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Soil health — a perspective

Lewis K. Fausak*, Noa Bridson, Fernanda Diaz-Osorio,
Rachhpal S. Jassal and Les M. Lavkulich

Faculty of Land and Food Systems, University of British Columbia, Vancouver, BC, Canada

Governments and organizations are expressing growing concerns about soil
health, driven largely by uncertainties of food security with an increasing human
population and unpredictable effects of climate change. Although considerable
literature and debate exist, there is discord around the question, what is a healthy
soil? This is not surprising, given the complex roles the soil provides, from the
range of food, fiber and medical products, hosting a biodiverse community, and
supporting the water and nutrient cycles. While a consensus seems to suggest
that a soil in good health should be able to provide goods and services in
perpetuity, this does not define soil health, rather its provisioning functions. To
explore the question, ‘what is healthy?’, we propose an analogy comparing
indicators of human and soil health. For example, to identify the cause of a
symptom, we compare the diagnostic pH in both humans and soil,
demonstrating the similarities between the way human and soil health
concerns are addressed. Additionally, we consider the context that
necessitates health and use a set of holistic predictors to link human and soil
health further. In humans, genetics express many traits and can predispose one
to certain illnesses or diseases, in the same way, parent material, soil texture, and
length of time exposed to weathering can inform a soil's capability and
predisposition for certain habitats or uses. In both cases, science informs the
state of health and appropriate management solutions. We posit the null
hypothesis “the concept of human health cannot be applied to soil".

KEYWORDS

sustainable agriculture, land management, carbon sequestration, soil fertility, climate
change mitigation

1 Introduction

Recently there has been increased concern and debate about the importance of soil
health (1). However, “although there has been a World Soil Day since 2014, there is still no
consensus on a shared definition of ‘healthy soil” (2). Until 2020, the International
Technical Panel on Soils of the FAO Global Soil Partnership defined soil health as “the
ability of the soil to sustain the productivity, diversity and environmental services of
terrestrial ecosystems”. The ‘service’ is defined, but not the ‘provider’ of the service (3).
Thus, determining the state of soil health is conducted through available diagnostics.
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Regarding determining the health of an ecosystem, the
traditional science premise is ‘we cannot prove the positive with
certainty but we can prove the negative— the ‘null hypothesis™ (4).
Indicators and symptoms vary depending on past experiences and
the effect the activities have had on our wellbeing, which often leads
to different remedies to remove the symptom and the cause, with
the aim to return us to ‘normal’ (5). A question arises, from a
human analogy, and posits the question “are you healthy”? In other
words, do we know for certain if our own internal ‘ecosystem’ is
healthy? It is more likely that we are more certain when we are not,
if we have a symptom (an indicator) that suggests there is
something that is not normal. Is this the case for soil?

Soil health, which has been recognized by researchers and
government institutions as a societal concern, has led to policy
recommendations for increased research and outreach programs
(6). The objective of this paper is to review and synthesize the
information on the current state of the definition of ‘soil health’ as a
result of historic and traditional soil use and management, its
importance to global food security and human health, and to
provide criteria based on human-soil comparison, to assess the
concern of and define soil health.

2 Why soil health?

Soil serves an integral function in all terrestrial ecosystems to
food, medicines and fiber production, and thus is the very basis of
human life. Soil, a finite and non-renewable natural resource, is
responsible for producing 95% of the food we eat (7), home to 25%
of the world’s biodiversity (8), the largest terrestrial carbon pool on
the planet, plays a key role in the circular economy and adaptation
to climate change (9). Important soil functions related to crop
production and environmental quality include retaining and cycling
nutrients, supporting plant growth, sequestering carbon, allowing
infiltration and facilitating storage of water, suppressing pests,
diseases and weeds, detoxifying harmful chemicals, and
supporting the production of food, feed, fiber and fuel (10).

