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Abstract

Soil is an ecosystem capable of producing the resources necessary for the development of
the living organisms. Soil microorganisms (bacteria and fungi) are responsible for biomass
decomposition, biogenic element circulation, which makes nutrients available to plants,
biodegradation of impurities, and maintenance of soil structure. The presence of micro-
organisms in soil depends on their chemical composition, moisture, pH, and structure.
Human activity has an indispensable influence on the formation of ecosystems. Soil till-
age has an impact on the chemical and physical parameters of the soil, and thus on its
biological properties. The use of inappropriate agro-technology can lead to degradation
of the soil environment. Changes in soil properties may cause changes in soil abundance,
activity, and diversity. Cultivation can affect microorganisms, causing their mortality and
reducing the availability of nourishment in the soil. Therefore, it is extremely important to
assess the diversity and microbiological activity of soil in relation to soil-tillage technology.
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1. Introduction

The soil is the most outer layer of lithosphere. It covers almost the entire surface of the land;
in it, there is a circulation of nutrients, biotic, and abiotic processes. Soil is a key element of the
environment. It performs many functions in the environment (Figure 1). The five main ones
are listed [1] below:

1. Environmental formation—shaping the local climate, relief of the earth’s surface, natural
reservoir of water resources retention;

2. Ecological —an element of circulation of biogenic elements and organic matter retention;
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3. Edaphic—creation of living conditions for organisms (microorganisms, plants, animals);

4. Protection—counteracting changes in the environment by means of sorption properties,
e.g., absorbing toxic compounds;

5. Economic—place of work for man, a farmer.

This is a general separation of soil functions. Each of them can be discussed separately. All soil
functions are affected by human farming. This chapter is an attempt to collect information on
the influence of man on the edaphic function of soil.

The soil has the capacity to self-produce resources necessary for the development of living
organisms [2]. This makes it a living environment for over 30% of the species existing on
Earth. Soil organisms are a very important component of soils and are referred to as “biological
engine of the earth” [3]. Soil quality can be defined as the balance between high activity and high
microbiological biodiversity [4]. Soil quality plays an important role in protecting the environ-
ment, preserving biodiversity and good agricultural practices [5-7]. Agriculture has an impact
on soil, and thus on the qualitative and quantitative composition of soil microorganisms.
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Figure 1. Soil functions in environment.

2. Soil microorganisms

Soil microorganisms are involved in many biogeochemical processes. They are a very impor-
tant functional group of soil organisms. They are responsible for mineralisation of organic
matter, element circulation, synthesis of proteins, and nucleic acids, as well as transformation
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of phosphorus forms. Rhizosphere microorganisms increase plant health and can protect
against pathogens [8, 9] (Figure 2).

Agricultural biodiversity concerns with indigenous bacteria, plants, fungi, animals, and their
equivalents introduced into the agricultural space by man and is related to the structure of
soil and its use [10, 11]. It is estimated that from 1 g of soil, about 4000-6000 different bacterial
genomes can be isolated [12]. Classic microbial analyses of microorganisms allow to isolate
0.1-10% of the population of bacteria present in the environment. The other species are not
reared, which means that they cannot be reared under laboratory conditions. In research on
the presence of microorganisms in soil, it is important not only to evaluate their quantitative
and qualitative assessment, but above all to perform their functions, their role in the ecosys-
tem, and their impact on other organisms.

The biological activity of the soil depends on the correct number and species composition
of microorganisms and their enzymatic activity. Microorganisms mediate 80-90% of all pro-
cesses occurring in the soil [13]. They create favorable conditions for germination of seeds
and growth of the root system of cultivated plants, which is very important for a high yield
[5]. Plants emit a large number of various chemical compounds into the soil, which shape the
composition of microorganisms in the environment. Microorganisms use these root secre-
tions as a source of food. The rhizosphere is a habitat mainly for bacteria and mycorrhizal
fungi. Some microorganisms may produce antibiotics that block harmful microorganisms. In
addition, soil microorganisms can also improve the condition of plants by releasing growth
regulators (e.g., ethylene, auxin, and cytokine) and making available some nutrients (e.g.,
phosphorus). Polymer-producing microorganisms can improve the soil structure. Among the
significant soil microorganismes, it is worth mentioning the bacteria of the genus Pseudomonas
sp., bacteria that inhabit the root zone of plants [14]. Bacteria of this kind produce various

plant health and
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soil structure
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Figure 2. Functions of soil microorganisms.

