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Summary to a guide to reducing soil compaction

Soil compaction, such as that shown in the photograph, can cause serious problems by:
e Restricting root development — reducing crop vyield,
e Increasing tillage energy requirements — increasing tillage costs and
e Reducing water infiltration — increasing runoff, which can increase flooding and soil erosion.

It was estimated in 2011 (Defra Report CTE0946) that the annual costs of soil degradation cost the UK
between £1bn and £1.5bn of which soil compaction accounted for 39%.

As “prevention is better than cure”, this guide focuses on minimising soil compaction by reducing the impact
of agricultural vehicles on soil conditions and subsequent crop development and yield by either:

e Reducing the area of the field subjected to vehicle traffic (controlled traffic farming (CTF))
or
e Equipping the tractor with high flexion tyres with low ground pressure (LGP) inflated to 10 psi (0.7
bar).
These are compared to non-controlled traffic (sometimes called random traffic) with “conventional” tyre
inflation pressure systems (STP) for deep (250 mm), shallow (100 mm) and zero tilled soils respectively.
These soils may require expensive subsoiling operations over the whole field to rectify any resulting deep
compaction caused by field traffic.

Left: A combine harvester and chaser wagon remaining on track in a CTF system.
Right: Michelin AxioBib2 tyres with Ultraflex Technology equipped with a central tyre inflation system.



The guide is based on 11 years of experimental data on a slightly stony sandy loam soil at Harper Adams
University in Shropshire, UK. For experimental necessity the CTF system was based on a 4 m wide module
resulting in 30% of the field subject to vehicle traffic. By recording crop yield in both the trafficked and non-
trafficked areas, the benefit of wider more commercially viable CTF15% (where only 15% of the field is
trafficked) systems could be estimated.

Please note: The CTF soil quoted below refers to the non-trafficked soil zone.
The results show:
Soil structure

e Anincrease in porosity of the CTF soil for the shallow and deep tilled soils over the no-tilled profile.

e The preservation of soil porosity in deep tilled soils by the use of LGP tyres or CTF.

e The CTF managed soil had greater hydraulic conductivity than LGP and STP, so improving both
infiltration and water movement.

Soil health

e CTF and LGP soils had increased soil biological activity compared to STP tyres.

e There were fewer earthworms in deep tilled soils compared to shallow and zero tilled soil.

e CTF zero tilled soil had the highest soil organic carbon content compared to STP deep tilled soil and
LTP zero tilled soil in the 0 - 300 mm soil depth range.

e Reducing the intensity of both traffic and tillage results in marginally greater soil organic matter in
the surface layer.

Crop establishment, yield and economic implications

e Vehicle traffic reduced crop establishment, with the STP zero tillage treatment typically having the
poorest establishment.

e Deep tilled soils benefit the most from CTF and LGP techniques, indicating that deep loosened soils
are vulnerable to re-compaction from non-controlled STP tyres.

e CTF30%, CTF 15% and LGP improved crop yields by an average of 6%, 8.5% and 5%, respectively.
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The cumulative effect on yields for three traffic and tillage systems (2013 - 2023).
Yield is given as a percentage of the grand mean.



The mean annual crop benefits for CTF30% and CTF15% respectively compared to STP are:

o) £64/ha an increase of 5.6% and £125/ha an increase of 10.9%, for deep tillage,

o) £49/ha an increase of 4.1% and £101/ha an increase of 8.5%, for shallow tillage and

o) £6/ha an increase of 0.5% and £66/ha an increase of 5.8%, for zero tillage.
The beneficial effect of LGP compared to STP for the deep tilled soils ranged from 0% to 11% with an
average 5% increase in crop value, worth £57/ha.
Deep tilled soils gave no yield advantage over shallow tilled soils, which gave the best compromise
between yield and soil structure. As a result, shallow tillage at £118/ha offers operational cost savings
of an estimated £13/ha over deep tillage costs.
Initially zero tilled soils produced the lowest crop yields; however, these improved with time as the
soil structure improved. Over the period of the study the mean crop yield from zero tillage was 5.5%
(E67/ha) lower than the mean crop yield of the deep and shallow tillage (which were similar).
The estimated operational cost for zero tillage at £75/ha (a saving of £56/ha) compared to deep
tillage at £131/ha which together with the added benefits of faster work rates and improved
timeliness, compensate for the lower crop yields.
Zero tilled soils showed little yield benefit (0.5%) from CTF30%, compared to STP, however, a 6%
improvement was estimated for the wider CTF15% system:s.

Mechanisation issues

Adopting a CTF system

CTF requires planning to ensure that the widths of equipment in the system are compatible and do
not exceed the legal track width for the highway. Substantial yield gains can be achieved by minimizing
the tracked area, by operating with the widest possible module width, namely CTF15% rather than
CTF30%.

High-level satellite guidance RTK-GPS (Real Time Kinematic Global Position System) and auto-steer
technology improves the accuracy of the Global Positioning System (GPS) to positional errors of less
than + 20 mm, keeping the vehicles to the traffic lanes and making it possible to drive field equipment
on the same permanent traffic lanes every year.

Tillage/Drill Sprayer Harvester
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A typical CTF OutTrac system layout showing the harvester tracks outside the tractor’s tracks.



Changing to low ground pressure tyres

e Satellite guidance and autosteer technology and exact machine width matches are not required,
however, the advice of the tyre manufacturer should be obtained to ensure the most appropriate low
ground pressure tyres are selected and operated correctly for the range of field equipment.

e MICHELIN ULTRAFLEX technology allows to carry heavy loads at low pressure, as the flexible
construction of the casing results a larger footprint, increasing tyre's traction and reducing soil
compaction.

Conclusions

The results of this long-term study have shown that the effect of both traffic management and tillage systems
can have significant effects on the soil structure and health, crop development and yield, and farm income.

As with other studies, the initial lower yields of the zero tillage treatment improved with time, producing
similar and sometimes higher yields compared to the deep and shallow tillage systems. It was shown that
the savings in zero tillage costs compared to deep tillage could compensate for the yield differences.

The effect of traffic was consistent over the period of the study, with CTF30% producing a 3.5% higher yield
than conventional traffic with standard tyre pressures (STP). The effect of reducing the trafficked area to 15%
of the field area (CTF15%) produced an estimated increase in crop yield of 8.5%, an increase similar to the
results of other international CTF studies for arable crop rotations. With the exception of CTF30% with zero
tillage systems, the cost of RTK-GPS guidance and auto steering systems are affordable for CTF systems, with
breakeven areas of less than 70 ha.

Where deep tillage practices are required, the use of low ground pressure tyres is cost effective. Additional
annual costs are recovered by the increase in crop yield from LGP over STP systems. With careful selection
of the equipment, both CTF and LGP systems can be cost effective for relatively small (<100-150 ha) farms.

These results should be of value to farmers, advisors and policy makers in selecting soil management systems
to maintain crop yields in an economically sustainable manner when aiming to improve soil health.

Further Information
For further information please refer to ‘A guide to reducing soil compaction’ (A Guide to Reducing Soil

Compaction), MICHELIN ULTRAFLEX technology tyres (MICHELIN ULTRAFLEX Technology tyres) and CTF
Network (Controlled Traffic Farming).
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