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What is soil health?
Soil health refers to a range of biological, chemical, and physical components of soil – focusing primarily on those
properties that are dynamic rather than inherent. Inherent properties are defined as those which remain relatively
constant over time and are not easily changed by management. Examples include texture (i.e. % sand, silt, and clay),
and mineral content and composition. Dynamic properties emerge from inherent properties, but can be altered over
time through management. Examples include soil organic matter, bulk density (weight per volume, which is an
indicator of soil compaction), and water infiltration.
The term soil health derives from preceding concepts such as soil quality and soil condition. Often, soil health and
soil quality are used interchangeably. Today, soil health is popularly defined as “the continued capacity of the soil to
function as a vital living ecosystem that sustains plants, animals and humans” (USDA NRCS 2014). Despite minor
differences among soil health definitions, there are some commonalities that tie them together. These include
referencing the soil system as a living entity and emphasizing the ability of that entity to: function at its maximum
potential; sustain that maximum functioning; provide ecosystem services. Soils vary enormously even across short
distances, and the maximum potential of each site varies accordingly.

Figure 1 Soil health integrates soil physical, chemical, and biological properties.

How do you know if you have a healthy soil?
Some aspects of soil health can be assessed visually in the field by digging a pit and observing characteristics such
as plant roots, soil texture, color, and moisture. While the physical aspects of soil are important to consider, visual
assessment methods alone cannot determine the state of biological and chemical properties and how they relate to
ecosystem processes and management goals. Measuring biological and chemical properties typically requires
instruments and some degree of analysis. Ideally, analytical indicators can be paired with visual assessments to
provide a holistic picture of soil health. Many analytical indicators exist, and care should be taken to select indictors
that address particular resource concerns and relate to desired outcomes. You can find resources at the end of this
handout to help with indicator selection and interpretation.
What resources are there to help assess soil health on my property?
A number of resources exist that can help you monitor soil health on your property. The USDA Natural Resource
Conservation Service (NRCS) has developed a Soil Quality Test Kit Guide for assessing certain visual and
analytical indicators. This guide provides information on how to build your own kit, collect data, and interpret
results. In addition, there are a number of laboratories that will measure analytical indicators for you, including
Ward Laboratories, Cornell Soil Health Testing Laboratory, and Trace Genomics. Many of these laboratories
interpret their results using reference information from croplands, so care should be taken to consider these
interpretations carefully on rangelands or other landscapes. If you are interested in learning more about rangelandspecific soil health indicators, the Bureau of Land Management and other government agencies have created a guide
to Interpreting Indicators of Rangeland Health (see Resource section). This guide focuses on three components, or

attributes, of rangeland health, namely soil/site stability, hydrologic function, and biotic integrity. Below you will
find a list of quantitative indicators provided in that guide that can help to assess soil/site stability on rangelands
(Figure 2). Finally, programs that work with ranchers to monitor aspects of soil health over time also exist, including
Point Blue Conservation Science’s Rangeland Monitoring Network.

Figure 2 From the Bureau of Land Management’s Interpreting Indicators of Rangeland Health, key quantitative indicators and
measurements relevant to soil/site stability. In the document, this table also provides similar information for two other
attributes: hydrologic function and biotic integrity. See Table 2 from Interpreting Indicators of Rangeland Health Technical
Reference.

What are some challenges and opportunities to assessing and managing soil health on rangelands?
Challenges: In California, rangelands -which can include grasslands, scrub, and woodland - are typically found in
semiarid and arid regions, relatively poorer soils (inherently), and on hillier terrain where crop production has
historically been restricted. These rangelands are extensively, as compared to intensively, managed – meaning they
receive minimal inputs like irrigation or fertilizer. Their biological composition and productivity (including for
forage) is largely driven by climate conditions and underlying geology, which are highly variable, and our ability to
influence their health through management activities is more limited than in croplands or intensively managed
pastures. The natural variability of rangelands across space (both within a ranch and across ranches) and time is at
once an asset and a challenge: landscape-scale variability is important for biodiversity and can facilitate resilience of
an ecosystem, but increases the difficulty of identifying limits of soil health that can be used to inform expectations.
Further complicating the picture, rangelands are often managed for multiple outcomes, not just yield of a single crop
commodity, and these systems can shift from one stable state (e.g., shrub-native perennial grassland) to another
(e.g., exotic annual grassland) – a transition that may be difficult to reverse.
Opportunities: As soil health continues to gain visibility amongst producers, land managers, politicians, and
scientists, opportunities to address questions surrounding soil health on rangelands also continue to grow. There are
ample opportunities to tackle key challenges through partnership, including:
 Identifying meaningful targets/thresholds for soil health indicators.
 Assessing the ability of soil health indicators that are well-accepted in row crop agriculture to provide
useful information for rangelands.
 Identifying and tracking new indicators of soil health that will detect the trajectory of the system, act as
early warning signs of impending change, and inform management decisions in real-time.
 Determining linkages between management activities, soil dynamic properties, and ecosystem outcomes
across space and time. Asking questions regarding the magnitude and direction of these links and doing so
in a way that provides scalable and mechanistic information that can be used to inform management
decisions.
In general, are California’s rangeland soils healthy?
This is a difficult question to answer given the complexity of soils and the unique challenges to assessing rangeland
soil health that were briefly discussed above. Still, various attempts to systematically address this question are
underway. For instance, the NRCS National Resources Inventory (NRI) has been collecting data on natural resource

