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Abstract: Soil degradation and climate change are the most degrading (human and/or naturally
induced) processes, making agricultural production more challenging than ever before. Traditional
tillage methods, characterized by intensive mechanical soil disturbance (dominantly using a plow),
have come under question for their role in exacerbating soil erosion, depleting organic matter, and
contributing to the decline in soil biodiversity and other degrading processes. These practices, while
effective in the short term for crop production, undermine the sustainability of agricultural systems,
posing a threat to food security and environmental stability. Conservation soil tillage (CST) emerges
as a promising alternative platform. By reducing the intensity and frequency of tillage, CST practices
aim to maintain adequate soil cover, minimize erosion, and encourage biological activity and
organic matter accumulation, thus ensuring soil productivity and resilience against additional
degradation and climate variation. Efforts made by scientists and the government to go over it
sometimes are not sufficient. Farmers’ expectations of benefits are the final keystone for the
integration of CST as a dominant sustainable practice. Analyses from six European countries
pointed to a high level of diversity in readiness and willingness to accept and different levels of
knowledge about the adoption of CST.

Keywords: soil degradation; climate change; sustainable agriculture; conservation agriculture; soil
tillage; crop production; farmers experience

1. Introduction

Conservation Soil Tillage (CST) can be defined in several ways, but the most common definition
worldwide and in the EU is described as a tillage system where, after all tillage operations and
seeding/sowing of the next crop, soil surface cover needs to be at least 30% with crop remains [1]. Its
priority goals are to protect the soil from erosion, maintain favorable soil moisture, and preserve the
soil’s physical, chemical, and biological amendments [2]. CST is gradually being adopted in the
agricultural sector throughout the European continent, as well as the European Union. Given that
CST is a sustainable practice that not only prevents but also revitalizes agricultural soils, the EU has
established guidelines for the transformation of European agriculture through the European Green
Deal [3]. As part of the implementation, the plan consists of two primary objectives:

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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reduction/elimination of plowing as the most common tillage operation and promotion of soil

conservation systems including CST.

Agricultural/crop production is defined by many factors, some of which we can influence
(mainly anthropogenic), and some of which are almost completely out of our control (primarily
natural). As soil is a natural, non-renewable resource primarily used for food production, by
degrading it we put under question the existence of humanity. As one of the soil’s most degradable
drivers is plowing, many scientists consider it (based on publications) the most degrading and
devastating tillage operation in agricultural production since the beginning of the human
consciousness of food production [4]. Compared to Conventional Tillage Systems (ST), based on
plowing, CST offers numerous advantages, which can be simplified and divided into:

Short-term benefits:

e Increased water infiltration and improved soil structure due to crop residues on the surface,

e  Reduced surface water runoff and soil erosion (water and soil retention by crop residues),

¢ Reduced evaporation and increased soil surface protection from solar radiation due to crop
residues on the surface,

e  Reduced crop stress intensity due to lack or excess of soil moisture (increased infiltration and
reduced evaporation), due to day-night temperature oscillations, as well as due to high air
temperatures,

. Reduced need for mechanization and human labor in soil tillage,

e  Lower input costs (price) of fuel and human labor.

Long-term benefits:

e Increased soil organic matter (SOM) content results in better soil structure, higher cation
exchange capacity (CEC), better nutrient accessibility, and greater soil water capacity,

e Increased and stabilized crop yield levels,

e  Reduction in production costs (lower capital investments),

e Increased biological activity in the soil and environment (better biological pest control).

e  Reduced weed infestation.

In addition to the mentioned benefits, several other positive effects can be achieved by applying
CST, which can be classified not only in the agronomic aspect but also in other aspects of crop
production (e.g., sociological and organizational).

Although various institutions participate in the creation of relevant policies related to the
application of CST, farmers still have the final word. Various factors influence the effectiveness of
CST implementation and adoption, and according to Ogieriakha and Woodward [5], these factors
influence farmers’ decision to accept or reject CST.

This paper provides an overview of the science and farmers’ expectations of CST in six European
countries, including Croatia, Serbia, Hungary, Slovakia, Czech Republic and Poland. The paper
begins with a brief overview of the main concept and criteria of CST, followed by an analysis of the
historical overview and perspectives of EU countries from the south to the north of Europe. This is
followed by a discussion of the farmer’s perspectives, expectations, benefits and risks of CST
practices, and concludes with final remarks.

2. Perspectives of Conservation Soil Tillage from Southern to Northern Europe

Observing agroecological conditions in selected European countries, in orientation from south
to north of Europe (Figure 1), are still relatively favorable for crop production but with some stated
disadvantages. However, the observed area is recognized with some difficulties, inequalities,
heterogeneities, challenges, and differences in two main ways: soil-base and climate change-base [6].
The generally defined advantages of CST (without going into its definition in detail) as a measure for
stopping further soil degradation [48] and a measure that can help in the adaptation (and mitigation)
of CC [7,49], make it a desirable and promising platform [8].
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Besides the soil base as a fundamental factor, and recently maybe be the most important limiting
factor in crop production is weather/climate/climate change [9]. Both soil and climate determine the
intensity, modality, applicability and ultimately successful adoption and application of CST [10].
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Figure 1. General spatial distribution of temperature and precipitation in Europe with highlighted
studied countries.

CST practices, as an irreplaceable measure in Conservation Agriculture (CA) systems, are
designed to minimize negative impacts on soil and the environment while still providing the benefits
of tillage [11]. In achieving the goals of tillage, the main requirement for soil tillage could be set as:
The depth of tillage and the number of passes by machines and tools over the soil surface should be
adapted to the agroecological conditions, and the production level should be economically
harmonized. The decision of whether or not to adopt CST practices is a complex one that must be
made on a case-by-case basis.

Each country has its own way and historical path of CST development. Below are descriptions
of the development of CST, described as case studies for each of the six selected European countries.

