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Part1  
Introduction 

In May 2005, a field meeting was held in northern France. The objective was to 

compare ten different methods which have been developed in different parts of the 

world to assess soil structure directly in the field. Each method was to be used on the 

same soil so that the results could be compared. The methods use visual and tactile 

techniques to make the assessment; some are used to evaluate the physical condition 

of the topsoil (tilled layer) and others of the whole soil profile (the entire root zone). 

There is a strong emphasis on the evaluation of compaction or of other physical 

limitations. One complementary objective of the meeting was to try to reach 

agreement to select one or more methods to deal with specific physical problems.  

Facilities were provided by INRA so that it was possible to demonstrate and evaluate  

each method on the same soils on four areas of land with contrasting structure. 

On the first day, each participant made an assessment using their specific method on a 

maize field where 10 similar experimental plots were made available.  The field had 

been ploughed with a mouldboard to a depth of 30 cm.  The maize had only recently 

emerged and was in the 2 to 3 leaf stage.  The results of each individual test were 

presented to the rest of the group; a lively discussion ensued.  

On the second day, each of the methods was tested on 3 contrasting plots of a long 

term experiment. The objective was to test the ability of each method to differentiate 

between the soil structure developed under different systems of soil management. The 

organisation was flexible so that the participants could continue free discussion during 

the tests.  During the afternoon, each participant presented the results of their 

evaluation of the 3 situations described and gave some critical conclusions about the 

advantage and weakness of their method. 

The last day was focused on a general discussion and an attempt to make a global 

synthesis of the 10 methods. Consideration was given to the similarity of some of the 

methods and whether a degree of amalgamation would be possible. It was agreed to 

continue cooperation on this subject and several recommendations were made. 

Site  

The main comparisons were made on a long term experiment at Estrées-Mons 

(Péronne, 50°N latitude, 3°E longitude, 85 m elevation). The effects of different soil 

cultivation and cropping systems are under investigation to evaluate change of soil 

structure with time in a loamy soil. Three cropping systems, which produced a wide 

range of soil conditions because of differing field operations, were combined with two 

soil cultivation systems: conventional tillage with mouldboard ploughing every year 

(from 1989) and reduced tillage (from 1999) with only 5 cm deep surface tillage.  

The main comparisons were made on three plots. The tillage treatments and cropping 

rotations in the plots selected for evaluation are given below; the crops growing in 

2005 are shown in upper case. 

       Plot 8.  Rotation - PEAS, winter wheat, flax, winter wheat 

Tillage - surface tillage only, no mouldboard ploughing 

       Plot 9.  Rotation - SUGAR BEET, winter wheat, maize (grain), winter wheat 

Tillage - surface tillage only, no mouldboard ploughing 

       Plot 17.  Rotation - PEAS, winter wheat, flax, winter wheat 
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Tillage - mouldboard ploughing  

The soil was classified as a silt loam (Luvisol Orthic, FAO classification). It 

contained an average of 190 g clay kg
-1
, 738 g silt kg

-1
, 50 g sand kg

-1
, 17 g organic 

matter kg
-1
, 5 g CaCO3 kg

-1
 and had a pH of 7.6. Soil water contents at -10, -50, -100 

and -1500 kPa were 0.252, 0.213, 0.164 and 0.083 g g
-1
 respectively.  

 

The methods   

A standard presentation has been used so that comparisons can be readily made 

between the different methods. The following paragraph headings have been used; 

objectives and users; advantages/limitations; equipment needed; time taken; outline of 

the method (include key criteria and score range); validation and future developments; 

references:  

A. Methods based on soil profile evaluation 

The examination of the soil profile has been a standard technique for many soil 

scientists. It is widely used in pedology, soil surveys and land evaluation as well as 

for soil management. The techniques may be comprehensive and detailed as 

described, for example, in soil survey manuals; they often relate to soils in their 

natural or undisturbed state. To evaluate soil structure in relation to the management 

of soils, specific techniques have been developed which look in detail at a limited 

number of properties often in a specific location down the profile. 

 

1. Whole profile assessment, T Batey, Scotland 

Objectives and users: This method has two objectives. First, to determine the 

inherent capability of the soil to determine its potential for cropping and second, to 

identify any limitations as a result of the management of the soil, such as compaction. 

It is a basic tool used by consultants and researchers in many countries to evaluate 

land capability and particularly for the diagnosis of poor crop growth. The results may 

be used to determine the need, if any, for deep soil loosening. With training, it can 

also be used by agronomists and farmers, particularly when limited criteria are 

needed, e.g. to assess compact soil. 

Advantages/limitations: The method is flexible and can deal with a wide range of 

situations. It can be used at any time of the year on bare land and under crop, grass or 

forest.  Slight changes in physical condition can be found which may be difficult to 

detect  by other means. The examination and evaluation can be completed on-the-spot 

and the results are immediately available for assessment. 

A hole or trench is required to expose the profile face, which may be dug either 

manually or with a mechanical digger. For the latter, vehicular access is required 

which may damage the crop or soil. It is not usually possible to replace the soil 

exactly as it was before the hole was dug. The technique is therefore not suitable for 

the assessment of small-plot experiments. 

Equipment needed: The means to dig a hole; the depth is normally limited by safety 

considerations to a depth of 1.2 or 1.5 m. Samples from a greater depth may be 

extracted using an open-screw auger. For evaluation of the profile face, a spade, knife 

or trowel may be used to probe and expose the structure of the soil; a geological 

hammer can aid the removal of soil from the face. On non-cohesive soils bellows 
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(Boizard) or a water spray (Blackwell) may be used to wash off  loose soil and expose 

firmer or more dense layers. To determine soil texture in the field, a source of water is 

needed. 

Time taken: Apart from the time required to dig the hole, the assessment of the 

profile may take from 20 to 40 minutes, depending on the complexity of the profile 

and on whether the examination is limited to one specific criterion, for example soil 

compaction. 

Outline of the method: Any smearing or alteration of the face made during 

excavation of the hole must be removed to expose undisturbed features. To evaluate 

the capability of the soil, the key criteria include an assessment of soil texture by hand 

(and thus available water capacity), colour and potential rooting depth. For the 

assessment of potential limiting layers, key criteria include soil colour; development, 

strength and stability of structure; dense and compacted soil and degree of fissuring. 

Secondary (or consequential) criteria include changes in soil moisture with depth, the 

formation of saturated zones, anaerobic zones and the pattern of roots. No specific 

score is given although several of the methods described below, can be adapted and 

used on a specific part of the exposed face. 

Validation and future developments: The method has been used extensively in 

many countries over a long period. It is widely accepted as a diagnostic tool to 

elucidate crop problems related to the physical condition of the soil, for example see 

Moore (2004) 

References:  
 
Batey T. 2000. 15. Soil profile description and evaluation. in Smith KA & Mullins CE 

 Eds. Soil and Environmental Analysis: physical methods 2
nd
 Edition. New York 

: Marcel Dekker, Inc. 

Batey T. and McKenzie D.C. 2006. Soil compaction: identification directly in the field. 

 Soil Use and Management 22, 123-131. 

Moore G. (Ed) 2004. Soil guide: a handbook for understanding and managing agricultural 

 soils. Department of Agriculture, Western Australia, Bulletin 4343. 

 

 

Direct field assessment of soil physical conditions by Tom Batey  
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2. SOILpak method, DC McKenzie, Australia. 

Objectives and users: The SOILpak scoring procedure was designed originally to 

assess compaction under irrigated cotton on Vertisols (McKenzie 1998). It is now 

applicable to a wide range of soil types (apart from sands) and cropping systems 

(Anderson et al. 1999). It is part of a comprehensive Decision Support System for the 

assessment and management of soil quality. 

There are two common situations when the  SOILpak method is used: 

• Post-harvest (to aid yield map interpretation).  

• New developments (when cotton or other new crops are to be introduced).  

The “SOILpak score” procedure examines soil structural form (“compaction 

severity”), structural stability in water and structural resilience (Kay, 1990). The key 

consideration which links the separate components of the procedure is crop root 

growth. The SOILpak scoring procedure is linked to aeration and strength limitations 

that are summarised within the non-limiting water range framework (McKenzie and 

McBratney 1998).  

The target audience for SOILpak assessment is mainly crop management consultants 

and leading farmers who require fast and inexpensive techniques (Figure 1). Soil 

researchers also are encouraged to use the SOILpak method so that an initial 

screening of a study site can occur prior to detailed measurements that are well 

targeted.  

Advantages/limitations 

The SOILpak scoring procedure works particularly well on Vertisols where controlled 

traffic farming is practised and yield maps are available. However, it can be useful 

under any farming system on clay-rich or loam soil. 

Beginners can start with a basic 3-point (0, 1, 2) scale, with a little experience a 5-

point (0.0, 0.5, 1.0, 1.5, 2.0) scale can be used whereas experienced operators use a 21 

point (0.1, 0.2, 0.3, …… 1.9, 2.0) scale. If required, this scale could easily be 

converted to a deci-metric scale.  

 

Figure 1. A schematic diagram showing the texture range over which the SOILpak scoring 

procedure is most effective, and its approximate cost in relation to other ‘soil structural form’ 

measuring techniques that range in complexity from simple spade inspections to detailed 

assessments of soil  
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A limitation of the SOILpak scoring procedure, however, is that it becomes more 

difficult to use as the sand content of the soil increases. 

A trench approximately 1.4 metres deep and 0.8 metres wide is required. Some 

landholders consider this approach to be excessively disruptive to their operations. 

They prefer inspections via 0.4 metre deep mini-pits dug with a tiling spade.  

The application of “moderate” hand pressure to a soil sample prior to assessment of 

aggregate/clod size is a poorly defined concept, particularly in situations where the 

soil is dry and extra pressure needs to be exerted.  

Better photographic standards are needed by users of the SOILpak system, 

particularly on loam soil. NSRI (2002) and Shepherd (2000) provide good examples 

of what is possible with eye-catching illustrations.  

Equipment needed: Mechanical digger, long-handled and short-handled geological 

picks, tiling spade, trimming knives, depth indicator, petri dishes, distilled water, 

spray bottle, pH indicator solution and reference card.  

Time taken: Approximately 25 minutes for a “rapid” inspection; about 90 minutes for 

a “detailed” inspection with paint impregnation and replication.  

Outline: The upper 90 cm of the root zone is assessed after the pit face has been 

picked back to remove soil disturbed by the bucket of the excavator. The target depths 

are: 0-10 cm (topsoil), 10-30 cm (sub-surface), 30-60 cm (upper subsoil), 60-90 cm 

(mid subsoil). A 7 cm cube of soil is evaluated from the centre of each of these depth 

intervals.  

Where controlled traffic and raised bed farming is being examined, the assessment 

zones are under the bed next to the main wheel track, and under a bed not adjacent to 

a main wheel track. Where the traffic patterns have been random, the scoring should 

be carried out under both the worst (under wheel) and best (inter wheel) sections of 

the trimmed pits face, which is oriented at right angles to the main direction of 

machinery movement.  

The SOILpak score is on a scale ranging from 0.0 to 2.0. It is linked to management 

by way of Figure 2.  

 

 

Figure 2 Relationship between SOILpak ‘structural form’ scores and compaction alleviation 

recommendations.  
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The clod/aggregate factors taken into account are:  

• Size after applying moderate hand pressure  

• Resistance to deformation  

• Shape  

• Clods within clods (related to soil friability) 

• Internal porosity of the smallest observable clods.  

There is a weighted averaging procedure (McKenzie 2001a) that can be applied where 

the scores for the various factors do not agree.  

Over-ride factors are used in the following circumstances: 

• Where there are inter-connected vertical macropores (add 0.5 to the SOILpak 

score if it is less than 1.5) (at least 2 obvious macropores in the 7 cm cube). 

Their presence can be determined by pouring onto the soil in the field a mix of 

one part white emulsion paint and 7 parts water. The macropores can be 

highlighted by excavating the soil. after a period of 2 hours. 

• Thin smeared layer (often with associated anaerobism) within the depth 

interval under consideration (down-grade the SOILpak score to 0.5, if the 

score is above 0.5)  

• Crusts (where there is a surface crust with a thickness greater than 5 mm, 

down-grade the SOILpak score of the topsoil to 1.0 if it is above 1.0).  

The following training material is available to users of SOILpak: 

• Loose-leaf manuals (McKenzie 1998, Anderson et al. 1999) 

• Summary brochure with colour illustrations (McKenzie et al. 2003) 

• Internet (www.agric.nsw.gov.au/reader/soil-management-guides)  

• Video/DVD that includes a description of how to carry out the SOILpak 

scoring procedure.  

Validation and future development 

 SOILpak is derived from European and British methods (Batey, 2000). Although it is 

only a semi-quantitative methods for assessing soil structural form, research described 

by McKenzie (2001a, 2001b) showed that visual-tactile methods of assessing soil 

conditions were at least as good as those using a range of standard physical tests 

Special procedures need to be prepared for sandy soil. Dr Paul Blackwell (WA 

Department of Agriculture) is developing rapid diagnostic procedures for the 

assessment of compaction (via the use of penetrometers) and water repellence in 

sandy soil.  

Rather than applying moderate hand pressure to soil prior to clod/aggregate 

assessment, it is recommended that a moist sample be dropped onto a wooden board 

(Shepherd 2000) from a height of one metre. Dry samples perhaps should be dropped 

from a height of 1.5 metres – research is needed to improve this recommendation.  

The over-ride factor definitions need to be refined, for example via the use of 

reference images that can be compared with the paint-impregnated soil.  

Soil processes other than root growth – such as water movement and greenhouse gas 

emission – need to be correlated with the SOILpak scores.  
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Critical evaluation of the SOILpak scoring procedure by David McKenzie 
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3. Le profil cultural, H Boizard, G Richard, J Roger-Estrade, France. 

Objectives and users : The main objective of the method is to estimate the effects of 

cultural operations on soil structure and plant growth. Agronomic potential (as the 

volume of soil potentially exploitable by the roots or available water content) may be 

also evaluated. 

