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ABSTRACT

Soil degradation continues to be of the major threats for sustainable development and
human well-being. Despite the advances in research, there is still a gap between
research and effective conservation. To fill this gap, a change is needed in the paradigm
of soil conservation research. Therefore, this paper aims to: (i) introduce the concept of
Eco-Holistic- Soil Conservation (EHSC) to support the Sustainable Development Goals,
(ii) present a framework for the implementation of EHSC, and (iii) show practical
examples and recommendations of EHSC. The theory behind the concept of EHSC builds
on a critical review of the main causes for success or failure of previous conservation
projects and evaluation of latest holistic concepts and visions on conservation of soils
and socio-ecosystems. The key principles underlying EHSC are: 1) perception of soils as
living-systems, 2) holistic ecosystem approach, 3) central role of soil conservation for
climate change mitigation and adaptation, and 4) ethical behavior in soil use.
Implementation of EHSC requires a transdisciplinary approach involving a range of
actions in three iterative phases: 1) diagnosis of the causes and processes of land
degradation and the socio-economic context, 2) integrated assessment of the
interactions and synergies between the factors and actors involved and the selection of
EHSC actions, and 3) participatory evaluation and monitoring of impacts. Successful
conservation requires more research on the resilience and adaptation of soils to climate
change, integrated economic valuations of soil conservation, and protection of native
peoples right to land in international legislation.

Keywords: soil health-holistic approach-soil living system-climate change adaptation-
soil ethics-land stewardship, participatory monitoring.



1. Introduction

Soil degradation has been a key factor in the collapse of various civilizations
throughout history (e.g. Diamond, 2005; Minami, 2009; Lal, 2015a). Many parts of the
world have witnessed severe deterioration of land and soils in the last century which is
globally ongoing due to unsustainable land use, deforestations and climate change.
About 23% of the globe’s terrestrial area is already degraded and the estimated current
rate of arable land loss due to land degradation is 30 to 35 times the historical rate
(UNCCD, 2012). Latest estimates indicate that land degradation negatively affects the
well-being of least 3.2 billion people world-wide (IPBES, 2018). The challenge of land
degradation is particularly important in developing countries and has potential strong
links with conflict and population migration (McLeman, 2017). It is estimated that land
degradation costs the global economy between 18-20 trillion USD annually (UNCCD,
2019). Being aware of these challenges, the United Nations have given priority to
combating land degradation and aims at achieving Land Degradation Neutrality (LDN)
by 2030 as reflected in Sustainable Development Goal 15.3 that focuses on the
achievement of LDN by introducing land management practices that prevent the loss of
healthy land and maintain or improve the land’s productivity (SDSN, 2015). Moreover,
soil conservation contributes directly and indirectly to achieving multiple other
Sustainable Development Goals (SDGs), such as SDG 1 (no poverty), SDG 2 (zero hunger),
and SDG 6 (clean water and sanitation) by maintaining or improving the lands
productivity and its positive effects on water management. Soil conservation also has
strong potential to contribute to climate change adaptation and mitigation (SDG 13:
climate action) and to SDG 15 (life on land) through emission reductions, carbon
sequestration, ecosystem restoration and biodiversity protection (Bouma, 2019).

Despite advances in scientific knowledge and extensive local knowledge regarding
soil conservation, soil degradation continues and soil conservation programs do often
not reach expectations (Bouma, 2019). Social awareness that we stand at a critical
moment in Earth's history when humanity must choose its future is increasing (Earth
Charter Commission, 2000). Effective design and implementation of land degradation
prevention, mitigation and restoration programs to protect our natural, economic, and
social capital requires transdisciplinary collaboration between environmental and social
scientists, representatives from civil society organisations, sustainable business
initiatives, and local, regional and national policy makers (Bouma, 2014; Sanz et al.,
2017).

Most of the present soil conservation approaches are mainly focused on the
prevention of soil erosion and soil fertility losses and a huge number of scientific articles
is published annually on soil erosion (Dazzi and Lo Papa, 2019), often neglecting the
many other critical roles soils play in natural and agricultural socio-ecosystems (Engel,
2009; Bouma, 2019). Likewise, there is an increasing awareness regarding the close
linkages between soil degradation and food security, loss of biodiversity, reduction of
environmental security, destabilization of societies, poverty and conflict (Keesstra et al.,
2016), as is also evident from the previously mentioned central role of soils in the
Sustainable Development Goals (Bouma, 2019). To deal with these concerns, we need a
shift in the approach towards soil conservation to support sustainability of global socio-
ecosystems.



