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The importance of soil naturally becaomes apparent the most when 

the soil is in danger. What threatens the soil today? Compaction, loss of organic matter, 

erosion and urban development. If we combine all these factors together, they will 

necessarily result in a reduction of retention capacity of the landscape. If we ensure an 

increase of the content of organic component in the soil, we will improve the soil fertility. 

We will positively affect soil structure, water and air regime of the soil, its porosity and 

infiltration capability. Overall, we will improve the retention capacity of the soil and 

landscape. In order to achieve a good yield and a high quality field crop production, it is 

necessary to revitalize the soil. For decades, we have been unilaterally nurturing the 

vegetation with industrial fertilizers and forgetting about the soil. The basic prerequisite 

for maintaining soil fertility is good care for biological aktivity, i.e. life in the soil. The aim 

of this lecture is to promote a new approach on how to treat the soil and to support an 

overall change in soil care while respecting the current soil and climatic conditions. 

 

Introduction 

Soil represents a basic means of production. It is a natural resource that is almost non-

renewable. Although the sustenance of the world's population is from more than 90% 

dependent on the soil, we do not treat the soil responsibly. The fact is that 1 billion 

people, or about 1/7 of the world's population, suffer from food insufficiency. This is 

mainly related to the unavailability of a sufficient area of agricultural land, as the potential 

of agricultural production is logically limited. Dry areas cover 42% of the Earth's land 

surface and the ongoing climate change is exacerbating the situation. Up to 35% of the 

world's population lives in dry conditions and is becoming increasingly endangered due 

to water shortages. According to the forecasts of the Organization for Economic Co-

operation and Development (OECD), the area of agricultural land will have to increase 

from the current 40% to 50% by 2030, probably at the expense of forest ecosystems. 

The soil intake of nutrients will need to triple by 2050 and agricultural production will need 

to grow by at least by 50% to saturate the world's growing population. The necessity to 

increase agricultural production requires a major breakthrough, such as was the Green 

Revolution in the 1960s. In the coming decades this will represent a huge challenge for 

all stakeholders, including the largest group – the food consumers. Thorough protection 

of the basic means of production – soil – is then a necessary condition, which is currently 

not sufficiently met. 

After 1990 there were significant changes in the management of agricultural land in the 

Czech Republic and Slovakia, unfortunately not always for the better. The most negative 

factors nowadays can be named as: 

• Focusing to economically lucrative crops, leading to non-adherence to the principles of 

proper crop rotation (sowing procedures) 

• Decrease in livestock production, causing the insufficient direct and indirect supply of 

organic matter to soils 
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• Unclear ownership relations (about 75% of the land area is leased), 

among the owners there is a growing group which owns over 100 ha of the land area (in 

the Czech Republic it is over 50% of all land owners, which is significantly above average 

in the EU) 

• Large percentage of ploughland (still over 70%) and susceptibility of soils to water 

erosion (up to 35% of the land area is higly threatened), increased technogenic soil 

compaction (more than half of acreage of the agricultural land) and catastrophic 

condition of old drainage systems 

• Low willingness of land tenants to invest in improving the agricultural land fund 

(landscaping, anti-erosion measures, greening, adequate fertilization, improving the 

carbon balance) 

• Excessive focus on subsidies and little interest in know-how and new technologies that 

would lead to improved soil conditions 

• Insufficiently developed system of transferring research results into agricultural practice 

• Poor public awareness about the soil and its importance for society 

• Climate change 

These problems and their causes are known and they need to be addressed. This is 

currently happening with many of them, but the changes are gradual and depend on a 

number of other circumstances (changes in ownership, permeability of legislative 

proposals, estabilishing the principles of good agricultural practice - DZES, formerly 

GAEC and their relation to applying for subsidies, as well as sanctions in case of violating 

the Cross Compliance, support of animal production, restoration of irrigation systems 

and revitalization of old drainage systems, etc.) 

One of the few tools that can be used to protect soils relatively effectively is the 

embedding of soil protection in legal systems. It is necessary to primarily focus on 

education and upbringing, which shapes man's relationship with nature and thus to the 

soil. However, defining concrete and enforceable tools for its protection is a necessity. 

Agriculture is an activity that has enabled humanity to make all the further progress of 

civilization. Without it we would still be in the hunters and gatherers stage. In most 

history, the majority of human population was involved in agriculture. This trend has 

changed over time and evolved into the present state, where a small number of farmers 

"feed" the non-agricultural majority, especially in developed countries. This trend had 

many consequences, but one of the biggest was that man completely detached himself 

from the awarness of the importance of soil. People lost the immediate feeling that they 

need land, and instead gained the feeling that they were fed by factories and industry. 

Here began the breakthrough in the subconscious perception of the soil. Farmers have 

been divided into several groups, those who treat their field with great respect and then 

those who see agriculture as a business that exists only for profit. Land is not a means 

of production intended for exhaustion and abandonment. Soil, like air, performs many 

functions, and it is in the state‘s interest to protect it adequately. Land is one of the most 
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valuable natural resources of any state and a non-renewable natural 

resource. It represents an important component of the environment with a wide range of 

functions and is the basic means of production in agriculture and forestry.  

However, soil not only performs production functions, but also has no less important non-

production functions: accumulation, filtration, remediation, transport, transformation, etc. 

The formation of soil is a result of so-called soil-forming processes that take hundreds to 

thousands of years. The soil cover shows a large width and diversity, which is a result of 

the application of variety of factors and conditions of soil-forming processes. 

 

Soil is an irreplaceable foundation of food production! 

Historically, land was considered mainly only as a means of production in agriculture and 

forestry, as a source of raw materials or as an area for development or other use. At a 

time of high agricultural performance in developed countries and with the current 

knowledge of global natural processes, there is a growing need to evaluate soil and its 

functions not only in terms of production characteristics, but in terms of its irreplaceable 

role in the environment. 

In the individual components of the environment - water, soil and air - there are 

processes that are interrelated and make all life possible. Therefore, if we are currently 

aware of the importance and necessity of the sufficiency of clean air and clean water 

and are taking a number of measures to protect them, unfortunately the same cannot be 

said about soil protection. Although it is being talked about and in many countries, 

including our own country, laws to protect the soil are being introduced or at least being 

prepared, the actual practice is still somewhat different. Society treats soil roughly the 

same way it treated air or water several decades ago. Under the impression that there 

is enough of soil or even a surplus of it – especially for agriculture – there are not only 

large quantitative losses of land, but also qualitative damage, extensive degradation 

effects, whether natural or anthropogenic. Erosion, acidification, compaction and other 

effects cause a chain reaction in interaction with water or biological components of the 

environment and, as a result, affect humans. 

