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Introduction  

 

For the purposeful development of agricultural technology and its use in practice, it is necessary to 

know and take into account the basic relationships and special requirements of agricultural 

production for technology. The land used by agriculture is a product of the natural soil-forming 

process and human influence. The year 2015 was declared the year of the land. The idea of 

sustainability is being presented more and more often. But what is the reality? Lack of organic 

matter in the soil, insufficient microbial life, improper crop rotation, excessive heavy (heavy 

weight) machinery and other negative factors cause changes in the physical, chemical and 

biological properties of the soil leading to its degradation. It is a long-term process that we are not 

aware of, but we see the reality in the form of, for example, standing water in track lines or at 

headlands. According to expert estimates, 40 to 60% of soils suffer from compaction in the area of 

25 - 40 cm, depending on the soil type and the tillage technology used. 

For tillage, the so-called technological properties of soil. These are the features that directly affect 

the efficiency and number of interventions, but also the introduction of new tillage technologies. 

The technological properties of the soil can be expressed by various parameters, such as plowing 

ratio, consistency, cohesion, strength, swelling, stickiness (adhesion), hygroscopicity, etc. These 

are very important, but still in practice little used properties of the soil, especially in terms of 

possible technologies of its cultivation. 

Swelling or settling of the soil are properties associated with volume changes, which are 

conditioned by the changing water content and also by the high content of colloids. By absorbing 

the water, the collides separate from each other and thus increase their volume. Swelling is 

manifested by pressure on the environment, so we detect it by measuring the pressure. It can also 

be expressed by the amount of water taken in or by the percentage increase in its volume. Soil 

deposition is the result of water loss, when heavy soils can dry up to 150mm wide and 1-3m deep 

cracks (HRAŠKO, J., BEDRNA, Z., 1988).  

Soil consistency (density) is the result of a set of soil properties, which are expressed by the degree 

of cohesion, stickiness and resistance to deformation at a certain humidity. The consistency number 

is an important indicator when assessing soil workability. The consistency number is given as a 

percentage of the water content. As the value of the consistency number increases, so does the 

difficulty of tillage and vice versa (LEDVINA, R. et al., 2000). Soil cohesion is the ability of the 

soil to create resistance when foreign bodies enter the soil and to withstand the external pressure 

that acts to crush the aggregates. (DEMO, M., 2000). 

Adhesion is due to the mutual attraction of molecules located on the surface of soil bodies and 

particles. Adhesion is manifested by sticking the soil mass to a foreign body, usually to the machine 

tool. (HRAŠKO, J., BEDRNA, Z., 1988).  

Soil hardness is expressed by minimum adhesion and maximum cohesion of absolutely dry soil. 

Plasticity (ductility) is the ability of soil aggregates to coalesce into a more permanent shape at 

the required humidity. 
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Soil friction can be explained as the resistance created by the unevenness 

of the contact surfaces of the sliding movement. The friction can be internal, either between the 

surface of the implement and the soil or external - between parts of the soil. 

Plowing resistance expresses the resistance that the soil puts when crushing, turning, slicing, 

lifting. To determine the plowing resistance, the hook power and the need for traction force are 

examined at one point. (DEMO, M., 1995) 

From the point of view of agricultural machinery, soil is a processed material. Its properties 

(character) must be respected both in the development and operation of machines. In particular, the 

high variability of these properties very intensely affects the function and applicability of the 

technique. Although knowledge of soil in the field of "soil mechanics" forms a good basis for the 

study of the laws of agriculturally usable land, this soil is nevertheless characterized by 

peculiarities, namely: 

- high diversity (heterogeneity) of the soil and its constantly changing properties due to crossings, 

tillage, climatic conditions, overgrowth of plant roots, etc., 

- the presence of life in the soil, in particular micro-organisms, and their function as carriers for the 

constant circulation of physical, chemical and biological processes. 

From the number of soil properties, let us mention those related to tillage in order to: 

- purposeful action of existing work equipment on required changes in soil properties, 

- systematic development and construction of tillage implements and equipment, 

- mutual assessment of properties before and after tillage by the technique. 

Some properties of the soil from the point of view of its cultivation by agricultural machines are 

given by the standard STN 465302 in the field of usability of the machine and determination of 

soil conditions during their tests. 