Due to the close connection between soil and climate, through the carbon, nitrogen,
and hydrological cycles, the changes in climate will affect soil processes and properties
and vice versa (FAQ, 2002; Alvaro-Fuentes et al., 2012; Albaladejo et al., 2013; Lal, 2018).
Large impacts from climate change on physical, chemical and biological soil properties
are expected in many areas due to rising temperatures and changing precipitation
regimes that will affect microbiological communities and turnover rates. Increased
frequency of extreme precipitation is expected to lead to higher erosion rates (Eekhout
et al., 2018). Rising temperatures and soil degradation will increase GHG emissions from
soil fluxes, potentially accelerating climate change (Conant et al., 2011; Curtin et al,,
2012; Garcia-Franco et al., 2015a). On the other hand, soil conservation practices
provide a unique opportunity to mitigate climate change by decreasing GHG emission
and increasing carbon sequestration from the atmosphere into vegetation, soils and
sediments (Garcia Franco et al., 2015b; Lal, 2016; Almagro et al., 2016; Sanz et al., 2017).

Soil degradation occurs through a set of physical and biochemical processes which,
generally, are caused by human actions and socioeconomic, political and cultural direct
and indirect drivers. The lack of consideration of socioeconomic and cultural conditions
has often resulted in little acceptance of soil conservation measures by farmers and
other land-users and low interest from governments, stakeholders and society in
general (Montanarella and Panagos, 2015; Mozzato et al., 2018). While it is important
to understand biophysical and biochemical processes of soil degradation, it is also vital
to understand the socioeconomic and cultural drivers and potential barriers for
adoption of conservation measures (Dumanski, 2015, Sanz et al., 2017)..

Advocates of soil conservation often isolated the values of land care from other
great questions of global ethics such as poverty, human rights, and military conflict. As
Pope Francis (2015) claimed, we must “speak the language of fraternity and beauty in
our relationship with the world..., if we feel intimately united with the environment then
sobriety and care will well up spontaneously”. If the land is not treated with respect and
affection, an ethical relationship with the land cannot be established, and we will not
have a truly living relationship with the land (Minami, 2009). The global implementation
of ethical principles in soil conservation, instead of using natural capital merely for
economic interest, seems of paramount importance for preventing land degradation
and achieving social justice and peace.

This paper aims to demonstrate why and how an eco-holistic approach, integrating
biophysical, social, political, cultural and ethical factors is fundamental to identify
effective conservation options to achieve LDN and support multiple SDGs. We define
Eco-Holistic Soil Conservation (EHSC) as the “sustainable and ethical protection and
stewardship of the soil and its interactions with other living organisms and with their
physical and social surroundings, to support ecosystem functioning and human well-
being for present and future generations”. The purpose of this study is to: (i) highlight
key principles of EHSC, (ii) present a framework for the implementation of EHSC, and (iii)
show practical examples and recommendations for application of EHSC to achieve LDN
and multiple SDGs.

2. Methods



This study is based on a critical review of published literature and the authors own
expertise obtained during more than three decades working in soil science, to identify
research gaps, advance the research agenda and implementation of effective soil
conservation programs. A selection of relevant literature from the past decades (>1950)
was made to identify and assess: (i) the main causes for the success or failure of previous
conservation projects, (ii) the new concepts on soil and its environmental services, and
(iii) the emerging holistic ideas on global conservation of socio-ecosystems. In our
literature search we used various bibliographic databases (WoS, Scopus and Google
Scholar) and a wide range of combinations of search terms (i.e. success/failure in
soil/land conservation, soil conservation approach, land degradation control, soil living-
system, soil health, soil and global change, economics of soil conservation, soil and
ecosystem approach, soil and ecosystem services, soil policy, soil stewardship, soil
conservation and land tenure, land rights, soil ethic). To make a selection of relevant
literature we further searched the reference list of selected articles and publications and
reports of international institutions and organizations involved in sustainable land
management (i.e. UNCCD, CBD, UNFCCC, IPCC, IPBES, SPI, FAO, GEF, NRC, European
Commission-DG XlI, EASAC, GTZ, IUCN, Cambridge Conservation initiative, Institute for
Human Rights and Business). Assessment of all these literature sources formed the basis
for the identification of main causes for success and failure of past soil conservation
programs and for development of the concept and practical implementation guidelines
of Eco-Holistic Soil Conservation.

3. Success and failure in soil conservation projects

Numerous authors claim that successful conservation projects should relate to the
three pillars of sustainability, including ecological, economic, and social goals (Brooks et
al., 2012). Consequently, the planned achievements should not focus exclusively on the
conservation of natural resources or agricultural productivity, but must also pursue
improved livelihoods and well-being for local communities. To increase the chances of
successful design and implementation of soil conservation measures, a combination of
local and scientific knowledge is needed (e.g. Reed et al., 2011). Our review highlights
three main reasons that explain the failure of previous soil conservation initiatives: 1)
improper design, 2) lack of social and political awareness, and 3) lack of adaptation of
soil conservation measures to global change.

