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Agenda
• Introduction to soil

• Introduction to soil quality

• Assessing soil quality

• Current limitations

• Additional Resources



What is Soil? 
• What is your definition of soil? 

• Soil Science Society of America:
– The layer(s) of generally loose mineral and/or organic 

material that are affected by physical, chemical, and/or 
biological processes at or near the planetary surface 
and usually hold liquids, gases, and biota and support 
plants.



Soils are Diverse
• Many different types of soils around the globe

• Soils differ by
– Physical properties

• Examples: color, density, porosity, texture

– Chemical properties
• Example: pH

– Fertility
• Example: phosphorus content

– Biology
• Example: microbial communities

– Mineralogy
• Example: kaolinite versus smectite



Pedogenic Processes
• Four pedogenic processes that 

act on any given soil

• Soil eventually differentiates 
from the original parent material

• Four pedogenic processes:
– Transformations

– Translocations

– Additions

– Losses

Figure 2.24 from Brady and Weil (2010)



The Five Soil Forming Factors
• Soil profiles are a function of 5 soil forming factors

• Soil = f(CL, O, R, P, T)

CLimate

Organisms (biota)

Relief (topography)

Parent material

Time



Soil and the “Pedosphere”
The “pedosphere” is the interface between:
• Atmosphere (air)
• Biosphere (living things)
• Hydrosphere (water)
• Lithosphere (rock)

Figure 1.8 from Brady & Weil (2010)



What is “Soil Quality”?
• How do you define soil quality?

• “The capacity of a soil to function within ecosystem 
boundaries to sustain biological productivity, maintain 
environmental quality, and promote plant and animal 
health.” (SSSA Glossary of Soil Science Terms, 2018)

• “… a measure of how well a soil fulfills either its intrinsic 
role in the biosphere, or its role as defined by the needs of 
human society.” (Chesworth, 2008)



Soil Quality & Soil Health

• Soil Quality ≅ Soil Health
– Terms often used interchangeably 

• Human analogy: health versus fitness

• Soil quality emphasizes function

• Soil quality also emphasizes human use



Functions of Soil

Figure 1.2 from Brady & Weil (2010)



Soil as a Media for Plant Growth
• Soils provide plants: 

– Physical support

– Air

– Water

– Temperature moderation

– Protection from toxins

– Nutrient elements
Wikipedia Commons, by Arlington County



Soils Provide 
Nutrients to 
Plants

Table 1.1 from Brady & Weil (2010)



Soil as a Regulator of Water 

Photo: USGS via http://pubs.usgs.gov/gip/70/



Soil as a Regulator of Water 
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Photo: USGS via http://pubs.usgs.gov/gip/70/



Soil as a Recycler of Raw Materials

"Mycena inclinata, Clustered Bonnet, UK" by Stu's Images. Licensed under CC BY-SA 3.0 via Wikimedia Commons -
http://commons.wikimedia.org/wiki/File:Mycena_inclinata,_Clustered_Bonnet,_UK.jpg#mediaviewer/File:Mycena_inclina
ta,_Clustered_Bonnet,_UK.jpg



Soil as a Modifier of the Atmosphere

NOAA George E. Marsh Album via  Wikipedia Commons, 
http://commons.wikimedia.org/wiki/File:Dust-storm-Texas-1935.png

Subsidence near the Everglades. 
Photo: Mike Vepraskas



Soil as Habitat

Gopher  tortoise, Wikipedia Commons, 
http://commons.wikimedia.org/wiki/File:Gopher_tortoise_ente
ring_burrow.JPG Centipede, Wikipedia Commons, 

http://commons.wikimedia.org/wiki/File:Centipede.jpg



Soil as an 
Engineering 
Medium

By Saffron Blaze - CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=29651325

By Lisa Demer, Alaska Dispatch News, https://www.adn.com/alaska-news/rural-
alaska/2017/07/07/the-permafrost-is-dying-bethel-sees-increased-shifting-of-roads-and-buildings/



Functions of Soil
• Soil quality is relative

• Soil quality depends on 
the desired function

Figure 1.2 from Brady & Weil (2010)



Assessing Soil Quality
• Cannot be determined by a 

single measure
– Example: organic matter

Mollisols (WRB: Chernozems)

Spodosols (WRB: Podzols)

Vertisols (WRB: Vertisols)



Assessing Soil Quality
• Cannot be measured directly

• Use multiple indicators to make inferences on soil 
quality
– Physical

– Chemical

– Biological

• Can include both field observations and lab 
analyses



Example Physical Indicators
• Aggregate stability, slaking

• Available water holding capacity

• Surface hardness

• Subsurface hardness

• Infiltration

USDA NRCS



Example Chemical Indicators
• Soil pH

• Buffer capacity

• Extractable nutrients

• Extractable heavy metals

• Sodicity

• Salinity or electrical 
conductivity

cropmetrics.com

www.cflhd.gov



Example Biological Indicators
• Respiration

• Organic carbon

• Active carbon

• Potentially mineralizable nitrogen

• Root health rating

• Earthworm counts

• Crop yield or plant productivity

• Plant tissue tests

Solvita.com



Measuring and Monitoring Soil Quality
Steps
1. Choose several indicators for each 

category
– Physical
– Chemical
– Biological

2. Develop target values for each 
indicator

3. Measure soil under current 
conditions 

4. Develop management plan to 
achieve target indicator value

5. Conduct assessment on regular 
basis

Considerations
• Indicators should be relevant for 

intended function
• Target values should be realistic 

for the specific soil
• Sampling and measurements 

should be conducted to limit 
sampling bias

– Size of sample
– Collected at similar times of year
– Collected under consistent soil 

water content
– Etc.



