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Soil Health and Soil Quality
Soil Health and Soil Quality: The capacity of the soil to function;

“soil quality and soil health are often used interchangeably … with scientists in general preferring soil 
quality and producers preferring soil health. 

Some prefer soil health because it portrays soil as a living, dynamic organism that functions 
holistically rather than as an inanimate mixture of sand, silt, and clay. 

Others prefer soil quality and descriptors of its innate quantifiable physical, chemical, and biological 
characteristics.”

Doran J.W., A.J. Jones, and J.E. Gilley. 1998. Determinants of soil quality and health, chapter 2 in: Soil quality and 
soil erosion, Raj Ratta and R. Lal (eds.) CRC Press.

“Soil health, also referred to as soil quality…” NRCS Soil Health Web Site.

Regarding assessment, I believe that many years of thinking have gone into how to assess soil quality, so I use 
them interchangeably, drawing on literature that tends to refer to soil quality.
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• Expression of 
LONG-term
equilibrium with 
the environment;

• Resulting SOIL 
has horizons that 
support 
functions;

• Sets the potential 
and guides 
attainable targets 
for soil health.

Soil 
formation



How do horizons/morphology perform 
functions?

• A horizon: interface with atmosphere:
• OM accumulation and ELUVIATION; 

• loss of clays, solutes;

• More OM, coarser texture, lower EC & pH 
than other horizons;

• Water infiltration & holding; nutrient 
cycling (microbes)

• Germination/establishment;

• B horizon: zone of accumulation of 
clays and solutes: ILLUVIATION
• Less OM, coarser texture, higher EC & pH

• Water holding in finer texture



Soil quality: Inherent and dynamic

Weed Invasion

Grazing Management Practices

Fire

Soil Cover Maintenance

Attainable Targets:
“soil quality for a particular soil is dependent on its inherent capabilities, the intended land use, and the 
management goals. For instance, optimum levels of organic matter (and other soil properties) will differ 
depending on the condition under which the soils formed, leading to variation in potential functioning.”

Andrews, S.S., D.L. Karlen, and C.A. Cambardella. 2004. The Soil Management Assessment Framework: A Quantitative Soil Quality Evaluation Method. Soil Sci. Soc. Am. J. 
68:1945–1962.
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Setting attainable goals based on the soil’s potential

• For rangelands, undisturbed condition usually represents potential;

• The Soil Survey and Ecological Site Descriptions are excellent sources 
of information;

• Accessed via Web Soil Survey for comprehensive report 
https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm

• Or the UC Davis Soilweb site for faster access 
https://casoilresource.lawr.ucdavis.edu/gmap/

• Both provide access to ESDs where available, which give potential 
plant community, production, and other information.

https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm
https://casoilresource.lawr.ucdavis.edu/gmap/










Choosing Indicators: 
Soil Management Assessment Framework (SMAF)*

• Soil health assessment reflects and guides management:
• In rangelands, vegetation management via livestock is the usually the main 

intervention;

• Therefore reliable assessment of cover, bare soil, production, composition, structure, 
etc., must accompany assessment of soil indicators;

• Management goals determine important soil functions and indicators to 
assess. Overarching objectives that rely on differing functions include:
• Production: water properties, nutrient cycling, physical stability, resistance/resilience;

• Environmental protection: water properties, nutrient cycling, physical stability, 
resistance/resilience, filtering/buffering, biodiversity & habitat

• Waste cycling: water properties, nutrient cycling, resistance/resilience, 
filtering/buffering

*Andrews, S.S., D.L. Karlen, and C.A. Cambardella. 2004. The Soil Management Assessment Framework: A Quantitative Soil Quality Evaluation Method. Soil Sci. Soc. Am. J. 68:1945–1962.



The SMAF: quantitative laboratory analyses
• Conceptual approach to thinking about soil health assessment;

• Strive to define a Minimum Data Set of indicators that are easy to quantify;

• Some of the indicators are research oriented (not done in production labs) and some are common procedures.

Soil Functions Description Example indicators

Nutrient Cycling High potential to hold and release optimal amounts 
of essential plant nutrients.

Microbial biomass, mineralizable 
nitrogen, pH, SOM or TOC

Water properties Water movement and storage potential for plant 
growth, deep percolation, resistance to erosion.

Water-holding capacity, bulk density, 
salinity, sodicity, pH

Physical stability Soil structure that provides porosity and resistance 
to erosion.

Aggregate stability, bulk density, pH

Filtering/buffering Absorbing and degrading toxins or pH changes. Organic matter, or organic carbon, bulk 
density

Resistance/
resilience

The stability of other functions. Resistance = 
maintain function; Resilience = continue to function.

Soil depth, SOM or TOC, 

Biodiversity/
habitat

Supports variety of plants and animals. Supports 
other functions.

Soil microbial functional diversity, 
respiration



Available in Production Labs Purpose Typically for research and not 
done in production labs*

Purpose

Soil Organic Matter by Loss on 
ignition (LOI)

Indicator of many soil functions 
for all goals.

