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Abstract. Agricultural production systems are increasingly characterised by extensive in-field trafficking of 
larger and heavier field machinery. The random nature of trafficking, covering 80-90% of the field area, that is 
characteristic of commercial practice, inevitably leads to negative impacts on soil, water and crop 
characteristics because of degraded soil structures, impeded root development, yield losses, water infiltration 
and pollution. Remedial action requires energy, time and cost. The future development of a sustainable 
agricultural sector needs to balance an increase in production whilst protecting the environment. Emerging 
technologies and engineering solutions have stimulated a recent shift towards reduced tillage methods and 
coupled with the development of traffic management systems, aided by Precision Agriculture (PA), aim to 
reduce the severity of compaction on cropped areas whilst improving efficiency and sustainability. Low Ground 
Pressure (LGP) systems can facilitate random trafficking and are often used to access fields during wet 
conditions whilst minimising the negative effects of field traffic. Alternatively, Controlled Traffic Farming (CTF) 
which is used predominantly in Australia confines field traffic to permanent wheel-ways and significantly 
reduces the total area trafficked to circa. 30% depending on working widths used.  

A multidisciplinary long-term project established at Harper Adams University (UK) in October 2011 is 
investigating the interaction between traffic and tillage on soil, crop and energy responses in a randomised and 
replicated study to determine the effects of Random Traffic Farming (RTF), Controlled Traffic Farming (CTF) 
and Low Ground Pressure (LGP) systems with Deep, Shallow and Zero Tillage. The aim of this study is to 
develop an integrated mechanisation system to optimise soil and water resources, crop growth, yields, system 
performance and economics in commercial agricultural practice.  

 

Keywords. Controlled traffic farming, low ground pressure traffic, random traffic, soil compaction, traffic 
management, tillage, sustainability. 
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Introduction 

The soil medium is the result of complex interacting  processes and cycles (Fitzpatrick, 1991) that act upon and 
within the soil (Gerrard, 2000). These processes produce appropriate conditions for root and crop growth 
including pore space, oxygen, root respiration and C02 diffusion (Forth, 1978). If misused, as has happened 
continuously over time under intensive agricultural production, the ability of soil to maintain its essential 
properties for this role is reduced (Gerrard, 2000).  

Random Traffic Farming (RTF) results in extensive compaction (Botta, 2009) and as machinery is becoming 
heavier the surface applied stresses penetrate deeper into the soil profile (Lamande and Schjonning, 2011) 
resulting in compaction that is more difficult to remove. Research from the Czech Republic has shown that RTF 
exposes as much as 86% of the field to at least one machinery pass in a year as shown in Figure 1a. The total 
area trafficked can be reduced to 64% in a conservation tillage system (Figure 1b) (Kroulik, 2011). Similar work 
in UK potato production has demonstrated that even before harvesting, circa 86% of a field in a RTF system 
can be trafficked in any one growing season (Kroulik, 2011).  

  

 

 

 

 

 

 

 

 

 

Figure 1 Machinery passes in a Random Traffic Farming system for conventional soil tillage (a) and minimum tillage (b) in 1 

hectare (Kroulik, 2011). 

 

As soils become compacted under trafficking, the structure of the pore system changes (Horn, 2003) leading to 
a decline in soil structure, restricted root system development, poor growth and reduced yields. In compacted 
soils, the change to the soil pore system reduces water holding capacity, aeration and rate of water infiltration. 
Not only does this reduce the amount of available water for plant growth but increases the risk of flooding and 
erosion (Forth,1978) and has a detrimental effect of nutrient cycling (Gerrard, 2000). Research conducted at 
Harper Adams University (Chyba, 2012) has shown that trafficking reduces water infiltration rates (Figure 2): 
rates on non-compacted soil were 73% higher than on wheel ways. This research also considered the effect of 
traffic passes on infiltration in a controlled environment (Figure 3). Results show that just 1 pass of a tractor 
causes a significant reduction (82%) in infiltration rate; there are no statistically significant changes due to 
subsequent trafficking.  

 

 

(b) (a) 
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Figure 2 The effect of compaction on water infiltration rate (Chyba et al., 2012).

