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Abstract: Soil quality is a measure of the ability of soil to carry out particular ecological and plant productive func-
tions. It reflects the combination of chemical, physical, and biological properties. Some of the soil properties are
relatively more important than the others and unchangeable. Others can be significantly changed by human activity.
Nowadays, three groups of soil functions are usually defined: soil utility function (productive function, infrastructure
area, source of materials); functions of soil in the environment (non-productive functions such as: water infiltration
and water retention, transport of matter, buffering and sanitary functions); soil cultural function (history of nature
and humans). The cultural function is, from our point of view, different from the others. The complex assessment of
the soil quality is the topic of this paper and includes both the productive and environmental functions. The produc-
tive function (productive potential) of Czech soils has been long studied and is + known. It is expressed by means of
a one-hundred-point scale in the Czech Land Evaluation System. Its point values depend on different soil and local
characteristics together with the natural conditions and their influence on the plant production. A similar principle
was used for the assessment of the non-productive soil functions. The importance of the individual soil characteristics
is defined. The values of the environmental soil function potentials are determined from the common soil charac-
teristics and are compared with the values of the soil productive potential. Total soil quality can be then expressed
as the average or as the sum of the points for all individual functions. Some selected function can be preferred by
increasing its value coefficient for a specific land use area (for example, an area for obtaining underground water).
Three texturally different forms of Chernozem (middle textured, clayic, arenic) which correspond to the Main Soil
Units of the Czech Land Evaluation System are given as an example of the assessment. The evaluation of the total soil
quality would then involve not only the agricultural and locality determined financial values but also an assessment

of all environmental functions of the soil.
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The term ”soil quality” has quite different mean-
ings to different soil scientists (BLum 1998; WAN-
DER et al. 2002; SCHJONNING et al. 2004). The term
soil quality encompasses both the productive and
environmental capabilities of the soil (WARKENTIN
1992; WANDER et al. 2002) as well the capacity
to resist and recover from degradation (BLum
1998). SCHJONNING et al. (2004) state that the soil
quality as a term should be used when related to
sustainability concerns such as the soil produc-

tivity, impact on the environment, and effect on
human health.

It seems that the concepts of all soil functions
(productive and environmental) are not sufficiently
evaluated in the socio-economic situation, rural
development, influence of soil on climate, and soil
protection. The contributions or possible nega-
tive consequences that arise from an insufficient
evaluation of environmental soil functions are still
only generally estimated.

The paper was presented at The International Conference of the European Society for Soil Conservation (ESSC),
Pruhonice, the Czech Republic, June 22-25, 2009. Supported by the Ministry of Agriculture of the Czech Republic,

Project No. QH 82089.
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The soil and the land have been historically
thought of as a medium for ensuring a number
of human needs. Soil, of course, also has a large
set of environmental functions which maintain
the stability of global ecosystems. The stability
of the environment is maintained through natu-
ral cycles of energy, water, and matter. Soil is a
filtration medium for groundwater and its qual-
ity, and is a huge retention space for water. Great
amounts of carbon, nitrogen, phosphorus, and
sulphur are contained in soil organic matter. Soil
is a transformation milieu in which the decon-
tamination, decomposition, and re-synthesis of
different substances take place. Soil is therefore
the basic medium for life on land. It is essential
for each human society (BLuMm et al. 2006).

The proposed concept of the soil value and its
implementation consists of a set of different soil
functions (soil multifunctionality). The concept
of the soil quality is probably best expressed as
"the ability to ensure its ecological function in
line with a particular use" or "fulfilling its most
important function without threatening any other
function” (WARKENTIN 1992; DORAN & PARKIN
1994; OLsON et al. 1996).

The assessment of the productive and non-pro-
ductive (ecological, environmental) soil functions
is always complicated due to many influences and
factors affecting it, but soil multifunctionality has
to be evaluated in some way. Whereas soil fertil-
ity and its function in an area have always been
appreciated, its ecological functions are not yet
always properly appreciated.

The following functions are generally indicated
as the soil ecological functions (DORAN & PARKIN
1996; BLum 2002):

— Retention function, that is the accumulation of
organic matter and nutrients but in particular
the retention of water. Water retention in the
soil profile can be at present apparently best
evaluated and quantified.

— Infiltration function which means entering and
percolating of water through the soil profile. It
ensures the purity of groundwater and water
sources.

— Buffering soil function suppresses the oscillation
of dynamics of soil characteristics, especially
the changes of the soil reaction and soil tem-
perature.

— Transformation and sanitation functions provide
the transformation of matters in their cycles:
their breakdown, mineralisation, and re-syn-
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thesis of new matters. Disturbances of these

functions can have consequences with regard

to pollution, contamination, nutrient regime,
or human hygienic conditions.

— Transport function is connected mostly with the
movement of water because soil water serves
as the most frequent transport medium. The
transport and movement of water can be realised
not only in vertical direction (down or up), but
also in lateral direction.

— Biodiversity function, the milieu for organisms
and genetic reserve. Human interference with
soil can, as a rule, aggravate this function.