The “Profil cultural” is used by scientists as a research tool to assess soil structure 

conditions in many field experiments and in field experiments whose main purpose is 

the study of soil structure dynamics (compaction, fragmentation, modelling (see the 3 

papers cited below) or consequences of  soil structure impedance on root growth and 

functioning or crop emergence. The method is also used for field studies on water 

transfer modelling and on denitrification. 

This method is widely used in France for field assessment of soil structure or/and 

agronomic potential by extension advisers.  

Advantages and limitations  

Advantages: It provides a detailed analysis of spatial and temporal variation in soil 

structure and porosity at the field scale. The method clearly identified the location of 

very highly compacted soil at the surface and of any inverted portions within the soil 

profile.  The method provided a useful means of stratifying the soil profile face for 

further assessment. It also indicated the significance of soil compaction and soil 

structure degradation found under wheeled traffic. 

Limitations/weaknesses: mechanical digger needed, a destructive method, good soil 

structure assessment needs some training. 

Equipment:  

A mechanical shovel is required to dig the pit; fork and spade are complementary 

tools; powerful bellows to clean off the fine soil; a knife with a short blade to help 

user to "feel" (12.5 x 3.5 cm at the base); a digital camera and image analysis 

(optional to quantify compacted zones areas). 

Time taken: For a 3-m wide face of a soil pit takes about 1-3 hours depending on the 

ease with which the different tilled layers can be distinguished and soil structure 

variability. 

Outline of the method  

A pit is dug at right-angles to most of the wheeled traffic and the direction of tillage. 

The location and size of the pit are chosen so that it is representative of the spatial 

variability of soil structure in the tilled horizons. The method involves a whole profile 

examination using a pit about 1 m deep. The layers in the soil are identified, as well as 

the occurrence of macropores and root distribution(fig. 3).  The scheme uses a system 

developed by Gautronneau and Manichon (1987) and described in Roger-Estrade et 

al. (2004), the “Profil Cultural” that is intended to describe a cultivated soil profile.  It 

identifies the man-made horizons (H0 to H8) and then identifies the lateral variability 

that can be introduced by machinery operations (L1 to L3).  Hence a section of soil 

maybe defined by two identifiers such as H5L2 which indicates the section of soil has 

been loosened at the last ploughing (H5), and has been affected by machinery wheels 

at secondary cultivation (L2). 
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Fig.3 . Principle of the stratification of the observation face of a soil pit. Vertical 

stratification : H1 = seed bed ; H5 = part of the ploughed layer untilled since the last 

ploughing ; H6 = part of the ploughed layer located between the last plough pan and a 

deeper plough pan ; P1 = first untilled layer. Lateral stratification : L1 = part of the profile 

located under the wheel tracks of field operation(s) done after secondary tillage (visible at 

soil surface) ; L2 = part of the profile located under the wheel tracks of field operation(s) at 

secondary tillage ; L3 = part of the profile un wheeled since ploughing. 

 Score range: Qualitative assessment. The percentage of very high compacted zones 

areas may be also estimated or calculated from photographs and image analysis 

Key criteria: Transition between the tilled layers; internal structural state of clods or 

zones (no visible porosity, no visible porosity with cracks or visible porosity); type of 

structural state (continuous, formed with clods > 10cm diameter or  porous without 

clods > 10 cm diameter). 

 A series of internal structural states are identified: 

� ∆ - clods subjected to severe stress and that have no structural pore space, only textural 
pore space remains  

� Φ - develops from ∆ clods by a set of natural soil structural developing agents (mainly 

frost and  swelling) 
� Γ - originates from an agglomeration of finer elements in the absence of major anthropic 

stresses – lower clod density than ∆ clods but more variable. 

Further symbols are used to describe the way clods are assembled as below: 
� M – massive state, only one clod, one structural element, 

� FD – structural elements are fused together, difficult to discern 

� FE - structural elements are fused together, easy to discern 

� B – individual elements, broken 

Additional information: 
� dimensions of clods 

� ratio of clods to fine soil 

� presence of cavities in the soil V(> 5cm), v(1-5 cm) 

� presence of shrinkage cracks 

The type of structural state: 
� o – as in an open, non-compacted structure: dominance of B and FE assemblages without 

10 cm clods or large cavities, typical of a strongly fragmented plough layer. 

� b – as in a block, dominance of M and BV clods: separated by larger cavities, little fine 

soil, typical of a slightly fragmented plough layer (big clods) 

Vertical 

stratification

H1

H5

H6

P1Lateral

stratification L1 L3 L2 L3 L1

Vertical 

stratification

H1

H5

H6

P1Lateral

stratification L1 L3 L2 L3 L1
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� c – as in continuous: no notable structural discontinuities, dominance of M and FD, 

typical of post-ploughing compaction on very fragmented fine soil. 

The type of structural state (o,b,c) and the dominant internal state (∆,  Φ and Γ) are 

generally associated  to qualify the soil structure of a morphological unit : oΓ is  an 

open structure with dominance of Γ aggregates; c∆  is continuous structure with a 

massive and ∆ soil structure. 

  

‘Le profil cultural’ method, demonstrated by Hubert Boizard in a field that had recently been 

mouldboard ploughed.  

Validation and future development: in many situations, this method has proved to 

be effective for field characterization of soil structure dynamics and spatial variation. 

Moreover physical measurements (bulk density, compaction test, water retention) 

demonstrated that physical behaviour was different between clods identified in the 

field. 

References:  
Internet site where the method is explained: http://www.isara.fr/ 

Roger-Estrade J., Richard G., Caneill J., Boizard H., Coquet Y., Défossez P., Manichon H., 

2004. Morphological characterisation of soil structure in tilled fields. From a diagnosis 

method to the modelling of structural changes over time. Soil & Tillage Research. 79, issue1, 

pp 33-49 

Richard G. , Boizard H., Roger-Estrade J., Boiffin J. and Gu‚rif J. 1999. Field study of soil 

compaction due to traffic in northern France: pore space and morphological analysis of 

compacted zones. Soil and Tillage Research 51, 151-160 

Roger-Estrade J., Richard G., Boizard H., Caneill J. and Manichon H.  2000. Modelling 

structural changes in tilled topsoil as a function of cropping system. European J. Soil Sci., 51, 

455-474. 

Boizard H., Richard G., Roger Estrade J., Dürr C. and Boiffin J. 2002 Cumulative effects of 

cropping systems on the structure of the tilled layer in northern France. Soil and Tillage 

Research 64, 149-164 
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B Methods based on topsoil examination 

Most of these methods are based on the visual and tactile evaluation of soil extracted 

with a spade. They differ in the amount of effort used to break the soil apart and in the 

criteria used to assign a numeric value. 

4. Peerlkamp score, T Batey, Scotland. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Peerlkamp procedure is a long-established  method for assessing topsoil structure, 

developed originally in The Netherlands in the 1950’s.  

Objectives and users: To assess the soil physical characteristics systematically to 

give a numeric assessment of the quality of the soil structure within the topsoil or 

tilled layer. It can be used by researchers, consultants and , with training, by farmers. 

Advantages/limitations: The method is rapid, flexible, holistic, requiring  simple 

low-cost equipment. Disturbance of the land is minimal; access to the land only by 

foot is needed and a small volume of soil required for each individual test. Because of 

the short time taken for each test, adequate numbers can be done, up to 20, to enable 

statistical comparisons to be made between land units or experimental plots. The test 

is normally limited to the topsoil (which can be divided into 2 depths if there is a 

marked separation); it can be adapted to assess deeper layers. The test is most easily 

done on soils that are moist. It is difficult to do when soils are very dry, very wet or 

stony. 

Equipment needed: One spade with a flat or slightly curved blade  approximately 20 

cm wide and 25 cm long., one measuring tape marked in cm intervals. 

Time taken: 30 mins for 10 individual assessments. 

Outline of the method:  The test is best done on moist soil close to field capacity. 

Although most suited to arable soils, it can be used also on grassland. An area is 

 

Peerlkamp method by Tom Batey 
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selected which shows features typical of the land unit to be assessed. The structure is 

examined at a minimum of 10, preferably 20 spots. An access hole is first dug slightly 

wider and deeper than the spade in use. While doing this, leave one side of the hole 

untrampled and in an undisturbed condition. From behind the undisturbed face, 

remove an entire spadeful of soil some 15-20 cm thick. To ease extraction of the soil, 

first make a cut with the spade on each side of the slice to be removed. The spadeful 

of soil is carefully uplifted and laid on the ground, then gently manipulated by hand. 

The key criterion is to assess the block of soil for its potential as a medium for 

exploitation by crop roots. Begin at the original surface and break the spadeful of soil 

gently apart by hand. Using the guide below, assign an St number to the whole 

spadeful. The field soil texture should also be assessed. When making assessments, it 

is better to make more scores than to spend a long time over an individual spadeful. 

Careful attention is paid to the size, shape, porosity and strength of aggregates and 

whether zones of anaerobic soil are present. The stability of aggregates on the surface 

is also examined. The assumptions made are that fine and medium crumb-sized 

aggregates, high porosity and the absence of a surface crust are beneficial to root 

development and crop growth. Subjective differences between operators can be 

minimized by regular standardisation sessions. By referring to the guidelines below, 

an St score is assigned to the whole  spadeful of soil with values from St 1 (worst) to 

St  9 (best).  

Validation and future developments: Papers by Peerkamp and Boekel in the 1960’s 

gave relationships between the St value and other soil properties such as organic 

matter. The test has also been shown to distinguish between cropping systems in a 

long-term ley-arable experiment (Eagle). Following the investigations at Peronne, a 

modified Peerlkamp method has been developed and tested; copies may be obtained 

from BC Ball. The modifications include a standardised drop test to shatter the soil,  

improved description of classes, photographs of each class and a reduction in the 

score range from 10 to 5. 

St guidelines for cohesive soils, from loam to clay in texture 
 
St 9  Entire layer all porous crumbs, very few dense aggregates 

St 7  Entire layer mostly porous crumbs partly combined as porous aggregates. Occasional 

denser clods 

St 5  Large but porous aggregates, rather smooth crack faces      

 or           Top 7-8 cm small porous aggregates with denser layer below 

St 3  Large dense aggregates, smooth crack faces, roots between aggregates 

 or  Top 6 cm angular dense aggregates, very dense below 

St 1  Layer consists entirely of large dense clods, smooth dense crack faces, reducing 

(anaerobic) conditions may be present, roots only in cracks 

 
References: 
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A Classification of Surface Soils for the Selection of Tillage Practices 
and the Management of Soil Structure, Brian Murphy, Australia. 

Introduction 

A surface scheme for classifying surface soils was developed in the late 1990’s by 

Lawrie et al (2000, 2002).  The scheme has been used in the field by advisory officers 

in Central Western New South Wales to assist in giving advice on recommended 

tillage and soil structure management.  Essentially the scheme identifies in which part 

of the “surface soil texture and structure spectrum” that a particular soil is located (see 

Table 1) for a wide range of climatic zones and soil conditions 

The soil structure evaluation section considers the following soil features (as 

defined by Kay 1990): 

• Structural form in an un-degraded and degraded condition.  

• Structural stability in water.  

• Structural resilience.  

The groups defined by this Scheme will vary in these soil features and this has 

significant implications for soil management and for the consequences of soil 

degradation.  .  This can assist greatly in understanding and recommending the most 

appropriate soil management practices for a particular soil.  It is particularly useful for 

the tillage management of soils.  

Objective and users 

This scheme has been used to classify surface soils in the Central Western wheat belt 

of New South Wales, Australia so that assistance can be given with the following 

issues: 

�  the selection of tillage practices and equipment, (dry strength, soil strength - 

moisture relationships, trafficability after rain, susceptibility to smearing, friability 

and susceptibility to cloddiness)  

� the stability and resilience of the soil to structure degradation 

� the selection of methods for soil structure improvement 

� the effects of soil structure degradation on crop growth and management options 

� the selection of more complex methods to evaluate and assess the structure of the 

soil. 

The principal users of the scheme include soil mapping staff, agricultural advisors and 

farmers, especially those undertaking cropping.  It provides a general introduction to 

the soils on a site and provides guidelines on how the soils are likely to behave under 

different land management practices, and also on what soil testing methods are likely 

to provide the most useful information.  This scheme can be used to put the results 

from other tests into a context for making recommendations and evaluations about 

soil management. 

Advantages/limitations 

The scheme is based largely on standard soil survey information that is currently 

available or can be readily obtained in the field.  Further refinement of the Scheme is 

required via the application of other visual evaluation and assessment methods of soils 

that are outlined in this compendium.  The advantages and limitations are outlined 

below. 

a.  Advantages 
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Table 1. The “Surface Soil Texture and Structure Spectrum” or the Central West Surface Soil 

Classification (CWSSC) - logic table to determine surface soil type –  

Field texture Modifier Symbol Outcome – Surface soil type 
Loose sand Nil S Loose sand 

    

Sandy loam Nil SL Fragile light textured surface soil 

    

Fine sandy loam Normal FSLn Fragile light textured soil 

 High levels of silt 
and very fine sand 

FSLh Fragile light textured soil – very hardsetting 

    

Loam Normal Ln Fragile medium  textured soil 

 Weakly sodic  Lws Weakly sodic loam surface soil 

 Strongly sodic Lss Strongly sodic loam surface soil 

    

Clay loam Normal CLn Fragile medium  textured soil 

 Friable/oxic CLf Friable/oxic clay loam surface soil 

 Weakly sodic  Clws Weakly sodic clay loam surface soil 

 Strongly sodic CLss Strongly sodic clay loam surface soil 

    

Light clay Friable/oxic LCf Friable/oxic clay surface soil 

 Strongly self-
mulching 

LCsm Strongly self-mulching surface soil 

 Weakly self-
mulching 

LCwm Weakly self-mulching surface soil 

 Weakly sodic LCws Weakly sodic / coarsely structured clay  
surface soil 

 Strongly sodic LCss Strongly sodic surface soil 

    

Medium - heavy 
clay 

Friable/oxic HCf Friable/oxic clay surface soil 

 Strongly self-
mulching 

HCsm Strongly self-mulching surface soil 

 Weakly self-
mulching 

HCwm Weakly self-mulching surface soil 

 Weakly sodic HCws Weakly sodic / coarsely structured clay  
surface soil 

 Strongly sodic HCss Strongly sodic surface soil 

    

Highly organic 
soils 

Mineral soils with 
high organic 
matter 

Om Mineral soils with high organic matter 

 Organic / peat 
soils 

Op Organic / peat soils 

� The scheme is based largely on readily obtained field data (texture and structure) 

or data that is available to a limited degree from soil maps 

� The scheme identifies the nature of the surface soil in terms of the likely impact of 

different management practices: 

� Brief observations on the characteristics of the soil surface can give an overview of 

the best ways to manage soils (through improvement of soil structure stability and 

resilience) and a good indication of the potential damage from soil degradation.  