3.1. Improper design or implementation of conservation measures

3.1.1. Frequently, soil scientists have addressed soil conservation from an
individualistic and reductionist soil perspective, taking into account only
those characteristics that gives it its fertility and agricultural productivity,
but ignoring the interactions of the soil with other components of the
socio-ecosystem, mainly biodiversity and humans (Bouma, 2014;
Montanarella and Panagos, 2015). Soil science should provide the core
for understanding soils and their central role in ecosystems services
provision. In the last decades, many studies simplistically characterized
soils by a single parameter (texture, bulk density, % organic carbon)
rather than characterizing the whole soil body. Soil scientists should
move away from reductionist or overly simplistic approaches by



considering the entire soil profile according to the main soil classification
systems (e.g. WRB for soil resources, Soil Taxonomy), which consider all
the soil properties required to know its behavior under different
conditions and to better prevent degradation. Likewise, soil scientists
should pay more attention to promoting people's well-being and
livelihoods through integrated studies and greater interaction with land
users and social reality.

3.1.2. Neglecting the socioeconomic and cultural context. Increasingly,
researchers, and people from different sectors of society, urge for the
integration of socioeconomic and cultural issues in soil conservation and
sustainable land management. Stocking and Murnaghan (2001) reported
that although land degradation is a physical and biochemical process, its
underlying causes are firmly rooted in the socio-economic, political and
cultural environment in which land users operate. Doran (2002) stated
the “vital importance of soil is related to the environment, society, and
economics”. Pope Franciscus (2015) claimed that “People are part of
nature, included in it and thus in constant interaction with it”. Indeed, it
is essential to seek comprehensive solutions of soil conservation that
consider the interactions between natural and social systems.

3.1.3. Non-involvement of local communities. Involvement of farmers and
other land users from the early stages and throughout the design,
implementation and monitoring of soil conservation projects is likely to
foster acceptance and large scale adoption (de Vente et al., 2016). Nana-
Sinkam (1995) also concluded that the key to successful implementation
of soil conservation is participation, commitment and cooperation
among all participants in the development of conservation strategies.
Measures implemented by authorities through top-down approaches will
not succeed if they are not understood and supported by the local
community (Nana-Sinkam, 1995).

3.1.4. Lack of implementation and enforcement of a policy for the protection of
land-user rights. The lack of an effective soil policy that guarantees long
term land rights and a legal way to land tenure after land improvements
following conservation measures is a main cause of failure of soil
conservation projects (FAO, 2002; Weigelt et al., 2012; Ginzky et al.,
2016).

3.1.5. Commitment to adopt an ethical soil use, dealing with local and/or global
pressures and conflicts such as poverty, migration, and land rights. Soil is
a finite common resource that provides livelihoods and well-being for
humans and support the functioning of global ecosystems. The
sustainability of the soil requires joint responsible and integrated
stewardship by all individuals using or managing soil (FAO, 2015).

3.2.  Lack of social and political awareness

The importance of soil protection for sustainable development has often failed to
attract attention of policymakers and society at large (Bouma, 2001; Robinson et al.,



2012). There is generally a limited social awareness that soil is vulnerable, that its
capacity to produce goods and services is finite and can be drastically reduced by
unsuitable use and management. There are also clear political barriers for
implementation of an effective soil conservation policy. A clear example of this is the
failure of the European Soil Thematic Strategy, due to the veto of some countries to the
elaboration of the Soil Directive and to assign to the soil a legislation similar to that of
other components of the biosphere such as air, water or biodiversity.

3.3. Lack of adaptation to global change

Climate change and changes in the use and management of soil and vegetation
strongly affect soil degradation (Lal, 2015b). There are multiple interactions between
soil conservation and climate change. Climate change has direct and indirect effects on
the soil health and its capacity to produce goods and services and, likewise, the soil has
an intrinsic capacity to act as a source or sink of GHG (IPCC, 2001). The impact of climate
change on the occurrence and intensification of natural hazards (droughts, floods,
landslides) depend at least in part on soil health (Gelybéd et al., 2018, Eekhout and de
Vente, 2019).

4. Key principals for Eco-Holistic Soil Conservation

This paragraph presents the key principals for Eco-Holistic Soil Conservation (EHSC)
consisting of: 1) the perception of soils as living systems, 2) holistic, participatory
ecosystem approach to soil conservation to achieve LDN and support the SDGs, 3) soil
conservation for climate change mitigation and adaptation, and 4) ethics of soil use.

