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Abstract: Building on the agri-environment framework in Central and Eastern Europe, the article
emphasizes the role and the use of the agri-environment in provision of different ecosystem services.
It shows that relevant conservation measures with regard to ameliorating soil degradation contribute
to the existence of sustainable land systems. In our study, we (i) identified what the soil water
aggregate means, (ii) reviewed how agri-environment schemes (AES) function to support soil water
requirements, and (iii) how appropriate soils are identified with regard to the implementation of
soil conservation under the agri-environment. Empirical data were surveyed to assess AES as the
pivotal subsidy in four countries: the Czech Republic, Hungary, Poland, and Slovakia. Quantitative
data were assessed to contribute to evidence on and the expenditure effect of the measures. This
review found that AES schemes in arable land systems implement several approaches such as cover
crops and the reversion of arable land systems to grassland. The costs of AE measures reflect the
costs of the particular agri-environmental practice and its constraints on commercial performance
by the farmer. The AES budget analysis showed that subsidization moderately increased over the
2000–2020 time frame. However, the magnitude of the AES budget is still largely overshadowed by
generic subsidies at farm level.

Keywords: soil; water; arable farming; grasslands; ecosystem services; carbon storage

1. Introduction

Europe is a densely populated region that employs agri-environmental measures to
conserve soil water. The political science surrounding the European agri-environment,
in the vein of Cooper and Prager, has so far generalized the issue of soil conservation
to understand and negotiate stakeholders’ route into policy. Soil scientists examine the
framework of ecosystem services [1] while social scientists neglect the soil water issue [2].
In our study we focused on soil water parameters constituting a key topic explored for the
sake of improving knowledge on ecosystem services shared by ecologists, land managers
and conservationists.

The role of the agri-environment was amply emphasized in the implementation of
conservation measures to ameliorate soil degradation [3,4]. Thereby, agri-environment
conservation intervenes in farm practice.

Soil water is the key factor in a plethora of soil science problems. Soil is not extrinsic
to water. Soil water is therefore the basic aggregate for a functioning land system. For
example, soil water determines terrestrial carbon stocks [5], notwithstanding the carbon
stock of Central and Eastern Europe [1], thereby affecting changes in the role of organic
matter within carbon storage. In this way, soil water affects ecosystem services wherewith
crops co-exist with soil carbon [6]; in doing so, soil water affects how crops influence soil
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carbon storage in topographically diverse terrains. Through such ecosystem services, the
soil water capacity interacts with soil organic matter [7], thereby enhancing the resilience
of agriculture [8], namely in the periods of iterative droughts. Therefore, at the EU level,
soil carbon storage is increasingly emphasized as the basic ecosystem service associated
with land systems [9]. However, for measurements of soil carbon storage to be meaningful,
sufficient experimental times must be set as needed to determine both terrestrial carbon
stocks and water retention measurements [6]. In the research on which we report, the
effects and effectiveness of agri-environment policies are assessed at the level of land
systems, rather than at field or plot levels. This means that conceptual policy discussion
is a process whereby one should be precise about the kind of policy to be developed.
Therefore, this study identifies the agri-environment policy targets relevant to the ecosystem
services encompassing soil water and soil organic matter and carbon storage. Sustainable
outputs were for a long time negotiated to become targets, and the acceptance of soil water
targets on the regional, vis-a-vis the EU, scale is important in the context of achieving
climate-proof farm management. Pinpointing such regional problems with respect to soil
water is critical for ecosystem services from land systems, hence a preliminary step in
conceptual policy discussion [10].

The objective of this study is to re-assess the agri-environment policy as the key
framework. The emphasis is on the array of agri-environment measures dealing with the
ecosystem services. That is, the interaction between the requirements regarding soil carbon
storage and soil water. We will (i) identify what the term ‘soil water aggregate’ means,
(ii) how agri-environment schemes function to support soil water requirements, and
(iii) how appropriate soils are identified regarding the implementation of soil conservation
under agri-environment.

The task outlined is rather broad, as it has evolved in a way which is not amenable to
experiment. Therefore, the empirical data survey was designed so that we would analyze
four programs of European countries, focusing on Central and Eastern Europe. We analyze
empirical agri-environment schemes that were implemented regarding ecosystem services
pertinent to soil water. Finally, we evaluate how monitoring and verification should be
parameterized to use the agri-environment experience to bring together evidence regarding
ecosystem services relating to soil water and soil carbon storage (i.e., with respect to
potential soil carbon schemes in regions where soil carbon schemes are yet to kick off).

2. Methods and Data

This study is a survey encompassing comprehensive literature reviews next to em-
pirical data. The survey methods were designed in this way to be able to deliver relevant
conclusions for the scientific community. The literature reviews were designed to apply the
science database search. The evidence encompassed academic articles, reports, and public-
level data archives. The keywords applied in the search were, alongside agri-environment
schemes, soil water, soil organic matter, soil carbon, ecosystem services, cost, benefits, and
effectiveness. In identifying the documents for reviews, we proceeded to include relevant
evidence in the right moment. We surveyed 78 articles and source items, of these 31 were
written by authors from Central and Eastern Europe or were the sources that covered this
study area in more specific detail. Most sources deal with the topic more generally and do
not focus on any specific part of Europe. Still, our reviews were designed to be relevant
to the science and policy outputs we can interpret in foreign languages, hence largely the
European bioclimatic, pedological, and environmental conditions.

