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Abstract
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Our study off ers:
• A review of basic indicators important for sustainability assessment of arable farming (balance of 

nutrients, organic matter and energy, pesticide use, biodiversity and soil protection); 
• A review and way of expression of the most frequent indicators for assessment of the above 

characters and impact of farming on the environment including the methods for a complex 
assessment of agricultural enterprises in which individual indicators have been used;

• A knowledge and practical experience of using of the indicators for assessment in agricultural 
enterprises.

indicators, agrosystem sustainability

Sustainable management poses on three bases: 
ecological, economic and social of which the 
ecological plays a key role. Economy is automatically 
concerned as a crucial factor as without economy no 
agricultural business can survive even for a short 
period. However, man unconditionally needs 
natural resources for all his activities, development 
and food production. Degradation or destruction of 
natural resources cannot be replaced by expending 
any amount of money – see the concept of strong 
sustainability (Ščasný et al., 2002; Neumayer, 2002). 
This does not only mean space and raw materials 
but also services or functions that the natural 
ecosystems off er (The Ministry of Environment, 
2003). However, this is a long-term issue, observable 
in the time frame of decades or centuries. Therefore, 
it is not o� en taken into account by a farmer, 
and thus monitoring of the adequate behaviour 
and motivation from the outside is needed. The 
manifestation of the increasing negative impacts of 
human activities, to signifi cant extent particularly 
of agriculture, gave birth to considerations of 
sustainability at the beginning of the 20th century, 

and in a society-wide measure since the 1960s. 
Therefore, at fi rst the assessment of the ecological 
aspect of sustainability was developed, and the 
indicators and methods comprising economic and 
social matters were gradually added later (Rosnoblet 
et al., 2006).

Payraudeau and van der Werf (2005) state that from 
the environmental viewpoint, agricultural activity 
is sustainable if the produced polluting emissions, 
and range and way of exploitation of natural 
resources can be in the long term ensured through 
the natural environment. Thus, determination of 
the environmental impact of agriculture represents 
the fi rst step in the overall assessment of agricultural 
sustainability. 

Agricultural research is aware of the importance 
of agrosystem sustainability and the need to develop 
suitable ways of its measurement (Tellarini, Caporali, 
2000). For this purpose, diff erent indicators have 
been developed in order to cover the need for tools 
in the assessment of impacts on the environment 
(Bockstaller, Girardin, 2003).
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As mentioned by Halberg et al. (2005), Green 
Accounts or Input-Output Accounting systems 
(IOAs) have been developed in the countries 
with intensive agricultural production in order 
to support voluntary relation improvement and 
activities of farms with regard to the environment. 
It is typical for IOAs to use a set of indicators for 
expression of the level of environmental impact. 
One of the reasons for support and interest of 
IOAs in individual countries and at EU level seems 
to be the hypothesis that such voluntary systems 
for environmental improvement of farms can 
supplement the obligatory regulations, and that 
farmers can compare themselves one with the 
other. Together with the use of indicators, this will 
enhance their awareness of possible environmental 
improvements. It might be better to stimulate the 
farmers to be “managers of their own interaction“ 
between the production and environment rather 
than to force them to obey current rules and 
restrictions. According to Halberg et al. (2005), the 
farmer is, from the agrosystem viewpoint, the key 
to improving interaction management between 
agricultural enterprises and the environment, 
and given the right advise, he might be able to fi nd 
locally adapted improvements.

The objective of our study is the characterisation 
and review of indicators employed for the 
environmental (concerned also as bio-physical or 
agronomic) sphere of the sustainability assessment 
of management of arable land.

METHODS AND INDICATORS
The methods for sustainability assessment of 

agricultural enterprises have been developed since 
the 1990s. The most frequently used means for 
the assessment are sets of indicators. These enable 
a comprehensible presentation even of complex 
phenomena. Rosnoblet et al. (2006) identifi ed 150 
such methods in their research. They further 
found that the prevailing assessed aspect of the 
analyzed methods is impact on the environment. 
The assessment is most o� en carried out at the 
agricultural enterprise level (in about half of the 
methods) and at higher organizational levels (region 
and country). The number of indicators range 
between 4 and 200 per method (median equals to 
15) at which the most frequent way of indicator 
aggregation is their sum or arithmetic mean.

Of this number, 55 so called Input-Output 
Accounting systems (IOAs) have been identifi ed 
in Europe (Goodlas et al., 2003; Halberg et al., 2005). 
These systems take into account inputs into a farm 
agrosystem, which are related to outputs and 
thus enable assessment of environmental impact 
of agro-business management and changes in 
the management. The basic and most frequently 
used indicators are balance of nutrients (N, P) 
and organic matter, and energy balance (Halberg 
et al., 2005; van der Werf, Petit, 2002; Payraudeau, 

van der Werf, 2005; Goodlas et al., 2003; Tellarini, 
Caporali, 2000). The assessment of pesticide use and 
agrosystem biodiversity is also included (Bockstaller 
et al., 1997; Eckert et al., 2000; Häni et al., 2003).