47



48  Sustainability of Agroecosystems

biologically active compounds such as antibiotics and lytic enzymes, as well as ethylene,
auxin, and gibberellin. In addition, Pseudomonas compete for nutrients with pathogenic micro-
organisms, e.g. for iron by creating a siderophores. The bacteria binding atmospheric nitrogen
are also important for the cultivation of plants such as Azotobacter, Clostridium, Rhizobium, and
Bradyrhizobium [15].

3. Impact of agricultural activity on the soil quality

Human activities in the natural environment, above all the intensification of agriculture and
the use of plant protection products, change the activity and diversity of the soil environ-
ment. This can lead to changes in the functioning and sustainability of the ecosystem [9, 16].
Changes in soil quality lead to changes in plant variety and productivity [17]. Human activity
is aimed at giving the soil the best possible soil production properties in order to increase the
yield of plants.

Proper agricultural management should take into account the microbiological and physico-
chemical properties of the soil. The activity of microorganisms and their diversity is a sensitive
indicator of soil quality, which is the subject of research for many researchers. The cultivation
systems applied by man modify the quantitative and qualitative composition of organisms
inhabiting the soil environment [18]. In [19], it was found that soil microorganisms are sensi-
tive to anthropogenic factors, in particular agricultural activity.

Numerous studies indicate that agricultural treatments strongly change chemical [5, 20—
22] and physical [23, 24] parameters of soil. Changes in soil physicochemical parameters
can lead to changes in soil microbial diversity [25, 26]. Some researchers suggest that the
agricultural techniques generate a homogeneous soil environment and reduce bacterial
diversity [27]. Other studies [5] indicate that the soil has a high capacity to maintain bio-
diversity. Numerous studies are being carried out to compare the impact of soil-tillage
systems on soil microbiology [8, 22, 25, 26, 28]. Some studies confirm that agricultural prac-
tices have an impact on the soil composition of microorganisms [29, 30]. Other research-
ers suggest that changes in the structure of the bacterial population are mainly due to
chemical properties and soil structure [5]. The research [31] also reports that the soil has
buffering capacity and that composition and functionality of microorganisms depends on
the type of soil.

It is well known that the biodiversity of microorganisms varies from untapped soil to land
cultivated in agricultural areas. In [20], it was demonstrated that in uncultivated soils, the
obtained number of operational taxonomic units was about 1.5 million, 30% higher than agri-
cultural soils. Similar results were obtained by [32] who noted that 140-150 species per 1 g of
soil are found in the soil cultivated for agriculture, while in natural soils, this amount is about
1000 species per 1 g of soil. It is estimated that about 40% of the world’s agricultural land has
already been degraded [22, 33, 34].
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3.1. The ecological farming systems

Sustainable agriculture is based on supporting natural biological processes without inter-
fering with the environment [35]. In simplified systems, the cultivation procedures are
minimised. They consist mainly in loosening of the external soil layer, leaving crop resi-
dues and the use of stubble intercrops. Leaving harvest residues has an impact on soil
nutrient management, which can be beneficial for the biological properties of soil [36].
Among the organic systems, there is also the use of no-tillage, which is limited to the
creation of a seed groove for sowing. Studies have shown that simplifications lead to an
increase in the number of microorganisms of the genera Cladosporium and Mucor, which
may inhibit the development of pathogens in soil. In addition, two to three times higher
biomass of earthworms in the soil under direct sowing was recorded [37]. Tests carried out
by [38] demonstrated that organic farming contributes to preserving soil biodiversity. In
addition, the beneficial effect of organic fertilisation on soil microbiology is well known
and documented [39, 40].