3 Human impacts on soil health

Agricultural intensification in recent decades, including increased
cultivation intensity, several-fold increases in pesticide use, and
almost 700% increase in inorganic fertilizers, has been identified as
the major cause in the degradation of soils e.g., increasing soil erosion,
soil compaction and greenhouse gas emissions (11). Some less well
documented environmental concerns include decreased abundance
of mycorrhizal fungi in roots, soil and groundwater pollution (11, 12).
As such, human interventions have caused some irrevocable changes
in the nature and properties of soil (13). While the exploitation of soil
has largely resulted in increased agricultural production and
decreased global hunger, this intensification has come at a cost to
soil health (14). The FAO estimates that about 1/3™ of global soil has
been degraded already, as a result of soil erosion, loss of soil organic
matter (SOM), compaction, and acidification or salinization (15).
Climate change and decreased biodiversity are further aggravating the
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problem. In addition to the environmental consequences, there is a
growing body of research indicating that global food security and
overall human health are directly related to the state of soil health,
and both will likely suffer as a consequence of worsening soil
conditions (16). Thus, there is an urgent need to address “the
ability of the soil to sustain the productivity, diversity, and
environmental services of terrestrial ecosystems” by selecting best
management practices that minimize the negative impacts on this
vital resource (8).

4 The state of the soil

A citation from Sanskrit scriptures written around 1500 BC (17)
states that “Upon this handful of soil our survival depends. Husband it
and it will grow our food, our fuel and our shelter and surround us with
beauty. Abuse it, and soil will collapse and die, taking humanity with
it.” However, despite the respect held by many historical societies, as
well as modern Indigenous peoples, a scientific understanding of the
myriad of processes occurring in soil, including the complex
interactions among physical, chemical and biological processes is still
poorly documented. Perhaps because of this lack of knowledge of its
relative importance in our lives or the negative connotation of soil as
“dirt”, public perception of soil in general is often negative, and soil
health in particular is not a major public concern (18).

The ability of soil to provide sustainable, good quality food is
expressed in terms of soil quality, soil fertility, and more recently
soil health, with the latter more recently adopted by the scientific
community (19). However, soil is not a single living organism, per
se, for which ‘health’ indicators can be readily measured and
quantified. Instead, soil is a complex adaptive system of organic
and inorganic solids, liquids, and gases that perform multifarious
functions at a range of spatial and temporal scales, orchestrated by
biological organisms and regulated by environmental and
geographical conditions (19). Yet, despite the integrated nature of
the term ‘soil health’, it is commonly used for soil monitoring and
management, as a readily understood term to aid in its
conceptualization and communication, and to catalyze the
adoption by policy-makers and stakeholders to address the
recognition of the vital role of the soil (20, 21).

In recent years, the science behind the maintenance of soil
health has led to the increasing awareness of soil degradation, the
need for sustainable food production, the use of organic manures
and fertilizers, and the integrated use of inorganic and organic
fertilizers. Organic manures also help soil health by increasing SOM
and improving both physical and biological properties (22).

However, both nutrient deficiency and excess can negatively
impact proper soil functions (23). Inadequately fertilized crops may
not provide sufficient vegetative ground cover to protect the soil
from rainfall impact, hence leaving the soil vulnerable to water and
wind erosion. Furthermore, it has been reported that application of
optimum fertilizer (at or below the maximum yield level) can build
soil organic matter and microbial biomass by promoting plant
growth and increasing above- and below-ground litter, while higher
than optimum N can lead to increased SOM decomposition and soil
acidity (24).
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5 Soil health defined

The concept of soil health emerged from the term soil quality in
the 1990s (25), and has been widely adopted (26) (Table 1).
According to Lal (36), while soil quality and soil health are
similar, “they should not be used interchangeably as soil quality is
related to soil functions or what it does, whereas soil health presents
the soil as a finite and dynamic living soil resource, and is directly
related to plant health”. However, outside of the scientific literature,
soil health and soil quality are frequently conflated. Soil health has
become popularized as it invokes the idea that soil is an ecosystem

TABLE 1 Review of the evolution of definitions and concepts of soil
health from peer-reviewed literature.