Soil Quality Measurement Considerations 
Example: Hardness
• Surface and subsurface hardness measured 

with a penetrometer

• What do you think would cause variability?

• Variability from:
– User

– Soil moisture

– Cone size

– Location

– Time of year



Measurement & Monitoring Example
• The Cornell Framework for 

Comprehensive Assessment of 
Soil Health
– In-field health assessment

– Lab-based “Comprehensive 
Assessment of Soil Health” 
(CASH)

Moebius-Clune et al., 2016, http://soilhealth.cals.cornell.edu/training-manual/

http://soilhealth.cals.cornell.edu/training-manual/


In-field Soil Health Assessment



In-field Soil Health Assessment



Comprehensive Assessment of Soil Health
Physical
• Available water 

holding capacity

• Surface hardness

• Subsurface hardness

• Aggregate stability

Biological
• Organic matter

• Soil protein

• Soil respiration

• Active Carbon

Chemical
• Soil chemical 

composition
– pH

– Plant nutrients



Complications of Assessing 
Soil Quality/Health
Roper et al. (2017) is a great example of the 
limitations of quantifying soil quality/health

• Soils under different long-term 
management

– “Organic” vs “chemical”

– Tillage vs no-till

• Three regions
– Mountains

– Piedmont

– Coastal Plain

• Analyzed soils using:
– Cornell’s CASH

– Haney Soil Health Test (HSHT)

– State soil testing lab

Roper et al., 2017



Complications of Assessing 
Soil Quality/Health
Results
• Physical soil indicators (surface 

hardness, aggregate stability) did not 
differ

• Biological tests (e.g. respiration) 
responded to management, but 
depended on location

• CASH rated all mountain soils as “low” or 
“very low” for all but no-till organic, 
which was “medium”

• HSHT rated all soils except the piedmont 
moldboard plow treatment to be in good 
health

• No correlation between soil health tests 
and crop yield

Roper et al., 2017



My Thoughts RE: Assessment
• Science behind soil quality and soil health is not ready for 

policy decisions

• Comparing quality/health of two soils is (usually) “apples 
and oranges”

• Use measurements for long term monitoring of 
management or remediation practices

• Don’t expect miracles 



The Soil Health Conversation
• “Soil health” has replace “soil quality” as the trendy buzzword

• Soil Health Institute identified 19 “Tier 1” indicators
Organic carbon Electrical conductivity Erosion rating

pH Nitrogen Base saturation

Water-stable aggregation Phosphorus Bulk density

Crop yield Potassium Available water holding capacity

Texture Carbon mineralization Infiltration rate

Penetration resistance Nitrogen mineralization Micronutrients

Cation exchange capacity

https://soilhealthinstitute.org/national-soil-health-measurements-accelerate-agricultural-transformation/



Soil Health Assessment Kits

• Commercially available from:
– Gempler’s

• Can also assemble your own 
kit using the NRCS checklist

http://www.gemplers.com/product/RGM250/GEMPLERSreg-Soil-Test-Kit
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_050937.pdf


Resources
• Cornell Soil Health Assessment Training Manual

– http://soilhealth.cals.cornell.edu/extension/manual/manual.pdf

• NRCS webpage on soil health
– http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/

• NRCS recommended soil health assessment tests and test kit
– http://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/soils/health/a

ssessment/?cid=nrcs142p2_053873

http://soilhealth.cals.cornell.edu/extension/manual/manual.pdf
http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/
http://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/soils/health/assessment/?cid=nrcs142p2_053873


References
Brady, Nyle C., and Ray R. Weil. 2010. Elements of the Nature and Properties of Soils. No. 631.4 

B733E. Upper Saddle River, NJ, USA: Pearson Prentice Hall.

Chesworth, W. 2008. Quality. In: Chesworth W. (eds) Encyclopedia of Soil Science. Encyclopedia 
of Earth Sciences Series. Springer, Dordrecht. ISBN 978-1-4020-3995-9. 

Moebius-Clune, B.N., D.J. Moebius-Clune, B.K. Gugino, O.J. Idowu, R.R. Schindelbeck, A.J. Ristow, 
H.M. van Es, J.E. Thies, H.A. Shayler, M.B. McBride, K.S.M Kurtz, D.W. Wolfe, and G.S. Abawi, 
2016. Comprehensive Assessment of Soil Health – The Cornell Framework, Edition 3.2, 
Cornell University, Geneva, NY. 

Soil Science Society of America. 2008. Glossary of Soil Science Terms ASA-CSSA-SSSA.

Roper, W. R., D. L. Osmond, J. L. Heitman, M. G. Wagger, and S. C. Reberg-Horton. 2017. Soil 
Health Indicators Do Not Differentiate among Agronomic Management Systems in North 
Carolina Soils. Soil Sci. Soc. Am. J. 81:828-843. doi:10.2136/sssaj2016.12.0400



My Courses at K-State
• AGRON 305 – Soils

– Introductory soil science course

– Every spring/fall semester

– 4 credits

• AGRON 635 – Soil & Water Conservation
– Every fall semester

– 3 credits

• AGRON 935 – Topics in Soils: Root & Rhizosphere Analysis
– Spring of even years

– 3 credits

Get in Touch
Email: moorberg@ksu.edu
Twitter: @ColbyDigsSoil
Blog: ColbyDigsSoil.com
LinkedIn: 
https://www.linkedin.com/in/colbymoorberg/

mailto:moorberg@ksu.edu
https://twitter.com/ColbyDigsSoil
https://colbydigssoil.com/
https://www.linkedin.com/in/colbymoorberg/
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