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Soil Compaction
Aaron Lee M. Daigh
Associate Professor, University of Nebraska - Lincoln

Over the next 20 minutes…
• Potential soil compaction from field operations
• Level of consequences and timelines

Daigh ALM. 2011. Soil Survey Horizons

Macropores typically < 1% of all soil pores

Schjønning et al. 2016 Soil Research; Hirmas et al. 2018 Nature

Contribution up to 70% to moving water via infiltration
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3-D images of the macropore system in soil cores taken from a clay soil in Finland. 

Left: Control (non-compacted) soil. Right: Soil from plots where heavy machinery 
drove over the ground in an experimental 

treatment 29 years earlier. X-ray, computed tomography (CT) scans by Mathieu Lamandé.
https://www.soils.org/discover-soils/story/medical-imaging-helps-reveal-lasting-impacts-soil-compaction

Keller et al. 2019. 
Soil & Tillage Res.
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Diagrams by Ray Weil
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Diagrams by Ray Weil
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The average contact pressure under rubber tracks is low. However, there are pockets of high stress that 
can equal or exceed those under radial tires that are inflated to low pressures. From Hoeft et al. 2000
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lpelc.org/the-interplay-
between-manure-and-
compaction/
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Image by Daigh 2021

Image by Daigh 2021

Ward Voorhees, USDA/ARS, Morris, MN
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How Long Does it Last?
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Ward Voorhees, USDA/ARS, Morris, MN
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Aerial photo of wheel-traffic compaction on early-season crop stands in western Minnesota. By Jodi DeJong-Hughes.

Aerial photo of wheel-traffic compaction on early-season crop stands in western Minnesota. By Jodi DeJong-Hughes.
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Aerial photo of wheel-traffic compaction on early-season crop stands in western Minnesota. By Jodi DeJong-Hughes.

What can you expect from ruts?
Next year’s crop yields will not be as high as you want… 
No matter what you do 

Control (non-compacted) soil. Rutted areas next to control soil. 

Jodi DeJong-Hughes

Unknown source on Twitter 2019
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What are the consequences where it does exist?

Yield Reductions
2nd year1st yearCountryCropReference

14%27%JordanCornAbu-Hamdeh (2003)
NAa15%NetherlandsCorn silageAlblas et al. (1994)
15%20%ArgentinaSoybeanBotta et al. (2010)
NA17%USACornDeJong-Hughes and Coulter (2011)

16%NAUSASoybean
19%47%CanadaCornGameda et al. (1994)
16%43%CanadaCorn
25%55%USACornGaultney et al. (1982)

------ 10% b ------USA, CanadaCornHåkansson et al. (1988)
------ 20% ------USA, CanadaCorn
------ 30% ------USA, CanadaCorn
------ 35% ------USA, CanadaCorn
------ 15% ------USA, CanadaCorn

NA13%BelgiumCorn silageNevens and Reheul (2003)
NA11%USACornPhillips and Kirkham (1962)
NA15%USACorn
NA22%USACorn
NA24%USACorn
NA26%USACorn
NA41%USACorn
NA36%USACorn
NA53%USACorn
NA50%CanadaCornRaghavan et al. (1979)
NA23%CanadaCorn
7%36%USACornSidhu and Duiker (2006)

------ 28% ------USACornWolkowski and Lowery (2008)
------ 14% ------USACorn
------ 42% ------USACorn
------ 9% ------USACorn

a NA = Not available since data was not collected and reported in the publication
b Mean yield reductions reported, but time since the deep wheel-traffic compaction event not reported. 

Yield reductions reported in the scientific literature from 
one-time deep wheel-traffic compaction events.

Yield ReductionsSummary
2nd year1st year

14%15%25th percentile 
16%25%50th percentile
27%40%75th percentile 

------ 15% ------25th percentile – combined years
------ 21% ------50th percentile – combined years
------ 35% ------75th percentile – combined years

Regional Economic Cost to Farmers
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Options for breaking up compaction?
• Bio-drilling with roots (crop species, root architecture, & genetics matter)
• Natural cracking of clays during mid-summer (clay mineralogy matters)
• Freeze-thaw during winter (for surface compaction only, not the deep stuff)
• Deep tillage (poor odds of working; little gain when it does)

Figure credit: Ontario Ministry of 
Agriculture, Food and Rural Affairs. 
2008. No-till: Making it work. Best 

Management Practices Series BMP11E. 
Government of Ontario, Canada. 