Soil is increasingly becoming a place for disposing of a variety of wastes. This is very 

short-sighted. Soil is a very conservative system, evolving over time and most changes 

are slow. But because the soil is bound to a stable place in nature, its self-cleaning ability 

is much lesser than the regenerative ability of water and air, and some degradation 

changes become irreversible. The rapid development of society thus forgets that land is 

a natural resource that is irreplaceable, yet destructible and virtually non-renewable. 

The speed of the soil-forming process depends mainly on the climate and the 

composition of the parent rock. In our latitudes, 1 cm of soil should form over an average 

of 100 years. The creation of the entire soil profile then takes up to ten thousand years. 

However, a single torrential rain can destroy hundreds to thousands of years of 

development in an instant. "Soil is the only non-renewable natural resource, its 
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degradation or destruction is very rapid and its formation, on the 

contrary, extremely slow." Source: Comprehensive collection of the International Year of 

Soil ASZ, 2015. Since 2000, over 18 ha of soil have been disappearing daily. This trend 

is gaining momentum and it has been reported recently that this number has grown even 

up to 25 ha (vitejtenazemi.cz). The loss of arable land in the Czech Republic out of the 

total area is 11 %. It has been built-up - concreted (Zdeněk Žalud 2017). This 

phenomenon has become known as Soil Sealing. We behave with inexplicable and 

indefensible indifference and we irrevocably occupy and damage the soil. This topic is 

not only relevant for scientists and professionals, it concerns our entire society. 

Because land covers a large part of economically and socially usable space of the Earth 

(and our state), it is necessarily subjected to conflicts of interest between different 

sectors. The industry's demand on space is also demand on land. The preservation of 

soil and the protection of its functions then play a key role in protecting the environment, 

as only in an ecologically stable landscape it is possible to use the natural productive 

capacity of the soil for human use. From this point of view, it must be emphasized that 

although fundamental measures to protect soil must be taken by its owners or users, it 

is also a matter for society as a whole, which is clear from the dual nature of the soil. It 

is gratifying that the proposed new law on soil protection defines the rights and 

obligations of its owners, users and individual state administration bodies, determines 

fees and sanctions for breaching the obligations and compensation of costs arising from 

the obligation to protect soil. We must therefore wish that the new proposed law will 

come into effect soon and will be adhered to by all. 

 

Land means life 

Soil plays a key role on Earth. We often use the term healthy soil just as we use it for 

describing the human body. The main prerequisite for optimal functioning of soil systems 

is a healthy soil, which is a decisive factor influencing the health of plants and the health 

of consumers of food produced from them. Soil quality has historically been linked to the 

productivity of agricultural systems. The quality of the soil at the given habitat is mainly 

influenced by the chosen method of plant cultivation, which can enable soil degradation, 

especially its compaction and erosion. However, some established agricultural systems 

pose a risk to the soil, mainly to soil fertility. 

Russian geologist and mineralogist Vasily Vasilyevich Dokuchaev defined the soil as 

follows: "Soil is naturally differentiated into genetic horizons, formed at the borderline of 

different spheres, more or less easily detachable and revitalized." Soil fertility is 

characterized as the ability of the soil to provide plants with suitable conditions for their 

growth and development, which is directly related to achieving yields in the required 

quantity and quality. It is important to realize that land, namely fertile land, represents 

the greatest wealth for man, and therefore for all mankind (Justus Von Liebig). Soil 

fertility cannot be specified by a single or several properties, but it is a complex of traits 
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that interact with each other. Soil fertility depends on factors that the 

farmer cannot influence. They are: parent rock, climatic conditions and last but not least 

the moisture conditions of the habitat. With this factor, each farmer must adapt the choice 

of agrotechnical interventions (soil protection technologies, direct sowing), sowing 

procedure, fertilization plan, integration of plant and animal production and more. This 

brings us to an extensive list of factors that are significantly influenced by someone who 

strives to be a good manager. 

Soil is one of the basic components of the environment, an integral part of 

agroecosystems and forest and grassland ecosystems and includes habitats for many 

organisms. It is an environment of water and nutrient cycles and important life processes. 

In terms of importance for humans it is no exaggeration to say that a healthy soil is a 

necessary condition for the most important biochemical reaction - photosynthesis. 

Thanks to photosynthesis, plants produce organic matter, which we use as food and raw 

material and return part of it to the soil, where it is exposed to other biochemical reactions 

that support soil fertility. 

The soil undergoes constant development, during which it is affected by various natural 

influences, which can be both positive and negative. Sometimes it happens that a 

person's activities intensify the effects of natural negative influences. 

Damaged soil cannot be healthy, i.e. of good quality. Everything that damages the soil 

can be included under the term degradation. The most important quantitative 

degradation factor is erosion, which is mainly caused by the land management system 

(wind erosion on large-scale agricultural fields) and the lack of organic matter. Lack of 

soil organic matter reduces water infiltration capacity, leading to surface runoff and water 

erosion. The resulting erosion further leads to further loss of organic matter. Therefore, 

soil erosion can be described as a fatal decomposition process, as it results in the 

irreversible loss of topsoil. 

Qualitative degradation factors affect soil that has not yet been eroded. Degradation of 

physical properties of soil, which include (compaction – soil compaction, where the soil 

structure is destroyed due to reduction of porosity, increase of bulk density of soil), 

reduction of permeability to water and air, extreme water regime (drought, 

waterproofing). 

Biological degradation of the soil is caused by insufficient supply of primary organic 

matter to the soil as food for soil microorganisms and a humus precursor. The 

disappearance of soil edaphon occurs, which supplies nutrients to plants, enriches the 

soil with humus, fixates nitrogen, causes the rhizobacteria effect, protects the plants‘ 

roots against parasites and pathogens nad decomposes toxic substances. In general, it 

is not appreciated enough that the soil has the highest density of organisms of all the 

geospheres. They initiate very intense biological processes that determine the 

habitability of the globe. 
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Chemical degradation of the soil is called salinisation, acidification 

(acidification) and alkalization. The chemical properties of soil are influenced by the 

agrochemistry used – pesticide residues or for example physiologically acid fertilizers, 

which adversely affect the buffering capacity of the soil (damage of the sorption complex) 

– important soil properties that allow element ions to be retained and dynamically 

released into the soil solution if necessary, and then they can be easily taken up by 

plants. 