According to indicator defi nitions mentioned 
e.g. by Bockstaller and Girardin (2003), its major 
function is to off er:
1. Information (o� en simplifi ed) about the complex 

system (e.g. agroecosystem) or an immeasurable 
criterion (e.g. biodiversity, sustainability etc.);

2. Decision support, which helps to achieve the 
determined objectives, for example sustainability 
of a given agrosystem.

Concerning the character of information which 
the indicators off er, the most frequent is OECD 
(1999) classifi cation into the indicators of pressure, 
state and response. The fi rst two types of indicators 
are in practice used for the assessment of farm 
management.

Indicators can be the result of a series of 
measurements, calculated characters or they can 
be based on expert systems. At least two types of 
indicators can be distinguished (Girardin et al., 1999):
• Simple indicators based on measurements or 

estimation (e.g. using a model) of an indicative 
variable;

• Composite indicators which are obtained 
by aggregation of several variables or simple 
indicators (Bockstaller, Girardin, 2003). 
Several indicators are not aimed to predict the 

current impact, but to off er information about 
the risk or potential impact (Halberg, 1999). 
Indicators can also inform about the procedure in 
attaining political goals (Comission of European 
Communities, 2006). Thus, indicators can signalize 
both positive and negative trends. Some of the 
indicators are focused on inducing alarm, in the 
sense that they should off er information about 
a negative impact, even before it actually occurs.

Users
The identifi cation of end user and the defi nition 

of practical objectives of the indicators have 
been emphasized as the necessary steps of their 
development by several authors (Girardin et al., 1999; 
Bockstaller, Girardin, 2003; Bockstaller et al., 2008).

Two major groups of users, who place diff erent 
requirements on the indicators, can be diff erentiated. 
One group is the administration and politicians, 
which are increasingly pressured towards the 
restoration of impacts of agricultural activities on 
the environment and creation of environmentally 
fair policy for agriculture. The second group of users 
is farmers (and also advisors) who have a decisive 
infl uence on the quality of agricultural countryside. 
Here, the indicator methods can be used to fi nd the 
weak points of management but also the potential 
for improvement. These results can be further used 
at farm eco-audits (Meyer-Aurich, 2003). 
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The form of result
Some methods report the indicator result in 

the original units and others convert the result to 
a relative fi gure, which serves as a grade, points or 
score. It can be a value which expresses:
1. The risk or impact in the range from 0 to 1 

(Hülsbergen, 2003), from 1 to 10 (Eckert et al., 
2000) or from 1 to 5; 

2. Impact on the environment in the range from 0 to 
10 (Bockstaller et al., 1997);

3. The scale between negative and positive values, 
e.g. −3 to +3 (Rigby et al., 2001) expressing negative 
and positive eff ects. 

The selection of scale, evaluating conversion 
functions and the range of values are subjective and 
eventually depend on individual considerations, 
and therefore need discussion, which is important 
for eff ective communications. In any case, the 
selection should be explicit and transparent 
(Bockstaller et al., 2008).

Determination of threshold value
According to Riley (2001), indicators are defi ned 

as “observations related to their corresponding 
reference point“. Bockstaller et al. (2008) further 
reported that this reference value helps the user to 
interpret the raw value of the variable, calculation 
or measurement, e.g. to evaluate whether a certain 
action is environment friendly or not. The reference 
value can be implicit. For example, the reference 
value for indicators of nitrogen balance is for many 
users zero as they assume that the system has 
attained a stable status. But such implicit value is 
o� en the object of criticism due to a lack of scientifi c 
arguments. The reference value can be a threshold 
value, e.g. a critical amount of soil pollutant, 
a standard, e.g. for the indicator of water quality 
with regard to nitrates and pesticides in the EU, 
or an objective which is expressed absolutely or 
relatively. In many instances, the reference value is 
not determined by scientists but is established by 
stakeholders. It should be the result of interactions 
between scientists and politicians, according to 
Bockstaller et al. (2008).

Therefore, determination of optimal target value 
can diff er according to the region, and can also be 
infl uenced by political impacts.

Space and time dimension of assessment
The boundary for assessment can be the boundary 

of a farm, a plot or soil surface. With regard to time, 
the most usual standard is a year, however, methods 
based on models also use month step (SALCA) or the 
main stages of the growth cycle (Indigo) (Bockstaller 
et al., 2006). But it is necessary to diff erentiate 
between the level of input data determination and 
the level of output data application. Most o� en, 
the input data are at plot level and the outputs are 
aggregated up to farm level. However, this can lead, 
in the case of large farms, which are frequent in the 
Czech Republic, to the loss of information about 
system heterogeneity.