Authors Soil Health Definitions and Concepts

27) “a state of dynamic equilibrium between flora and fauna, and their
surrounding soil environment in which all the metabolic activities
of the former proceed optimally without any hindrance, stress or

impedance from the latter.”

“the capacity of a soil to function, within ecosystem and land use
boundaries, to sustain productivity, maintain environmental
quality, and promote plant and animal health.”

(28) “the capacity of soil to function as a vital living system, within
ecosystem and land-use boundaries, to sustain plant and animal
productivity,

promote plant and animal health”

maintain or enhance water and air quality, and

(29) “basic soil health indicators in addition to meeting other criteria
should (i) integrate soil physical, chemical and biological properties
and processes, (ii) be sensitive to variations in management and
climate, and (iii) be measurable or accessible by as many people

as possible”

(30) “the quality of a soil relates to the provision of an appropriate set
of soil properties and processes necessary for effective soil function
i.e. to provide soils that are fit for purpose. Given this context,
biological indicators can then be used to assess the status and
change in ecological soil properties and processes within a physico-

chemical context.”

(31) “Inherent soil quality refers to the aspects of soil quality relating to
a soil’s natural composition and properties (soil type, as delineated
by the NRCS Soil Survey) influenced by the natural long-term
factors and processes of soil formation. These generally cannot be
influenced by human management. Dynamic soil quality, which is
equivalent to soil health, refers to soil properties that change as a

result of soil use and management over the human time scale.”

(32) “soil health concept has been introduced due to an evolving
understanding that soil is not just a growing medium for crops but

that it provides a foundation for other essential ecosystem services”

(33) “Soil health is the continued capacity of soil to function as a vital
living ecosystem that sustains plants, animals and humans, and
connects agricultural and soil science to policy, stakeholder needs

and sustainable supply-chain management.”

(34) “proposed four target indicators to describe [Soil Health] in totality:
(i) sustaining targeted growth in crop productivity; (ii) provisioning
environment services; (iii) maintaining efficient use of inputs; and
(iv) maintaining plant, animal, air and human health along with

quality of soil environment.”

“feasible SHAs [soil health assessments] ... were developed locally
in conjunction with farmers ... we propose indicators in local
contexts, with a focus on sufficiency, to reduce data burden...”
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full of life that needs to be carefully managed to regain and maintain
our soil’s ability to function optimally (37).

One way of conceptualizing soil health is based on its capacity
to function within ecosystem and land-use boundaries, sustain key
biological activities, maintain environmental quality and promote
plant and animal health (25, 38). Thus, soil health also reflects how
the soil responds to environmental stresses. A soil with good health
has the capacity to produce sustainable high yields with appropriate
management and balanced fertilizers. More recently, the
recognition and integration of research on the role of soil biology
to soil quality and function has contributed to the integration of soil
biology to soil health (Table 2). While the academic debate
surrounding the soil health definition continues (19, 52, 53), a
consensus is beginning to emerge, suggesting soil health may be
defined as “The continued capacity of soil to function as a vital
living ecosystem that sustains plants, animals, and humans” (54) or
“The ability of the soil to sustain the productivity, diversity, and
environmental services of terrestrial ecosystems” (3). Thus, the state
of soil health is often commonly conceptualized as the integrated
and synchronous performance of the functioning of soil physical,
chemical and biological processes. However, if we embrace the
concept of environmental health in terms by which human health is

TABLE 2 Recent literature emphasizing the role and importance of soil
biology in relation to soil health.