We can reduce soil degradation processes by avoiding simple sowing procedures by 

using legumes as a biological aid improving the soil properties, then by choosing suitable 

agrotechnics and regularly supplying organic matter to the soil. Organic matter can help 

mitigate or prevent negative impacts while increasing or stabilizing primary crop 

production. 

For the meaningful development of agricultural technology and its use in practice, it is 

necessary to take into account the basic relationships and special requirements that 

agricultural production has for technology. The land used by agriculture is a product of 

the natural soil-forming process and human influence. It is essentially a three-component 

mixture (solid, liquid and gas) mainly comprised of mineral and organic particles as well 

as water and air. 

 

Várallyay (1994) distinguishes 8 types of soil degradation: 

1. soil erosion (water, wind) 

2. acidification of soil 

3. salinization and alkalization of soil 

4. degradation of physical properties of soil (structural damage, compaction, surface 

flow) 

5. extreme water regime (wetting, flooding, drought) 

6. biological degradation (reduction of content and quality of organic matter, damage to 

populations of soil organisms) 

7. undesirable changes in the content of nutrients in the soil (leaching, biological and 

abiotic immobilization) 

8. reduction of buffering capacity (damage of sorption complex) and soil contamination 

with pollutants. 

 

 

 

Five main mechanisms (causes) related to human activity that caused soil 

degradation were defined: 

1. deforestation and removal of original vegetation (deforestation for agricultural 

purposes, large-scale commercial forestry, construction of transport routes and 

settlements) 
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2. excessive use of land for grazing (uncontrolled and excessive 

grazing leads not only to damage to vegetation, but also to soil compaction and exposure 

of soil to erosion) 

3. agricultural technologies (insufficient or excessive use of fertilizers, use of polluted 

irrigation water, use of heavy machinery, incorrect application of agrotechnical 

interventions, etc.) 

4. excessive use of natural vegetation (e.g. as fuel; the remaining vegetation does not 

sufficiently protect the soil from erosion and other degradation mechanisms) 

5. industrial technologies (especially production, mining of raw materials, storage of 

waste, etc.). 

 

Loss of organic matter in soil 

The loss of organic matter in the soil, the so-called dehumification, occurs if its losses 

significantly exceed the inputs of its primary sources. The organic matter that enters the 

soil is only 10 to 30 % accumulated in the soil during decomposition in the form of organic 

carbon. The rest of the carbon is mineralized and released in the form of CO2 into the 

air. 

Dehumification can be caused by many factors. Increased loosening and aeration of the 

soil together with plowing of deeper layers of soil during the intensive cultivation method 

slows down the process of humification of organic residues and accelerates the process 

of mineralization. Plowed meadows and pastures also suffer from excessive aeration 

and subsequent increased mineralization of organic matter. 

The degradation of organic matter is also influenced by the growing monocultures, 

insufficient addition of organic fertilizers and post-harvest residues and their subsequent 

rapid mineralization. The main problem leading to the dehumification of Czech fields is 

the insufficient supply of conventional organic fertilizer in the form of manure and slurry, 

digestate or compost, which is mainly caused by the decline in livestock after 1990. This 

trend was slightly reversed thanks to the increase in biogas stations. 

On the contrary, the increase of humus content occurs on grassed soils, which are highly 

enriched by organic substances from the root system of vegetation. Another important 

source of organic matter can be recycled bio-waste in the form of composts. If the sorting 

of bio-waste is fully developed, it can reach up to one million tonnes of organic fertilizer. 

Other factors that negatively affect the humus content in the soil are changes in the 

hydrothermal regime (drainage, but also irrigation) and changes in how the land is being 

used. Losses also occur due to water and wind erosion, which is the second most 

significant danger to the soils in the Czech Republic. 

The consequences of the degradation of organic matter in the soil include the 

deterioration of the stability of soil structure, when the soil is degraded by compaction, 

which limits the biological life in the soil. The retention and infiltration capacity of the soil 

is thus reduced and precipitation is therefore only partially effective. Slower soil 
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infiltration promotes surface runoff and the development of water and 

wind erosion and the soil does not have enough moisture to overcome periods of 

drought. This is associated with the consequent reduction of nutrient uptake, increased 

nitrate content in the soil and, last but not least, reduced soil production capacity. 

Degraded soil cannot withstand extreme weather fluctuations, which are set to become 

more frequent with ongoing climate change. 

On the contrary, the optimal content and quality of organic matter in the soil leads to a 

better cycle of its elements and their sorption, and release of nutrients into the soil 

solution. Biological activity is supported and the physical condition of the soil is improved 

(infiltration and water retention, but also aeration). 

The sad fact is that four generations of farmers have consumed half of the carbon content 

that has accumulated in the soil over several millennia. It is the beginning of the domino 

effect in decreasing soil fertility where the main causes can be poor soil physical 

condition, low humus quality, low magnesium content in the sorption complex and failure 

of biological activity caused by lack of easily degradable organic matter. 

 

Soil protection 

The term soil protection means a number of technical, economic and legislative 

measures aimed at reducing the area of land covered with vegetation and against the 

deterioration or destruction of all productive and ecological functions of the soil. 

A fundamental legislative problem in soil protection lies in its dual nature. Land serves 

both for public good (as well as air and partly water) and at the same time it is a purely 

private property with a specific owner or user. Every private owner is necessarily 

sensitive to all societally motivated measures that restrict his or her right to dispose of 

his or her property at his or her own discretion. Any legislative measures to protect the 

soil must tackle this problem. In the interests of its citizens, the state is entitled and 

obliged to regulate activities regarding land, but it must resolve what degree of regulation 

is in line with the inviolability of property rights. 

So what are the biggest dangers and what problems need to be addressed in soil 

protection in our country and throughout Europe? 

