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Abstract
At present time when climate change has negative effect on soil moisture and
can decrease significantly the productivity, good agricultural practises have a
high importance via their direct influence on soil properties, regimes and
biodiversity. Objectives of this study have been focused on the assessment of
good agricultural practises in different soil cultivation types: conventional,
minimum till, mulch, no-till and organic farming. Method used was based on
two case study areas where organic and/or minimal farming systems have
been applied. As a control, we chose soil with traditional cultivation. In organic farm, we evaluated earthworms; their amount and status and in farm
with different types of cultivation we evaluated the microbial activity to assess
the biodiversity conditions. Basic soil properties and soil structure have been
set to be able to assess the influence of good agricultural practises on soil environment. Our study shows positive effect of these practises on soil moisture
content, biodiversity and soil structure stability. These findings can be used
for further studies determining the ways of soil cultivation in harmony with
nature—in sustainable way.
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1. Introduction
Soil as a complex system is an important part of environment. It acts as a reactor
where many different processes between organic and inorganic phases occur.
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Soil biodiversity, representing the variety of living organisms belowground, is an
important soil health indicator. In general, soil biodiversity is directly influencing the main soil property, which is soil fertility. In 1989, the World Wide Fund
for Nature [1] defined biodiversity as “the wealth of life on Earth, millions of
plants, animals and microorganisms, including the genes they contain, and as
complex ecosystems that create the environment”. Biodiversity is affected by altitude, climate, relief, water availability, bedrock, soil but also human intervention. Biodiversity is represented at three basic levels as genetic (gene variability
within a population or a whole species), generic (diversity at species level) and
ecosystem (diversity at the level of communities and ecosystems). It is a very
sensitive system highly dependent on its individual components, and disruption
of one of them can lead to the extinction of a number of other components. This
negative tendency can be observed also in soil. Biodiversity in agricultural land
in Europe is threatened. Amount and the diversity of animal species is declining
significantly. It is the result of the number of causes. Among the most striking
are the intensification of agricultural production, the use of pesticides, the
ploughing of field boundaries and the cultivation of monocultures in large areas.
Since 1990, populations of birds and meadow butterflies—which are a good indicator of changes—have fallen by more than 30% [2]. Biodiversity contributes
to enhanced ecosystems, such as ecosystem stability and productivity, and improved nutrition and human health [3]. The higher the soil biodiversity, the better the soil fertility. Conservation and/or increasing soil fertility is extremely
important because soil is a key element of the agroecosystem. Its biological activity, which is related to the processes occurring therein, can be greatly affected
by anthropogenic interventions. In plenty of works it is also stated that in agricultural areas, conventional intensive farming practices have led to a significant
decline in the biological diversity of soils [4]. It is caused by the use of fertilisers
as well as pesticides. Excess of especially N fertilisers induces decrease of plant’s
metabolites, which contribute to the stability of soil structure [5], thus the stability of soil aggregates is decreased together with elimination of soil metabolites.
Pesticides have negative effect on soil micro and macrofauna, e.g. earthworms.
Many biochemical reactions in this environment are dependent or influenced by
the presence of soil enzymes [6]. The soil enzymatic activity reflects the activity
of microorganisms, controls the release of plant nutrients and the growth of microorganisms [7]. Enzymes can be used as indicators of soil quality [8] [9] [10]
[11] [12]. Soil sustainability can be evaluated using enzyme activities [13] and
can give also direct information concerning soil biodiversity. Higher organisms
like earthworms represent also soil biodiversity indicators. Earthworms constitute a significant share of soil organisms and, owing to their activity in soil, are
referred to as “ecosystem engineers” [14]. The activities of earthworms have significant effects on various ecosystem functions such as soil structure, nutrient
cycling processes, decomposition of organic matter [15]. Lumbricidae contribute
to the development of specific soil properties by improving its structure and increasing the field capacity [16] [17]. Earthworms influence soil structure by creDOI: 10.4236/oje.2021.111007
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ating burrows, by bringing litter into the soil, fragmenting it and mixing it with
humus and mineral soil, by homogenizing the soil [18]. Christensen and Mather
[19] showed that earthworm number and biomass reflect both; natural soil parameters, e.g. sand content on one side and agricultural practices on the other
side. They react very sensitively to soil degradation or sanation. Cultivation
technologies, which lead to the increase of soil microbial activity and occurrence
of earthworms, can be considered as good agricultural practices. As stated in
the research of The Can Caesar-TonThat [20], the proportion of soil aggregating Gram-negative bacteria, represented predominantly by pseudomonads and
Stenotrophomonas maltophilia, was higher under irrigated no-till type of soil
cultivation for barley in comparison to the other soil cultivation managements.
Amount of soil aggregating bacteria was the lowest in conventional soil cultivation practices under irrigation, lower than in soils without irrigation. From these
results, it is clear that the type of soil cultivation has higher effect on the amount
of bacteria contributing to the stability of soil structure than application or omitting of irrigation.
Main reasons for cultivation technologies development can be divided into the
economical, ecological and technological. Economical reasons evaluate mainly
savings of work and energy, reducing workload, lowering staffing and increased
machine performance. Ecological reasons are complex and they are focused on
climate change mitigation, soil structure restoration and soil degradation prevention and/or sanation [21]. They contribute directly to soil biodiversity conservation and/or improvement.
Humankind at present time came to the progressive conclusions concerning
preservation of nature. It is not possible to exploit natural resources in a
non-safety and sustainable way anymore, otherwise we will destroy ourselves.
Several environmental movements at political and/or societal level started, e.g.
Agenda 2030 [22] at global level. One of the newest at European level is the new
Biodiversity Strategy to 2030 with the title “Bringing nature back into our lives”
[23]. Concerning soil, the new biodiversity initiative opened the public discussion about new Soil strategy, which is its part. This initiative will update the current strategy (from 2006) to address soil degradation and preserve land resources
aiming to achieve land degradation neutrality—LDN.
Our research has ambition to contribute to the efforts to improve the focus on
soil from purely economic views also to the environmental and sustainable ones.
Good agricultural practises and organic farming provides practical conditions
for farmers to use their soils in sustainable way and in a way, which cannot only
preserve soil properties but also improve them from economical as well as environmental point of view.