Authors Journal Article Title

(39) Unearthing the role of biological diversity in soil health

(40) Understanding and enhancing soil biological health: The solution
for reversing soil degradation

(41) Strength of microbes in nutrient cycling: A key to soil health

(42) Fungal biodiversity and their role in soil health

(43) Soil biology and soil health partnership project 1: Translating
existing knowledge of management effects on soil biology and soil
health for practitioner

(12) Agricultural intensification reduces microbial network complexity
and the abundance of keystone taxa in roots

(33) The concept and future prospects of soil health

(44) A review on effective soil health bio-indicators for ecosystem
restoration and sustainability

(45) Role of Soil Biology on Soil Health for Sustainable
Agricultural production

(46) Ecosystem-scale modeling of soil carbon dynamics: Time for a
radical shift of perspective?

(47) Impact of the sustainable agricultural practices for governing soil
health from the perspective of a rising agri-based
circular bioeconomy

(48) Effects of sustainable agricultural practices on soil microbial
diversity, composition, and functions

(49) Soil invertebrates as sentinels of soil health: A zoological approach
to soil quality assessment

(50) A novel and comprehensive soil quality index integrating soil

morphological, physical, chemical, and biological properties

Potential of arbuscular mycorrhizal fungi for soil health: A review
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determined in part by the well-being of their external surroundings,
then soil health may be defined as “a branch of public health that
monitors the relationship between human health and the
environment, examining aspects of both our natural and human-
made environment and their effect on human wellbeing” (55).

To expand on the analogy of human health, one can look at the
example of a deficiency of a vitamin or deterioration of an organ
which may affect the functioning of the individual and would be an
indicator of poor health requiring remedial action to function
effectively. Similarly, a healthy soil is one with good soil tilth,
sufficient rooting depth, adequate water retention and availability,
good drainage, adequate supply of available nutrients, abundance of
beneficial organisms, resilience to organic matter degradation, and
free of pollutants, plant pathogens and insect pests. Should one or
more of these be deficient, remedial action may be required. This
comparison of human and soil health provides an analogy that
demonstrates the connection between health and the surrounding
environment. Keith et al. (56) purport that soil stewardship is the
nexus between providing ecosystem services or functions and the ‘one
health’ concept, wherein the health of humans, animals and the
environment are interconnected (57). In fact, the importance of soil
health to the health of plants, humans and animals as well as the
environment has been gaining general acceptance (18).

6 Soil health assessment

Costanza (58) stated that ecosystem health assessment may be
made in terms of an ecosystem health index composed of its
productivity, organization (and diversity) and resilience. Regarding
an assessment of soil health, like an assessment in the medical
profession, health cannot be represented by one property, organ or
function alone, but manifests as a product of many characteristics (59),
determined collectively by chemistry, physics and biology. Janzen et al.
(53) argued that soil health cannot be measured per se, however, soil
characteristics can be seen through the lens of proxy variables (such as
SOM), land functions (e.g., food quality, water quality, climate
mitigation) and societal values (e.g., aesthetics, equity, well-being),
which can be used as “illuminating indicators”. Nevertheless, no single
indicator or a combination thereof can provide a comprehensive
evaluation of the health of the whole soil system.

According to Lewandowski et al. (60), the health of soil provides
an overall fitness for carrying out ecosystem functions and for
responding to environmental stresses, as well as agricultural
interventions, including irrigation, tillage and application of
fertilizers. In this context, soils are a living system in that they are
the habitat for innumerable microorganisms and thus soil health
depends on soil microbiome diversity. Like human health, it isn’t easy
to quantify soil health, but it can be assessed using multiple
indicators. Doran and Zeiss (28) suggested that criteria for
indicators must be; (i) sensitive to changes in management,
(i) correlated with ecosystem functions, (iii) useful for interpreting
ecosystem processes, (iv) practical and useful to land managers, and
(v) easy and cost-effective to measure. To address these criteria,
common soil indicators may include: soil texture, soil depth, bulk
density, microbial biomass, soil structure, soil organic carbon, pH,
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cation exchange capacity, electrical conductivity, available nutrients,
lack of pathogens, toxins, and pests (25). Gugino et al. (61) and Idowu
et al. (62) created the Comprehensive Assessment of Soil Health,
which uses the combinations of physical (texture, available water
capacity, surface hardness, subsurface hardness, aggregate stability),
biological (organic matter, soil protein, soil respiration, active carbon,
with add-ons of root pathogen pressure rating and potentially
mineralizable nitrogen) and chemical (soil chemical composition -
Modified Morgan Extractable phosphorus, potassium, soil pH, and
micronutrients with add-ons of salinity and sodicity and heavy
metals) attributes. A scoring function then converts the values for a
specific indicator to give an interpretive rating of the soil between 0-
100 (63).