They are: 

1. Urbanization, i.e. complete removal of land from natural cycles. Land losses across 

Europe are dire, and the problem is that the largest losses affect the best production and 

ecologically good soil. Naturally, some land losses are necessary for developing the 

society. If the agricultural land becomes a recreational area or, for example a sand quarry 

with subsequent recultivation, it does not necessarily lose its ecological functions, or it 

can even acquire other functions (water reservoir). The real problem occurs when 

destroying all functions of the soil underneath urban development. Reduced water 

retention capacity of the landscape, accelerated runoff and flooding are then a natural 

consequence. 
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2. The processes of water and wind erosion on large hunting grounds 

represent a very serious disturbance of the ecological and productive functions of the 

soil. The fact remains that the extent and intensity of erosion has not yet been 

significantly reduced, although some progress has been made in our country recently 

through grassing. 

3. Soil pollution from air by gaseous emissions and dust has recently been partially 

eliminated. Harmful substances (especially heavy metals) and acidification of the soil 

caused by acid precipitation or precipitation of solid particles act slowly and 

inconspicuously, but the problem is that these pollutants remain deposited in the soil. 

While there is currently a decline in industry emissions, there is also a rapid increase in 

pollutants from transport all over the area, not only near the main roads. The soil and 

vegetation there also suffer from salinisation from spreading materials. Lead pollution 

around roads will hopefully be gradually eliminated by switching to unleaded petrol. 

4. Intensive agricultural activity is accompanied mainly by an increase in chemical inputs. 

Alien substances are being put into land with fertilizers, but a greater danger is plant 

protection products – pesticides. It cannot be assumed that the decline in their use in 

recent years will be permanent. The claim of some ecological propaganda that 

agriculture is one of the biggest polluters of the environment (soil, water and air) certainly 

does not stand up, but its significant share of surface soil and water pollution cannot be 

denied. 

5. Disposal of waste, both municipal and industrial, poses a very serious and rapidly 

increasing danger. Paradoxically, the more wastewater and air treatment plants there 

are, the greater the pressure to deposit substances collected by them into the soil (for 

example, the issue of sewage sludge), with emphasis on their questionable value as 

fertilizers. However, the soil near landfills is also degraded by seepage of water and 

wind, spreading pollution. 

6. The part of the problem with the soil protection, where agricultural or forestry 

production itself is to blame, is soil compaction se a result of using increasingly heavy 

and efficient mechanisms. Technogenic soil compaction of subsoil horizons reduces soil 

depth that is effective for plants, significantly reduces water retention, accelerates runoff 

and increases erosion. Again, there is a conflict between the principles of protection of 

soil functions and the economy of production. The solution is in the hands of farmers and 

designers of agricultural machinery, but unfortunately it is expensive. 

7. Another cause of pollution, degradation and even destruction of the soil that we must 

not forget are various ecological accidents of various origins: most often oil products and 

chemicals, but also gases. Mostly it is a local matter, but even with remediation carried 

out and the polluted or contaminated soil being removed and taken away, the problem 

is not solved, it is only moved to another place. 

8. Also local, but no less dangerous impacts on soil and water and the whole landscape 

have various wild dumps of often very dangerous and even toxic waste. 
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9. So-called old burdens are a difficult problem in soil protection. It is 

not only about pollution and contamination of the soil in the vicinity of older (but also 

new) industrial plants, but very often they are remains of, for example, mining activities 

from the Middle Ages - and unfortunately often used for agriculture. 

 

Soil functions 

The functions that the soil has in nature and by which it is related to human needs must 

be divided into three groups. 

1. Natural functions in ecosystems: 

- soil forms a habitat and the basis of life for all terrestrial organisms, both plants and 

animals; 

- soil produces biomass (which is related to the living space for organisms, but it is also 

the core of its production function); 

- soil provides an environment for the chemical cycle of nature and is in itself a part of it, 

especially the cycle of water and nutrients; 

- soil is an environment for the thermal energy exchange between the ground and the 

atmosphere; 

- soil is an environment for infiltration, accumulation and retention of water, for transport 

processes (infiltration, groundwater distribution), transformation processes 

(disintegration of substances and synthesis of others) and buffering and neutralizing 

processes (resistance to degradation, acidification, pollution). 

2. Utility functions (from a human point of view): 

- it is a means of production, a habitat for agricultural and forestry crops, it has a certain 

production function and production potential; 

- it is an area for economic use and construction, housing, infrastructure, recreation; 

- it is a source of non-renewable raw materials (gravel, sand, clay, peat). 

3. Cultural functions: 

- the soil is an archive of the history of nature and the history of mankind, climate change, 

vegetation and there are paleontological and archaeological finds preserved in the soil. 

All these functions are performed by every soil. The multifunctionality of the soil is thus 

obvious, but defining which of the functions of a given soil is more or less important for 

a given habitat at a given time and society is problematic and depends on the immediate 

preference of a certain function for human needs. Of course, in certain places it does not 

necessarily have to have a production function: it can be an infiltration function 

(distribution of clean groundwater reserves) or a protective function (surface water), but 

also a utility function - recreation, construction, or as a source of raw materials. Fulfilling 

one currently preferred function does not mean that the soil has no other function. Over 

time, the meaning of individual functions can change very fundamentally. 

For the meaningful development of agricultural technology and its use in practice, it is 

necessary to take into account the basic relationships and special requirements that 

agricultural production has for technology. The land used by agriculture is a product of 
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the natural soil-forming process and human influence. It is essentially 

a three-component mixture (solid, liquid and gas) mainly comprised of mineral and 

organic particles as well as water and air. 

With a good structural composition of the soil, we should achieve a volume 

representation of the solid soil component of the topsoil profile of about 40 % 

(chernozem) to 60 % (sandy soil) and a representation of water and air pores of 40 % to 

60 %. The pores should be filled up to 50 % to 60 % by air and to 50 % to 40 % by water. 

This composition of the solid component, the pores and their filling with water or air is 

determined by the type of soil, the structure of soil, but also the transit of machinery, the 

weather, the natural lightening of the soil and other influences. 

