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Overview
I. State of Soil Health and Soil Health Tests

II. Origin of an Idea: A Soil Health Test Based on Decomposition 
a) Proof-of-concept from my incubation study
b) Soil-Your-Undies
c) Tea bags used for citizen science, education, and understanding decomposition

III. Preliminary Results from PFI Farms

IV. Final Thoughts & Next Steps





Why bother with soil health tests?
1. Comprehensive assessment of a soil’s productivity and sustainability
2. Helps to evaluate effect of management practices on soils, and provide 

incentives for keeping soils healthy
3. May help assess land value (similar to CSR2)
4. Public and private soil health initiatives are sweeping the nation

California’s “Healthy Soils Action Plan”
Maryland House Bill 1063 –
Maryland Healthy Soils Program



Ingredients in a good soil health test…
 Soil health test should be based in rigorous research
 Be broadly applicable across soil types
 Incorporate physical, chemical, and biological aspects of soil health 
 Should have consistent, 

robust methods across laboratories
 Should relate to yield
 Should be relatively inexpensive



Adapted from: 
Al-Kaisi and Kwaw-Mensah (2016)



Who is measuring soil health?
Organization/Test Range in Cost 

(per sample)

Cornell Comprehensive Assessment of Soil Health (CASH) $50 - $150
Woods End Laboratories $60 - $90
Ward Laboratories, Inc. (Haney Soil Health Test ) $25 - $60
Midwest Laboratories $55 - $65

Average $48 - $91



“The soil is so [healthy] that it 
would eat almost anything 
thrown at it from a gunny bag to 
corn stover.” 

- Eve Balfour in The Living Soil (1943)

II) Origin of an Idea: Soil Decomposition Index



a) Proof-of-Concept of a 
soil decomposition index (SDI) from…
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• 12 years of treatments
• Same tillage - 6” disc
• No external inputs
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SDI relates to other soil health indicators

SDI
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However,
It’s not easy (or cheap) for just anyone to do 

this type of experiment!

> $10,000.00



b) Cotton is a cheap 
substance to decompose

19882016



The Soil 
Food Web



2-year Rotation
+ Synthetic Fert.

4-year Rotation
+ Manure

2-year Rotation
+ Synthetic Fert.
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7 % 20 %

Source: Matt Woods

What treatment had greater decomposition of cotton 
underwear?

Percent decomposed:



Demo & Photo by:
Neil Sass
Soil Survey Office
Waverly, IA



Soil Your Undies
Works great as a demonstration tool, but not as a 
scientifically-robust indicator of biological activity…

1. It’s messy and inconvenient to retrieve underwear
2. Soil temperature and moisture are stronger regulators
adds lots of variability (problem with Haney & Solvita too)
difficult to compare among soils/treatments

Can we develop a more scientifically-robust soil health 
(biology) indictor, but is still inexpensive?



c) Tea bag decomposition as inexpensive 
education and citizen science tool



SDI with two tea bags to measure Soil Health
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Calculating SDI with two tea types
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Benefits of SDI with two teas
• It’s very inexpensive!!!
• Tea is in a convenient ‘litter bag’
• Using two teas, with Green Tea as the 

baseline, might ‘correct’ for any 
temperature or moisture variability

• Integrated measure of soil biological 
activity and resources available to soil 
microbes (carbon and nutrients) 

~$20 for 60 pyramids

Rooibos
C:N = 43

Green
C:N = 12
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Limitations of the SDI with tea bags
1. Does not measure abundance/activity of larger soil fauna

– mesh size 0.25 mm

2. Lipton has discontinued the original nylon mesh teabags
• New tea bags are even be decomposable!

3. Rooibos tea is not easily available in the U.S., so it must be 
ordered overseas

4. The effects of temperature and moisture may still make 
comparisons difficult (like other biological tests)



The Soil 
Food Web



Preliminary Results from PFI Farms

Source: http://practicalfarmers.org/blog/2014/04/16/cover-crop-affect-corn-soybean-yields/ N

IOWA

= Replicated Strip Trials (n = 10)
(cover crop vs. no cover)
• 2 soil samples
• Soil temp. & moisture
• Other soil health 

measurements

= Farmer-collected data (n = 10)
• Voluntary soil samples
• Recorded observations



Farm Years
in CC

# of 
strips

Dominant 
Soil Series

Cash 
crop in 
2017

CC Seeding 
Rate/Method 
(lbs ac-1)

N Fertilizer 
Method/Rate and Source

Other Mgmt
Practices

A 1 5 Brownton silty clay loam Corn ???/Aerial Split/200 manure, 70 AA Strip till

B 15 5 Clarion loam Corn 70/Drill Split/200 UAN No till

C 1 4 Webster clay loam Corn 56/Drill Split/??? ???

D 9 3 Nicollet loam Corn 60/Drill Banded pre-plant/??? AA ???

E 1 4 Ladoga silt loam Corn 50/Drill Pre-plant/ 110 manure ???

F 9 4 Kenyon loam Soybean 56/Aerial Banded/98 manure No till

G 1 5 Marshall silty clay loam Corn 56/Drill Split/20-30 manure + 150  
banded, 6 UAN (side-dress) ???

H 8 5 Kalona silty clay Soybean 56/Drill ??? ???

I 8 4 Colo silty clay loam Soybean 56/Drill ??? ???

Focused Study on Replicated Cover Crops



TB Decomposition Methods
1. Twelve tea bags ( 6 × Green and 6 × Rooibos tea) 

buried 3.5” deep, between
May and June

2. Retrieved tea bags at 
4, 7, 14, 30, 68 and 130 days 
of decomposition.

3. Dry tea bags
4. Weighed the mass loss of tea

3.5”
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SDI does 
somewhat 
relate to yield
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Citizen
(i.e. Farmer)

Science
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Cover Crop vs. No Cover → via Citizen (i.e. Farmer) Science
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The SDI with Tea Bags Shows Some Promise!
Next Steps…

 More data analysis.  Look further into…
• other ways to measure SDI (e.g. rate, other dates than 68 d)
• our other data to explain variation in SDI (climate, management, and soils) 

 Validate SDI with more traditional soil biology tests
(microbial biomass, CO2, PMN, etc…)

 Expand to other long-term experiments in Iowa and beyond!
• Including the Austrian’s enormous data set

 Please contact me if you’d like to participate in this year’s study!



Farmer science can lead to a greater understanding of 
soil health, and increased adoption of conservation practices

~$20 for 60 pyramids $12

~$32 to assess soil health
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Questions?

marsh@iastate.edu
The McDaniel Lab (@Soil_Plant_IXNS)
on Twitter
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