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1. Introduction

Soil is a vital natural source and, at the same time, has an economic and eco-social potential.
It allows the production of food and raw materials, recycles waste, creates forest-
agricultural land, filters and retains water, allows the usage and valorisation of sun energy,
ensures the cycle and balance of substances in nature, maintains diversity of plant and
animal species. It primarily shapes the quality of the environment; it is the resource and
cultural heritage of the Earth; it ensures the life and social being of the population.
Agricultural activities realised in landscape affect natural resources. A rational usage of
renewable and non-renewable resources which are not retrieved in real time is an essential

precondition.

The farming system is the most widespread environmental technology with its positive and
negative consequences. It utilises essential natural resources and, at the same time,
influences other natural environments. Therefore, ecologisation of farming is a priority of
farmers as well as environmentalists. Respecting the principles of soil sustainability and
other components of environment is the basic precondition for life sustainability.

A United Nations [UN] conference on environment and development (Rio de Janeiro, 1992)
prioritised sustainable development, which is presented in a global development
programme for the end of the 20th century and especially for the 21st century (Agenda 21).
The concept of sustainable development of agriculture includes such practices in farming
which respect ecological aspects in growing plants and ethology of livestock in rearing, do
not enhance damage in ecological land stability, respect environmental protection, including
surface and underground water and monitor the quality of agricultural produce.

Sustainable agriculture is based on the principle of agriculture being a biological process
which, in practice, should imitate key characteristics of the natural ecosystem. It strives to
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bring diversity into agro-ecosystem, recycle nutrients efficiently and maintain the priority of
sunlight as a source of energy for agro-ecosystems.

Specific manifestations of soil require different approaches. In soil protection, these must be
ecological (biological) approaches, as this is the only way to achieve sustainable
development of ground cover and the resulting economical and social development and
environmental balance in society.

Sustainable use of soil takes soil-ecological conditions into consideration and is realised in
such a way and in such intensity, which gives rise to neither negative changes in soil, nor
establishes trends for the development of negative characteristics in soil. The essential
principle of sustainable farming system is its protection from any degradation by natural or
man-induced influences. Sustainable development of soil use also encompasses the
protection of the soil acreage to such an extent which ensures that all soil functions are
employed.

In a number of European countries, sustainable use of soil is realised according to the
principles of International Federation of Organic Agriculture Movements [[IFOAM] and is
referred to as ecological soil management. When introducing ecological systems of soil
management, the main criterion is the application of knowledge in the functioning of
natural ecosystems, which are typical of plant and animal variety and sunlight is the
exclusive source of energy. In cultural (artificial) agro-ecosystems, the structure is disrupted
by man drawing the production past the limit of the agro-ecosystem. The ecological system
focuses on theoretical elaboration of farming arrangement in sensitive areas (the protection
of underground and surface water zones, polluted zones, national parks, protected natural
areas and soils heavily endangered by erosion). Continued protection of nature and natural
resources is at the forefront; therefore, significant intensifying constituents of conventional
agriculture (high dosage of fertilisers, full usage of pesticides, annual subsoil ploughing,
major hunts, high ratio of grain crops, intensive breeding, heavy automation) are replaced
by technologies with strong economical and ecological components (tillage minimisation,
anti-erosive crop rotation, monitoring of plant nutrition, integrated a biological protection of
plants, minimal automation, free-range breeding).

According to Organisation for Economic Co-operation and Development [OECD], an
indicator is a parameter or a value derived from several parameters. It provides information
about a particular observed phenomenon from the viewpoint of its quantitative or
qualitative characteristics, present in a give time and area, in the environment as a whole, or
its individual components by the qualitative parameters of these components influencing
the health condition of the population, as well as the structure and function of the ecosystem
in the area in question. From the above stated, it results that there are a number of
horizontal and vertical causal links between individual environmental indicators. The
“sustainability indicator” can, thus, be defined as a measurable factor, whose imbalance
negatively influences the long-term performance of the whole production system. Stable
agriculture has a time and space dimension. The time scale depends on the adaptability of
the system (usually 5 to 10 years, or more); space can be given by the borderlines of soil-
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climatic units or areas. Stability indicators should be applicable to the evaluation of the main
components of sustainable agriculture. Attention is mainly paid to the level of farming and
its productivity regarding the ecological soil potential, maintaining diversity of plant species
as well as the protection of natural resources, social-economic viability related to the
regional and world economy.

From the viewpoint of agricultural practice, the stability indicators regarding productivity
of agricultural production and ecological aspects of farming systems have been explored in
most detail. The guaranteed yield on the level of the ecological potential of location (without
further input increase), the ability of the system to return to the initial performance in a
short period of time after a natural disaster, achieving a relatively high efficiency of water
and plant nutrition utilisation, maintaining the soil quality environment (organic mass, soil
organisms, nutrients), reliability of the methods used in integrated plant protection,
ensuring the quality of water resources, maintaining the level of underground water
without major fluctuations, and protecting natural resources are considered quantifiable
biophysical indicators of sustainable productivity (Klir, 1997). With regard to the evaluation
of ecological sustainability, the most significant indicators are maintenance and
improvement of biodiversity in managed, as well as adjacent natural ecosystems,
maintaining the environmental quality and avoiding pollution limit excess (Virmani &
Singh, 1997 as cited in Fazekasova, 2003).

It is impossible to select universal soil parameters with regard to their suitability for
sustainable soil and is subject to specialised discussions. A significant role in the selection of
parameters is played by their variability in time, related to parameter stability. The
following soil parameters can be distinguished: stable (such as soil depth or granularity),
relatively stable (the salt content, the content of organic mass in soil, heavy metal
contamination), relatively dynamic (pH, the content of nutrients), and dynamic (soil
humidity and temperature, microbial activity, etc.). Stable and relatively stable parameters
dominantly influence soil quality, while relatively dynamic and dynamic characteristics are
more connected to its short-term changes.

Soil parameters indicate the state of soil ecosystem characteristics, which especially reflect
production, buffering, filter and other soil functions. From this view, the structure of soil
profile (the soil class), soil type, soil depth, skeletal nature, the content and quality of humus
substances, accessible nutrient supply, soil reaction, the content of foreign substances in soil,
and soil edaphon seem to be of highest importance.