4.1 The soil as a living system

Soil is often perceived as something inert that supports plants and human activities,
insensitive to human actions and environmental changes. To achieve soil conservation
at the global level, it is crucial to change this perception and create greater social
awareness that soil is a living, dynamic and highly sensitive system interacting with
everything around it, and that human wellbeing depends on "the soils health".
Increasingly soil scientists understand the soil as a living system (Doran et al., 1996;
Sauer, 1999, Minami, 2009; Bockheim and Gennadiyev, 2010; Lal, 2015a; NRCS-USDA,
2018). Soils metabolize nutrients (Katznelson and Stevenson, 1956), breathe (Reichstein
et al., 2003), are sensitive and react to external pressures to adapt their vital functions
to environmental or anthropogenic changes (Sacca et al., 2017).

The hierarchical structure of soils, (i.e. aggregates, pores and distribution channels)
allows the distribution and exchange of nutrients, oxygen, water, and energy along the
soil matrix and with the environment. Fundamental differences exist in the physical laws
between living soil systems and mechanical non-living systems. Soil evolves and
functions by continuously taking free energy from the environment and returning
degraded energy to their surroundings, so that soils “grow” and maintain their internal
structural organization for sustainable functioning (Lin, 2014).

The main objective of soil conservation must be the protection and enhancement of
all the soil functions and ecosystem services provided by soil. This involves soil health,
which is defined as “the continued capacity of soil to function as a vital living system”



(Doran and Safley, 1997;) and its ability to provide ecosystems services (Dominati et al.,
2010). The understanding of soil as a living system implies a need to increase the
knowledge of the relationships of the soil with the other living organisms and their
physical surrounding, the necessity to implement a suitable soil policy and legislation
adapted to a living system, and the adoption of an environmental ethic. Understanding
the relationship between humanity and soil as one between living organisms should
make a fundamental change in our attitude and respect of the soil.

EHSC should enhance the global protection of soil health of all soil types as a vital
subject in terrestrial biodiversity conservation. Each soil type, defined by the major soil
classification systems, has a particular behavior under environmental and land use
conditions, a particular resilience to drivers of change, and plays a different role in the
functioning of ecosystems. The strong relation between soil diversity and biodiversity
implies that effective biodiversity conservation requires an ecosystems approach
involving conservation of soil diversity (Khaziev, 2011).

4.2. Implementation of a holistic, participatory ecosystem approach

Soils are in direct interaction with other ecosystem components to perform its
functions, provide ecosystems services, and support humans livelihoods and well-being
(Dominati et al., 2010; Bavey et al., 2016). Through their central role in ecosystems
functioning, healthy soils are fundamental to food security, water availability and water
quality, climate regulation, and protection of ecosystems and biodiversity. In addition,
soils are closely connected with social, economic and cultural issues (Summers et al.,
2012, Baveye et al., 2016; Small et al., 2017). These aspects link to a large number of
Sustainable Development Goals related to ecosystem functioning and natural resources
(SDG1; SDG2; SDG6; SDG 13; SDG14; SDG15) and to socioeconomic development, social
equality, and human well-being (SDG3; SDG5; SDG8; SDG10; SDG11; SDG12).
Consequently, both scientific aspects of soil and ecosystem protection, and legal,
governance and property rights in soil use and land management are of paramount
importance in the design of soil conservation practices and policies. Therefore, EHSC
requires a holistic, transdisciplinary approach to overcome barriers for wide scale
implementation of soil conservation (Box 1).

Research has provided extensive knowledge about the effectiveness of different soil
conservation practices. Research has also demonstrated that the selection, design, and
implementation of soil conservation practices have to be adapted to local
environmental, socioeconomic, and cultural conditions since there are no one size fits
all solutions. Therefore, there is urgent need for more case studies and ‘living labs’ in
which different techniques are tested and demonstrated in close collaboration with
stakeholders to facilitate knowledge exchange and find solutions to technical, cultural,
economic, and institutional barriers for large scale adoption. The World Overview of
Conservation Approaches and Technologies (WOCAT; www.wocat.net) is a good
example of a network that facilitates global knowledge exchange regarding practical
local experiences with sustainable land management practices and with creating an
enabling environment for their implementation (Liniger and Critchley, 2007). To monitor
the impacts of soil conservation efforts, preferably different analytical and visual
methods are combined to assess soil quality and their potential to deliver ecosystem
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services and contribute to human well-being (Robinson et al., 2012). Barrios et al.,
(2006) proposed a widely applied framework to integrate local knowledge and scientific
indicators of soil quality. There are several examples of Visual Soil Assessment (VSA)
tools to facilitate the collection of soil and plant key performance indicators that can be
used for self-evaluation, participatory monitoring and knowledge exchange purposes
(Ball et al., 2017; Lujan-Soto et al, 2020).