Review of indicators
In agriculture, the ecological aspect of sustainabil-

ity is o� en considered as bio-physical or agronom-
ical. Thus, consideration includes both impact on 
the environment and evaluation of  management of 
system leaning on biological basis.

Basic indicators at a complex assessment of bio-
physical management sustainability are nutrient 
management, organic matter management, and 
energy balance, basic assessment of the crop 
protection system as well as agrosystem biodiversity 
and soil protection. Therefore, further review is 
focused on these spheres.

Due to a practical feasibility of assessment, input 
data should only include current agronomical 
reports and eventually basic characteristics of the 
locality including information about soil (BPEJ), 
character of terrain relief etc.

The analysis of nutrients is most frequently 
ori ented to N, and less frequently to P, though 
agriculture can signifi cantly contribute to eutro-
phication of water ecosystems. Potassium is mostly 
ignored. It is not generally a limiting element for 
water quality but is important for a long-term soil 
fertility and production quality (Öborn et al., 2005). 
Moreover, the interest in optimization of P and 

I: List of indicators of N balance

Indicator Calculation Input data Example of methods

Balance (kg.ha−1)
Diff erence of all N inputs and 
amount of N going away in products 
(corrected for change of supply)

• All inputs
• Yields
• N content in production

REPRO, DLG, KUL/
USL, KSNL

Effi  ciency of N use N (%) (inputs – outputs) /outputs * 100 %
• All inputs
• Yields
• N content in production

REPRO, EMA

Risk of emissions
Potential model N loss minus eff ect of 
measures on loss reduction

• Fertilizer inputs
• Crop
• Soil type

Indigo, SALCA, 
REPRO

Risk of leaching
Percentage from N surplus based on 
balance corrected for inevitable losses 
and eff ect of management 

• Fertilizer inputs, Crop, soil 
type

• Soil tillage
EMA
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K balance is substantiated by the fact that these 
nutrients originate from limited, non-renewable 
resources (Bassanino et al., 2011).

Balance is the basis of indicators which deal 
with nutrients. In all three nutrients, it is based 
on the same principle of diff erences between 
inputs and outputs (Commission of the European 
communities, 2000; OECD, 2001; Bassanino et al., 
2011). However, in nitrogen, more possible inputs 
can be considered, as well as more ways of its 
changes and losses. From this viewpoint, diff erent 
methods are diff erently detailed, and indicators 
from a simple balance, which does not discriminate 
the ways of losses, up to specialized indicators of 
a particular type of losses or simple models are 
used. The basic hypothesis in the case of N is that 
a positive balance i.e. the surplus enables estimation 
of potential N losses (Bockstaller et al., 2006).

The list of basic indicators concerning nitrogen is 
shown in Tab I, these for phosphorus and potassium 
in Tab. II. 

The balance of organic matter is also based on 
the diff erences between inputs and loss of soil 
organic matter by mineralization. The level of 
mineralization depends on the grown crop, intensity 
of soil tillage and soil quality (Jurčová, Bielek, 1997), 
which are taken into account in diff erent extent. 
The established equivalents with a defi ned content 
of carbon and nitrogen are o� en used for the 
expression of organic matter level (Humuseinheiten 
– HE (Hülsbergen, 2003); or t Reproduktionsfähige 
organische Substanz – t ROS (Eckert et al., 2000)). In 
the Czech Republic, it is most frequently dry matter 

of organic substance or the amount of oxidisable 
carbon. The list of indicators is presented in Tab III.

Energy assessment is a signifi cant objective indi-
cator of effi  ciency of agricultural production (Neu-
dert, 1998; Pospišil, Vilček, 2000). The advantage of 
this approach is that diff erent forms of inputs can 
be reversely conveyed to the same units (Christen, 
O’Halloran Weitholtz, 2002) and diff erent kinds of 
production and greatly diff erent ways of produc-
tion can objectively be compared (Refsgaard et al., 
1998; Halberg, 1999; Tellarini and Caporali, 2000). 
Diff erent methods can be used for the calculation of 
plant production energy balance depending on the 
 objective of the analysis performed. The methods 
mentioned in the literature diff er in spatial and time 
limitation of system boundaries, in fl ows of sub-
stances and energy, which are taken into account, 
and in energetic equivalents established for these 
fl ows (Jones, 1989; Kalk and Hülsbergen, 1997).

The list of indicators of energy balance is presented 
in Tab IV. The base of all indicators is quantifi cation 
of inputs of fossil energy, especially the direct one, 
characterized by consumption of fuels. Some of 
the methods supplement even the energy needed 
for production of inputs into plant production. 
Other methods then use the obtained inputs for 
calculation of balance (diference between inputs 
and outputs) or effi  ciency (proportion of inputs and 
outputs) of energy. Consumption or energy balance 
can be related to the area or production unit.

