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 It could be said that in terms of population growth modern agriculture is the underlying 
cause of global warming because of its success in moving us from a subsistence 

agriculture to one in which thousands are fed through the efforts of very few. As a 

result, populations have risen year on year at an increasing rate in line with the 
teachings of Malthus (1798) who stated that “population does invariably increase when 

the means of subsistence increase”. What Malthus almost certainly didn’t anticipate 

was the massive effect of fossil fuels on our means of subsistence increase. It has meant 
that many more people can now be supported by the efforts of relatively few, mainly 

through the high energy density of oil used in our primary production systems. One 

could also argue that proving the main hypothesis of this research will add to the 
problem of over-population by improving production efficiency but it will not change 

the truism which Malthus identified and which is already impinging on our 

consciousness’s, as evidenced by the recent conference on greenhouse gas emissions 
and food security (The Royal Society, 2011). Equally, improved production efficiency 

will use finite resources more sustainably and with reduced environmental impact but a 

range of measures will be needed to address the 70% shortfall in food supply predicted 
by 2050. 
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INTRODUCTION 

 

The aim of this review is to identify and assess the factors that deliver to the principal  

Hypothesis of the article, namely that avoiding most vehicle-related compaction on cropped areas is 

practical and where it is avoided altogether, improves soil structure and crop production efficiency. The review 

therefore has three main themes in the context of avoiding soil compaction, namely:  

-Soil structure and its interaction with the environment  

- Crop production efficiency  

- Practicality  

The overarching focus however is on soil and its management within a highly mechanized agriculture. The 

aim is to bring together and draw conclusions from research targeted at understanding the impact of field traffic 

on soils and cropping systems. Soils and their management is therefore a major backdrop to this review and as 

such, the first section looks at them in more detail. As a global resource, their potential in supporting a spiraling 

population will be assessed as well as the extent to which “Conservation Agriculture” can act as a means of 

addressing soil degradation.  The review will also discuss the likely outcome of avoiding all traffic-induced soil 

compaction and its implications in terms of soil health and function. The initial approach was to study published 

reviews whose role would be to identify those areas of importance within cropping systems and cereal crops in 

particular. These areas were then investigated in more detail by focusing on key papers to provide a more 

comprehensive quantification of the effects. Unfortunately, during this process it soon became evident that there 

is little or no standardization in research, either in the manner in which it is performed or reported. This creates 

enormous difficulty in interpretation and comparison. For example, some of the work reporting zero traffic was 

after annual ploughing, and often this could only be gleaned by inference rather than direct description. Equally, 

many papers do not mention site preparation or recent history leaving the reader uncertain whether the effects or 

lack of them are due to the treatments applied or to the initial soil condition. Equally, treatments and their 

manner of application are often poorly described, again making interpretation difficult. As a result and where 

possible only papers with clearly defined treatments and site conditions were used as a basis for comment and 
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discussion and particularly relevant reviews. In addition, the results from these and other papers were entered 

into a spreadsheet so that trends might be established by graphing data [1,5, 6]. 

In 2006 the European Commission published a communication to other European Institutions entitled “The 

Thematic Strategy for Soil Protection” which was a proposal for action to ensure a high level of protection for 

soils. As part of its ten year programmer there have been a number of scientific and technical reports and 

Houšková and Montanarella (2008) quote from the strategy in identifying soil compaction as one of the five 

most frequent threats to soils in Europe [2]. They suggest that compaction disrupts the soil balance with other 

parts of the environment and accelerates threats such as erosion from both wind and water. To determine the 

problem on a European level they assessed the soil’s susceptibility to compaction and created a “new actualized 

version of the Map of Soil Susceptibility to Compaction in Europe”. Jones et al. (2003) also identify the extent 

of risk, dividing this into “susceptibility” based on relatively stable soil properties such as texture, and on 

“vulnerability”, based on likely wetness when field operations might be in progress. Arndt and Rose (1966) 

made a crucial connection between traffic and tillage that was embraced in their observation that “excessive 

traffic necessitates excessive tillage” [4]. Further concern aboutpossible soil degradation due to machinery has 

been reflected in the studies by Jones et al. (2003) and Canarache & Van den Akker (2003) [8]. These databases 

concentrate particularly on the effects of traffic degradation or compaction of subsoils, raising concerns that 

wheel loads in excess of 6 Mg are now in danger of causing degradation deeper in the profile. Canarache & Van 

den Akker’s paper provides links to two European databases. The first, SOCOLIT, is a literature database on 

soil compaction and particularly that relating to subsoil compaction, while the second, SOCODB, is a specialist 

database providing details of over 600 field and laboratory experiments on the subject [5]. 

Although there are known and accepted links between heavy traffic and increased 

Cultivations, many farmers are being urged by science to adopt reduced or no till systems to conserve 

organic matter and thereby improve soil health [6]. The extent of adoption of these techniques was investigated 

by Benites et al. (2003) [7]. They found that the bulk of the 72 million ha under conservation agriculture (no-till, 

cover crops, retention of residues) worldwide is in Latin America, USA, Canada and Australia. The rest of the 

world constitutes only 3% of the total. There is also considerable extra potential in the US, where currently it 

represents only 20% of the area, and only 25% is practiced on a permanent basis. A number of authors have 

studied the effectiveness of these techniques in restoring soil health. jamshidi et al. (2014) concluded that 

minimal soil disturbance on hard setting soils (mineralogy dominated by kaolinite clay) can reverse the 

degradation that causes this problem [19]. However, Munkholm et al. (2003) in a 3 year study found that a 

sandy loam soil converted from moldboard ploughing to no-till quickly exhibited a higher bulk density and 

penetration resistance that perpetuated throughout the trial. The authors concluded that periodic non-inversion 

loosening of the lower part of the arable layer on this soil would be needed to sustain a no-till production system 

