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Abstract. Traditional agricultural production in Europe involves extensive infield trafficking for soil preparation 
and seeding, chemical applications, harvesting, grain and straw removal. Conventional practice, which involves 
random trafficking and deep tillage, exposes up to 86% of the field to soil compaction in one year resulting in 
poor structure, water infiltration, crop growth and yield losses. 

This study aims to determine the interaction of 3 traffic systems 1) Random Traffic Farming (RTF); 2) Low Ground 
Pressure (LGP); 3) Controlled Traffic Farming (CTF) with 3 tillage systems: 1) Deep Tillage (DT) to a depth of 
250 mm; 2) Shallow Tillage (ST) to a depth of 100 mm; and 3) Zero Tillage (ZT) on soil compaction and its effect 
on 1) crop growth and yield, 2) soil physical properties; 3) moisture regime, and 4) energy requirements. The 
data presented in this paper focuses on components 1-3.  

Trafficking increased penetration resistance of soils at depths of 100mm and 250 mm (p<0.05) and reduced 
water infiltration rate at the soil surface. A neutron probe was used to characterise sub-surface soil-water 
interactions and showed that ST resulted in the highest SMDs, whereas DT recorded the lowest.  
Crop growth and yield were examined using photograph analysis and harvested yields. CTF increased yields in 
all Tillage systems, and resulted in a 45% increase on un-trafficked soil. The results indicate that soil-water 
interactions and crop yield can be improved by limiting trafficking and reducing tillage.  

Keywords. Compaction, traffic, tillage, water, yields.   
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Introduction  

Compaction as a result of agricultural traffic and tillage is defined as a change in the soil structural condition 
when particles pack more tightly together in both a vertical and horizontal direction (Way et al., 2005). This 
negatively effects the water regime of the soil and inhibits crop establishment and growth (Forth, 1978).  

Trafficking of fields with agricultural machinery exposes the soil to surface applied loads, which over the last 40 
years, has increased from approximately 2.5t to over 60t. Although there is some benefit of using larger vehicles 
to cover a wider area with more efficiency (Rowell, 1994) there is an increased risk of subsoil compaction under 
higher wheel loads. At depth, this compaction is extremely difficult and costly, both in terms of time and fuel 
consumption, to remove (Alakikku et al., 2003). When it is necessary to remove this compaction, more extensive 
trafficking is required which further exacerbates the problem. It is a vicious cycle in that compacted soils require 
more extensive trafficking (Kroulik et al., 2009) and intensive cultivations in order to maintain sufficient crop 
growth. 

Random Traffic Farming (RTF) features extensive trafficking, where up to 86% of the field is covered by a tyre 
in one growing season (Kroulík et al., 2009). Research has found that the first pass of a tractor causes 90% of 
the damage to the soil structure (Badalíková, 2010). This impact on rates of surface water infiltration (Chyba, 
2012) and the water regime at depth (Defossez et al., 2003).   

Low Ground Pressure Systems (LGP) allow farmers to reduce the effect of traffic compaction without having to 
redesign their farming system. Lower tyre inflation pressures or LGP specific tyre or tracks spread the load over 
a wider area, therefore reducing the ground pressure (Tijink et al., 1995) and the resulting compaction (Alakikku 
et al., 2003). New developments in tyre design and technology, known as Improved Flex (IF) allow heavy loads 
to be carried at low inflation pressures whilst improving soil protection and traction (Michelin 2012, 2014). 
Demonstrative field trials have found that the Cerexbib range of IF tyres, designed specifically for combine 
harvesters, lower the level of compaction compared to standard tyres (Wright, 2011). No peer-reviewed 
experimental work has been found on these or other tyres in Michelin’s range and the effect on soil compaction 
and crop growth.  

Controlled Traffic Farming systems remove extensive trafficking by restricting wheelings to permanent traffic 
lanes. This method of separating crops and wheels has been practiced most widely in Western Australia (Isbister 
et al., 2013). Research and implementation is growing steadily in Europe with approximately 1 600 ha currently 
under CTF with an additional 44 000 ha planned or in the process of transition (Chamen, 2013). The benefits of 
CTF systems on soil structure have been quantified by Dickson et al. (1996) who observed a reduction in 
penetration resistance on untrafficked soils. Rates of water infiltration have been reported between 29% (Silburn 
and Glanville, 2002) and 73% (Chyba, 2012) higher on untrafficked soils. Chamen (2011) reported differences 
up to 400%. The increase in wheat yields under CTF has been reported from around the world, ranging from 
14% in Australia (Tullberg et al., 2007) to as much as 21% in Europe (Chamen et al., 1992). In Canada, CTF 
has been found to increase wheat yields by up to 30% (Gamache, 2013).  