In both human and soil health, there are different kinds of
indicators, some of which are not readily altered. For example, low
bone density due to genetic predisposition is not easily changed.
While other indicators such as blood sugar or triglycerides are
indicators that may be more readily altered with lifestyle and
medication. Similarly, soil texture and depth do not substantially
vary and are not managed, and therefore called capability indicators
(64). Lehmann et al. (33) proposed that indicators such as
aggregation (structure), air and water infiltration, earthworm
abundance and organic C and N fractions should be more widely
adopted in soil health assessment. Similarly, soil greenhouse gas
(GHG) emissions and C sequestration potential could be added as
important soil health indicators in recognition of the relationship
between soil and climate change (65). While it remains a challenge
to effectively integrate the multitude of soil health indicators into a
single score or soil health index (66), a comparison of the various
indicators of soil health through the lens of human health can help
us understand how similar diagnostics are related to different health
functions, as illustrated in Figure 1.

In addition to the diagnostic indicators of human health, a
current understanding of genetics and environmental health builds
a more holistic picture of the factors influencing human well-being.
Adapting the work of Casebeer et al. (67), we further explore the
analogy between human and soil health and their indicators. While
Figure 1 shows the connection between the indicators of human
health and soil health, Figure 2 illustrates the connection between
both human health and soil health and the socioeconomic and
physical environment in which both exist.

Genetic predisposition in human health is related to concerns
about family history around disease, age and genetic conditions. It is
difficult to manage these concerns since they are inherent to your
genetic makeup; however, one can employ preventative measures,
monitor for disease and manage symptoms. For soils, genetic
predisposition could be related to a soil’s capability, in which the
parent material and age of soil (time) are concerns that would be
important to consider when determining the potential land use of a
soil. One cannot easily change soil texture or have an influence on
time; however, there is also the management option to restore
marginal lands back to their original use, for example flooding an
area that has had drainage installed or restoring saltwater marshes
along coastlines.

A person’s lifestyle affects their health, for example, someone
who smokes, does not exercise and has a sedentary lifestyle, may be
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agnostics wuman Health
Blood pH
Urine pH
FIGURE 1

Comparison of several diagnostics that can be used to assess various indicators of human and soil health.

more prone to disease. For soils, this would be parallel to their use
history. For example, all the previous cropping history, amendment
applications, use of high or low tillage, pesticide applications and
more, would affect the current health status of the soil, and would
require management intervention such as amendments, planned
crop rotations or integrated pest management to improve health.

Comparison of Human vs. Soil Health Predictors, Concerns, and Management Solutions

Soiitians c Health Predictors
Preventative measures, Family History (life
monitoring for disease, expectancy, disease,
and managing symptoms allergies etc.)

: ’ Human
Implement strategies to 7
improve lifestyle p Health
Access to government hl
grants, social assistance,
welfare, etc.

Regulating pollution,
advocating for greenspaces
and access to amenities

Annual physical,
examination for illness,
workshops, outreach

events, scholarly research ¢

FIGURE 2

A comparison of human health to soil health using common predictors of human health including genetic predisposition, lifestyle, socio-economic

environment and ecology and the health system relating them to soil.
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\ndicators
3 iSoil Health

H.0 soil pH
CaCl,soil pH

The socio-economic environment predictors for human and
soil health are quite similar. Both predictors are concerned with
access to resources that promote health. Similarly, we can manage
socio-economic concerns through access to government grants,
social or farmer assistance programs and non-governmental
organizations. For human health, the physical environment and

Pradict o Management
Hiealthiy Solutions
7 matetial lime. Teiet, Return land to

topography (soil depth,

weathering, texture, aspect)  atermative use

Soil ’ eeerter
lanagement to improve soil
Health structure, crop rotations,

integrated pest management

Access to resources,
education and outreach,
shifting cultivation.

