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Soil compaction and erosion have emerged as 
major threats to global agriculture as they nega-
tively affect plant production and have detrimen-
tal impacts on the environment. Soil compaction 
is responsible for decreased crop yield and qual-
ity, emissions of  greenhouse gases and increased 
water runoff  (Hamza and Anderson, 2005; Ball 
et al., 2008). Unless severe, it is often unrecog-
nized because plant growth can appear normal, 
especially when mineral fertilizers are used liber-
ally. The major cropping factors affecting soil 
compaction are the weight of  machinery, poor 
timing of  field operations with respect to soil 
water content and intensification of  crop produc-
tion. Soil erosion is responsible for losses of  soil 
particles, nutrients and agrochemicals resulting 
in decreased soil fertility as well as eutrophica-
tion of  rivers and lakes (Rasouli et al., 2014). Site 
characteristics (rainfall quantity and intensity, 
slope and soil texture) have strong effects on 
soil erosion; in addition, important cropping 
factors related to soil erosion are crop rotation, 
percentage soil cover and management practices 
affecting soil structure and compaction (Pimentel 

et al., 1995; Morgan, 2005). Erosion deposits are 
mostly silt and fine sand with little structure and 
porosity and thus resemble soil damaged by com-
paction. Because compaction plays a central role 
in soil degradation and yield losses, it has to be 
properly diagnosed in the field. This can be done 
by observing soil structure, root development, 
aeration and evidence of  biological activity.

This chapter will therefore focus on describ-
ing and illustrating important soil structural 
features associated with compaction and anaer-
obic conditions. It will cover the evaluation of  
soil structure and compaction status for both 
clayey and sandy soils. Since tillage is often re-
sponsible for the creation of  a number of  an-
thropic layers, each having a different structure, 
the identification of  the different soil layers will 
be explained. The use of  other indicators of  soil 
compaction such as root development (density, 
deformation, concentration in cracks or between 
layers), aeration (soil colour) and biological ac-
tivity (soil macroporosity of  biological origin, rap-
idity of  residue turnover, presence of  earthworms) 
will also be covered.
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A quick, preliminary evaluation of  soil struc-
ture can be done using a spadeful of  soil, allowing 
rapid verification of  soil structure over the entire 
field. Since agricultural practices can often affect 
soil conditions to a depth of  30–50 cm, and some-
times more, soil condition may have to be investi-
gated to such depths, depending on the situation.

Different tools can be used to assess soil 
structural quality, either using spade methods 
(e.g. the visual evaluation of  soil structural qual-
ity, VESS, Ball et al., 2007; Guimarães et al., 2011), 
visual soil assessment (VSA, Shepherd et al., 2008; 
Shepherd, 2009), or profile methods (e.g. Cultural 
Profile, Manichon,1987; or the SoilPAK method, 
McKenzie, 2001). These tools are described by 
Batey et al., Chapter 2, this volume.

Some helpful information for soil compaction 
diagnosis should also be collected by checking 
soil maps and interviewing farmers. The follow-
ing information should be gathered:

 • The origin and characteristic of  the soil;
 • The field situation; for example, surface and 

sub-surface drainage situation, crop rotation, 
yield variation in the field, size of  the equip-
ment for manure spreading and timing for 
spreading, harvesting strategy, tillage and 
number of  passes, depth of  tillage, etc.

For the purposes of  this chapter a soil is considered 
to be in good condition if  it has good structure, 
is well aerated and contains a sufficient amount 
of  organic matter in the A horizon to be capable 
of  supporting microbial activity and optimum 
plant growth.

1.1 Evaluation of Soil Structure

Soil structure is best evaluated considering soil 
texture because the criteria for assessing struc-
ture depend on the clay content. The pressure 
exerted on the soil by machinery forces aggre-
gates to stick to each other and to form clods. 
Texture is important because the clods resulting 
from compacted clayey soil are often hard and 
difficult to break down, while clods resulting from 
compacted sandy soils are fairly easy to break. 
Although the relationship between soil charac-
teristics and clay content lies on a continuous 
spectrum, the evaluation of  soil structure will 
only be described here for two main, discrete 

groups labelled as follows: clayey soils (more 
than 25–30% clay) and sandy soils (less than 
25–30% clay). Soil having 20–30% clay content 
will sometimes behave more like a clayey soil 
and sometime more like a sandy soil, depending 
on clay type and the organic matter content.

