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ABSTRACT

About 40% of world soils are degraded which also aggravates the
problems of climate change and food /nutritional insecurity along with water
scarcity and eutrophication. The rate of global soil degradation has been
estimated as much as 20 ha minute! or 10 M ha per year. Through its
adverse effects on the quantity and quality of food and feed, soil
degradation has direct and indirect impacts on human health and wellbeing.
This is an issue of global public health emergency. Based on the magnitude
of the problem of under nutrition and malnutrition, soil degradation is a
global emergency which necessitates an urgent and coordinated effort to
address the problem. It requires implementation of Soil Health Act at state,
national and global level to ensure protection, restoration and sustainable
management of soil and agriculture. Being a precious and finite resource,
which is prone to degradation by anthropogenic and natural causes with
severe and long-term impacts on human health and wellbeing, there is an
urgency to enhance awareness about the magnitude of the global problem
of soil degradation and for implementation of policies which are pro-nature,
pro-soil, and pro-land managers. The One Health approach must be a part
of the curricula for medical colleges and implemented in cooperation with
soil scientists and pedologists. Classes on medical pedology and veterinary
pedology should be offered in medical and veterinary colleges by
professionals in human health, soil health and environment quality. The
serious public health emergency needs an immediate and urgent action to
safeguard human and planetary health through a well-designed and
coordinated action plan at different levels.
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1. Introduction

Soils are the foundation of good human health and
wellbeing. There exists a strong link between soil health
and human health, and soil health is also a source of some
essential ecosystem services (ESs) such as: food and
biomass production, storage and sequestration of carbon
(C), habitat for biodiversity, water purification and
renewability, cycling of nutrients, and others. Indeed,
healthy well-managed soils are fundamental to human
existence!. However, in their quest to produce these ESs,
humans are the principal cause of soil degradation,
contamination, and pollution of this finite resource. The
narrow human-centric focus on producing ESs has
degraded 40% of all soils23. As much as 60 to 70% of
soils in the European Union are in an unhealthy state due
to various natural and anthropogenic factors4. Extent and
severity of global soil degradation and its effects on
agronomic production and other ESs have been reported
since the 1990’s567.8, With business a usual, without an
earnest effort to address the problem at the grassroot
level by participation of each inhabitant of the planet, its
adverse impacts on quantity and quality of food
production can jeopardize both human and planetary
health. Indeed, the planetary limits to soil degradation
must be respected?. Thus, a well thought out and a
coordinated action plan is critical to protect, restore, and
sustain soil health to feed 9.7 B people by 2050 under
changing climate, degrading soils, depleting and
contaminating water, dwindling biodiversity and
declining per capita resource base. It is critical that every
citizen is involved in protecting, restoring and managing
soil'. Therefore, the objective of this article is to
deliberate anthropogenic pathways of soil and
environmental degradation and their effects on human
health and wellbeing. The specific goal of this article is to
enhance awareness about the severity of this problem as
a potential global public health emergency that can no
longer be ignored. This article calls for an immediate and
urgent action at local, state, national, continental, and

global action to address this issue that can severely
jeopardize human and planetary health.

2. Anthropogenic Pathways of Soil

Degradation

Human population, 8.2 B in 2025 and projected to be
9.7 B by 205010 with increasingly affluent lifestyle, is the
driver of soil and environmental degradation. Soil
degradation and climate change are mutually reinforcing
and highly complex processes (Figure 1). Climate change,
characterized by extreme events leading to thawing of
permafrost and desertification of arid and semi-arid
regions, accelerates soil degradation, reduces water
quality and renewability, aggravates loss of biodiversity,
and provides feedback to climate change. Soil physical
degradation is set in motion by decline in soil structure
and the attendant formation of crust and surface seal
which accelerates soil erosion by hydric, aeolian and
other processes. Physical removal and transport of soil
over the landscape is among the primary causes of soil
degradation, and it is driven by diverse processes
depending on the source of energy to break soil
aggregates, transport sediments to depressional sites
and aquatic bodies, redistribute C over the landscape
and increase its emission into atmosphere as CH4 or CO2
depending upon the soil moisture regime!’.12.13,14,
Important among the sources of energy are water, wind,
gravity, tillage, and chemical reactions. Soil erosion is set
in motion by surface sealing or crusting because of the
breakdown of soil structural units. Surface sealing
aggravates water runoff, transport of sediments, loss of
the fertile topsoil, depletion of SOC pool, and emission
of greenhouse gases (GHGs) into the atmosphere. The
extent and severity of hydric erosion on agroecosystems
is also aggravated by soil compaction caused by traffic
of heavy farm equipment, intensive grazing, and removal
or in-field burning of crop residues. Vehicular traffic of
farm operations can cause compaction of the plow layer
(top 20cm depth), or of the deeper subsoil (up to 50cm
depth).
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Figure 1. Anthropogenic pathways of soil environmental degradation in relation to ill effects on human health and

wellbeing.
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3. Soil Pollution and Contamination