The Earth Critical Zone (ECZ) is defined as the external terrestrial layer extending
from the outer limits of vegetation down to and including the zone of groundwater (NRC,
2001). Complex interactions, among all the components of this layer, regulate the
natural habitat and determine the availability of nearly every life-sustaining resource.
Soil is the central interface of ECZ and its role in the processing of energy, material, and
biodiversity is essential to the provisioning of life-sustaining resources (Banwart, et al.,
2019). However, the interactions of soils with other components of the Earth system are
often underestimated (Bockheim and Gennadiyev, 2010) because soil scientist have
often taken a reductionist rather than integrated interdisciplinary research approaches.
In contrast, an ecosystem approach aims at integrated management of soil, water and
living resources that promotes conservation and sustainable use in an equitable way.
Likewise, the design and planning of EHSC programs must be undertaken in a
transdisciplinary way, recognizing that we are dealing with coupled socio-ecosystems
and multiple disciplines like soil science, ecology, biology, hydrology, climatology,
geology, sociology, and economy.

Desertification, biodiversity loss and climate change were outlined as the three main
drivers of global environmental change during the 1992 Rio Earth Summit. There is
increasing recognition about the interlinkages between these three drivers of global
change (Gisladottir and Stocking, 2005). Fig. 1 illustrates how the soil plays a key role in
the linkages, synergies and feedback processes between the three main drivers of the
environmental changes. Knowledge of these interlinkages is crucial for the development
and implementation of soil and ecosystem conservation approaches.

Although land degradation is a physical process, its main drivers are rooted in the
socio-economic and political environment (Boardman et al., 2003). Reliable integrated
economic assessment of costs and benefits related to land degradation and soil
conservation are highly needed to foster implementation of soil conservation measures.
Initiatives such as The Economics of Ecosystems and Biodiversity (TEEB) and The
Economics of Land Degradation (ELD) focused on “making nature’s values visible”, are
crucial to incorporate them into decision-making. The development of EHSC also
requires quantification of these multiple values of nature.

A key issue to take in consideration in soil conservation frameworks is whether land
property regimes are appropriate for sustainable land management. Land tenure
systems cannot be isolated from their social and cultural context (FAO, 2002). An EHSC
program should ensure that property systems are supported by certainty in the law and
the rule of law and human rights. Conflicts related to land property are often very
complex and have strong implications for the success or failure of soil conservation and
sustainable management plans. To solve them, a coherent and transparent soil policy is
needed. Soil policy should be integrated in a broader natural resources policy, and



developed and implemented considering opinions, knowledge and active participation
from local stakeholders. The three pillars of any land policy must be: 1) efficiency and
promotion of economic development, 2) equity and social justice, and, 3) protection of
the environment and sustainable land use for present and future generations (FAO,
2002).

4.3. Adapting to climate change

Globally, the soil plays a crucial role in regulating the Earth’s climate by controlling
the concentration of carbon dioxide and other GHG in the atmosphere. To promote a
positive balance in the terrestrial carbon cycle is a key issue to enhance soil health and
to increase its resilience and adaptation to climate change. Table 1 shows how this
synergistic relationship between soil health and carbon cycle can be encouraged.

At present, there is insufficient knowledge about how climate change will impact soil
organic matter, nitrogen and many physical and biological soil properties (Brevik, 2013).
This impact could be different geographically, depending on the environmental
characteristics of each area. In humid and subhumid areas, the increased atmospheric
CO;, concentration might lead to a gradual improvement in soil fertility and physical
conditions (Brinkman and Sombroek, 1996; FAO, 2002). However, in drier ecosystems,
the decline in plant primary production, due to increases in evapotranspiration and
reductions in soil moisture caused by higher temperatures may lead to increased soil
degradation and desertification (Ledn-Sanchez et al., 2016). There is evidence that this
impact may vary according to the land uses and with geographic latitude (Albaladejo et
al., 2013). The indirect effects of climate change on soils through climate-induced
changes in vegetation cover may well be greater than direct effects due to changing
temperature and precipitation characteristics or changing atmospheric CO;
concentration (Brinkman and Sombroek, 1996; Ziadat et al., 2017).

Many studies have demonstrated the potential capacity of soils to contribute to
climate change mitigation through carbon sequestration (Srinivasarao et al., 2011; Lal,
2018). The annual carbon sink capacity of world soils is estimated at about 1 Pg carbon,
which can annually off-set 0.47 ppm of COzincrease in the atmosphere (IPCC, 1999). On
the other hand, the atmospheric carbon pool has increased from 280 ppm in around
1750 to over 400 ppm in 2019, and is increasing at the rate of 3.3 Pg carbon per year
(IPCC, 2001). It is estimated that 30% of this increase is due to the land use and land-use
change, and for the most recent decade (2003—2012), land-use change was responsible
for 10% of total anthropogenic carbon emissions (Canadell and Schulze, 2014). Soil
conservation approaches can have the double effect of reducing atmospheric CO;
concentration, through soil carbon sequestration, and reducing emissions and losses of
soil organic carbon. Moreover, irrespective of the climate change debate, increasing the
soil organic carbon stock has multiple additional benefits in terms of soil conservation,
biodiversity protection, and food security (Lal, 2004).