conditions of non-Federal rangelands in the United States since 2004. While the inferences that can be drawn from
this inventory are more limited for California than other areas of the country (primarily because extensive invasion
by non-native plants has hindered necessary identification of reference conditions), the data show that average bare
ground increased from 9.2% in 2004-2010 to 14.8% in 2011-2015. At the same time, the amount of rangeland sites
that had relatively poor soil aggregation increased from 29% to 32%. These temporal shifts were likely related to
California’s mega-drought, highlighting the strong influence of climate on rangeland dynamics.
At Point Blue, we rely on our Rangeland Monitoring Network to address this question and better understand the
current state of California rangeland soils. Baseline results of bare ground, water infiltration, and bulk density
suggest that these aspects of soil health are generally pretty good across our network. For instance, bare ground
tends to be at or below recommended maximum levels (15-25%), although monitoring in the summer/fall may
produce higher estimates than our spring-time measurements. In addition, many soils in our network (88%) have
relatively fast water infiltration rates (> 1.97 in/hr) according to Food and Agriculture Organization thresholds.
When comparing our baseline soil data to NRCS thresholds for bulk density, we find that 26% of rangeland soils are
compacted and may have impaired function. The soils that seem to be most susceptible to compaction are finertextured clay soils. Taken together, these results are generally encouraging, but it’s important to keep in mind that
these results derive from a non-random sample of participating ranches, they do not necessarily tell us whether
California rangeland soils are functioning at their maximum potential, and time-series data is needed to assess the
trajectory of the system (are soils improving over time? Degrading?). In addition, there are other critical aspects of
soil health that these indicators do not capture, including those that relate to soil biology and chemistry (see figure
1).
Are there practices I can rely on to consistently build soil health?
While there are many soil management practices that can be included your toolbox – including grazing management
and range planting – there’s no “one-size fits all” approach to building soil health, and there is still much to be
learned about how each practice will affect different conditions and sites across California. Because of this, we
recommend using a data-informed adaptive management approach where carefully chosen indicators of soil health
are tracked over time and management practices are modified accordingly. While implementing this type of adaptive
management, it may be useful to keep in mind a number of rangeland and soil health principles provided by NRCS:
1) encourage plant diversity, which increases diversity in the soil; 2) manage soils by disturbing them less; 3) keep
plants growing as long as possible throughout the year to “feed” the soil; 4) keep the soil covered as much as
possible.
Resources
Soil health reviews and reports:







Bunemann et al. 2018. Soil quality – A critical review. Soil Biology & Biochemistry 120: 105-125.
https://www.researchgate.net/profile/Lijbert_Brussaard/publication/323175431_Soil_quality__A_critical_review/links/5a855872a6fdcc201b9f8da6/Soil-quality-A-critical-review.pdf
Brown & Herrick. 2016. Making soil health a part of rangeland management. Journal of Soil and Water Conservation
7: 55A-60A. https://jornada.nmsu.edu/files/bibliography/16-031.pdf
Derner et al. 2016. Usable science: Soil health. Rangelands 38: 64-67.
https://www.ars.usda.gov/ARSUserFiles/1354/106.%20Derner%20et%20al.%202016%20Rangelands%20%20usable%20science%20soil%20health.pdf
NRCS National Resources Inventory - Rangeland Resource Assessment (2018).
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/technical/nra/nri/results/?cid=nrcseprd1343025

Resources to help with indicator selection:





Soil Quality for Environmental Health: http://soilquality.org/home.html
NRCS Soil Quality Indicator Sheets and How-to Guide:
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/soils/health/assessment/?cid=stelprdb1237387
Soil Management Assessment Framework (SMAF) - https://pubag.nal.usda.gov/download/9094/PDF
Interpreting Indicators of Rangeland Health: https://www.blm.gov/nstc/library/pdf/1734-6rev05.pdf



Soil and Water Indicators of the Sustainable Rangelands
Roundtable:https://www.fs.fed.us/rm/pubs/rmrs_p042/rmrs_p042_121_131.pdf