All these soil ecological functions are intercon-
nected and any disturbance of one of them restricts
the others, inclusive the soil productive function
(DORAN & PARKIN 1996; BLuM 1998).

Each soil function must be evaluated separately
because some functions can be in conflict with each
other (for example the infiltration — percolation
and water retention functions). The soil quality
can depend on the function determined by the
human use. It may be the agricultural or forestry
use or the function of land for recreation, infra-
structure, obtaining water, landscape protection
etc. (BLuM et al. 2006).

The assessment of the productive function of Czech
agricultural soils has a long history from the stable
land registry (that was established in the 18" cen-
tury) to the modern concept of Evaluated Soil-
Ecological Units (MASAT et al. 1983, 2002; NOVAK
et al. 1995), where the soil productive potential is
expressed on a one-hundred-point scale. For the
ecological soil function assessment, so far only
one experimental work has been carried out in the
Czech or Slovak Republic (BUINOVSKY & JURANI
1999; NoVAK et al. 2007). The evaluation of all soil
functions has to be performed on the basis of similar
basic data on soil parametres and characteristics
such as the evaluation of the productive potential.
A similar access has been used in works of Bouma
(1989), ARSHAD and COEN (1992), DORAN-PARKIN
(1994, 1996), KARLEN and STOTT (1994), KARLEN et
al. (1997), MANRIQUE and JONES (2001). In the case
of the productive potential, the assessment must of
course compare also the climatic, economic, and
other local data (terrain relief, skeleton content,
soil water regime etc.).

The available soil characteristics primary data
could also be a problem:

— they may have a direct or indirect relation to a
given soil function (or, better, to its potential),
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—they can be transformed for a given purpose if
need be,

— they are not too variable in time and space,

— they contain possible heterogenity within one
soil classification unit (BUINOVSKY & JURANI
1999).

The assessment of each soil function (soil function
potential) can be performed either for units of the
Soil Taxonomic Classification System (NEMECEK
et al. 2001) or (in the Czech Republic) for Units of
the Land Evaluation System (MASAT et al. 2002),
which is specific to the Czech Republic. Both have
some advantages and disadvantages, but the clas-
sification system has a wider use. In some cases
the units of both systems can merge.

MATERIAL AND METHODS

The environmental soil functions are defined in
the works of BLumMm (1988, 1990), Bouma (1989),
BEDRNA and DLAPA (1995), DORAN and PARKIN
(1996). Specific adaptation and modification of
their conclusions were carried out for this pres-
entation: firstly, the function of biodiversity could
not be evaluated due to the insufficient basic data

about soil edafon. Secondly, the transformation,
pufration, and decontamination soil functions
have been merged together into one ecological-
stabilisation function. The following ecological
functions (or their potentials to be precise) have
been thus assessed in this paper:

— Water retention capacity potential;

— Infiltration, percolation, and transport ability

potential;

— Potential of ecological-stabilisation function

(transformation, pufration, decontamination).

The values of these potentials of the non-pro-
ductive soil functions were determined with the
use of the data about soil chemical and physical
characteristics and parameters. The collection of
the data usually comes from the data bases. The
data were either used directly or were adapted
for these purposes (NovAK & VopPrAVIL 2007;
VOPRAVIL et al. 1995-2008).

In the evaluation of the soil characteristic col-
lection, it is essential to respect their variability
in space and time. A similar access was used by
KARLEN and StoTT (1994) and KARLEN et al.
(1997). The parameters used were divided (ac-
cording to NoVAK et al. 2007 and BUINOVSKY &
VILCEK 2008) into:

Table 1. Significance of soil characteristics for the assessment of the potential of productive and environmental soil

functions

Soil function

productive infiltration + retention eCOl.O .gica.111y
transport stabilisation

Soil characteristics
Texture +++ +++ +++ ++
Profile depth, skeleton +++ ++ +++ ++
Structure ++ +++ +++ ++
Porosity ++ +4++ +++ ++
Bulk density ++ ++ ++ +
Reaction ++ - — ++
Sorption characteristics +++ - - ++
Organic matter ++ ++ ++ ++
Nutrients ++ - - ++
Locality character
Climate ++ + + ++
Slopeness, slope exposition, parent . N _ N

material

Assessment of soil characteristics: +++ very important; ++ important; + less important; — without direct relation
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— Stable soil characteristics (soil texture compo-
sition, depth of soil profiles, parent material,
skeleton content);

— Relatively stable characteristics (humus content
and its quality, sorption characteristics, physi-
cal soil parameter — retention water capacity,
porosity, bulk density, infiltration rate, erodi-
bility coefficient).

These characteristics predominantely affect the
behaviour and subsequent evaluation of soil. Rela-
tively dynamic characteristics of the soil reaction,
nutrient content, and dynamic ones (momental
water content) are connected with short-term
changes in soil. The influence of climate and local-
ity can be taken into account only if a defined area
is evaluated. The potential of each soil function
then depends on the significance, combination,
and mutual relations between all characteristics
and parameters.