The indicator of assessment of the use of pesticides 
(see Tab. V) is sometimes included into the complex 
methods but frequently builds an independent 

II: List of indicators of P and K balance 

Indicator Calculation Input data Example of methods

Balance (kg.ha−1)

Diff erent between the applied dose 
of nutrient and dose going away in 
products

• Fertilization
• Content in production 

KUL/USL, KSNL, 
REPRO

Comparison of applied dose in 
fertilizers and recommended dose

• Fertilization
• Soil characters, crop 

rotation
Indigo (P only)

Category of soil supply 
with nutrients

Direct measurement – soil analysis KUL/USL

III: List of indicators of organic matter balance

Indicator Calculation Input data Example of methods

Organic matter balance 
(HE or t ROS.ha−1)

Diff erence between input of organic 
matter (in fertilizers and plant 
residues) and its loss (according to 
eff ect of crops)

• Organic fertilization, 
straw management

• Crop

KUL/USL, KSNL, 
REPRO, DLG

Supply of organic matter 
(%)

Loss / inputs of organic matter
• Organic fertilization, 

straw management
• Soil type

REPRO

Average dose of organic matter in the 
last 4 years / recommended dose of 
organic matter based on content of 
clay and CaO in soil

• Organic fertilization, 
straw management

• Soil type, content of 
clay particles, CaO 
content

Indigo
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method. In this case, there is the most expressed 
variance from simple indicators (of the type of 
average applied dose of active substance per hectare) 
to complex models which also include persistence 
period in the environment, toxicity of substances 
for particular components of the environment and 
groups of animals. All indicators for this area use 
some form of score (Reus et al., 2002). Relatively great 
number of indicators also includes the component 
assessing the system of plant protection or non-
chemical ways of protection. Indicators which only 
assess this aspect also exist.

Diversity of an agricultural system (see Tab. VI) 
can be considered from several points of view. 
This can be a diversity of groups or plant species 
grown in a given year, plot size diversity (Eckert 
et al., 2000) or a proportion of ecologically valuable 
area within the farm acreage (Eckert et al., 2000; 
Häni et al., 2003). However, the term can also be 
comprehend diff erently as the diversity of farming 
system concerning the frequency and date of work 
operations, diversity in soil cultivation, ways of 
harvest etc. (Zapf et al., 2009). Thenail et al. (2009) 
and Leteinturier et al. (2006) assess also crop 
rotation, which has infl uence on both the stability 
of agrosystem, enabling reduction of inputs of plant 
protection preparations, and on landscape diversity.

Quite o� en, this area is comprehended from 
the point of view of diversity of non-production 
free living organisms. Actually, it is the original 
point of view. For example Manhoudt et al. (2005) 

diff erentiate biodiversity in crop stand, in fi eld 
margin stripes, and in stands of line landscape 
elements.

In the Czech Republic, information value of 
indicators which assess spatial and species diversity 
of the grown crops and proportion of ecologically 
valuable areas is decreased due to the fact that land 
tenure of enterprises is not compact but penetrates 
to plots of other owners.

The most frequent fi eld of soil protection 
assessment is its erosion and compaction. Some 
authors are also interested in chemical changes 
characterized by soil reaction changes (Eckert et al., 
2000). However, this requires soil analysis; therefore 
it is indirectly assessed through soil liming (Lewis, 
Tzilivakis, 1998). For the estimation of soil erosion 
risk, several procedures have been developed, 
independently to sustainability assessment, which 
are widely used and included in the methodologies 
for a complex assessment of agricultural enterprises. 
This is for example the ABAG method (Germany) or 
USLE (USA). These methods have been adjusted so 
that they require relatively large amount of input 
data but these are easily available. The methods 
assessing the risk of soil compaction require quite 
detailed information about the mechanization used 
in each plot (Rücknagel et al., 2007; Lebert et al., 
2007). The indicators are listed in Tab VII.

Most of the complex methods use relatively 
simple procedures of indicator calculation for better 
feasibility. It appears generally that risk of errors 

IV: List of indicators of energy balance

Indicator Calculation Input data Example of methods

Consumption of fossil 
energy (GJ.ha−1)

Consumption of direct and indirect 
energy (energy for production of 
machines and pesticides, eventually 
fertilizers) 

• Mechanized work 
operations and their 
parameters, inputs of 
pesticides or fertilizers

Indigo, REPRO

Consumption of direct energy
• Mechanized work 

operations and their 
parameters

KUL/USL

Energy balance (GJ.ha−1)
Diff erence of energy outputs in 
products and inputs (consumption) 
of energy

• Mechanized work 
operations and their 
parameters, inputs of 
pesticides or fertilizers

• Crop yields

REPRO, DLG, KUL/
USL, KSNL

Energy effi  ciency
Proportion of energy outputs in 
products and inputs (consumption) 
of energy

• Mechanized work 
operations and their 
parameters

• Inputs of pesticides or 
fertilizers

• Crop yields

REPRO

Energy need

Combination of energy consumption 
in factual form (Driving force) and 
effi  ciency of its use and independence 
of a farm with regard to energy 
sources (State).