3.2. The conventional and intensive farming systems

Traditional cultivation systems are based on specialised agricultural machinery that directly
interferes with the soil structure. The deep ploughing up to 35 cm deep into the soil can cause
negative consequences in the physical, chemical, and biological properties of the soil [41, 42].
Numerous studies have shown that conventional soil tillage and monoculture can have a
negative impact on soil quality [28, 43, 44]. Intensive ploughing leads to a more compact soil,
which may result in lower yields. Intensive plant production and multiarea farms very often
fail to take environmental protection into account and can have a detrimental effect on soil
quality [44]. In intensive agriculture, many mineral fertilisers, antibiotics, and hormones are
used, which leads to degradation of the soil environment. At the same time, it carries a risk
of biodiversity loss. The intensive mixing of the soil with the spacing plough causes losses of
organic matter by accelerating the humus mineralization process. Such systems aggravate
the network of interactions between soil organisms and aggravate disease-related problems
[25, 45]. Many years of conventional long-term soil cultivation may also contribute to the
decline of microbial population in soil.

4. Methods for analysing the impact of human agricultural activities
on soil quality

Research on soil quality is very important in terms of the quality of the yields obtained and
the environmental impact assessment of agriculture. Soil as a habitat for many organisms
and a place where many biochemical processes occur is sensitive to natural and abiotic fac-
tors, including agricultural activities. Soil quality assessment is based on an analysis of the
physical-chemical and microbiological parameters of the soil (Table 1).
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Parameter Method Literature

Soil microbial biomass carbon (MBC) and The fumigation-extraction (F-E) and fumigation- [46]

nitrogen (MBN) contents incubation (F-I) method

Potentially mineralizable nitrogen (PMN) The short-term (waterlogged) anaerobic incubation  [47]
method

Dehydrogenases activity Method with 2,3,5-triphenyltetrazolium chloride [48]
(TTC) as a substrate

Acid and alkaline phosphatases activity Method with p-nitrophenyl phosphate (PNP) as a [49]
substrate

Urease activity Measuring the concentration of an ammonium [50]

3,6-diacetylfluorescein (FDA) hydrolysis Measuring the concentration of fluorescein [51]

activity

Soil organic carbon (SOC) Oxidation with a mixture of potassium dichromate  [52]
and sulphuric acid

Strength of soil aggregates Strength testing device [53]

Community level physiological profiling Biolog ECOplate (Biolog Inc., Hayward, USA) [54]

Table 1. Selected soil quality parameters and methods of their evaluation.
Research on soil quality analysis:
¢ Determination of enzymatic activity, e.g., dehydrogenases, acidic and alkaline phospha-

tase, protease;

* Identification of soil microorganisms by molecular and immunological means through
sequencing, hybridisation analysis, Elisa test, PCR-based reactions;

* Analyses of soil physical-chemical parameters e.g., pH, EC, granulometric composition,
water volume;

* Evaluation of functional diversity of soil microorganisms by the CLPP method —Community
Level Physiological Profiling.

However, despite many studies and the variety of methods used, there is still no single, uni-
versal parameter that would allow the quality of the soil to be determined quickly. In addi-
tion, it is necessary to carry out long-term studies, because only in this way can changes in the
environment be noticed.

5. Impact of different farming systems on selected soil quality
parameters
5.1. The enzymatic activity

Enzyme activity is considered to be one of the main parameters expressing the overall micro-
biological activity of the soil. The activity of dehydrogenase, peroxidase, phosphatase, protease
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and urease, (3-glucosidase, catalase, cellulase, and invertase is commonly indicated. These
enzymes are mediators and catalysts in many biochemical processes in soil, including formation
and decay of humus, molecular nitrogen fixation, nitrification and denitrification, phosphorous
compounds transformations, or detoxification of xenobiotics. The presence of enzymes and
their activity are evidence of soil metabolism, while being sensitive to environmental changes.