Inigation planning, changing
crop selection, improve soil
for water storage and
drainage.

Soil sampling and testing,
outreach events, investing
in agricultural extension,
scholarly research
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ecology deal with concerns about access to clean air, greenspaces,
biodiversity and low-stress environments. To address these
concerns, one common government intervention is to regulate
pollution from industry or advocate for greenspaces and access to
amenities such as parks, libraries and schools. In parallel, the
physical environment and ecology are essential to soil health.
This includes concerns about the topography, aspect of the soil,
changes in biodiversity and climate change, which could increase
floods or seasonal drought. Some ways to manage these concerns
are, for example, with a high slope one could implement contour
cropping, with a south-facing aspect one can plant different crop
varieties that can withstand more arid conditions. For climate
change induced modifications, you can implement climate-smart
agricultural practices like cover cropping, compost or low tillage.

Lastly, the parallel between the human health system can be
made to soil testing and education access for producers. While
access to health care for an annual physical examination such as
blood and urine tests are crucial to monitor and respond to any
changes in human health, it is similarly important for producers to
have access to soil testing facilities, farmer outreach events and
peer-to-peer learning engagements, to ensure they can interpret test
results, learn from agrologists, colleagues and get help with other
problems through scholarly research. In addition, the information
in Figure 2 is summarized in Figure 3 in a pictorial fashion.

10.3389/fs0il.2024.1462428

The comparisons illustrated in Figures 1 and 2 are conceptual
and convey that health is a commonly used term, often without
specific context that is applied to many defined entities, including
people, ecosystems, plants, animals, environments and buildings.
By understanding the unique characteristics of the predictors of soil
health for a specific soil, we can begin to assess the types of
diagnostics needed and the most useful plan to improve soil
health. In the case of managed systems, such as the soil ‘health’,
conceptualization aids in communication among specialists, the
public and policymakers. In addition, the concept of health becomes
incorporated into other concepts, such as sustainability.

7 Sustainable agricultural systems and
soil health

The concept of soil health is the cornerstone of ‘Sustainable
Agriculture’ which may be defined as “an integrated system of plant
and animal production practices having a site-specific application
that will last over the long term” (68), and is aimed to recharge the
soil with nutrients and water that are essential for crop production,
minimize soil erosion and maintain soil biota (69).

The transition to more sustainable agricultural systems, such as
regenerative agriculture has been proposed in recent years so that

Holistic Health Predictors
Human Health and Soil Health

FIGURE 3

Pictorial diagram of holistic health predictors highlighting the influence of socio-environmental factors on human and soil health.

Frontiers in Soil Science

06

frontiersin.org


https://doi.org/10.3389/fsoil.2024.1462428
https://www.frontiersin.org/journals/soil-science
https://www.frontiersin.org

Fausak et al.

soils may recover toward a healthier state (70). This approach
targets the restoration of topsoil, enhancement of biodiversity,
improvement of the water cycle, ecosystem services, and resilience
to climate change with a range of management practices such as
agroforestry, minimum tillage, cover-cropping, recycling of farm
wastes and the addition of composted materials (71).

The Oxford English Dictionary defines sustainability as ‘the use
of natural products and energy in a way that does not harm the
environment’(72). Thus, the sustainable use of soils has
connotations of continuity and maintenance, rather than the
continuous improvement implied by regenerative agriculture or
precision agriculture, although regenerative agriculture promotes
improving soil health for future use. Regenerative agriculture also
helps increase soil C sequestration (i.e., SOM) thereby offsetting the
GHG emissions. The suggestion of sustainable soil management
and continual improvements may contribute to a more informed
description of soil health as it aids in the description of what is a
sustainable or ‘healthy soil’.

