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ABSTRACT 
Human health and wellbeing is greatly jeopardized by the twin global 

problems of undernutrition and malnutrition. These issues have plagued  

humanity since time immemorial because the underlying determinant of the 

problem has not been systematically addressed. Several ancient cultures 

emphasized the importance of good diet to human health, and also 

realized that nutritious diet comes from food (plants and animals) raised 

on a healthy soil. During the early 20th century, Lady Eve Balfour and Sir 

Albert Howard recognized the importance of soil health on diet quality 

and proposed the idea that “human health begins in soil”. Indeed, the root 

cause, degradation of soil quality caused  by land misuse and soil 

mismanagement but aggravated by climate change, must be 

systematically addressed by adopting the “One Health” approach at 

local, county/district, state, regional, national and global level. People are 

mirror image of the soil on which they depend for food, water, air, minerals 

and the clean environment. Therefore, protection, restoration and 

sustainable management of soil functions to provide these services in 

perpetuity is critical to human health and wellbeing for the present and 

future generations. It is precisely in this context that the scope of the One 

Health approach must be broader beyond the human-animal health, and 

encompass the concept that health of soil, plants, animals, people, 

environment and the planetary processes is one and indivisible. The “One 

Health” concept is inter-disciplinary, scale neutral, and facilitates 

exploration of the innovative methods of disease prevention and 

management based on a holistic strategy. The systemic soil health needs to 

be improved by holistic approach, based on sustainable management of 

soil functions that strengthen and enhance its life support processes, it must 

be implemented to eliminate undernutrition, malnutrition, and other health-

related issues so that human live in harmony with nature and in peace with 

the overall environment. 
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Introduction 
The world is faced with the population-driven planetary 

crisis with a profound effect on human health and 

wellbeing (Figure 1). This crisis has created some 

challenging global issues such as: decreasing per capita 

arable land area, increasing risks of soil degradation, 

aggravating anthropogenic climate change, decreasing 

per capita renewable fresh water supply and its 

eutrophication, increasing demand for energy leading to 

continued dependence on  fossil fuel, and  vulnerability 

to hunger and malnutrition. Whereas 800m people are 

food insecure, 2 to 3B are prone to malnutrition due to 

deficiency of protein, and micronutrients. Seventeen 

micronutrients essential for human health must come from 

food grown on a healthy soil.1 The growing challenge of 

human malnutrition is related to the so called “One 

Health” concept that links human health to animal health. 

The One Health concept was used by the Wildlife 

Conservation Society (2004)2 who specifically 

acknowledged the crucial role of wildlife health in 

spreading diseases to human through emergence of 

zoonotic infectious diseases.3 However, the soil-centric 

approach to “One Health” was explained in the 

Ramayana by Valmiki around 7th to 5th Century BCE. In 

Ramayana (a scripture epic of the Indo-Aryans), Lord 

Rama consoles the widow of Bali by stating that “Chiti, 

Jal, Pavak, Gagan, Samira; Panch Rachit Ati Adham 

Shareera”, or “human body is made of five elements: soil, 

water, energy, space, and wind”. In other words, human 

body is made from soil and it is eventually returned to 

the soil. The ancient One Health concept is also closely 

related to human diet. Several ancient civilizations have 

emphasized the importance of diet to human health. 

Indeed, diet is an important determinant of human health. 

For example, in the 5th century B.C., the Greek Physician 

Hippocrates stated that “let thy food be thy medicine and 

thy medicine be thy food”. He emphasized that poor diet 

was an important cause of illness. Similarly, Ayurveda 

(5000-year-old Indian medical system)4,5 emphasized 

the impact of diet on human health: “when diet is right, 

medicine is of no need; when diet is wrong, medicine is of 

no use”.6,7  It has been also recognized that good diet 

comes from food grown on a healthy soil. The Sikhism’s 

“Jap Ji Sahib” or Gurbani composed in the 17th century 

(1604-1708 AD) vividly states that “Paun Guru, Pani 

Pita, Mata Dharat Mahat”, or “wind is the teacher, water 

is the father, and the greatest of them all is the mother 

Earth”. Building upon the traditional knowledge and 

combining it with the modern science, Lady Eve Balfour 

(1943)8 and Sir Albert Howard (1943)9 recognized the 

importance of soil health on diet quality and promoted 

the idea that “health begins in the soil”. In the modern 

civilization of the 21st century, the importance of diet on 

human health and that of soil on diet quality  can never 

be over-emphasized. 