 

Figure 3 The effect of number of traffic passes on water infiltration rate (Chyba, 2012). 

 

The use of Low Ground Pressure (LGP) running gear minimises soil compaction under increasingly heavy field 
machinery.  A preliminary study carried out in controlled conditions at Harper Adams University investigated the 
effect of tracks and tyres on soil pressure in a sandy loam soil at a depth of 300mm below the soil surface. The 
aim of this preliminary work was to determine the soil pressures under different running gear to be used in the 
plot trials presented later in this paper. The plot trials consider three traffic and three tillage treatments as 
shown in Table 1. The preliminary work determined whether a conventional tyre (Michelin MachXbib) at a low 
inflation pressure (0.7 bar front and rear) could simulate a LGP specific tyre (Michelin Axiobib) during a critical 
period of peak field activity. The use of tracks resulted in the lowest soil pressures as shown by Figure 4, which 
illustrates the soil pressures under trafficking. Peak pressure under the Challenger was significantly lower 
(p<0.05) than the peak pressure recorded under the “high pressure” treatments (MachXbib High, Axiobib High). 
There was no significant different (p>0.05) between the “low pressure” treatments (Challenger, MachXbib Low, 
Axiobib Low). Therefore, the standard MachXbib tyres at low inflation pressures are suitable to use as a LGP 
treatment in the field experiment.  
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Table 1. Tyre and inflation pressure specifications. 

Treatment Name Front tyre inflation pressure (bar) Rear tyre inflation pressure (bar) 

MachXbib Low 0.7 0.7 

MachXbib High 1.2 1.5 

Axiobib Low 0.7 0.7 

Axiobib High 1.2 1.5 

 

 

 

Figure 4 Soil pressure (bar) measured in sandy loam soil at a depth of 300mm under trafficking of vehicles fitted with tracks and 

tyres. 

 

The agricultural production sector faces many challenges in the future including soil degradation and water 
protection whilst balancing the challenge of sustainable food production (European Union, 2012). 
Advancements in reduced tillage and traffic management systems including Controlled Traffic Farming (CTF) 
and LGP, can improve soil structures, porosity (Kingwell and Fuchsbichler, 2011; Voorhees and Lindstrom, 
1984) and infiltration (Silburn and Glanville, 2002). This paper presents the methods by which this research will 
investigate these parameters in addition to crop growth and yield, systems performance and economics.  

Methods  

Site establishment and assessment of spatial heterogeneity 

The first year of this research considered the uniformity of the proposed study site on Large Marsh field (8.5 
ha.), Harper Adams University (52°46.7899’N, 002°25.5236’W). Following a process of drainage and 
normalisation, where the field was established in winter wheat (Triticum aestivum var. Duxford) in a 4m CTF 
system following subsoiling and ploughing, the spatial heterogeneity of the field was determined in terms of soil 
type and structure, crop growth and yield using in-field and remote sensing techniques. This process mapped 
the soil physical variances and determined the most homogenous zone for the positioning of plots, in addition 
to creating a baseline against which the effect of traffic and tillage treatments will be assessed. 
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Soils  

Texture is defined by the mineral and organic components of the soil chiefly the proportions of sand, silt and 
clay (Fitzpatrick, 1991) and determines the risk of certain soils to compaction and degradation (Trautner and 
Arvidsson, 2003).  Texture plays an important role in physical and chemical processes above and below the 
soil surface including root development, plant growth (Forth, 1978), water holding capacity, erosion and 
gaseous exchange (Gerrard, 2000). Data obtained from the Soil Survey and Land Research Centre (Cranfield, 
1988) were used to create a field map of texture variation (Figure 4a). Measurements of shallow (0-50cm) 
(Figure 4b) and deep (50-120cm) (Figure 4c) soil electrical conductivity provides information on soil conditions 
down the soil profile which are crucial to crop emergence and root development (Precision Decisions, 2011). 
Characterisation of the soil variation in Large Marsh, coupled with crop growth and yield, was an essential 
process prior to the location of plot trials in order to determine treatment effects.  