4.4. Embracing a soil ethic

When we speak of the “environment”, we refer to the relationship between nature
and the society that lives in it (Pope Francis, 2015). Humans, as part of socio-ecosystems,
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must determine why and how we should address our relationship with the soil. Ethical
considerations regarding our responsibilities to soil include the following: i) soil
degradation reduces its capacity to produce goods and services currently affecting the
livelihoods of at least 3.2 billion people (IPBES, 2018) (SDG2; SDG3), ii) soil protection is
strongly linked with eradication of poverty (SDG1), equitable economic development
(SDG10), respect for human rights (SDG16), migration and peace, iii) the interactions of
soil degradation with global climate change, loss of biodiversity, and reduction of
ecosystems services (SDG13; SDG15), iv) land is the source of the spiritual, cultural and
social identity of many populations, and, v) “soil stewardship” is key to address
environmental and social issues together (SDG17).

To guarantee sustainable development, soil conservation should include an ethical
framework regulating human-soil relationships. The role of soil ethic must be to set our
moral obligations regarding the environment and more particular in human-soil
relationships, avoiding actions damaging soils, and assuming that there are ethical
decisions humans must consider. We can distinguish two types of response: 1) optimize
the direct benefit of soil conservation for human beings, without endangering present
survival but with little respect for the global environment, and 2) preserve the integrity,
stability, and beauty of the natural environment and promote the well-being for future
generations. The first response applies an anthropocentric ethic, while the second
response applies a holistic or eco-centric ethic (Leopold, 2013). If soil conservation is to
contribute to global sustainability, climate change mitigation and social stability, we
strive for an eco-centric conception of soil ethic. The moral duty of soil ethic must be to
guarantee the ecosystem services of the soil, for present and future generations, above
partial or temporal benefits.

5. Framework for Eco-Holistic Soil Conservation (EHSC)

This section schematically describes the framework for implementation of EHSC.
Planning and implementation of EHSC requires a transdisciplinary team representing all
biophysical and socioeconomic disciplines, land users and stakeholders involved. The
framework involves a range of actions in three iterative phases (Fig. 2). The first phase
includes the interdisciplinary analysis for the diagnosis of the causes, processes and
present state of the land degradation and its socio-economic environment based on
local and scientific knowledge and including a stakeholder analysis. The second phase
involves integrated studies to determine the interactions and synergies between the
factors and actors involved in soil and land conservation, while the third phase consists
of participatory evaluation and monitoring of the effectiveness and impacts of the soil
conservation program. Findings from the evaluation phase may lead to adjustments,
moving back to phase 1 and phase 2.

Phase 1: This phase consists of an initial analysis for the characterization and diagnosis
of the soil and its environmental, socio-economic and cultural context involving
scientists, farmers, land-users and other stakeholders. This phase includes the
assessment of soil health and degradation risk, current status and risk of biodiversity
loss, past and projected climate change and impacts on soils and biodiversity, availability
of water resources, social structures, markets and economic sectors, soil policy and
legislation on soil use and protection, land tenure, gathering opinions and involvement
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of land users and local communities, including cultural idiosyncrasy, customs and
traditions.

Phase 2: This phase consist of detailed integrated analysis of data from soil, biodiversity,
water resources, and climate change for the selection and implementation of
conservation techniques. This analysis should lead to so-called "Biophysical
conservation", comprising a set of technical actions and management practices able to
reduce or prevent land degradation, and restore already degraded land by enhancing
soil health, avoiding loss and enhancing biodiversity, and increasing the resilience of the
ecosystem to climate change and contribute to climate change mitigation. At the same
time, the integrated analysis of the social, economic, cultural and political
characteristics, along with the opinions and preferences of all stakeholders provides so-
called "socio-economic conservation", comprising of a set of priorities, opportunities
and barriers for implementation of soil conservation measures. The ultimate design of
the EHSC strategy will be obtained by integration of biophysical and socio-economic
conservation.

Phase 3: This phase consists of the design and implementation of an evaluation and
monitoring system including qualitative and quantitative biophysical, social, political
and cultural information representing the impacts and effectiveness of the selected
conservation measures (Catizzone and Muchena, 1994; Stem et al., 2005). Preferably,
stakeholders should participate in the monitoring and evaluation activities combining
scientific, analytical, and Visual Soil Assessment tools (Lujan-Soto et al., 2020) to foster
ownership and knowledge exchange between stakeholders involved, which is often
related to higher implementation levels by stakeholders (de Vente et al., 2016).
Examples of typical EHSC indicators are soil health, carbon balance, biodiversity index,
biomass productivity (biophysical indicators), per capita income, employment rate, food
security, human well-being (socio-economic indicators), and government stability,
legislative strength, public support, capacity building, education (political and cultural
indicators).