By disturbing the physical parameters of the soil, especially its bulk density, by 

compaction and by the unfavorable structure of soil aggregates with low water resistance 

and thus tendency to melt due to poor biological activity in the soil, the storage capacity 

of the soil decreases significantly. This is mainly due to the fact that in dense soil the 

share of solid soil fraction (mineral component) increases significantly at the expense of 

gaseous and liquid fraction. The water retention capacity is also reduced. Non-structural 

soil, among other things, therefore significantly negatively affects water management in 

the soil profile, not to mention erosion, non-productive evaporation and rooting down to 

the depth of the soil profile. Weak soil biological activity causes problems in the 

restoration of structural aggregates. 
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Overview of parameters of density, moisture, porosity and bulk density of the soil: mc - 

weight of the sample (not dried); mv - mass of water in the pores of the sample; ms - dry 

sample weight; mpz - mass of the solid component (mpz = ms applies); Vc - total sample 

volume; Vp - total volume of water and air pores Vpz - volume of solid soil component; 

Vv, Vvz - volume of (capillary) water, air; ρpz, ρv, ρvz - specific weight of solid 

component, water, air; ρr - bulk density of (dry) soil - reduced STN 731001; ρnr - bulk 

density of (wet) soil - unreduced; p - porosity; e - relative porosity (porosity value); wr - 

soil moisture - reduced; wnr - soil moisture - unreduced. 

 

 
Predominance of solid soil fraction in degraded, compacted soil with reduced bulk 

density higher than 1.45 g / cm3 
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Optimal representation of soil fractions in healthy, structured soil 

 

Disruption of these conditions, especially by the low proportion of water and air pores, is 

most often caused by harmful compaction of the soil in different depth horizons. In 

particular, the so-called rough pores (larger than 0.01 mm) allow the penetration of fine 

plant roots. Excessive soil compaction in the area of processed profile, below the limit of 

tillage, but also in deeper horizons, limits or stops the growth of the root system, 

adversely affects the soil temperature and water conduction in the soil. At the same time, 

the damage caused by soil compaction is often not detected until late when the crop is 

reduced and requires high costs for its removal. 

The causes of this condition are various, often example is not respecting the limits of soil 

permeability and workability in relation to moisture, high pressure of used machinery, 

blunt work tools, disorganized movement of equipment in the field, not using cultivators 

behind machinery wheels, not using combined machines and more. 

 

Characteristics of the state of soil degradation in the Czech Republic 

However, soil not only performs production functions, but also has no less important non-

production functions: accumulation, filtration, remediation, transport, transformation, etc. 

The formation of soil is the result of so-called soil-forming processes that take hundreds 

to thousands of years. The soil cover of the Czech Republic shows a great breadth and 

diversity, which results from the diversity of the application of factors and conditions of 

soil-forming processes (Vopravil, 2009). 

Soils in the Czech Republic are threatened by water erosion by more than 50 %, which 

is the most widespread type of soil degradation in our country. During one erosion event, 

up to several centimetres of soil can be washed away and thus irreversibly lost. The 

transfer of soil material due to erosion adds other negative effects to the degradation of 
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the soil, thus endangering municipal and private property, clogging 

of watercourses and reservoirs and deteriorating the quality of surface waters. Serious 

manifestations of soil degradation by erosion are mapped every year during updates of 

soil ecological units, which is reflected in a significant reduction in the basic price of land, 

which then affects the amount of collected taxes. Conditions for water erosion in the 

Czech Republic are specific – we have the largest soil blocks in Europe due to 

intensification of agricultural production in the past and disrupted large-scale 

hydrographic and landscape elements, which used to effectively prevent accelerated 

erosion (disruption by plowing of field borders and roads, grassy valleys, liquidation of 

scattered greenery, etc.). 

Soil erosion robs agricultural soils of their most fertile part – the topsoil, impairs the 

physico-chemical properties of soils, reduces soil thickness, increases gravel, reduces 

nutrients and humus, damages crops, makes it difficult to move machinery and causes 

loss of seeds, seedlings, fertilizers and plant protection products. 

Cultivated crops can’t find sufficient nutrients in the eroded soil and the total yield 

amounts to lower volumes (lower germination, eradication of seedlings and roots, 

flooding of lower-lying crops with washed-out particles, crop damage, etc.). On weakly 

eroded soils, yields per hectare are reduced by 15 – 20 %, on moderately eroded soils 

by 40 – 50 % and on heavily eroded soils by up to 75 %. The problem of erosion is not 

only related to soil damage, as it might seem at first glance, but there are also 

consequences for the transported material. In the case of long-term intensive erosion 

and sedimentation on highly endangered soils, sedimentation can reach a thickness of 

even units of meters and the result can have a fundamental influence on soil properties 

or potentionally the form new soil formations. The transported soil particles and 

substances bound to them pollute water resources and clog reservoirs, reduce the flow 

capacity of streams, cause turbidity of surface waters, worsen the environment for 

aquatic organisms and increase the costs of water treatment and sediment extraction. 

Experience of researchers shows that the correction of such a situation on a water 

reservoir with a volume of 3.5 thousand m3 means eliminating 1,600 m3 of sediment, the 

cost of which exceeds CZK 600,000. Erosion events that occur on agricultural land near 

urban area are in some cases to such an extent that fire brigades are involved. In urban 

areas, the result of erosion events is mainly damage to the transport infrastructure. 

According to the representatives of the municipalities, the costs of reopening the roads 

are in the order of tens to hundreds of thousands of crowns. 

 

Soil degradation processes and their consequences 

In order to better describe the effects that climatological drought has on the soil 

environment in arid areas, it is necessary to know the condition of the soil and the 

potential for manifestations of individual degradation factors – above all the ability of the 

soil to infiltrate water, resp. to hold it for a long time, which is an important parameter 
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affecting agricultural production. The degradation of the soil, and 

thus of hydrological functions, then multiplies the effects of climatologically extreme dry 

periods. 

 

Soil compaction in the entire depth of a fluvial soil type profile. The farm tries to 

eliminate soil compaction by plowing into a depth of 40 cm. However, due to the 

low proportion of the organic component in the soil and the low biological activity, 

this operation completely misses the effect. 

 

The consequences of degradation factors 

on the price of land 

It is difficult to assess the influence of some 

degradation factors on the price of land. E.g. 

when compacting the soil or acidifying it, it is 

still the same soil type, therefore the official 

price of the soil remains the same, even though 

the properties of the soil are deteriorated. 

Another situation occurs with water erosion of 

soil, where it is possible to determine the price 

reduction relatively accurately. 

  

Soil compaction - an acute problem of 

current agricultural production 

The process and consequences of soil 

compaction 

Soil compaction manifests primarily as an 

increase in the bulk density of the soil. This will 

be subsequently reflected in the representation 

of the individual phases of the soil mass - solid, 

liquid and gaseous. This has a direct impact on 

the development of the plant root system and 

at the same time affects the growth and 

development of crops, as well as the level and stability of yields. The reduction in yields due to 

soil densification is most often in the range of 10 - 40%. 

