
Understanding



What is soil 
compaction?
Larger pores hold air and 

allow drainage while 

smaller pores hold water. 

Compaction occurs when 

the volume of larger pore 

space is reduced and bulk 

density increases.

more: mass / volume

less: air / volume



Compacted soils:

▪ Reduced drainage and 

increased surface runoff. 

▪ Reduced root penetration 

and distribution, reducing 

root size and capacity 

to absorb water and 

nutrients.



Soil texture
and structure
Soil texture, structure, and 
moisture can make some soils 
more prone to compaction 
than others. Organic matter 
and micro-organisms can help 
to cushion and bind soil 
aggregates, providing 
resistance against 
compaction.



Types of 
Compaction
Management options vary 
depending on the types 
of compaction that 
are occurring.

Surface
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compaction
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compaction



Rainfall
Rainfall can cause surface 
compaction when a hardpan 
layer forms when the soil 
has dried. This results in 
surface sealing.



Tillage Pan

Plough pan compaction can 
occur by mouldboard 
ploughing or tilling to the 
same depth for multiple 
rotations. The plough shear 
or disc may cause a smear, 
effectively creating a seal.



Equipment

Heavy axle weights (in 
excess of 10 tonnes per 
axle) contribute to deep 
soil compaction. Sub-soil 
compaction is expensive 
to eliminate.
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Measuring 
Compaction
Penetrometers measure 
resistance that can be related 
to root penetration potential 
for that soil.

Penetrometer data can vary 
widely with soil moisture and 
is most consistent when the 
soil profile is at field capacity. 
Typically, this will occur with 
fall rains.



Push 
Penetrometers
Push penetrometers measure 
the resistance of a rod with a 
tapered cone being manually 
pushed into the soil. The 
resistance is measured in  
lbs.per square inch for every 
inch of depth. 



Push 
Penetrometers
The use of electronic 
penetrometers (also called 
static penetrometers) on 
individual farms is limited by 
cost ($2600)

Variability of readings from 
operators of differing 
strengths can create 
inconsistent data



Drop Hammer 
Penetrometer

The Jornada Drop Hammer 
Penetrometer measures 
resistance by the number of 
full drops of a weight that are 
required to penetrate two 
inches of depth. 



Recording Penetrometer Readings
Data can be recorded in a variety of ways using GPS technology, 
or manually on a worksheet.



Drop Hammer 
Penetrometer
This apparatus is inexpensive 
($240), easy to use, rapid, and 
able to create highly 
repeatable results. The Drop 
Hammer penetrometer 
(also called a dynamic 
penetrometer) used for this 
project was built at a machine 
shop on the Island from plans 
obtained on the internet.



Open Source 
Design
The Drop Hammer 
Penetrometer is an 
affordable way for
farmers to record their own 
observations on soil 
compaction. Parts can 
be manufactured locally. 



Interpreting Drop 
Hammer Data
Under the direction of AAFC 
Soil Specialist Vernon Rodd, 
a series of readings from both 
penetrometers were 
recorded in various locations.

Using this correlation data, 
drop hammer results can be 
converted into push 
penetrometer equivalent 
readings to estimate root 
penetration.



Understanding compaction readings

Penetrometer results can be displayed 
as an average of several readings,

Or as a map indicating different levels 
of soil compaction in a field.



Preventing Soil 
Compaction

Managing 
Compaction

- Tillage timing & frequency

- Equipment size

- GPS assist

- Traffic lanes

- Adjusting speed

- Adjusting tire pressure

- Organic matter building

- Tillage (shallow compaction)

- Subsoiling (deep compaction)

- Use of deep rooted tap roots



Correcting 
with tillage
If the soil is too wet at tillage 
depth, smearing may occur 
and worsen compaction. A 
dry soil will ”shatter” with the 
proper equipment.

It is often difficult to associate 
improved yields with 
subsoiling and deep tillage 
practices. Requesting 
assistance from an 
agronomist is recommended.



What to look for
The type of tillage required is 
determined by the type and 
depth of compaction. 
Successful tillage will have 
measurable results.

Measurement of hardpan 
fracturing requires digging 
trenches and assessing 
the soil profile with and 
without tillage.
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Jornada Impact Penetrometer sourced from:

https://jornada.nmsu.edu/files/Appendix.pdf
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