The empirical data that is included in the survey is primarily based on analysis of
agri-environment schemes (AES) included in the Rural Development Programme (RDP)
documents that address the study area, i.e., the four countries that are accounted for. Apart
from the Czech Rural Development Programme that was analyzed in the native language
and the Hungarian Rural Development Programme that was analyzed in the precise En-
glish version, the rest of the countries (Slovakia and Poland) was analyzed in the respective
foreign languages. The second leading source of the data was the Local Data Bank of
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the Central Statistical Office of the selected member states (CSO: Prague, Czech Republic;
Warsaw, Poland; Budapest, Hungary; and Bratislava, Slovakia) and the Agency for Restruc-
turing and Modernization of Agriculture (ARMA: Prague, Czech Republic; Warsaw, Poland;
Budapest, Hungary; and Bratislava, Slovakia). The quantitative data regarding agricultural
area per farm were sourced from the Eurostat country files, whilst the financial data were
based on our own library construed from the fifteen-year-long documentation of the annual
rural development budget by the European Commission. The simplified cost-effectiveness
was modelled for two concrete agri-environment schemes. These were chosen because they
were most frequently cited in literature regarding effects for soil water and soil organic
matter. For illustration’s sake, the cost-effectiveness of these agri-environment schemes has
been accounted in two countries only (Czech Republic and Poland); for these schemes, the
data referring to subsidization level (cost and subsidy per hectare) was gleaned from the
annual reports by the official authorities of the Ministry of Agriculture and the Ministry of
Agriculture and Rural Development.

3. Literature Reviews
3.1. Soil Water Aggregate

Unsustainable outputs by agriculture affect soils [11]. Therefore, soil water parameters
were studied in our investigation not only because of the correlation with ecosystem services
including soil carbon storage and cycling, but also because the overall soil characteristics
influence sustainable production from agricultural land systems.

Abundant research has been devoted to ecosystem services from holistic land systems.
Research also abounds with respect to broad brush estimates of the way in which soil water
interacts with terrestrial soil carbon storage in land systems. By summarizing the very
different estimates of soil carbon storage regarding the different farm, soil, and climate
conditions of Europe’s agriculture, Nowicki states that the carbon storage capacity of
grasslands supersedes the carbon storage capacity of arable soils [12]. Still, it is just as
important (i) to minimize adverse changes of land cover to retain precious grasslands with
carbon stocks as it is (ii) to tune up soil practice on arable soils so as to avoid carbon oxide
(CO2) emissions from soils. Adequate land management and farm practices are pertinent to
soil health in land systems [13]. Table 1 presents an overview of the changes in land cover
with adverse effects on soil carbon storage in the EU. Still, the monitoring of ecosystem
services, e.g., the monitoring and verification of soil carbon storage and changes in it, such
monitoring relating to the question of how land systems change in adverse ways and how
the soil practice in agriculture is responsible for such changes as such, is in an incipient
phase. Notwithstanding the challenges facing monitoring and verification methods, several
studies have dealt with the topic and will be discussed in Section 5. Research also abounds
with respect to the pertinence of measures to compensate ecosystem services, for example,
publicly funded agri-environment measures to be carried out by farmers in efforts to avoid
adverse changes in land systems, i.e., measures for retaining soil water through appropriate
conservation (Borrelli et al., 2016; de Nocker et al., 2013; EEA 2012 and 2013 [14–17] ). In
addition, there have been many investigations regarding the interaction of soil water with
carbon flux between soils and the atmosphere [14–23].

Table 1. Adverse Land cover changes in EU agriculture from 1990–2000.

Conversion Area (ha)

Pasture to arable land 657,916
Forest to arable land 17,540

Forest to permanent crop 5936
Wetland to arable land 3225

Pasture to permanent crop 2378
Wetland to permanent crop 34

Source: Nowicki et al., 2009 [10].
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When water shortages occur, changes in soil water capacities result in increases in
soil degradation because of oxidation and mineralization rates, with effects on soil carbon
cycling and therefore on soil fertility and on how soil organic matter stores nutrients. Addi-
tionally, soil water is responsible for soil structure and the natural carbon fluxes between
soils and the atmosphere [24]. The decrease in soil water is observable in reporting on
adverse changes to land use systems (Table 1), both from systems with deep ecosystem
services, e.g., a better holding capacity (grassland) and from shallow ecosystem services,
i.e., worse water holding capacity (arable soils). The priorities for addressing soil water
capacities vary considerably from place to place, even between different fields on the same
farm. Central and Eastern Europe is increasingly exposed to adverse meteorological condi-
tions [25,26]. Soil water capacity is a determining factor regarding establishing adequate
soil tillage technology for reducing surface water runoff [27]. Soil water is conserved by a
plethora of farm level measures, e.g., the return of arable land systems to grasslands [28–32].
Finally, the soil water concept is a determining factor in the complex calculations of soil car-
bon contents [33], it is relevant to state guidance on targets regarding small water retention
up to specific deadlines [34]; and is a pre-requisite for ameliorating water deficits [35].

Soil water capacities and priorities can therefore be identified and articulated on a
range of different scales [12]. Thus, soil water capacities are an essential property of soils.
In science they are considered as useful parameters, although they are overshadowed by
the focus on soil carbon storage in land systems. The estimation of soil organic carbon
content in agricultural soil is based on measurements derived from plot samples, whilst
soil organic matter and soil organic carbon are assessed in further detail by means of a
conversion factor (Table 2).

Table 2. Soil organic matter levels in arable soils.

Member State
Soil Organic Matter Levels

Mean Value (g/kg) Total Contents in Arable Soils (Mtonnes)

Austria 28.9 262.1
Czech Republic 19.6 220.2

Germany 29.4 1335.8
Hungary 20.3 288.1
Poland 22.6 961.1

Slovakia 22.1 109.2
Source: Context Indicator CCI41, 2016. Note: four of the countries of Central and Eastern Europe are further
studied in our investigation, Germany and Austria are annotated for the sake of comparison.