[8]. In complete contrast, [10] working on a silt loam concluded that reduced traffic intensity and lack of tillage 

were the reasons for both lower surface and sub-surface density of no-till compared with ploughing. Unger 

(1996) also identified traffic as the main contributor to differences in soil conditions after six years under no-till 

growing wheat and sorghum. Penetration resistance was 1.23 MPa under the trafficked furrow but only 1.13 

MPa in the non-trafficked. However, these differences were only significant to 150 mm depth and the trafficked 

and non-trafficked furrows could not be differentiated in terms of bulk density. [10] in their study of cross and 

radial ply tyre effects under long term no-till (9 years) and moldboard plough tillage found increased penetration 

resistance in no-till to 150 mm depth but lower resistance in the 150-300 mm profile compared with resistance 

in the ploughed profile. Below 300 mm there were no differences between treatments but at all depths and with 

both soil management options, resistance was always lower in the traffic free areas. [8] concluded that no-till 

had some beneficial effects on porosity, but although apparent at 120 mm depth, significant increases in 

percentage of pores >50 µm were confined to around 350 mm depth. [7] compared conventional tillage (chisel 

ploughing to 20 cm) and no-till for 14 years in a rotation of soybean and cereals. Although there were few 

differences in the early years of the trial, by its completion, soil macro porosity, saturated hydraulic 

conductivity, plant available water and water use efficiency were all greater under no-till. Similar changes were 

found by [3,12] on a silt soil in Poland. After six years of growing wheat with no-till, soil stability and an “S 

index” of soil quality had improved after an initial deterioration. [5] studying the soils that support the 

Australian grains and sugarcane industries determined that although nutrients and organic matter became 

stratified into surface layers the overwhelming effect of traffic with little tillage was increased soil strength and 

retarded early growth of crops. Although there was no evidence of reduced yields there was an increased 

susceptibility of cereal crops to deleterious soil organisms. [4] recorded a change in the density of collembolan, 

with no-till retaining larger densities than conventional tillage and mulch greater than no mulch. [2, 9] 

undertook a 25 year study to determine the differences in carbon sequestration with different tillage systems. 

Growing maize continuously for 14 years and soybean/maize in alternate years for 11 years they determined that 

soil bulk density was greater in the 50-200 mm profile under no-till and spring ploughing with cultivation, 

compared with spring moldboard ploughing without cultivation and autumn ploughing with cultivation. In 

contrast, soil organic carbon (SOC) storage in the 0-600 mm profile was greatest under the treatments with the 
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highest soil density. SOC in the 0-50 mm profile was around 12% higher for no-till, but when this was 

calculated on an equivalent mass basis, storage in the 0-400 mm layer was unaffected by time or tillage method. 

In reality, most of these differences would have been highly influenced by traffic intensity. Angers (1997) found 

that carbon and nitrogen storage in the 0-600 mm depth profile were unaffected by no-till, chisel ploughing or 

moldboard ploughing provided these treatments did not affect crop production levels, but the distribution of C 

and N were significantly affected by tillage method. jamshidi & et al (2014) concluded that particulate organic 

matter (POM) in the 0-200 mm profile was significantly greater after 13 years of no-till compared with disc 

tillage, but differences only became apparent after 5 years. Jamshidi and tayari (2014) concluded that no-till was 

a very beneficial system for the Mediterranean region as it increased soil organic matter, but there were some 

socio-economic, weed and other constraints to its adoption. [15,16] concluded that no-till was an economically 

viable system provided adequate consideration is given to maintaining soil structure.  Smith in his review 

(Smith, 2004) of soils as carbon sinks concluded that sequestering carbon in soil organic matter has a role to 

play in mitigating its build up in the atmosphere, but the accumulation is finite. Because historically soils 

globally have lost 40-90 Pg2 of carbon through cultivation and disturbance, there is good potential for some 

restorative sequestration amounting to around 0.9 ± 0.3 Pg C yr-1. Drawing overall conclusions from these 

disparate lines of research is difficult, but there is an underlying trend that mirrors the fundamental physics of 

soils, albeit with some modification due to their high biological content. As with any material, soil responds to 

imposed stresses and it is evident that initially loose soils quickly compact when traffic is applied in the absence 

of remedial tillage. It is also logical and demonstrated from the research, that when the soil remains undisturbed, 

even under high loads, some porosity (and therefore reduction in density) is gained through rooting, biological 

and fauna activity. Almost certainly this increased porosity will be dominated by vertical pores, particularly 

closer to the surface. Horizontal pores will tend to be closed due to vertical loads, but even these will increase 

with time as the structure becomes stronger and more stable. Slipping wheels and trafficking in moist conditions 

will have a deleterious effect on both these and vertical pores, even if they normally withstand high loads. Of 

particular interest would be research that documented the relative abundance of horizontal and vertical pores 

under different management regimes and this now looks possible [17,18]. In this methodology, soil is removed 

undisturbed in cores of up to 100 mm diameter and 200 mm in depth and are scanned with a three dimensional 

x-ray micro-CT system that shows the distribution of pores and their quantification on a micron scale.  So, 

conservation agriculture may have a period of deterioration in soil structure which is followed by a gradual 

improvement that leads to a stable condition supporting good crop growth.  
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