2.1. Croatia Case Study

According to relief regionalization (based on morpho-structural, orographic, morphogenetic
and lithologic conditions) Croatia belongs to a highly diversified terrain [12]. Accordingly, based on
relief regionalization and agroecological conditions, the agricultural production area is also divided
into three main and nine subregions [13]. The most productive region in arable crop production is
Pannonian region which is separated into four subregions, to which belong 70% of all arable land or
46.2% of the entire country [13].
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Due to wide regional and agroecological, but also socio-economic diversification, Croatian
agriculture in general, but especially in acceptance of new/advanced techniques and technology, has
developed with different intensity but also success [14]. The most advanced region in the adoption
of new technologies is precisely the Pannonian region This statement is justified by the fact that the
first researches on reduced tillage began to be carried out in the sixties and early seventies of the last
century [15-22]. Mihali¢ was among the first Croatian authors who wrote about the reduction of
classic tillage systems, and he stated the main postulate: first ,maximization” and then
,minimization”. He also states that this rule is not universal, but depends on the type of soil, climatic
conditions of the growing area, and the properties of the cultivated cultivar [23,24]. Mihali¢ also one
of the founders of the International Soil Tillage Organization (ISTRO), [25], founded on 27 September
1973 at Wageningen (The Netherlands) during the closing session of the 6th International Conference
on Soil Tillage. This act put Croatian soil science on the map of the most advanced European countries
in the acceptance of modern approaches in soil tillage. Soon after these researches, more extensive
research on reduced tillage continued and concentrated on the different aspects of agricultural
production (such as fertilization, crop protection, pedosystematic bases, etc.) and not only on yields
like it was in the beginning [26-31]. In 1982, Croatia was a host of the 9th Conference of the
International Soil Tillage Organization. This host was a confirmation of the strong commitment and
reputation of Croatian soil tillage scientists on the global map [32]. From the end of the 1980s to the
end of the 1990s, the first intellectual discussions and scientific research on Conservation Soil Tillage
(CST) came as the very beginning of new paradigms as a logical continuation of reduced tillage. From
this period need to be mentioned some authors, such as Butorac et al. [33], Kosuti¢ et al. [34,35], Zugec
et al. [36], StipeSevic [37], Butorac [38,39].

After the 2000s, climate change and its negative impact on agriculture and increasing awareness
of multiple soil degradation processes [40] in crop production [41], are increasingly being discussed
with strong demands for action. Changes that follow become imperative which motivates action not
only from scientists, government and other relevant institutions but also from enthusiastic farmers.
CST becomes a tool for the achievement of sustainable crop production and also a tool for stopping
and preventing additional soil degradation processes. In that period, an extremely important official
document was adopted by the Ministry of Agriculture (Regulation on Agrotechnical Measures) [42],
which for the first time in Croatia defined the term ,Conservation Soil Tillage” at formal level. In the
last 10-15 years teaching courses in two of Croatian biggest Faculty of Agriculture (and some other
Faculties and Universities), students learn about CST regularly at all academic levels including
doctoral studies [2,43-45]. No less attention has been paid to the education of farmers, through
different scales of knowledge transfer, e.g., lectures, pamphlets, brochures, field days, textbooks, etc.
[44-46].

From 2020, the period after the European Commission adopted the European Green Deal [3]
significant efforts have been made in promoting and further embracing CST. Eco-schemes are one of
those measures, but extremely important in more successful adoption of CST in Croatia. Through
Common Agricultural Policy (CAP) 2023-27, Eco-schemes support farmers in adopting practices that
minimize the negative impact of agriculture on the environment and climate [47]. The most attractive
and ,cost-effective” Eco scheme in Croatia is ,Conservation Agriculture (CA)”, which basically
represents CST.

According to ARKOD (Land Parcel Identification System — LPIS) — (A national program
establishing a database that records the actual use of agricultural land), in the year of establishment
Eco-scheme measure , Conservation Agriculture”, in 2023, from the total of agricultural land, 11%
was under CT, while that share in 2024 was 16% (Table 1).
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Table 1. Summary of area and number of users who registered , Conservation Agriculture” on a
single request in 2023 and 2024, Croatia.

P ti f N f Total P rti
Year1 Area (ha) - CA Total area roportion o umber o otal number roportion

CA (%) users - CA of users — CA (%)
2023 126,059 1,117,204 11 4,066 107,393 4
2024 177,325 1,109,947 16 5,599 100,946 6

1 By courtesy of Mislav Satovié, Assistant Director, Paying Agency for Agriculture, Fisheries and
Rural Development, Croatia.

The spatial distribution of agricultural land under the Eco-scheme , Conserved Agriculture” is
dominant in Croatia’s continental part, and denser areas are further north and east in that part (Figure
2).

Figure 2. Spatial distribution of Eco-scheme , Conserved Agriculture” according to ARKOD (a) in
2023; (b) in 2024.

Comparing farmers’ awareness of the importance of the application of adequate tillage
technology in sustainable soil management and environment per se 60 years ago with today’s
perspective, relations are incomparable. Still, the main driving (but not exclusive) motivation for
applying CST and leaving out conventional tillage (with plowing) is financial gain.

From the practical aspects, it's important to note that the principle of CST, in terms of the amount
of crop residue, can be implemented by ,,accumulating” crop residues over one to two or more years.
In Croatian regulations (Eco-schemes), CA can be implemented on a , year-by-year” principle, which
means that there is no conditionality or obligation for permanent implementation of CST. This fact
has its advantages (easy to opt-out) but also disadvantages (short period to fully evaluate all the
benefits this system offers).

However, although the ,,door is wide open” to support the adoption of CST, there is a large
difference in knowledge and different levels of support in practical application between the
farmers/crop producers. In Croatian agricultural society, from government/decision makers,
scientists, extension services, farmers, and other relevant institutions and individuals, the future is
challenging. Climate change and soil degradation are the most important negative and most
challenging factors on which it depends our future. Farmers are more and more aware of the
importance of rebuilding mutual trust and dependence between science and agricultural production.

2.2. Serbia Case Study

In response to many adaptation efforts and positive examples from other countries, farmers in
Serbia are showing great enthusiasm for adopting CST methods. It is estimated that currently 75% of
arable land in Serbia is cultivated by plowing, 24% by CST and 1% by no-tillage [50]. Therefore. the
area under CST is increasing compared to the data before 2000, when alternative tillage systems were
estimated at 3-5%. The introduction of CST in Serbia began after 1978 with the methodological
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establishment of field trials, mainly on winter wheat, with parallel education of the agronomists
mostly in the Northern part of Serbia. In the period from 1982-1987, a total of 123 experiments were
carried out with CST methodology on agricultural holdings, with different preceding crops and soil
types. Subsequently, a similar concept was accepted and further developed by a group of researchers
in the Banat region of Vojvodina Province [51]. In this context, CA has gradually been promoted as a
system capable of achieving the sustainable intensification of crop production needed to meet
national food needs, while conserving and protecting soil, water and biological resources [52]. Taking
into account the considerable duration since the introduction of CST in Serbia, this period can be
divided into several phases:

1. Initial phase mid-60-ies -the first mentioning and appearance of terminology, analysis of potential
stakeholders, benefits and weaknesses [53,54].