3.2. Identifying the Soils Relevant to the Agri-Environment

Whilst setting up any policy to conserve soils at farm level through implementation of
the agri-environment, the prioritizing of soils is needed. Setting soil area priorities enables
one to understand which soils require conservation and which levels of conservation via
agri-environment implementation are adequate for the respective land use systems. One
aspect is to preserve carbon-rich soils, with a focus on conserving healthy soils. Just as
important is the focus to avoid further depletion of arable soils already low in soil carbon
and soil water capacities. In sum, there is a dual focus on identifying soil areas. This has
been matched with three broad approaches adopted by member states [36]. These include
the following: wall-to-wall mapping based on legacy data at local and regional levels; the
identification of land with certain characteristics (e.g., topographical factors regarding land
use adequate for hilly terrains); and farm level soil assessments. Primarily, good tools
for identifying priority soils at the regional level are maps and soil inventories structured
on legacy data, as documented in Figure 1a (for the potential loss of soil organic matter
levels) and Figure 1b (for potential risks to soil organic matter levels from erosion by water).
Research documents the complexity of the structure of indicators regarding soil organic
matter levels [37], via wall-to-wall mapping at local and regional levels.
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Figure 1. (a) Example of the Czech Republic’s approach to the field-scale mapping of the potential
loss of soil organic matter levels. Gradient: dark grey—no potential risk; yellow—moderate potential
risk; red—greatest potential risk. (b) Example of the Czech Republic ‘s approach to the field-scale
mapping of risk regarding soil organic matter levels because of erosion effects. Gradient: green,
yellow—no potential erodibility; pink—moderate erodibility; red—severe erodibility. Source: Portál
farmáře—Nový iLPIS, Sitewell s.r.o., 2010.

The other approach to identifying appropriate soils is the approach used in England
and Germany, i.e., via farm-level assessment. The exercise proposed the following steps:
farmers identify and annotate the problems (current and potential) with their soil; they
assess and annotate soil degradation risks on their land; they select and implement ap-
propriate measures from the government-regulated menu of conservation measures to
prevent and/or remediate any problems; they review soils and measures each year as
appropriate. Such a demanding approach was not implemented by Central–East European
countries who identify soil areas for conservation by referring mainly to maps in the iLPIS
tool and to topographical criteria common to the all the country, considering the diversity
of topographical conditions.

3.3. Agri-Environment
3.3.1. Agri-Environment Schemes for Conserving Soil Water

The agri-environment encompasses schemes (AESs) that are traditionally understood
at farm level as components of such voluntary practices that reduce or eliminate adverse ef-
fects of land use. Although the classic benefit is biodiversity, the secondary effect is to main-
tain existing soil carbon stocks [4], while also reducing soil carbon emissions. The practice
amounts to conservation which is feasible for the farmer and able to meet basic require-
ments [38], this helps to achieve proportionate outcomes for ecosystem services, e.g., soil
water requirements.

Table 1 documents how widespread the practices are that adversely affect soil water
properties in agricultural management. At the same time, the table outlines the possibility
of returning arable land to forest and grassland. Indeed, the return of arable land systems
to grassland is a basic and largely applicable agri-environment scheme to enhance soil
water capacity with the effect of enlarging the carbon storage capacity of soils. The return
of arable land systems to grassland appears amongst significant measures regarded as
determining factors in the adoption of adequate management practices [39]. Over the years,
many have doubted the effectiveness of agri-environment measures (AES) for maintaining
or improving biodiversity [40,41]. Yet, in the long-term, soil scientists emphasize the
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effectiveness of agri-environment practice for soil conservation [42], e.g., a return from
arable land systems to grassland. In doing so, research has shown in detail for each country
where it is applicable how soil conservation underpins the ecosystem services of soil carbon
storage within agricultural land systems.

Agri-environment schemes (AES) are generally designed in the same way in each coun-
try, i.e., the actions are prescribed rather than voluntary. The actions are compared with the
statutory agri-environment standard and farmers may enroll in voluntary agri-environment
schemes based on incentives to conserve soil water and thereby obtain an agri-environment
premium. Conservationists have raised doubts about whether financial incentives are ap-
propriate levers in the case of farmers [3]. The novel carbon schemes, in contrast, fully rely
on financial stimuli, as discussed in Section 3.3.2. Still the classic agri-environment relies
on the fact that advising and training has a role at local and regional levels. This means
that with regard to soil water conservation in each country, advising and training has to
start from common methodological principles as well as differences in national surveys;
thus, there are limitations in carrying out direct inter-country comparisons on absolute
levels of soil water. The differences between how soil carbon is conserved, how carbon
oxide emissions are avoided in arable land and grassland management, and how soil water
conservation practice changes under different land uses as well as information on how
these practices have changed between surveys, however, can be used to estimate changes
in soil water with respect to basic standards, on the one hand, and future land use change
at the country level.

Because AES measures must surpass, within the same kinds of conditions, basic standards
relating to soil vegetation cover, the retention of terraces, standards for crop rotation and
carbon content, permanent grassland, buffer strips, and the retention of landscape features,
AES measures must be additional and proportionate to standards.

The bespoken structural feature, regarding the fact of the agri-environment being more
demanding than basic standards, is woven into the rigorous protocols of the ecosystem
services provided for soils by the agri-environment [3,4,38,43]. In this complex way, the
agri-environment has linkage to a smaller territory than the basic standards associated with
soil carbon [41].