Soil quality cannot be judged directly; it must be determined from the changes of its
parameters. It is more accurate to evaluate the range of appropriate indicators rather than to
use a single one. Soil quality is significantly affected by physical, chemical, biological
and biochemical properties sensitive to changes in the environment and land management.
With regard to physical properties, there are bulk density, porosity, water retention
capacity, soil temperature, etc. In the group of chemical characteristics, total carbon and
nitrogen content, soil reaction and content of available nutrients are observed. Evaluation of
biological parameters focuses on microbial biomass and its activity, soil respiration,
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potentially mineralised nitrogen, the activity of soil enzymes, etc. Soil enzymatic activity can
be used as a microbial indicator of soil quality, since the activity of soil enzymes is closely
related to essential soil characteristics. It indicates changes sooner than other soil
characteristics and can be an integrating soil-biological index reflecting soil use (Javorekova
et al., 2008; garapatka, 2002). Wick et al. (2002) considers selected enzymatic activities as
suitable indicators for long-term soil monitoring and quality assessment (Miralles, 2007;
Geisseler, 2009). A decrease in soil quality is obvious from the values of critical load of risk
substances. When evaluating the content of heavy metals in soil, attention must also be paid
to their bio-accessibility (Bujnovsky & Jurani, 1999).

The chapter deals with a synthetic and comparative analysis of scientific findings regarding
the development of soil quality parameters in the conditions of a sustainable farming
system. Based on the research carried out between 1997 and 2010 on a model area situated in
a marginal region of north-eastern Slovakia (48° 57' N; 20° 05' E), the development of soil
indicators are evaluated, focusing on physical (bulk density and soil porosity), chemical (soil
pH, inorganic nitrogen, available phosphorus, potassium, magnesium and organic carbon
content) and biological parameters (activity of acid and alkaline phosphatase and urease), as
well as the presence of risk substances in the soil ecosystem (heavy metal content - Cd, Ni
and Pb).

2. Evolution of soil parameters

At present, there is little knowledge with regard to soil development in the conditions of
sustainable farming systems whose principles lie in soil maintenance. There is a major effort
to increase its natural productivity by as closed a cycle of nutrients as possible with the
highest possible reduction of external, mainly energetic and chemical, inputs (Lacko-
BartoSova et al., 2005; Fazekasova, 2003). The present findings can hardly be compared to
other research due to the different soil-ecological conditions in which they were obtained.
The issue of universal methods for all soil types remains a universal problem within the
research of soil development. Unless this area is unified, objective comparison will remain
on a regional level. Soil parameters are usually determined only in relation to specific
topsoil. Certain physical and chemical parameters in subsoil cannot be neglected, since they
guarantee soil functions (FazekaSova, 2003).

2.1. Methods

The research project was carried out between 1997 and 2000 and 2008 and 2010 under
production conditions in the investigated area situated in a marginal region of north-eastern
Slovakia (48° 57' N; 20° 05' E). Here, the ecological farming system has been applied since
1996. The area is situated in the Low Tatras National Park at an altitude ranging from 846 to
1492 m above sea level. In terms of geomorphological division, it is a part of sub-assemblies
of the Kralovoholské Mountains (Michaeli & Ivanova, 2005). The whole area is situated in a
mild zone with a sum of average daily temperatures above 10 °C ranging from 1600 to 2000
and average precipitation of 700-1200 mm (Fig. 1).
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The soil conditions are relatively homogeneous, the largest area being represented by
Cambisols, mostly moderate and strongly skeletal, mainly in the subsoil, medium-weight
and heavy in granularity (loamy sand, loam, clayey loam). Cambisols are the most common
soil type occurring in Slovakia. From an ecological viewpoint, Cambisols are valuable for
their irreplaceable ability to retain and accumulate atmospheric fallout and also for their
filtration attributes. From the relief viewpoint, the majority of the land is situated on slopes,
soil is often eroded and, thus, surface water resources are threatened. With regard to
pollution, there is an assumption that heavy metals are transported to crops (due to the
acidity of these soils). In the current crop structure, cereal acreage represents 33.3 %,
potatoes 16 % to 18 % and fodder crops 49.8%. Crops are rotated as follows: perennial
fodder (clover mixture) — perennial fodder (clover mixture) — winter crops (winter wheat,
winter rye, triticale and winter barley) — root crops (potatoes) — spring crops (spring
barley, oats) — annual mixture (oats pea, peas, ryegrass). Arable land is fertilised with
manure dosage of approximately 30 t ha! once in two years. The permitted phosphorous
and potassium mineral fertilisers have not been added in the past five years. The permanent
grassland and arable land were fertilised with liquid organic fertiliser in the spring season, 3
000 1 ha! (minimum nutrients content: total nitrogen expressed as N in dry mass at least 15
%, total phosphorus as P20s in dry mass less than 0.2 %, total potassium as K20 in dry mass
less than 0.4 %, total sulphur as S in dry mass at least 16.5 %).
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Figure 1. The course of average air temperatures (°C) and sum of precipitation (mm) during the
observed period in the observed area situated in a marginal region of north-eastern Slovakia

Soil samples for physical, chemical and biological soil properties and heavy metal content
determination were obtained in spring time in a connected stand on five permanent research
sites, from the depth of 0.05 m to 0.15 m. Part of the soil samples were air-dried, sieved (sieve
with 2 mm size opening), homogenised prior to the analysis and used for measurements of
chemical and biological soil characteristics and heavy metal content. From the physical soil
properties, soil bulk density and soil porosity were studied and evaluated in a Kopecky
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physical cylinder with a capacity of 100 cm?® (Fiala et al., 1999). From the chemical soil
characteristics, soil pH in 1M CaCl: solution was monitored and evaluated, as well as
inorganic nitrogen, available phosphorus, potassium, and magnesium with Mehlich III and
organic carbon content (Fiala et al., 1999). The available heavy metal content (Cd, Ni and Pb) of
the samples was determined in 2M HNO:s solution using atomic absorption spectrophotometer
(Mattskova & Vojtas, 2005). The following biological soil characteristics were monitored:
activity of acid and alkaline phosphatase (Grejtovsky, 1991) and urease (Chaziev, 1976). The
obtained data were tested by mathematical-statistical methods from which analysis of variance
and regression analysis were used (the Statgraphics software package).

2.2. Evolution of physical soil parameters

The changes in physical characteristics of soil not only result from meteorological factors,
yearly farming plan, or from the course of vegetation, but also depend on the employed
farming system. Larson and Pierce (1991) confirmed that soil quality can be evaluated and
the sustainability of a system assessed on the basis of essential physical indicators.