Soil consists of three basic components called. solids, water and air. The solid component of the 

soil consists, in addition to the so-called skeleton (stones, gravel, coarse sand) and fine soil, where 

the particle size is up to 2 mm, namely sand (0.063 - 2.0 mm), clay (<0.002 mm) and dust (0.002 - 

0.063 mm). 

Soil is a living ecosystem that allows the existence of the organisms contained in it due to a small 

proportion of the organic component of the soil of a significant carbon source, which usually does 

not exceed 5%. Carbon is the most valuable source of energy for soil biological activity. 

In order to achieve a good harvest and a high quality of crop production, it is a basic precondition 

for the soil to be revived. We have been unilaterally nourishing the stands with industrial fertilizers 

for decades and forgetting the land. Mineral nutrition is a source of nutrients for plants or for soil 

microbiology. 

The basic prerequisite for maintaining soil fertility is the care of biological activity - life in the soil. 

However, this approach presupposes an overall change in the approach to the soil and, at present, 
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technological changes that also respect technological changes that respect 

the current soil and climatic conditions. 

Tasks of soil biological activity 

The soil hides a diverse fauna and flora, although often inconspicuous and less visible. The set of 

living organisms present in the first twenty centimeters of soil represents 10 DJs under a hectare of 

grain and 50 DJs under a hectare of meadow soil. Although 250 million organisms live per m2, 

representing only 0.25% of the total soil weight, it plays an unstoppable role in the development, 

health and fertility of the soil ecosystem.x 

This living ecosystem is closely linked to plants: 

• living organisms participate in the creation and structuring of the soil: the formation of corridors, 

clumps, etc. Well-structured soil is linked to quality biological activity. 

• Biological activity recycles waste from the plant and animal world: (crop residues, animal 

excrement, dead animals) and returns minerals to plants. Food chains or rather nets thus provide 

plants with optimal nutrition, but also protection against diseases and pests. 

• A large number of species live with plants in symbiosis. They provide them with nutrition or 

protection in exchange for carbon. This is the case with tuber bacteria that supply nitrogen to 

legumes or fungi that supply water and minerals to plants in exchange for sugars. 

Soil - living environment 

It is customary to divide soil fauna and flora into three size groups. Each of them has a different 

role in recycling organic matter and structuring the soil: 

• macrofauna (more than 2 mm) ensures the division and mixing of plant residues, the creation of 

macroporosity allows the rapid circulation of water and gases, as well as the transfer of organic 

matter to deeper soil zones. Worms are an important part of this group. They can create up to 4000 

to 5000 km of corridors per hectare and mix 1 to 3 tons of land per day during activity, except for 

estivation, drought or frost. Their excretions (30 t / ha / year from a ton of rainfall) form stable and 

fertile clumps. 

• mesofauna (0.1 mm to 2 mm) includes mainly tail jumps, mites, nematodes, insect larvae, etc. 

They feed on plant residues, which decompose and break up, thus increasing their area for 

colonization by microorganisms. 

• microflora (bacteria, fungi and actinobacteria) and microfauna (protozoa and nematodes). The 

microfauna is a living microflora that ensures the final decomposition of organic matter into 

minerals available to plants. Fungi and actinobacteria ensure the aggregation of soil grains into 

aggregates. The interaction between organic matter, mineral matter and microbial activity increases 

the structural stability of the soil by forming small clumps and mixing humus and clay. 

Rhizosphere 
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A specific biological, chemical and physical environment is created around 

the roots- rhizosphere. In this zone, which can reach up to 5 mm, the plant associates with various 

organisms, which allows it to ensure effective cell nutrition, to defend against pathogens or to 

progress in root growth. For example, mushroom hyphae can penetrate to the root and provide 

plants with water and mineral salts in exchange for sugars that they cannot synthesize. Under one 

hectare of corn is 150 million kilometers of hyphae, which is the distance from the Earth to the 

Sun. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pic.1 Rhizosphere 

Mushrooms and glomalin 

The fungus has the property of producing the specific glycoprotein glomalin, which is directly 

involved in the recovery of organic matter in the soil, as it is difficult to decompose and thus forms 

part of the humus by accumulation. Scientific estimates even say that a third of the carbon in the 

planet's soil is of this origin. Glomalin plays an essential role in the structural stability of soil. It 

acts as an adhesive that stabilizes soil particles and thus creates stable aggregates. Due to these 

properties, the mycorrhizal fungus contributes physically, chemically and biologically to creating 

the stability of soil aggregates, as well as to ensuring a sufficient supply of organic matter, which 

is in itself an important structural factor. Mycorrhizal fungi can also protect roots from diseases 

and pests. They do this in two ways: in the root tissue and in the rhizosphere. The more we observe 

the soil, the more we can observe the synergistic relationships between soil bacteria and 

mycorrhiza, especially in the protection against root diseases. For example, biochemical changes 
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induced by jasmonic acid mycorrhiza have a negative effect on the larvae 

of phytologous insects eating their leaves. 