Not only does sustainable agriculture play a crucial role in soil
health, there is growing evidence suggesting that it may be linked to
human health, as the soil also contains important nutrients,
pathogens, as well as healthy microbes, natural antibiotics and
medicines (18, 73). Thus, one may argue that protecting life
below ground, by ensuring a robust and diverse community of
soil biota, is crucial to sustaining the good health of animals,
including humans. In turn, better soil health is also the key to the
global food supply, as healthy soil in combination with balanced,
integrated nutrient management will result in optimum yield and
good quality of produce, a necessity for human health - reinforcing
the concept of ‘One Health” (56).

8 Soil health in relation to
climate change

The start of the present agricultural food production era may be
considered the first instance of an increase in soil GHG emissions
(74) such that agriculture and associated land use changes are
significant sources of CO,, CH4 and N,O emissions that contribute
to climate change (75, 76). As a result of climate change associated
elevated temperatures, more frequent droughts and flooding further
affect soil health by affecting crop production and increasing soil
erosion and GHG emissions. Furthermore, soils can contribute to
positive feedback loops resulting from increased SOM
decomposition and soil GHG emissions. Thus, increasing
emphasis is being laid on soil-centric climate change mitigation
by developing soil C sequestration strategies and improved land use
and management practices to decrease agricultural GHG emissions
(77). Soils can mitigate some concerns of climate change as a result
of greater soil C sequestration from increased productivity due to
increased CO,, fertilization and a longer growing season (16, 78).
Better soil health, the result of higher SOC content, may also help
mitigate climate change and its effects on other soil-ecosystem
services, such as water quality, and sustain plant productivity with
greater resilience to drought and flooding (9). However, to realize
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the potential for climate change mitigation through global soil
management requires understanding cultural, political and
socioeconomic contexts, and the ways in which widespread,
sustained changes in practices can be successfully achieved (79).
As such, there needs to be a greater level of engagement with the
land users, who will need to implement the practices that abate
GHG emissions and sequester carbon.

Canada has recently launched an Agricultural Climate Solutions
program under the $4B Natural Climate Solutions Fund focused on
sequestering C and decreasing GHG emissions along with other
environmental benefits by developing, adopting, and refining
agricultural technologies (80). This ten-year program will support
the integration of scientific research and farming operations with
the goal of increasing adoption of tested technologies by farmers.
Focused on the science of increased soil C sequestration, by
implementing suitable soil health practices, to mitigate climate
change to the extent that has been proposed to align with
agricultural and climate policies (81).

9 Future perspective

It is challenging to elucidate and communicate the myriad of
interacting processes that take place in soil, and also to draw public
attention to soil-related issues in comparison to water and air
pollution and economic issues that are more readily noticeable
(82). This lack of visibility of soils by the public at large and lack of
funding for soil research compared to other disciplines, has
impacted the lack of focus and public awareness of soil health. Tt
is interesting to note that more money is spent on the search for,
and detailed study of, exoplanets, distant by several lightyears from
us, than on the soils on Earth on which our livelihood depends (83).

Healthy soil has been shown to suppress the effects of
pathogens, sustain biological activities, decompose organic matter,
inactivate toxic materials, and recycle nutrients, energy, and water
(41). On the other hand, degraded soils that are compacted or
contain less SOM hold less water than healthy soil, thereby
increasing the likelihood of floods and making them more
susceptible to droughts, ultimately leading to economic losses.
The latter also increases the demand for water for irrigation,
thereby impacting and competing with other water-intensive
industries. Among many benefits, keeping soils healthy will
improve water availability, decrease nutrient inputs and increase
pathogenic resistance. Similarly, employing sustainable and
beneficial land management practices to reverse and restore SOM
and hence regain soil health can aid carbon sequestration.
Accordingly, maintaining good soil health makes for a business
case, as an integral component to mitigating the disruption of water,
energy, food and fiber supply chains, as well as climate change (8).