� The more detailed levels of grouping soils can identify some specific soil problems 

(eg soil sodicity and hardsetting) and give clues about amelioration of soil 

structure. 

b.  Disadvantages 

� The scheme is aimed at the catchment plan level of decisions and is not always 

adequate for detailed soil investigations at a particular site or field. 
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� There is a lack of resolution in the methodology.  It tends to give broad soil 

groupings rather than identify specific soil structural problems such as compaction 

layers. 

� It is non-quantitative and relies more on classes to group soils and identify soil 

problems and recommend land management practices. 

� The soil texture classes are too broad to identify details of  soil compaction and 

soil structure problems associated with specific particle size groupings. 

Equipment needed 

The Scheme requires the following skills and equipment. 

The skills required include the ability to: identify soil texture classes to at least the 

texture groups of sands, sandy loams, fine sandy loams, loams, clay loams, light clays 

and heavy clays (McDonald et al. 1990 or other standard texts); do aggregate stability 

tests or ASWAT test based on Field et al. (1997); evaluate some basic aspects of soil 

structure in the field and identify self-mulching soils. 

Equipment required includes: standard field equipment (shovel etc); water bottle and 

spatula or knife for doing soil texture; soil texture chart for determining the field 

texture of the soil; ruler to measure ribbon length in determining soil texture and for 

measuring aggregate size; beakers (250 ml) or Petrie dishes (40 – 75 mm in size) for 

aggregate tests and wash bottle and distilled water for texture and aggregate tests. 

The time taken for each individual assessment is about 5 minutes plus extra time for 

the aggregate stability tests (ASWAT).  The assessment for a paddock or field should 

include replication with at least 5 to 6 individual assessments.  The confirmation of 

the aggregate test results may require further testing in the office or laboratory to 

obtain a 2-hour reading of the dispersion behaviour. 

Outline of the method including key criteria 

The steps in the method are: 

1) Record any field indicators of surface soil type or soil structure degradation 
(crusting in terms of thickness and continuity, obvious dispersion, cloddiness, 

hardness and size of clods, occurrence of self-mulching behaviour). 

2) Determine if the surface soil is strongly organic (see below) 

3) Determine the field texture of the surface soil (see standard texts including 

McDonald et al. 1990) – identify one of six broad soil texture groups 

including sands, sandy loams, loams, clay loams, light clays and medium to 

heavy clays   

4) Use modifiers for sodicity, self-mulching or friable/oxic to determine the 

general soil structure group of the surface soil  

5) For increased resolution determine SOILpak score as outlined in McKenzie 

(1998, 2001).  The SOILpak Score is recommended to greatly increase the 

resolution of the method.  

Identifying highly organic soils 

The occurrence of highly organic soil is based on the following indicators: 

� The obvious occurrence of peat, although these soils are not usually farmed and are 

very rare in Australia 

� Moist colour is black  (value 3 or less and Chroma 2 or less in Munsell Colour 

Chart) 

� The structure usually has moderate grade or better (ped size often 10 – 20 mm) 
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� Soils usually have a greasy feel when determining field texture 

� Abundant occurrence of plant materials (roots, litter, leaves) 

� Soil organic carbon is usually greater than 3.0%. 

Modifiers to the main soil field texture groups 

Use modifiers for sodicity, self-mulching and friable/oxic to determine the general 

soil structure group of the surface soil.  These modifiers are required for the loam, 

clay loam, light clay and medium-heavy clay field texture groups.  These types of 

soils are distinguished by having sufficient clay in the soil that the behaviour of the 

clay component strongly influences the behaviour of the soils.  The behaviour of the 

clay is in turn affected by: 

� The relative amount of sodium held as exchangeable cations and the tendency for 

soils to disperse on wetting (Exchangeable Sodium Percentage - ESP) (Northcote 

and Skene 1972; McKenzie et al. 1993; Sumner 1993).  The ASWAT Aggregate 

Test (Field et al. 1997) can be used to quickly assess dispersion.  

� The swelling potential of the clay which is dependant on the clay mineralogy,   

� The degree of self-mulching expressed by the soil (Grant and Coughlan 2002).  

Self-mulching refers to the tendency of soils to generate a mulch of fine 

aggregates (< 5 or 5 – 10 mm) at the soil surface following wetting and drying 

cycles (McDonald et al. 1990, Grant and Coughlan 2002) and  

� The presence of high levels of sesquioxides that add significantly to the stability 

of aggregates.  This occurs with many surface soils associated with basalts and 

more basic parent materials in wetter climates.  Such soil is referred to as being 

friable/oxic surface soils.  They are distinct from self- mulching soils in that they 

have more stability to wetting (Isbell 1996). 

On this basis a scale of behaviour can be developed to interpret the behaviour of these 

soils in the field  

Validation and future developments 

The scheme has been applied in Central West NSW and at the Peronne Workshop.  It 

requires further testing over a wider range of soil types and landscapes.  Some of the 

specific issues to be considered in further development of the scheme are: 

� Linkage of the scheme into existing soil survey information to identify surface 

soil types at a regional scale 

� Making the scheme more quantitative by identifying for each surface soil type 

the range of values for properties such as dry soil strength, hydraulic 

conductivity etc. 

� More quantified, objective observations on the shape and size of peds and 

their stability will give more objective, reliable information on the occurrence 

of sodic surface soils, self-mulching soils and friable (basalt derived) surface 

soils. 

� The development of a semi-quantified test for soil slaking would be a useful 

addition. 

� The ASWAT aggregate test needs to be formally added to the CWSSC to 

increase its reliability and accuracy. 

� Linkage of this scheme to other Visual Assessment Tests in this compendium 

has the potential to greatly increase the value of these other tests (eg 

SOILpak).  

� Further develop the soil management recommendations based on the scheme.  
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6.  Visual Soil Assessment (VSA) 
TG Shepherd, Landcare Research, Palmerston North, New Zealand 
 

Objectives and users: Developed to provide a simple, standardised method that 

anyone can use to assess and monitor soil quality and plant performance quickly and 

cheaply.  Uses dynamic indicators of soil quality that are capable of changing under 

different management regimes and land use pressures (Shepherd 2000; Shepherd & 

Janssen 2000).  Used by farmers, land managers, regulatory authorities, universities 

and the agricultural industry sector throughout New Zealand. 
 

Advantages/limitations: Comprehensive, simple and concise; does not require 

special training or technical skills; provides a standardised, repeatable methodology to 

assess a suite of indicators that collectively give an effective appraisal of the condition 

of the soil; provides an objective way to assess soil structure in the field.  Because 

farmers assess the condition of their own underground economy themselves, they 

have a greater understanding and ownership of the knowledge gained.  VSA can be 

used by anyone with close agreement between laypeople and experts.  Interpretation 

of the visual indicators is independent of soil type enabling the method to be used 

anywhere.  VSA links soil condition to plant performance; focuses on the 

interrelationships between soil condition, plant performance, farm production and 

farm management practices; scores are closely correlated to measured indicators of 

soil quality and farm production; provides a good educational tool. 

The method is based on a suite of set indicators and is therefore somewhat inflexible.  

It is more time consuming to sample the upper subsoil and impractical to assess the 

structural properties of the lower subsoil using the drop shatter technique.  The first 

edition did not include soil texture or potential rooting depth as indicators of soil 

quality. 
 

Equipment needed: A spade to dig out a 20 cm cube of soil; plastic basin (45x35x25 

cm); one hard board (ca. 26x26x1.8 cm); heavy duty plastic bag (ca. 75x50 cm); a 

knife and tape measure; a water bottle; a VSA Field Guide; 1 pad of score cards. 
 
Time taken: Soil assessment in 20 minutes, plant indicators in 5–10 minutes per site. 
 

Outline of the method: The VSA is based on the simple observation of nine key 

visual soil indicators that are diagnostic of soil quality including soil structure.  A 20 

cm cube of soil is removed with a spade from the topsoil or from a limiting layer in 

the upper part of the soil profile and dropped a maximum of 3 times from a height of 

1.0 m onto a firm base in a plastic basin.  All the soil is then tipped onto a large plastic 

bag (75x50 cm).  The aggregates are sorted, the largest at one end, the finest at the 

other (Fig. 4).  Soils dominated by fine aggregates with few clods have a visual 

structure score (VS) of 2 while those dominated by large clods have a structure score 

of 0.  If the sample is not clearly aligned to any one of the photographs, but sits 

between two, a score in between is given, e.g. 0.5 or 1.5.  Each of the 9 soil indicators 

is assessed on a scale of 0, 0.5, 1.0, 1.5 or 2.0 by comparison with three photographs 

in the Field Guide, and the visual ranking scores recorded on a scorecard.  The 

indicators vary according to the type of land use.  For example, soil indicators for 

cropping include soil structure and consistence, soil porosity, soil colour, mottles, 

earthworm numbers, tillage pan, surface ponding, degree of clod development and 
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soil erosion.  A weighting of 1 to 3 is given for each indicator and the products are 

added to give an overall index of soil quality (SQI) where a total score of less than 10 

is poor, 10-25 is moderate, over 25 is good.  A reference soil sample is taken from 

under a fence or scrub cover nearby, which is in a relatively unused and undisturbed 

condition.  The soil scorecard is complemented by a plant ‘performance’ scorecard 

that links plant response to soil condition.  The visual soil quality index is sufficiently 

sensitive to provide an early warning indication of any change or decline in soil 

quality from a baseline reference point, or from a point in time.   

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1  Visual scoring of soil s 
 

 
Fig 4. Visual scoring of soil structure where the aggregates are sorted according to their size 

 

The VSA structure score is strongly correlated to the mean weight diameter (MWD) 

of the dry aggregate-size distribution of the soil (Fig. 5).  The VSA structure score can 

therefore be converted to an approximate MWD.  From Fig. 5, the MWD of the dry 

aggregate-size distribution of soils with a visual structure score (VS) of 0, 1 and 2 (as 

shown in Fig. 4) would be approximate 105 mm, 35 mm and 10 mm respectively.  

Soils with a visual structure score of 0.5 and 1.5 would have an approximate MWD of 

60 mm and 20 mm respectively. 

Good condition VS = 2 
Soil dominated by friable fine 
aggregates with no 
significant clodding 

Moderate condition VS = 1 
Soil contains significant 
proportions (50%) of both 
coarse firm clods and friable, 
fine aggregates 

 

Poor condition VS = 0 
Soil dominated by extremely 
coarse, very firm angular or 
sub-angular clods with very 
few finer aggregates 
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Fig. 5   Relationship between the VSA structure score and the mean weight diameter 

of the dry aggregate-size distribution 
 
 

Validation and future developments:  The VSA was trialed at 36 sites at 11 field 

days and workshops throughout New Zealand from Northland to Southland (Shepherd 

et al. 2001).  The VSA was also trialed in 10 countries throughout the world where 

people, including farmers, were able to effectively assess the condition of the soil 

using the Field Guide. 

VSA was tested at 91 sites on 40 soil types from different parent materials, climate, 

topography, and under different land uses including livestock farming, cropping, 

orchards and forestry in 10 regions of the North Island of New Zealand (Shepherd et 

al. 2002; Shepherd 2003).  VSA scores are significantly correlated to corresponding 

lab-based methods (Shepherd et al. 2002).  VSA structure scores are strongly 

correlated to dry aggregate-size distribution (r
2
=0.91), saturated hydraulic 

conductivity (r
2
=0.86) and air permeability (r

2
=0.80), and moderately correlated to 

macroporosity (r
2
=0.69) and dry bulk density (r

2
= 0.64).  VSA colour scores are 

strongly related to total carbon (r
2
= 0.80) and moderately related to anaerobic 

mineralisable N (r
2
= 0.64) in conventionally cultivated mineral soils.  VSA index 

scores are also closely related to crop yield, pasture dry matter production, biomass 

cover and pasture utilisation in New Zealand (Shepherd & Park 2003). 

The VSA was validated as a robust method whereby laypeople with little or no 

background in soil science could use the method and come up with a similar answer 

to an ‘expert’ (Figs 6 & 7).  The coefficient of variation in assigning an index score to 

each soil ranged from 0.05 to 0.24 with a mean of 0.12.   
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Fig. 6 VSA of the condition of 12 soils under cropping – A comparison of ‘expert’ and 

workshop participant rankings 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

Fig. 7 VSA of the condition of 13 soils under pastoral grazing on flat to rolling country – 

A comparison of expert and workshop participant rankings 

 
 
The 2

nd
 Edition of the VSA is nearing completion with significant changes to the soil 

and plant scorecards.  Subsoil parameters are now incorporated into the scorecard 

integrating the topsoil with the subsoil.  The additions include soil texture, potential 

rooting depth and surface crusting to the soil scorecards.  Leaf colour and root length 

and root density have been added to the plant scorecards.  The drop shatter technique 

has been modified for sandy soils and the description for assessing each indicator 

improved, including the importance of the shape of soil structures. 
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7. Soil quality scoring procedure, BC Ball, Scotland. 

Objectives and users: To assess soil quality from scores (1=worst; 5= best) of soil 

surface condition, soil structure and rooting characteristics. The method is particularly 

applicable at and close to the soil surface and suitable for soils with under-developed 

structural features. The technique was developed by the authors for research and 

consultancy within Scotland and for training initiatives. 

Advantages/limitations: Quick, cheap and holistic but difficult to apply in very dry 

conditions; cannot be fully used unless roots are in place. 

