
























































































Identifying compaction Identifying compaction 



Before sub-soiling After sub-soiling

Compaction

Gateways

30 hectare field, scanned 14th September 1998 and re-scanned 
August 25th 1999 following sub-soiling in the previous autumn

Compaction sensing - Electromagnetic Induction

After: Smith, Magnascan



Tine mounted sensorsTine mounted sensors

Instrumented tine

Depth wheel Subsoiler leg

After: Sharifi, Godwin, O’Dogherty and Dresser, 2007

Data logger

Flap sensors

Strain gauge
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Field comparison of tyre inflation pressuresField comparison of tyre inflation pressures
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After: Sharifi, Godwin, O’Dogherty and Dresser, 2007



Field area is 14.8 ha with 20km of traffic/per tractor and trailer

Consider use of Real Time Kinematic Consider use of Real Time Kinematic 
GPS to remove wheel mark compactionGPS to remove wheel mark compaction

Pea Harvest:
Tractor and trailer GPS Log

Data: Courtesy of Masstock/Birds Eye



• Simple concept
• Standardise wheel centres
• Industry resistance to 

change in broad acre crops
• European solutions under 

investigation

Compaction reduction Compaction reduction ––
Controlled Traffic Systems  Controlled Traffic Systems  <<10% surface wheeled10% surface wheeled

After: Tullberg et al (2003)



Ploughing on trafficked and nonPloughing on trafficked and non--trafficked fieldstrafficked fields

System                  kN/sq.m               kJ/haSystem                  kN/sq.m               kJ/ha

Trafficked               107                      117
Non-trafficked          42                        47

After: Chamen,1992

Specific resistance and energy Specific resistance and energy 
requirementsrequirements

A 2.5 x INCREASE in ENERGY



No traffic                  TraffickedNo traffic                  Trafficked
Harrow     25               Spring tine           57
Drill          27               Power Harrow    108
Roll          27                Harrow               29

Drill              31
Roll               30

TOTAL          79                                        255 

After: Chamen, 1992

A 3.23 x INCREASE in ENERGY

Traffic control effects on field operations Traffic control effects on field operations 
and energy (MJ/ha) requirementsand energy (MJ/ha) requirements



Subsoiling strategiesSubsoiling strategies

1. Controlled traffic systems
General loosening of cropped area
Use multi - tined implements +/-
wings and leading shallow tines

2. Wheel mark removal
Follow wheel tracks
Use a pair of tines + shallow 
leading tines (depending on 
depth and clod formation)
+/- GPS positioning

After: Spoor and Godwin, 1978 



3. Anticipated heavy loads
Use non- winged implements –
vertical 45o cracks

4. Wide spaced row crops
Use non winged/winged tines 
+/- GPS positioning

Subsoiling strategiesSubsoiling strategies



Conclusions and Recommendations 1Conclusions and Recommendations 1

Prevention of compactionPrevention of compaction
• Do all you can to reduce load and pressure:              

HOWEVER - do not under inflate tyres.
• Spread load where possible, fit the largest sensible 

tyres or rubber tracks. 
• Keep compaction as shallow as possible – easier and 

cheaper to remove its long term effects:                        
HOWEVER - do not operate subsoilers deeper than 
necessary as this costs energy, time and money.

• Minimise random traffic and consider the use of 
controlled traffic.



• Target the compaction problem. 

• Do not re-compact freshly loosened soils with subsequent 
operations.

• Use the most appropriate technique linked to the results of 
profile pit examination for determining the extent of the 
compaction problem.

• Consider the use of GPS guidance systems to remove 
earlier wheel mark zones and for the establishment of 
loosened strips for row crops.

Conclusions and Recommendations 2 Conclusions and Recommendations 2 

Target remediationTarget remediation



RunRun--off and Flooding off and Flooding -- HypothesisHypothesis

“Water retention capacity of soils could be enhanced by a 
variety of affordable measures that would make a significant 
difference to peak flood flows, whilst contributing to improving
water quality though reduction in siltation and diffuse pollution 
and enhancing nature conservation and fisheries interests”.  

9th January 2003, Taunton

“If we could take the top 10% off the 
peak flood flows of 100 million m3 it 
would make all the difference”
Humphrey Temperley 

(Chairman: R. Parrett Catchment Drainage Board)



Rainfall, Infiltration, Storage and RunoffRainfall, Infiltration, Storage and Runoff

Time

Rainfall

Rate

Infiltration

Runoff

Residue/cover  
Surface pan

Non-saturated zone

Saturated zone

Storage in 
the drainable 
porosity 
zone



Perched water tables and storage capacityPerched water tables and storage capacity
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After: Godwin and Dresser, 2003

Sub –Surface (Uck and Bourne)

43% moisture content

27% moisture content

Surface



Effect of compaction and wheelEffect of compaction and wheel--slip on infiltration slip on infiltration 
raterate

Compaction Treatment Infiltration rate (mm h-1)

Untreated 820
Crawler TD6 79

MF135 (940 kg) 32
MF135 (2040 kg) 19
Wheelslip Treatment Infiltration rate (mm h-1)

Untreated 710
MF135, Slip 0% 76

MF135, Slip 31.4% 1
Ford 5000, Slip 0% 27

Ford 5000, Slip 30.3% 6
After: Davies, Finney and Richardson, 1973



Effect of wheel traffic on infiltrationEffect of wheel traffic on infiltration
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Relative effects of land management on Relative effects of land management on 
buffer storagebuffer storage

Equivalent 
depth (mm)

Storage 
volume 

(x 106 m3)
1. Soil pores to a depth of 0.5 m 50 78
2. Surface depressions for a       

ploughed field 10 16

3. Drainage ditches 2.75 4
4.100 detention ponds of 25,000 m3 1.5 2

TOTAL 64 100

N.B. 1 in 2 year 5 day rainfall event is 62 mm or approximately 100 x 10 6 m3

After: Godwin and Dresser, 2003

Storage



Effect of RunEffect of Run--off curve number (N)off curve number (N)

Rainfall  (mm)

R
un

of
f (

m
m

)

After: US Dept Agriculture, Soil Conservation Service (1972)
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Effect of improved management on runoffEffect of improved management on runoff: : 
4 concurrent events4 concurrent events
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After: Godwin and Dresser, 2003



ConclusionsConclusions

– Improved soil management by
Reducing compaction by the selection of appropriate

tyre/track systems
Managing residues with tillage implement selection and settings
Controlling traffic 
Controlling runoff from tramlines
Maintaining the drainable pore space for water storage by the use of 

controlled (intelligent) drainage systems 
reduces runoff and peak flood flows

– There is evidence that the peak flood flow could be reduced by the order 
of 20 - 25% with minor soil management improvements  

– We need to spread this message to policy makers