2. Before 2000, the limited expansion of CST - mainly driven by the intention for yield increase, tillage
effectiveness (energy consumption, testing the equipment and labor cost lowering) and efficiency
compared with classical plowing. During this period, conservation tillage methods served as an
educational example and scientific platform for research of alternatives to plowing [55-57].

3. After 2000 the first evidence of climate change became apparent. Thus, in the 21st century, the main
requirement for the change from ST to CST comes to the fore with decreasing soil quality, extreme
climatic events and adaptation of a new crop variety suitable for novel machinery. It has also been
observed that intensive tillage is the main driver of accelerated mineralization and loss of organic
matter, and thus loss of carbon and nitrogen [58].

4. In the period after 2020, significant advances related to information and communication technology
became broadly available for agriculture, and the demand for adaptation of CST practices comes from
the circumstance of increased use of precision farming and GPS tracking, which are fully compatible
with the new approach to tillage. The availability and diversity of CST machinery as well as the
digitalization of agriculture has become fully accessible to farmers and supported by national and
European strategies [59,60].

Although CST technology has become the key driver for the efficiency of production for larger
producers in Serbia, there has been a regional disbalance of knowledge and methodology acceptance.
This disproportion can be explained by the slow introduction of CST and in some cases resulted in
failure of acceptance because transition requires the deep revision of existing crop production
systems to gain the benefits of new tillage methods. In addition to that, agricultural inputs
(hybrids/varieties, fertilization, crop rotation, etc.) lagged in adaptation, as well as the value chain in
which CST was integrated. This implies that only were proposed technologies were sufficiently
,mature” the CST system work successfully with measurable results. Given the initial impediments,
the performance of CST was lower compared with ST Kovacevic¢ et. al. [61]. However recent results
by Mesi et al. [62], Malinovi¢ and Mesi [63]; Videnovic et al. [64]; Mileusnic¢ et al. [65,66]; Momirovi¢
et al. [67]; Dolijanovic et al. [52] showed many advantages of CST but some barriers still remain. For
many farmers, the challenges to adopting new technologies can be attributed to deficient knowledge,
insufficient time for implementation, and capital to invest [51]. One of the major difficulties in CST
implementation was crop residue management [68]. The positive effects of leaving crop residues on
soil properties are relevant in areas where the soil is exposed to water and aeolian erosion and in
semi-arid climatic conditions due to a significant reduction in evaporation [57]. Soil properties are
becoming also an important driver in the implementation of CST after confirmation of the link
between plowing and loss of soil organic carbon loss [58,69]. Soil degradation with ST can be also
attributed to changes in soil’s physical properties. Gaji¢ [70] found that significant removal of natural
vegetation and tillage by turning the soil longer than 100 years has resulted in an extensive
deterioration of soil quality indicators and soil organic carbon in the topsoil. Weeds were also one of
the problems that appeared with the introduction of different CST methods, but the solution for their
effective suppression has not been successfully developed because of their adaptation and the
pressure of CC [71,72]. However, despite some limitations, advantages recommend CST as a
comprehensive systemic approach that offers the possibility of adaptation to other measures (cover
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crops, intercropping, crop rotation, digitalization, etc.) that increase the sustainability and long-term
stability of the agroecosystem.

Although there are some doubts in the implementation of CST many barriers can be easily
overcome if we agree on common goals and outcomes. To continue the implementation of CST in
Serbia it is necessary to establish the following procedures:

e Reestablish connection between academia, extension service, machine dealers and farmers by
organizing the field days, focus groups, or interactive workshops on the selected topic,

¢ Establish long-term trials with CST systems vs ST systems,

e Introduce special incentives for those applying the selected types of CST adaptable to the regional
level,

e Create a national strategy for adaptation of tillage technologies for mitigation of CC including C-
farming agenda,

e Provide a dedicated ICT (Information and communication technology) solution to support
conservation practices, with specific guidance to demonstrate their benefits

2.3. Hungary Case Study

In Hungary, the interest in CST goes back about 120 years, but significant changes have only
occurred in recent decades [73]. Birkas [74] divides the history of tillage in Hungary into seven eras.
Most of the cultivation procedures carried out in these eras had a negative, while others had a positive
effect on the quality of our soils [75,76].

Soil degradation in the multiple-plowing system was first observed by agricultural specialists.
Cserhati [77] stated that the main cause of the problem was the high number of cultivation operations
and the improper timing of soil cultivation. At the beginning of the 1900s, interest in Campbell’s ‘dry
farming’ soil cultivation system [78] grew, as soil cultivation caused difficulties in dry periods, so
many researchers dealt with dry farming [79,80]. Campbell’s disc enabled the abandonment of
plowing in stubble cultivation and the foundation cultivation of crops sown in autumn [81,82].
Gyarfas [80] suggested reducing the number of plowing and avoiding the repetition of autumn
plowing in the spring, while other authors recommended abandoning the plow, disc cultivation, and
the use of cultivators [81,83,84].

In the following decades, technological development, mechanization, and large-scale use of
fertilizers were typical in crop production. The era was characterized by farming and soil cultivation
that focused on crops and prioritized yield quantity. From the 1970s, the importance of energy-saving
tillage increased, together with the knowledge and acceptance of soil-protective tillage. In Hungary,
experiments with energy-saving, reduced number of tillage operations (reduced tillage), direct
seeding, and strip cultivation systems were conducted in several research sites where their
applicability and effectiveness were studied [85-89].

In recent decades, soil cultivation research has mostly focused on adapting to our changing,
increasingly hot and drier climate. Many researchers have proven that by abandoning plowing and
application of mulching, soil resistance is significantly reduced, soil compaction and moisture loss
can be reduced, thereby improving the soil’s water balance, slowing down the loss of organic carbon,
increasing its fertility, and thus making the soil less vulnerable to climate-related damages [74,90—
96]. Domonkos et al. [97] figured out higher microbial enzyme activity and higher humus content in
the case of the application of soil-protective cultivation than in the case of plowing.

Researchers from Karcag have shown on the compact soil typical of the Great Hungarian Plain
that, in the case of CST, the traction power requirement of the tillage equipment is only 35% of that
of plowing in the case of loosening the soil at the same depth as the plowing depth [98,99], while 42%
fuel savings can be achieved per hectare. The reduced tillage system can be considered moisture-
preserving, compared to the conventional one, soil compaction is reduced due to the lower number
of passes, the plow pan can be eliminated by loosening the soil deeper than the plowing depth, and
the level of compaction is lower due to the moisture-preserving mulch cultivation [100]. Mulch
cultivation creates a layer rich in organic matter close to the porous surface, which has an excellent
ability to absorb water, and at the same time, it reduces evaporation resulting in a favorable water
balance. Without plowing, even in droughty years and much wetter than the long-term average,
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resulting in better moisture conditions in the regularly cultivated layer, while the average yield of the
cultivated crops did not lag significantly behind the yields achieved in conventional cultivation [101].