Crop growth and yield  

A map of Normalised Difference Vegetation Index (NDVI) (Figure 5) was created using measurements of 
variations in crop canopy development obtained from satellite imagery and ground calibration measurements. 
Farmers in commercial practice use this method to optimise nitrogen application to increase crop performance 
and yields and reduce crop variation, lodging and disease (SOYL, 2013). At harvest in October 2012, a Claas 
Dominator 85 combine harvester, fitted with a Ceres8000i yield monitoring system and Trimble GPS system 
was used to record live yields continuously. Individual plot yields were calculated based on hand-harvested 
quadrat samples and combine harvested removed grain weight. The effect of treatments on crop establishment 
were determined in January 2013 at Growth Stage 11/12.  

 

Results and Discussion I 

Spatial heterogeneity 

The assessment of soil and crop variances in Large Marsh, as shown in Figure 5, determined the allocation of 
the plot trials area, indicated by the red box.  

Soils 

The soil texture classification showed that the research site (delineated by the red box in Figure 5a) was 
predominantly Claverley soil series, a very slightly stony sandy loam with commonly high water contents 
throughout the winter, and lateral drainage through the upper soil profile from early spring (Cranfield, 1988).  
The remainder of the field consisted of a stony, sandy loams (Astely Hall, AH), clay loams/sandy clay loams 
(Pinder, PN), stony clay loam (Salop, Sh) and stony sandy loam/ loamy sand (Newport, Na). Although some of 
these soil types, e.g. Newport soil series, have better soil water and drainage regimes than Claverley soils, the 
northern part of the field is much more variable. 

Results of shallow (0-50cm) and deep electrical conductivity (50-120cm) are shown in Figure 5b and 5c 
respectively. Areas of higher electrical conductivity values represent heavier soils, with lower values indicating 
lighter soils (Precision Decisions, 2011). The proposed research site has more uniform shallow and deep 
electrical conductivity and is composed of lighter soils than the remainder of the field.  

Crop growth and yield 

Variations in crop canopy NDVI (Figure 6) existed in small areas on the research site compared to the 
remainder of the field where variations were greater. The research site (4 ha.) uniformly yielded 4.2 ± 0.26 t/ha 
of winter wheat (Triticum aestivum var. Duxford) at harvest 2012.   
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Figure 5 (a) Soil texture; electrical conductivity (b) shallow and (c) deep (dS/meter) of the experimental field “Large Marsh”. 

(b) 

(c) 

(a) 
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Figure 6 (a) Crop growth derived from measurements of NDVI in July 2012; and (b) yield (t/ha) for the plot trial area measured 

using an RDS Ceres 8000i yield monitoring device fitted to the combine harvester at harvest in October 2012.  

Experimental design and establishment 

Following harvest in October 2012, during which straw was chopped and spread, a MF8480 wheeled 
agricultural tractor trafficked different percentage areas of each plot to apply compaction based on results from 
Kroulik et al. (2011) as shown below in Figure 7. In commercial agricultural practice, different traffic and tillage 
systems will  expose the field area to different amounts of total trafficking. Throughout the year some areas of a 
field will receive one pass whilst others will receive two, three or more passes (Kroulik et al., 2011). The 
additional passes applied to the plots replicate these different levels of trafficking intensity on a plot scale. 
Trafficking in LGP treatments used tyres at 0.7b (front and rear) inflation pressure; in RTF treatments, tyres 
were inflated to 1.2b (front) and 1.5b (rear). 

 

(a) 

(b) 
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Figure 7 Compaction trafficking showing the number and location of additional passes. The total number of passes in a given 

area are indicated by the number value.  

 

A tracked Cat Challenger MT765C with a 4m Väderstad TopDown cultivated the deep (250mm) and shallow 
(100mm) tillage plots. Second winter wheat (Triticum aestivum var. Duxford) was drilled to establish treatments 
(n=9) on 9

th
 November 2012 using a Väderstad Rapid drill on all plots (deep, shallow and zero tillage). The UK 

experienced an extremely wet autumn period in 2012, which resulted in a delayed drill date but still within the 
acceptable period in terms of crop and variety. The experiment is a 3x3 factorial design (see Table 2) with 
treatments randomly allocated on plots (n=36) arranged in 4 blocks.  