Soil pollution, a severe global issue of the 215 century’s,
involves contamination of soil by deposition or soil
application of anthropogenic waste containing chemicals
such as heavy metals, toxic organic chemicals, pesticides,
plastic, and biological pathogens. Ad hoc application of
municipal solid waste can also jeopardize soil functions.
Indiscriminate use of pesticides is a major global
concern'é. Soil contamination is a serious problem in
rapidly expanding urban areas!7.18,19,20,21,22,2324 Tong et
al.25 observed that 71 cities in China had heavy metal
contamination of arsenic (As), cadmium (Cd), chromium
(Cr), mercury (Hg), lead (Pb), Copper (Cu), zinc (Zn), and
nickel (Ni). Traffic-related Pb pollution is also a factor in
vicinity of highways2¢. Indeed, soil pollution is a growing
issue?” that must be systematically addressed.

Exposure to heavy metals can adversely affect kidneys,
brains, intestines, lungs, liver, and other organs. Heavy
metal contamination of agricultural soils is a major health
risk to plants, animals, people, and the
ecosystem?28.29.30.31,3233,34  |n addition to deposition of
industrial waste, soil pollution is also caused by
indiscriminate use of agrichemicals such as fertilizers,
pesticides, herbicides, and manure. Fossil fuel combustion,
mining, and solid waste disposition are major sources of
heavy metals30:35.36, Agricultural soils are also polluted
when located in close proximity to mines for iron (Fe), Ni,
etcd7.:38,  Military activities can lead to severe
contamination with heavy metals3? and have long-lasting
impacts. In Pakistan Ali et al.40 reported that 97.4% of
rice grains exceeded the Cr threshold level of 1.0 mg kg-
1. Overall, loading capacity of paddy soils in west Punjab
had low risk (34.6%), moderate risk (15.8%), high risk
(11.2%), and very high risk (38.4%). Soil contamination
by Pb is another issue that adversely affects health of
children41.42,

Plastic Pollution of soils of agroecosystems has become a
major global issue of the 215 century43:44:45.46,47.48,Global
plastic production reached 4.9 Gt in 2015 and 11 Gt in
202549 and making plastic pollution as one of the biggest
problems facing humanity because it may take more than
100 years to decompose. Microplastic (<5mm in size) can
affect the microorganisms by ingesting it from soil,
affecting below-ground biotic and abiotic components.
Consumption of these crops and consumption of food and
water by humans in daily intake50 can lead to severe
adverse consequences to human health. Yu et al.5
observed that additives in plastic can be released from
microplastics into the aquatic environment during their
aging, some of these can cause toxicity effects on
organisms and aggravate ecological risks.

4. Soil Physical Degradation

Soil physical degradation, not as widely known as
pollution/contamination by heavy metals and other
pollutants, is also a serious problem in soils of
agroecosystems. It is set-in-motion by depletion of soil
organic matter (SOM) content with adverse impacts on
soil structure and other physical processes32. Burning of
crop residues, widely practiced in developing countries,
leads to air pollution by emission of soot and smoke, loss
of microbial biodiversity in soil, depletion of SOM
content, decline of soil physical properties and ill effects

on human health and wellbeing?3. Yet, there is a serious
lack of awareness about the importance of degradation
of soil physical properties and processes with adverse
effects on human and planetary health5455.56, Awareness
about soil degradation gained momentum when 2015
was declared “Year of the Soil” by the 68t U.N. General
Assembly5” and IUSS declared 2014-2024 as the
“Decade of Soils”%8. An important aspect of soil physical
processes with strong impact on soil health is the water-
carbon interplay in dryland ecosystems>°. Traditional
Green Revolution, with heavy dependence on
agrochemicals, created agroecosystems with inherently
leaky and unsustainable production systems®® leading to
adverse effects on soil physical attributes. Human health
is also adversely affected by anthropogenic climate
change as «aggravated by soil degradation,
desertification, loss of biodiversity, decrease in
freshwater resources, acidification of oceans, depletion
of the ozone layer, and decline in productivity and its
nutritional quality®!.

Accelerated soil erosion by water, leading to transport
of sediments and the pollutants into aquatic ecosystems,
can aggravate eutrophication and contamination of
wateré2. As much as 15-30 Gt of sediments are
transported into the oceans by hydric-erosion processes.
Sediments enriched in P and N are the major cause of
eutrophication and leading to algal bloom and anoxic
eventsé3,

A. SOIL COMPACTION AND SURFACE SEALING
Adverse soil physical conditions (i.e. compaction) can also
decrease uptake of selenium (Se) but increase that of As
(a human carcinogen)é4. Loss of SOM content, peatland
degradation, and soil compaction are among the most
critical issues in Europe® but there exists serious
knowledge gaps. Soil compaction is also a serious issue in
urban and peri-urban areas with adverse effects on
forest developmentéé.