There are no reliable, accurate, long-term data on the spread of soil-saving cultivation in
Hungary. In the 1990s, CST was carried out on 10-25% of the arable land in Hungary [102,103].
According to the currently available data, this area has decreased significantly [104].

During a survey conducted by the Institute of Agricultural Economy [105], 112 out of 656 farmers
answered that they practice CST. Almost a third of the farmers reported an increase in yields
attributable to soil-protective cultivation. About half of the respondents reported the profitability of
the technology, and 22.3% did not notice an improvement in profitability as a result of cultivation.
The cost per hectare slightly decreased on 44.6% of the farms and significantly decreased for 18.8%
of them. Nowadays, according to our experience, the number of farmers using CST in Hungary is
increasing slightly, but the number of farmers who know about these cultivation techniques is
increasing to a greater extent.

2.4. Slovakia Case Study

Environmental and Economic Challenges: Slovakia faces issues such as soil erosion [106,107],
decline in soil organic matter, and degradation of soil structure [108], making CST a critical topic. An
economic incentive to reduce input costs is a significant driving factor for adopting CST.

A comprehensive understanding of the impacts of ST and CST practices on agricultural systems’
fundamental soil physical, chemical and biological properties is critical for addressing long-term
sustainability. Researchers and practitioners can better tailor land management strategies to promote
soil resilience and fertility while mitigating erosion and degradation by evaluating how these
practices alter soil structure, compaction, infiltration rates, and chemical composition. This
knowledge is essential for implementing sustainable agricultural practices that balance productivity
with environmental conservation, as highlighted in numerous studies [109-113].

The suitability of soils for CST varies in Slovakia [114]. Spatial analysis of soil suitability was
essential for the environmentally and economically effective implementation of CST technologies in
Slovakia. Table 2 provides an overview of the distribution of arable land suitable for CST or reduced
technologies across different regions of Slovakia at the NUTS 2 and NUTS 3 levels in 2010 [115]. The
evaluation applied 7 Primary limits such as an altitude up to 350 m, annual precipitation up to 600
mm, annual air temperature over 8 °C, soil granularity — medium heavy soils — loamy and sandy-
loamy soils (25%-45% of clayey particles), topsoil depth of more than 0.3 meters, soil skeletally -
seldom appearance of 10 mm particles and soil steepness up to 12°. Additional limit parameters for
soil compactness (both uncompacted topsoil and subsoil layers), pH higher than 5.6, and humus
content of about 2.5 in topsoil were applied.

Table 2. Overview of Soils Suitable for the Application of Conservation (Minimal Tillage)
Technologies by NUTS 2 and NUTS 3 Regions in 2010.

NUTS 2 NUTS 3 Arable land ha?

Bratislava Region Bratislava Region 36,803
Bratislava Region Total 36,803

Western Slovakia Trnava Region 184,934
Trencin Region 34,522

Nitra Region 300,510

Western Slovakia Total 519,966

Central Slovakia Zilina Region 0

Banska Bystrica Region 64,903

Central Slovakia Total 64,903
Eastern Slovakia Presov Region 7,166
Kosice Region 64,682

Eastern Slovakia Total 71,848

NUTS 1 Slovakia

693,520
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NUTS 1 Slovakia Arable land 1,417,983

NUTS 1 Slovakia Total agricultural land 2,417,932
1 Source: The Soil Science and Conservation Research Institute, Bratislava (SSCRI) [116]. 2 NUTS 2 and
3: The geocode standard for referencing the administrative divisions of EU member states for

statistical purposes, adopted in 2003, developed and regulated by the European Union [115].

Of the total 1,417,983 hectares of arable land in Slovakia in 2010, 693,520 hectares were classified
as suitable for CST or minimal tillage technology. This represented 48.9% of the arable land and 28.7%
of the total agricultural land which includes permanent grasslands - 878,470 hectares, as well as
orchards, vineyards (permanent crops), and kitchen gardens -121,479 hectares.

The data highlights significant regional differences in the availability of arable land for minimal
tillage technologies. Western Slovakia, particularly the Nitra Region, has the largest share of arable
land with over 300,000 ha. In contrast, Central Slovakia, specifically the Zilina Region, shows no
availability of suitable land for minimal tillage in the dataset. Such discrepancies could be due to
natural factors like soil types, topography, and climatic conditions.

Western Slovakia, accounts for the majority of arable land suitable for CST, with a total of 519,966
ha. This represents a major agricultural center in the country, which may reflect the region’s more
favorable soil conditions, infrastructure, and historical importance in agricultural production.

In Central and Eastern Slovakia, the suitability for CST technologies is notably lower compared
to Western Slovakia. This can be attributed to several key factors that influence land use and the
adoption of agricultural practices in these areas.

Central Slovakia is characterized by more mountainous and hilly terrain and has limited arable
land. The region’s soil types are often less conducive to minimal tillage due to higher soil erosion
risk, shallow soil depth, and less fertile soils. In Eastern Slovakia, the soils are more variable, with
certain areas having heavier clay soils that can be difficult to manage with minimal tillage due to
compaction risks and drainage issues.

Further Spatial identification and soil quantification of soil corresponding to the given
parameters were processed based on informative layer extension of the soil-ecologic unit of Slovakia
in the geographic informative system of Soil Science and Conservation Research Institute (SSCRI) in
Bratislava [117].

Previous works were focused on the potential application of minimized technologies according
to agricultural production areas and regions [116,117]. To implement CST practices, precise
identification of locations where reduced tillage was applied was the next research step. Vilcek et al.
[118] categorized soils suitable for reduced or CST using data deposited in databases in the Soil
Science and Conservation Research Institute in Bratislava, Slovakia (SSCRI) regarding the properties
of agricultural soils available as separate vector layers in digital form. For reduced soil tillage, the
following soil properties were analyzed: soil texture, soil depth, slope, gravel content, and altitude.