 

Soil compaction and its impact on plant root system: 

• smaller volume and reduced activity of rhizosphere 

• morphological root deformations 

• spiral root growth 

• root growth mainly in the horizontal direction 

• coarsening of roots 

• lesser weight of the root system 

• reduced physiological activity of the root system 
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Soil densification causes a reduction in the volume of soil used by the plant, shortening of the 

length of the roots, especially capillaries, and a reduction in the plant's water and nutrient uptake. 

 

The response of plants to soil compaction: 

• worsened appearance 

• less balanced and poorly involved vegetation 

• lower chlorophyll content in crop leaves 

• less intense photosynthesis 

• more frequent and more intense occurrence of diseases 

• slow growth of all parts of plants 

• higher weeding of stands 

• lower resistance of plants to fluctuations in weather factors 

• reduced winter hardiness 

 

Good structural condition of the soil and sufficient content of organic matter in the soil form the 

most important natural protection of the soil against compaction! 

 

Changes in the gaseous phase of the soil mass by compaction: 

• reduction of the soil‘s air capacity 

• deterioration of the continuity of macropores, especially vertical ones 

• less intense soil aeration 

• Worse exchange of gas between soil and air 

 

A 5 % reduction in total pore volume represents an approximately 50 % reduction in non-capillary 

pore content. In the subsurface layers, anaerobic conditions rapidly begin to prevail, with 

negative consequences for the biological activity of the soil and the availability of nutrients from 

soil reserves as well as nutrients supplied in industrial fertilizers. Nutrient availability and 

fertilization efficiency subsequently decreases by 20 – 50 %. 

 

Changes in the liquid phase of the soil by compaction 

Changes in the liquid phase of the soil by compaction reduce the speed of infiltration by 

gravitational water, muddy the soil surface, cause the formation of wetlands, shorten the 

time interval for agrotechnical work and reduce its quality. 

Another accompanying phenomenon is an increase in capillary conductivity and an 

increase in unproductive evaporation of soil moisture from the soil supply, as well as the 

loss of protection of natural soil by the porous layer – reducing elasticity and resistance 

helping to prevent the negative effects of heavy machinery. 

An increase in surface water runoff then means an increase of the risk of water erosion 

and consequently a reduction in the accessibility of soil water to plants. 

Increasing the bulk density of the soil by 1 % will reduce the water permeability of the 

soil by 5.8%. 
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Increasing the bulk density from 1,350 kg.m-3 (structural, non-

compacted soil) to 1,500 kg.m-3 (compacted soil) will reduce the moisture content 

accessible to plants by 25 %. 

 

Results from practice 

 

Within the framework of the study following soil biostimulants influence was observed. Granulate 

products NeOsol, ExplOrer and Akeo, on the base of calcium as well magnesium carbonates with 

addition of macroelements (Ca, Mg, N, P, K, S, Na) and microelements (Fe, Zn, Mn, B, Cu, I), suited 

according to MIP system – Mineral Inducer Process (patented Olmix, France).  

Product characteristics is following - dry matter 98.9%; dry matter crude ash 25.0 %; pH 8.0 – 10.0; 

calcium (as CaO) 28.0 %; magnesium (as MgO) 15.9 %. 

The first year of observation 2017 there were no significant differences of reduced bulk density, 

total porosity measured out between soil biostimulant variants compared to control as defined in 

table. Primarily it was done by deep chiseling realized up to 30 cm depth during autumn 2016 after 

the sugar beet harvest. 

Definition of field experiment specific variants. 

Variant Fertilization 

1 Control 

2 NeOsol – soil vital function activator 

3 Akeo – soil biomass activator for mixing with fertilizer 

4 ExplOrer – stimulator of rhizosphere biological activity 

Results of samples soil physical properties – Litobratrice 2017. 

Variant 
Soil 

depth (m) 

Reduced 

bulk density 

(g.cm-3) 

Total 

porosity 

(%) 

Actual content of 

Max. 

capillary 

capacity 

Min. air 

capacity 

water air 
% volume 

% volume 

1 

0-20 1.13a 58.0 20.4 37.6 39.6 18.4 

20-40 1.39c 47.1 14.0 33.4 37.3 9.8 

Average 1.27 a 51.5a 17.2a 35.4a 38.5a 14.1a 

2 

0-20 1.12ab 57.7 19.3 38.4 40.6 17.1 

20-40 1.44cd 45.0 16.4 28.7 34.4 10.6 

Average 1.28 a 51.4a 17.9a 33.6a 37.5a 13.9a 

3 

0-20 1.12a 57.4 20.5 36.9 37.8 19.6 

20-40 1.43cde 45.3 16.1 29.2 34.5 10.7 

Average 1.28 a 51.3a 18.3a 33.0a 36.2a 15.4a 

4 

0-20 1.17ab 55.3 21.0 34.3 39.8 15.5 

20-40 1.39bc 47.1 14.1 33.0 39.1 8.0 

Average 1.28 a 51.2a 17.6a 33.6a 39.4a 11.8a 

Values marked with the same letter do not differ significantly at P=0.95 
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Measured out soil physical properties values (Table) show already 

significant differences in 2018. In the second year of observation, we should conclude from the 

measured, out figures that variants with biostimulants application represented lower soil compaction 

level according to values of reduced bulk density (RBD). The variant 1 has the highest value of RBD 

and the lowest value of total porosity when correlated with other observed parameters of soil 

physical properties. The best physical properties were obtained by variant 2, activator of 

mineralization and humification with better nutrients utilization. This shows the short time effect of 

deep chiseling when on control variant RBD value increased to value 1.51 g cm-3 in 2018 it means 

above the value of heavy compaction. According to the limit by loamy soils is 1.45 g cm-3 and it was 

exceeded in 2018 at variant 1 in topsoil layer as well in subsoil layer. RDB value on biostimulation 

variants remained on 2017 level. This situation corresponds with a marked decrease of total porosity 

on control variant 1. Both these soil physical parameters primarily impact management of soil 

moisture as well intensity of biological activity in the soil. 