The significance of the individual soil charac-
teristics is illustrated in Table 1. The values of the
individual soil function potentials are evaluated
on a one-hundred-point scale from the basic or
adapted data. Similarly, the productive potential
is expressed in this way. The assessment of the
three different subtypes of Chernozem (haplic,
arenic, clayic) formed on different parent materi-
als (and corresponding to the three different Main
Soil Units of the Czech Land Evaluation System)
was carried out as an example for this presenta-
tion. The basic introductory soil characteristics
data are given in Table 2. A graphic illustration
of the range of individual soil function potentials
is shown in Table 3.

RESULTS AND DISCUSSION

From Table 1 is it clear which soil character-
istics are important for the different individual
soil functions: hydric function (water retention,
infiltration, and transport of matter by water)
mostly depends on physical soil chracteristics.
The ecological stabilisation function depends on
chemical ones. In the soil productive potential
all the soil characteristics combine, qualify one
another and bring together all the influences of
all soil characteristics and parameters. Texture
composition dominates over the other soil char-
acteristics and affects, directly or indirectly, the
rest of them. This is, of course, well known.
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Table 2. Characteristics of assessed soils

Utilized
water
capacity
(I/m?)

Retention

Buu< Infiltration
density

Organic

Sorption characteristics

Texture (%)

(ECEC)

(I/m?)

Total
porosity

pH/KCl

matter

(mm/min)

(%)

(g/cm?)

(%)

(%)

<0.002 mm (mval/100 g)

< 0.01 mm

Soil

30-45 15-20 20-25 90-100 2.2-2.8 6.5-7.0 1.30-1.45 42-48 0.10-0.15 320-360 180-220

Chernozem
haplic

50-65

80-120

> 22

1.50-1.65 38-43

6.0-6.5

1.2-1.9

60-75

8-15

<25

Chernozem
arenic

55-70 > 30 25-32 90-100 3.0-4.5 6.5-7.1 1.25-1.40 46-52 <0.08 320-360 120-200

Chernozem
clayic
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Table 3. Point values range of the productive and environmental functions potentials

Points

Function
10 20 30

40 50 60 70 80 90 100

Chernozem haplic
Productive
Infiltration
Retention

Ecologically stabilisation

XXXXXXXX
XXXXXX
XXXXXXXXXX
XXXXXX

Chernozem arenic
Productive
Infiltration
Retention XXXXXX

Ecologically stabilization

XXXXXXXXX
XXXXXXXX

XXXX

Chernozem clayic
Productive
Infiltration XXXX
Retention

Ecologically stabilization

XXXXXX

XXXXXX
XXXXX

The assessment of the above mentioned environ-
mental functions is performed on the example of
three texturally diferentiated subtypes of Chernozem
(haplic, arenic, clayic — WRB 2006) formed on dif-
ferent parent materials (loess, calcareceous sand,
marl). This assessment is compared with the well
known older point-based assessments of their pro-
ductive potential (productive function). The range
of the values of the environmental soil function
potentials was derived from the soil characteristics
or from the range of their values (Table 2). They
are compared with the available and known values
of the productive potential (Table 3).

In Table 3 the plotted lines of the point-values
are given on the linear scale. Their general range
fluctuates from the lowest ascertained value for
the initial poor soil (5 points) up to the maximum
value of 100 points.

Universal soil quality potential can be then
expressed as the average of all individual point
values or as the sum of the point values for each
potential of the soil function. Each function has
equal status. However, if any soil function has to be
preferred in a particular land area, then the point
value of this function will be simply multiplied
by a coefficient.

As mentioned, there are relations between the
potentials of the individual soil functions and pos-
sibilities of their assessment. The evaluation of the
financial value of the soil functions is more difficult.
Whereas the soil productive function can be quite
simply financially implied, in the case of the environ-
mental functions it is not easy to assess their values
on the market economy. A possible assessment of the
soil function value can be illustrated on an example
of the soil ability to accumulate water, thus on its
soil water retention capacity (NoVAK et al. 2007).
Soil can be thought of as an accumulation water
reservoir. According to some authors (BUulNOVSKY &
VILCEK 2008), the costs for the construction of simple
man-made water reservoirs are about 2.5 EUR for
the accumulation of 1m? of water. If the good, deep
loamy Chernozem has the retention water capacity
about 350 1/m? of the soil volume, then the area of 1
ha Chernozem soil has an potential ability to collect
approximately 3500 m? of water. From this point of
view, 1 ha of Chernozem soil corresponds to the
value of up to 8000 EUR/ha. This is only a debatable
“qualified appraisal’, but it comes from real basis
and illustrates well the next future procedure for
the evaluation of the environmental soil functions
and their quantification.
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Without a comprehensive data base system con-
taining a rich data collection for each individual
soil characteristic and for each specific soil unit,
it is quite impossible to determine any relation
between soil characteristics and any particular
soil function potential.

CONCLUSIONS

Soil as a non-renewable natural resource has a
fundamental importance for the land ecosystems
and for human society. The quality of soil has
therefore to be looked at from different points
of view covering all soil functions. The value of
the soil quality potential would then be classified
not only from the economic view of its present or
future use, but also as based on the value of soil in
the natural cycles on which we all depend.
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