Effective biological activity needs permanent nutrition and a stable environment (temperature, 

humidity, structure). The production of fresh biomass of intercrops (leaves, roots ...) nourishes and 

protects soil organisms. Soil fauna and flora thus have a suitable environment for living, 

reproducing and maintaining the structure and enrichment of the soil. Organic matter undergoes a 

series of transformations, which result in complete decomposition into simple minerals (mineral 

salts, water, carbon dioxide ...) again available to plants. This constant renewal makes the soil a 

living environment. 

Organic matter is like fuel for the engine, which is the soil ecosystem. By using intermediate crops, 

we help with optimal regeneration, which in the first place reduces the loss of nutrients (such as 

nitrogen) and secondly complements the supply of organic matter needed for the fertility of the 

next stand. Ultimately, we are improving soil fertility, saving money and protecting the 

environment. 

The amount of biomass produced by the intercrop affects the energy available to the soil ecosystem 

(quality of structure, fertility, biological balance). The more biomass the intercrop produces, the 

more fertility will increase over time. 

What are the options for solving problems, restoring the natural properties of the soil and increasing 

fertility? Prevention, in the past the condition of the soil was not taken into account in tillage, it 

was plowed in all conditions, where the soil structure was often damaged. 

Tillage machines are used in working processes, which can be used in many variants and 

modifications. Tillage practices vary according to the groups of crops for which the soil is treated, 

the condition of the soil after the pre-crop and, of course, the habitat conditions. Soil treatment 

should therefore ensure not only loosening of the soil, but also the incorporation of plant residues, 

fertilizers and should create optimal conditions for plant growth (Pic. 2). 
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Pic.2 Tillage objectives 

In our conditions, we encounter soils with different natural fertility, which is reflected in the choice 

of type of tillage. The choice of technologies and machines for tillage significantly affects the grain 

composition of soils. The treatment of heavy, difficult-to-treat soils, where there is a very narrow 

range of moisture, at which they can be treated well, causes great problems. On the contrary, light 

soils can be processed even at higher humidity without a greater risk of damaging the soil structure. 

However, it is necessary to take a very cautious approach to its deeper loosening and deep plowing. 

In light soils, there is a danger of excessive acceleration of mineralization processes with their 

frequent aeration, and thus loss of organic matter. 
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Pic.3 Tillage methods and tools used 

 

The choice of the tillage system is significantly influenced by climate conditions. In drier areas, 

where soil moisture management should be a priority, practices with limited tillage or sowing to 

uncultivated land are used. Conversely, in colder and wetter areas, more intensive loosening of 

topsoil promotes the desired adjustment of thermal conditions in the soil and the decomposition of 

organic matter. 
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A very important consideration when choosing tillage technologies is the 

degree of risk of soil erosion. By choosing suitable methods, we can significantly reduce water 

erosion, which is particularly endangered on sloping land, as well as wind erosion, which causes 

damage. 

Tillage practices (Pic. 3) can be divided according to the intensity, depth and method of loosening 

the soil into conventional tillage, which is based on conventional plowing, and procedures with 

different degrees of reduction of loosening interventions in the soil. Hence the term reduced tillage, 

rational tillage (only truly justified operations are carried out), minimal tillage, direct sowing 

(without tillage). In technical technology, the term conservation tillage has been established for 

technologies in which plant residues are left on the soil surface or are only shallowly incorporated. 

These are pre-crop residues (such as stubble and crushed cereal straw) or crop crops, often killed 

by freezing or herbicide application. Their goal is to protect the soil from a complex of adverse 

effects. 

For soil protection tillage, the term conservation tillage is also used, which is associated with tillage 

without turning the dump. Direct sowing (sowing without tillage) has a special position in the 

tillage system. In its application, tillage is eliminated, but for practical reasons, this technology is 

included in the tillage system. Some authors understand sowing in uncultivated soil as one of the 

forms of protective tillage. 