Simplified systems have a high dehydrogenase activity [55-57]. Restriction of plough use has
a positive effect on the activity of these enzymes [58]. In direct sowing soils, dehydrogenases
also have a higher dehydrogenase activity than conventional crops [59].

Phosphatases catalyse the hydrolysis of organic phosphorus compounds once again responsible
for its management in plants. They can be used as an indicator of the potential rate of phospho-
rus compounds mineralization. They are also very sensitive to heavy metal contamination. For
acid phosphatase, higher values are recorded in soils from conventional crops and monocul-
ture, e.g., the United States of America. Areas of the European Union’s main agricultural hold-
ings are covered by the so-called maize and alkaline phosphatase in simplified crops [36, 60-62].

The FDA hydrolysis is related to the transformation of organic matter into soil. Many studies
have shown that its value is higher in soils than in simplified, organic crops [43].

Urease activity is also sensitive to the way soil tillage is cultivated. It participates in the con-
version of nitrogen compounds in soil [63]. In [64], it was showed that the soils from simpli-
fied crops show up to two times higher urease activity than those from conventional crops.
Similar results were obtained by [65].

5.2. The soil organic carbon content (SOC)

Soil organic carbon content is a sensitive soil quality indicator [66, 67]. The soil microbial bio-
mass carbon (MBC) and nitrogen (MBN) represent a small fraction of the total soil organic C
(1-5%) and N (2-6%) [68].

Intensive monoculture of rice causes a decrease in SOC [44]. Less intensive soil tillage improves
the stability of soil aggregates and increases the SOC concentration [69]. Researchers also
observe higher SOC values in soil, where ploughing is not used and plant residues are left
on the surface [70]. In the case of maize, researchers have found that conventional cultivation
reduces the amount of SOC in soil compared to zero tillage [71]. Similar results were obtained
in the case of winter wheat cultivation, where the SOC content in the upper soil layers was
up to 23% higher than in the case of conventional seedlings [28, 72]. Conventional cultivation
increases SOC sequestration [71]. Research [73] has shown that in agricultural soil can contain
20% less SOC and MBC than in soil under indigenous grassland.

5.3. The microbial biomass carbon (MBC) and nitrogen (MBN) content

Determination of the soil microbiological biomass content is one of the basic parameters for
monitoring soil changes. Soil management has a large impact on the size of the biomass pool
of microorganisms [61, 62].

There is a negative effect of conventional crops on the carbon and nitrogen content of microbial
biomass [55, 62]. Whereas, the soil under simplified and organic cultivation has a high MBC
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and MBN content [55, 57, 64]. The MBC and MBN in direct sowing soil are also higher than in
conventional sowing [74]. In several years of research [75], the number of MBC in conventional
soil cultivation decreased, with a steady level of biomass in reduced tillage and direct sowing.

5.4. The functional analysis

Soil microorganisms are complex, multispecies communities. The processes taking place with
their participation should be analysed as a sum of functions of the entire population and not
as individual species [54, 76]. Using the Biolog Ecoplate, the [43] observed a greater metabolic
diversity in soil than in reduced tillage compared to conventional tillage. Similar results were
obtained by [77, 78]. In soils from urban ecosystems, the highest microbiological activity was
observed in roadside-tree soils, while the lowest activity was observed in forest sites. At the
same time, the authors did not notice any significant differences among long-term maize pro-
duction, park sites, and street green sites [79].

The higher average utilisation intensity (AWCD) values were recorded in soil under con-
ventional tillage with residue retention, than zero tillage and residue removal, after 15 years
of cultivation. At the same time, it has been shown that the higher functional diversity of
microorganisms is in soil under wheat cultivation compared to soil under maize cultivation
[74]. Research [80] showed that ability of the microbial communities to utilise substrates on
ECOplate was affected by fertilisation, but not by crop rotation treatments. At the same time,
it has been demonstrated that the long-term use of manure can contribute to increase the ben-
eficial functional diversity of microorganism in agricultural soils. It was demonstrated that
the functional diversity of microbial community depended on the presence of plant species
[81]. The CLPP analysis also showed that the soil under cultivation of transgenic rice did not
differ significantly in functional diversity of microbial communities compared to control [82].