Compaction by human trampling can also adversely
affect soil functions and decrease productivityé’.
Improper management of soils has aggravated
vulnerability to degradation through hydric and aeolian
erosion, SOM depletion, salinization, acidification,
crusting, and sealing and compaction in soils of Central
and Southeastern Europe®s. Such degradation has
reduced soils capacity to support human communities and
resist desertification. Glab¢® studied the effects of
vehicular traffic on soil compaction in grasslands and
observed higher values of bulk density and penetration
resistance and lower values of total porosity. Soil
compaction decreased water retention pores and
aggravated droughts, decreased biotic activity due to
restricted aeration, and reduced root and above ground
biomass. Compaction is a problem in soils with high silt
and low SOM content because of low aggregate stability
and large proportion of micropores?°.

B. SOIL DESERTIFICATION AND HUMAN HEALTH

Arid and semi-arid regions are facing the serious
challenge of soil desertification and its adverse effects on
human health. Africa has a major issue of desertification
due to soil erosion, salinization, nutrient imbalances,
acidification, and soil compaction3¢. Soil microbes can
play a critical role in combatting desertification through
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nutrient cycling, soil fertility enhancement, carbon
sequestration, soil stabilization, erosion control, and
biodiversity conservation”!.

C. SOIL WATER CAPACITY

An important ramification of soil physical degradation is
reduction in plant available water capacity in the root
zone and its adverse impacts on quality and quantity of
food produced. Vulnerability to drought is being
aggravated by change in climate and increase in
frequency of extreme events as manifested in frequency
of drought-flood syndrome. Intensification of agriculture
has aggravated these problems”2, and depletion of SOM
content has severe adverse effects on soil water retention
in the root zone!3. Costantini et al.”3 observed that
grapes grown on degraded erosion-prone soils in
vineyards of Europe suffered from drought and poor
water nutrition due to shallower rooting depth,
compaction, reduced available water capacity and
lower chemical fertility.

5. Soil Degradation, Pollution and

Contamination by War
Throughout the human history, wars have been used as
violence against people and the land’4 probably due to
scarcity of key resources’5. However, modern wars have
drastic impacts on world economy, geopolitics, food and
nutritional insecurity, and above all on degradation of
soil and pollution of environments with severe and long-
lasting impacts on health of human and wildlife. Because
of the extreme humanitarian situations in war-torn
regions, the adverse impacts on soil and environment or
the nature have often been overlooked. Satellite imagery
and ground-based surveys of some countries in Southeast
Asia showed that even after four decades, bomb craters
remained discernible at densities that commonly
exceeded 200/km2 and in some cases exceeded 800/
km276  Contamination of soil by Dioxin”7, Mustard
Gas’879 has been widely studied. The effects of Agent
Orange in Vietnam and Laos persisted beyond 6
decades after the war ended80.81.82, Persistence of heavy
metals (As, Pb, Hg) in war affected soil83 is a major health
concern. Pereira et al.84 reported severe adverse effects
of Russian-Ukrainian war on air pollution, greenhouse gas
(GHG) emission. deforestation, habitat destruction, loss of
biodiversity, and severe implication to wildlife. The
effects of Russian-Ukrainian war on human health are
tremendous and aggravated by exposure to high levels
of environmental contamination. Adverse effects of war
on soil, vegetation and environment are reported from
Kuwait8586 and Syria®”. Storage of chemical warfare

agents underground at discarded military munition sites
can pollute water resources with heavy metals such as Fe,
Cu, and Pb8s,

Any war has three parties: two communities or the nation
fighting with one another and the third party is the nature
or the land on which the fight occurs. While human impact
is serious and can never be underestimated, the impact
on soil, nature and wildlife is completely overlooked. Yet,
the adverse impact on nature and its consequences on
humanity and wildlife can persist for decades. War (an
acronym for “we are right”) is a crime against nature. No
one has the right to destroy nature.