• Consumption of 
energy, impacts on the 
environment

• Consumption of energy 
per worker, level of 
independence with 
regard to energy

RISE
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V: List of indicators assessing the use of pesticides

Indicator Calculation Input data Example of methods

Index of treatment
Applied dose / approved dose
Treated area / area of farm land in an 
enterprise

• Pesticide treatment 
in particular plots 
including the dose

REPRO

Intensity of pesticide use 
(€.ha−1.a−1)

Proportion of the used pesticides 
in an enterprise to the average for 
a given region

• Amount of applied 
preparations for plant 
protection

KUL/USL, KSNL

IPHY

Combination of amount and 
persistence of pesticide, its 
penetration to and deposition in 
the soil and water environment, 
and air, and its toxicity in the above 
environments using Fuzzy logic

• Date, dose, preparation
• Crop

Indigo

Plant protection

Combination of crop rotation, 
amount of active substance and its 
danger (Driving force) on one side 
and the system of plant protection 
and level of management (State) on 
the other side 

• Crop rotation, amount 
of active substances, 
potential risk of the 
used substance

• System of plant 
protection, education, 
equipment, existence 
of waiting periods and 
buff er zones

RISE

Amount of active substance * toxicity
• Used preparations and 

their amounts
SALCA

Proportion of untreated 
area (%)

Proportion of untreated area to the 
total area of cultivated soil in an 
enterprise

• Untreated area REPRO

Limitation of risks
Assessment of good agricultural 
practice (e.g. hand weeding, waste 
management)

• Used non-chemical 
ways of plant protection

KUL/USL, KSNL

VI: List of indicators of system diversity

Indicator Calculation Input data Example of methods

Diversity of cultures
Indirect assessment through diversity 
of arable crops and plot size

• Crop structure, their 
distribution in plots, 
plot size

Indigo

Diversity of crop species Shannon index
• Total area of individual 

crops in a given year
KUL/USL, KSNL, 
REPRO, DLG

Biodiversity 
Combination of ecological quality of 
areas and plot size

• Zones of ecological 
compensation, plot size 
(of low diversity)

• Area of high diversity

RISE

Mean size of plot (ha) Median • Acreage of plots KUL/USL, REPRO

Proportion of ecologically 
valuable areas (%)

Proportion of agriculturally 
unemployed ecologically valuable 
areas to the enterprise cadastre area

• Acreage of 
agriculturally 
unemployed 
ecologically valuable 
areas 

KUL/USL, KSNL, 
REPRO

Proportion of soil long 
term in rest (%)

Proportion of set aside land to the 
total cultivated soil area within the 
enterprise

• Acreage of set aside 
areas 

REPRO

Proportion of chemically 
untreated area (%)

Proportion of untreated area to the 
total cultivated soil area within the 
enterprise

• Acreage of untreated 
areas

REPRO
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at using a method increases with its complexity. 
Equally, the demand for input data is increasing 
(Bockstaller et al., 2006). However, the problem is 
a non-point (locally specifi c) determination of limit 
values of the indicators because these depend on 
soil heterogeneity within fi elds, on fi eld conditions, 
and are also infl uenced by production orientation of 
an enterprise. When assessing the use of indicators 
by agricultural enterprises, van der Werf and Petit 
(2002) came to the following conclusions:
• Indicators based on assessment of environmental 

impacts of management are preferred to the 
indicators based on evaluation of farmer practices, 
as the link with the objectives is direct and the 
choice of intervention is le�  to the farmer;

• Indicators allowing expression of the impact on 
unit area as well as on production unit are also 
preferential;

• The result in the form of values is preferred to 
some form of points;

• If possible, scientifi cally based threshold values 
should be defi ned for indicators. 
From our experience we would like to add that it 

is useful to:
• Keep and analyse data not only on the level of 

farm, but also of individual plots;
• Evaluate results regarding defi ned threshold 

values using some form of points which helps 
clear interpretation;

• Adjust required input data to standard records 
available on farms.

VII: List of indicators of soil protection level

Indicator Calculation Input data Example of methods

Potential of erosion ABAG method

• Soil type, frequency 
and intensity of 
precipitations, length 
and slope, crop, 
applied anti-corrosion 
measures

KUL/USL, KSNL

Risk of compaction 
Comparison of soil resistance to soil 
compaction and pressure generated 
by the machinery used

• Soil type
• Work operation, used 

machinery 
KUL/USL, KSNL

Soil pH Direct measurement KUL/USL, KSNL

Soil management

Combination of intensity of fertilizer 
and pesticide use and soil load by 
machinery (Driving force) on one side 
and soil status (State) on the other 
side

• Soil contamination 
with fertilizers and 
pesticides, eff ect of 
mechanization

• Soil state (a) nutrient 
supply, C content, pH, 
humidity, salination (b) 
erosion