Equipment: Spade, knife, tape or ruler, camera, labels, wooden board (~ 0.5 x 0.5 m), 

record sheets and labels, digital camera. Hand-held shears and a piece of cardboard 

with 1 x 1 cm and 10 x 10 cm holes may also be useful.  A "Gorbing" spade and its 

mounts are desirable, but not essential. 

Time taken: ~1 hour per sample (including writing-up). 

Outline. Based on the methods of Munkholm and Beste. 

1. Dig out a block 20 cm x 10 cm x 30 cm deep. Cut and clear away vegetation to 

within 5 cm of the surface of the soil to be sampled. Isolate the block by loosening 

and excavating the soil around the block to minimise disturbance of the soil structure 

and soil surface when the block is dug out. Alternatively dig a profile to at least 40 cm 

depth.  
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2. Mount the block plus spade on supports or place the block on a pale coloured 

board.  

3. Pick the vertical soil face with a pointed blade to expose structure and roots. 

4. Record the depth and thickness of horizontal layers. Layering may be difficult to 

see, but may be identified by prodding with the picking blade - often degree of 

firmness is the main difference between layers. 

5. Identify and record soil structure, macropores, roots, fauna, residues and 

earthworms in each layer using the explanatory notes below. 

6. Photograph the labelled block - a digital camera is preferred. 

7. Break up the block by pulling-apart by hand to amplify features and confirm their 

identification, and to detect fauna. 

8. Complete the record sheet. Alternatively, summarise the details on the record sheet 

as a single paragraph describing the main soil features with a photograph attached.  

9. Score the soil. Allocate separate scores for the condition of the structure, rooting 

characteristics and soil surface according to the best-fitting description from the 

categories given in a sheet 'Scoring soil surface, soil structure and rooting'. If the soil 

is strongly layered, allocate a score for structure and rooting for each layer of soil. 

 
Table 2 Score  

Surface score Vegetation Surface soil relief 
5 Mat 2-4 cm thick ± worm 

casts 

Not limiting 

3 Surface vegetation of 
stalks and weeds, possibly 
mossy 

Rough, crumbly or 
smooth with ridges 

1 Little or no vegetation Smooth or sealed and 
crusted 

 
Soil structure score 

• 1 Hard, massive, breaks with difficulty into large aggregates (clods) 

• 2 Firm, massive, breaks into medium aggregates 

• 3 Firm, breaks easily into medium and small aggregates 

• 4 Loose, <50 % aggregates are crumbs 

• 5 Loose, 50-75 % aggregates are crumbs 

Rooting score 

• Few, restricted to clusters in pores 

• 2 Few, restricted round aggregates, stones, pores, some horizontal 

• 3 Common/few, some restriction as for 2,  also growth in residues 

• 4 Common/few, mostly random distribution 

• 5 Many/common, random distribution 

Few <1 cm2  Common 1-5 cm2  Many > 5 per cm2 
 
Validation and future developments 
 

References: Ball, B.C. and Douglas, J.T. (2003). A simple procedure for assessing soil 

structural, rooting and surface conditions. Soil Use and Management 19, 50-56. 

Ball, B.C. and Douglas, J.T. 2002. Soil quality in ley-arable rotations. Poster presented at UK 

Organic Research 2002 Conference, March 2002, Aberystwyth, Wales 

Ball, B.C. and Bingham, I. 2003. Scoring soil structure for minimum tillage. Poster presented 

at 'Theory vs. Practice' SCI Meeting on Soil Management, October 2003, London 

Beste, A., 1999. An applicable field method for the evaluation of some ecologically 

significant soil-function-parameters in science and agricultural consulting practice. 
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International Soil Conservation  Organisation (ISCO) - Conference 1999, West Lafayette, 

Indiana, USA 

Munkholm, L.J. 2000. The spade analysis - a modification of the qualitative spade diagnosis 

for scientific use. Danish Institute of Agricultural Sciences report No. 28, Tjele. 
 
 
 
 

 

 
Soil quality scoring procedure, BC Ball Visual soil assessment - spade analysis, LJ 

Munkholm 
 
 

8. Visual soil assessment - spade analysis, LJ Munkholm, Institute of 
Agricultural Sciences, Denmark.  
 

Objectives: To assess soil quality in the 0-30 cm soil layer regarding soil structure 

and rooting characteristics and relate to past management practices.   

Advantages/limitations: Comprehensive, cheap and holistic semi-quantitative 

description of structure and root growth. Evaluation on undisturbed soil. Very 

illustrative – good pictures. Limited to the 0-30 cm layer, can be time consuming. 

Point measurement. Difficult to apply in very dry conditions. No summary into a 

single score.   

Modifications proposed:  

For consultancy: much more simple and fast description. Booklet with many reference 

pictures. 

For research: improve description of root growth and pore structure. More 

standardised fragmentation of soil before evaluating aggregates. 

Equipment: Manual + record sheets, Görbing spade and its mounts, spade, hammer, 

knife, Munsell Color Chart, decimal scale to determine growth state, water, camera.  

Time taken: ~1 hour per sample  

Application of the method: By the author and by Danish consultants.  

Outline: Roughly as described above for the Soil quality scoring procedure by Bruce 

Ball.  
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1. Dig out a block 20 cm x 10 cm x 30 cm deep. Cut and clear away vegetation to 

within 5 cm of the surface of the soil to be sampled. Isolate the block by loosening 

and excavating the soil around the block to minimise disturbance of the soil structure 

and soil surface when the block is dug out.  

2. Mount the block plus spade on supports.  

3. Pick the vertical soil face with a pointed blade to expose structure and roots. 

4. Record the depth and thickness of horizontal layers. Layering may be difficult to 

see, but may be identified by prodding with the picking blade - often degree of 

firmness is the main difference between layers. 

5. Identify and record soil structure, macropores, roots, fauna, residues and 

earthworms in each layer using the manual. 

6. Photograph the labelled block - a digital camera is preferred. 

7. Break up the block by pulling-apart by hand to amplify features and confirm their 

identification, and to detect fauna. 

8. Complete the record sheet.  

Key criteria: ground cover; soil layering, moisture, texture, structural elements (size, 

shape, rupture resistance); macropores (number, continuity, orientation); root growth 

(number, branching, restrictions, root nodulation) soil fauna (number and species); 

decomposition of organic matter  

 References: 

Munkholm, L.J. (2000). The spade analysis - a modification of the qualitative spade diagnosis 

for scientific use. DIAS-report No. 28 Plant Production, Danish Institute of Agricultural 

Sciences. 

Munkholm, L.J., Schjønning, P. & Rasmussen, K.J. (2001). Non-inverting tillage effects on 

soil mechanical properties of a humid sandy loam. Soil & Tillage Research 62, 1-14. 

Munkholm, L.J., Schjønning, P. & Petersen, C.T. (2001). Soil mechanical behaviour of humid 

sandy loams: Case studies on long-term effects of fertilization and crop rotation. Soil Use and 

Management 17, 269-277.  

Schjønning, P., Elmholt, S., Munkholm, L.J. & Debosz, K. (2002) Soil quality aspects of 

humid sandy loams as influenced by different long-term management. Agriculture, 

Ecosystems & Environment 88, 215-234. 

Ball, B.C., & Douglas, J.T. (2003). A simple procedure for assessing soil structural, rooting 

and surface conditions. : Soil Use and Management 19, 50-56. 

 

9. FAL method: Assessment of soil structure by visual classification of 
soil aggregates, G Hasinger and J Nievergelt, Switzerland. 

The Swiss method is based on the assessment of soil extracted using a strong spade 

with a blade of 45 cm. The soil is divided into layers and after fracture of the soil by a 

drop-test, aggregates in each layer are separated and classified according to size and 

type. The diameter of big aggregates is measured directly with a tape measure; the 

smaller ones are sieved into 5 fractions with mesh sizes between 0.2 and 20 mm. 

Finally you get 8 recipients, containing aggregates of the original sample grouped by 

size. The clods and aggregates are classified with the help of a comprehensive set of 

pictures and key codes into 12 different types and put on a scale ranging from 1 

(worst) to 14 (best). Each fraction of aggregates is weighed and the mean weight 

diameter (MDW) and the mean weight score (MWS) are calculated for each layer. 

Scores and weights for a given soil-layer are introduced into an Excel-program, which 

calculates the mean weight score and the mean weight diameter. The program also 
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takes into account the strength of inter-aggregate cohesion and intra-aggregate 

cohesion. 

Reference values for well-drained soils under sustainable grassland are: 

• for topsoil-layer: 11-12 

• for subsoil-layer: 6-8 

 
 

table 3 : Scores of aggregates as a function of aggregate-type and aggregate-diameter  

Aggregate type / 

aggregate diameter 

0.2-2 

mm 

2-5 mm 5-10 mm 10-20 

mm 

20-50 

mm  

50-100 

mm 

>100 

mm 

 

Term Code         

Soil matrix organized by “natural macro-aggregates” 

Crumble Cr 14 14 14      

Granulate Gr 13 13       

Polyhedral with 

organic cover 

Porg  12 11 10 9    

Polyhedral 

without organic 

cover 

Po  10 9 8 7 6 5  

Prism Pr     7 6 5  

Soil matrix organized by “modified macro-aggregates” 

Porous clod CO   11 10 9    

Compacted 

clod, rounded 

shape 

CCr     8 7 6  

Compacted 

clod, angular 

shape 

CCa     7 6 5  

Fragment  

(origin CO) 

Fco  11 10 9     

Fragment  

(origin CC) 

Fcc  9 8 7 6    

Plates Pl     7 6 5  

Destroyed macro-aggregates and particles smaller than < 0.2 mm 

Residue R No individual score is attributed but modifies score of aggregates with diameter 0.2-2 

mm 

Soil matrix without macro-aggregates 

Massive 

structure 

MS        3 

Single grain 

structure 

SGS        2 

 

Aim: To assess soil structure of a given layer at precise point in the field 

Users: This method can be use either in its integral or in a simplified version. The 

integral version - including all observations, measurements and calculation - is for 
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researchers, advisers and consultants. The simplified version stops at the 8 recipients 

(visual evaluation, VSEE). This is the one for farmers. 

Time taken: 90 minutes to apply the integral version: from spade to score, single 

sample and 2 layers.  

Materials: 1 strong spade with a 45cm blade, 1 plastic recipient (70 x 50 x 15 cm) for 

the drop-test, 8 plastic recipients (20 x 20 x 5cm) for aggregates and soil particles of 

different diameter, 1 balance (range 1kg, sensitivity 1g), 1 tape measure, a set of 

sieves with  the diameters: 20mm, 10mm, 5mm, 2mm, 0.2mm and the final recipient 

for the residue (particles smaller than 0.2mm), 1 magnifying glass (4x to 10x), 1 FAL-

form for observations and measurements, Excel-program (can be loaded down  from 

www.agroscope.ch or www.agridea.ch)  

Key criteria: Size distribution of clods and aggregates; mean weight diameter MWD; 

shape, surface, porosity and cohesion of clods and aggregates; classification into 12 

different categories; scoring of aggregates from 1 to 14, as a function of size and 

category; mean weight score (MWS); reference values. 

Advantages: Quantitative method, precise results, adapted to monitoring and 

research. 

Limitations/weaknesses: Results are limited to one point in a field. Not applicable if 

soils are too wet or too dry: optimal water content at pF 2.5 – 3.0.  

Proposals: 

• Reference-values for other soil-types and cultivation systems (now available 

only for grassland). 

• Problem of sample representativity. Peerlkamp method a solution? 

• Development of simplified method for farmers in collaboration with G. 

Shepherd, who is working on a similar method in New Zealand. 
 
References: 
Nievergelt J. et al., 2002. Bodengefüge: Ansprechen und Beurteilen mit visuellen Mittel. 

Schriftenreihe der FAL 41, p. 93. FAL, Zürich-Reckenholz. 

Hasinger G. et al., 2004. Observer et évaluer la structure du sol. Cahiers de la FAL 50, p.105. 

FAL, Zürich-Reckenholz.  
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FAL method by G Hasinger and J Nievergelt A guide to better soil structure. I Bradley, 

 

10. A guide to better soil structure. I Bradley, National Soil Resources 
Institute, Silsoe, England. 

Objectives and uses: This method has been devised and refined by National Soil 

Resources Institute (NSRI) staff to examine the soil surface and assesses degree of 

capping (surface sealing).  It looks at soil aggregation within topsoil and immediate 

subsurface layer down to 45 cm depth. It has been applied in a number of catchments 

in England and Wales in order to assess whether farming methods are having a 

detrimental effect on soil structure which leads to enhanced run-off, erosion and 

losses in crop yield. 

Advantages/limitations: Structure and related soil properties examined to a 

minimum of 45 cm depth.  Some field training in soil description and the implications 

of what is observed is required. 

Equipment needed 

Spade 

Auger 

Recording form 

Tape measure 

Colour book 

Time taken: 15 minutes per site and examines 3 sites per field (maximum 8 fields 

per day) 

Outline of the Method including key criteria and score range:                        

The stages are: 

• Record assessment in terms of degree of compaction, shape, size, porosity and 

consistency of natural soil units (peds). 
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• Review cultivation pans either within topsoil or those caused under the plough 

sole at 30-40 cm depth.   

• These various assessments are combined into a four class system.   
 

Method:  

1. Record site details, including location, slope, land use, elevation, depth of 

wheelings, evidence of poaching by stock, erosion features – evidence for rill, 

gully and sheet erosion or depositional features, soil surface features – mounded, 

slaked, capped (see field record card Figure 1). 

2. At each site, excavate a square hole to 45 to 50 cm depth and lay the soil dug out 

to one side only. 

3. Record assessment in terms of degree of compaction, shape, size, porosity and 

consistency of natural soil units (peds) for each layer of soil.   

4. Review cultivation pans either within topsoil or those caused under the plough 

sole at 30-40 cm depth.   

5. Record conclusion on “Degradation Class” from Table 1. 

 
Validation and future developments 

• Used and validated across a wide range of soil types, cropping and management 

regimes.  Its use will continue as many of the catchments are being visited on an 

annual basis to assess whether management advice is improving the condition of 

the soils. 

• Consistent between trained operators. 

• In discussions it is thought that although farmers should be interested in 

differences in structure at different depths they would not all be capable of 

interpreting consistently differences between shapes of structural units (angular 

blocky, prismatic, etc.). 