Soil granularity, and especially the ratio of clay particles, primarily influences physical,
hydro-physical and chemical characteristics. The soils in the monitored localities according
to the content of clay particles based on Novak's classification (Fulajtar, 2006) are of loamy-
sandy, loamy and clay-loamy category (Tab. 1.).

Diameter of Studied locality
particles [%] L. II. 1. IV. V.
>0.25 31.3 14.5 11.5 32.5 16.0
0.25-0.05 21.6 15.5 18.9 13.9 14.9
0.05-0.01 27.8 32.4 24.3 22.2 31.3
0.01-0.001 15.5 29.3 3.3 24.0 2.6
<0.001 3.8 8.3 11.0 7.4 8.2
I. Category 19.3 37.6 45.3 31.4 37.8
Soil loamy sand loam clayey loam loam loam

Table 1. Particle grain-size composition of soil [%] in the monitored area situated in a marginal region
of north-eastern Slovakia in depth 0.05-0.15 m.

Bulk density as an integral value of soil granularity, humus content and anthropogenic
impacts on soil should not exceed the limits given for individual soil types (Tab. 2.).

il 1 1
Soi Sandy |Loamy sand|Sandy loam Loam Clayey loam Clay
texture and clay
Bulk
, >1.70 >1.60 >1.55 >1.45 >1.40 >1.35
density
Porosity <38 <40 <42 <45 <47 <48

Table 2. Critical values of bulk density soil [t.m=] and porosity [%] for different of soil texture
(Liska et al., 2008)
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Long-term research has shown that ecological soil farming regulates bulk density of soil.
The measured values of bulk density were in the range of 0.94 to 1.35 t.m- (Fig. 2.), in 1997
to 2009, there was a moderate decrease and values comparable to average figures for the
given soil type and category according to Liska et al. (2008) were achieved (Tab. 2.), with the
exception of 2010, when a mild increase in bulk density was measured. At the same time,
this parameter proved to change under the influence of the water content and
meteorological exposure (Kotorova, Soltysova & Mati, 2010). In 2010, in comparison to the
previous years, precipitation reached higher values (Fig. 1.).
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Figure 2. Bulk density of soil in the monitored area situated in a marginal region of north-eastern
Slovakia expressed by descriptive statistics

General porosity is closely related to bulk density. From the total pore volume, which
should not fall below 38 % for sandy soil and below 48 % for clay-loam soil (LiSka et al.,
2008), the share of non-capillary pores rapidly releasing gravitational water and allowing
good air exchange between soil and climate should be sufficient. The share of non-
capillary pores (Pn) in comparison to capillary pores (Pk) should be higher in heavy
soils.

As can be seen from Fig. 3., the values show that, in the observed timeframe, porosity levels
ranged between 46.43 and 64.49 %. Considering this parameter, optimum conditions were
created for the growth of most arable crops, which are given by general porosity between 55
and 65 % and 20 and 25 % soil air content (Rode, 1969).

A statistically significant effect in the monitored year and locality on all observed soil
physical parameters was confirmed by an analysis of variance (Tab. 3.).



442 Sustainable Development — Authoritative and Leading Edge Content for Environmental Management

Parameter Min. | Max. | Mean | Standard | Source of | d.f. F- P
error variability Ratio
bulk density year 6 8.33 ++
1.04 1.35 1.18 | 0.016347
[t.m-3] locality 4 28.39 ++
orosity [%] | 49.15 | 60.56 | 5552 | 0.617864 | Y& 6 8.24 |+
pOTOSTy T/l | =7 ! ! ' locality 4 | 2841 | +

Table 3. Analysis of variance of soil physical parameters in the monitored area situated in a marginal
region of north-eastern Slovakia
++P< 0,01 +P< 0,05
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Figure 3. Porosity of soil in the monitored area situated in a marginal region of north-eastern Slovakia
expressed by descriptive statistics

2.3. Evolution of chemical soil parameters

Chemical parameters are considered relatively dynamic (pH, nutrient content) and, in terms
of plant growth and development, vital. Their deficiency is reflected in crop production. At
the same time, they serve as indicators of additional inputs in the form of fertilisers.
Sustainable farming systems exclude, or reduce, the use of artificial fertilisers; therefore, it is
necessary to pay attention to the dynamics of chemical soil parameters in order to prevent
one-way draining of nutrients, particularly phosphorus and potassium.

The soil pH is an important factor for soil fertility despite the fact that its values change
dynamically, depending on so-called internal and external factors. It influences the
buffering and filtering capacities, the quality of organic substances, nutrient accessibility for
plants and the production of biomass in most crops grown. A majority of arable crops suit
the range of slightly acidic to slightly alkaline soil pH — 6 to 7.5 (Krnacova, Racko & Bedrna,
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1997). A pH value lower than 5.5 is undesirable and requires ameliorative lime treatment.
Similarly, from the viewpoint of productivity, alkaline soils (pH>8.4) are limiting and
require appropriate measures.

In the course of monitoring the model area, the values of soil pH ranged between 5.1 and
7.2. The average values of soil pH increased moderately and were in the category of slightly
acidic to neutral soil pH (6.3 - 6.9) (Fig. 4.).

This can be assigned to the ecological farming system, as physiologically acidic mineral
fertilisers were not applied. On the contrary, organic fertilisers (manure at the dosage 30 t
ha' and liquid organic fertilisers at the dosage 3000 1 ha') were applied. The organic matter
positively influences the buffering capacity of soil, which is why the soil reaction was
stabilised. Nevertheless, it is necessary to pay continuous attention to soil reaction, since soil
is naturally acidified through acid atmospheric fallout as well as calcium intake by plants.
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Figure 4. Soil reaction (pH/CaCl2) in the monitored area situated in a marginal region of north-eastern
Slovakia expressed by descriptive statistics