The findings indicate that 25.3% of soils in Slovakia are suitable for reduced tillage technologies,
with 20.4% classified as highly suitable and 4.9% as moderately suitable, while 74.7% of soils are
unsuitable. This second assessment, compared to 2010, has a lower percentage share of soils. Among
the highly suitable soils, Chernozems [119] dominate, covering 47.6% of this category. In the group
of less suitable soils, Cutanic Luvisols are the most common, accounting for 41.7% of the area.

Widespread application of CST technologies presents opportunities for targeted research and
development. Improving soil management practices, adapting tillage techniques to local conditions,
and economic support for adopting CA could help expand sustainable practices in these regions.

In scientific literature and agricultural practice of Slovakia origin, the broader terms , minimum
tillage”, and more recently , reduced tillage”, have been commonly used. This terminology does not
necessarily consider the aspect of a minimum of 30% biomass cover or crop residues from preceding
crops. As also stated in the global literature, CST is often confused with no-till or variants of CST
described in vague terms, such as minimum tillage, mulch tillage, ridge tillage, strip tillage, and
reduced tillage, where planting is achieved on specially prepared surfaces with various amounts of
crop residue cover [120].


https://doi.org/10.20944/preprints202411.1996.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 November 2024 d0i:10.20944/preprints202411.1996.v1

10

To unify terminology in Slovakia, a proposal for precise terminology related to soil conservation
technologies was proposed by a team of authors from the Slovak University of Agriculture in Nitra
and the Research Institute of Plant Production (RIPP) in Piestany [121]. This proposal considers
relevant sources and standards including CTIC, KTBL, ASAE, ECAF, and others, [122-125]. The
following tillage practices were classified as soil conservation technologies: strip-till, ridge-till, and
reduced tillage, which involve maintaining 15-30% cover crop residues on the soil surface and tilling
the soil to a depth greater than 15 cm. Additionally, CST is defined as tillage to a depth of up to 15
cm with a minimum of 30% cover of crop residues on the soil surface. Organic matter incorporated
into the soil, up to a maximum depth of 5 cm, is also considered part of the crop residues.

The adoption of conservation technologies in Slovakia has evolved over the years, with data
from Eurostat (2010 and 2016) and recent estimates from the NPCC (2023) providing insights into this
trend (Figure 3).

Cumulative bar chart showing the adoption of conservation tillage and zero tillage across
Slovakia for the years 2010, 2016, and 2023. The most recent estimate from NPCC (2023) suggests a
continued upward trend, reflecting the importance of environmental sustainability in Slovak
agriculture. Despite these advancements, challenges remain regarding widespread adoption, with
factors such as farm size, economic viability, and regional variations playing a significant role in
determining the rate of technology adoption. CST adoption in different regions of Slovakia
(Bratislava, Western Slovakia, Central Slovakia, and Eastern Slovakia) for the years 2010, 2016, and
2023 highlights the growth, especially in Western Slovakia, while Bratislava Region shows a slight
decrease over time.

Total Conservation and Zero Tillage Adoption in Slovakia (2010, 2016, 2023)
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Figure 3. Conservation technologies adoption in Slovakia. Source: 2010 and 2016 Eurostat [126] and
2023 estimation of NPCC data [127].

Scientific Research Base, Dissemination, and Knowledge Transfer to Farming Practice: Scientific
research activities focused on CST and its environmental implications are carried out by 2 key
research institutions in the frame of the National Agricultural and Food Center (NPPC), a
contributory organization of the Ministry of Agriculture and Rural Development of the Slovak
Republic.

e la. The Research Institute of Plant Production (RIPP), an important entity within the National
Agricultural and Food Center (NPPC), serves as a leading center for agricultural research. It
focuses on investigating soil tillage practices and the agroecological dynamics of cropping
systems. A major component of its work includes conducting long-term field trials, with
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particular emphasis on CST methods and their impact on promoting sustainable agricultural
practices (RIPP- National Agricultural and Food Center [128].

e 1b. The Research Institute of Soil Science and Conservation (SSCRI) as a body of NPCC plays a
pivotal role in pedological, agricultural, and environmental research (Research Institute of Soil
Science and Soil Protection - National Agricultural and Food Center [129]. The institute is
responsible for conducting soil surveys and pedological research, and it manages the Register of
Slovak Soils, which is part of a comprehensive Soil Information System. SSCRI also administers
the publicly accessible soil and landscape information system, available through the Soil
Information Portal [130]. This platform provides farmers with spatial mapping data, enabling
them to identify soil blocks suitable for minimal tillage, thus supporting the application of
conservation tillage. The relevance of this information was previously highlighted by Vilcek et
al. [118].

Slovak University of Agriculture in Nitra (IZPI) has attained the position of one of Slovakia’s
leading universities. The university provides education in the field of agriculture and related research
areas such as Agrobiology, Sustainable agriculture, and Engineering of Agricultural Machinery and
Equipment. Research on CST systems is concentrated within some Institutes of the Faculty of
Agrobiology and Food Resources, as well as the Faculty of Engineering. This research is aimed at
developing innovative approaches to soil conservation, enhancing soil health, and improving the
sustainability of agricultural practices. The findings from these studies are regularly disseminated
through peer-reviewed scientific publications, contributing to the global body of knowledge on
sustainable soil management and CA (Slovak University of Agriculture in Nitra) [131].

Dissemination and Transfer of New Scientific Information into Farming Practice: The Agricultural
Knowledge and Innovation Institute in Nitra, a departmental educational institution under the
Ministry of Agriculture and Rural Development of the Slovak Republic, plays a key role in
disseminating scientific knowledge and innovations to the agricultural sector. It provides ongoing
vocational education and training aimed at enhancing the skills and competencies of farmers,
facilitating the practical application of cutting-edge agricultural research and technologies [132]. In
the CAP Strategic Plan 2023-2027 for Slovakia, there is no direct intervention under either Pillar I or
Pillar II to support CST practices [133]. However, under the conditionality framework —specifically
for maintaining soil in good agricultural and environmental condition—GAEC 5 (Management of
soil tillage to reduce the risk of soil degradation and erosion) mandates that farmers apply anti-
erosion agrotechnical measures on land at risk of water erosion, including considering slope
gradients. The suitability of applying soil conservation technologies, such as CST and no-till, is
identified within a corresponding digital GIS layer, accessible to farmers through the Soil Information
Portal [130], (see Figure 4).
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Suitability of soils for conservation tillage in Western Slovakia

7.10.2024 11:19:02 1:1155 581
Suitability for conservation tillage green - P ms % pm
very suitable, yellow - less suitable, red -
unsuitable

. enPPC-VIPOP
ENPPC-VUPOP, Ortofoto: EEUROSENSE 5.1.0, @GECDIS 5.10.