References 

NSRI Project Reports to Environment Agency – no formal publications. 
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Table 4 Structure assessment: key 

Class Degree of enhanced run-
off 

Management 
system 

Features 

Severe Widespread enhanced 
run-off and subsequent 
erosion that is not 
confined to wheelings. 

All systems: 
arable and 
grassland 

Extensive rill or gully erosion and 
depositional fans on footslopes 
and level ground; plus 
characteristics of High 
degradation class 

Arable Slaked or capped topsoil; 
wheelings more than 5 cm deep; 
structural changes within 40 cm 
depth; compaction; changes to 
vertical wetness gradient; local 
erosion limited to wheelings. 

High Enhanced run-off across 
whole fields where slopes 
allow. 

Grassland Extensively poached surface or 
wheelings 5 cm or deeper; 
damage to topsoil or immediate 
subsoil structure (apedal or weak 
coarse angular blocky); changes 
to vertical wetness gradient. 

Arable Slaked or partly slaked topsoil; 
wheelings less than 5 cm deep; 
slight changes in structure within 
40 cm depth. 

Moderate Localised areas of 
enhanced run-off where 
slopes allow. 

Grassland Slight poaching (locally severe); 
weak subsurface 
structure/compaction. 

Low Insignificant areas of 
enhanced run-off. 

All systems: 
arable and 
grassland 

Few signs of enhanced run-off 
mechanisms present, but can 
show localized signs of poaching 
and standing water as long as the 
whole profile maintains a good 
structure. 

 

 
 
table 5 NSRI Structure Assessment – extract from record card 
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Appendix 1: Investigation into the application of three structure assessment 

schemes at West End Farm, Silsoe, Bedfordshire 
The three schemes investigated were: 

1. Peerlkamp (Method 4 as modified by Batey and Ball in 2005 with photographs to 

illustrate the classes) 

2. NSRI (Method 10) 

3. Visual Soil Assessment (Method 6 following Shepherd, 2000 and Vaderstad, 

2005). 

 

The structural units, their development and size were also described at each of 40 sites 

on the farm using standard pedological terminology (Hodgson 1997) (Table 5).  The 

results have been compiled as Table 6. 

 

Comments: 

• Skill required to use the schemes increased from Peerlkamp, to VSA and then to 

NSRI. 

• All schemes appear to give consistent results between operators. 

• The land use/management at the time of assessment needs to be recorded and 

taken into account when compiling results.  Similarly the land use history is very 

influential and the season in which description occurs. 

• The structure below plough depth needs to be considered. 
 
Table 5  Soil structure description 

Topsoil texture Development Size 

 Moderate Weak Fine Medium Coarse 

Clay 27 0 0 12 15 

Clay loam & sandy clay loam 4 0 2 1 1 

Sandy loam & loamy sand 3 6 1 1 7 

 
Table 6 Structure assessments 

 Clay 
Clay loam & 
sandy clay loam 

Sandy loam & 
loamy sand 

Number of sites 27 4 9 

    

NSRI method (Method 10)    

Severe    

High 5   

Moderate 22 2 9 

Low  2  

    

Peerlkamp (Method 4)    

3 16 2 1 

4 11 2 8 

Mean Peerlkamp score 3.4 3.5 3.9 
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Visual Soil Assessment
1
 (Method 6)    

11-15 1  1 

16-20 12   

21-25 11 1 7 

26-30 3 3 1 

Mean VSA score 20.6 26.5 21.7 

Standard deviation 3.6 2.1 3.3 

 
Hodgson, JM (1997) (Ed) Soil Survey Field Handbook Soil Survey Technical Monograph 

No. 5, Silsoe. 

Shepherd, T. G.  2000: Visual soil assessment. Volume 1.  Field guide for cropping and 

pastoral grazing on flat to rolling country.  horizons.mw/Landcare Research, Palmerston 

North.  84 p. 

Vaderstad (2005) Visual Soil Assessment. Published by Vaderstad and Soil Management 

Initiative, UK 

 

 

 

 

  

 

                                            
1 Note that because no cultivation history was available the maximum number of points for 
VSA at each site was 32 not 34.  The plant indicator score card was not used as many of the 
fields were fallow and no crop history was available or appropriate (agro-forestry site). 
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PART 2. 

RESULTS OF THE INVESTIGATIONS AT PERONNE  

SUMMARY 

The soil used for the investigations was of high quality. It had a high content of silt and 

was water retentive, deep and well drained. Roots were found to depths exceeding 1.2 

m; the land was capable of producing 10 t/ha of wheat. 

Each of the methods under test had been developed for a specific purpose. Each method 

has its own merits. The results from this unique comparison showed that all the 

methods classified the soil structure in a similar order, although the degree of detail 

varied. The best structure was recorded where the primary tillage was based on 

mouldboard ploughing. The soil which had been surface tilled was less well aggregated 

and residues of wheel compaction were found within the top 30 cm.  

Although the study site was shown to have a good inherent structural condition, there 

was evidence from several methods that the soil structure was not robust and prone to 

degradation. In general, it appeared from an evaluation of all the methods tested that the 

information obtained was roughly proportional to the effort put in. For example, 

Method 3 (France) produced a highly detailed visual section across the land which was 

able to locate the effects of each individual tillage operation. However, the section took 

several hours to prepare. The quickest was Method 4 which took less than 3 hours to 

complete a total of 30 numeric assessments across the three sites. In the same time, 

other numeric procedures could complete only a total of between 4 and 9 tests. 

However, it was considered that the Peerlkamp classes (Method 4) were not well 

enough defined; modifications have been made which are undergoing further 

evaluation (details may be obtained from BC Ball or T Batey). 

 

2.1 THE RESULTS OF INVESTIGATIONS INTO THE TECHNIQUES OF SOIL 
STRUCTURE ASSESSMENT. 

This section gives the results obtained by each test used at Peronne. They were made on 

the same soil type but with different management in a long-term field experiment.. 

Table 1 Sequence of management  

 Plot 17  Plot 8 Plot 9 

Clay content (%) 21 20 19 

Crop sequence Flax/winter 

wheat/pea/winter 

wheat 

Flax/winter 

wheat/pea/winter 

wheat 

Sugar beet/winter 

wheat/maïze/winter 

wheat 

Crop  pea pea sugarbeet 

Tillage system Annual mouldboard 

ploughing 

Reduced tillage Reduced tillage 

Depth of tillage   0.3 m 0.06 m 0.06 m 

Sowing date 21/03/2005 21/03/2005 16/03/2005 
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 The results are presented in two parts, the first (A) with three methods based on the 

examination of the whole profile exposed on the face of a trench. The second (B), with 

seven methods based on the evaluation of a spadeful of soil dug out with a spade. 

 

 

A. SOIL PROFILE EVALUATION. 

1 Whole profile assessment. T Batey, Scotland. 

The uniform brown colours indicated that each profile was well drained. The texture in 

each pit was assessed by tactile manipulation as silty loam and thus has a high available 

water capacity. The actual root depth was measured either on the profile face or by 

taking samples from below the depth of the pits with an auger. Brief details of other key 

features shown in the pits dug in each Plot follow. 

Plot 8. Peas, surface tillage only. 

By applying vertical pressure with a spade, a denser layer was commonly found at a 

depth of 9 cm; to that depth there were many small and medium angular aggregates. 

There was a sharp change in consistence at 9cm with a minor pan below which had a 

smooth upper surface. Between 9 and 36 cm the remainder of the topsoil had a mostly 

angular blocky structure. Nodulation of the peas was mostly found above 9 cm soil 

depth. Roots of peas were found to 55 cm, which where below the topsoil, were mostly 

in earthworm channels. Those of the previous wheat crop were found to depths of 110 

cm.  

Plot 9, sugar beet, surface tillage only.  

The topsoil to a depth of 36 cm was split into three layers. There was a finely 

aggregated tilth to 9 cm, between 9 and 28 cm the structure was relatively dense with 

some laminar units although mostly blocky. Between 28 and 36 cm the structure was 

better developed and less dense. Live roots were found to 45 cm and of the previous 

crop to 120cm.  

Plot 17 Peas, mouldboard ploughed.  

The topsoil to a depth of 30 cm exhibited a well developed structure with medium 

subangular units dominating; many nodulated pea roots were present. At the base of the 

topsoil the structure was slightly laminar; roots continued through this narrow layer 

with some, but not all, within earthworm channels. The consistence of the subsoil was 

friable, easily moved with a small knife. Roots of peas  were found to 80 cm, roots of 

the previous crop (wheat) to 190 cm. Many of the roots found at greater depths were 

exploiting the channels made by earthworms – which were relatively common. 

Although some large blocks of denser soil were found, these were confined to former 

wheel tracks. 

In summary, examination of the profile assessed the soil to have a high land capability 

for agriculture; it had large reserves of available water with potential rooting depth  of 

1.9 m or more. The sensitivity of the structure was evident by the formation of a minor 

but distinct soil pan in the surface tilled-only plots at a depth of 9 cm. Although there 

was a change in hardness at the base of the topsoil in each pit to a firmer and less 

developed structure, no significant limitations to root penetration were identified in the 

topsoil or just below. The silty loam texture of the topsoil would give rise to a structure 

which would be liable to degrade if pressure was applied under wet conditions or heavy 

rain fell on a recently tilled surface. Careful and sensitive management would be 
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needed to exploit the full potential. Earthworms were active and had formed many 

channels, up to 8 mm wide, which were often exploited by roots. The best developed 

structure was found on the ploughed Plot. 

 

 

2. SOILpak method, DC McKenzie, Australia. 

Results: The results for the SOILpak scoring procedure are shown in the Table 7.  

Table 7. SOILpak scores for the three treatments on the silt loam soil (OrthicLluvisol) at the 

Estrees-Mons long term experiment. 

Treatment Depth, cm Between the wheel 

tracks 

Under the wheel 

tracks 

0-10 0.9 0.7 

10-30 0.9 1.1 

Minimum tillage – peas  (Plot 

8)  

30-60 1.2 1.0 

0-10 1.2 0.7 

10-30 1.0 1.2 

Minimum tillage – sugar beet 

(Plot 9)  

30-60 1.2 1.5 

0-10 1.3  1.2 

10-30 1.4 1.3 

Mouldboard ploughed – peas 

(Plot 17)  

30-60 1.4 1.5 

Although conspicuous vertical earthworm channels were observed, they were not 

(according to current definitions) quite dense enough to justify a ‘macropore upgrade’ 

of 0.5 units.  

Smeared layers serious enough to create anaerobism were not observed.  

The main conclusions were as follows: 

• The compaction damage under recent wheel tracks was concentrated mainly in 

the topsoil (0-10 cm).  

• The sub-surface (10-30 cm) of the minimum tillage plots was more compacted 

than in the ploughed area, and would benefit from decompaction. The 

compaction apparently was caused by sugar beet harvesting equipment.  

• There was no evidence of severe compaction in the subsoil (30-60 cm).  
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3. Le profil cultural, H Boizard, G Richard, J Roger-Estrade, France. 

The soil structure was assessed on a 3 m wide soil pit perpendicular to tillage direction.  

First, the different layers were put into evidence and we repaired the location of wheel 

tracks. then the soil structure of each morphological unit was assessed.  

 

Plot 17: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

We identified three layers in the plot 17: the seedbed layer (H1), the ploughed layer 

without cultivation from ploughing (H5) and a deeper ploughed layer (H6). The 

seedbed layer structure was formed of separate aggregates. The structural porosity was 

very high in the H5 layer. Very few compacted clods were observed and their diameter 

was smaller than 10 cm.  The bottom of the H5 ploughed layer was 33 cm deep and the 

limit between the H5 layer and the deeper layer (H6) was very clear with visible 

smearing and a large difference in the cohesion of the 2 layers. The H6 layer (5 cm 

thick) corresponded to older ploughing. The overall soil structure had successively 

moderately compacted and porous zones. We concluded that the soil structure of Plot17 

was very favourable for plant growth. 

 

Plot 8:  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The seedbed tillage and sowing were similar to those of Plot 17. However, there was no 

deep disturbance since 1999 and the tillage depth was limited to 6/8 cm. The structure 

OΓ 

CΓ 
C∆ 

C∆ 

C Γ 



 38 

of the seedbed in plot 8 was very similar to plot 17. The H5 layer was caused by the last 

ploughing in1999. The soil structure was formed with a succession of zones having 

very low porosity and having greater porosity and distributed horizontally. We may 

conclude from this pattern that the origin of compacted soil was due to wheeling made 

during a previous operation. The soil structure of the layer at 30-35 cm depth was very 

similar to the corresponding layer in plot 17. We conclude that soil structure was either 

favourable (uncompacted) or unfavourable (in compacted areas under wheel tracks).  

 

Plot 9: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 This plot 9, under sugar beet, had a rotation of sugar beet/wheat/maize/wheat and had 

had no deep cultivation since 1999 and the tillage depth was limited to 6/8 cm since 

1999. The soil profile in Plot 9 was very similar to that of Plot 8. The major difference 

was the H5 layer resulting from the last ploughing in 1999. The structure of the H5 

layer was formed of two layers: the 10 cm deep upper layer had a massive and platy 

structure; the 10-25 cm layer below was also massive with very low porosity but many 

earthworms channels were observed. Soil structure was rather unfavourable for 

cropping.  

 

B METHODS BASED ON TOPSOIL EXAMINATION 

These were mostly based on the extraction and examination of a block of soil removed 

by a spade. A range of techniques had been developed to break up the block of soil and 

to evaluate structure, based on the size-range, shape and strength of the units thus 

obtained. 