Nitrogen, phosphorus and potassium are the most important nutrients. Their supply to
soil can be realised in various ways; fertilisation being of most importance. A lack of
essential nutrients is rapidly reflected in the level of plant production. Nitrogen in soil is
restored as part of its natural cycle. Its additional supply is necessary for intensified
harvest, when its natural supply is not sufficient in order to achieve the targeted harvest.
The supply of phosphorus and potassium by fertilisation is related to their supply in soil.
Their supply in soil is not exhaustless; moreover, when constantly utilised, they are not
naturally renewable.
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According to Bielek (1998), there is a small probability that an increase in the total nitrogen
content has a positive effect on soil fertility. This only applies to productive and highly
productive soils. For soils with low production capacity, a reciprocal ratio between the total
nitrogen content and soil fertility is typical. From the total nitrogen in soil, 95 % to 98 % is
bound in organic forms; fertility functions determine mechanisms of its accessibility to
plants. It is mainly organic nitrogen mineralisation, or, more specifically, that part of
mineralisation which prevails over carbon immobilisation related to fertility. Inorganic
nitrogen only represents a small part of total nitrogen and its content in the season is subject
to frequent and fast changes, resulting from natural and anthropic factors. The
concentrations of the main forms of mineral nitrogen (ammonia, nitrates) result from pure
mineralisation and frequent nitrification of nitrogen in soil. In our research carried out in
natural conditions, medium to highly favourable content of inorganic nitrogen in topsoil has
been observed (Fig. 5.) in spite of the fact that in the soil-ecological conditions of the
investigated area (a mild zone with a sum of average daily temperatures above 10 °C
ranging from 1600 °C to 2000 °C and average precipitation of 700-1200 mm), the nitrogen
mineralisation is less intensive (the optimum temperature for an intensive process is
28-30 °C); therefore, even with a high total content of nitrogen, the content of mineral (i.e.
immediately available) nitrogen may not be high. The assumption is that by adding high
doses of organic fertiliser, the total nitrogen content will increase. However, including
legumes in the crop rotation can increase the content of immediately available nitrogen.
These crops leave high amounts of nitrogen in soil (more than 100 kg ha! N), which are later
available for the crops grown in the following period (Jurcova & Torma, 1998; Kovacik,
2001).
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Figure 5. Nanorg content of soil in the monitored area situated in a marginal region of north-eastern
Slovakia expressed by descriptive statistics
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Phosphorus is firmly fixed in soil and its proportion is relatively stable and dependent on
soil reaction values. Between 1997 and 2010, the value of soil pH did not significantly
change in the investigated area. With regard to the above, the proportion of available
phosphorus changed only minimally (Fig. 6.).
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Figure 6. Pavail content of soil in the monitored area situated in a marginal region of north-eastern
Slovakia expressed by descriptive statistics

In the observed period, the proportion of potassium and magnesium was relatively stable
(Fig. 7. and Fig. 8). Due to the grain structure of the soils (medium and heavy soils), these
nutrients are bound to soil particles and are not prone to soil washing in spite of high
precipitation throughout the year.

Organic mass determines the soils quality, as it binds soil particles, stabilises soil (by which
the risk of erosion decreases), increases water retention and cationic exchange capacity and
reduces the negative impact of pesticides, heavy metals and other pollutants. A high
proportion of organic carbon alone cannot guarantee a high yield; however, the influence of
soil carbon on productivity increases when the levels of carbon decrease below 1%. With a
content Corg 1.0 to 1.5, productivity decreases by 15 % and with content Corg under 1.0 %, it
decreases by as much as 25 %. The most significant parameter is the ratio of humin acids
and fulvene acids. This ratio is considered highly favourable, if it is higher than 2,
satisfactory in the range between 1 and 2, and unfavourable if lower than 1. With regard
to biological activity of soil, so-called non-specific humus substances play a significant role.
These are a source of nutrients for soil microorganisms, participating in important cyclic
biochemical processes (Hrasko & Bedrna, 1988).

The content of humus in soil is a parameter prone to significant changes in the long-term.
The application of high amounts of organic fertilisers and incorporating perennial fodder
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crops in the crop rotation influenced the preservation of humus content. The measured Cox

values ranged from 2.16 to 3.92 (Fig. 9.), which, when conversed to humus (conversion
coefficient 1.724), are medium to good humic soils (Viléek et al., 2005).
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Figure 7. Kavail content of soil in the monitored area situated in a marginal region of north-eastern
Slovakia expressed by descriptive statistics

360

340

320 +

300

250

260

M it [ K

240

220

200

180

: ; - ' ' : ; o Median
1997 1998 1999 2000 2008 2009 2010 1 25%.75%

year T Min-Max

Figure 8. Mgavail content of soil in the monitored area situated in a marginal region of north-eastern
Slovakia expressed by descriptive statistics



Evaluation of Soil Quality Parameters Development in Terms of Sustainable Land Use 447

40

|

36

l TF “

32 F 2 o

Cac %]

30+

28 ¢ o

N T T I

22

20

: : : : : : ' o Median
1997 1995 1999 2000 2008 2009 2010 0] 25%.75%

year T Min-Max

Figure 9. Cox content of soil in the monitored area situated in a marginal region of north-eastern
Slovakia expressed by descriptive statistics

A statistically significant effect of the monitored year on all observed soil chemical
parameters was confirmed by an analysis of variance (Tab. 4.). The influence of the
monitored locality on soil chemical parameters was also statistically significant, with the
exception of Nanorg.

Parameter | Min. Max. Mean Standard Sou.rce. (,)f d. f. F_, P
error variability Ratio
H/CaCl | 577 | 713 | 641 | 0.083124 | %" 6 082 ”
p ! ' ' ' locality 4 | 2451 | ++
J year 6 1.46 c
Cox [%] 225 | 361 | 3.03 | 0.084802 oy ) Sab )
Nanorg 1676 | 4050 | 27.52 | 1.698623 | Y€ 6 2 1Y
[mg.kg!] locality 4 2.22 -
Pavai 1997 | 127.88 | 64.63 | 3.494807 | YT 6 3.02 i
[mg.kg!] locality 4 121.06 ++
Kavai 16859 | 42798 | 29091 | 125772 | YT 6 587 i
[mg.kg'] locality 4 43.46 ++
Mgavai 21598 | 30143 | 2650 | 4918103 | Y% 6 17.52 1 ++
[mg.kg] locality 4 3.73 ++

Table 4. Analysis of variance of soil chemical parameters in the monitored area situated in a marginal
region of north-eastern Slovakia
++P< 0,01 +P< 0,05
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2.4. Evolution of biological soil parameters

The information on biological soil parameters is not as plentiful as it is in the case of
physical and chemical parameters, despite the fact that the effect of edaphon on biochemical
processes in soil, nutrients balance, soil structure, etc. is proven in general.

There are a great number of enzymes in soil, depending on the diversity of soil organisms
and the conditions of organic substances transformation.

Soil enzymes regulate the functioning of the ecosystem and play key biochemical functions
in the overall process of organic matter decomposition in the soil system (Sinsabaugh et al.,
1997). They are important in catalysing several important reactions necessary for the life
processes of micro-organisms in soils and the stabilisation of soil structure, the
decomposition of organic wastes, organic matter formation and nutrient cycling (Dick et al.,
1994 cited in Makoi & Ndakidemi, 2008).