6. Practical recommendations for the implementation of EHSC
6.1. Examples of management practices to enhance soil health

With respect to technologies for soil health management, three aspects should be
considered: (1) find synergies and tradeoffs between the different techniques, (2)
undertake conservation in a practical way, based on proven efficient technologies, and
(3) co-develop soil conservation with all stakeholders to increase acceptance and
chances for large scale implementation.

There is extensive information in the literature on innovative technologies and
practices to protect and enhance soil and ecosystem health (Doran, 2002; Stocking,
2009; Delgado et al., 2011; Lehman et al., 2015; Lal, 2016). The challenge is to make
better use of the diversity and resiliency of the biological community in soil to maintain
a healthy ecosystem, thus fostering sustainability (Doran, 2002). Since soil health
depends strongly upon the soil food web (NRCS-USDA, 2018), strategies of soil
management for protecting or enhancing soil health should mostly focus on maintaining
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a suitable habitat for the huge number and diversity of microorganisms making up the
soil food web (Lehman et al., 2015). The following practices contribute to protect soil
and ecosystem health and increase resilience to climate change.

1 Enhancement of quantity and quality of soil organic matter through organic
amendments. The amount and stability of soil organic carbon (SOC) pools is critical
for soil health and the foundation of many ecosystem services

2 Minimum soil disturbance. Conservation tillage adapted to local climate and surface
soil conditions.

3 Maintaining soil cover through crop rotations, cover crops, planting trees
(agroforestry) and allowing cover residue to decompose on the soil.

4 Diversify soil biota through higher diversity in the crop rotation and cover crops.
Biodiversity plays a key role in the sustainable productivity of any agricultural system
(Altieri, 1999; Lal, 2014; Lehman et al., 2015).

5 Adoption of Integrated Nutrient Management (INM) practices based on the
combined use of organic, biological and mineral resources (Gruhn et al., 2000; Wu
and Ma, 2015).

6 Rhizosphere management to increase nutrient use efficiency and crop productivity
(Ryan et al., 2009; Zhang et al., 2010).

7 Prevent and mitigate soil salinization, alkalinization, acidification and contamination.

8 Manipulation of soil biology. Novel technology such as selection of specific disease
resistant plants and/or cultivars with desired exudates able to influence soil
microorganisms, or more general approaches based on a shift of the global
population of the microorganisms (Lehman et al., 2015).

9 Minimize the use of fossil fuels and petrochemicals through a better use of renewable
resources instead of synthetic fertilizers.

10 Monitoring the effectiveness of the implemented techniques through the use of soil
health indicators in collaboration with land users.

There can often be barriers for implementation of certain techniques depending on
local conditions, since many of these technological options may incur considerable costs
to land users in terms of labour or access to materials, and frequently crop residues and
other organic sources are not easily available for soil management since they are already
used for other purposes like fuel or feeding livestock (Stocking, 2009; Sanchez-Reparaz
et al., 2020).

6.2. Recommendations to enhance transdisciplinarity, social awareness and soil ethic

Some guidelines for the integration of socioeconomic, policy and cultural aspects in
the EHSC approach include:
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Foster transdisciplinary co-development and evaluation by scientific, technical
experts, land users, and other stakeholders. Conservation programs must be
implemented in agreement with farmers and other land users, (Werner et al., 2017).

Develop integrated models through participatory modelling at multiple scales, to
highlight the interrelationships between biophysical, social and economic processes
reflecting the central role of soils and consider impacts on crucial SDG progress
indicators, including, but not limited to Land Degradation Neutrality.

Build on the indigenous traditional methods (Mulat et al., 2013).

Land tenure must be guaranteed. Both the farmers who rent the land and the owners
should be confident of holding the same conditions after the improvement due to
conservation programs.

Since benefits of soil conservation measures often affect the whole of society,
external funding and incentives from governments, private institutions, and NGOs
and other support mechanisms are required to support large scale implementation
of soil conservation. Examples of economic support range from the development of
sustainable business models to Payments for Ecosystem Services schemes and
subsidies like those from the European Common Agriculture Policy.

Capacity building. The efficient implementation of sustainable land management
technologies and policies requires education and training and the translation of
science into practical guidelines (e.g. Voluntary Guidelines for Sustainable Soil
Management; FAO, 2017) that can be used by land users and policy makers (Doran
and Safley, 1997).

Increase social awareness of the value of soil to prevent conflict and foster human
well-being. This requires active dissemination and outreach, connecting science and
technology to farmers and land managers and society as a whole.