(Available online 
at: http://www.omafra.gov.on.ca/engli

sh/environment/bmp/no-till.htm) 
(verified 14 Jan 2009). ©2008 Queen's 

Printer for Ontario. Adapted by Joel 
Gruver, Western Illinois University.

Rooting Characteristics

Options for breaking up compaction?
• Bio-drilling with roots (crop species, root architecture, & genetics matter)
• Natural cracking of clays during mid-summer (clay mineralogy matters)
• Freeze-thaw during winter (for surface compaction only, not the deep stuff)
• Deep tillage (poor odds of working; little gain when it does)
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Kim et al,  Science, 2004

Hartge and Horn 2016 Tang et al., 2020
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Photo by David Hopkins

Image taken by @antaraag (twitter); about 15 miles north of US border from Pembina, ND.

Options for breaking up compaction?
• Bio-drilling with roots (crop species, root architecture, & genetics matter)
• Natural cracking of clays during mid-summer (clay mineralogy matters)
• Freeze-thaw during winter (for surface compaction only, not the deep stuff)
• Deep tillage (poor odds of working; little gain when it does)
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Many freeze-thaw cycles 
within typical conventional 

tillage depths

Typically only freezes & 
thaws once each winter at 

deeper depths

Options for breaking up compaction?
• Bio-drilling with roots (crop species, root architecture, & genetics matter)
• Natural cracking of clays during mid-summer (clay mineralogy matters)
• Freeze-thaw during winter (for surface compaction only, not the deep stuff)
• Deep tillage (poor odds of working; little gain when it does)

Schneider et al., 2017 Overall distribution (violin plot, box plot and mean ± 95% confidence interval). 
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Schneider et al., 2017 Overall distribution (violin plot, box plot and mean ± 95% confidence interval). 

Yield ReductionsSummary
2nd year1st year

14%15%25th percentile 
16%25%50th percentile
27%40%75th percentile 

------ 15% ------25th percentile – combined years
------ 21% ------50th percentile – combined years
------ 35% ------75th percentile – combined years

Daigh et al., 2020

Schneider et al., 2017 Overall distribution (violin plot, box plot and mean ± 95% confidence interval). 

If prior yields = 180 bu/ac,
If wheel-traffic compaction occurred, 

Then, by Daigh et al. (2020):
25 percentile severity case:  180 bu/ac * (1.00 – 0.15) = 153 bu/ac
50 percentile severity case:  180 bu/ac * (1.00 – 0.21) = 142 bu/ac
75 percentile severity case:  180 bu/ac * (1.00 – 0.35) = 117 bu/ac

Schneider et al., 2017 Overall distribution (violin plot, box plot and mean ± 95% confidence interval). 

If prior yields = 180 bu/ac,
If wheel-traffic compaction occurred, 

Then, by Daigh et al. (2020):
25 percentile severity case:  180 bu/ac * (1.00 – 0.15) = 153 bu/ac
50 percentile severity case:  180 bu/ac * (1.00 – 0.21) = 142 bu/ac
75 percentile severity case:  180 bu/ac * (1.00 – 0.35) = 117 bu/ac

If deep tillage increased yields by global median of 4% …
Then, by Schneider et al (2017):

25 percentile severity case:  153 bu/ac * (1.00 – 0.04) = 159 bu/ac
50 percentile severity case:  142 bu/ac * (1.00 – 0.04) = 148 bu/ac
75 percentile severity case:  117 bu/ac * (1.00 – 0.04) = 122 bu/ac
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Schneider et al., 2017 Overall distribution (violin plot, box plot and mean ± 95% confidence interval). 