Enzymes are present in the cells of living organisms in soil (bacteria, fungi, algae, and soil
fauna) and plant roots. Micro-organisms are the major source of enzymes in soil. The
amount and quality of enzymes in soil is dependent on their characteristics, volumes and
forms of organic matter and the activity of micro-flora. Enzymatic soil activity is higher in
fertile soils with plenitudes of organic matter. The highest proportion of various enzymes
can be found in the humus soil horizon (Pejve, 1966). The activity of soil enzymes can be
enhanced by using organic fertilisers (Burns, 1978; Iovieno et al., 2009; Chander et al., 1997).
The urease enzyme belongs to the hydrolases group of enzymes and is responsible for the
hydrolysis of urea fertiliser applied to the soil into NHs and CO2 with the concomitant rise
in soil pH. This, in turn, results in a rapid N loss to the atmosphere through NH:
volatilisation. Due to this role, urease activities in soils have received a lot of attention since
it was first reported, a process considered vital in the regulation of N supply to plants after
urea fertilisation (Makoi & Ndakidemi, 2008).

Soil urease originates mainly from plants and micro-organisms. It can be found as a free
enzyme in soil solution, and yet more often firmly bound to soil organic mass or minerals,
as well as inside living cells (Klose & Tabatabai; 2000; Alef & Nannipieri, 1995). Its activity
depends on soil humidity (Baligar et al, 2005), pH, humus proportion and quality
(Tabatabai & Acosta-Martinez, 2000) and the total nitrogen content (Nourbakhsh & Monreal,
2004). At the same time, an increased sensitivity to excess content of heavy metals (Kromka
& Bedrna, 2000) and a negative effect of triazine herbicides on the activity of enzymes
(Belinska & Prangal, 2007) was shown.

Phosphatases are a broad group of enzymes that are capable of catalysing hydrolysis of
esters and anhydrides of phosphoric acid. In soil ecosystems, these enzymes are believed to
play critical roles in P cycles (Speir et al., 2003) as evidence shows that they are correlated to
P stress and plant growth. Apart from being good indicators of soil fertility, phosphatase
enzymes play key roles in the soil system (Dick et al., 2000 cited in Makoi & Ndakidemi,
2008).
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Soil phosphatase has certain typical characteristics. It depends on the substratum and its
concentration. Two optimums levels, acidic and alkaline, are often present (Burns, 1978). An
optimum pH of soil phosphatase is influenced by a great number of factors.

Soil pH differs from the pH optimal for phosphatase activity. Soil phosphatase can be
inactive if the differences between soil pH and optimum enzyme pH are too great (Chaziev,
1976). The activity of soil phosphatase is higher in soils with high humidity in comparison to
dry soils or soils with normal humidity. Phosphatase activity declines with an increasing
soil depth, which is caused mainly by lower biological activity in lower soil profiles.
Inorganic phosphate, copper, mercury and vanadium also have a considerable inhibitory
effect on soil phosphatase activity (Burns, 1978; Speir et al., 2003).

There was minimum fluctuation in the measured values of soil enzyme activity in the
observed period. The urease values ranged from 0.43 to 0.67 mg NH4* - N.g1.24 hour’!, and
the values of acidic and alkaline phosphatase between 236.8 and 336.5 ug P.g .3 hour! (Fig.
10., Fig. 11. and Fig. 12.). These are values typical for sparse-vegetation soils (Burns, 1978).
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Figure 10. Urease activity of soil in the monitored area situated in a marginal region of north-eastern
Slovakia expressed by descriptive statistics

At the same time, a higher activity of soil enzymes in lower temperatures was confirmed
(the area is situated in a mild district with a sum of average daily temperatures above
10 °C ranging from 1600 to 2000 and average precipitation between 700 and 1200 mm) and
organic fertilisers and soil organic mass stimulate the activity of soil phosphatase and
significantly enhance the protection of natural soil urease (Chaziev, 1976; Bremner
& Mulvaney, 1978).
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Figure 11. Acid phosphatase activity of soil in the monitored area situated in a marginal region of
north-eastern Slovakia expressed by descriptive statistics
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Figure 12. Alkaline phosphatase activity of soil in the monitored area situated in a marginal region of
north-eastern Slovakia expressed by descriptive statistics
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A statistically significant effect of the monitored year and locality on all observed soil
biological parameters was confirmed by an analysis of variance (Tab. 5.).

Standard | Source of E-

Parameter Min. | Max. | Mean . d. f. ) P
error variability Ratio

urease [mg

44.07 ++
NHs -N.g' | 0454 | 0.674 | 0551 | 0.007954 105;2?; Z - (1)2 .
24hour] y \
acid
phosphatase | 1 o5 | 30677 | 20491 | 265001 | Yo 6 | sele
[ug P.g?! locality 4 15.85 ++
3hour']
alkaline
hosph 75.
phosphatase | »c1 35 | 32033 | 291.97 | 1.96567 | V< 6 550 |+
[ug P.g? locality 4 16.39 ++

3hour!]

Table 5. Analysis of variance of soil biological parameters in the monitored area situated in a marginal
region of north-eastern Slovakia
++P< 0,01 +P< 0,05

2.5. Concentration of heavy metals in soil

An increase in inputs employed in the farming system has gradually brought about the need
for studying and evaluating their potential negative influence on soil environment and
production quality. Monitoring soil contamination with various degrees of biotoxicity is an
important area. Fertilisers, especially industrially produced, are considered (including rock
slackening, atmospheric decline and waste stock) a significant source of risk elements in soil
(Benes, Benesovd, 1993). The system of farming, including the use of fertilisers, can also
indirectly affect the acceptability of risk elements for plants (Benes, 1993).

Loading agricultural soil with harmful substances is serious, since soil is not only the key to
agricultural production but also has filtration and buffering capacities. Soil considerably
influences the composition and quality of underground water and provides a living
environment for soil micro-organisms (Tischer, 2008; Gulser, 2008). It could be assumed that
accumulating higher concentrations of heavy metals in soil is a potentially serious danger to
the food chain (Torma et al., 1997). It is especially toxic elements and organically highly-
persistent substances that are among harmful substances entering soil.