3.3.2. Effects of the Agri-Environment in Developing Carbon Schemes

It is the national and regional administrator who technically devises the array of
agri-environment measures to combat soil and water pressures on water resources. By
comparison, carbon farming schemes represent either a market-based business strategy, or a
community-driven mechanism, e.g., the community-driven mechanism for conserving soil
carbon cycling in European soils [42] and a successful community project for conserving
the environmental benefits of Irish turloughs, see [44]. Carbon farming schemes will be
potentially implemented based on scheme protocols, developed by the carbon conservation
community in practice (at local and national levels). In contrast to the publicly financed
agri-environment, carbon farming schemes are not yet widely operational in Central and
Eastern Europe. Compared with Northern and Western Europe, where carbon farming
schemes represent a booming trend [9], Central and Eastern Europe is still building up
the blueprint. These incipient carbon schemes will feasibly deploy the agri-environment
experience to construct a community carbon fund depending on the scheme sponsors
of leverage funds. The result of implementing the carbon scheme at farm level, in con-
trast to the agri-environment—whereby implementation at farm-level result is based on
subsidy—is that the carbon conservation scheme supports soil water and soil biogeochem-
ical and hydrological cycles, this for the economic and educational benefit of the farmer.
The effect is measured at once by conservationists and stakeholders. Farm auditors are
allowed to evaluate the stringency of protocols, to differentiate successful from unsuccess-
ful schemes. The auditors will inspect the measured outcome of soil water conservation
at farm level to award a certain number of carbon credits, and within the scheme remit,
farmers will be able to use the credits obtained for soil conservation as an ecosystem service.
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The credits are used in order both to promote enhanced soil carbon sequestration and
to avoid the adverse effects of agriculture and deleterious consequences for soil water
associated with conventional commercial practice. Scheme implementation thus involves
stringent protocols, rigorous accounting for the specific soil ecosystem service via farm-
level carbon credits in a carbon scheme, in contrast to the simple counting of hectares in the
agri-environment. The similarity between agri-environment and carbon farming schemes
is the establishment of monitoring and verification procedures regarding outcomes. The
arguable prerequisite of a carbon scheme, in contrast to the statutory agri-environment, is
the implementation of stringent protocols for the monitoring and verification of soils [45].
Notable is that the science for measuring soil carbon storage exists, yet the monitoring
and verification procedures for such schemes have not yet been fully realized. Monitoring
and verification, including the measurement of soil carbon contents, which will follow
international measurements is proving problematic for soil science. It is only with the use
of monitoring and verification procedures applicable to assessing farm performance, within
agri-environment schemes (AES) focused on farm-level soil conservation as well as soil
organic carbon sequestration, that efforts to implement any new carbon farming scheme on
a contractual basis are feasible.

3.3.3. Agri-Environment Dependency on Basic Standards

How to quantify the relationship between measures and standards is not a straight-
forward discussion. This discussion focuses on statistical documents, official documents
and articles closely related to the investigated issue. Our study is strategically positioned
to focus on Central European rural areas, notably in the Czech Republic (in comparison
to Poland, Hungary, and Slovakia). It aims at continually analyzing AES principles, their
implementation, and minimum outcomes for soil water, carbon storage, and associated
ecosystem services from the point of view of the agri-environment indicators.

The basic standards refer to maintaining land in a good agricultural and environmental
condition [14]. Three topics with six genera of basic standards focus on soil water protection [14],
for example, with respect to soil vegetation cover, the retention of terraces, standards for
crop rotation and carbon content, permanent grassland, buffer strips, and the retention
of landscape features. The dynamic of negotiating the standard reference line therefore
also affects the way soil water targets are built upon within the measures that are more
advanced (and voluntary for farmers; OECD 2012), i.e., the agri-environment schemes
(AES) focusing on soil water targets including soil carbon storage and water retention.
The farm-level adoption of soil conservation measures may thus be either a result of the
autonomous decision of the farmer [46], a result of enforcement of basic standards, a re-
sult of advice and financial stimuli by the agri-environment schemes (as per Regulation
EU 1782/2003), or, in the future, the advice and business strategies of carbon farming schemes.

The effect in the Czech Republic is that the agri-environment relates to only 14.2% of
the agricultural area, as far as soil protection is concerned, and 21.5%, where water protec-
tion is concerned. This is within the range of the one-tenth to almost one-quarter of the
total agricultural area at the EU level that is devoted to more demanding conservation re-
garding soil water and soil carbon storage, such that is implemented via agri-environment
policy. The practice mainly involves reversion of arable soils to grasslands; the imple-
mentation covers crops, winter crops, and spring crops; under sowing; organic farming;
and extensification (such as technologies to reduce water erosion). The agri-environment
measure was introduced as a component of state aid for farmers; the initial budget was
especially aimed to support extensively farmed landscapes in 1997 (in the Czech Republic).
Consequently, the agri-environment measures are implemented to date under EU funds.
Still, it is an essential long-term project to induce land managers into following a more
demanding environmentally friendly practice when such practice must go beyond basic
standards, e.g., with respect to soil vegetation cover, the retention of terraces, standards for
crop rotation and carbon content, permanent grassland, buffer strips, and the retention of
landscape features. One of the stable agri-environment schemes, the illustrative example of
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returning arable land systems to grasslands, is based on, and goes beyond the standard for
soil carbon and crop rotations.

3.4. Soil Water Targets

European agricultural policies are guided by multiple objectives within the policy
cycle, of which a pivotal objective is the provision of public environmental goods [47].
Cooper and Prager go to great length to explain how to finetune ecosystem services, the
bespoken goods, within AES conservation at farm level. The points are that AES implemen-
tation is relevant to farm management, payment schemes are incentives, and the farmers
receive sufficient advice on AES aspiration as well as implementation. This flexibility
should not morally compromise the targets, which are set to maintain natural resource
pathways in the EU. In particular, regarding a water quality policy pathway, the policy
target is to achieve a good status regarding nitrate use in surface and underground water
(European Commission 2010). The role of nitrate filtration by soils is key. A complementary
policy undertaking is to promote the sustainable use of water and to mitigate the effect of
droughts (Communication on Water Scarcity and Droughts). There is no formal EU target
for the policy regarding the retention of soil water (European Commission 2021 [9]). The
reason is that the proposed Soil Framework Directive, in negotiation from 2007 to 2011,
was not approved by EU Member State leaders (although the directive was accepted by
the European Parliament and was supported by Eastern and Central European countries,
according to the seminal work by Trnka et al., 2009 and 2011 [48,49]. Therefore, only the
Soil Thematic Strategy is relevant to research data collection and the preparation of actions,
including soil carbon maps and tools and soil water research actions. The complete direc-
tive itself did not make its way through the negotiating agenda at the EU level [36,50] until
the recent adoption of the 2030 Soil Strategy. The lack of binding targets based on a unified
soil directive has become all the more salient given that the meteorological conditions with
effects on soil moisture (e.g., temperature as shown in Figure 2) in Central and Eastern
Europe have evolved to the detriment of soil status.
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Opponents of the soil directive were against EU intervention into the area of farm-
level soil conservation per se. Such intervention was viewed as political interference to
influence the outcomes of national government elections. The opponents judged that only
farmers have the right to assess what are sufficient or insufficient soil carbon levels. The
veto came despite the obvious fact that the EU Soil Framework directive was a modern
tool, delegating most decisions about soil-related targets to the presumed actors of the
Member State. Soil water protection targets, derived from soil water research at EU level,
must hence be negotiated according to the Soil Thematic Strategy at local, regional, and
supra-regional levels.