Methodology  

A multidisciplinary long-term project began in 2011 at Harper Adams University (52°46.7899’N, 002°25.5236’W) 
as described by Smith et al. (2013). The most uniform part of the 8 hectare field was determined based on results 
of soil type and texture, crop growth and yield (Smith et al., 2013). The 3.5 hectare site is predominately Claverley 
soil, a very slightly stony sandy loam (Cranfield, 1998).  

A 3x3 factorial plot trial was established in 2012 in 4 randomised blocks, as shown in Figure 1. The aim of the 
plot trials is to determine 1) Random Traffic Farming (RTF); 2) Low Ground Pressure (LGP); 3) Controlled Traffic 
Farming (CTF) with 3 tillage systems: 1) Deep Tillage (DT) to a depth of 250 mm; 2) Shallow Tillage (ST) to a 
depth of 100 mm; and 3) Zero Tillage (ZT) on soil compaction and its effect on 1) crop growth and yield, 2) soil 
physical properties; 3) moisture regime, and 4) energy requirements. The data presented in this paper focuses 
on components 1-3 in production of winter wheat (Triticum aestivum). 

Figure 2 shows the layout of plots prior to the application of trafficking. All plots measure 4m in width and 84m in 
length. The wheel centres of the primary wheelways measure 2.1m, indicated by T in Figure 2, and are used for 
cultivation, seeding and harvesting. Each wheelway measures 0.6m in width. Traffic treatments were established 
based on the intensity and frequency of trafficking determined by Kroulik et al. (2009) and described by Smith et 
al. (2013). Deep and Shallow Tillage cultivations were completed with a 4m wide Väderstad Top Down and 
seeding of all plots using a Väderstad Rapid. Winter wheat (Triticum aestivum var. Duxford) was established for 
the experimental season 2012-2013. 
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Figure 1. Plot trial layout 

Soil physical properties 

For this paper, the effect of traffic and tillage on penetrometer resistance and water infiltration has been 
determined using the Trafficked (T) and Untrafficked (UT) areas of the Controlled Traffic Farming plots (n=12), 
as shown in Figure 2. CTF plots and RTF plots have been compared to determine the effect of traffic and tillage 
on the sub-surface water regime. Combine yields were measured and are presented here for all plots (n=36).  

 

Figure 2. Plot dimensions.  

Penetrometer resistance 

Penetrometer resistance was determined at 10mm intervals from the soil surface to a depth of 450mm using a 
hydraulic ATV-mounted penetrometer. Data were averaged for every 50mm interval. The ATV accessed the plots 
on the spray application tramlines which run perpendicular to the direction of drilling. Data for 100mm and 250mm 
is presented.  

 

Infiltration  

The rate of water infiltration (mm/hr) was determined for Trafficked and Untrafficked soil using the simplified 
falling head method, where a cylinder (152mm diameter, 150mm height, 2mm thickness) was inserted into the 
soil surface and the duration of time for a fixed volume of water (600ml) to drain into the soil was recorded.  

 

Neutron probe  

A neutron probe was used to determine volumetric soil water content from May to July 2013 throughout the soil 
profile at 200 mm depth intervals from 0-800mm. Also referred to as a Soil Moisture Gauge, the neutron probe 
contains an Americum-Berylium (AmBe) radioactive source that is lowered into access tubes for rapid and non-
destructive repeat measurements of soil water content based on behavior of the neutrons (Bell, 1987). The 
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modification of neutron behavior in soil is predominantly influenced by the amount of hydrogen present and can 
therefore be attributed to the soil moisture (Hodnett, 1986; Vienken et al., 2013) content using a calibration curve 
relating to the local soil texture (Bell, 1987). For this study a single aluminium neutron probe access tube was 
installed into the centre of each plot (n=36). The results presented here are for the CTF plots only (n=12).  