Tillage machines are used in various technologies in many variants and modifications. Tillage 

practices vary according to the crop, the type and condition of the soil after the previous crop, and 

local conditions. The cultivation of heavy soils, which can only be cultivated only within a narrow 

moisture range, causes great problems, while light soils can be cultivated even at higher humidity 

without the risk of damaging the soil structure. 

The choice of a suitable machining technology is also influenced by climatic conditions. In drier 

areas, where soil moisture management should be a priority, they find the application of technology 

with limited tillage or. direct seeding. On the contrary, in colder and wetter areas, more desirable 

loosening of the soil promotes the desired adjustment of thermal conditions in the soil and 

decomposition of organic matter. In these conditions, loosening of topsoil also allows for an earlier 

start to spring work on spring crops. 

The development of tillage, sowing and plant cultivation technologies in the recent past has 

necessitated the emergence of new technical terms, which often overlapped in their meaning and 

caused ambiguities and misinterpretation. As an example, let's take the term "direct sowing". In the 

classical sense, by this term we mean sowing, before which we omit tillage. However, the term 

direct sowing is often incorrectly referred to as sowing into an intermediate crop, to which intensive 

tillage could have been carried out, or sowing directly after plowing but without pre-sowing soil 

preparation. 

These new technological processes were referred to as: 

• conventional tillage, 

• reduced tillage, 
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• rational tillage, 

• minimizing tillage, 

• conservation tillage, 

• soil protection tillage, 

• direct sowing, etc. 

In the following, let's mention their short specification. In doing so, let us deliberately omit the 

condition section where there are no definition problems and the condition can be used in various 

technologies. 

Conventional tillage is given by the annual plowing and turning of the topsoil profile with a plow, 

followed by pre-sowing soil preparation and sowing. In our conditions, it is still the most used 

technology. 

The term reduced tillage basically means such a technology, where the number of interventions 

(passes) of technology is reduced by using combined machines or sets, resp. omitting some 

interventions. This applies throughout the growing cycle, regardless of whether or not a plow has 

been used. This is approached by the effort to reduce specific energy consumption by using 

machines with lower energy intensity, etc. 

The limitation of tillage to a rational (reasonable) measure is included under the term rational 

tillage. At the same time, we also consider the requirements of succeeding crops within the sowing 

procedure, both in terms of soil properties and cost reduction (energy-efficient tillage). 

In our conditions, the term so-called minimizing (minimum) tillage. This technology includes both 

reducing the intensity of tillage and combining work interventions with reduced passage with the 

main goal of minimizing costs. It can be focused on the area of basic and pre-sowing tillage as well 

as sowing. The choice of technique is governed by the crop being grown and the soil and climatic 

conditions. 

The name conservation tillage means a technological process in which plant residues partially or 

completely cover the soil surface. The term conservation tillage (KTBL, 1993) also includes the 

so-called reduced tillage, mulching technology, belt tillage, tillage in tombs and direct sowing. In 

our technical terminology, the term soil protection tillage has been used for conservation 

technology. 

A special position in tillage technologies has direct sowing, i. sowing in uncultivated land. When 

applied, no tillage is carried out, but for practical reasons, this technology is included in tillage 

technology. 
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Pic. 4: Classification of tillage technologies 

 

Precise definitions of the individual tillage technologies are needed to avoid inaccuracies and 

misunderstandings in this area. Used expressions such as minimizing tillage, rational tillage, etc. 

they are very difficult to distinguish precisely by definition. Reduced resp. rational tillage is 

determined by specific conditions and is feasible within any technology. At the same time, we must 

be aware that complex names that would express a given technology do not have the perspective 

of implementation in practice. 

Further use of these terms is inappropriate and ineffective for the designation of tillage technologies 

from the current point of view, due to inaccuracies as well as further development of terminology 
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in this area. In Europe, a new classification of tillage technologies has been 

introduced, which divides them into (obr. 4): 

1.Conventional tillage (with plow), 

2. Soil protection (conservation) tillage (without plow), 

3. Direct sowing (without tillage). 

Strip till - this is a soil protection system that tries to achieve a minimum area of loosening. 

Alternates cultivated strips of soil with unmachined. It combines the advantages of conventional 

technology (loosening, aeration, drying and overheating of the soil) with the so-called soil 

protection technology, which prevents soil erosion by leaving plant residues on the surface (at the 

same time, due to plant residues, it later overheats and thus suppresses the development of weeds). 

This type of tillage is carried out using special machines, it may require tillage several times, 

depending on the conditions in the field and the crop being grown. 