The targets affect how ambitious the local and regional actors are in establishing
basic (and compulsory) standards (Section 3.3.3) and, further, how aspirational the agri-
environment schemes (AES) focusing on soil water retention and soil carbon cycling are
(Section 4). Starting from the agri-environment policy work by [40,51] (Cooper 2006 and
2009) and [43] (Prager 2008), Trnka et al. [48] also alerted to the importance of achieving
several elements of soil water targets (a water quality pathway, the effect on drought
management, nitrate use and the soil water conservation pathway). These targets had to be
considered in AES for such schemes to be credible regarding the provision of environmental
public goods by rural development programs after 2020.

4. Empirical Data Survey with Regard to Soil Water Measures Implemented under the
Agri-Environment
4.1. AES Formula

Taking up the above topic, we were motivated by the need to summarize how AES
measures are technically composed at national or regional levels to suit aspects of soil
carbon storage relevant to the biophysical, bioclimatic, agronomic, and adaptive conditions
at local–regional levels. These governance levels epitomize the policy area of which AES
is a part (Figure 2). In addition, repercussions for biodiversity are dealt with in such
a way [38]. Regarding the AES measures relevant to soil water retention, the formula
must consider the practice done by the farmer. The empirical data of the four member
states were sourced from and the Rural Development Programmes (RDPs) by the Czech
Republic, Hungary, Poland, and Slovakia from 2014–2020. The second leading source of
the data was the Local Data Bank of the Central Statistical Office of the selected member
states (CSO: Prague, Czech Republic; Warsaw, Poland; Budapest, Hungary; and Bratislava,
Slovakia) and the Agency for Restructuring and Modernization of Agriculture (ARMA:
Prague, Czech Republic; Warsaw, Poland; Budapest, Hungary and Bratislava, Slovakia).
The obtained data from the RDPs, ARMA, and CSO on soil conservation topic based
on standards/number of associated agri-environment measures; soil vegetation cover,
standards for crop rotation and carbon content, permanent grassland, establishing buffer
strips, and retention of landscape features, as shown by Table 3.
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Table 3. Agri-environment schemes focusing on soil water and soil carbon sequestration according to
the basic soil standards.

Soil Conservation Topic Based on Standards
/Number of Associated Agri-Environment Measures

Soil Vegetation Cover
Standards for Crop
Rotation and Carbon
Content

Permanent
Grassland

Establishing
Buffer Strips

Retention of
Landscape Features

Number 12 13 24 6 3

Czech
Republic

Sustainable land
management:
Cover crop undersowing;
reversion of arable to
grassland; reversion of
bare field waterways to
grassland D/4

Sustainable land
management: Cover crop
undersowing; reversion
of arable to grassland;
reversion of bare field
waterways to grassland.
Environmental practice:
integrated production;
organic farming D/4; R/1

Extensive grassland
management:
Meadow
conservation
Pasture conservation
R/9

Sustainable land
management:
Reversion of arable to
grassland alongside
the water course D/2

0

Poland

Soil and Water protection:
cover crop undersoing;
winter cover crop; spring
cover crop.
Sustainable farming: cover
crop requirement in
nitrate vulnerable
zones D/4

Soil and Water protection:
cover crop undersowing;
winter cover crop; spring
cover crop.
Sustainable farming: limits
on the use of nitrate
fertilizer in nitrate
vulnerable zones and
alongside watercourses;
organic farming D/3; R/1

Extensive farming,
especially in
Natura 2000 R/7

Sustainable farming:
Buffer strips—2 m
alongside water
courses, 5 m
alongside
watercourse; 2 m
in-field, 5 m
edge-of-field W/4

Soil and water
protection:
maintenance of
landscape feature
requirement W/1

Hungary

Arable schemes:
Erosion measures—water
Erosion measures -wind
Agrotechnical
technologies D/3

Arable schemes:
Soil conservation and
crop rotation within
integrated farming
Soil conservation and
crop rotation within
organic farming
D/2; R/2

Grassland schemes:
Extensive grassland
management
Establishment of
grassland on arable
soils R/1

0

Wetland schemes:
Reversion of arable
soils into
wetlands W/1

Slovakia
Sustainable farming:
Reversion of arable to
grasslands D/1

Sustainable farming:
Integrated production
Organic farming
Protection from
erosion—arable
Protection from
erosion—vineyards
Protection from
erosion—orchards
D/4; R/1

Grassland schemes:
Extensive farming,
especially in Natura
2000—7 variants R/7

0

Landscape schemes:
Maintenance of
landscape feature
requirement W/1

Note: Focus on soil topics identified for ecosystem services: R—protection of sequestered carbon; D—protection
of soils at risk of carbon depletion; W—protection of soil areas identified as storing soil water capacity.
Source: own analysis of the 2014–2020 Rural Development Programmes by the Czech Republic, Hungary,
Poland and Slovakia.