1.1.1 Evaluation of the structure  
of clayey soils

The structure of  clayey soils can mostly be evalu-
ated by observing the shape of  aggregates and 
clods. When describing structure, soil horizona-
tion needs to be taken into account because or-
ganic matter content, root density, aeration and 
biological activity tend to be much higher in the 
A horizon and these foster aggregation. This sec-
tion aims at describing typical good and typical 
poor structure for clayey soils for both topsoil 
(A horizon) and subsoil layers (B and C horizon). 
The structure of  naturally recovered clay soil is 
also described.

1.1.1.1 Soil structure of clayey soils  
in good condition

topsoil (a horizon). Aggregates of  a well- 
structured clayey topsoil are small, in the 
1–10 mm range, and well separated (Fig. 1.1a). 
They can be observed in some grasslands, some 
non- cultivated soils and in some areas that are 
not trafficked (permanent beds, controlled traffic 
systems). They are also common in intensively 
tilled top layers of  recently cultivated soils.

If  the compaction pressure is light enough, 
the clods that are formed have a rough surface 
because the aggregates that constitute them 
keep their individual shapes (Fig. 1.1b). They 
are porous because of  the space between the ag-
gregates (not always visible with the naked eye) 
and the biological activity which creates pores.

In a non-compacted soil it should be very 
easy to separate the aggregates in the clod by 
simply squeezing the clod in the fist. However, to 
do this the clod must be fairly moist. Clay be-
comes very hard when it dries, which can give a 
false impression of  being highly compacted.

When examining a spadeful of  healthy soil, 
it is often possible to see an excellent structure 
with aggregates well separated from each other 
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in the seedbed layer because of  the effect of  har-
rowing. Below the seedbed, the clods are rough 
and easy to break (Fig. 1.2).

subsoil (b and c horizons). In a well-structured 
subsoil the aggregates are small (2–10 mm) and 
can either be rounded (Fig 1.1a) or more angu-
lar in shape (Fig. 1.1c). They can be fairly mas-
sive and non-porous. Soils that are rich in silt 
sometimes have a lamellar structure (Fig. 1.1d). 
The thickness of  the lamellae can be 2–10 mm.

1.1.1.2 Soil structure of compacted  
clayey soils

As the pressure exerted on the soil (topsoil or 
subsoil) by machinery increases, the aggregates 

are more and more tightly pressed together and 
stick to each other more and more strongly. They 
form clods that are increasingly more difficult to 
break apart, more massive, less porous and 
smoother.

When examining a shovel full of  compacted 
soil, the soil must be gently broken into pieces 
that can fit into a hand (Fig. 1.3a) (Ball et al., 
2007). When it is possible to break up the clods 
with pressure, the result will be a mixture of  
small and large aggregates (Fig. 1.3b). The more 
compact the soil, the smaller will be the propor-
tion of  small aggregates.

When compaction is severe the aggregates 
fuse to each other and lose their individual shape 
in the clod (massive structure) (Fig. 1.4a), which 
cannot be broken down in the hand.

Fig. 1.1. Aggregates and clods in well-structured clayey soils. (a) Topsoil: small round aggregates, 1–5 mm 
in size, coming from a healthy A horizon. (b) Topsoil: very rough and porous clod coming from a very 
biologically active soil. The aggregates should detach from each other when the clod is squeezed. 
(c) Subsoil: small non-porous, angular, 2–10 mm aggregates. (d) Subsoil: lamellar structure, usually 
found in soil that contain less clay and more silt.
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Fig. 1.2. Healthy clay soil with mostly aggregates 
in the top part (seedbed) and rough and porous 
clods in the bottom part (below seedbed).

and  angular edges. However, full recovery of  
structure in the A horizon such as that shown 
in Fig. 1.4b will only occur if  roots and other 
biological activity develop in the soil.

1.1.2 Evaluation of the structure  
of sandy soils

The structure of  sandy soils tends to be weaker 
than that of  clayey soils because of  their lower 
clay content and is more dependent on or-
ganic matter level and biological activity. In 
the topsoil it is also affected by tillage intensity. 
Visual assessment of  sandy soil structure can 
be challenging and often needs to be comple-
mented with observations of  root develop-
ment (see section below). This section aims at 
describing typical good and typical poor struc-
ture for sandy soils for both the topsoil and 
subsoil layers.