Heavy metals as a large group of polluters are a serious problem in all components of the
environment, including soil. As a great number of these have considerable toxic effects, their
highest allowed concentrations are defined for the soil system, similarly to those for air and
water. It is extremely difficult to define limit concentrations of heavy metals for soil, since, in
contrast to air and water, soil is an extremely heterogeneous system and mobility of
inorganic contaminants, closely related to the intake by plants, depends on several soil
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factors. The approaches towards the determination of metal concentration limits in soil vary
significantly in individual countries. In some countries, the definition of limits for heavy
metals concentrations is based on soil use (these are defined as so-called trigger and action
values), or, possibly, on eco-toxicological data in so-called standard soil and limit values for
the total and dissolvable concentration of heavy metals in soil (Barancikovd, 1998;
Makovnikova et al., 2006).

Toxicity of heavy metals varies; it decreases in the following line Hg>Cd>Ni>Pb>Cr and
their influence is enhanced by their non-degradability. Soil is only presented as a passive
acceptor of heavy metals; it becomes the source of polluting other components of the
environment and the food chain. Changes in soil properties are responsible for the
mobilisation of metals, especially pH, humus content and quality and the proportion of clay
fraction (Barancikova, 1998).

With regard to the above findings, the content of the following risk elements was observed
in the conditions of sustainable use of soil: lead, cadmium and nickel (in the leachate 2M
HNGO:s) (Fig. 13., Fig. 14. and Fig. 15.). The evaluation showed that the content of dangerous
elements in soil did not reach maximum permitted values for the Slovak Republic (Act No.
220/2004 Coll.) and the measured values corresponded with natural contents of the observed
elements in soil and base rocks (Makovnikova et al., 2006). At the same time, in ecological
systems, no anthropogenic pollution by applying chemical substances and sediments in soil
is present.
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Figure 13. Cd content of soil in the monitored area situated in a marginal region of north-eastern
Slovakia expressed by descriptive statistics
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Figure 14. Ni content of soil in the monitored area situated in a marginal region of north-eastern
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Figure 15. Pb content of soil in the monitored area situated in a marginal region of north-eastern
Slovakia expressed by descriptive statistics
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A statistically significant effect of the monitored year and locality on observed heavy metal
content of the soil was confirmed by an analysis of variance (Tab. 6.).

Parameter Min. Max. Mean Standard Sou'rce' (,)f d.f. | F-Ratio P
error Varlablhty

Po2MHNOs | 7| 0018 | 1411 | 0823555 | Vo 6 | 1230

[mg.kg ] locality 4 22.01 ++

Cd 2M

HNOs 0129 | 0.697 | 0343 | 0.037233 | Y% ¢ (T
1 locality 4 19.69 ++

[mg.kg]

Ni2MHNOs | 930 | 3436 | 2392 | 0140375 | Yo 6 | 2408 )

[mg.kg'] locality 4 25.20 ++

Table 6. Analysis of variance of the heavy metal content of the soil in the monitored area situated in a
marginal region of north-eastern Slovakia
++P< 0,01 +P< 0,05

3. Conclusion

The farming system is the most widespread environmental technology with its positive and
negative consequences. It utilises essential natural resources and, at the same time,
influences other natural environments. Therefore, ecologisation of farming is a priority of
farmers as well as environmentalists. Respecting the principles of soil sustainability and
other components of the environment is a basic precondition for life sustainability.
Sustainable agriculture is based on the principle of agriculture being a biological process
which, in practice, should imitate key characteristics of the natural ecosystem. It strives to
bring diversity into agro-ecosystems, recycle nutrients efficiently and maintain the priority
of sunlight as a source of energy for agro-ecosystems. Sustainable use of soil takes soil-
ecological conditions into consideration and is realised in such a way and in such intensity,
which gives rise to neither negative changes in soil, nor establishes trends for the
development of negative characteristics in soil. It is impossible to select universal soil
parameters for sustainable soil, which is why the area is subject to specialised discussions. A
significant role in the selection of parameters is played by their variability in time, related to
parameter stability. Stable (such as soil depth or granularity), relatively stable (the salt
content, the content of organic mass in soil, heavy metal contamination), relatively dynamic
(pH, the content of nutrients) and dynamic (soil humidity and temperature, microbial
activity, etc.) parameters are more connected to its short-term changes. Soil quality cannot
be judged directly; it must be determined from the changes of its parameters. It is more
accurate to evaluate the range of appropriate indicators rather than to use a single one. Soil
quality is significantly affected by physical, chemical, biological and biochemical
properties sensitive to changes in the environment and land management. At present, there
is little knowledge with regard to soil development in the conditions of sustainable farming
systems. The present findings can hardly be compared to other research due to the different
soil-ecological conditions in which they were obtained. The issue of universal methods for
all soil types remains a universal problem within the research of soil development. Unless
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this area is unified, objective comparison will remain on a regional level. Soil parameters are
usually determined only in relation to specific topsoil. Certain physical and chemical
parameters in subsoil cannot be neglected, since they guarantee soil functions.

The present results showed development of selected soil parameters during long-term
monitoring on a model area situated in a marginal region of north-eastern Slovakia where an
ecological farming system was applied. Soil physical properties change not only under the
influence of weather conditions, crop year, vegetation pass, but also under the influence of
applied management systems. During the year and growing season, bulk density value also
varies depending on water availability in the soil, weather and farming methods. The research
showed that soil physical properties get adjusted after long-term application of an ecological
farming system and the measured values were stabilised, reaching levels comparable with the
average values for the soil type. Agrochemical soil characteristics did not change significantly
during the research period. High doses of organic fertilisers had a positive effect on soil
productivity, and, thus, indirectly on maintaining soil pH, the available nutrient content and
retention of humus in soil. In spite of this, it is necessary to continuously pay attention to soil
reaction, because soil is naturally acidified through acid atmospheric fallout as well as calcium
intake by plants. Values of selected heavy metals in the monitored period did not exceed the
limit values published in Act No. 220/2004 Coll. The values of activity of phosphatase and
urease changed minimally during the research period and they refer to values typical for soils
with sparse vegetation. At the same time, it was proven that increasing the content of soil
organic matter promotes natural protection of soil enzymes. Analysis of variance confirmed a
statistically significant effect of the monitored year on all observed soil parameters. The effect
of the observed locality, with the exception of pH/CaClz, Cox and Nanorg, on other soil
parameters was also statistically significant.

Author details

Danica Fazekasova
University of Presov, Slovakia

Acknowledgement

The study was supported by VEGA 1/0601/08 Effect of biotic and abiotic factors on ecosystem
sustainability, VEGA 1/0627/12 Diversity, resiliency and health of ecosystems in different farming
system and polluted territories in anthropogenic land and KEGA 012PU-4/2012 Preparation and
realization of the research focused on creating teaching aids for education of environmental subject.