Resources to help measure and interpret indicators:








Interpreting Indicators of Rangeland Health Technical Reference, by Mike Pellant et al. 2005:
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1043944.pdf
NRCS Soil Quality Test Kit:
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/health/assessment/?cid=nrcs142p2_053873
NRCS Soil Texture by Feel method:
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/edu/?cid=nrcs142p2_054311
Ward Laboratories: https://www.wardlab.com/
Cornell Soil Health Testing Laboratory: https://soilhealth.cals.cornell.edu/
Trace Genomics - https://www.tracegenomics.com/#/
Point Blue Conservation Science, Rangeland Monitoring Network – http://www.pointblue.org/our-science-andservices/conservation-science/working-lands/rangeland-monitoring-network/

GUIDE TO TEXTURE BY FEEL, THIEN, JOURNAL OF AGRONOMIC EDUCATION. 8:54-55. 1979
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/edu/?cid=nrcs142p2_054311

START

Place approximately 25 g soil in palm. Add water dropwise and knead
the soil to break down all aggregates. Soil is at the proper consistency
when plastic and moldable, like moist putty.

Add dry soil to
soak up water

yes

yes

Does soil remain in a ball when squeezed?

no

Is soil too dry?

no

no

Is soil too wet?

yes

Place ball of soil between thumb and forefinger gently pushing the soil with the thumb, squeezing it
upward into a ribbon. Form a ribbon of uniform thickness and width. Allow the ribbon to emerge and
extend over the forefinger, breaking from its own weight.

LOAMY
SAND

no

Does soil form a ribbon?

yes

Does soil make a weak
ribbon less than 2.5 cm
long before breaking?

no

Does soil make a medium
ribbon 2.5-5 cm long
before breaking?

yes

no

Does soil make a strong
ribbon 5 cm or longer
before breaking?

yes

yes

Excessively wet a small pinch of soil in palm and rub with forefinger.

SANDY
LOAM

yes

Does soil feel
very gritty?

SANDY
CLAY
LOAM

yes

no

SILT
LOAM

yes

Does soil feel
very smooth?

LOAM

yes

SANDY
CLAY

yes

no

SILTY
CLAY
LOAM

yes

no

Neither
grittiness nor
smoothness
predominates.

Does soil feel
very gritty?

CLAY
LOAM

yes

Does soil feel
very smooth?

Does soil feel
very gritty?

no

SILTY
CLAY

yes

Does soil feel
very smooth?

no

no

Neither
grittiness nor
smoothness
predominates.

Neither
grittiness nor
smoothness
predominates.

CLAY

yes

SAND

From the Colorado State Master Gardener Extension Website at:
http://www.ext.colostate.edu/mg/gardennotes/214.pdf

Figure 4. Soil Texture by Feel
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SHERIDAN SERIES
The Sheridan series is a member of the coarse-loamy, mixed, thermic family of Pachic Haploxerolls.
Typically, Sheridan soils have dark grayish brown slightly acid, coarse sandy loam A horizons over
weathered granite at a depth of about 39 inches.
TAXONOMIC CLASS: Coarse-loamy, mixed, superactive, thermic Pachic Haploxerolls
TYPICAL PEDON: Sheridan coarse sandy loam - grass range (Colors are for dry soil unless
otherwise noted.)
A11--0 to 8 inches; Dark grayish brown (10YR 4/2) coarse sandy loam, very dark brown (10YR 2/2)
moist; moderate medium and coarse subangular blocky structure; slightly hard, very friable, slightly
sticky, slightly plastic; many very fine roots; many very fine interstitial pores; top one inch strong fine
and medium granular structure with mat of very fine roots; rest of horizon somewhat compacted by
trampling; slightly acid (pH 6.5); gradual smooth boundary. (7 to 10 inches thick)
A12--8 to 18 inches; Dark grayish brown (10YR 4/2) coarse sandy loam, very dark brown (10YR 2/2)
moist; strong medium and coarse granular structure; slightly hard, very friable, slightly sticky, slightly
plastic; common very fine roots; many very fine interstitial and few fine and medium tubular pores;
slightly acid (pH 6.2); gradual smooth boundary. (10 to 12 inches thick)
A13--18 to 28 inches; Dark grayish brown (10YR 4/2) coarse sandy loam, very dark brown (10YR
2/2) moist; strong medium granular structure; slightly hard, very friable, slightly sticky, slightly
plastic; few very fine roots; many very fine interstitial and few fine tubular pores; slightly acid (pH
6.2); gradual smooth boundary. (6 to 12 inches thick)
A14--28 to 39 inches; Dark grayish brown (10YR 4/2) coarse sandy loam, very dark grayish brown
(10YR 3/2) moist; strong medium granular structure; slightly hard, very friable, slightly sticky,
slightly plastic; few very fine roots; many very fine interstitial and few fine tubular pores; lower part
has some indistinct dark brown (10YR 3/2 moist) lumps of Cl material; slightly acid (pH 6.2); clear
wavy boundary. (6 to 12 inches thick)
C1--39 to 43 inches; Mixed brown (7.5YR 5/4) and very dark gray (10YR 3/1) weathered granite that
crushes to loamy coarse sand, similar colors moist (7.5YR 4/4, 10YR 3/1); massive; hard, firm,
nonsticky, nonplastic; few very fine roots; few thin clay films line pores and major rock joints, many
colloidal stains on grains; has rock structure, easily cut with hand tools when moist; slightly acid (pH
6.5); gradual wavy boundary. (0 to 5 inches thick)
C2--43 to 57 inches; Similar to above (10YR 5/3, 3/1 dry and 5/3, 5/1 moist); very hard dry with few
colloidal stains.