1.1.2.1 Soil structure of sandy soils  
in good condition

topsoil (a horizon). As for the clayey soils, aggre-
gates of  well-structured sandy topsoils are small 
and rounded, in the 1–10 mm range (Fig. 1.5a). 
Such structure can be seen in soils that have a 
lot of  organic matter, roots and biological activ-
ity. These are mostly grassland, non-cultivated 
soils and some cultivated soils with crops having 
a very dense rooting system and excellent bio-
logical activity. Small and rounded aggregates 
can also commonly be seen in recently tilled top-
soil layers – particularly in seedbeds. They may 
be formed by the breaking up of  larger aggre-
gates during tillage and do not necessarily indi-
cate a good stable structure. If  the soil has been 
too intensively tilled the structure may easily 
collapse.

The lack of  clay, unless organic matter 
content is high, causes aggregates of  sandy 
soil to have a low resistance to compaction 
and they are easily crushed or compressed. 
After aggregate compression, the soil can ap-
pear massive whether it is very compact or 
not. The resulting clods have a smooth surface 
and are usually easy to break (Fig. 1.5b). 
When a clod is squeezed it usually crumbles 
easily into pieces that do not correspond to the 

1.1.1.3 Effect of texture on the identification 
of compaction of clayey soils

When the soil is moist, but not waterlogged, the 
strength of  clods of  compacted soils increases 
with clay content (Barzegar et al., 1994; Barzegar 
et al., 1995); as a result soils with a low clay 
content can be broken down much more easily 
even when the soil is quite compact. As the clay 
content of  a soil decreases, the situation will re-
semble more and more that of  a sandy soil as 
 described in the next section. Very wet, com-
pacted clayey soils may have a plastic consist-
ency, which results in clods being easily de-
formed by pressure.

1.1.1.4 Natural recovery of clayey  
soils after compaction

In clayey soils, the cycles of  shrinking/swell-
ing and freezing/thawing will fracture the soil 
by cracking. The clods (Fig. 1.4a) will crack 
into two pieces, then four and so on. Aggre-
gates formed in this way often have flat sides 
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shape of  the original aggregates because even 
light pressure can destroy the original granu-
lar structure.

When examining a spadeful of  healthy 
sandy soil, aggregates often appear well separ-
ated from each other in the seedbed layer be-
cause of  frequent tillage and root growth. 
However, the aggregation effect of  tillage may 
disappear over the season as the soil settles 
 because of  weathering and compaction. Below 

Fig. 1.4. Structure of a very compacted clay soil and of a compacted restructured clay soil. (a) Severely 
compacted clayey soil where aggregates have disappeared. (b) Restructuration of compacted clayey soil 
due to cycles of shrinking/swelling and freezing/thawing.

Fig. 1.3. Separating a spadeful of compacted soil into pieces. (a) Shovel full of compact soil after 
breaking it into smaller pieces (clods) (VESS method, Ball et al., 2007). (b) Mixture of various sized 
aggregates, 5 mm (centre) to 4 cm (left and right) resulting from breaking the clod.

the seedbed, the usually massive soil can be 
broken by squeezing a handful of  soil into clods, 
which are smooth and always easy to break in a 
moist state.

In Fig. 1.6, tillage has loosened the soil in 
the upper layer allowing roots to develop and 
contribute to the formation of  a very good struc-
ture. Careful examination is required to assess 
the state of  the soil below the seedbed layer in 
case it needs to be loosened.



6 A. Weill and L.J. Munkholm 

Fig. 1.5. Good soil structure (a) and marginally adequate soil structure (b). (a) Small round aggregates, 
1–5 mm in size, from a healthy A horizon – note the abundance of roots. (b) Aggregates compressed 
into clods by pressure. In this case, the structure may or may not be adequate for plant growth.

subsoil (b or c horizon – from 10–20 cm to  
60–90 cm). Below the tilled layer, even when 
not compacted, sandy soils often have a massive or 
amorphous structure (bottom part of  Fig. 1.6). 
Such structure results from the low organic matter 
level and biological activity in these layers as well 
as the naturally weak abiotic soil-forming factors.

1.1.2.2 Soil structure of compacted  
sandy soils

Most tilled sandy soils have some degree of  com-
paction due to:

 • Excess tillage which destroys the >1  mm 
aggregates: the soil can then collapse  during 
rain and become compact without any ap-
plied pressure (Fig. 1.7);

 • Pressure in the soil exerted by machinery 
(Fig. 1.8a).