4. Peerlkamp score, T Batey, Scotland. 

Ten assessments were made in each of the three Plots, 8, 9 and 17, on blocks of soil 

approximately 20x30 cm. Before selecting an area from which to extract the soil, a 

preliminary check was made by pressing the spade into the soil to locate any denser 

layers just below the surface. These areas, of wheeltracks, were avoided so that the 

assessment was made on soil representative of the plot but unaffected by tracks made 

during preparation of the seedbed. The mean value and standard deviation of the ten 

assessments made on each Plot were calculated: 

C∆ high earthworms activity 
CΦ platy structure 

C∆  and C Γ 
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    Plot 8    4.4 (SD 0.8) 

    Plot 9   6.3 (SD 0.8) 

    Plot 17 8.2 (SD 0.9) 

There were clear and significant differences in the structure of the surface. The best 

structure was under the crop of peas, where the land had been inverted using a 

mouldboard plough during seedbed preparation. On the plots which had received 

surface tillage only, the structure was better under sugar beet than peas. This was the 

only test where there was enough time to complete enough assessments (30) to enable a 

statistical evaluation of structural differences between plots. 

    

5. A Classification of Surface Soils for the Selection of Tillage Practices 
and the Management of Soil Structure (Central West Soil Structure 
Classification: CWSSC), Brian Murphy, 

With this method, only the soil surface and top 10 cms of soil were evaluated. 

The surface soil was a fragile medium textured soil with a silty loam to loam texture. 

The organic matter level was low to moderate (about 1.2% total carbon), but significant 

amounts of calcium carbonate were present.  The ASWAT aggregate test showed no 

dispersion and only moderate susceptibility to slaking.  The implications of this were: 

- The soil has a relatively low stability to soil structure decline as the loss of organic 

matter is the critical factor in maintaining soil structure.  The stability is enhanced 

by the presence of calcium carbonate, but this will not overcome the basic low 

stability of the soil to structure decline and its dependence on organic matter.  The 

particle size distribution of the soil with high amounts of fine sand and silt make it 

especially susceptible to compaction. 

- The resilience of the soil is low and it has a low capacity to redevelop soil structure 

once it is degraded. There is only a very limited shrink-swell potential.  

- The medium texture grade meant that the soil had the potential to be severely 

limiting to plant growth and infiltration if degraded. The calcium carbonate in the 

soil may attenuate the potential degradation of this soil.   

- The soil had a low stability to raindrop impact and so was susceptible to crusting, 

but given the low dispersibility recorded and relative stability to slaking, only a 

“low” to “moderate” severity of crusting was expected.  A crust was observed but 

this was not severe. 

- The surface crust was continuous but had a significant amount of surface cracking.  

It did not show any dispersive behaviour and the hollows between ridges actually 

had small soil aggregates (1-2 mm) rather than dispersed material.  The crust was 

about 2 to 5 mm thick but broke under very limited pressure even when air dry.  

The conclusion was that the crust was unlikely to prevent germination or emergence 

of the plants.  This was confirmed by the successful even germination of the corn 

plants. 

- The surface crust had the potential to reduce surface infiltration and cause runoff 

under rainfall. Silt and fine sand in the soil are easily detached and transported.  

However, to assess the erosion hazard of the site it is necessary to also consider 

slope and the rainfall erosivity.  The slope at the site was very low, with little runon 

water likely to come onto the site.  The rainfall erosivity was also low.  

- A highly significant feature was the variation in nature and characteristics of the 

clods/aggregates at the soil surface.  Some clods at the surface were very friable and 

broke easily into smaller aggregates.  Others were very hard and required a 

considerable force to break them. Once broken they showed very distinctive 
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conchoidal aggregate shapes, a common feature of severely compacted soil.  While 

initially confusing, it soon became clear that this was a consequence of the 

mouldboard ploughing, which had inverted the soil and placed clods from 

subsurface compacted layers at the surface.  This certainly confirmed that this soil 

could be severely compacted.   

 

Major conclusions of the test in 3 contrasted plots were: 

1.  All plots have a significant surface crust, but the crust on Plot 17 is significantly 

more strongly developed than that on Plots 8 and 9.  The stability results also indicate 

that the surface soil on Plot 17 is more susceptible to slaking than the other two plots.  

In terms of management, the surface crust is not likely to have a significant effect on 

germination and emergence, (although some small seeded crops such as canola or 

lucerne maybe affected), but the crust will have a definite effect on potential runoff and 

erosion.  This effect of the crust is attenuated by the flat land surface of the site and by 

the low rainfall erosivity of the region. 

2.  This is clearly a fragile medium textured soil.  However, its stability is enhanced 

slightly by the presence of the calcium carbonate but the soil is still subject to soil 

structure degradation as a consequence of the loss of soil organic matter and 

compaction.  Critical for the management of the soil is the fact that the soil has a very 

low natural resilience to redevelop soil structure. As a consequence, any redevelopment 

of soil structure once it is degraded must occur by tillage operations or through 

biological activity.  Freezing and thawing may also be a mechanism to redevelop soil 

structure, but this mechanism is only likely to operate at or near the soil surface. 

3.  The visual evaluation of soil columns to 20 to 30 cm using a spade procedure clearly 

showed strong platy structural units in plots 8 and 9.  These seemed to be both 

compaction layers and severe smear layers associated with discing.  These compacted 

and platy layers were not present in Plot 17 which had been ploughed using a 

mouldboard plough to 40 cm. 

 

 

 6. Visual Soil Assessment (VSA), G Shepherd, New Zealand. 

The conventionally cultivated (ploughed) plot under peas (plot 17) had better soil 

structure with the highest VSA index score (Table 1).  While the minimum till plot 

(plot 8) under peas had the poorest soil structure, its overall VSA index score was 

slightly greater than the minimum tillage plot under sugar beet (plot 9) because of 

slightly better soil porosity and less surface clodding.  The structure scores of both 

minimum tillage plots indicate that ameliorative action is required to raise the structural 

status of the soil to improve production.  Overall VSA index scores indicate the 

ploughed plot is approaching good condition while the minimum tillage plots are both 

in moderate condition. 

Table 1   VSA structure scores and VSA index scores of three treatments 
Treatments  

VSA scores Plough 

Peas (Plot 17) 

Minimum tillage Peas 

(Plot 8) 

Minimum tillage 

 Sugar beet (Plot 9) 

VSA structure score
1 

1.5 (7.5*) 0.5 (2.5*) 1.0 (5.0*) 

VSA porosity score
1 

1.5 (7.5*) 1 (5.0*) 0.5 (2.5*) 

Overall VSA index
2 

24 21.5 21 
1
 0 = poor, 0.5 = moderately poor; 1 = moderate, 1.5 = moderately good; 2 = good 

2
 <10 = poor, 10–25 = moderate, 25–38 = good 

*
 VSA structure score converted to a scale of 0–10 
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7. Soil quality scoring procedure, BC Ball, Scotland. 

Plot 17 Plot 8 Plot 9    
No wheel 
tracks    

Under wheel 

tracks 
No wheel 
tracks    

Under wheel 

tracks 

Between crop 

rows 

Within crop 

rows 

Surface score 2 2 2 2 

 

2 2 

 

Soil structure 

score 

0-3cm 3 

3-30cm 4 

0-3cm 3 

3-8cm 4 

8-30cm 3 

0-3cm 3 

3-30cm 2 

0-3cm 3 

3-10cm 1 

10-30cm 2 

0-7cm 1 

7-15cm 1 

15-30cm 1 

0-6cm 1 

6-30cm 1 

       

Rooting score  3-8cm 4 

8-30cm 3 

 

3-30 cm 2 

   

 

Table 1. Summary of soil surface, soil structure and rooting scores. Rooting scores are 

allocated only where sufficient roots are present to allow assessment. 

 

  

A. Plot 17 under wheel 
tracks, structure index 3.2 
out of 5 

B. Plot 8, under wheel 
tracks, structure index 2 
out of 5 

C. Plot 9, between crop 
rows, structure index 1 
out of 5 

 
Figure 1. Spadefuls of soil after breaking apart for soil quality assessment and scoring. 

The soil surface score, assessed from the roughness of the soil surface and the 

presence of vegetation and residues at the surface was rather low because the surfaces 

were rather smooth and crusted and residue levels were low. 

In the following brief descriptions structure of the topsoil profiles, the 

terminology for aggregate size and root frequency is the same as that used by Lars 

Munkholm in his spade analysis. 

In plot 17, not wheel tracked, the top 3 cm was a dry cap which broke readily 

into very fine – coarse crumbs. The 3-30 cm layer was moist with some volumes 

appearing massive, but breaking readily into fine crumb to very coarse subangular 
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blocky aggregates. These aggregates were porous. Roots were few/common and 

appeared to go round the hardest of the coarse aggregates. In plot 17, under wheel 

tracks, the topsoil (Fig. 1A) felt more compact than the ‘not wheel tracked’ area. The 0-

3 cm cap was as for the ‘not wheel tracked’ area. The 3-8 cm layer was moist and broke 

down readily into fine crumb to medium blocky aggregates. The 8-30 cm layer was 

more compact and broke down into coarser aggregates (up to very coarse subangular 

blocky). Roots were common in the 3-8 cm layer, but only common/few in the 8-30 cm 

layer. The only evidence of root restriction in the 8-30 layer was some root thickening 

in the strongest aggregates (clods from previous cultivation). 

In plot 8, not wheel tracked, the overall profile was drier than plot 17. Rupture 

resistance was also greater than in plot 17. The top 3 cm was a dry crust which broke 

readily into very fine crumbs. The 3-30 cm layer was compact breaking into mostly 

very coarse angular blocky aggregates. These aggregates were porous. Roots were 

few/common and some were thickened (with some rhizosheaths present) and bent. This 

rooting restriction did not appear a significant problem. In plot 8, under wheel tracks 

(Fig. 1B), the profile and rooting characteristics were similar to the ‘not wheel tracked’ 

except for the 3-10 cm layer. This layer was very hard and cloddy with some laminar 

structure. The clods were less porous than those in the layer below (10-30 cm depth). 

Some clods contained no roots. Rooting density overall was few/common. Crop 

residues were present at 0-5 cm depth. 

In plot 9, an area which looked compact was assessed. Soil was sampled either 

between crop rows or within crop rows. Between crop rows (Fig. 1C), the top 7 cm of 

soil was dry and compact and broke into laminar units with some difficulty. The 7-15 

cm layer was moist, more compact and also broke into laminar units. This was the 

worst structure that I came across. No roots were present. The 15-20 cm layer was 

moist and compact, but broke up into mainly blocky aggregates. Porosity was low 

within aggregates. Residues were present in the 0-7 cm layer. Within crop rows, the 

structure near the surface was similar to between crop rows. However, below the 

surface layer, from 6-30 cm, the compact soil broke into mainly coarse-very coarse 

blocky aggregates with a predominantly horizontal orientation (though not laminar). 

Roots were few throughout the profile with sugar beet roots growing straight 

downwards. No root thickening was observed, though some horizontal orientation of 

roots was visible. Despite the unfavourable structure in this plot, the crop appeared to 

be growing well. 
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8. Visual soil assessment - spade analysis, LJ Munkholm, Denmark.  

Table 1. Results from long-term experiment at INRA at VSA meeting 

 
 

Site Plot 8 Plot 9 Plot 17 

Performed by Lars J. Munkholm Lars J. Munkholm Lars J. Munkholm 

Position, UTM    

Date May 26 2005 May 26 2005 May 26 2005 

Vegetation Arable Arable Arable 

Ground cover Peas (Pisum sativum) Sugar beets (beta vulgaris) Peas (Pisum sativum) 
 

Growth stage 

cover crop 

N.E.1 N.E. N.E. 

Layers2 1. 0-5 cm   Cultivated layer 

2. 5-20 cm Non- cult. 1 

3. 20-30 cm Non-cult. 2  

1. 0-5 cm   Cultivated layer 

2. 5-20 cm Non cult. 1  

3. 20-30 cm Non-cult. 2  

1. 0-5 cm   Harrowed layer 

2. 5-30 cm Ploughed layer 

Boundaries3 1/2. Sharp 

2/3. Clear 

1/2.   Sharp 

2/3.   Clear 

1/2 Clear 

 

Colour, dry  
 

N.E. N.E. N.E. 

Colour, moist 

 

N.E. N.E. N.E. 

Moisture Moist Moist  Moist 

Texture4 Silt loam  Silt loam Silt loam 

Structure 

Type 1. Crumb 
2. Sub. blocky + platy 

3. Sub. blocky 

1. Crumb 
2. Platy 

3. Sub. blocky 

1. Crumb 
2. Sub. blocky 

Size 1. Medium 
2. Coarse 

3. Medium-coarse 

1. Medium 
2. Coarse 

3. Coarse 

1. Medium 
2. Medium-coarse 

Grade 

 

1. Moderate 

2. Strong 
3. Strong 

1. Weak 

2. Strong 
3. Strong 

1. Moderate 

2. Strong 

Consistence 

Wet  

Stickiness 

N.E. N.E. N.E. 

Wet 
Plasticity 

N.E. N.E. N.E. 

Rupture resistance 

Moist 

1. N.E. 

2. Firm-friable 

3. Firm-friable 

1. Friable 

2. Firm 

3. Firm 

1. Friable 

2. Firm 

Rupture resistance  

Dry 
N.E. N.E. N.E. 
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Table 1. Continued 

 Plot 8 Plot 9 Plot 17 

Macropores 

Number 

coarse pr. dm2 

1. >5 

2. >5 

3. >5 

1. >5 

2. >5 

3. >5 

1. <1 

2. >5 

Number 
fine pr. cm2 

1. >5 
2. 1-5/>5 

3. 1-5/>5 

1. 1-5/ >5 
2. <1 

3. 1-5 

1. > 5 
2. 1-5/>5 

Number earthw. Burrows pr. 

dm2 

1. >5 

2. >5 
3. >5 

1. >5  

2. >5 
3. >5 

1. N.E. 

2. 1-5/>5 
 

Continuity 

Coarse 

1. Slight-moderate 

2. Moderate 
3. High 

1. Slight 

2. High 
3. High 

1. N.E. 

2. N.E. 

Continuity 

earthworm burrows 

1. Moderate-High 

2. High 

3. High 

1. Slight 

2. High 

3. High 

1. N.E. 

2. N.E. 

Orientation 
Coarse 

1. Random 
2. Random 

3. Mainly horizontal 

1. Mainly horizontal 
2. Mainly vertical 

3. Mainly vertical 

1. N.E. 
2. Random 

Orientation 

earthw. Burrows 

1. Mainly horizontal 

2. Mainly vertical 
3. Mainly vertical 

1. Mainly horizontal 

2. Mainly vertical 
3. Mainly vertical 

1. N.E. 

2. Random 

Surface features N.E. Clay and humus in earthworm burrows N.E. 