The empirical data of four member states document the prevalence of the following:
reversion of arable soils to grasslands; the implementation cover crops, winter crops and
spring crops; under sowing; organic farming; and extensification (such as technologies to
reduce water erosion), as shown by Table 3. Each one of these standards is broadly seen
as a land-system management standard. Each one of these standards is a basic condition
for implementing agri-environmental conservation. Because AES measures must surpass,
within the same kinds of conditions, these basic standards, the linkage of AES measures to
standards is not a straightforward discussion. A robust governance framework is indis-
pensable for setting out the payment formula to balance the forgone income component
and the costs accrued because of the farmer’s implementation of the measure. The formula
is the same from one country to the next [52]. This equality saves money and costs and
avoids the risk of implementing vastly divergent measures in the absence of an EU frame-
work. The finance comes from Pillar 2 of the common agricultural policy (CAP) aiming to
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support land-based measures for rural development. EU finance is founded in tandem with
national co-financing.

4.2. AES Implementation with Regard to Soil Water Measures

Table 3 offers an overview of how AES is implemented in the Czech Republic, Poland,
Hungary, and Slovakia. We surveyed empirical data on these four countries. For instance,
the Czech Republic’s agri-environment implements conservation measures linked to soil
water retention targeting (a) arable land systems (whereby the deficits in soil conservation
are salient) and (b) grasslands (whereby soil conservation supports carbon characteristics).

AES in arable land systems implements cover crops, and the reversion of arable land
systems to grassland. Reduced tillage is part and parcel of organic farming schemes;
experimental data from the field show that the soil water capacity of arable land systems
is dependent on the kind of tillage (depth, subsoiling, and shallow) and that there is an
approximate correlation between the soil water indicator, soil organic matter levels, and the
“cation”, i.e., soil carbon storage [53]. For most arable AES schemes, the result of enhancing
the soil status of plausibly depleted arable soils is yet to be measured. The measurement
needs to be based on climate-proof monitoring and verification systems, as well as directly
on rigorous soil indicators (Janků et al., 2022; Zizala nd. [37,54]), such as the indicator of
soil water retention and the indicator of carbon sequestration.

Moreover, AES in grasslands is focused no less profoundly on the soil water agenda.
Grassland AES declare biodiversity as the primary objective. Still, soil conservation by
means of extensive grassland schemes is traditionally achieved based on environmentally
and economically beneficial outcomes for soil organic matter levels [55]. This means that the
result would be supported if it was measured by climate-proof monitoring and verification
systems, directly on the basis of rigorous soil indicators, such as soil water retention and
carbon sequestration.

4.3. AES Costs and Benefits

The costs of AES measures reflect the costs of the particular agri-environment practice,
and hence the value of the respective ecosystem service. With regard to soil water retention
in arable systems the practice encompasses the reversion of arable soils to grasslands;
implementing cover crops, winter crops and spring crops; undersowing; organic farming
and extensification (such as technologies to reduce water erosion). Agri-environment
schemes have so far implemented soil carbon maintenance via reduced and zero tillage
only within organic farming schemes in the four countries. Further, as a form of payment
for ecosystem services, the agri-environment encompasses subsidies referring to constraints
on commercial performance by the farmer.

Costs of AES measures in general encompass three items: expenditure (e.g., reading
the guidance, keeping records, and sometimes investment in inputs, such as seeds for the
reversion of arable to grassland); revenue forgone (e.g., grassland is a form of unproductive
set-aside); and costs saved. Overall costs amount to the AES budget of each individual
country. Table 4 presents the AES budget for the four countries in Central and Eastern
Europe analyzed in Section 4.1. Figure 3 shows the temporal unfolding of the AES budget
at the EU level, in comparison with the total costs of the common agricultural policy in the
2000–2014 time frame. The figure clearly demonstrates the increase in the subsidization of
European agriculture after the accession of Central and Eastern Europe, associated with the
increase in the AES budget, hence AES moderately increases costs to the taxpayer. Further-
more, the visual shows how tiny the AE budget is in the data on subsidies for farmers. The
effectiveness of these subsidies was not easy to verify, although the preliminary assessment
of cost-effectiveness is detailed in Table 5. The simplified modelling of effectiveness was
carried out for only two agri-environment schemes in two of the four countries. For the
Czech Republic, the cost-effectiveness is documented in the example of AES buffers and
AES reversion of arable to grassland. For Poland the effectiveness is detailed by using of
the example of agri-environment buffers and cover crops. However, there should be no
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false claims on the preferability of scrapping the AE budget because of unproven effects on
soil and water, given how large the overall subsidies with feasibly deleterious effects on
soil water and soil carbon sequestration are.

Table 4. Member state allocation to agri-environment measures, 2007–2013 (Mio Euro).

Overall Budget (Mio Euro) Agricultural Area (ha) Unit Budget (Euro ha−1)

CZ 841.0 3,491,470 240.97

HU 873.9 4,656,520 187.53

PL 1853.0 14,409,870 128.59

SK 248.0 1,901,610 130.52
Source: own compilation based on [47] European Commission 2015. Note: The unit budget has been calculated and
indicates the relative weight of agri-environment subsidies in the country, overall, and per hectare of agricultural
area. It does not show farm-level payments.
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Table 5. Cost effectiveness of AES in two member states.

Cost EUR/Farm Average Area
per Farm

Baseline Cost
EUR/ha

Farm Subsidy (a)

Eur/ha
Baseline Share of
Farm Subsidy (%)

AES Cost
EUR/ha

AES Multiple of
Farm Subsidy

CZ Buffers 2660–5320 133 20–40 198 10–20 337 1.7
CZ Reversion of

arable to
grassland

5600–8960 280 20–32 198 10–16 413 2.1

PL Buffers 220–440 11 20–40 179 8–15 337 1.9
PL Cover crops 320–464 8 40–58 179 8–15 104 0.6

Source: Agra facts 2019. Note (a): includes basic payment and ecological supplement.
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To implement AES correctly, costs at the farm level matter because farmers’ role in the
provision of ecosystem services implies extra costs and/or income forgone. Thus, according
to [38] (Cooper et al., 2009), farmers need to be incentivized to pursue certain farming
practices in order to maintain landscape features and restore and maintain the management
of natural resources such as water and soils. In other words, the AES budget reflects the
fact that society has to purchase what amounts to a reallocation of resources to underpin
the provision of public goods. The idea pushes us to revisit the sphere of carbon schemes.