In both cases aggregates are destroyed and the 
soil appears massive.

Assessing compaction by observations has 
two key aspects:

 1. The structure in thick layers (3–10 cm): this 
can be observed by examination using spade 
methods like VESS (Ball et al., 2007). Each layer 
 impedes the vertical development of  roots (Fig. 1.8).
 2. The development of  roots restricted to the 
upper tilled layer (Fig. 1.8b): when sandy soils are 
very compact, the grains of  sand are interlocked 
and cannot be displaced by the growing roots 
(Batey, 2000). As a consequence, the roots do 

not penetrate the soil and remain in the upper 
tilled layer. This topic is covered further in the sec-
tion on roots.

Although compaction is easier to deal with in 
sandy soils, its effect on plant growth can be more 
severe than in some clayey soils. This is because 
the cracks often present in clay soils allow at least 
some roots to grow deeper, whereas root penetra-
tion in sandy soils can be completely blocked.

Fig. 1.6. Well-structured tilled layer (0–10 cm) 
above the line and massive structure below the line.
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Fig. 1.7. Aspects of the structure a few weeks after an aggressive (left) and a gentle (right) tillage.

Fig. 1.8. (a) Spadeful of compacted sandy soil having well defined horizontal layers within 0–20 cm 
depth. (b) Tilled layer (0–20 cm) with a fairly loose structure and an abundance of root growth over a very 
compact layer (in the rectangle) that cannot be penetrated by roots.

(b)

1.1.2.3 Natural recovery of sandy soils  
after compaction

The low clay content in sandy soils results in low 
effectiveness of  cycles of  wetting/drying and 
freezing/thawing for improving the soil struc-
ture. Tillage loosens sandy soil very easily and 
can start the recovery process by allowing roots 
to develop and biological activity to increase.

1.1.3 Observation of the structure in the 
entire 0.6 or 1 m of the profile

Observing the structure of  a soil down to a 
depth of  0.6–1m is important, particularly 

where anthropic subsoil damage is suspected 
(Fig. 1.9). Such observation will allow diagno-
sis of  most of  the structural problems of  agri-
cultural soils and can be done using the SOIL-
pak and SubVESS methods (McKenzie, 2001; 
Ball et al., 2015). There is usually a significant 
variation in soil structure with depth. The dif-
ferent layers of  the soil profile must be identified 
not only as a function of  pedological horizons 
but also as a function of  the tillage they re-
ceived and the compaction they have suffered. 
The situation will vary  depending on the till-
age system in use. When possible, it may be 
helpful to compare with the same soil nearby in 
natural condition, for example, under forest or 
long-term grass.
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(a)

(b)

(c)

(d)

Fig. 1.10. Variation of structure with depth; 
example of a naturally well-structured clay soil that 
has been compacted over the previous years and 
also just before seeding (note that the thickness of 
the layers is not representative on this picture). 
(a) Seedbed layer with a good structure: porous 
aggregates 1–5 mm. (b) Very compact deeper 
tilled layer: massive clods 10–20 cm with crop 
 residue visible on the photo (these residues were 
at the bottom of what was the plough layer). 
(c) Very compact transition layer: massive clods 
10–20 cm. Here, the structure of this layer is fairly 
similar to that of the layer above but this is not 
always the case. (d) Improvement of structure with 
depth. Layer not affected by agricultural activity 
with a good structure. Aggregates 2–10 mm.

(a)

(b)

(c)

Fig. 1.9. The different layers of the profile of a tilled 
(mouldboard plough) poorly drained clay soil where 
structure varies with depth. The non-affected layer 
below 50 cm is not visible. (a) Seedbed layer with a 
good structure; in this case, it is hard to distinguish 
from the deeper tilled layer. (b) Deeper tilled layer 
with a good structure. (c) Very compact transition 
layer (bottom not visible on the picture); in this 
situation the main cause of compaction was the 
poor drainage, which resulted in cultural operations 
often done in moist conditions.

