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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

Macropores typically < 1% of all soil pores

# Contribution up to 70% to moving water via infiltration

Daigh ALM. 2011. Soil Survey Horizons Schjgnning et al. 2016 Soil Research; Hirmas et al. 2018 Nature
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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.
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Fig. 1. Historical evolution of a) front wheel loads of combine harvesters (data
Schjenning et al., 2015) and b) rear wheel loads of tractors (data source: Deere
& Company, Moine, IL, USA). The dashed line in b) represents the 25% increase
in load of the rear furrow wheel during conventional ploughing (Brunotte et al.,
2012).

Keller et al. 2019.
Soil & Tillage Res.
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Soil pressures measured

Soil pressures measured 0
6 inches below surface

6 inches below surface

o psi

Front Tires Rear Tires Track Width

6.9-30 18.4R-46 Duals
Inflation pressure; 21 psi Infiation pressure: 10 psi s

Balasted weight: 25,000 pounds

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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Got Manure? How Can You Manage Soil
Compaction?

lan McDonald, Ontario Ministry of Agriculture, Food and Rural Affairs
(15 minutes)

Ipelc.org/the-interplay-
between-manure-and-
compaction/

Watchon EBYoulube GPpsi
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_/ Before compaction (8 of 1.32 = ideal porosity of 50%)
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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-

crop stands in western Minnesota. By Jodi DeJong-Hughes.
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Control (non-compacted) soil. Rutted areas next to control soil.
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Unknown source on Twitter 2019
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What are the consequences where it does exist?

Received: 13 March 2020 | Accepted: 9 April 2020

DOI: 10.1002ac12.20013

Agricultural & Environmental Letters

COMMENTARY

Projections of yield losses and economic costs following deep
wheel-traffic compaction during the 2019 harvest

Aaron Lee M. Daigh! © | Jodi DeJong-Hughes’ | Umesh Acharya'

1Sl Science Dep.North Dakota State Univ..

Fargo, ND, 58108, USA o

N Cental Researeh nd Outreach Economic projections after widespread deep compaction during wet harvests are
Center.Univ.of Minnesota, Willmar, MN. essentially nonexistent. Therefore, we project state-level economic costs to producers

56201, USA in North Dakota and Minnesota for the upcoming 2020 and 2021 crops. We provide
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Yield reductions reported in the scientific literature from
one-time deep wheel-traffic compaction events.

Country
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Argentina

fSummary [ Yield Reductions |
[ 1tyear 2 year
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50t percentile — combined years

75 percent combined years [
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Jd reducions reportd, b i sice the decp wheel
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Regional Economic Cost to Farmers

2020-2021 Projections of Economic Costs

(Millions of USD)
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ol | | | | | 50
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Fraction of Planted Acres Affected by
Deep Wheel-Traffic Compaction
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Options for breaking up compaction?

* Bio-drilling with roots (crop species, root architecture, & genetics matter)

April 19, 2024

Depin A Deph Long term no-till
Intensive tillage em)_y -
10— 10 — Figure credit: Ontario Ministry of
Agriculture, Food and Rural Affairs.
2008. No-till: Making it work. Best
. o Management Practices Series BMP11E.
Government of Ontario, Canada.
(Available online
at: http://www.omafra.qov.on.ca/engli
30— N - sh/environment/bmp/no-till.htm)
(verified 14 Jan 2009). ©2008 Queen's
Printer for Ontario. Adapted by Joel
40 — 0 — Gruver, Western lllinois University.
50— K 50 —
Ontario Ministry of Aa and Food
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Options for breaking up compaction?

* Natural cracking of clays during mid-summer (clay mineralogy matters)

27
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28

Kim et al, Science, 2004

29

Hartge and Horn 2016 Tang et al., 2020

1
a) [ " b) . 3. generation g:;ﬂakm
< X cracks i
z

2. generation
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Figure 4.10: a) System of tensile cracks formed during initial dewatering of clay. b) Temporal sequence
of crack formation: subsequent generation of cleavage cracks formed at right angle (horizontally and
vertically) to cracks of the firsl generation.
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Photo by David Hopkins
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Options for breaking up compaction?

* Freeze-thaw during winter (for surface compaction only, not the deep stuff)

33
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i NDAWN Center::

Many freeze-thaw cycles
within typical conventional
tillage depths

Jarrucances

il Typically only freezes &
thaws once each winter at
deeper depths
remperatire
34

Options for breaking up compaction?