RISE

SUMMARY
The paper reviews the basic indicators for arable farming sustainability assessment, analyses depth 
of detail, way of calculation, input data intensity, expression of the result and its evaluation. Focus is 
on indicators of nutrients, organic matter and energy balance, use of pesticides, soil protection and 
biodiversity, which we consider as basic issues from environmental and agronomic viewpoint. It is 
important to fi nd a compromise between exactness of calculation and feasibility of input data. It also 
appears that risk of errors at using a method increases with its complexity. 
According to experience from practice, indicators based on assessment of environmental impacts 
of management are preferred to the indicators based on evaluation of farmer practices, although 
the need for input data is higher. The link with the objectives for this kind of indicators is direct and 
the choice of intervention is le�  to the farmer. Indicators allowing expression of the impact per unit 
area as well as per production unit are also preferential. Keeping the result in the form of values is 
desirable but appraisal regarding defi ned threshold values using some form of points helps clear 
interpretation. In conditions of large farms is useful to keep and analyse data also on plot level not to 
lose information on system diversity.



254 S. Valtýniová, J. Křen

Acknowledgement

The study was supported by the project of the MZe ČR QH92242 „Indicators and procedures of 
sustainability assessment of the systems of plant production under the condition of CR“ and research 
project No. MSM6215648905 ”Biological and technological aspects of sustainability of controlled 
ecosystems and their adaptation to climate changes“,granted by the MŠMT ČR.

REFERENCES
BASSANINO, M., SACCO, D., ZAVATTARO, L., 

GRIGNANI, C., 2011: Nutrient balance as a sus-
tainability indicator of diff erent agro-environ-
ments in Italy. Ecological Indicators, 11, 715–723.

BOCKSTALLER, C., GIRARDIN, P., 2003: How to 
validace environmental indicators. Agricultural 
Systems, 76, 639–653.

BOCKSTALLER, C., GIRARDIN, P., VAN DER 
WERF, H., M., G., 1997: Use of agro-ecological 
indicators for the evaluation of farming systems. 
European Journal of Agronomy, 7, 261–270.

BOCKSTALLER, C., GUICHARD, L., MAKOWSKI, 
D., AVELINE, A., GIRARDIN, P., PLANTUREUX, 
S., 2008: Agri-Environmental Indicators to Assess 
Cropping and Farming Systems: A Rview. Agronomy 
for Sustainable Development, 28, 139–149.

BOCKSTALLER, C., GAILLARD, G., BAUMGART-
NER, D., FREIERMUTH KNUCHEL, R., REIN-
SCH, M., BRAUNER, R., UNTERSEHER, E., 2006: 
Betriebliches Umweltmanagement in der Land-
wirtscha� : Vergleich der Methoden INDIGO, 
KUL/USL, REPRO und SALCA. Abschluss-
bericht zum Projekt 04 – „COMETE“ 2003–
2005. Online: http://www.itada.org/download.
asp?id=03abDvorl.pdf.

COMMISSION OF THE EUROPEAN COMMUNI-
TIES, 2000: Indicators for the integration of envi-
ronmental concerns into the Common Agricul-
tural Policy. COM(2000) 20, Bruxelles. Online: 
http://eur-lex.europa.eu/LexUriServ/LexUriServ.
do?uri=CELEX:52000DC0020:EN:NOT.

COMMISION OF THE EUROPEAN COMMUNI-
TIES, 2006: Sdělení Komise Radě a Evropskému parla-
mentu – Vytvoření agro-environmentálních ukazatelů pro 
sledování stupně začlenění environmentálních hledisek 
do společné zemědělské politiky. KOM(2006) 508, Brusel. 
Online: http://eur-lex.europa.eu/LexUriServ/Le-
xUriServ.do?uri=COM:2006:0508:FIN:CS:PDF. 

ECKERT, H., BREITSCHUH, G., SAUERBECK, 
D. R., 2000: Criteria and standards for sustainable 
agriculture. Journal of Plant Nutrition and Soil Science, 
163, 337–351.

GIRARDIN, P., BOCKSTALLER, C., VAN DER 
WERF, H. M. G., 1999: Indicators: tools to evaluate 
the environmental impacts of farming systems. 
Cit. in: BOCKSTALLER, C., GIRARDIN, P.: How 
to validate environmental indicators. Agricultural 
Systems, 76 (2003), 639–653.

GOODLAS, G. HALBERG, N., VERSCHUUR, G., 
2003: Input output accounting systems in the 
European community – an appraisal of their 

usefulness in raising awareness of environmental 
problems. European Journal of Agronomy, 20, 17–24.

HALBERG, N., 1999: Indicators of resource use and 
environmental impact for use in a decision aid for 
Danish livestock farmers. Agriculture, Ecosystems and 
Environment, 76, 17–30.

HALBERG, N., VERSCHUUR, G., GOODLAS, G., 
2005: Farm level environmental indicators; are 
they useful? An overview of green accounting 
systems for European farms. Agriculture, Ecosystems 
and Environment, 105, 195–212.