If prior yields = 180 bu/ac,
If wheel-traffic compaction occurred, 

Then, by Daigh et al. (2020):
25 percentile severity case:  180 bu/ac * (1.00 – 0.15) = 153 bu/ac
50 percentile severity case:  180 bu/ac * (1.00 – 0.21) = 142 bu/ac
75 percentile severity case:  180 bu/ac * (1.00 – 0.35) = 117 bu/ac

If deep tillage increased yields by global median of 4% …
Then, by Schneider et al (2017):

25 percentile severity case:  153 bu/ac * (1.00 – 0.04) = 159 bu/ac
50 percentile severity case:  142 bu/ac * (1.00 – 0.04) = 148 bu/ac
75 percentile severity case:  117 bu/ac * (1.00 – 0.04) = 122 bu/ac

How much gain do 
we need to fully 

alleviate effects of 
compaction?

Schneider et al., 2017 Overall distribution (violin plot, box plot and mean ± 95% confidence interval). 

If prior yields = 180 bu/ac,
If wheel-traffic compaction occurred, 

Then, by Daigh et al. (2020):
25 percentile severity case:  180 bu/ac * (1.00 – 0.15) = 153 bu/ac
50 percentile severity case:  180 bu/ac * (1.00 – 0.21) = 142 bu/ac
75 percentile severity case:  180 bu/ac * (1.00 – 0.35) = 117 bu/ac

If deep tillage increased yields by global median of 4% …
Then, by Schneider et al (2017):

25 percentile severity case:  153 bu/ac * (1.00 – 0.04) = 159 bu/ac
50 percentile severity case:  142 bu/ac * (1.00 – 0.04) = 148 bu/ac
75 percentile severity case:  117 bu/ac * (1.00 – 0.04) = 122 bu/ac

How much gain do 
we need to fully 

alleviate effects of 
compaction?

27%

Schneider et al., 2017 Overall distribution (violin plot, box plot and mean ± 95% confidence interval). 

If prior yields = 180 bu/ac,
If wheel-traffic compaction occurred, 

Then, by Daigh et al. (2020):
25 percentile severity case:  180 bu/ac * (1.00 – 0.15) = 153 bu/ac
50 percentile severity case:  180 bu/ac * (1.00 – 0.21) = 142 bu/ac
75 percentile severity case:  180 bu/ac * (1.00 – 0.35) = 117 bu/ac

If deep tillage increased yields by global median of 4% …
Then, by Schneider et al (2017):

25 percentile severity case:  153 bu/ac * (1.00 – 0.04) = 159 bu/ac
50 percentile severity case:  142 bu/ac * (1.00 – 0.04) = 148 bu/ac
75 percentile severity case:  117 bu/ac * (1.00 – 0.04) = 122 bu/ac

How much gain do 
we need to fully 

alleviate effects of 
compaction?

18% 27% 54%
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Schneider et al., 2017 Overall distribution (violin plot, box plot and mean ± 95% confidence interval). 

If prior yields = 180 bu/ac,
If wheel-traffic compaction occurred, 

Then, by Daigh et al. (2020):
25 percentile severity case:  180 bu/ac * (1.00 – 0.15) = 153 bu/ac
50 percentile severity case:  180 bu/ac * (1.00 – 0.21) = 142 bu/ac
75 percentile severity case:  180 bu/ac * (1.00 – 0.35) = 117 bu/ac

If deep tillage increased yields by global median of 4% …
Then, by Schneider et al (2017):

25 percentile severity case:  153 bu/ac * (1.00 – 0.04) = 159 bu/ac
50 percentile severity case:  142 bu/ac * (1.00 – 0.04) = 148 bu/ac
75 percentile severity case:  117 bu/ac * (1.00 – 0.04) = 122 bu/ac

How much gain do 
we need to fully 

alleviate effects of 
compaction?

18% 27% 54%

Top 25 percentile 
of deep tillage 
performance

When does this occur?

Schneider et al., 2017 Overall distribution (violin plot, box plot and mean ± 95% confidence interval). 

• A root-limiting layer was present
• Soil lacks significant quantities of silt
• Topsoil fertility was poor
• A significant drought occurred 

Take Home Messages:
• Modern wheel loads are high and can push compaction deep

• Avoidance is preferred over relying on alleviation methods

• Keep loads light, adjust tire pressures, and fewer field passes 
to avoid creating new ruts

• If you have compaction, leverage natural alleviation mechanisms 
(roots, cracking) to make up for what tillage cannot obtain
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Soil Compaction
Aaron Lee M. Daigh (adaigh2@unl.edu)
Associate Professor, University of Nebraska - Lincoln
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