Figure 4. An example of GIS tool application in predictions of soil suitability for CST in Western
Slovakia.

State-supported research in Slovakia focuses on CST, addressing all aspects of agricultural
sustainability and the protection of natural resources. The primary driving force behind CST research
is the expansion of environmentally acceptable technologies, alongside efforts to mitigate and adapt
to climate change. The main reason for the commercial adoption of soil conservation technologies is
the economic advantage of CST over conventional methods, with environmental benefits often
viewed as secondary. Additionally, soil erosion prevention, as mandated by conditionality
requirements, is another key factor promoting the use of these technologies.

2.5. Czech Republic Case Study

The Czech Republic (CR) is a country located in the central part of Europe with an area of 78,887
km?. Its relief is moderately hilly, with most of the area (78.6%) lying at an elevation between 200 and
600 m a.s.l. Compared with other EU countries, the CR has a high percentage of arable land.
Agricultural lands cover 42,002 km?, which is approximately 53% of the total land area (arable land
42.2%), and forests cover 26,773 km?2, which is 34% of the total land area. The most abundant soil
types in the Czech farmlands are Cambisols, followed by Luvisols, Chernosols, Stagnosols, and
Fluvisols [134]. The most widespread crops in the CR are wheat, oilseed rape, and barley followed
by maize. The diversity of crops has decreased in the last 25 years [135]. In the long term, maize has
been the most problematic crop from the soil erosion perspective, with approximately one-half of
significant erosion events occurring on maize fields.

According to data from Eurostat [136] is typical that a relatively small number of farms account
for a substantial majority of the agricultural area. The average agricultural holding size of a farm in
the CR is 152 ha, which is by far the largest among the EU countries. However, soil degradation
results in lower soil fertility, soil and water contamination, loss of biodiversity, and changes in land
use [134]. Most of the soil-related degradation processes are in line with similar trends in Central
Europe. However, there are a few specific issues in the CR which are related mainly to the abrupt
changes in agricultural management in the second half of the twentieth century [137]. Former
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privately owned small arable parcels were merged into large soil blocks (through the process of
collectivization), small landscape features were removed and fertilization and crop production were
intensified [138]. A total of 43% of the arable land is on slopes ranging from 3 to 7°, and 10% of the
land is on slopes exceeding 7°. Roughly 60% of agricultural land is potentially threatened by some
form of water erosion. Currently, the maximum soil loss in the CR is estimated at approximately 21
million tons of topsoil per year, which can be expressed as an economic loss of at least CZK 4.3 billion
[139]. About 45% of agricultural land in the CR is potentially threatened by various degrees of wind
erosion. It is expected that climate change will bring a more frequent occurrence of weather extremes
such as floods and drought. For this reason, it is necessary to focus on the options for promoting
natural infiltration and water retention in soil. In the CR about 40% of agricultural land is at risk
through compaction.

The effect of tillage systems on soil particle translocation has also been studied [140]. Up to 16%
of arable land is negatively affected by the tillage operations, especially in the most fertile regions of
south and northeast Moravia [141].

Dostal et al. [142] identified the following dominant factors that have contributed to a dramatic
increase in soil erosion:

e large fields (on an average 20 ha, but there are even parcels of 200 ha),

e reduction of the dense network of linear features and spot elements in the landscape (such as
paths, grass belts, groves, ties, etc.) which could potentially prevent or reduce surface runoff,

e —extensive soil amelioration with the introduction of dense networks of tile drains, straightening
and deepening of streams,

e drainage of inundation areas, leading to more arable land but too lower water retention capacity
of the landscape,

e transformation of grasslands and pastures into arable areas in morphologically unfavorable
landscape areas (foothills, slope areas),

e usage of heavy machinery, which has resulted in soil compaction and reduced soil infiltration
capacity,

e planting of wide row crops with higher sensitivity to water erosion (e.g., maize, sunflower,
potatoes, sugar beet),

e adrasticreduction in organic matter inputs, due to reduced livestock production since the 1990s,

e increased application of mineral fertilizers since the 1970s,

e insufficient use of modern CST technologies, and a lack of political support for soil protective
cultivation of the land.

A decline in the soil organic matter (SOM) and the microbial biomass in the topsoil has been
considered a major agronomic and environmental problem, mainly due to its negative impact on soil
properties [143]. Several studies based on long-term monitoring of SOM on various soil types in the
Czech Republic indicate a lower current SOM content with worse qualitative parameters than
decades ago [144]. The SOM decline is attributed mainly to tillage, to the intensification of farming,
and reduced application of manure due to the reduced numbers of livestock. Bednat and Sarapatka
[145] showed high SOM losses on drained fields and parcels affected by water erosion.

Effective measures against soil erosion are well known and they have been increasingly applied
in many fields, especially in so-called areas at risk of erosion, according to legislation. The main policy
tools implemented by the Ministry of Agriculture are the standards of Good Agricultural and
Environmental Conditions (GAEC), which support agricultural management in compliance with
environmental protection [146]. Farmers and smallholders are motivated to take care of the soil. The
Ministry of Agriculture, together with the Research Institute for Soil and Water Conservation,
established, among others, a website [147] with up-to-date information, guidelines, and interactive
tools (an erosion calculator, soil maps, contaminated sites, etc.) [148]. Areas at risk of erosion have
been identified where CST techniques need to be applied depending on the crops grown (erosion
hazard crops). The set of anti-erosion measures includes organizational changes, such as proper crop
structure, and complex landscape consolidation. Leveling, field balks, and terracing are some of the
technical measures. Agrotechnical measures include contour tillage, soil conservation practices,
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conservation tillage, mulching, direct seeding, and other practices that are being implemented in
larger and larger areas. Conservation and minimum tillage technologies, which are based on the
principle of covering the soil with crop residues from previous crops or cover crop mulch, are the
main practices in the Czech Republic, while direct seeding is marginal. According to the requirements
of the legislation, these technologies mainly use multi-species mixtures of cover crops.