1.1.3.1 Identification of the different layers 
in conventional tillage systems

In these soils tillage is by mouldboard plough, 
chisel plough, heavy discs or similar machines to 
a depth of  15–25 cm. After seedbed preparation, 
the soil profile can often be divided into three or 
four main layers (two of  them in the tilled layer 
and two below the tilled layer (for layers a–c, see 
Fig. 1.9 and for layers a–d, see Fig. 1.10)):

 a. The seedbed layer (2.5–10 cm thick, part of  
horizon A): this layer is generally harrowed be-
fore seeding in order to make the structure very 
fine for a good soil-to-seed contact.
 b. The deeper tilled layer (10–20 cm thick, part 
of  horizon A): this is the lower part of  the tilled 
layer just below the harrowed layer. It is nor-
mally rather loose with well-defined aggregates 
unless the agricultural operations just before 
seeding were done when the soil was too moist, 
in which case it may be compacted.

 c. The transition layer: this layer is just below 
the tilled layer (Peigné et al., 2013), whether till-
age is shallow (harrow only – see next section) or 
deep (mouldboard plough or chisel plough). It is 
generally compacted by agricultural machinery 
(mostly traffic with heavy equipment) but not 
regularly tilled unless subsoiled. The thickness 
of  the transition layer varies with the type of  
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tillage, the soil moisture content during oper-
ations and the weight of  the machinery (tractors, 
manure spreaders, harvesters). It can be shal-
low when only harrows are used or deeper 
when a mouldboard plough, a chisel plough or 
heavy discs are used. The transition layer can 
start in the lower part of  the A horizon (where 
this is deeper than the tilled layer) and depends 
on the depth of  compaction, it can extend into 
the B horizon and, exceptionally, into the C hori-
zon. The structure of  the transition layer grad-
ually changes with depth into a layer that is not 
affected by anthropic activity.
 d. The non-affected layer: this is not affected by 
compaction and is subsoil in natural condition. 
Depending on the soil type the structure can 
range from excellent to very massive.

The situation described above can be more com-
plicated if  the texture varies with depth. In such 
situations, it may be necessary to seek more 
layers (e.g. using SubVESS, Ball et al., 2015) as a 
function of  both the agricultural  activity and 
the pedogenetic horizons. On the other hand, 
when the soil has a good structure, it is more 
usual to see only two layers, that is, the tilled 
layer and the layer below.

An easy way to see the variation of  soil 
structure with depth while observing the soil 
profile in situ is to extract some soil from each 
identified layer with a spade, place the soil from 
the different layers on a plastic or cardboard 
surface (Weill, 2009) and gently separate the 
soil into clods as described in the VESS method 
(Ball et al., 2007) (Fig. 1.10). This allows the 
easy comparison of  the aggregates or clods be-
tween layers. In Fig. 1.10, the soil was com-
pacted during spring tillage, which was readily 
detected in the deeper tilled layer.

1.1.3.2 Identification of the different  
layers in minimum tilled and  

no-tilled systems

Under minimum tillage, where tillage for seed-
bed preparation is to 2.5–10 cm depth only, the 
transition layer is just below the seedbed. A deeper 
tilled layer may only exist in the soil profile in the 
form of  an old plough layer.

Under no-till, where tillage is only due to 
the seeding coulters, the surface layer is often 
the most compact and any compaction is likely 

to gradually decrease with depth. A tillage pan 
related to previous tillage practices may some-
times be present.

1.1.4 Soils with natural structural 
limitation

Some soils are naturally massive and limit plant 
growth even when they have not been com-
pacted by anthropic activities. In order to separate 
natural compaction from machinery-induced 
compaction, it may be useful to compare agri-
cultural soil with a nearby soil under natural 
vegetation (forest or grassland). Some examples 
are given below.

1.1.4.1 Clayey soils with a naturally  
massive structure

Some soils (e.g. some gleysols) may have a natur-
ally massive structure that does not result from 
machinery-induced compaction. Recognizing this 
structure is important because it is much more 
difficult, and sometimes impossible, to improve 
it. Some experience is needed to identify such 
natural massive structure.

Collecting information on the soil origin 
and farming practices as described in the intro-
duction is very helpful in this situation.

The depth and thickness of  the massive layer 
can give a clue. Machinery-induced compaction 
is expected to be found mostly in a transition layer 
5–30 cm thick below tillage depth. Only in ex-
treme situations, that can easily be identified, will 
a compacted transition layer be very thick (>30 cm). 
An example would result from a farmer spreading 
slurry in multiple passes using big tankers in 
early spring when the soil is generally too wet. 
Layers with a naturally massive structure can be 
much thicker than 30 cm. In this case, it is very 
helpful to compare with soils in their natural con-
dition (under forest or long-term grass).