4.4. Remaining Questions with Regard to AES Costs and Benefits

In Europe, the basic triad of costs (expenditure, revenue forgone, and costs saved)
was occasionally enhanced with the term opportunity cost. For example, the opportunity
to shift part of the CAP with the effect of displacing part of the arable schemes budget
towards the agroecology budget was emphasized by recent research [56]. The authors
claim that such farms that implement agroecology already did contribute to providing
quality food, employment, and public goods [56]. Whereas van de Ploeg et al., emphasize
all of these broader ecosystem services and goals, we focus on soil water and soil carbon
storage from AES conservation. According to van de Ploeg’s account, how will the cost
be distributed? This is key in a very crucial way. Should the existing AES help farmers
not only with soil and water outputs but also stimulate food production? Or could AES
intervene at all if there is a “wholly unsatisfactory situation for EU taxpayers’ money” [56]?
Or should such effective AES reversion to grassland on all farms be paid for only on organic
farms, according to de Ploeg, when implemented for the sake of certified food quality?
Should the CAP budget pay more for this AES? Or should funding of the reversion to
grassland on all farms be decreased? One could reason that its effectiveness (44%) is still
lacking (vis-a-vis the ideal of 100%) and, thus, that all remaining soil conservation measures
with more variable effects on different farms with all kinds of soils should receive greater
funding. It remains unclear whether greater funding is a task to be assigned again to
common agricultural policy, in van der Ploeg’s concept, or if we have gone to the limit
where the carbon funding schemes should bear the brunt of funding.

5. Discussion and Conclusions

Our study surveyed data on the meaning of soil water aggregate; the ways in which
agri-environment schemes function to support soil water requirements, and how appro-
priate soils are identified with regard to the implementation of soil conservation under
agri-environment. This means that covered in some detail soil conservation regarding soil
water and soil carbon storage and cycling via the implementation of agri-environment
schemes (AES). Empirical data were surveyed for the prioritization of soil related agri-
environment schemes in 4 countries in Central and Eastern Europe. Although the array
of soil conservation measures includes several options for arable land systems as well as
grasslands, we focused on the schemes most emphasized by each of the countries studied
with regard to soil water and soil organic carbon, i.e., the reversion of arable land systems
to grassland and the buffer strips. The AES budget analysis showed that subsidization
moderately increased over the 2000–2020 time frame, the increase probably resulting from
the accession of Central and Eastern Europe countries. However, the magnitude of the AES
budget is still largely overshadowed by generic subsidies at farm level. We assessed the
AES cost-effectiveness, referring to two specific measures (reversion of arable to grassland
and buffers). It was found that effectiveness can be expressed as the ratio of the baseline
share of farm subsidy (%) as the minimum value and as the ratio of the AES multiple of
farm subsidy as the maximum value. Our research echoes the finding on the effectiveness
of agri-environment schemes [57]. The research assessed the AES results for soil water
and soil organic matter at the level of agricultural sector in Europe. Although the overall
evidence was variable, it suggests that agri-environment measures delivered soil water and
soil organic matter benefits in improved grasslands and intensive croplands. There are a
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number of examples of agri-environment schemes that have been successful in maintaining
soils of semi-natural grasslands, mountain grasslands and over-grazed pastures.

Whereas other researchers focused rural development on regional dissimilarities [58],
and sustainable water management locally [59], we heeded the advice by Kastner et al. [60]
with regard to the imperative of globalization. Therefore, we aimed to support the field
by emphasizing soil conservation with regard to soil carbon sequestration under the agri-
environmental (AES) policy funded from European rural development.

Our study concurs with the knowledge that adverse maintenance of agricultural land,
with the effect of worsening soil erosion, also means a greater potential loss of soil organic
matter (Vávra et al., 2019 [61]). Soil conservation hence affects ecosystem services [62] and
soil water and soil carbon storage [63]. However, we argue that it is urgently necessary to
develop accurate and climate-proof soil organic carbon indicators that need to be plausibly
implemented into the monitoring and verification of agri-environment schemes. We need to
know precisely to what degree AES conservation is successful. It is not enough to prepare
result-based schemes to enable farmers to count rare flowering plants on their land as a
counter value for their payment [64]. Implementing rigorous methods and climate-proof
soil indicators is necessary for ecologists, conservationists, and administrators to be able to
run AES focusing on the maintenance and enhancement of soil organic matter levels.

The topic of the effectiveness of agri-environment schemes with regard to implement-
ing ecosystem services such as soil water and soil carbon conservation is a mainstay of the
literature. We analyzed the finding that the reversion of arable land systems to grassland is
44% effective, one of the best outcomes with respect to the effectiveness of soil conservation
measures at the farm level [65]. Despite this, research cannot effectively resolve the tension
between financial stimuli for farmers involved in the implementation of ecosystem services,
and the societal respect for farming based on yield, crop appearance, and livestock.

Historically, the cost of soil conservation is a subject that has been vigorously assessed
at global level [66–69]. The authors performed invaluable analysis to understand the
cost barrier to implementing soil conservation at farm level. Still, the current demand is
more for elaborating local and regional indicators.