Nowadays growing cover crops mixtures is a more and more common farming practice. Strip-
tillage is a technology that has great potential in sustainable farming. Reduction of soil loss by erosion
using CST methods (strip-till technique - STT applied into rye stubble and direct sowing - DS) in
comparison with conventional tillage (CT, plowing) is documented by Mensik et al. [149] on Haplic
Luvisol in South Moravian Region. The mean production of the dry mass of silage maize (2016-2018)
was statistically higher in CT (20.4 t ha') compared with DS (15.8 t ha™). No statistical differences
were recorded in the ST. The average loss of soil caused by erosion (in three different growth stages)
was significantly lower in STT (0.40 t ha') and DS (0.13 t ha™) treatments in individual years in the
period 20162018 compared with CT treatment (2.96 t ha'). Also, Prochdzkova et al. [150] found a
decrease in the soil loss of about 98% in the strip-till of maize sowing into the tilled strip grass cover
(after herbicide desiccation) compared to conventional cultivation. Moreover, the surface run-off was
reduced by 79%. Brant et al. [151] observed lower splash erosion in maize when strip tillage in
combination with appropriate mulch was used in comparison to conventional full-surface soil
preparation before sowing. This experiment showed a 35.9% reduction of splash erosion in the
variant with autumn plowing followed by strip ryegrass cover (terminated by herbicide) and a 39.5%
reduction in the variant with autumn shallow noninversion tillage leaving cereals straw mulch.
Anyway, a variant with autumn plowing and soil covered by weed plants (terminated by herbicide)
showed 18.7% higher erosion than the control.

Particularly in research, attention has been paid in recent years to the technology of growing
maize with under-sowing crops. In field conditions, the use of establishing stands of different crop
species in the space between the rows of maize was verified using a multifunctional machine (inter-
row cultivation, under-sowing, application of liquid fertilizer, and band application of herbicides)
during the growth stage of 3—4 leaves. The positive effect of under-sowing crops in maize on soil
biological properties (pH, soil respiration, selected enzymatic activities, soil structure and water
aggregate stability) and the related improvement of the nutrient mineralization process was
demonstrated. The results of the maize cultivation practice with under-sowing crops showed a
favorable effect on the reduction of water erosion. Yields and forage quality of silage maize, found in
single-species and mixed under-sowing crops, were comparable to the variant without under-
sowing. The decrease in yield was more often recorded in those types of under-sowing or mixtures
with higher biomass production. In relative terms, the differences in yield were in units of
percentages (4-9%) compared to the variant without under-sowing. This technology enables the
targeted band application of the herbicide only in the maize row (58% of the area) within anti-drift
screens. Reducing the number of passes on the plot, targeted application of nitrogen to the soil and
reduction of herbicide usage are the environmental benefits of this technology.

For example, Kincl et al. [152] examined the soil-conservation effect of quite wide range of
intercrops in maize using rainfall simulator. The study held in the sugar beet growing region
documents effect of particular species (Lolium perenne L., Trifolium repens L., Vicia villosa Roth, Lolium
multiflorum Lam., Festuca arundinacea Schreb., Triticum aestivum L., Secale cereale L., Trifolium incarnatum
L., Phacelia tanacetifolia Benth., Vicia pannonica Crantz and Lupinus albus) and their mixtures on surface
runoff and infiltration in several growth stages of maize. Two months after sowing maize the best
anti-erosion effect was observed for grass intercrops. Clover species, cereals and mixtures showed
slightly worse results. About one month before the harvest of maize were the best anti-erosion effect
recorded for mixtures and grasses had the lowest effect.

Kroulik et al. [153] showed that the ground area percentage that is trafficked at least once in a
year is almost 90% for conventional tillage and 72% for CST. Controlled traffic farming with a fixed
track system, which has been introduced on many farms, reduces the trafficked area to nearly 30%.
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Contour farming is a prospective approach that is developed in some progressive agricultural
farms. The principle is to exploit the protective effect of specific crop types growing in strips (2040
m width). Narrow strips alternate between low-protection crops - such as root crops, maize, or rape
- and strips of high-protection crops - such as grassland, densely sown cereals, or legumes. It is
important to establish these strips in a direction that follows the contours [154].

2.6. Poland Case Study

In Polish agriculture, the traditional plowing tillage system dominates [155]. Some simplified
tillage technologies, as an alternative to expensive plowing tillage, appeared in Poland and other
countries of Central and Eastern Europe, as well as in Great Britain in the 1960s and 1970s. However,
until 2000 their importance was very small [156]. The most common simplifications involved
replacing plowing with loosening the soil, but without furrow turning. To carry out CST cultivators,
disc harrows, and sometimes active machines are used [65,73,157]. Crop cultivation using direct
sowing in the so-called zero tillage technology is also sometimes used. In this case, sowing is carried
out using a seeder equipped with disc colters, which allow cutting the soil surface to place the sown
seeds in it. Soil loosening in this system is shallow and covers no more than 25% of the field surface
[158].

Simplified soil tillage systems in the last few decades are becoming more and more popular in
Poland. In the 1990s, and especially in the 2000s, technologies covering the entire surface, plowless
cultivation, performed to a depth of 10 to 30 cm, gained importance. However, the plowing tillage
system is still dominant. It ensures good soil aeration, deeper coverage of weed seeds and forecrops
seeds, limiting the growth of perennial weeds and thorough coverage of natural and organic
fertilizers [159]. The plow system makes it possible to reduce the number and weight of weeds in
crops [160,161]. The problem with this system is the unfavorable impact on the content of organic
matter in the soil [162,163] and the high labor and cost intensity of tillage [164,165]. According to
Biatczyk et al., [164] elimination of plowing reduces about 20 dm? of diesel fuel consumption per 1
ha.

CST could help in the reduction of soil degradation [160]. This is related to the reduction of soil
aeration and, as a result, limiting the loss of organic matter. Moreover, the lack of turning the soil
over in CST systems results in crop biomass remaining on the soil surface, which contributes to the
protection of the soil from erosion [166]. Additional plant biomass is also introduced, which
contributes to improving the biological activity of the soil, which leads to an increase in its fertility
[167,168]. Currently, the most dynamically developing preservation system in Poland is strip tillage,
which, especially when performed simultaneously with the application of fertilizers and the sowing
of seeds, is more and more popular in the Country [169,170]. Strip tillage combines beneficial features
of deep loosening of the soil, typical of conventional cultivation with non-loosened interrows, as in
the no-till system [171]. This technology began to develop very intensively in Poland after 2010.
Initially, available strip-till units were very expensive and required high tractor power. These
aggregates were poorly adapted to the agrarian structure of Poland, which is dominated by small
farms, with an area of 10-15 ha, equipped mainly with low-power tractors. Due to the great diversity
of farms in terms of arable land area, the offer of strip tillage aggregates was significantly expanded
in the years 2015-2023. Currently, 15 manufacturers offer strip tillage units at prices ranging from
30,000 to 200,000 euros, with a working width from 2.1 to 6.0 m and a tractor power requirement from
75 to 25 kW [172]. In addition, there are companies providing services to farmers in the field of tillage
and sowing using strip-till technology [169]. Therefore, even the smallest farms can use this tillage
technology.