Dissolved organic C and N Microbial substrates and active C 
and N, can indicate disturbance

Total Organic Carbon by 
combustion

Same as SOM. Mineralizable organic C and N Active pool, rapidly lost with 
disturbance

Total nitrogen by combustion Allows calculation of C:N ratio, 
indicates state of disturbance

Microbial biomass C and N Changes rapidly with disturbance
and management change

pH Indicates acidity/alkalinity and 
general nutrient availability

Soil gas emissions Sensitive indicator of SOM cycling

Calcium Carbonate P fixation, can indicate loss of A 
horizon

SOM fractionation: Active, 
protected, and humus fractions

Management sensitive indicator

Salinity by electrical conductivity 
(EC)

Can indicate disturbance, change 
in hydrology, erosion

Microbial functional groups by 
PLFA

Indicates diversity and relates to 
disturbance and plant community

Sodicity and SAR Loss of soil structure, infiltration; 
and same as EC

Other microbial indicators: DNA, 
enzymes, nitrification potential

Important for specific questions
about soil functions and changes

N,P,K, and micronutrients, total 
and available

productivity Aggregate stability Soil structure, porosity, resistance 
to erosion

Water-holding capacity Plant available water Bulk density Compaction, porosity, conversion 
of other values to mass per area

Texture (sand, silt, clay) and rock 
content

Relates to all functions.

Some lab-derived indicators of soil quality

*These indicators are very sensitive to sampling and handling, and typically done on fresh, field moist soils, or they are too time consuming.



• The SMAF takes it further, using inherent 
properties to develop scores for each indicator 
based on climate, parent materials, goals;



• The SMAF takes it further, using inherent 
properties to develop scores for each indicator 
based on climate, parent materials, goals;



• The SMAF takes it further, using inherent 
properties to develop scores for each indicator 
based on climate, parent materials, goals;

• These curves could be tailored to Wyoming 
environmental conditions and management 
goals to provide a soil-by-soil scoring method.



Qualitative rangeland soil health indicators
• Based on guidelines for Rangeland Health Assessment: 17 indicators 

1. Rills
2. Water flow patterns
3. Pedestals and/or Terracettes
4. Bare ground
5. Gullies
6. Wind scoured, blowouts, and/or deposition areas
7. Litter movement
8. Soil surface resistance to erosion
9. Soil surface loss or degradation
10. Plant community composition and distribution relative to infiltration and runoff
11. Compaction layer
12. Functional/structural groups
13. Plant mortality/decadence
14. Litter amount
15. Annual aboveground production
16. Invasive plants
17. Reproductive capability of perennial plants



Rangeland soil health principles and 
assessment indicators

Rangeland soil health is tightly 
coupled to the vigor, production, 
and diversity of vegetation.

From:
Printz, J.L., D. Toledo, and S.C. Boltz. 2014. Rangeland 
health assessment: The key to understanding and 
assessing rangeland soil health in the Northern Great 
Plains. Journal of Soil and Water conservation 
69:73A-77A.





Some field-derived soil health indicators Purpose and comments

Measurements of plant community, cover, 
production, bare soil, litter, etc.*

Directly influence and are influenced by crucial soil 
properties: SOM, density, water properties, etc.

Measurement of signs of wind and water erosion by 
various methods*

Indicate need for immediate management changes 
or erosion control measures

Water infiltration* Important indicator of soil surface conditions and 
resistance to erosion

Penetration resistance with a penetrometer* Detect compacted layers, indicates surface horizon 
density/porosity. Calibrate yourself with knife or rod.

Water-stable aggregates* Soil surface resistance to erosion

Soil colors** Can indicate loss of SOM

Soil texture by feel** Accurate with practice

Soil moisture by feel** Can indicate relative soil water-holding capacity if 
done hours after a soaking rain

pH** Field kit or simple hand-held meter

EC** Hand-held meter

Calcium carbonate content Reaction to dilute hydrochloric acid

Plant available N and P** Nutrient status and disturbance, water quality test 
strips

*see methods in: https://jornada.nmsu.edu/monit-assess/manuals/monitoring, among other sources. 

**See https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/soils/health/assessment/?cid=nrcs142p2_053870

https://jornada.nmsu.edu/monit-assess/manuals/monitoring
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/soils/health/assessment/?cid=nrcs142p2_053870






The Haney Soil Test
• Focus on nutrient cycling, and assumption that active C and N compounds 

support other functions;

• Attempts to predict nitrogen availability based on assumptions about organic 
matter mineralization and loss based on active C and N components;

• Uses an alternative extracting solution for P and micronutrients (but it apparently  
has a similar mode of operation to proven extractants);

• Advantages: provides a soil health score that may be useful for tracking/assessing 
management effects;

• Disadvantages: 
• These truly are active C and N compounds. CO2 burst and dissolved organic C and N are 

affected by sample handling, soil moisture, temperature, recent mgmt. activities, season, etc. 
• Studies show high variability and lack of repeatability when dried and rewetted;
• Research labs assess these indicators using fresh, field moist soils kept refrigerated and analyzed within 

two days of sampling
• Assumptions and fertilizer recommendations are not calibrated for western regions or 

rangelands;
• Predicting N mineralization is like predicting the weather, because temperature and moisture 

drive microbial processes.



Conclusions

• Use soil survey and ESDs to set attainable management goals based 
on inherent soil properties;

• Choose appropriate, affordable combination of field and lab 
indicators that support management goals;

• Careful and complete vegetation assessment is crucial part of 
rangeland soil health assessment;

• The correct indicators used correctly can reveal degradation of soil 
properties that support rangeland health and productivity;

• Results inform management actions, via vegetation management, soil 
surface treatments, or erosion control.