How to overcome the tension between collaborative approaches to implementing the
agri-environment, which has been assessed many times by social science, remains a key
issue for further research. Feasibly it is going to affect any carbon scheme implemented in
European conditions (stressed by British ecologists and conservationists [3,4], alongside a
Dutch conservationist constituency) and farmer-led approaches (Krupek et al., 2022 [70]).
Collaborative approaches must inevitably involve the theory of planned behavior, the
effects of which were doubted by skeptical sociologists (Wauters et al., 2010 [71]); therefore,
we ask why would it turn out differently for carbon schemes than for the agri-environment?
Is there any difference for the farmer facing the theory of planned behavior when the
scheme is funded by the state (agri-environment) and when it is funded by private–public
carbon funds? Whilst Europe at large has had the chance to study collaborative approaches
for operational carbon farming schemes, the Central and Eastern Europe region is building
up an incipient carbon scheme that may provide a preliminary answer.

The agri-environment policy has evolved over the thirty years of its implementation
in EU rural development programs in a way that farmers are accustomed to soil con-
servation requirements, procedures, and stimuli. Rounsewell et al., 2004 [23] notes the
importance of implementing cover crops and the reversion of arable land systems to grass-
land through AES policy; Moran reports the carbon effectiveness of such measures. Our
research documents the prevalence of agri-environment schemes for soil conservation via
the implementation of cover crops, winter crops and spring crops; undersowing; organic
farming; and extensification within arable and grassland schemes. Others pinpointed the
smart distribution of land as a helpful approach (Kadlec et al. [72]) to support carbon
sequestration. Yet research lacks perfect blueprints to implement soil science expertise in
local schemes under sponsored carbon funds. This qualifies the policy to be used for novel
modes of implementing soil science. The purpose is to stimulate farmers to participate
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in new carbon schemes and carbon trade, certifications, and environmental footprinting
(Dabkiene et al., 2021 [73]).

Employment in Central and Eastern Europe agriculture is reported by Debicki et al. [69]
with a relevancy for soils. The World Bank reports on employment in agriculture in a com-
parable format. Poland and Hungary are countries with prevailing agriculture (25% and
4.61% of the workforce), Czech Republic and Slovakia report only 3.46% and 5.77%. From
the figures, it is plausible to suggest that agri-environment schemes (AES), by implementing
sustainable soil carbon practice, may be attractive for more qualified young farm employees.
Therefore, we concur with the finding by the European Parliament (2016 [74]) that the CAP
has a role in improving rural jobs.

One should be cautious, though, about indiscriminate community pressure on farmers,
propagating soil sequestration practices in arable land systems. Research noted cases
when compensatory and adverse land system conversion (see Table 1) has happened
elsewhere [75,76]. This kind of adverse change should be avoided in the construction of
carbon schemes.

In the current agendas, we heeded the shift from the earlier focus of AES studies (such
as experimental measurements on the effect of regular applications of organic vs. synthetic
fertilizers) to the current focus on the soil water and soil carbon cycling aspects relating
to the current land sparing and land sharing approaches to optimizing agriculture [77,78].
Still, it was feasible to concur with researchers who explored soil conservation practices in
an identical selection of Central and Eastern Europe countries [79]. The similarity lies in
the fact that conservation optimized soil quality and soil organic matter, although we differ
from Larramendy et al. [79] in that our survey did not directly examine experimental plots.

Whereas our study focuses on agri-environment schemes relevant to soil water and
soil carbon cycling, elsewhere in Central and Eastern Europe, agri-environment has been
understood largely as biodiversity protection [80,81]. The authors emphasize that a concep-
tually designed scheme may have more functions (e.g., schemes supporting the reversion
of arable land-system to grasslands work for soils and work for water) but tailoring and
targeting the primary focus is the key. With our local data gathered empirically, it was
feasible to subscribe to [82] in stating that European agricultural policy, at large, should be
more and more tailored to the careful management of soil carbon.

For instance, soil conservation through a more demanding agri-environment is, in
Europe, typically paired with flat payments to disadvantaged territories. The evolving sup-
port in the policy cycle was starting in 2015 and demonstrated a positive trend. An increase
in finance has been identified with regard to stabilizing the available rural development
budget for the policy priority “Restoring, preserving and enhancing agroecosystems” [83].
There has been a marginal strengthening from just over one-half of the overall budget (as
regards 2007–2013) to around 66% (regarding 2014 and beyond).

In conclusion, the goal of our investigation was to re-assess the soil ecosystem services
provided by agri-environment policy as the key framework. An emphasis was on the
suite of agri-environment measures focusing on the interaction between the requirements
regarding soil carbon storage and soil water. The agri-environment implements farming
practices which increase organic matter inputs to the soil and reduce soil disturbance.
Existing schemes in Central and Eastern Europe emphasize the reversion of arable soils to
grasslands; the implementation cover crops, winter crops and spring crops; undersowing;
organic farming; and extensification (such as technologies to reduce water erosion). The
schemes that were demonstrated with regard to cost-effectiveness are the reversion of arable
soils to grassland and the buffers. The schemes have yet to include soil carbon maintenance
via reduced and zero tillage. However, state-funded agri-environment schemes have so
far only partially been able to prompt sustainable practice associated with ecosystem
services for soils, alongside the primary commitment of agri-environment schemes aimed
at biodiversity. Farmers of Central and Eastern Europe are accustomed to the tailored and
targeted agri-environment schemes aiming to conserve soils, soil water and soil organic
matter levels. Such schemes were established from the beginning of the implementation
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of the agri-environment in the region. The CAP rural development programs from 2023
(i.e., “CAP Strategic Plans”) onward will mobilize on the basis of this policy experience.
In doing so, the implementation of agri-environment schemes will feasibly contribute to
ecosystem services summarized by the Soil Thematic Strategy. Still, the recent evolution
with respect to prompting farmers towards participation in carbon farming schemes,
implemented as business strategies in contrast to the agri-environment, is in its incipient
phases. Carbon farming schemes depend on the implementation of soil science. Science
should strengthen the elaboration of rigorous monitoring and verification protocols, in
order to document the soil benefits of such schemes. Such a task is important and is yet to
be the focus of efforts made by relevant stakeholders. The agri-environment offers a partial
basis from which to start.
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