A significant number of strip-till aggregates available in Poland offer the possibility of
cultivating crops using strip-till one-pass technology, enabling tillage, fertilizer application and seed
sowing in one pass through the field [165]. In other cases, it is possible to achieve the same goal by
combining the aggregate with a seeder. This is especially justified in the cultivation of crops with low
seeding density, grown in wide row spacing, the seeds of which are sown with precision seed drills.
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An important element of conservation farming systems is covering at least 30% of the soil surface
with crop biomass in the form of post-harvest residues [157,173]. Numerous field studies have
demonstrated many benefits resulting from the use of CST. They are concerned not only with the
reduction of fuel consumption but above all the beneficial impact of this technology on the content
of organic matter in the soil and its physical and biological properties [162,170,174,175].

The biomass of catch crops is also used as an important element of CST to mulch the soil surface.
It has a beneficial effect on the activity of soil enzymes and the content of mineral nitrogen [176] and
other available macronutrients in the arable layer [174,175,177]. Legumes (fodder peas, vetch,
serradella) are particularly useful for cultivation in stubble catch crops intended for green manure,
as they contribute large amounts of nitrogen to the soil, and their biomass undergoes rapid
mineralization in the soil [178]. As a result, they have a beneficial effect on the yield of crops grown
in the following year [175].

3. Farmer’s relation to Conservation Soil Tillage

In farmers’ perspectives of Conservation soil tillage, there a two completely opposite sides, and
they can be paraphrased as follows:

- ,Conservation soil tillage is a new technique or technology and sounds like a novelty created by
someone (usually scientists), provided by the government to bother farmers and complicate the
process of crop production”, or opposite

- ,Conservation soil tillage is not a new technique or technology, and its application can help my
farm, my financials, and the environment”.

However, the reality is usually somewhere in the middle, with different variations of
understanding, rejecting, or accepting CST concepts.

Across the observed countries we found different opinions among farmers about their
experiences with CST. Also, we found similar concerns occurred among the farmers qualified as
,beginners” (irrespective of the size of the estate) regarding the transition from conventional tillage
(ST) to CST. Since the basic prerequisite for CST is the omission of plowing, this concept is at the same
time repulsive to some farmers. Based on more than twenty years of experience working with
farmers, we have selected, and listed below, the most frequently asked questions of
beneficiaries/users about CST, and they reflected the personal experience of the authors:

e  What is the basic difference between Conservation Agriculture and Conservation Tillage?

e  On which types of soil CST can be implemented?

e  What types of tools are allowed in the CST system?

e Which crops can be grown in the CST system?

¢  What is the minimum, maximum and optimal coverage of the soil surface with crop residues in
CST?

e Does the CST system allow the use of plowing if the soil surface is mulched afterward?

e  How many years should pass in the CST system to re-plow the soil?

e  What is the allowed (minimum, maximum, optimal) depth of tillage in the CST system?

e  Can CST be applied for just one year, or must it be carried out continuously?

e  What is the simplest way to measure/estimate the coverage (amount) of crop residues on the soil
surface in the CST system?

e How important is it to finely chop crop residues, and does it affect the quality of CST
performance?

e  How to apply mineral fertilizers in the CST system?

. How to ,deal” with an excessive amount of crop residues on the soil surface (can the crop
residues be burned) in the CST system?

e  What yields can be expected in a CST system?

e  How are other agronomic practices (protection, fertilization, irrigation) carried out in the CST
system?

¢ And maybe the most frequent questions: what are the risks, benefits, and support?

Also, we found and noted some a priori and without previous experience in applications of CST,
,statements/conclusions” from farmers, and the most memorable are listed below:
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e  Agriculture without plowing actually is not agriculture!

e My soil type* is not suitable for application of CST (*soil texture, field on a slope or in a hilly
region, dry region, or region with precipitation in surplus)!

¢  Only plowing can accumulate enough moisture in the soil — not the CST system!

e  There is no efficient system of mineral fertilizer application in the CST system!

e  High and stable yields can only be achieved by plowing!

In addition to the negative qualification of CST, some real potential challenges may arise, but
they primarily arise from subjective reasons (insufficient understanding of the breeding system). The
following problems are commonly cited as disadvantages:
¢ Inadequate and expensive machinery/tools, primarily seed drills,

e Difficulties in handling a large amount of crop residues on the soil surface,

e  Problems with the application of mineral and organic fertilizers at higher depths, especially in a
direct seeding/planting system,

¢ Increased soil compaction,

e  Poorer root development,

e Insufficiently effective crop protection from weeds, diseases, and pests,

e Increased surface accumulation of nutrients (primarily phosphorus and potassium),

e  Challenges in implementing ameliorative measures for soil conditioning (e.g., liming),

e Lower soil temperature (in spring, it may delay sowing/planting),

e  Slower soil drying (due to cover from crop residues on the soil surface).

These challenges highlight the importance of adapting management practices and technologies
to effectively harness the benefits of conservation agriculture while mitigating its potential
disadvantages.

Among the farmers qualified as experienced in the application of CST, the situation is
completely different, and the majority of identified statements were in accordance with the following
sentence ,,...once the CST system is accepted, we don’t want to go back to ST (plowing)...”. These
farmers seek answers on how to improve and upgrade the existing/applied CST system. However, it
is very important to conclude that most of these farmers started using different CST techniques by
themselves and in most cases without any financial support from the state.

4. Conclusions

A review and comparison of tillage practices between the observed European countries show
quite large differences, starting from historical assumptions to the present day. The idea of CST is a
quality one, and it can prevail many negative aspects and/or consequences of anthropogenic (e.g.,
plowing, burning crop residues, trafficking, etc.) and/or natural influences (climate change, drought
and wet waves, etc.). CST is not perfect, but represents a quality platform that can offer a sustainable
approach to crop production, including socio-economic, technical, organizational, and other aspects.
Farmers more and more recognizing its positivity and advantage in crop production. CST practices
are a promising way to stop additional soil degradation, improve soil health and reduce negative
environmental impacts. However, there are many challenges to the adoption of these practices. These
challenges include the need for new technologies, the need for education and training, and the need
for financial incentives. However, there are still many open questions related to CST adoption and
implementation. Question: how to ensure further strengthening of farmers’ commitment to accept
CST? need to be addressed and shared between the three-angle stakeholders: Government — Scientists
— Farmers.

...and that is the only way for success.
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