In cereal areas in the United States, intensive tillage caused by plows in the 1930s 

extreme occurrence of wind erosion in the 1920s. The result was the devastation of entire areas and 

the degradation of soils - the loss of fertility of large areas of previously fertile areas. This has led 

to an intense discussion on the use of conventional technologies and the further development of 

plowless tillage. 

In the 1990s, researchers and farmers sought to put belt tillage into practice. At that time, belt 

processing looked promising in practice, but it also brought many problems. The key to success 

was to harmonize autumn fertilization and tillage in the spring, when it was necessary to visually 

harmonize the strips of cultivated soil and supply the necessary nutrients and sow the seeds directly 

into the treated strips. Despite the fact that the system brought indisputable environmental and 

economic benefits, due to errors in guiding technology in other work operations, it did not go into 

practice. However, at the turn of the millennium, many advances in technology and knowledge 

were made in agriculture. In some cases, to so-called dizzying progress. Precise agriculture with 

many options, such as variable fertilization, complete monitoring of machine movement and, of 

course, automatic technology guidance. Highest guidance accuracy via RTK (Real Time 

Kinematics). The basic concept is simple. RTK brings higher positioning accuracy - thanks to 

complex GPS signal correction processes, it allows you to determine the current position in 

centimeters, which brought the belt tillage system up to date. 
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Pic.5  Detail of a belt tillage systém 

 

The benefits of tillage consist mainly of faster overheating of the soil by the sun, aeration of the 

soil, reduction of erosion. Better water infiltration in machined belts compared to direct seeding 

(No till). 

 

 

 

 

 

 

 

Pic.6 View of thermal imaging line image 

Jedna z výhod oproti priamej sejbe je aj v tom, že v prípade nepriaznivých klimatických podmienok 

keď sú pôdy mokré a studené sme schopný s týmto systémom vytvoriť lepšie podmienky. V USA 

sa využíva tento systém predovšetkým na výsev kukurice a sóje. Pásy na sejbu v jarnom období sa 
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pripravujú už na jeseň. V Európe sa táto metóda využíva pre sejbu rôznych 

plodín (kukurica, cukrová repa, repka, fazuľa, sója) a za rôznych podmienok napríklad na sejbu do 

strniska po lucerke, alebo sejbu medziplodín. 

One of the advantages over direct sowing is that in the case of unfavorable climatic conditions 

when the soils are wet and cold, we are able to create better conditions with this system. In the 

USA, this system is mainly used for sowing corn and soybeans. Belts for sowing in the spring are 

being prepared in the autumn. In Europe, this method is used for sowing various crops (maize, 

sugar beet, rape, beans, soybeans) and under various conditions, for example for sowing in the 

stubble field or sowing catch crops. 

 

 

 

 

 

 

 

 

 

 

 

 

Pic. 7 Strip till takes place in two operations, soil preparation and sowing 

Another positive feature, especially in the dry season, is considered to be that untreated soil 

between rows retains soil moisture and prevents evaporation. 

 

Pic.8 Two studies from Germany after 8 mm rain and water infiltration after 15 minutes. 
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The soil on the left was not able to absorb rainfall, on the right due to the 

natural soil structure in the area between the rows, rain can be infiltrated by infiltration into the 

soil. (Hermann, 2013) 

 

When using belt tillage, we are able to achieve the same yield as with conventional tillage 

technology. By not tillage the entire area, fuel is saved. At an inter-row distance of 75 cm, only 

30% of the area is processed. At an inter-row distance of 45 cm, 50% of the area is processed. 

When tillage, fertilizer is immediately applied, which is later available to the root system with less 

nutrient losses. 

When using belt tillage, we are able to achieve the same yield as with conventional tillage 

technology. By not tillage the entire area, fuel is saved. At an inter-row distance of 75 cm, only 

30% of the area is processed. At an inter-row distance of 45 cm, 50% of the area is processed. 

When tillage, fertilizer is immediately applied, which is later available to the root system with less 

nutrient losses. 

 

 

 

 

 

 

 

 

 

 

Pic.9 Main parts of the machine for belt tillage 

 

Due to the blade that works at a deeper depth, farmers confuse it with a dredger, which is a 

misconception. Of course, tillage also has its disadvantages and hidden risks. 