 

Crop yields  

Whole plot yields were determined by combine harvesting at a forward speed of 5km/h using a Claas Dominator 
85 with a 4 metre cutter bar. Individual plot yields (t/ha) were calculated based on the weight of grain removed 
measured in the field with a load cell. A sample of grain was obtained from each plot to determine moisture 
content and TGW. Plots were harvested at grain moisture content 14-16.5% and adjusted to 15%.   

Hand samples were collected from a 0.3 m wide transect to determine the yield of untrafficked and wheelway 
areas of CTF plots. Heads were removed from the straw by hand and threshed to separate the grain and chaff 
using an F. Walter and H. Wintersteiger KG laboratory thresher. The grain was then passed through a Pfeuffer 
sample cleaner before analysis. The plots used in this study are 4 m wide to ensure soil uniformity across the 
site. In commercial practice trafficked area in CTF systems is as little as 15%, much lower than the 30% trafficked 
area in the plot trials. Estimated yields for a 15% trafficked CTF system under 3 tillage regimes were calculated 
using the hand harvested yields.  

 

Results and Discussion  

Soil physical properties 

Penetrometer Resistance  

Trafficking increased penetration resistance of soils at depths of 100mm and 250 mm (p<0.05), as shown in 
Table 1 and 2 respectively. At a depth of 100mm Deep Tillage had the greatest penetrometer resistance (0.98 
MPa) in both Trafficked and Untrafficked soil. At a depth of 250mm the highest penetrometer resistance was 
recorded on trafficked soil under Zero Tillage (1.2 MPa). Tillage did not have a significant effect (p>0.05) on the 
penetration resistance of soil at either 100mm or 250mm.  

 

 

Table 1 Penetrometer Resistance (MPa) at 100mm depth 

 

 

 

 

 

 

 

*Significance of the F-test at the probability level 0.05. NS: F-test not significant. Means followed by different letters are 

significantly different from each other at the 0.05 probability level. 

 

 

 

 

 

Penetrometer Resistance  (MPa)  

 Significance P LSD 
Traffic * 0.033 0.2095 
Tillage NS 0.726 0.2566 

Traffic x Tillage NS 0.789 0.3629 

    
 Trafficked  Untrafficked Mean 

Deep 1.07 0.90 0.98a 
Shallow 1.05 0.85 0.95a 

Zero  1.05 0.73 0.89a 
Mean 1.06b 0.83a 0.94 
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Table 2 Penetrometer Resistance (MPa) at 250mm depth 

 

 

 

 

 

 

 

*Significance of the F-test at the probability level 0.05. NS: F-test not significant. Means followed by different letters are 

significantly different from each other at the 0.05 probability level. 

 

Infiltration  

Trafficking significantly reduced (p<0.05) the rate of water infiltration rate (mm/hr), as shown in Figure 2. 
Statistical analysis is provided in Table 3. Untrafficked soils under shallow tillage had the greatest water infiltration 
rates, but the effect of tillage was not found to be significant (p>0.05).  

Wu et al. (1997) found that changes in the rate of water infiltration into the soil are commonly linked to traffic and 
tillage induced compaction. The results from this study show the effect of traffic compaction on water infiltration 
rate. In the trafficked areas of Zero Tillage plots, the rate of water infiltration was reduced by 90%. In Shallow 
Tillage plots trafficking reduced water infiltration by 67%.  

 

 

Figure 2. Water infiltration rate (mm/hr) on untrafficked and trafficked soils under different tillage systems. 
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 Significance P LSD 
Traffic * 0.004 0.1237 
Tillage NS 0.921 0.1516 

Traffic x Tillage NS 0.069 0.2143 

    

 Trafficked  Untrafficked Mean 

Deep 1.00 1.00 1.00a 
Shallow 1.13 0.88 1.00a 

Zero  1.20 0.85 1.03a 
Mean 1.10b 0.91a 1.01 
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Table 3 Surface water infiltration rates (mm/hr) 

 

 

 

 

 

 

 

*Significance of the F-test at the probability level 0.05. NS: F-test not significant. Means followed by different letters are 

significantly different from each other at the 0.05 probability level. 