2. Material and Methods
Soil properties and biodiversity have been studied on two farms: organic farm
Agrokruh and experimental farm Borovce.
DOI: 10.4236/oje.2021.111007
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2.1. Organic Farm Agrokruh (Figure 1)
The soil cultivation is provided in spirals and individual fields have circle shape.
This cultivation is based on low soil surface disintegration without turning the
soil layers and without heavy machinery and artificial fertilizers. It is realized by
a rotating arm fixed in the middle of the field. Soil cultivating tool is mounted on
a chain and is guided along the arm. It is possible to fix interchangeable tools
that can serve as a spade, rotary tiller, and seeder or for drip irrigation. The circular fields are located side by side and one working arm can be easily moved to
an adjacent field. On this farm, vegetables are cultivated. According to World
Reference Base for Soil Resources, WRB, 2014 [24], studied soil belongs to soils
with little or no profile differentiation. Soil type is calcaric Fluvisol. According to
the texture, soil is medium heavy.

Measurements provided were soil structure—stability of soil aggregates in
water according to Baksajev (in [25]) and earthworms’ presence (number) and
status (size and weight).
As a control served the field with conventional cultivation, soil structure was
evaluated as agronomically valuable soil structure (aggregates between 0.5 - 3
mm, in %) and as a coefficient of soil structure (Cst) calculated from aggregates
of different size according to the formula:

=
Cst a ( b + c )
where:

a—aggregates size between 0.25 - 7 mm;
b—aggregates size > 7 mm;
c—aggregates < 0.25 mm.

2.2. Experimental Farm Borovce (Figure 2)
The different cultivation practises have been applied here: conventional cultivation, minimum tillage, mulch and no-till with crop rotation: corn maize—winter
wheat—spring barley—soya been. Influences of these types of cultivation on soil
microbial activity and water content in soil profile have been studied.