1.1.4.2 Cemented layers

Chemically cemented layers in sandy soils (e.g. 
iron pans or indurated layers) are usually thin 
(3–10 cm) and very hard. They are easy to diag-
nose because of  their different colour (reddish 
because of  the iron) and their hardness.
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1.1.4.3 Soils of glacial origin (tills)

Some tills may have a natural massive structure 
because they have been compressed by the weight 
of  ice for long periods. They can belong to differ-
ent soil orders depending on their internal drain-
age. In some situations, the massive structure is 
easy to diagnose because the clods are difficult to 
break when squeezed in one hand. In other situ-
ations, the clod breaks down into aggregates 
that easily detach themselves from each other 
(giving an impression of  good structure) even 
though the soil is too massive for roots to de-
velop. In this case, aggregates may be too strongly 
interlocked, leaving no space for roots to grow. It 
is therefore important to observe root growth in 
order to make a diagnosis with these types of  soils.

1.2 Observation of Roots: Density, 
Deformation, Concentration in  

Cracks or Between Layers

Roots are probably the best indicator of  soil com-
paction. Whilst overall root density is very hard to 

Fig. 1.11. Roots that develop in the clods as well as between the clods in a well structured clayey soil (a); 
only around a clod in a compacted clayey soil (b); or in cracks in a compacted clayey soil (c).

evaluate because it is impossible to see the full ex-
tent of  root development when observing a limited 
part of  the soil profile, root deformations and local-
ized concentrations of  growth are easy to see. Roots 
have different patterns of  development in com-
pacted clayey soils and in compacted sandy soils.

1.2.1 Root development in clayey soils

Roots in non-compacted clay soil can explore a 
large volume of  soil. Their density decreases with 
depth at a fairly uniform rate. They are not de-
formed and grow within clods or aggregates as 
well as between clods or aggregates (Fig. 1.11a).

Some important characteristics of  roots 
that develop in compacted clayey soils relate to 
their growth in cracks. Thus in compacted clayey 
soils, roots can either be seen concentrated in 
cracks with none in the clods (Fig. 1.11b and c), 
or as flattened roots with secondary roots devel-
oping only in the plane of  the crack (Fig. 1.11c).

Other characteristics that are sometimes vis-
ible with roots growing in compacted clayey soils 
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are thickened roots, enlarged tips or a tap root that 
stops abruptly and splits into a few secondary roots.

An abrupt change in root density between 
two adjacent soil layers can also be an indicator 
of  compaction, but is not always easy to observe 
in clayey soils.

1.2.2 Root development  
in sandy soils

In sandy soils, an abrupt change in root density 
between two adjacent soil layers is an important 
indicator of  a compacted layer. Roots can be very 
numerous in the upper soil layer (usually the 
tilled layer) and very scarce or even absent in the 
underlying layer (Fig. 1.12). Such a change is 
usually more pronounced than in clayey soils. 
When the roots are blocked by a compacted 
layer, they develop horizontally (Fig. 1.12). In 
the presence of  a compacted structure in layers, 
they develop between the horizontal layers. As 
in clayey soils, tap roots can also stop abruptly at 
the transition layer and split into several second-
ary roots, be thickened or have enlarged tips.

Fig. 1.12. Root development restricted to the tilled 
layer in a compacted sandy soil.

1.3 Other Criteria for Recognizing 
Compaction

The other criteria for recognizing soil compac-
tion are signs of  restricted soil aeration and asso-
ciated waterlogging, and evidence of  restricted 
soil biological activity.

1.3.1 Evaluation of soil aeration  
using soil colour

Aerobic soil tends to have a brownish-red col-
our, while anaerobic soils tend to have a bluish 
and/or grey colour. Reduction of  iron due to 
lack of  oxygen is responsible for the colour 
change. In topsoils, lack of  oxygen is mostly 
related to compaction. Signs of  reduction are 
often clearly visible around decomposing or-
ganic matter because of  the increased respira-
tory demand for oxygen (Fig. 1.13a). Bluish 
colours are commonly observed at the bottom 
of  a plough layer where most residues are con-
centrated and where compaction is often 
present. In addition, a perched water table 
sometimes forms above the compacted layer, 
which further increases the reductive condi-
tions (Fig. 1.13b).