 

Neutron Probe 

A neutron probe was used to characterise sub-surface soil-water interactions, as shown in Figure 3. Overall, ST 
resulted in the highest SMDs whereas DT recorded the lowest. Above 40 cm depth (Figure 3a and 3b), trafficked 
soils had higher SMDs than untrafficked soils. The reverse was found for the soil from 40 - 80cm below the soil 
surface (Figure 3c, 3d, 3e) where untrafficked soil had higher SMD than trafficked soil. There was no significant 
effect of traffic or tillage on SMDs at harvest at any depth in the soil profile (p>0.05).  

 

  

 

Infiltration rate (mm/hr)  

 Significance P LSD 
Traffic * 0.033 18.98 
Tillage NS 0.336 23.25 

Traffic x Tillage NS 0.380 32.88 

    
 Trafficked  Untrafficked Mean 

Deep 29.3 32.3 30.8 
Shallow 15.4 47.4 31.4 

Zero  2.8 30.5 16.6 
Mean 15.8a 36.7b 26.3 
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Figure 3. SMD at 1) 0cm, b). 20cm, c) 40cm, d) 60cm, e) 80cm.  

Crop yields  

Photographs of each plot at GS37/39 taken in May 2013 show variations in crop establishment between 
treatments. There is evidence of uneven crop growth in Zero Tillage plots, with limited establishment particularly 
in the primary wheelways (Smith et al., 2013). At harvest, as shown in Figure 5, the variations in crop growth in 
the primary wheelways is still visually detectable.  

 

 

Figure 4. Crop growth at GS37/39 May 2013 (Smith et al., 2013).  

 

 

 



2014 ASABE – CSBE/SCGAB Annual International Meeting Paper Page 8 

 

 

 

Figure 5. Crop at harvest 31/08/2013 

The combine harvested data shown in Table 4, shows that CTF resulted in a 7% increase in yield compared to 
RTF, regardless of the tillage system adopted. The use of LGP increased yields by 3% compared to RTF. CTF 
Shallow Tillage resulted in the highest yields compared to RTF Deep Tillage (+15%), which is considered 
conventional practice in the UK. The effect of traffic on yield was not significant at the 0.05 probability level, as 
shown in Table 4. At the 0.1 probability level, CTF results in a significant increases in yield in comparison to RTF. 
These results align themselves with work conducted by other researchers from around the world (Chamen et al., 
1992, Tullberg et al., 2007). Significant at the 90% confidence interval is a rational level at which farmers would 
be confident to base decisions upon.    

The poor establishment and growth and yield in the primary wheelways of the Zero Tillage plots that was evident 
by visual analysis was confirmed by hand harvesting and separation of the Trafficked and Untrafficked areas on 
the CTF plots. Figure 6, and the statistical analysis provided in Table 5, show that traffic resulted in a significant 
(p<0.05) reduction in grain yield on CTF plots. Untrafficked soil, across the three tillage systems, resulted in an 
increase in yields of 45% compared to the trafficked zone.  
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Figure 5. Winter wheat yield (t/ha) from combine harvester.  

 

Table 4. The effect of traffic systems and tillage systems and their interaction on yield (t/ha) of winter wheat determined by 

combine harvesting 

 

 
Traffic x Tillage system means (t/ha)   

 RTF LGP CTF  Mean 
Deep 7.29 7.71 7.93  7.65b 

Shallow 7.67 7.93 8.39  8.00b 
Zero  6.87 7.02 7.01  6.97a 
Mean 7.28a 7.55a 7.78a 7.54 

*Significance of the F-test at the probability level 0.05. NS: F-test not significant. Means followed by different letters are 

significantly different from each other at the 0.05 probability level. 

 

 

Figure 6. Hand harvested grain yield (t/ha) of winter wheat from trafficked and untrafficked areas of CTF plots.  
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Table 5. The effect of traffic and tillage and their interaction in Controlled Traffic Farming on grain yield of winter wheat 

determined by hand harvesting 

 Yield (t/ha) P LSD 

Traffic * 0.03 1.778 
Tillage NS 0.684 2.177 

Traffic x Tillage * 0.033 3.079 
    

Traffic x Tillage system means (t/ha)   
 Trafficked Untrafficked Mean 

Deep 7.69 8.97 8.33a 
Shallow 7.04 8.10 7.57a 

Zero  4.33 10.51 7.53a 
Mean 6.35a 9.19b 7.81 

*Significance of the F-test at the probability level 0.05. NS: F-test not significant. Means followed by different letters are 

significantly different from each other at the 0.05 probability level.  