Figure 1. Biofarm Agrokruh.
DOI: 10.4236/oje.2021.111007
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Figure 2. Experimental farm, Borovce.

Measurements provided were soil microbial activity expressed as production
of CO2 in soil and as dehydrogenasis activity. Soil dehydrogenasis was measured
according to the method described by Lenhard [26] and determined colorimetrically on a T60 UV/Visible. Soil moisture was evaluated to the depth of 1 m of
soil profile by gravimetric method. Soil type belongs according to WRB, 2014
also to the soils with little or no profile differentiation. Soil type is Eutric Cambisol, medium heavy.

3. Results and Discussion
Organic farm Agrokruh
Coefficient of soil structure is higher in the soil from Agrokruh in the whole
profile in comparison with soil with traditional cultivation. In varies according
to the depth; from 1.8 for Agrokruh in the depth 0 - 20 cm, 2.3 in 20 - 40 cm to 5
in the depth 40 - 60 cm. For conventional cultivation it is: 1.6 in the depth 0 - 20
cm, 0.9 in 20 - 40 cm to the 1.7 in the depth of 40 - 60 cm. Amount of agronomical valuable structure was the highest on biofarm and varies from 42% in
the depth 0 - 20 cm, 55% in 20 - 40 cm to 69% in the depth 40 - 60 cm. In comparison the traditional cultivation shows 40% in the depth of 0 - 20 cm, 31% in
20 - 40 cm and 47% in the depth of 40 - 60 cm. Amount of microaggregates
(<0.25 mm) shows that soil with traditional cultivation has the highest portion
of such aggregates in the depth from 20 to 40 cm. All these results can be evaluated as lower aggregates stability, which is direct effect of ploughing in comparison with the soil on organic farm, which is cultivated without ploughing.
Our results showed that land use connected with specialised management
practices directly influence the spatial distribution as well as functioning ecology
of earthworms in land. The earthworms density in soil monoliths from ecological farm recalculated per square meter shows that the amount of individuals was
(average 2017-2018 year) 249 - 246 - 7 for 5 years ecological farming, 3 years
ecological farming and conventional farming respectively. Ploughing contributes
to a reduction in the population size and diversity of species of earthworms, as it
physically disturbs the environment of earthworms and causes mechanical
DOI: 10.4236/oje.2021.111007
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damage to earthworms, especially epigeic and anecic ones [27]. These conclusions were clearly confirmed also in our study. In organic farm, where the
amount of earthworms’ individuals exceeds several times the respective number
in conventional soil cultivation, the soil is not ploughed, not turned, just cultivated by spade.
Concerning biomass, these results show significant positive effect of organic
farming on the amount of earthworms in comparison to conventional cultivation (Table 1). The biomass was the highest in 3 years ecological farming comparing with 5 years. The biomass in conventional cultivation field was again significantly lower in comparison to the organic farm fields.

Experimental farm Borovce
Microbial activity expressed as CO2 productivity and dehydrogenase activity
shows positive effect of soil saving technologies—good agricultural practices on
its development (Table 2, Figure 4).
Soil saving cultivation practises increase dramatically the CO2 productivity in
comparison with conventional cultivation. The best results are in soil with
mulch.
Dehydrogenase activity is an accelerator of biological oxidation of organic
substances in soil. It is influenced by several soil factors as soil type, pH and organic carbon. According to Mucha [28] the dehydrogenase activity is influenced
by complex of agrotechnical measures focused on increase of biological potential. This is in accordance with our findings. The dehydrogenase increases together with humus content, which can be visible from Figure 3 and Figure 4
respectively. In comparison with conventional cultivation was always higher for
alternative technologies, where also the highest humus content was determined.
Table 1. Earthworms biomass in soil on organic farm and conventional cultivation practice (g∙m−2 of soil), Agrokruh.
Earthworms biomass in g∙m−2

2017 year

2018 year

average

ecological farming (5 years)

44.69

66.59

55.64

ecological farming (3 years)