Erosion can also occur during tillage, so it is necessary to guide the machine perpendicular to the 

slope. For all soil protection technologies, it is necessary to control pests such as mucous 

membranes. Possible occurrence of rodents, in the untreated belts remain intact corridors and nests, 

in addition, they have easier movement in the belts and therefore it is necessary to compact them 

well. 
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Crossing the field when performing work operations is a common part of 

our lives, even if it depends on what angle we look at. From the point of view of soil compaction, 

the frequency of crossings is directly proportional to soil compaction. Their action must be 

monitored in the light of many factors such as tire pressure, tread pattern, frequency of passage, 

horizontal distribution, speed of passage and slip of the wheels of the energy vehicle. When 

compacting the soil, we mostly act vertically on the soil and compact it not only on the surface, but 

also in deeper horizons. Frequent passages of energy resources with a resulting pressure on the soil 

of 2.50 - 5 kg per cm 2 compact the soil significantly to a depth of 45 cm and weaker to a depth of 

65 - 70 cm. The question of whether it is more appropriate for crossings to be always on the same 

track or, if possible, always in new places, is considered in detail. The second method leads to less 

compaction, but to almost the entire area. Repeated passes, on the other hand, cause a smaller area 

of the field to be compacted. The number of passes indirectly depends on the compaction, the 

maximum compaction is between 1 - 5 passes, very weak between 10 - 15 passes. Other results 

show that compaction is manifested in a layer of 0 - 30 cm at a low number of passes in the same 

track, and at multiple passes in a layer of 20 - 70 cm. (Šařec, 1989). 

 

 

 

 

 

 

 

 

 

 

 

 

Pic.10 Demonstration of the influence of soil compaction on the development of the root system 

The main reason for the mechanical cause of soil compaction is the repeated passage of 

mechanization means. The soil is exposed to this almost except during the winter months. 

Deformation by wheels or belts creates contact pressure in the bearing surface. This pressure acts 

perpendicular to the soil surface and a force parallel to the soil surface. This force, in turn, acts 

against the slippage of the wheels or the belt. Another of the problems with soil deformation is the 

high specific pressure of the undercarriage devices on the soil surface and the high frequency of 

passages along it. The pressures are transmitted through the deformation of the soil to deeper layers, 



 
  

www.visegradfund.org   18  

and therefore shallow pre-sowing soil preparation often does not eliminate 

the problem that arose there. This inhomogeneously treated soil through soil-sensitive crops results 

in a reduced yield. In the case of sugar beet, for example, the bulbs are dismembered and thus their 

technological value is reduced (Hůla, 1988). 

Reduction of contact pressures on the soil 

Addressing the issue of soil compaction is an important factor, which is also supported by Act no. 

220 of 2004 on soil protection. The main reason for the mechanical cause of soil compaction is the 

repeated passage of mechanization means. The soil is exposed to this almost except during the 

winter months. Deformation by wheels or belts creates contact pressure in the bearing surface. This 

pressure acts perpendicular to the soil surface and a force parallel to the soil surface. This force, in 

turn, acts against the slippage of the wheels or the belt and thus compaction occurs. 

Reducing contact pressures on the ground after driving mechanisms is one of the crucial tasks in 

reducing compaction under. 

The specific pressures of the machines on the ground can be reduced by the following measures: 

- double mounting of wheels, 

- low pressure tires, 

- crawler chassis. 

Another solution is to choose a suitable tire design, or double mounting. Today, manufacturers 

already allow another tire to be quickly attached to the load wheels. Some manufacturers solve this 

problem with wide-profile tires. 

 

 

 

 

 

 

 

 

 

 

Pic.11 Detail of dual mounting tires 
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However, even this solution does not bring the desired effect with high 

power classes of energy resources associated with the high weight of the machine. Therefore, some 

manufacturers allow independent driving of individual wheels outside the tracks of the adjacent 

wheel, the so-called crab run. 

 

 

 

 

 

 

 

 

 

 

Pic.12 A view of a sugar beet harvester at the so-called crab run 

With this extension of the rear axle and its lateral displacement, the surface is driven almost 

completely and the specific pressure on the soil surface is lower. An even better solution and an 

ideal distribution of surface pressure on the soil can be achieved with a crawler solution of the 

machine chassis. In the past, the materials of the belts were metallic and damaged the road when 

crossing the road. Today the situation is different with the use of quality rubber materials. 

