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Soil health or soil quality?

Describing the health of complex systems requires the inclusion of interactions, both
within the system and with its environment. Definitions of human health incorporate
the quality of life, physical, mental and social well-being, and the absence of disease
(1). For soils, the term “soil quality” (2) has largely been replaced by “soil health”; yet,
these terms are often used interchangeably without clear context or definition. The
main difference in definition is that “soil quality” typically uses indicators of soll
condition for specific individual traits or functions (such as crop yield), similar to a
‘quality of life’ indicator. In contrast, “soil health” encompasses benefits to wider
ecosystem services within a more holistic approach, and as such considers multiple
functions and their interactions in an ecological context. Many use variants of Doran’s
(3,4) definition, which describes soil health as “the capacity of a living soil to function,
within natural or managed ecosystem boundaries, to sustain plant and animal
productivity, maintain or enhance water and air quality, and promote plant and animal
health”; thereby including multiple ecosystem functional traits, or “services” in addition
to yield. Soil health is now a major environmental criterion for the sustainable
management of soils used by policy makers in the UK (5). However, providing greater
clarity on definition is both timely and important, given that the term tries to explain
complex environmental systems and interactions to different stakeholders with
different perspectives relating to sustainable land and environmental management.

What do soils do?

Soil functions are intrinsically dynamic processes, many of which necessitate
biological interactions that are sensitive to management strategies (6). Functional
traits include food crop production, carbon transformation and regulation processes,
nutrient cycling processes, soil structure and stability, biodiversity and biological
population regulation (soil food webs), soil water fluxes, and regulation of soil and
water pollutants. A healthy soil encompassing multiple functional traits is required for
a healthy ecosystem, and subsequently the delivery of ecosystem services and goods
required by society. Healthy soils are biodiverse and resilient to perturbation (7), with
efficient energy and nutrient flows that are often unique to ecosystems. Complexity,
natural variability and ecosystem boundaries can also change due to multiple
anthropogenic stresses and disturbances (e.g. climate shocks and weather extremes).
Definitions thus need to consider ecosystem complexity, whilst also reflecting
emergent soil properties and adaptability in changing systems. As boundaries shift,
management practices to maintain specific ecosystem services may not be
sustainable and/or suitable.

Towards a definition and measurement of soil health

Soil health can be defined as the capability of soils to deliver multiple functional traits
required to maintain ecosystem stability within environmental constraints. This
recognises that healthy soils are dynamic and able to adapt to environmental
fluctuations to maintain their functional capacity. Anthropogenic influence is likely to
reduce the capacity of soils to deliver multiple functions if they are managed for the
delivery of single traits e.g. crop yield. Traits for specific ecosystems that are valued
by society will vary between ecosystems, land use types, and societal expectations.
Furthermore, not all soil functional traits can be delivered simultaneously; for example,
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the provision of food crops and water storage is difficult unless crops are grown that
are both suited to the ecosystem and environment.

Assessments of soil health should thus consider multiple functional traits that are
deliverable by the identified ecosystem type. The majority of commercially available
soil health assessments focus solely on crop production attributes (single functional
trait: soil quality). Soil physical, chemical and biological parameters should also be
represented to support improved decision-making. In particular, the soil biological
component is nearly always inadequately represented and/or absent in many
approaches or soil management tools. In many cases the microbial analyses used in
these metrics (e.g. biomass, fungal bacteria ratios, microbial community composition)
are not specifically linked to clear interpretations for ‘soil health’. There is thus a need
to better link specific soil characteristics with function for developing a more holistic
approach to measuring soil health. Various soil health scorecard systems are also
currently under development, which attempt to combine multiple parameters.
However, a knowledge gap in devising ecosystem specific indexes and scorecard
systems that effectively describe either soil quality and/or soil health still remains. For
these scorecard approaches to be accepted within the agricultural sector and
applicable for practitioners in support of farm-scale decision-making, long-term field
trials across different soil and climate zones are required to provide the necessary
data to identify and critically evaluate the most effective indicators (8).