37.34

102.68

70.01

conventional farming

10.61

0

5.305

Table 2. CO2 productivity in soil with different cultivation practices (mg∙100 g−1 of soil),
Borovce.
Average
2016-2018

Spring sampling

Autumn sampling

DOI: 10.4236/oje.2021.111007

Depth
(cm)

Conventional
cultivation

Minimum
technology

Mulch
technology

No-till

0 - 10

3.32

5.44

7.36

8.55

10- 30

3.67

2.59

2.81

4.21

average

3.50

4.02

5.09

6.38

0 - 10

3.11

5.10

5.92

8.95

10 - 30

3.35

2.97

3.49

4.40

average

3.23

4.04

4.71

6.67
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Concerning soil moisture, the increase in it was the highest in mulch type of
cultivation (Figure 5) followed with minimum and no-till. Except the depth 0.10
- 0.20 m the mulch had higher soil moisture content in comparison with the
other soil saving cultivation technologies. From the depth of 0.4 m the minimum
till field had the second highest soil moisture content. It can be the reason of
better soil permeability after minimum till in comparison with no-till. Soil
moisture content was always the lowest in the field with conventional cultivation
but this can be also influence of plants uptake as the yield was high here.

Figure 3. Influence of cultivation technologies on humus content in case study Borovce.

Figure 4. Dehydrogenase activity influenced by the type of soil cultivation, use case
Borovce.

Figure 5. Effect on technology and depth on average soil moisture (%) in 2016-2018, case
study Borovce.
DOI: 10.4236/oje.2021.111007
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The yield was not always the highest on soil with soil saving technologies applied (Figure 6). In case of winter wheat and corn the trend has been balanced
but in case of soybean and mainly in case of spring barley the trend was declining for the yield average in soils with alternative cultivation in comparison with
traditional one.

Figure 6. The yield on fields with conventional and soil saving cultivation.
DOI: 10.4236/oje.2021.111007
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Anyhow, the positive environmental effect is considerable and it is possible to
expect in prolonged time also its positive effect on soil fertility as well. At present
time, it is important to consider the soil cultivation not only according to yields
but also according to its influence on soil properties development from long
timeline and according to the principles of sustainability.
Cultivation of soil without ploughing—turning the soil can have several positive effects. It influences soil aggregates stability and biodiversity—reflected as
development of rich earthworms population. All these influences are complex
processes including soil physical, chemical and biological regimes.
Dehydrogenase activity (DHA) is influenced by the presence of readily degradable organic substances but humus content as well. It reflects the level of
microbiological settlement of the soil as well as the supply of soil with organic
matter. It is part of the metabolism of all microorganisms. Even if several external agents can influence it, DHA can be used as a general indicator of soil biological activity. DHA increases together with CO2 production in soil and shows
positive effect of soil saving cultivation technologies.
Increase of stable humus content is also complex, time demanding process.
Soil as CO2 sink has an important role in climate change mitigation.
The yield on the farm in Borovce shows that not always the good agricultural
practises have to lead immediately to the increase of soil fertility but from environmental point of view and with respect to cultivation of soil in sustainable way
are these practises a good and achievable solution.

4. Conclusion
Good agricultural practices represented by minimum tillage, mulch, no-till and
organic farm have influence on soil properties restoration, improvement and
conservation. At present time when climate change has increasing effect, conservation of moisture in soil profile is very important and contributes directly to
the sustainable use of natural resources. Soil biodiversity is crucial for soil properties improvement and good agricultural practices contribute directly or indirectly to the increase of soil biodiversity. Improvement of soil structure expressed as soil aggregates stability is direct evidence of good agricultural practices on soil sustainability. We can expect the yield increase also in soils with
minimum tillage or no-till in comparison with traditional cultivation. Combination of both, soil structure and soil biodiversity can be used in the future research as a combined key performance indicator in the assessment of soil status
when evaluating sustainability of soil use, influence of cultivation practises on
soil properties and fertility and soil contribution to the sustainability of the surrounding environment. Soils with stable structure and rich biodiversity can contribute to climate change mitigation.
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