it’s a long-term investment.

• Soil health and yield/profit likely change 
on different time scales.

• Start small, but try something (indicators 
for $10-20 then tests for $50-150/sample) 
on your farm and don’t give up.



Take home messages
• The Sol-vita/CO2 respiration may help 

predict N requirements for corn, but 
more testing is needed. 

• Greater understanding and incorporation 
of soil health needed in nutrient 
management.



Thank you
Matt.Yost@usu.edu

435-797-4210
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