In subsoils, fluctuation of  the water table is 
often responsible for the lack of  oxygen and 
therefore the bluish/grey colour. Such reduc-
tion conditions can be increased by compaction. 
When the soil is very anaerobic it also smells 
bad, like rotten eggs, due to the production of  
reduced sulfur gases. Evaluation of  soil aeration 
status is integrated as part of  many visual 
evaluation methods such as VSA (Shepherd, 
2009), VESS and SubVESS (Ball et al., 2007; 
Ball et al., 2015).

1.3.2 Evaluation of biological activity

Biological activity can be visually observed using 
three indicators:

 1. The density of  visible macropores of  biological 
origin;
 2. The rapidity of  turnover of  plant residue;
 3. The presence of  earthworms.
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Fig. 1.14. High and low soil porosity of biological origin. (a) Very high number of fine and large macropores. 
(b) High number of large macropores (>2 mm). (c) Low number of pores (<1–5 dm–2). (d) No pores, but 
some cracks.

(a)

Fig. 1.13. (a) Bluish colour related to compaction 
of the tilled layer and the presence of residues. 
(b) Water seeping from a perched water table due 
to compaction below the tilled layer – the bluish/
grey colour is visible just below the zone where the 
water is seeping out.

(b)

1.3.2.1 Macroporosity of biological origin 
and earthworms

Macroporosity of  biological origin is a very good 
indicator of  biological activity and therefore of  
soil health (Fig. 1.14). Munkholm (2000) pro-
posed a grid for estimating the number of  macrop-
ores of  biological origin in the soil. Macroporosity 
was classified as fine (0.5–2.0 mm pores) and large 
(>2.0 mm pores). An average frequency of  fine 
macropores is 1–5 cm–2 and an average frequency 
of  large macropores is 1–5 dm–2. An estimation of  
the density of  earthworm burrows may yield in-
formation on the activity of  earthworms, espe-
cially anecic species (Lamandé et al., 2011).

1.3.2.2 The rapidity of turnover  
of plant residue

When a soil has a good structure and is well aerated, 
buried plant residues should decompose rather rap-
idly. In a biologically active soil, residues can dis-
appear in 1 year. Where decomposition is restricted 
and slow, plant material will remain intact and 
tough for a long time (Fig. 1.15). The colour is either 
yellow/bright (i.e. very slow decomposition) or black 
(i.e. anaerobic decomposition) (Munkholm, 2000). 
The latter is normally associated with bluish soil col-
ours and a bad smell as described above.

The rate of  decomposition varies with cli-
mate, soil texture, residue type and tillage, so it is 
not possible to give general figures for a normal 
rate of  decomposition. Such figures should be 
defined for each region. According to Preuschen 
(1994), for a healthy soil, applied plant material 
should decompose to a large extent within 3–4 
weeks during the summer time under northern 
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Fig. 1.15. Yellow old residues at the bottom of a 
plough layer in a clay soil indicating a slow 
biological activity.

Fig. 1.14. Continued.

grown continuously for several years, it is much 
more difficult and sometimes impossible to evalu-
ate the age of  the residues.

1.4 Conclusions

Observations of  soil structure, rooting, evidence 
of  aeration (colour) and evidence of  biological ac-
tivity provide an efficient way to identify soil dam-
age problems. When such observations are made 
for each of  the different tillage layers it is often pos-
sible to find the cause of  poor plant growth and to 
target zones requiring loosening. The visual evalu-
ation of  soil also enables identification of  till-
age-related problems such as inadequate seedbed 
preparation or uneven seeding depth, which result 
in irregular emergence. Visual evaluation can also 
be used to identify inadequate drainage, which 
may increase the risk of  compaction and restrict 
plant growth. Visual evaluation of  the soil is also a 
means to understanding natural soil limitations. 
It is an essential technique for any agronomist try-
ing to diagnose poor crop yield and trying to spe-
cify the target soil conditions for good yields.
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European conditions. Straw and stubble incorp-
orated immediately after harvest should be fri-
able by the following spring.

It is important to know whether residues are 
1, 2 or 3 years old. When crops alternate from 
year to year, it is usually easy to evaluate the age 
of  the residues simply by recognizing the type of  
residue and checking when that particular crop 
was grown in the rotation. When the same crop is 
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