5.5. The biodiversity in soils with different uses

The agricultural activity of mankind affects many of the physical and chemical properties of
soil and its microbiological activity. Depending on the manner of soil utilisation, there are dif-
ferences in the composition of the population of microorganisms inhabiting the soil. The [83]
concluded that the species diversity of soil microorganisms is primarily influenced by the abi-
otic soil properties independent of location or land-use type. They demonstrated that location
and land-use type together explained more than 33% of the variation in soil biota diversity.
However, the [84] have shown that soils with low human participation rate (cork-oak, forest,
and pasture) were characterised by a more stable bacterial environment than soils with a high
human participation rate (vineyards and managed meadow). Research conducted by [21, 22]
also shows that soils used for agricultural use are degraded, which is noted in lower microbio-
logical parameters when compared with uncultivated soils. Changes in soil communities and
loss of soil biodiversity threaten the multifunctionality and sustainability of the ecosystem [17].

Large variations in Proteobacteria composition are observed in soils with different uses. There
were also changes in the composition of bacterial communities in the case of a change in the
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way forest soil are used to cultivate crops and grazed pastures [84, 85]. Studies conducted in
Poland showed that in soils used for agricultural use, there was a significantly lower amount
of ammonifying bacteria in comparison with soils not used for agricultural purposes [21, 22].
Similar results were obtained in other studies on agricultural soils [86, 87].

It is well known that more intensively managed soils often contain less fungi biomass [88].
Lack of ploughing while leaving plant residues on the soil surface may increase the amount
of fungi pathogenic to plants (Fusarium sp.). At the same time, a long-term economy without
ploughing leads to a deep diversification of microbial communities and also develops high
fungal biomass in surface soil [89]. Other researchers have shown that cultivation practices
had little impact on the diversity of microbial communities [90].

Nitrogen fertilisation of soil influences the number of individual groups of microorganisms
in soil. High nitrogen doses may lead to the accumulation of toxic substances, e.g., ammonia
in soil, which does not have a beneficial effect on the Actinobacteria [91].

Collections of microorganisms decomposing cellulose and hemicellulose change the compo-
sition of the population in response to changes in the composition of organic fertilisers [39].
The use of manure as a fertiliser in rice fields increased the activity of microorganisms, with a
simultaneous decrease in this activity in the case of chemical fertilisers [92].

Higher mite density, Collembola and Myriapoda, were observed in forest ecosystems, but on
grasslands more earthworms were observed [88].

The examples given above show that soil is a complex ecosystem, and the cultivation method
has an impact on many soil parameters (biological, chemical, physical), and thus also the
organisms that inhabit it. Changes in populations of soil organisms may have an impact on
plant growth and thus on yields.

6. Conclusions

It is well known that the agricultural activity of man has an impact on the soil environment,
while changes in the soil shape changes in the whole accompanying ecosystem. Agriculture is
an indispensable part of the economy and production, but it is up to man to decide whether
he is cultivating the soil in order to increase harvests for only 1 year or for further perspective.
The condition of the soil and its quality are deteriorating over time. Many effects of human
activity are visible not sooner than in a few or even several years. For this reason, it is worth-
while to carry out monitoring of agricultural land in order to observe how quickly and to
what extent changes occur. It is important to manage the environment sensibly so that it does
not degrade and at the same time allows to obtain good production results. An additional
problem is the difficulty in interpreting and comparing results of biogeochemical parame-
ters with new methods of microbial identification (e.g., sequencing). Therefore, the subject of
changes in agricultural soil is a challenge and objective of agricultural science research.
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