6. Policy Interventions

There are numerous soil science challenges in this new
era8? which must be addressed. When soil is degraded,
human health is under stress. Recent estimates indicate
losses of 20 ha min' (~10 M ha yr') of soil by
degradation processes?. Thus, there is an urgency in
revisiting crop production systems and identifying those
which can protect, restore, and sustain soil health for
producing healthy and good quality food while also
improving the environment through development of green
technologies for soil rehabilitation. Micro or nanoplastic is
a new pollutant of soil°'92, In Brazil, Suzuki et al.?3
identified public policies for soil and water conservation
and food production. Soil Health Act must be enacted at
local, state, national, and international levels. European
Commission has implemented a strategy to support
human activities and ecosystems®4. The strategy on soil
protection will comprise a communication and a
legislative proposal which requires member states to
mitigate threats of landslides, contamination, erosion,
SOM depletion, compaction, salinization, and sealing in
EU countries. Safeguarding the resilience of soil health
requires policies to promote interdisciplinary research,
technological innovation and cooperative initiatives?s.

Planet Earth is undergoing adverse changes due to
anthropogenic abuses and global warming leading to soil
degradation, desertification, and erosive loss; there is a
need for a coherent approach. Timmis and Ramor?
proposed creating a soil healthcare strategy at a
national and international level: i.) a public health system
for development of effective policies for land use,
conservation, restoration, etc., and ii.) a healthcare system
charged with soil care through promotion of good land
use and management practices. All humans must be
involved in soil healthcare.

Table 1. Some examples of technologies for restoring soil health, productivity, and nutritional quality of food with positive

effects on human health and wellbeing

Technology Effects References
Biochar Soil /environmental restoration 53
Biochar-amended manure i

Biochar for phytoremediation of mine soils and contaminated tailings in | 98

China
Adverse effects of potentially toxic elements can be reduced by use of | %9
biochar
Combined with fertilization enhanced water-fertilizer productivity of | 35
cucumber

Cover Crops | Reducing deleterious effects of tillage 100
Improved physical properties of Mollisol in the Pampas of Argentina 101

© 2025 European Society of Medicine 4
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Technology Effects References
Conservation | Sustaining micronutrient concentrations in foods and feed 102
Agriculture
Fertilizer and | Effects of N on micronutrients in food 102
Amendments

Nano-fertilizers for fruit cultivation 103

Enhanced hydrologic properties of Mollisols in Northeast China 104
Water Balancing limited water resources in drylands 105
Management

Installing terraces and using strip cropping in uplands 106
Landscape Judicious management of green, blue, grey spaces, biodiversity, | 107
Management | microbiota, and human health

Integrated landscape management in Africa 56
Soil health indicators are needed to evaluate the effects of management options on soil health08 in
relation to human health.

Highly informative, and professionally certified food
labels are needed with regards to safety and nutritional
quality of food with focus on human health. Furthermore,
food producers (farmers, ranchers, horticulturists, etc.)
must be financially rewarded for providing safe and
nutritious food.

7. Global Action Plan to Address Soil Deg-

radation as Public Health Emergency.
A well-conceptualized action plan is needed to address
this issue of soil degradation as global human and public
health emergency (Figure 2). Action plan may involve a
coordination committee which works with representatives
of different organizations including academicians in
medical pedology who address human health as
influenced by animal and plant health, policy makers and
outreach organizations including communicators and
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Educationists,
Communicators,
and Extension
Specialists

extension specialists. The aim is to revise and update
curricula at school, college and professional levels and
communicate this to academic institutions who work with
private and public sectors on the one hand and land
managers and educators on the other. There should be a
well-defined mechanism for providing the feedback to
the overall coordination committee (Figure 2). An
operational mechanism, at all geographical levels is
needed, to involve food producers (farmers, ranchers,
horticulturists, and poultry and fishery industry) and food
processing and distribution organizations which work
together to provide healthy food grown on healthy soils.
Furthermore, producers must be appropriately rewarded
for producing high quality food by adopting sustainable
systems of managing soil health. Sources of these funds
may come from consumer but also from private and
public sectors.

Educators

Private Sector
Academic
Institutions at
County, State
and National

Level Public

Institutions

Figure 2: Curricula coordination and implementation committee at different academic levels

8. Conclusion

The ever-increasing problem of soil degradation and
land desertification, with adverse effects on human health
and well-being, is a global emergency that needs an
urgent and immediate action to protect, restore and
sustainably manage soil health. Despite its importance to
health of human and planetary processes, there is a lack

of awareness about the magnitude of the problem
among general public, policy makers, and educational
institutions. Educational curricula need to be updated at
all levels (primary and secondary school, graduate and
undergraduate degrees, and medical and public health
colleges) to include study of soil and its impacts on human
health. Multi-disciplinary education is needed to offer
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classes in medical-pedology as a part of the medical
curricula and veterinary education. Policies are also
needed to reward land managers for producing safe,
nutritious and healthy food. Well conceptualized labels
must contain information on nutritional quality and safety

of food. Farmers and other food producers (i.e., dairy,
poultry, horticulture) must be rewarded for providing
safe and healthy food. The global public health
emergency requires a coordinated action plan at local,
national and global level.

© 2025 European Society of Medicine 6
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