https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SHERIDAN.html
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TYPE LOCATION: Monterey County, California; 3.5 miles east up Johnson Canyon Road from
Armstrong Ranch; 250 feet west of E1/4 corner sec. 30, T.5S., R.6E.
RANGE IN CHARACTERISTICS: Depth to a paralithic contact of weathered granite is 25 to 40
inches. The mean annual soil temperature is about 59 F. to 64 F. and the soil temperature usually is
not below 47 F. at any time. The soils between depths of about 8 and 25 inches usually are dry all of
the time from May until November or early December and are moist in some or all parts all the rest of
the year. The 10 to 40 inch control section is sandy loam or coarse sandy loam or light loam with less
than 18 percent clay.
The A horizon is dark gray, grayish brown, dark grayish brown, very dark grayish brown or dark
brown. It has weak to strong granular or subangular blocky structure. This horizon ranges from
medium acid to neutral. It has 1 to 5 percent organic matter in all parts to a depth of more than 20
inches and less than 1 percent within a depth of 30 inches. Base saturation is 75 to 95 percent.
A C horizon of sandy loam or loamy sand soil material is present in some pedons above the weathered
rock and in other pedons the A horizons grade directly to weathered rock.
COMPETING SERIES: These are the Anacapa, Arroyo Seco, Elder, Pfeiffer, Pico, San Andreas,
and Shaver series. Anacapa soils are calcareous in the lower part and lack a paralithic contact. Arroyo
Seco and Pico soils have mollic epipedons less than 20 inches thick and lack a paralithic contact.
Elder soils are stratified and lack a paralithic contact. Pfeiffer and San Andreas soils have mollic
epipedons less than 20 inches thick and Pfeiffer soils have a paralithic contact below a depth of 40
inches. Shaver soils have base saturation of 50 to 75 percent and a mean annual soil temperature of
less than 59 F.
GEOGRAPHIC SETTING: The Sheridan soils are moderately sloping to very steep and are on hills
at elevations of 1,000 to 3,000 feet on north or south slopes and up to 5,000 feet6 on south facing
slopes. They formed in residuum weathered from granite, schist, and related rocks. The climate is
subhumid, mesothermal with warm dry summers and cool moist winters. Mean annual precipitation is
16 to 50 inches. Average January temperature is about 48 F. to 52 F.; average July temperature is
about 70 F.; mean annual temperature is about 57 F. to 63 F. The freeze-free season is 170 to 250
days.
GEOGRAPHICALLY ASSOCIATED SOILS: These are the Cieneba, Junipero, Miramar, and Sur
soils. Cieneba soils lack a mollic epipedon and are less than 20 inches deep to a paralithic contact.
Junipero soils are on cool slopes with an annual soil temperature of less than 59 F. Sur soils have
more than 35 percent rock fragments. Miramar soils have an argillic horizon.
DRAINAGE AND PERMEABILITY: Well-drained; medium to very runoff; moderately rapid
permeability.
USE AND VEGETATION: Used for grazing and watershed. Vegetation is annual grass and forbs,
oak trees, and some brush.
DISTRIBUTION AND EXTENT:
MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Davis, California
SERIES ESTABLISHED: Sacramento Area, California, 1904.

https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SHERIDAN.html
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REMARKS: The Sheridan soils were formerly classified as Regosolic Brunizems. The type location
was moved to place it in extensive representative areas of the series as now recognized.
ADDITIONAL DATA: Riverside Laboratory, Sample No. S65Calif-27-24. Not yet published.
The activity class was added to the classification in February of 2003. Competing series were not
checked at that time. - ET
OSED scanned by SSQA. Last revised by state on 1/73.
National Cooperative Soil Survey
U.S.A.

https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SHERIDAN.html
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