4, References

Act. No. 220/2004 on Soil Protection and Agricultural Soil Using
Agenda 21 and Indicators of Sustainable Development, MZ. SR, Bratislava, Slovak Republic, ISBN
8088833035



456 Sustainable Development — Authoritative and Leading Edge Content for Environmental Management

Alef, K. & Nannipieri, P. (1995). Soil Sampling, Handling, Storage and Analysis, In: Methods
in Applied Soil Microbiology and Biochemistry, K. Alef, P. Nannipieri, (Eds.), 49-115,
Academic Press, ISBN 978-0-12-513840-6 London, Great Britain

Baligar, V. C.; Wright, R. J. & Hern, J. L. (2005). Enzyme Activities in Soil Influenced by
Levels of Applied Sulfur and Phosphorus, Communications in Soil Science and Plant
Analysis, Vol.36, No.13-14, pp 1725-1735, ISSN 00103624

Barancikova, G. (1998). The Proposal of Special Classification of Agricultural Soils of
Slovakia from Viewpoint of their Sensibility to Contamination by Heavy Metals, Plant
Production, Vol.44, No.3, pp. 117 — 122, ISSN 0370-663X

Beliniska, E. J. & Prangal, J. (2007). Enzymatic Activity of Soil Contaminated with Triazine
Herbicides, Polish Journal of Environmental Studies, Vol.16, No.2, pp 295-300, ISSN 1230-
1485

Benes, S. & Benesova, J. (1993). Balance of Risk Elements in the spheres of the Environment,
Plant Production, Vol.39, No.10, pp. 941-958, ISSN 0370-663X

Benes, S. (1993). The Contents and Balance of Elements in the Spheres of the Environment, 1. part,
MZ, Praha, Czech Republic

Bielek, P. (1998). Nitrogen in Agricultural Soils of Slovakia, Soil Science and Conservation
Research Institute, ISBN 80-85361-44-2, Bratislava, Slovak Republic

Bremner, ]J. M & Mulvaney, R. L. (1978). Urease Activity in Soils, In: Soil Enzymes, R.G.Burns,
(Ed.), 149 — 196, Academic Press, New York, USA

Bujnovsky, R. & Jurani, B. (1995). The Subsoil, Soil Science and Conservation Research
Institute, ISBN 80-85361-49-3, Bratislava, Slovak Republic

Burns, R. G. (1978). Soil Enzymes, Academic Press, ISBN 0-12-145850-4, New York, USA

Caldwell, B. A. (2005). Enzyme Activities as a Component of Soil Biodiversity, Pedobiologia,
Vol. 49, pp. 637 — 644, ISSN 0031-4056

Chander, K.; Goyal, S.; Mundra, M. C. & Kapoor, K. K. (1997). Organic Matter, Microbial
Biomass and Enzyme Activity of Soils under Different Crop Rotations in the Tropics,
Biol Fertil Soils, Vol.24, No.3, pp 306-310, ISSN 01782762

Chazijev, F. CH. (1976). Soil Enzyme Activity, Nauka, Moskva, Russia

Fazekasova, D. (2003). Sustainable Use of Soil — Definition and Evaluation of Indicators and
Parameters of Soil Development, FHPV PU, ISBN 80-8068-228-3, Presov, Slovak Republic

Fazekasovd4, D.; Kotorov4, D.; Balazs, P.; Baranova, B. & Bobulska, L. (2011). Spatial
Varialibility of Physical Soil Properties in Conditons of Ecological Farming in Protected
Area, Ekoldégia (Bratislava), International Journal for Ecological problems of the
Biosphere,Vol.30, No.1, p. 1-11 ISSN 1335-342X

Fiala, K.; Barancikova, G.; Breckova, V.; Burik, V.; Houskova, B.; Chomanicova, A.; Kobra, J.;
Litavec, T.; Makovnikova, L.;Pechovd, B. & Varadiova, D. (1999). Partial Monitoring
System — Soil, Binding methods, 1st ed.; Soil Science and Conservation Research
Institute, ISBN 80-85361-55-8, Bratislava, Slovak Republic

Fulajtar, E. (2006). Physical Parameters of Soil, Soil Science and Conservation Research
Institute, ISBN Bratislava, Slovak Republic

Geisseler, D. & Horwath, W. R. (2009). Short-term Dynamics of Soil Carbon, Microbial
Biomass, and Soil Enzyme Activities as Compared to Longer-term Effects of Tillage in
Irrigated Row Crops, Biol Fertil Soils, No.46, pp. 65-72, ISSN 1432-0789



Evaluation of Soil Quality Parameters Development in Terms of Sustainable Land Use 457

Grejtovsky, A. (1991). Influence of Soil Improvers on Enzymatic Activity of Heavy Alluvial
Soil, Rostl. Vyr, 37, pp 289-295, ISSN 1214-1178

Gulser, F. & Erdogan, E. (2008). The Effects of Heavy Metal Pollution on Enzyme Activities
and Basal Soil Respiration of Roadside Soils, Environ Monit Assess, Vol.145, Nol-3, pp.
127-133, ISSN 1573-2959

Hrasko, J. & Bedrna, Z. (1988). Applied Pedology, Priroda, Bratislava, Slovak Republic

Iovieno, P.; Morra, L.; Leone, A.; Pagano, L. & Alfani, A. (2009). Effect of Organic and
Mineral Fertilizers on Soil Respiration and Enzyme Activities of two Mediterranean
Horticultural Soils. Biol Fertil Soils, Vol.45, No.5, pp. 555-561, ISSN 01782762

Javorekovd, S.; Kralikova, A.; Labuda, R.; Labudova, S. & Makov4, J. (2008). Soil Biology in
Agroecosystems, Slovak University of Agriculture in Nitra, ISBN 978-80-552-0007-1,
Nitra, Slovak Republic

Jordan, D.; Kremer, R. ]. ; Bergfield, W. A.; Kim, K. Y. & Cacnio, V. N. (1995). Evaluation of
Microbial Methods as Potential Indicators of Soil Quality in Historical Agricultural
Fields. Biol Fertil Soils, Vol.19, No.4, pp 297-302, ISSN 01782762

Jurcova, O. & Torma, S. (1998). Methodology for Quantifying Potential Nutrient Plant Residues,
Soil Science and Conservation Research Institute, ISBN 8085361892, Bratislava, Slovak
Republic

Klir, J. (1997). Sustainable Agriculture, Department of Agricultural and Food Information,
ISBN 80-86153-18-5, Praha, Czech Republic