The use of molecular biology for describing the soil microbiome has advanced
significantly since the development of the Polymerase Chain Reaction (PCR) in 1983
by Kary Mullis for DNA analysis. Quantitative PCR methodologies are now
commonplace in many laboratories. Next Generation Sequencing (NGS) has evolved
such that it is now possible to describe the entire soils genome DNA and RNA, thus
allowing the quantification and functional association of all prokaryote, eukaryote and
archaea in soil. Yet more work is needed on standardisation of methods, developing
context/location specific assessments of change (as there is high temporal and spatial
heterogeneity) so that specific metrics for soil health can emerge from DNA-based
analyses (9).

Monitoring soil health

Soil health parameters should reflect soil functions, be sensitive to changes in land
management, and be measurable within reasonable time and resource constraints
(10-12). Evidence (13) suggests that farmers often favour the term soil health as it
incorporates in-field assessments that often includes expert qualitative judgements
(e.g. visual soil assessment, earthworm counts, soil depth, infiltration rates) combined
with quantitative descriptors (organic matter, pH, bioavailable nutrients, microbial
biomass). This is fundamentally important as farmers embed valuable local
experiential knowledge of their particular soil types into their land management
practices. Describing healthy soil thus enables the land manager to engage with their
soils, and to move beyond the view of soil existing purely to support primary crop
production but to underpin multiple ecosystem services (functions). Sequencing of the
soil microbiome at the species level does require the use of expensive technologies;
and data complexity is substantial. However, costs are gradually reducing as
laboratory and data analysis technologies evolve. Linking specific keystone species to
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functional traits and land management practices may be optimistic but increasingly
possible. Better farmer engagement and co-production of soil health assessments will
also facilitate longer-term in-depth analysis of soils. This improves understanding of
changes related to natural and anthropogenic disturbance, and the benefits of farming
innovations and risk prevention. Defining the critical triggers or ‘thresholds’ whereby
soil becomes either “healthy” (or not) remains an on-going contested space both within
academia and industry (8).

Summary and Recommendations

The term “soil health” is increasingly being used by stakeholders, but is repeatedly
confused with the term “soil quality”. Here we propose a definition that we believe
provides greater clarity and simplification. Healthy soils have evolved through
millennia due to interactions of the soils abiotic and biotic components, and their
environment. The result being the development of healthy soils within a stable
ecosystem with efficient nutrient and energy flows. Disturbing soils by managing for
one function often restricts additional functions of a given soil type, and thus soils
become degraded with loss of critical soil characteristics such as organic matter and
biodiversity. This is particularly apparent when the management strategy, and
ecosystem services that we are expecting the soils to deliver, contravenes natural
processes. For example, arable farming on peaty soils has inevitable consequences
for soil organic matter, biodiversity, and water holding capacity.

Managing soils to improve soil health also necessitates a mind-set shift such that
farmers, as the custodians of our soils, are incentivised to manage soils through
consideration of the landscape, ecosystem, and soil type rather than just for biomass
(food) production. We see this approach as vital to meet national policy targets such
as the UK Government’s net-zero carbon target for 2050. Innovative land management
strategies, such as rewilding (14,15), regenerative agriculture (16), innovative
rotations (e.g. incorporating animals into the rotation cycle), nutrient management
(such as synchronising nutrient release to plant needs) may allow our soils to recover.
Another promising but relatively unexplored technology is the use of novel
biostimulants (materials made up of substances and/or micro-organisms) to promote
rhizosphere function by stimulating natural processes to enhance nutrient uptake and
increase tolerance to environmental stress. We strongly contend that managing soils
in a more natural and holistic way will provide multiple societal benefits including
improved soil structure, carbon sequestration (moving from carbon source to sink),
biodiversity, food resilience, and ultimately enhancing human wellbeing.
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