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Overview

Soil density is related to the
mineral and organic composition
of a soil and to soil structure. The
standard measure of soil density is
bulk density, defined as the proportion of the weight of a soil relative to its volume, typically expressed as g/cm3 of
soil. Bulk densities in undisturbed soils range from about 1.0 to 1.4 g/cm3, being higher for sands and with
increased depth in the soil profile.

Compacted soils exhibit increased bulk density. Several activities result in soil compaction, including but not
limited to increased traffic (foot or machinery), turf, lack of soil cover, and use of fill.

Importance

Compacted soils result in restricted water and air transport and loss of habitat for soil biota. Severely compacted
soils may also impede root growth. Clay soils and wet soils are more susceptible to compaction.

Assessment
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There are multiple methods for measuring bulk density and
compaction (resistance). See methods for measuring bulk
density (https://stormwater.pca.state.mn.us/index.php?title=Soi
l_sampling_and_tests#Bulk_density) and methods for
measuring compaction (https://stormwater.pca.state.mn.us/inde
x.php?title=Soil_sampling_and_tests#Compaction_.28penetrat
ion_resistance.29). Recommended methods of assessment
include the following.

Penetrometer - a penetrometer is a portable, easy to use
tool. The penetrometer is pushed into a soil and a gauge
shows the resistance. Readings greater than 300 psi
(pounds per square inch) indicate conditions restrictive
to root growth. If more than 50 percent of readings from
a field exceed 300 psi, compaction is considered
moderate; severe if more than 75 percent of readings
exceed 300 psi. Typical cost of a penetrometer is about
$200.
Bulk density - bulk density is a relatively easy to
perform measurement but requires determining the soil
water (moisture) content (see here (https://stormwater.pca.state.mn.us/index.php?title=Soil_sampling_and_
tests#Soil_water_.28moisture.29_content)). Relationships of bulk density to root growth are shown in the
adjacent table.

General relationship of soil bulk density to root growth based on soil texture 
Link to this table

Soil texture
Ideal bulk
densities
(g/cm3)

Bulk densities that may
affect plantgrowth (g/cm3)

Bulk densities that
restrict root growth

(g/cm3)
sands, loamy sands <1.60 1.69 >1.80
sandy loams, loams <1.40 1.63 >1.80
sandy clay loams, loams, clay
loams <1.40 1.60 >1.75

silts, silt loams <1.30 1.60 >1.75
silt loams, silty clay loams <1.40 1.55 >1.65
sandy clays, silty clays, clay
loams with 35-45% clay <1.10 1.49 >1.58

clays (>45% clay) <1.10 1.39 >1.47

Management

Information: Recommended reading - See Alleviating compaction from construction activities (https://stormwate
r.pca.state.mn.us/index.php/Alleviating_compaction_from_construction_activities)

The effects of compaction are difficult to overcome and may persist for decades. Natural processes such as freeze-
thaw cycles, animal burrowing, and root growth only slowly diminish compaction. These natural processes are
typically limited to the upper foot or two of soil. Even when bulk densities decrease, the original soil structure may

Example of a dense soil, exhibiting blocky
structure. Image:Government of Western
Australia (https://www.agric.wa.gov.au/soil-c
ompaction/identifying-soil-compaction)
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not be achieved (Randrup, 1997 (https://www.researchgate.net/publication/242616757_Soil_compaction_on_const
ruction_sites); Schueler and Holland, 2000).

The following table summarizes results for different activities designed to alleviate compaction. The results
suggest compost amendment is an effective method for alleviating compaction, while tillage is considerably less
effective. Note however, this is an area of on-going research and some recent studies suggest properly conducted
tillage can be effective at reducing compaction. For an example, link here (http://www.themunicipal.com/2015/01/s
oil-tillage-and-stormwater-runoff/).

Reported Activities that Restore or Decrease Soil Bulk Density 
Link to this table

Land use or activity Decrease in bulk density (gms/cc) Source
Tilling of soil 0.00 to 0.02 Randrup, 1918. Patterson and Bates, 1994
Spedialized soil loosening 0.05 to 0.15 Rolf, 1998
Selective grading 0.00 Randrup, 1998 and Lichter and Linsy, 1994
Soil amendments 0.17 Patterson and Bates, 1994
Compost amendments 0.25 to 0.35 Kolsti et al. 1995
Time 0.20 Legg et al, 1996
Reforestration 0.25 to 0.35 Article 36

Recommended reading

Bulk Density – Measurement (http://soilquality.org.au/factsheets/bulk-density-measurement)
Soil Quality Indicators - Bulk density (https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_
053256.pdf) - USDA-NRCS
Soil bulk density-mositure/aeration (https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_05
3260.pdf) - USDA-NRCS
Bulk density (https://passel2.unl.edu/view/lesson/0cff7943f577/6) - Plant and Soil Sciences Library

Below are links to videos demonstrating methods for collecting bulk density samples.

Bulk density and soil water (moisture) content (https://www.youtube.com/watch?v=C0Wu7FVPt6I) - a 12
minute video illustrating how to collect the sample in field and measure in the lab using the core method
Bulk density and soil water (moisture) content (https://www.youtube.com/watch?v=qkh8mrl9A6M) - a 10
minute video using the core method
Bulk density and soil water (moisture) content (https://www.youtube.com/watch?v=E7BSZrJ-TDw) - this 34
minute video describes the clod method, which is preferred but more time consuming and cannot be used for
soils where intact clods cannot be collected

Methods for measuring bulk density are provided in the following documents.

Bulk Density – Measurement (http://soilquality.org.au/factsheets/bulk-density-measurement)
Bulk Density - UC Davis (https://anlab.ucdavis.edu/analysis/Soils/480)
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