HÄNI, F., BRAGA, F., STÄMPFLI, A., KELLER, T., 
FISCHER, M., PORSCHE, H., 2003: RISE, a Tool 
for Holistic Sustainability Assessment at the Farm 
Level. International Food and Agribusiness Management 
Review, Vol. 6, Nr. 4, 78–90.

HÜLSBERGEN, K. J., 2003: Entwicklung und An-
wendung eines Bilanzierungsmodells zur Be-
wertung der Nachhaltigkeit landwirtscha� licher 
Systeme. Berichte aus der Agrarwissenscha� . Aa-
chen: Shaker Verlag. 

CHRISTEN, O., O’HALLORAN-WIETHOLZ, Z., 
2002: Indikatoren für eine nachhaltige Entwick-
lung der Landwirtscha� , Institut für Landwirt-
scha�  und Umwelt, Bonn, 54 p. ISBN 3-926898-
17-8.

JONES, M., R., 1989: Analysis of the Use of Energy 
in Agriculture – Approaches and Problems. Cit. in: 
CHRISTEN, O. & Z. O’HALLORAN-WIETHOLZ: 
Indikatoren für eine nachhaltige Entwicklung der 
Landwirtscha� , Institut für Landwirtscha�  und 
Umwelt, 2000, Bonn, 54 p. ISBN 3-926898-17-8.

JURČOVÁ, O., BIELEK, P., 1997: Metodika bilancie 
pôdnej organickej hmoty a stanovenia potreby 
organického hnojenia. Výzkumný ústav pôdnej 
úrodnosti Bratislava. ISBN 80-85361-26-4.

KALK, W. D., HÜLSBERGEN, K. J., 1997: Energie-
bilanz – Methode und Anwendung als Agrar-
Umwelt-indikator. Cit in: DIEPENBROCK, W.: 
Umweltverträgliche Pfl anzenproduktion: Indika-
toren, Bilanzierungsansätze und ihre Einbindung 
in Ökobilanzen. Initiativen zum Umweltschutz, 
Bd. 5, Zeller Verlag Osnabrűck, 1997, ISBN 3-535-
02476-5.

LEBERT, M., BÖKEN, H., GLANTE, F. (2007): Soil 
compaction – indicators for the assessment of 
harmful changes to the soil in the context of the 
German Federal Soil Protection Act. Journal of 
Environmental Management, 82, 388–397.

LETEINTURIER, B., HEMAN, J., L., DE 
LONGUEVILLE, F., QUINTIN, L., OGER, R., 2006: 
Adaptation of a crop sequence indicator based 



 Indicators used for assessment of the ecological dimension of sustainable arable farming – review 255

on a land parcel management system. Agriculture, 
Ecosystems and Environment, 112, 324–334.

LEWIS, K., A., TZILIVAKIS, J., 1998: Evaluating 
a technique used to measure environmental 
performance within agriculture – case studies. Eco-
Management and Auditing, 5, 126–135.

MANHOUDT, A., G., E., UDO DE HAES, H., A., DE 
SNOO, G., R., 2005: An indicator of plant species 
richness of semi-natural habitats and crops on 
arable farms. Agriculture, Ecosystems and Environment, 
109, 166–174.

MEYER-AURICH, A., 2003: Agrarumweltindikato-
ren auf betrieblicher Ebene – Vergleich verschie-
dener Ansätze zur Bewertung der Umweltleis-
tungen landwirtscha� licher Betriebe. In Vorstand 
des Dachverbandes Agrarforschung (DAF) [Hrsg. 
Isermeyer, F. et al.]: Umweltindikatoren – Schlüssel 
für eine umweltverträgliche Land- und Forstwirt-
scha� . Agrarspectrum, 36, 51–62.

THE MINISTERY OF ENVIRONMENT (2003): Eko-
systémy a kvalita lidského života: Rámec pro hod-
nocení. Praha. ISBN 80-7212-266-5. Online: http://
www.maweb.org/documents/document.62.aspx.
pdf. 

NEUDERT, L., 1998: Využití produkčních faktorů 
a energetické bilance pěstebních technologií 
u obilnin. Disertační práce, MZLU v Brně, Brno, 
140 s.

NEUMAYER, E., 2002: Weak versus strong sustainability: 
exploring the limits of two opposing paradigms. Edward 
Elgar Publishing. 271 p.

ÖBORN, I., ANDRIST-RANGEL, Y., ASKEGAARD, 
M., GRANT, C. A., WATSON, C. A., EDWARDS, A. 
C., 2005: Critical aspects of potassium management 
in agricultural systems. Soil Use Manage, 21, 102–
112.

OECD (1999): Environmental indicators for Agricul-
ture, Volume 1 – Concepts and Framework. OECD, 
Paris, France. ISBN 92-64-17134-7.