Results of samples soil physical properties – Litobratrice 2018 

Variant 
Soil depth 

(m) 

Reduced 

bulk density 

(g.cm-3) 

Total 

porosity 

(%) 

Actual content of 

Max. 

capillary 

capacity 

Min. air 

capacity 

water air 
% volume 

% volume 

1 

0-20 1.49d 42.9 27.3 15.6 36.2 6.7 

20-40 1.53ed 40.9 14.8 26.1 33.6 8.0 

Average  1.51a 41.9a 21.1a 20.9a 34.9a 7.4a 

2 

0-20 1.31c 49.9 29.9 20.0 39.6 10.3 

20-40 1.26bc 51.9 14.5 37.4 35.8 16.1 

Average 1.29b 50.9b 22.2a 28.7b 37.7b 13.2b 

3 

0-20 1.30bc 50.5 24.3 26.2 37.2 13.3 

20-40 1.39bcd 46.9 14.9 31.9 39.0 9.9 

Average 1.35c 48.1b 19.6a 29.1b 38.1b 11.6b 

4 

0-20 1.34c 48.1 25.1 23.0 36.3 11.9 

20-40 1.36cd 47.4 17.4 30.0 38.9 8.5 

Average 1.35c 47.8b 21.3a 26.5b 37.6b 10.2b 

Values marked with the same letter do not differ significantly at P=0.95 

Results of samples soil physical properties – Litobratrice 2019. 

Variant 
Soil 

depth (m) 

Reduced 

bulk density 

(g cm-3) 

Total 

porosity 

(%) 

Actual content of 

Max. 

capillary 

capacity 

Min. air 

capacity 

water air 
% volume 

% volume 

1 

0-20 1.55d 40.4 25.4 13.4 34.1 5.9 

20-40 1.58e 38.8 13.6 25.2 29.1 6.0 

Average 1.57a 41.9a 19.5a 19.39a 31.6a 6.0a 
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2 

0-20 1.29c 52,1 31.2 24.8 41.3 12.1 

20-40 1.23b 53.5 18.5 41.3 37.4 17.8 

Average 1.26c 52.8b 24.9b 33.0c 39.4b 15.0b 

3 

0-20 1.28bc 51.7 25.1 27.7 38.9 14.5 

20-40 1.34bc 49.4 16.2 33.2 39.0 10.1 

Average 1.31c 50.6b 20.7a 30.1a 39.0b 12.3b 

4 

0-20 1.32c 52.8 28.4 25.1 40.6 16.9 

20-40 1.34c 49.3 19.8 33.6 38.2 10.2 

Average 1.32c 51.1b 24.1b 29.4b 38.9b 13.6b 

Values marked with the same letter do not differ significantly at P=0.95 

The third year (2019) of soil biostimulants application observing confirmed significant differences in 

comparison to control variant. It results from measured out values that RBD vary by soil 

biostimulants application results in markedly decreased RBD values (lower soil compaction) and 

increased total porosity opposite the control. Variant 1 has the highest value of RBD and the lowest 

value of total porosity. Negative situation by variant 1 correlated as well by another observed soil 

physical properties parameters. The best physical properties were obtained at variant 2 and variant 

4 - stimulator of rhizosphere biological activity. Both of them, RBD and total porosity, considerably 

influences also soil aerial regime primary related to intensity of soil biological activity. It results from 

RBD values that soil biostimulant positively influences soil aeration and decreases compaction of 

the topsoil layer. Miller et al., acknowledged the same result by describing the improvement of soil 

properties by the application of soil conditioners and other additive stuffs. 

The graphs show in color the development and trend of changes in the physical properties 

of OHR and total porosity in the observed years 2017 2019. The physical properties were 

importantly influenced by tillage before the project, lack of precipitation and removal of 

wheat straw in bales for further consumption. 

 

 

 

 

 

 

 

 

Physical soil properties - BD g.cm-3 - Litobratřice 2017 - 2019 
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Physical soil properties – Totaly porosity % - Litobratřice 2017 - 2019 

 

Structural coefficient (SC) measured out at individual variants, express the soil structure quality. It 

captures a representation of structure elements in five size categories based on percentage 

representation in the total sample weight. 

 

Structural coefficient measures the degree of violation of soil structure. At higher values than 1.0 

soil has better structure and, therefore, less risk of undesirable compaction, while values less than 

1.0 are below the structural stability. This relates to the qualitative composition of soil humus, 

whereby forming agronomical valuable structure. The resulting values indicate that lower values of 

the structural coefficient reach with variant 1, while at a depth of 0.00 to 0.20 m, the values are 
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around 1.0. 2017 presents values of SC on control over the limit value 1. 

This is closely above the limit of structural stability. Variant 2 also presents lower value of SC in 

accordance to higher mineralization processes in the soil by application of mineralization activator 

into the soil. Variant 3 - biostimulant of rhizosphere showed very significant differences compared 

to control. In 2018 at variants (2, 3, 4) the value of SC was statistically significantly higher versus 

variant 1.  

This condition can lead to a reduction in the quality of the soil environment in terms of other physical 

properties and consequently may cause a negative influence on the chemical properties of the soil. 

According to results from 2019 was the influence confirmed by measurement markedly decreased 

differences of SC at variants 2, 4 as well 3. Worsening of soil structure occurred in comparison to 

first year of trial measurements in 2017. This was caused by directed intensive mechanical 

intervention for elimination of field-vole push. Nevertheless, by application of soil biostimulants, 

there is a positive change of influence on soil structure formation and soil aggregates creation. 

Authors with their study confirm that extensive intensity of soil preparation has a positive effect on 

soil properties. 

Representation of soil structure elements 2017-2019, Average values of structural coefficient. 

Year Variant 

Soil structure elements (% weight) 
Structural 

coefficient 
over 10 

mm 

5–10 

mm 

2–5 

mm 

0.5–2 

mm 

0.25-0.5 

mm  

bellow 0.25 

mm 

2017 

1 39.45 26.82 18.96 13.57 0.33 0.87 1.48 

2 34.36 28.50 22.12 13.90 0.31 0.82 1.84 

3 29.48 27.96 25.27 16.16 0.38 0.75 2.31 

4 23.72 24.43 31.19 19.76 0.36 0.55 3.12 

2018 

1 40.06 22.62 18.23 13.68 1.48 3.92 1.28 

2 28.21 22.56 23.70 19.38 2.26 3.90 2.97 

3 26.02 25.88 24.63 17.47 2.06 3.94 2.85 

4 27.56 32.63 18.41 17.66 1.21 2.53 2.92 

2019 

1 62.84 15.63 14.62 6.42 0.16 0.32 0.58 

2 43.15 24.99 21.40 9.79 0.22 0.45 1.29 

3 48.88 20.44 21.48 8.64 0.18 0.37 1.03 

4 39.79 22.47 26.35 10.41 0.33 0.36 1.47 

Analysis of variance run 72 average sample values of percent representation in 5 categories of 

structure elements gave an F‑ratio of 0.00018534 with resulting P‑value is greater than 0.05 on 

significance level α = 5 %, and no statistically significant difference of average value of dependent 

variable soil structure in different experiment variants. 