With increasing knowledge and awareness of the role of soils in
climate change and the mitigation of adverse impacts, national
governments have begun to act on this important issue. In addition,
the growing concerns about future global food security given an
ever-increasing population and the continued degradation of soils
have begun to ring alarm bells across nation-states. Realizing the
extent of soil degradation and the important role it plays not only in
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numerous ecosystem services but also in the global circular
economy, the European Parliament adopted a Soil Protection
resolution [2021/2548(RSP)] thereby proposing a Soil Health Law
to develop a comprehensive legal framework for the protection of
soil and to grant it the same level of protection as water and air. The
aim is to have all soils in healthy condition by 2050. In 2021, Canada
Bill C-290 also proposed the Soil Conservation Act directed toward
raising public awareness of the importance of improving and
sustaining soil health, and helping farmers adapt to climate
change and conserve water and soil; and the USA Bill S.1356
modified the Environmental Quality Incentives Program of the
USDA to provide permanent incentive payments to producers that
adopt practices designed to improve soil health through increasing
carbon levels in soil. Worldwide there is a push from policymakers,
scientists and concerned citizens alike to protect the health of this
once overlooked resource.

The soil health concept fills an important stakeholder need in
sustainable development (84) by elevating the recognition of the
role of soil in modern society. However, while the soil health
concept has been developed into an attractive and actionable
platform for policymakers, farmers, and scientists, the latter two
have different perceptions of soil and do not generally conceive of
soil in the same way, nor at the same scale of concern. Farmers are
mostly concerned with maintaining soil for productive purposes
under variable conditions, whereas scientists like to know “why”
and explain things by understanding relationships and processes.
Nevertheless, through effective communication among all
stakeholders, some of the anthropogenic changes impacting soil
health may be reversed and soil health restored by adopting
beneficial management practices and restoring soil biodiversity
and resilience.

The main barrier to sustainable soil health practices is the
economic cost. While practitioners are interested in maintaining
good soil health by using best management practices (BMPs),
stakeholders often cannot implement such BMPs due to
economic constraints. Farmers are more likely to adopt those
practices known to benefit the environment if they save on inputs
without decreasing crop revenue (85). However, research shows
that most sustainable agriculture practices that increase soil
biodiversity and improve soil health are not economically viable
in the short term for farmers. While farmers value the environment,
they would certainly prefer to use sustainable practices if provided
incentives, or at least compensated for any economic loss for
adopting specific strategies.

There is a scientifically documented need for policy-makers,
scientists, farmers, and foresters to collaborate and apply a holistic
approach, share knowledge, promote soil health and integrate with
plant, animal, and human health for controlling current and
emerging infectious diseases, water quality, and food security
issues (86). Additionally, there is a need to enhance the transfer
of existing knowledge to and among farmers. Sustainable
agricultural practices for optimum crop production that enhance
soil biodiversity and thereby soil and human health require
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incentives that could be incorporated into policies that integrate
with public health and food security concerns.

Finally, efforts should be continued toward the development of
a comprehensive soil health index that will benefit sustainable
agriculture goals. However, we have to remember the possibility
of a “no one size fits all” when deciding what is a healthy soil, taking
into consideration the predictors of soil health and choosing
indicators to assess soil health improvement methods. Creating
such an index will require calibration for different regions with
different pedo-climatic conditions and needs (87). Nevertheless,
innovative analytical and conceptual approaches including newer
measurement sensors, microbiological assessments, computational
technology and data analysis tools will provide advances.

In conclusion, we cannot prove what is ‘healthy’, but can
determine using indicators and predictors focused on function,
what is not healthy, thus rejecting the null hypothesis that the
concept of human health cannot be applied to soil. The comparison
of soil health with human health may aid in the recognition and
communication of the importance of soil, thereby contributing to
an informed public debate on the necessity of conserving our vital
soil resource.
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