Roots5 

Number 

coarse pr. dm2 

1. >5 

2. 1-5 
3. <1 

1. N.E. 

2. <1 
3. <1 

1. N.E. 

2. 1-5 

Number 

 fine pr. cm2 

1. >5 

2. <1 
3. <1 

1. >5 

2. <1 
3. <1 

1. N.E. 

2. 1-5 

Branching 1. Strong 

2. Slight-moderate 

3. Moderate 

1. Moderate 

2. Moderate  

3. Moderate 

1. N.E. 

2. Moderate-strong 

Impediments 1/2. Compact layer  2.  Plates (weak) 
 

None 

Thickened roots 1/2. Common (comp. layer) 

 

2. Common  (plates) None 

Degree of deflection 1/2 Weak 
2. None 

3. None 

 

1. None 
2. Weak 

3. Weak 

1. N.E. 
2. None 

Root nodules on leguminous plants 

Number    1. Many 
2. Few 

3. Few. 

1. No leguminous plants 
2. No leguminous plants 

3. No leguminous plants 

1. Many 
2. Many 

 

Distribution 1. Good 
2. Poor 

3. Poor 

 

1. No leguminous plants 
2. No leguminous plants 

3. No leguminous plants 

1. Good 
2. Good 

 

Soil fauna 

Earthworms N.E. N.E. N.E. 

Others N.E. N.E. N.E. 

Decomposition of organic matter 

Type 1. Straw and stubble 

2. N.E. 

3. N.E. 

1. Straw and stubble 

2. N.E. 

3. N.E. 

1. N.E. 

2. Straw and stubble 

Degree of decomposition 1. Good 
2. N.E. 

3. N.E. 

1. Good 
2. N.E. 

3. N.E. 

1. N.E. 
2. Good 

1 N.E. not evaluated 
2 Layers: Figures mentioned below refer to figures stated for each detected layer 
3 “1/2” denote interface between layer 1 and 2.  “2/3” denotes interface between layer 2 and 3. 
4 Texture was not evaluated in the field. Data provided by INRA. 
5 Not possible to compare root growth characteristics for plot 9 with the other plots as different crops were grown in the plots. 
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Major conclusions were: 

Plot 8: 

This was a soil with a low degree of crusting with many earthworm casts on the 

surface. A porous crumbly structured top layer (0-5 cm) overlay a relative compact and 

cloddy layer (lower part of former ploughed layer). Partly platy structure was found in 

the top of the lower layer. Many earthworm burrows and medium to many fine pores in 

lower layer. Impeded root growth in transition zone between the porous top layer and 

the lower compact layer. Restricted root growth in the lower layer, i.e. few fine roots 

and poor nodulation.  In conclusion, a soil where compaction in the lower part of the 

former plough layer significantly limits plant growth but also a soil with good potential 

for recovering (resilience) due to high biological activity. 

Plot 9: 

A soil with a low degree of crusting and a low number of earthworm casts visible on 

the surface. At the top a porous crumbly cultivated top layer (0-5 cm) was identified. 

Below, (5-20 cm) firm platy aggregates were found. At the bottom (20-30 cm) a 

relative compact and cloddy layer was observed. Many earthworm burrows in the 

whole block. Few fine pores in middle layer. Root growth weakly restricted in middle 

layer. In conclusion, a soil where the platy zone may significantly restrict plant growth. 

Sugar beet grew surprisingly well – only weakly restricted root growth. Good 

earthworm activity indicates good potential for recovering (resilience). 

Plot 17. 

A soil with some crusting (however fairly friable) and a low number of earthworm casts 

visible on the surface. A porous crumbly cultivated top layer (0-5 cm) was overlying a 

blocky structured layer. Medium to many fine macropores and earthworm burrows in 

the bottom layer. Medium number of roots in bottom layer, good nodulation and no 

visible restrictions. Good degree of decomposition of wheat residues. In summary, a 

soil in very good conditions for crop growth. 

9. FAL Method: assessment of soil structure by visual classification of 
soil aggregates, G Hasinger and J Nievergelt, Switzerland. 

  

Plot no.        Position of the layer ( cm)     MWS (scale 1- 14)       MDW (mm) 

8         6-15        3.6     77.1 

         22-34       6.0       37.2 

9         5-16        6.5       30.2 

          16-35       5.3       45.6 

17        12-30       4.1       97.2 

 

Scores are in generally low because reference values are taken from soil under 

sustainable grassland. In order to assess soil structure of a field under a given 

cultivating system, you have to be sure that your soil sample is representative. 

 

10. A guide to better soil structure, I Bradley, National Soil Resources 
Institute, England. 

Assessments were made in each of the plots, digging through the topsoil into the upper 

subsoil.  A number of sites were chosen to reflect tracked and cultivated parts of each 

field.  As well as soil structure the method is designed to assess the risk of enhanced of 

enhanced run-off, hence the recording of depth of wheeling, amount of slaking and the 

form of the surface. 
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Plot 17 

Surface: flattened, slaked, small cracks, no evidence of wheelings/tramlines. 

Topsoil: Silty clay loam with moderate medium sub-angular blocky structure, breaking 

very easily to granular (30 cm deep). 

Subsoil: Silty clay loam with moderate fine and medium sub-angular blocky structure 

Other comments: very even root penetration, with no preferential orientation to 60+ cm; 

worm channels and pores to depth; buried straw at 18 cm; “softer” below 30 cm 

into subsoil. 

Conclusion: good structure rating, low enhanced run-off potential. 

 

Plot 8:  

Surface: flattened, partly slaked, no evidence of wheelings/tramlines. 

Topsoil: Silty loam with moderate very coarse sub-angular blocky structure (29 cm 

deep). 

Subsoil: Silty clay loam with moderate medium sub-angular blocky structure 

Other comments: no horizontal structures between rows; many pores and roots to below 

30 cm depth; structure units become smaller with depth. 

Conclusion: moderate structure rating, moderately enhanced run-off potential. 

 

Plot 9:  

Surface: flattened, slaked with thin capping, wheelings/tramlines < 2 cm deep. 

Topsoil: Silty clay loam with strong very coarse sub-angular blocky to strong coarse 

platy structure (29 cm deep). 

Subsoil: Silty clay loam with weak medium angular blocky structure 

Other comments: very tight on spade when digging, top 6 cm has thin horizontal 

cracking up to 1 cm thick then becomes more compact with horizontal cracks; 

pres and worm channels to 60 + cm; roots at base of pit (>80 cm); under 

wheelings surface platiness is 10 to 12 cm thick; roots penetrate through surface 

layers with no forking. 

Conclusion: moderate structure rating, moderately enhanced run-off potential. 
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2.2 COMPARING THE METHODS: AN EVALUATION OF THE FUNCTION 
OF EACH TEST AND OF THE CRITERIA USED IN THE ASSESSMENT. 

 

This Section compares one method with another, looking at the circumstances where 

each is used and examines the relative importance of the principal criteria used. The 

headings for each Method refer to those used in Section 2.1 above. 

 

2.2.1 The potential users of each method and time taken to complete. 

This table gives an indication of the groups who may use each test, after appropriate 

training in the techniques has been given and the time taken per field. 

 

METHOD Research Consultants Farmers Time  (minutes) 

1 Whole profile assessment ���� ����  60 

2 SOILpak ���� ���� (����) 30  or 90 

3 Le profil cultural ���� ���� (����) 60 to 180 

4 Peerlkamp score ���� ���� ���� 30 

5 CWSSC (B. Murphy) ���� ����  60 

6 VSA (NZ) ���� ���� ���� 30 to 120 

7 Soil quality scoring  ���� ����  60 

8 VSA (Denmark)  ���� ����  60 to 120 

9 FAL method  ���� ����  90 

10 Guide to better structure ���� ���� ���� 30 

 

All the authors use their methods for research or diagnostic investigations. They are 

often used to make an initial screening of a study area prior to undertaking more 

detailed measurements. Another use is to determine the limits to root growth. The 

French method is widely used by scientists as a research tool to assess soil structure 

conditions in field experiments whose main purpose is the study of soil structure 

dynamics or the consequences of soil structure characteristics on plant growth. 

All the methods are widely used by consultants. For this purpose, methods which are 

fast and inexpensive are preferred. The objectives can vary according the context. In 

some cases it is to determine intrinsic soil quality related to new cropping systems and 

in others it is to examine the effects of soil structure on cropping systems, or the effects 

of cropping on soil structure. 

Some methods are intended for farmers. They require fast and easy techniques. The 

spade methods are more suited to this use. For instance methods 4 and 10 take little 

time (30’) and may give useful information to evaluate the effects of tillage on soil 

structure and of an overall assessment of soil management.  

The time to perform each method is very variable, with a range from 30’ to between 

120 and 180’ depending on the complexity of the examination. 
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2.2.2 The characteristics assessed by each method. 

 

 

METHOD 

Intrinsic soil quality Effects  of cropping systems  

 Profile 

drainage 

Profile 

available 

water 

Soil 

structure 

developme

Salinity Potential 

rooting 

depth 

Soil 

structure  

Effect of 

cultural 

operations 

Limitation 

to root 

depth  

1 Whole profile 

assessment 

���� ���� ���� ���� ���� (����) (����) ���� 

2 SOILpak ���� ���� ���� ���� ���� ���� ���� ���� 

3 Le profil 

cultural 

      ���� ���� ���� 

4 Peerlkamp 

score 

  (����)   ���� ����  

5 CWSSC (B. 

Murphy) 

  ���� ����  ���� ����  

6 VSA (NZ)   (����)   ���� ����  

7 Soil quality 

scoring  

  ����   ���� ���� ���� 

8 VSA (Denmark)   ����   ���� ���� ���� 

9 FAL method    ����   ���� ����  

10 Guide to better 

structure 

  ����   ���� ����  

 

Table 2.2.2 gives an indication of the characteristics which are assessed. The three first 

methods are based on soil profile evaluation and have the ability to assess both overall 

soil quality and more transient effects of cropping system. Method 1 is more focused on 

intrinsic soil quality; Method 2 takes into account both intrinsic soil quality and effects 

of cropping system and Method 3 concentrates on the effects of cropping system. The 

other methods are based on topsoil examination. The main objectives of these methods 

are to evaluate the effects of cultural operations on soil structure. Relating to intrinsic 

soil quality, all the methods take into account the soil structure stability. Methods 7 and 

8 also evaluate rooting characteristics and root limitations in the 0-30 cm layer and, 

Method 5, soil salinity. 

2.2.3 The method of sampling and how variability of the soil is taken into account 

Table 2.2.3 shows the techniques used for each method. Those based on soil profile 

evaluation have the advantages that the subsoil can be examined up to 1.50 m depth or 

below (by using an auger to bore below the trench base). However, they are destructive 

and require a pit to be dug with a mechanical shovel (and also create tracks for access).  

It is possible to determine the nature of any anthropogenic limitation to root growth 

(such as soil compaction) as well as the intrinsic quality of the deeper layers. With 

Methods 1 and 2, the limits between layers are identified by the observed differences in 

soil strength, soil water content and color. In method 3 the layers are revealed by 

exposing “successive steps” using the same two criteria but also by the appearance of 
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the surfaces exposed (degree of smearing, tracks of tines). With methods based on 

topsoil examination (0-30cm depth), the assessment is done on soil extracted with a 

spade so that disturbance of the land surface is minimised.   

The soil variability is taken into account in different ways between methods based on 

the whole soil profile and those based on topsoil only. For whole profile evaluation, 

only one pit per plot is examined, although a trench may extend across land treated in 

different ways. The hypothesis is that the pit (dug perpendicular to the usual driving 

direction) is representative of the whole plot. It means that (1) the vertical variability is 

low and (2) the pit width is wide enough to take into account the variability induced by 

wheel tracks. In the case of the spade methods, the sample is generally random. 

However, Methods 6 and 7 score separately the tracked/untracked or 

disturbed/undisturbed zones. This was possible because the hosts had identifed where 

the tracks were located. The number of replicates varies from 1 to 10 depending on the 

methods and the time available. 

 

METHOD Depth Sampling 

technique
How layers are delimited How lateral  

variability is taken 

into account  

No. of 

replicates

1 Whole profile 

assessment 
Up to 

1.5m 

Soil pit Delimited by visual 

porosity, soil strength and 

soil water content 

Pit length flexible  1 

2 SOILpak Up to 

1.5m 

Soil pit Delimited by visual 

porosity, soil strength and 

soil water content 

Pit length flexible 1 

3 Le profil cultural Up to 1mSoil pit Delimited by surface 

appearance, visual 

porosity soil strength and 

cohesion 

Pit length flexible to 

include each  

wheeling 

1 

4 Peerlkamp score 0.25m spade Distinct layers can be 

given  separate scores  

Random or selected to 

be representative 

10 

5 CWSSC (B. 

Murphy) 
0.10m  No Random ? 

6 VSA (NZ) 0.25m spade Same as Peerlkamp Disturbed and non 

disturbed  

Up to 3 

7 Soil quality scoring 0.25m spade Same as Peerlkamp Tracked zone can be 

scored separetaly 

3 

8 VSA (Denmark)  0.30m spade Same as Peerlkamp random 1 

9 FAL method  0.45m spade  Delimited by changes in 

appearance. Distinct layers 

can be given  separate 

scores 

 Lateral replicates of 

samples* 

1 

10 Guide to better 

structure  
0.25m spade Distinct layers can be 

given  separate scores 

random 10 
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The techniques used to assess soil structure. 
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1 Whole profile 

assessment 

����    ���� ���� ���� ���� ���� ���� ���� 

2 SOILpak ����   ���� ���� ���� ���� ���� ���� ���� ���� 

3 Le profil cultural ����    ���� ���� ����   (����) (����) 

4 Peerlkamp score     ���� ���� ���� ����    

5 CWSSC (B. 

Murphy) 
   ���� ���� ���� ����     

6 VSA (NZ)   ����  (����)      (����) 

7 Soil quality scoring ����    ���� ���� ���� ���� ���� ����  

8 VSA (Denmark)  ����    ���� ���� ���� ���� ���� ����  

9 FAL method   ����   ���� ���� ����     

10 Guide to better 

structure  
    ���� ���� ���� ����    

Table 2.2.4 gives the criteria used to assess soil structure. Size distribution, soil unit 

morphology, external porosity and internal porosity are the most common criteria. Soil 

unit morphology, external porosity and internal porosity are used in all the methods 

except Method 9. However, the scale and the mode of scoring may be very different for 

each method. 