Physical soil properties – Structural coefficient - Litobratřice 2017 - 2019 
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In comparison with individual years, there were significant changes in the monitored 

variants of soil biostimulation versus control. Changes in OHR in 2018 were reduced by 

10.6 14.5% for variants with the application of soil biostimulants. Also in 2019, a reduction 

of OHR by 16 20% can be stated against control. Compared to the first year of monitoring 

2017, the above results show that the application of soil stimulants has a positive effect on 

the basic physical properties of the soil. The measured results of the Cox content expressed 

by conversion by the C / N ratio proved the trend of improving soil properties compared to 

the control. These aspects confirmed the growing trend of the influence of the structural 

coefficient above 1.0. There was a better rooting of field crops, which had a positive effect 

on yields, which were significantly higher than in the control variant. The operational 

experiment clearly demonstrated the connection between the biological activity of the soil 

in relation to the parameters influencing the natural soil fertility. 

 

Other results from practice 

From 2012 to 2015, long-term stationary projects involving agricultural enterprises have 

been established – three in Slovakia and two in Hungary – in order to verify available 

technologies leading to a comprehensive improvement of the soil properties and 
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increase of the soil production capacity. At all habitats, the farming 

takes place on heavy soils of the black earth and fluvial type. Climatically, the districts 

are very dry and very warm. The aim of the project is to define suitable technologies for 

local crop systems leading to increased profitability of production. 

A simple analysis of these results confirms the fact that the improved function of 
biological activity and better soil structure generated: 
• reduction of tensile resistance by 9.85% 
• reduction of total labor needed by approximately 15.5% 
• reduction of diesel consumption per hectare by approximately 23% 
In this context, we can define a set of secondary benefits associated with better tillage 
as follows: 
• reduction of the number of operations necessary for soil preparation 
• higher quality of soil preparation 
• higher daily machinery performance per hectare 
• lower hectare costs for soil preparation and processing 
• lower power requirement for the working width of the machine 
If we were to perceive the issue of soil compaction and its workability comprehensively, 

we could also add to benefits simpler security and better timeliness when it comes to 

agrotechnical tasks. Potentially, also a reduction in the amount of forced investment that 

we have to spend on purchasing of more powerful equipment to ensure the same 

operations as we performed in the previous period with energy resources with lower 

performance. 

Importance of soil organisms and plant roots 

The close connection between biological activity, the plant root system and the organic-

mineral complex that we call the soil, is the result of evolution in 450 million years. 

Photosynthesis – the basic source of energy used by higher plants is about 2 billion 

years old. A person who just begins to understand this assumes that he can control this 

system. He can, but must respect the processes by which he found himself on this planet. 

Physics, chemistry, biology are the sciences that let us know how our environment and 

our world works. Thanks to them, we can describe many processes that take place in 

the soil and are also associated with its management. 

For the proper functioning of the biological ecosystem called "Soil", it is necessary to 

reduce the intensity of mechanical tillage, increase the supply of organic matter, create 

resting conditions for work and reproduction of innumerable populations and organisms. 

Under these conditions, the ecosystem can stabilize the soil structure, improve 

metabolism and increase or maintain water capacity of the soil profile. This means 

eliminating the negative effects of man-made soil and climate change. Sustainable and 

at the same time economically efficient production on the soil will be possible in the future 

only through maintaining or increasing biological activity in the soil. Mechanical solutions 

to meet biological needs are not, and will not be, effective. 

Crop production is a complex system, but its perfect knowledge is the basis for 

specification and subsequent provision of both production and non-production functions 
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of agriculture. The effective ensuring of these functions in agricultural 

production is conditioned by the emerging new agrotechnical practices and approaches 

that allow achievement of the required yields, the quality of plant products and 

conservation and protection of natural resources as well. For example the cultivation of 

intercrop mixtures or the inclusion of soil biostimulation are a very important and integral 

part of these new agrotechnical approaches in land management systems. The long-

term use of catch crops not only makes it possible to increase fertility in the form of 

trapped mineral elements in organic matter, but also to improve the soil structure. When 

the soil is in a good condition, fertility is more stable and plants need less mechanical 

and chemical inputs. 

 "Soil is the basic and most important means of production that has the ability to eliminate 

the negative effects of climate change. But it requires understanding, respect and 

sensitive care. With this ability, it can repay us for responsible care with reasonable yields 

and a profit from agricultural production. " 

Thus, returning to the essence of biological soil treatment without unnecessary 

mechanical intervention is the most sensible way of not turning living soil into a dead 

soil. The diversity of soil organisms, their symbiosis with the root system, sensitive 

approach to soil nutrition and subsequently to the nutrition of vegetation are the 

remediaton. We have a solution that nature itself offers us with its laws. Simple, effective, 

comprehensive and especially sustainable. Let's change our approach and be inspired 

so that we don't have to feel ashamed in front of future generations. 

 

Conclusion 

In order to achieve a good yield and a high quality of field crop production, the basic 

precondition is for the soil to be revitalized. Drawing subsidies impose an obligation on 

farmers to take care of improving the basic soil properties and eliminate the effects of 

drought or overwetting not only by employing good agricultural practice, but also by 

applying all other available solutions. The basic premise is quality care for the soil 

structure and its biological aktivity, i.e. life in the soil. However, this approach assumes 

an overall change in the approach to the soil and currently also technological changes 

respecting the current conditions of soil climate. 

We can improve the condition of the soil structure by subsidizing organic fertilizers – not 

only manure, slurry or compost, but also by using intermediate crops for green 

fertilization, including the usage of legumes in the field crop system. Here too, however, 

we must take into account the optimization of tillage operations in terms of the depth of 

cultivation, number of operations and the intensity of loosening. Post-harvest residues 

of main crops, intermediate crops, but also manure, slurry and digestate should be mixed 

with the most biologically active surface layer of the soil, not headlessly buried to the 

bottom of the furrow at a 25-35 cm depth. 

 