 

Table 2. Traffic and Tillage treatments. 

Random Traffic Farming (RTF) Low Ground Pressure (LGP) Controlled Traffic Farming 

Deep Tillage Deep Tillage Deep Tillage 

Shallow Tillage Shallow Tillage Shallow Tillage 

Zero Tillage  Zero Tillage  Zero Tillage  

 

 

 

 

 

  2 extra passes     1 extra pass  Primary wheelways    
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Results and Discussion II 

The diagram in Figure 7 shows the amount and location of traffic passes for each treatment: the effect of this 
trafficking is shown in the field after harvest in Figure 8. The effect of additional passes in RTF and LGP 
treatments is evident, and shown to be more extensive across Deep and Shallow treatments in both trafficking 
systems. It is clear to see the absence of traffic on the area in the centre of the primary wheelways in the CTF 
treatments where traffic is confined to the wheelways and no additional passes were applied.  

Figure 9 shows the amount of stubble and surface trash remaining on the soil surface. Zero tillage plots 
received no tillage and therefore no incorporation of stubble and crop residues occurred, leaving a straw mat 
as shown in the photographs. There is little difference between the residue remaining on the surface in deep 
and shallow tillage, but the key difference between these tillage treatments is the cultivation depth.  

The effect of treatments on crop establishment (GS11/12) were determined in January 2013. The interaction of 
traffic and tillage had no significant effect on crop emergence (p>0.05). 

 

Table 3. The effect of traffic and tillage on crop establishment (plants/m
2
) 

Tillage Random Traffic Farming (RTF Low Ground Pressure (LGP) Controlled Traffic Farming (CTF) 

Deep Tillage 164 117 149 

Shallow Tillage 167 151 135 

Zero Tillage 110 153 124 

 

Visual assessment of the crop growth (see Figure 10) at GS37/39 on 29
th
 May 2013 is highlighting crop growth 

variation between treatments, with an indication of uneven crop growth in Zero Tillage plots, with poor 
establishment particularly in primary wheelways.  
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 Figure 8 Typical surface wheelings for each treatment in October 2012. 
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Figure 9 Surface residues following the tillage regimes applied to plots in November 2012. 
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Figure 10 Crop growth at GS37/39 in May 2013. 
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Conclusions and further work 

Traffic and tillage had no effect on crop establishment at GS11/12. As the crop progresses through the Growth 
Stages, there is evidence of poor crop development uniformity in Zero Tillage treatments where no residue 
management or tillage induced soil disturbance was conducted. Poor uniformity could be due to late drill date, 
in addition to surface trash. These observations will be quantified using measurement of crop biomass through 
NDVI and final yield, and analysis of penetrometer data, soil bulk density and moisture regime will provide a 
better understanding of the soil and crop interactions that are occurring to effect crop growth.  

This study is part of a long-term trial to continue for at least ten years during which measurements will assess 
the soil, crop and energy responses. This unique research will for the first time consider three levels of traffic 
and three levels of tillage in plot trials conducted in one location across uniform soil conditions, where 
establishment has occurred following a period of site normalization – a rare and valuable opportunity in field 
work. Treatments will be evaluated for the duration of the research based on soil (moisture, penetrometer 
resistance, bulk density) and crop properties (establishment, development, and yield), draught requirement and 
fuel usage. The soil moisture regime over the growing cycle is continuously monitored using neutron probes 
located in the centre of each plot. 

The research will also consider the system performance of treatments, specifically LGP and CTF systems, on 
UK commercial farms over a range of soil and crop types to determine system performance. A series of UK-
based case studies will determine the current situation of UK traffic and tillage management systems and 
provide analysis of farmers’ motivations, problems and solutions. Previous work has highlighted the importance 
of wheel-way management in CTF systems and this work will consider the effect of LGP tracks and tyres on 
soil pressures to reduce compaction and trafficability. It is anticipated that the information provided from this 
research will allow for the assessment and, working with manufacturers, the development of the optimum 
system design for machinery management in crop production.  
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