The size distribution of aggregates was evaluated in most methods (except 4, 5 and 10), 

but in different ways. The initial evaluation was to estimate fragment size with a knife 

on the soil face, usually aided by prising the soil apart with the fingers. The second was 

to break up the sample extracted by dropping it from a height of 1 metre (up to three 

times for the same sample with Method 6). The fragments are then separated into a 

range of sizes, from coarse to the fine fractions with Method 6 and sieved with Method 

9. Some methods assess the topsoil layer as a whole, others are able to split any layer 

into one or more parts for separate evaluation. 

The most sensitive methods appeared to be Method 5, concentrating on surface 

properties, and those which made a careful separation into a range of aggregate sizes (6, 

7, 8 & 9). 

 

2.2.5 The range of soil water content for effective assessment. 

The methods can be used over a wide range of soil water content (SWC). Nevertheless 

some conditions are unfavourable. Each participant gave the range of SWC over which 

their methods can be performed (Table 2.2.5) gives the recommendations of the 

authors. Generally the methods are not easily used when the SWC is high and the soil is 

plastic nor when the SWC is very low, when the cohesion may be very high, and 
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extracting soil with a spade may be difficult. Spade techniques are also limited in stony 

soils particularly when the soil is dry.  

 

METHOD 

 

Soil water content 

1 Whole profile 

assessment 

No limitation  although difficult when very 

 Wet 

2 SOILpak No limitation , but best at just below the 

plastic limit 

3 Le profil cultural difficult when very dry or wetter than FC 

4 Peerlkamp score When moist and friable 

5 CWSSC (B. 

Murphy)  

 

6 VSA (NZ)  

7 Soil quality scoring No limitation, although difficult when dry, 

especially in stony soils? 

8 VSA (Denmark) No limitation? 

9 FAL method  When moist and friable: pF 2.5 – 3.0 

10 Guide to better 

structure  

When moist and friable 

 

2.2.6 Overall assessment of the soil structure at  Péronne  

This table below gives details of the relative quality of structure determined by the 

different methods. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

METHOD Plot 17 

Mouldboard 

Plough - peas 

Plot 8 

Surface till - 

peas 

Plot 9 

Surface till – 

sugar beet 

1 Whole profile assessment +++ + + 

2 SOILpak +++ + ++ 

3 Le profil cultural +++ ++ + 

4 Peerlkamp score ++ + + ++  

6 VSA (NZ) +++ + ++ 

7 Soil quality scoring +++ ++ + 

8 VSA (Denmark) +++ ++ + 

9 FAL method  (+)* + ++ 

10 Guide to better structure +++ ++ ++ 

7 Soil quality scoring of  

soil surface (Ball) 
++ ++ ++ 

5 CWSSC (Murphy) + ++ ++ 



 52 

* random sample, not representative 

Footnotes 

 1.  The comparisons shown relate only to the assessment by each method; they do not 

compare the differences between each method.   

  2.  The symbols +++ indicate the best structure; + the poorest. 

 

2.3. COMMENT AND DISCUSSION  

 

There was general agreement between all the methods that Plot 17 had the best soil 

structure, except with Method 9 where the authors considered that their single sample 

point was not representative of the plot as a whole. This plot had been mouldboard 

ploughed every year and therefore the risk of finding compaction within the topsoil was 

low. The consequence was a stable soil structure made up of small aggregates and fine 

earth. The internal porosity of aggregates was high.      

Plots 8 and 9 were classified + or ++ and the ranking give alternately Plot 8 or 9 as the 

poorest structure. Both plots were managed with reduced a tillage system. The tillage 

depth was never more than 8 cm since 1999. 

Plot 9 was severely compacted in autumn 2001 at sugar beet harvesting, but no more 

severe compaction had occurred since then. The severe compaction in 2001 induced 

high bulk density (measured to be 1.57 Mg m
-3
) which remained high during the 

subsequent years and was still 1.53 in 2005. However, the H5 layer in 2005 was made 

up of two layers. The 10 cm deep upper layer had a more massive and platy structure; 

the 10-15 cm deeper layer was also massive with very low porosity but many 

earthworms had burrowed through it to create channels through which roots could 

grow.  

In Plot 8, which had the same rotation as Plot 17, the risk of compaction was low. The 

bulk density, 1.48 Mg m
-3
, was rather high but lowers than that of Plot 9. Precise 

examination with “le profil cultural” showed that the soil structure was formed of a 

succession of zones having very low porosity and high porosity. We may conclude 

from this pattern that the origin of the compacted soil was due to wheel pressure during 

tillage operations.  

So we may conclude that the grade + or ++ for the two plots 8 and 9, corresponded to a 

rather poor soil structure. The differences in ranking between the two plots could come 

either from the soil structure variability caused by wheeling or from the weighting 

given to structural criteria for different methods: Plot 8 has higher average structural 

porosity whereas plot 9 has a more developed network of cracks within the soil matrix. 

The Peerlkamp method was the only one with a sufficient number of results to enable a 

statistical evaluation to be made of the differences between the topsoil structure of the 

plots. An evaluation of structure in a soil pit (or more accurately, along a soil trench) is 

the only technique which enables the variability induced by wheel tracks to be 

accurately assessed. 

 
2.4 CONCLUSIONS 

This was a unique investigation. As far as we know, no previous attempt has ever been 

made to compare ten methods for evaluating soil structure on the same soil and at the 

same time. It is important to stress that the evaluation of each method was completed 
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directly in the field; no samples were taken for further analysis. The results of each test 

were presented to the whole group who were thus able to question and discuss the 

findings. This comment applies equally to clients who can be shown key features by a 

consultant and discuss the results on-the-spot without delay. The amount of time 

allocated for the investigations was restricted. Nevertheless some important results 

were obtained. The methods which were most destructive of the soil (and also the most 

expensive in terms of time and equipment) were shown to be very flexible and could 

locate compact zones even when these were small. All three ‘whole-profile’ methods 

enabled an evaluation of both the inherent capability of the land to be made as well as 

an evaluation of current soil management. However, the main problem with such a 

plethora of information obtained from a trench several metres long, was how to 

communicate and summarise the results in a form that would be readily understood by 

the intended audience.  

Method 1 (whole profile evaluation) was the most flexible and comments on the profile 

exposed could be as long or as short as needed to tell the client the key facts. However, 

a relatively high degree of scientific expertise and experience was required, to make a 

judgement on the selection of key criteria to use. The results were given verbally to the 

participants and the general conclusions (high quality soil, slight signs of compaction) 

were also accepted as a valid account.  

Method 2 (SOILpak) was developed initially to evaluate compaction in vertisols 

growing irrigated cotton. However, it had evolved over several years and was now used 

on a wide range of soils. It has been shown to be flexible and sensitive with a wide 

range of criteria. It was based partly on visual appearance and partly on simple slaking 

and dispersion field tests. Weighting of scores for individual components enabled the 

weakest value to be given due prominence in the overall score. This method produces a 

single-figure score, from 0.0 (worst) to 2.0 (best). This method has been validated by 

comprehensive comparisons with other soil properties and measurements. This method 

is described in a detailed text and in a video. 

Method 3 (Le profil cultural) was very sensitive to minute changes in structure and 

flexible in its approach. However, it took the longest to complete and required a high 

degree of scientific knowledge. With suitable markings on the profile face, it was well 

suited to recording on digital photographs. The criteria were assessed on a scale which 

several participants found difficult to follow. It was felt that if a simpler method to 

evaluate the soil condition could be devised, the method would have even more to 

commend it.  

Seven methods were used to assess the structure of the topsoil and some included the 

next layer below. These were all relatively benign in terms of destruction of the soil, 

requiring no more than one complete spadeful of soil to assess. The main thrust was a 

search for compact layers which may be limiting crop performance. Some assessments 

were made almost wholly on soil properties (particularly aggregate size-distribution 

and strength), others included secondary effects such as the pattern of crop roots.  

Method 4 (original Peerlkamp, devised over 40 years ago) was by far the quickest, 

producing 10 scores on each plot, enabling statistical validation of differences to be 

made. Published criteria for a cohesive soil were used to give a score in a range from 1 

(worst) to 10 (best). During discussion it was felt that the criteria were not sufficiently 

clear and that photographs of each scale-point should be available. Modifications to the 

method were proposed which are now being evaluated. 
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Method 5 (surface soil assessment), examined the shallowest depth (10 cm). However, 

it was very detailed and included a number of simply applied field tests for the stability 

of structure such as susceptibility to dispersion and slaking. Although no overall 

numeric score was provided, scoring of some criteria were used in the assessment. It 

would be a useful method where surface properties are critical such as areas with 

erosive soils and where the erosivity of rainfall is high. 

Method 6 (Visual Soil Assessment, VSA) was developed to assess structure directly on 

farms. It takes a short time to complete and provides a single score and with suitable 

promotion, the ranking of the figures have become readily understood by farmer-

clients. The method uses a novel drop-test to break up objectively the spadeful of soil 

dug out. The resulting mixture of aggregates is then carefully graded manually into 

size-groups. These are then allocated to classes after comparison with standard 

photographs. The results have been well validated and linked to other related soil 

properties such as soil organic matter and also to crop growth. However, no account is 

taken of root distribution and although not included in detail, subsoil restraints 

(compaction) can also be examined. This method is described in well illustrated 

booklets 

Method 7 (Soil quality scoring) and Method 8 (VSA spade analysis)  have much in 

common. They are based on an early method developed in Germany. As well as an 

evaluating the degree of development and strength of soil structure they also include 

criteria for root development, soil fauna and residues. In Method 7, a score from 1 

(worst) to 5 (best) is allocated. Taking a photograph for later evaluation is also 

recommended. The test at one spot for 7 takes 20-30 min and for 8 takes about an hour. 

The assessment method for 7 is essentially a shortened version of 8, designed to 

characterise coarse and medium-textured soils. The results are readily understood by 

clients. 

Method 9 (FAL method: visual classification of aggregates and calculation of MWS) is 

based on the size-distribution and the classification of aggregates. A strong spade is 

used to extract soil from a depth of up to 45cm. The uplifted soil is then divided into 

layers and each broken apart using a drop test. The sizes of larger aggregates are 

measured with a tape measure and smaller aggregates are sieved. Each category of 

aggregates is weighed and the mean weighed diameter is calculated. With the help of 

pictures and key codes the different types of aggregates are classified and the structure 

is assessed on a scale of 1 (worst) to 14 (best). This method is rather elaborate and is 

principally used for research and also for soil survey in Switzerland. 

Method 10 (guide to better structure) is essential for use directly on farms. It operates to 

a depth of up to 50 cm. It assesses the degree of compaction, aggregate quality, surface 

degradation and also site features to give a four-class grading of severe, high, moderate 

or low related specifically to erosion risk. Similar results were obtained in a separate 

investigation, when this method was compared with Peerlkamp (Method 4) and VSA 

(Method 6). 

One of the original objectives of the Workshop was to discover if it would be possible 

to make a recommendation on which method to use to assess soil structure. Obviously 

each method has been developed to answer a specific question in a specific locality. 

Any transfer of techniques from one area to another must be done with care and 

sensitivity. The answer therefore depends on the reason for wanting to do the test and 

who is going to make the test. Is the method to support research, for use by a consultant 

or to be used directly by a farmer?  
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Methods 2 and 5 are well-established and produce good results in NSW, Australia; they 

may be less appropriate in the temperate regions. For general use, Method 1 can be 

used anywhere but requires the expertise of an experienced soil scientist. For research 

use, Method 3 is impressive in the detail provided and can also be used on any soil. 

To assess the structure of the topsoil and layer just below, one of the simplest and 

quickest methods may be recommended (Methods 4 and 10). As a result of discussions 

during the Workshop, modifications to Method 4 have been developed to answer some 

of the criticisms made. Methods 6, 7 and 8 have several features in common. They take 

more time than simpler methods but deal with specific criteria. Anyone interested in 

selecting a method for the first time, should first of all decide on the objective of the 

test. A method can then be selected that most readily meets the objective. The advice of 

the author of a method selected should also be sought so that its suitability can be 

reviewed for the specific purpose in mind. 

The results of this unique investigation at Peronne, showed that all ten methods tested 

placed the soil structure in a similar order in the three systems of soil management 

examined, although the amount of detail generated varied. Each method has its merits 

and the choice on which to use depends on the specific reason for undertaking the test. 

 

Further work 

One of the most important benefits of the investigations was to bring together, for the 

first time, a group of soil scientists who had each developed a method to evaluate soil 

structure directly in the field. Each method had been developed for a specific purpose 

and therefore the techniques varied. Already  significant cooperation between 

participants has taken place and several authors  have modified their procedures. This 

cooperation is continuing. 

 

We are aware that there are other methods of field assessment which were not 

included in the investigations at Peronne. Anyone who has developed such a method 

or who has an interest in these techniques is encouraged to join the ISTRO Working 

Group F ‘Visual soil examination and evaluation’.  The objectives of the Working 

Group are to foster cooperation, to stimulate interest in field methods of assessment 

and to encourage their wider use.  

 

It was agreed at Peronne that further work was needed on a number of aspects of 

methods of field evaluation. These included 

i) Further statistical validation and comparison of the results with crop 

parameters. 

ii) To improve selection and number of samples points by repairing wheel 

tracks or the variability of vegetation. 

iii) Development of methods for sandy soils 

iv) Better definition of structural  units such as clods and fragments 

v) Tillage recommendations to improve low scores 

vi) Incorporation of soil faunal activity  into the assessments 

 

The investigations at Peronne were done on one soil type. There was general agreement 

that a similar exercise should be planned on other soils, for example on a clay soil and a 

sandy. 
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