OECD (2001): Environmental Indicators for Agricul-
ture, Volume 3: Methods and Results. OECD Ed., 
Paris, France. ISBN 92-64-18614-X.

PAYRAUDEAU, S., VAN DER WERF, H., M., G., 2005: 
Environmental impact assessment for a farming 
region: a review of methods. Agriculture, Ecosystems 
and Environment, 107, 1–19.

POSPIŠIL, R., VILČEK, J., 2000: Energetika 
sústav hospodárenia na pôde. Výzkumný ústav 
pôdoznalectva a ochrany pôdy Bratislava, 108 s. 
ISBN 80-85361-75-2.

REFSGAARD, K., HALBERG, N., KRISTENSEN, 
E., S., 1998: Energy utilization in crop and dairy 
production in organic and conventional livestock 
production systems. Agricultural Systems, 57, 599–
630.

REUS, J., LEENDERTSE, P., BOCKSTALLER, C., 
FOMSGAARD, I., GUTSCHE, V., LEWIS, K., 
NILSSON, C., PUSSEMIER, L., TREVISAN, M., 

VAN DER WERF, H., ALFARROVA, F., BLÜMEL, 
S., ISART, J., MCGRATH, D., SEPPÄLÄ, T., 2002: 
Comparison and evaluation of eight pesticide 
environmental risk indicators developed in 
Europe and recommendations for future use. 
Agriculture, Ecosystems and Environment, 90, 177–187.

RIGBY, D., WOODHOUSE, P., YOUNG, T., BURTON, 
M., 2001: Constructing a farm level indicator 
of sustainable agricultural practice. Ecological 
Economics, 39, 463–478.

RILEY, J., 2001: Multidisciplinary indicators of 
impact and change Key issues for identifi cation and 
summary. Agriculture, Ecosystems and Environment, 87, 
245–259.

ROSNOBLET, J., GIRARDIN, P., WEINZAEPFLEN, 
E., BOCKSTALLER, C., 2006: Analysis of 15 years 
of agriculture sustainability evaluation methods. 
In: IX ESA Congress – Book of proceedings, Warsaw: 
Bibliotheca Fragmenta Agronomica 4.–7. 9. 2006, Vol. 
11, part II. 707–708. ISSN 0860-4088.

RÜCKNAGEL, J., HOFMANN, B., PAUL, R., 
CHRISTEN, O., HÜLSBERGEN, K. J., 2007: 
Estimating precompression stress of structured 
soils on the basis of aggregate density and dry bulk 
density. Soil & Tillage Research, 92, 213–220.

ŠČASNÝ, M., KOPECKÝ, O., CUDLÍNOVÁ, E., 
MAREK, Z., 2002: Alternativy k ukazateli HDP – 
zhodnocení předpokladů a využití indikátoru trvale 
udržitelného ekonomického blahobytu (ISEW) pro Českou 
republiku In: K udržitelnému rozvoji České republiky: 
vytváření podmínek. Moldan, B., Hák, T., Kolářová, H. 
(eds.) Centrum univerzity Karlovy pro otázky životního 
prostředí, Praha, řada Vzdělávání, informace, indikátory; 
svazek 4, 181–300. ISBN 80-238-8378-X. Online: 
http://www.czp.cuni.cz/knihovna/UNDP_
sbornik/Ctvrty.pdf.

TELLARINI, V., CAPORALI, F., 2000: An input/
output methodology to evaluate farms as 
sustainable agroecosystems: an application of 
indicators to farms in central Italy. Agriculture, 
Ecosystems and Environment, 77, 111–123.

THENAIL, C., JOANNON, A., CAPITAINE, M., 
SOUCHÈRE, V., MIGNOLET, C., DI PIETRO, F., 
PONS, Y., GAUCHEREL, C., VIAUD, V., BAUDRY, 
J., SCHERMANN, N., 2009: The contribution of 
crop-rotation organization in farms to crop-mosaic 
patterning at local landscape scales. Agriculture, 
Ecosystems and Environment, 131, 207–219.

VAN DER WERF, H., M., G., PETIT, J., 2002: 
Evaluation of the environmental impact of 
agriculture at the farm level: a comparison and 
analysis of 12 indicator-based methods. Agriculture, 
Ecosystems and Environment, 93, 131–145.

ZAPF, R., SCHULTHEISS, U., OPPERMANN, 
R., VAN DER WEGHE, H., DÖHLER, H., DO-
LUSCHITZ, R., 2009: Bewertung der Nachhaltig-
keit landwirtscha� licher Betriebe. KTBL-Schri�  
473. ISBN 978-3-939371-82-3.



256 S. Valtýniová, J. Křen

Adresa:

Ing. Soňa Valtýniová, prof. Ing. Jan Křen, CSc., Ústav agrosystémů a bioklimatologie, Mendelova univerzita 
v Brně, 613 00 Brno, Česká republika, e-mail: xvaltyni@mendelu.cz