Klose, S. & Tabatabai, M. A. (2000). Urease Activity of Microbial Biomass in Soils as Affected
by Cropping Systems. Biol Fertil Soils, Vol.31, No.3-4, pp 191-199, ISSN 01782762

Kotorova, D. ; éolt}'lsové, B. & Mati, R. (2010). Properties of Fluvisols on the East Slovak Lowland
at their Different Tillage, 1. ed. CVRV, ISBN 978-80-89417-25-4, PieStany, Slovak Republic

Kovacik, P. (2001). Methodology of Nutrient Balance in Ecological Farming System, Slovak
University of Agriculture in Nitra, ISBN 80-7137-957-3, Nitra, Slovak Republic

Krnacova, Z.; Racko, J. & Bedrna, Z. (1997). Indicators of Sustainable Development Use of
Agricultural Soilsin Slovakia. Acta Environmentalica Universitatis Comenianae,
Supplement, pp. 165-172, ISSN 1335-0285, Bratislava, Slovak Republic

Kromka, M. & Bedrna, Z. (2000). Soil Hygiene, Comenius University in Bratislava, ISBN 80-
223-1602-4, Bratislava, Slovak Republic

Lacko-Bartosova, M. ; Cagan, L.; Cubon, J.; Kovag, K. ; Kovacik, P. ; Macdk, M. ; Moudry, M.
& Sabo P. (2005). Sustainable and Ecological Agriculture, 1st ed. Slovak University of
Agriculture in Nitra, ISBN 80-8069-556-3, Nitra, Slovak Republic

Larson, W.E. & Pierce, F.J. (1991). Conservation and Enhancement of Soil Quality. Evaluation
for Sustainable Land Management in the Developing World, Vol.2, No.12, pp. 175-203,
Technical Papers. IBSRAM Proc.

Liska, E. Bajla, J.;, Candrakova, E.; Francdk, ], Hruby, D.; Illes, L.; Korenko, M.;
Nozdrovicky, L.; Pospisil, R.; épénik, F. & Zember, J.; (2008). General Crop Production,
Slovak University of Agriculture in Nitra, ISBN 978-80-552-0016-3, Nitra, Slovak
Republic

Makoi, J. H. J. R. & Ndakidemi, P. A. (2008). Selected Soil Enzymes: Examples of their
Potential Roles in the Ecosystem, African Journal of Biotechnology, Vol. 7, No.3, pp. 181-
191, ISSN 1684-5315



458 Sustainable Development — Authoritative and Leading Edge Content for Environmental Management

Makovnikova, J.; Barancikovd, G.; Dlapa, P. & Dercovd, K. (2006). Inorganic
Contaminants in Soil Ecosystems, Chem. Listy, Vol.100, No.6, pp. 424 — 432, ISSN 0009-
2770

Matuskova, L. & Vojtas, J. (2005). Guideline for Detecting Soil Contamination, Soil Science and
Conservation Research Institute, Bratislava, Slovak Republic

Michaeli, E. & Ivanova, M. (2005). Regional Geoecological Structure of Landscape and
Primary Development Potential of the PreSov Self-governing Region. Folia Geographica.
Vol. 18, No.§, pp. 116-142, ISSN 1336-6157

Miralles, I.; Ortega, M.; Sanches-Maranon, M.; Leirés, M. C.; Trasar-Cepeda, C. & Gil-Sotres,
F. (2007). Biochemical Properties of Range and Forest Soils in Mediterranean Mountain
Environments, Biol Fertil Soils, No.43, pp. 721-729, ISSN 1432-0789

Nourbakhsh, F. & Monreal, C. M. (2004). Effects of Soil Properties and Trace Metals on
Urease Activities of Calcareous Soils. Biol Fertil Soils, Vol.40, No.5, pp. 359-362, ISSN
01782762

Pejve, ]J. (1966). Soil Biochemistry, SVLP, Bratislava, Slovak Republic

Rode, A. A. (1969). Basic Science of Soil Moisture, Tom II, Gidrometeorologic. izd., Leningrad,
Russia

Sarapatka, B. (2002). Possibilities of Using Enzyme Activities as Indicators of Productivity
and Systems Quality, Biological indicators of soil quality, pp. 26-31, ISBN 80-7157-64-25,
MZLU, Brno, Czech Republic

Sinsabaugh, R. L.; Findlay, S.; Franchini, P. & Fischer, D. (1997). Enzymatic Analysis of
Riverine Bacterioplankton Production, Limnol. Ocecmogr., Vol. 48, No.1, (1997), pp. 29 -
38, ISSN 0024-3590

Speir, T. W.; Van Schaik, A. P. & Lloyd-Jones, A. R. (2003). Temporal Response of Soil
Biochemical Properties in a Pastoral Soil after Cultivation Following High Application
Rates of Undigested Sewage Sludge. Biol Fertil Soils, Vol.38, No.6, pp. 377-385, ISSN
01782762

Tabatabaj, M. A. & Acosta-Martinez, V. (2000). Enzyme Activities in Limed Agricultural
Soil. Biol Fertil Soils, Vol.31, No.1, pp. 85-91, ISSN 01782762

Tischer, S.; Tanneberg, H. & Guggenberger, G. (2008). Microbial Parameters of Soils
Contaminated with Heavy Assessment for Ecotoxicological Monitoring, Polish Journal of
Ecology, Vol.56, No.3, (2008), pp. 471 — 479, ISSN 15052249

Torma, S. (1999). Potassium - an Important Nutrient in the Soil and Plant, Pedo disertationes, Soil
Science and Conservation Research Institute, ISBN 80-85361-51-5, Bratislava, Slovak
Republic

Trasar-Cepeda, C.; Leirds, C.; Gil-Sotres, & F. Seoane S. (1998). Towards a Biochemical
Quality Index for Soils: An Expression Relating Several Biological and Biochemical
Properties. Biol Fertil Soils, Vol.26, No.2, pp. 100-106, ISSN 01782762

Vilc¢ek, J.; Hronec, O. & Bedrna, Z. (2005). Environmental Pedology, Soil Science and
Conservation Research Institute, ISBN 80-8069-501-6, Bratislava, Slovak Republic

Wick, B.; Kahne, R. F. & Vielhauer, K. (2002). Temporal Variability of Selected Soil
Microbiological and Biochemical Indicators under Different Soil Quality Conditions in
South-western Nigeria, Biol Fertil Soils, No.35, pp. 115-121, ISSN 1432-0789



