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Editorial on the Research Topic

Assessment and Modeling of Soil Functions or Soil-Based Ecosystem Services: Theory and
Applications to Practical Problems

In the soil-related literature of the past half-century, two different perspectives have been adopted to deal
with the benefits that are provided by soils (Baveye et al., 2016). The first perspective, initiated in the mid-
1960s, centres on themultiple “functions” of soils, defined as the benefits that not just human populations,
but also the rest of nature derive from soils. Simonson (1966) used the term of “multifunctionality” to
stress the fact that these functions are numerous, and are often fulfilled simultaneously. Decision-makers
quickly adopted this perspective; as early as 1972, the Council of Europe used it in some of its official
documents related to the preservation of soil resources. Implementation of some of the guidelines that
have resulted has been greatly facilitated by the elaboration by Blum (1988) of a detailed classification of
soil functions (illustrated in Figure 1) and, slightly later, by the FAO of a similar, but more complete one.
Both classifications have proven to be very useful communication tools to explain to lay audiences, in
simple terms, what soils contribute to nature, and in particular to human populations, and therefore how
vital it is to prevent their degradation. A second perspective, largely inspired by the sizeable intellectual
achievement of the Millenium Ecosystem Assessment (Millennium Ecosystem Assessment, 2005),
focuses on the contributions that soils make to “ecosystem services”, i.e., the benefits that human
populations derive from ecosystems encompassing soils.

Uncertainties and controversies resulting from the terminology in use have been associated with the
concept of ecosystem services from the start (e.g., Barnaud and Antona, 2014). In the case of soils, the
existence of two distinct traditions, one firmly rooted in soil science, and the other inherited from ecology,
has in the last few years caused some level of confusion, because different terms are sometimes used to
denote different concepts. In particular, from the soil science perspective, services, i.e., benefits that human
populations derive from soils, correspond to a subset of soil functions, which by definition are not
restricted to human populations. However, from the ecological perspective, the term of “function” has
been traditionally associated with the physical (bio)chemical, or biological processes occurring in
ecosystems that give rise to ecosystem services, and that same acception of the term has occasionally
also been adopted by soil scientists (see, e.g., Keesstra et al., 2016; Pereira et al., 2018). In addition, some
authors (e.g., in Issue 184 of the Philosophical Transactions of the Royal Society B, devoted in September
2021 to the topic) have also started to use the alternative expression of “nature’s contribution to people”
instead of ecosystem services, which adds even more to confusion, since the difference between these
different terms is not obvious (Braat, 2018; Baveye et al., 2018).
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Regardless of the perspective that is adopted, i.e., whether we
consider only the benefits of soils to human populations or we look
more broadly at the benefits to nature as a whole, the hope existed
3 years ago, when we started thinking about proposing a Research
Topic in the area, that soil functions/services could be used in
practice in decision-making affecting the fate of soil resources.
Unfortunately, in this respect, a significant hurdle at the time
related to the lack of quantitative assessment of soil functions/
services and of their provision under different land uses (Baveye,
2017). In the scientific literature up to that time, there were
virtually no direct measurements of multiple soil functions or
services at spatial and temporal scales of practical relevance. Soil
functions/services tended to be estimated, rather than measured,
using proxy variables or indicator parameters, leading eventually to
maps of soil functions, a number of which have been produced over
the last few years. An alternative assessment method relied on
modelling, in which in addition to statistical correlations (e.g.,
pedotransfer functions), detailed process understanding could be
explicitly accounted for. Modelling could in principle help us move
beyond the mere quantification of functions/services at a given
instant, and quantify the temporal dynamics of soil functions/
services (e.g., in response to external forcing), but the approach was
in dire need of verification.

To help strengthen the literature in this crucial area, the
objective of the Research Topic we proposed was to serve as
an outlet for articles that dealt with any aspect of the simultaneous
assessment of multiple soil functions and their contributions to
the provision of ecosystem services, from a conceptual
standpoint, from the perspective of the development of new
methodologies, or from the angle of practical applications to
concrete problems and implementation for decision making
about land use or land management change. Contributions on
the concrete, practical side were particularly welcome, as were
also papers that dealt with some of the soil functions and soil-
based ecosystem services that are less frequently assessed,
let alone discussed, for example the preservation of cultural
artefacts, or the role of soils as stock of genetic information
(e.g., in the development of antibiotics or phage therapy).

Eleven articles were eventually accepted for publication in this
Research Topic. Three articles, by Vogel et al., Mikhailova et al.,
Gerard et al., and Lennartz and Liu, deal with different aspects of the
assessment of soil functions/services. Although peripherally related
to soil functions/services, the article by George et al. shows that
fungal biodiversity, one of several soil biodiversity parameters that
are often associated with the delivery of soil functions/services, can
be measured in very different ways, potentially leading to ambiguity.

FIGURE 1 | Schematic illustration of the different functions of soils according to Blum (1988) classification. The six categories of soil functions correspond,
respectively, to (A) the extraction of raw materials and water, (B) physically supporting buildings and other man-made structures, (C) the production of biomass, (D)
filtration, buffering, storage, and chemical/biochemical transformations, and (E) the preservation of biodiversity or potentially useful genetic material, as well as of
geogenic and cultural heritage (F).
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Rioux et al. address the mapping of soil functions/services, whereas
Mikhailova et al. and Cope et al. also discuss the possible monetary
evaluation of soil functions/services. A second group of articles
focuses on modelling of soil functions/services using different
approaches, including proxy parameters (Fossey et al., Van
Leeuwen et al.), and three present Decision Support tools meant
to facilitate the involvement of soil functions/services in practical soil
management situations (Sandén et al., Debeljak et al., Van de Broek
et al.).

Thanks in part to the work of the authors who contributed to
this Research Topic, but also to research carried out in parallel
(Chalhoub et al., 2020; Choquet et al., 2021), significant progress
has been achieved recently on the measurement of soil functions/
services, and on the development of various modelling
frameworks to predict them in practical situations.
Nevertheless, if we want the soil functions/services framework
to become a useful tool for the preservation of soils in practice, it
seems clear that in the next few years, the soil science community
will have to devote even more attention to the methods used to
assess and model soil functions, and will have to find ways to
facilitate this assessment in practical applications to increase the
use of relevant information for decision-making. The need is
likely to become particularly acute in this area for three key
reasons. The first is that climate change is forecasted to lead to
pressures on soils that they have not experienced so far, e.g., in
terms of regulation of the water regime under significantly more
intense and less frequent rainfalls (see discussion in Baveye et al.,
2020). A second reason is that at the European level the common

agricultural policy and the subsidies it involves to agriculture will
be increasingly tied to appropriate measures of sustainable land
use. To enable this, quantitative instruments are needed to
evaluate agricultural practices with respect to their impact on
the ensemble of soil functions. A final reason is that heavy
pressure of financial institutions and governments toward the
development of carbonmarkets and carbon farming practices will
raise tricky, and so far entirely unresolved, questions about what
monetary value, if any, could be associated with specific soil
functions/services.

We hope that the various articles in this Research Topic will, in
some measure, foster a healthy dialogue on the assessment and
modelling of soil functions/services, which will make it possible
for the soil science community to address fruitfully the urgent
questions that are being asked by society in this context.
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