* 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). N = 1530
Negative deep tillage effects Positive deep tillage effects
0.5 2
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n=1530

et al., 2017 Overall distribution (violin plot, box plot and mean + 95% confidence interval).
Positive deep tillage effects

Negative deep tillage effects

0.5 1
Yieldpeep/ Yieldeonor
Daigh et al., 2020
[summary | Vield Reductions |
I vtyear 2 year
15% 14%
25% 16%
40% 27%
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n=1530

et al., 2017 Overall distribution (violin plot, box plot and mean + 95% confidence interval).
Positive deep tillage effects

Negative deep tillage effects

0.5 1
Yieldpeop! Yieldcontrol

If prior yields = 180 bu/ac,
If wheel-traffic compaction occurred,
Then, by Daigh et al. (2020):
50 percentile severity case: 180 bu/ac * (1.00 —0.21) = 142 bu/ac
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n=1530

et al., 2017 Overall distribution (violin plot, box plot and mean + 95% confidence interval).
Positive deep tillage effects

Negative deep tillage effects

0.5 1
Yieltpesp! Yieldcontrol

If prior yields = 180 bu/ac,

If wheel-traffic compaction occurred,
Then, by Daigh et al. (2020):

50 percentile severity case: 180 bu/ac * (1.00 - 0.21) = 142 bu/ac

If deep tillage increased yields by global median of 4% ...

Then, by Schneider et al (2017):
50 percentile severity case: 142 bu/ac * (1.00 — 0.04) = 148 bu/ac
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et al., 2017 Overall distribution (violin plot, box plot and mean # 95% confidence interval). 1 = 1530

Negative deep tillage effects Positive deep tillage effects

0.5 1 1.5 2
Yieldpeep/ Yield
If prior yields = 180 bu/ac, Deep Control
If wheel-traffic compaction occurred,
Then, by Daigh et al. (2020):
50 percentile severity case: 180 bu/ac * (1.00 —0.21) = 142 bu/ac How much gain do

we need to fully
If deep tillage increased yields by global median of 4% ... / .
Then, by Schneider et al (2017): alleviate effects of

compaction?

50 percentile severity case: 142 bu/ac * (1.00 — 0.04) = 148 bu/ac
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et al., 2017 Overall distribution (violin plot, box plot and mean + 95% confidence interval). N = 1530

Negative deep tillage effects Positive deep tillage effects

0.5 1 1.5 2
Yieldpeep/ Yield
If prior yields = 180 bu/ac, Deep bt
If wheel-traffic compaction occurred,
Then, by Daigh et al. (2020):
50 percentile severity case: 180 bu/ac * (1.00 - 0.21) = 142 bu/ac How much gain do

we need to fully
If deep tillage increased yields by global median of 4% ... / !
Then, by Schneider et al (2017): alleviate effects of

compaction?

50 percentile severity case: 142 bu/ac * (1.00 - 0.04) = 148 bu/ac
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et al., 2017 Overall distribution (violin plot, box plot and mean # 95% confidence interval). 1 = 1530

Negative deep tillage effects Positive deep tillage effects

18% 27% 54%

1. 2

0.5

1
If prior yields = 180 bu/ac, y{eldDaEp/ Yieldcarirol
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 How much gain do
75 percentile severity case: 180 bu/ac * (1.00 - 0.35) = 117 bu/ac
we need to fully
If deep tillage increased yields by global median of 4% ... .
Then, by Schneider et al (2017): alleviate eff-ects of
25 percentile severity case: 153 bu/ac * (1.00 — 0.04) = 159 bu/ac compactlon?
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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et al., 2017 Overall distribution (violin plot, box plot and mean # 95% confidence interval). 1 = 1530

Negative deep tillage effects

Positive deep tillage effects

18% 27% 54%
0.5 1 1. N 2
If prior yields = 180 bu/ac, WEMDBED/ Yleld.;(,mm‘ Top 25 perfentile
If wheel-traffic compaction occurred, of deep tillage
Then, by Daigh et al. (2020): performance
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 How much gain do

75 percentile severity case: 180 bu/ac * (1.00 —0.35) = 117 bu/ac

we need to fully
If deep tillage increased yields by global median of 4% ... .
Then, by Schneider et al (2017): alleviate eff'eCts of
25 percentile severity case: 153 bu/ac * (1.00 — 0.04) = 159 bu/ac compaction?
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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et al., 2017 Overall distribution (violin plot, box plot and mean + 95% confidence interval). N = 1530

Negative deep tillage effects

deep tillage effects

0.5 1.5 \ 2

3
We‘doeep/ Yieldcontror When does this occur?

* A root-limiting layer was present

* Soil lacks significant quantities of silt
* Topsoil fertility was poor

* A significant drought occurred
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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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