National and international soil legislation frameworks should be developed (Hannam
and Boer, 2004). As soil conservation is a global problem, this legislation should be
recognized by the international community.

Respect for human rights and common property of natural resources. The principle
of the subordination of private property to the universal destination of goods, and
thus the right of everyone to their use, is a golden rule of social conduct and “the first
principle of the whole ethical and social order” (Pope Francis, 2015).

10 Recognition that soil is part of the social, cultural and spiritual identity of local

communities. Native inhabitants cannot be stripped of their soil by buying and selling
land between countries.

11 Poverty and soil degradation are interrelated, self-enforcing processes (Barrett and

Bevis, 2015). An ethical consideration of sustainable soil management, must address
the inequalities in access to soil resources and help to ensure the livelihood of the
poorest populations.
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7. Conclusion

A more holistic vision of soil conservation is needed, considering biophysical,
socioeconomic, cultural and ethical aspects to foster large scale adoption of effective
soil conservation programs. This study highlights the need to undertake transdisciplinary
case studies in close collaboration with land users and other stakeholders in the field,
paying special attention to the central role of soils in the functioning of socio-ecosystems
and to support multiple Sustainable Development Goals under present and future
climate conditions.

This holistic perception of soil protection asks for more research and social,
economic, political, cultural and ethical changes in soil conservation programs. Emphasis
is required for the following aspects:

1 Policy makers at all levels as well as the scientific community should understand soils
as living-systems that have critical interactions with all other ecosystem components.
Further research is needed to increase the knowledge of interlinkages between the
soil, plants, water, climate and organisms, in order to develop innovative
technologies that promote: a) soil health and resilience, b) synergies between soil
and other ecosystem components, c) food security, and, d) biodiversity. The SDGs can
be guiding in the design of this future research.

2 Climate change is one of the main drivers of land degradation affecting health of soils
and ecosystems. Increasing the resilience and biological adaptation of soils and
ecosystems to the local trends of climate change is one of the main challenges in soil
and environmental sciences at present. We need further research regarding
interactions and feedbacks between soil health, water availability, biodiversity, and
climate change to deal with this challenge.

3 Economic valuation of ecosystem services and of landscape restoration efforts are
needed for greater awareness and acceptance of the importance of conservation of
natural resources. This awareness is crucial to achieve land degradation neutrality
and preserving the resources necessary to support life on the planet.

4 At present, the universal right to land is not explicitly reflected in international human
rights law. In order to reach a better contribution of soil and ecosystem conservation
to social stability and the reduction of poverty and inequalities, the right of native
people to the land should be globally recognized and supported in the local, national
and international legislations.

Given the central role of soils in the context of the three environmental Rio
Conventions on Biodiversity (CBD), Climate Change (UNFCCC) and Desertification
(UNCCD), further integration and collaboration between these three conventions will be
an important step at a political level towards more effective and efficient
implementation of soil conservation and protection of ecosystem services for the
benefit of nature and human well-being.
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Figure legends

Fig. 1. Synergies and feedback processes between the four main drivers (climate change,
land degradation, biodiversity loss, and socio-economic and political environment)
of the environmental change.

Fig. 2. Framework for the implementation of EHSC.
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Table 1 The optimization of the terrestrial C cycle is key in enhancing soil health and
increase its resilience and adaptation to climate change. Source: own elaboration.

How to enhance soil health optimizing the terrestrial C cycle

1. Remove CO, from the 3. Increase the size and

atmosphere increasing 2. Min}::::::'z‘sjes of C stability of OC pools in the

biomass production: soil

* Reforestation, ¢ Implement the best soil ¢ Organicamendments
afforestation, forest uses and management ¢ Improve soil structure
management practices, eradicate * Enhance soil biology

e Sustainable grazing lands inadequate use changes o Suitable management of
management and the abandonment of soil microbiology

the land.

¢ Ecosystems restoration

* Optimize agricultural ¢ Control soil erosion.
yield: environmentally * Protection of forests,
adapted crops, crops rangelands, wetlands and
rotation, cover crops mangroves.

e Plant breeding ¢ Responsible diet and

consumption habits.
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Eco-Holistic
Soil

Conservation
(EHSC)

The whole target is the Eco-Holistic Soil Conservation
(EHSC). The EHSC involves partial targets (1 to 5) and only
can be achieved from the success of each of these partial
targets. All these parts are in intimate interconnection, so
that they only should be understood in reference to the
whole target. The isolated achievement of partial targets is
not a guarantee of the success of the EHSC. Only through
the synergic interlinkages between all the parts involved it is
possible to achieve the EHSC.

Box 1 The interdisciplinary character of Eco-Holistic Soil Conservation.
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