 

 

Pic.13 The technical design of crawler undercarriages can vary 
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Reduction of the specific pressure can also be achieved with wheeled tractors, which have a higher 

wheel slip compared to crawler tractors. This is solved by inflating the tires. This system was taken 

from military technology. This means that when we drive in the field, our tires are underinflated 

and when driving on paved roads, we inflate them through the compressor so that the rolling 

resistance is as small as possible. 

 

 

 

 

 

 

 

 

 

 

 

Pic.14 Technical solution for inflating tires of Fendt tractors 

However, the problem of increased soil compaction can in many cases also be caused by the 

inappropriate distribution of the equipment on the tractor. Often the technical solution is to suspend 

the equipment on the rear arms of the tractor and it is necessary to load the front part of the tractor 

with additional weights. However, this can be solved, for example, by placing a hopper on the front 

arms of the tractor hydraulics. 
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Pic.15 Appropriate layout of the sowing technology on the tractor 

 

 

 

Organization of field work 

In this section, the following measures are needed to prevent soil compaction: 

- reducing the number of land passes, 

- prevention of crossings with increased soil moisture content, especially in spring. 

The need to reduce the number of passages on the ground is practically realized either by increasing 

the working width of the machines or by merging several work operations, i. j. combination of 

tools. 

In view of the need to increase labor productivity, such a trend is justified. in terms of the 

consequences on the physical condition of the soil, we can talk more about the opposite. Increasing 

the mechanisms also increases their weight and the need for energy input, there is a need for more 

powerful tractors with higher weight. As a result, there are fewer tracks in the field, but the soil is 

compacted much more and to a greater depth than can be restored to normal. 

Particularly high demands on organizational work are placed on the need to prevent compaction 

with a higher content of clay particles, especially in spring and at elevated humidity, when these 

soils are very prone to compaction, while the effects of compaction on crop yields are most 

pronounced on these soils. 

Heavy and powerful machines have a negative impact on the properties of the soil and the soil 

itself, because they compress the soil through constant and regular passages. In the most frequently 

used plowing technological procedures, the passage area of the field is up to 95% and during the 

year the passages are multiple. Oppression can be eliminated by undermining, resp. plowing, which 

we classify in terms of energy to very demanding field operations. This recurring process of land 

compaction and its subsequent regeneration is characteristic of today's agriculture but is associated 

with inefficient use of financial resources. 

A separate chapter within the controlled movement of technology in the field was brought by 

precision agriculture resp. GPS machine guidance. The working width uses the technique to 100%, 

which means that there is no duplication or omission of unprocessed space in the field. It can be 

used in practically all work operations. 
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Pic.16 GPS machine monitoring allows the manager to track technology remotely 

 

The organized movement of technology across the field allows us to separate the driving area from 

the production area on which we grow plants. Ideally, the tread area is small in percentage 

compared to the production area. In the past, this was addressed by establishing track lines, which, 

however, were changed every year. Today with the contribution of soil protection technologies, 

resp. by replacing the plow with a cultivator, we are able to direct the technology to the same tracks 

for several years. However, this system also brings certain pitfalls, the technique used must be a 

multiple of the module that we choose at the beginning. It brings positive results in terms of soil 

condition, at the same time it brings a slight increase in yield. By replacing the plow with a 

cultivator, it also saves fuel. The CTF (Controlled Traffic Farming) system is used practically all 

over the world. In the conditions of Slovakia, the pilot project is being tested at VPP Kolíňany 

within the ITEPAG project, but it is conditioned by the use of navigation systems on all tractors. 



 
  

www.visegradfund.org   23  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pic.17 CTF systém 6 m modul (Rataj, 2017) 

 

The solution of the mentioned problem is possible by means of the so-called controlled movement 

of machines in the field (CTF). This method of controlled movement is combined with traditional 

tillage mechanization. The basic premise is to harmonize the working widths of the machines. The 

movement of the machine is controlled by satellite navigation with an accuracy of 0.02 m, so-called 

RTK. This precise navigation system makes it possible to guide machines and machine sets to 

constantly recurring tracks during the entire growing season but also in the following years. The 

CTF system has maximum use if the area of the tracks is completely separated from the growing 

area itself and these tracks are used annually. 

 

 

CTF effects 

   The CTF system has a positive effect on crop yields. In selected farms in Germany, England and 

the Netherlands, the CTF system has been shown to increase yields by up to 25% - depending on 

the crop grown and the conditions. 