 

4m wide plots were used in the research for operational reasons and to minimise any spatial variation of the 
physical properties of the underlying soil. As a result, the percentage trafficked area of the CTF plots was 30%, 
which compared to commercial practice is high. CTF farmers report a reduction in area trafficked to as low as 
15%. The estimated yields, based on the hand harvested data in Table 5, has been calculated for a system with 
a 15% trafficked area and is shown in Table 6. These results show that CTF, regardless of the tillage regime 
adopted, could increase yields by 11% compared to RTF. The yield for CTF Shallow Tillage, in comparison RTF 
Deep Tillage shows a predicted increase in yield of 19%.  

 

Table 6. Estimated winter wheat yields (t/ha) for Controlled Traffic Farming systems with a traffic lane area of 15%.  

 Yield (t/ha) 
Deep 7.98 

Shallow 8.68 
Zero  7.58 

Conclusion 

Traffic significantly increased penetration resistance at 100mm and 250mm and reduced water infiltration at the 
surface.  Traffic and tillage had no significant effect on SMD. The location of neutron probe access tubes has 
changed for the second experimental year (2013-2014) so that measurements are taken from the centre of 
trafficked zones.  

Traffic significantly reduced grain yield of winter wheat. The management of primary wheelways is important to 
maintain good crop establishment and growth. Winter Barley (Hordeum vulgare var Cassia) has been established 
on the plot trials for the experimental year 2013-2014 and is yet to be harvested. Visual assessment does not 
suggest that there has been the same problems with establishment in the wheelways that has been reported 
here.  

The results indicate that soil-water interactions and crop yield can be improved by limiting trafficking and reducing 
tillage. This project has been established as a long-term trial, and additional data on soil physical properties and 
crop growth from the current experimental year continue to be collected. The effect of traffic and tillage on energy 
requirements has been determined as reported by Arslan et al. (2014).   
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Appendix I 

The effect of tillage on SMD at harvest at the surface.  

 

 

 

 

 

 

 

 

 

The effect of tillage on SMD at harvest at 20cm  

 

 

 

 

 

 

 

 

 

The effect of tillage on SMD at harvest at 40cm  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The effect of tillage on SMD at harvest at 60cm  

 

 

 

SMD at 0cm  

 Significance P LSD 
Traffic NS 0.679 1.601 
Tillage NS 0.915 1.961 

Traffic x Tillage NS 0.433 2.774 

    

 Trafficked  Untrafficked Mean 

Deep 23.71 23.00 23.35 

Shallow 24.13 22.84 23.49 

Zero  22.57 23.63 23.10 

Mean 23.47 23.16 23.31 

SMD at 20cm  

 Significance P LSD 

Traffic NS 0.318 0.768 

Tillage NS 0.491 0.941 

Traffic x Tillage NS 0.673 1.331 

    

 Trafficked  Untrafficked Mean 

Deep 26.22 24.50 25.36 

Shallow 24.24 24.19 24.21 

Zero  25.11 24.50 24.81 

Mean 25.19 24.40 24.79 

SMD at 40cm  

 Significance P LSD 

Traffic NS 0.201 2.149 

Tillage NS 0.521 2.632 

Traffic x Tillage NS 0.926 3.722 

    

 Trafficked  Untrafficked Mean 

Deep 15.36 16.49 15.93 

Shallow 16.36 18.27 17.31 

Zero  15.78 16.78 16.28 

Mean 15.83 17.18 16.51 

SMD at 60cm  

 Significance P LSD 

Traffic NS 0.453 2.733 
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The effect of tillage on SMD at harvest at 80cm  

 

 

 

 

 

 

 

 

 

Tillage NS 0.099 3.347 

Traffic x Tillage NS 0.866 4.734 

    

 Trafficked  Untrafficked Mean 

Deep 12.77 13.77 13.27 

Shallow 16.65 16.78 16.72 

Zero  13.03 14.86 13.94 

Mean 14.15 15.14 14.64 

SMD at 80cm  

 Significance P LSD 

Traffic NS 0.675 3.776 

Tillage NS 0.235 4.625 

Traffic x Tillage NS 0.357 6.540 

    

 Trafficked  Untrafficked Mean 

Deep 8.70 6.77 7.73 

Shallow 9.36 13.69 11.52 

Zero  8.99 8.86 8.92 

Mean 9.01 9.77 9.39 