   The problem of reduced water infiltration (infiltration) is caused by the degree of soil compaction, 

which causes a problem especially in terms of pores in the soil. The result is the run-off of water 
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along the surface of the field, which in turn causes soil erosion or we can 

observe entire parts of the flooded land. This problem mainly affects years with higher total 

precipitation, when water cannot seep through the compacted layer of soil. 

   Therefore, CTF can be understood not only as a system for increasing fertility but especially as 

a comprehensive system for preventing soil compaction. 

   The CTF system also allows for a more efficient use of agricultural machinery. Insufficient 

infiltration of water into the soil and compaction of the soil has the effect of shortening the time 

available for carrying out field work. The controlled movement of the machines will enable the 

machine to enter the land better through fixed rails, and at the same time less demands are being 

made on the performance of the machines (tractor). Several authors agree that this reduction in 

output can be up to 30%, depending on conditions and soil type. 

   Remarkable results can be observed in the assessment of energy intensity. According to published 

results by CTF Europe, energy savings of up to 70% have been demonstrated. These values have 

been achieved with the use of a minimum number of work operations, shallower tillage and less 

traction on the tractor. 

   In our conditions, it is important to realize that the use of CTF satellite navigation with an 

accuracy of a few centimeters allows you to perform field work without unnecessary overlapping 

images. In particular, the savings on fuels, chemicals and fertilizers are considered significant. 

   It can be argued that the best, and therefore the most significant, effect achieved with the 

introduction of CTF is an increase in porosity, a reduction in bulk density, an improvement in soil 

structure and the efficient use of machinery. 

Currently, the cheapest and most reliable way to ameliorate the soil structure of heavy soils is 

biological methods. They act on their own and are at the same time an integral part and 

accompanying component of all other (mechanical, chemical, physical) measures to ameliorate the 

soil structure. The basis is a suitable structure of crops with a sufficient representation of deep-

rooted legumes, effective crop rotation in the sowing process and a sufficient supply of organic 

matter to the soil, including green manure (stubble crops, undersowing). Their joint action creates 

a stable secondary structure from an unstable primary structure (Hlušičková and Lhotský, 1994). 

Soil is the basic and most important environment for evaluating all inputs when growing crops. 

The condition of the soil fundamentally affects the intensity and economy of cultivation. 

Unstructured soil without proper biological activity loses the ability to cope with and eliminate 

adverse precipitation conditions. The mistaken assumption that soil fertility provides loosening on 

degraded soils with a lack of biological activity exacerbates this condition. The soils lose the ability 

to manage rainwater. The consequence of corrective measures in the form of foliar treatment is 

only significant stress on the stand. In addition, there is a reduction in the effectiveness of the use 

of applied nutrition of stands from the point of view of health status. This disproportionately and 

inefficiently increases the consumption of fertilizers and pesticides in growing systems and makes 

the economy unprofitable. 
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An effective and innovative way to change the approach to growing crops, 

but also to the soil, is to include soil biostimulation. Systematic implementation of biostimulation 

allows to achieve the effect of structural soil profile and restoration of natural fertility, as well as 

improving its retention capacity. In combination with soil protection technologies or with a 

cultivation system in which intermediate crops or cover crops of soil biostimulation are included, 

the process of healing the soil profile will be significantly accelerated. Practical and research results 

with currently used technologies show the most effective results of soil biostimulation in no-till 

technologies. In technologies with reduced loosening intensity and lower tillage depth. 

 

 

Pic.18 Results of current soil moisture for individual variants 

 

A very important part of agriculture is the care of the soil and its biodiversity. The soil provides 

the plants with everything they need and at the same time creates a living space for the activity of 

the soil microbiota and macrobiota. So the soil creates a living space for plants and provides 

nutrition. The plant root system in symbiosis with the soil biota in turn forms a structural soil. Here 

it is very important to study - the relationship between different plants, plants and soil and the 

surrounding natural influences. 

Crop production is a complex system, the perfect knowledge of which is the basis for the 

specification and subsequent provision of not only production but also non-productive functions of 

agriculture. 

Concluison 

At present, agricultural practice is focused on maintaining soil properties through mechanical 

solutions. Intensive chemical and mechanization inputs are necessary in the cultivation of 

monoculture, this dogma still prevails today. This exposes the soil to heavy mechanization, wind, 

sun and rain. When growing these monocultures, we expose the soil mainly to erosion. We should 

focus on the soil-plant-food link. It is necessary to change conventional practices and adopt 

technologies that take into account the climate change around us. 
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