 
Figure 1. The population-driven planetary crisis with adverse effects on human health and wellbeing aggravated by food and 
nutrition insecurity along with poor quality of diet. 

 

The “One Health” concept; being transdisciplinary, scale 

neutral and the basis of exploring innovative methods of 

disease prevention and management; embraces a holistic 

approach to collectively improve the health of soil, plants, 

animals, people, and the environment because of their 

inter-connectivity. Rather than keeping a narrow scope of 

“balancing the health of people, animals and 

environment”,2,3 embracing a broader approach that 

“health of soil, plants, animals, people, ecosystems, and 

planetary processes is one and indivisible”10 lays the 

foundation of interconnectedness of human health to soil 

health. Indeed, the modern One Health concept is based 

on the basic law of ecology which states that “everything 

is connected to everything else”.11 Furthermore,  

everything is also dependent on soil and the determinants 

which affect its quality or functions, specifically those 

products related to anthropogenic activities. Notable 

among these activities are land use, soil management, 
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tillage, soil fertility or nutrient management, water 

management (drainage and irrigation) in conjunction with 

the need of conserving soil and protecting it  against 

erosivity of water, wind, gravity, and tillage.  

 

Therefore, the objective of this article is to understand 

and deliberate the relevance of the “One Health” 

concept in era of growing and increasingly affluent world 

population whose vulnerability to pests and pathogens 

may be aggravated by the anthropogenic global 

warming on the one hand and political instability and 

wars on the other. This inter-connectivity, as is also 

visualized in Figure 2, is the conceptual basis of this 

article. The article is based on the hypothesis that risks of 

emerging zoonotic infectious diseases which originate in 

animals and especially in wildlife12 can be addressed 

through the wider implementation of the “One Health” 

concept, and that restoration and sustainable 

management of soil of agro-ecosystems can produce an 

adequate amount of healthy and safe food for the 

current and future population of the growing and 

increasingly affluent human population. 

 

 
Figure 2. Three C’s: Human health risks of climate warning, conflicts, and changes in diets with growing emphasis on animal-based 
and processed food.Chemicals used in modern war pollute soil,water,air and biodiversity and its adverse effects persist for 
generations. Adverse effects of war-polluted soils on human healt may perpetuate at decadal or even centennial scale. 

 

Operationalizing The One Health 

Approach 
The Wildlife Conservation Society (2004) noted the close 

link between human and animal health and listed the so 

called “Manhattan Principle” which recognized the role 

of wildlife in spread of human diseases.2 However, the 

Manhattan Principle based on the close link between 

human-and-animal health must be expanded to the 

original idea of soil-food-human health as outlined in 

Ayurveda and by Hipocrate, and explained by Lal 

(2009).1 

 

An entry point to include “soil health” in the mix of the 

“human-animal-health nexus” is to incorporate the 

concept of wellbeing systems13 and the effects of soil 

health on food quality.14 In addition to other functions, 

research must also focus on human wellbeing in 

conjunction with soil health.13 Human wellbeing, in the 

context of soil health, comprises of physical health or 

physical wellbeing, mental health or psychological 

wellbeing, social health or ability to meet social needs, 

spiritual health or spiritual wellbeing, financial health or 

economic wellbeing, and environmental health or ability 

to be able to live in harmony with nature. The latter (i.e., 

environmental health) implies restoring soil health while 

providing critical ecosystem services for human need and 

nature conservancy. Therefore, operationalization of the 

One Health concept must begin with protection, 

restoration and sustainable management of soil health. 

Degraded soils of agro-ecosystems are estimated at 

40% of the land area of the earth and affect half of the 

humanity including 3.2 B people affected by 

desertification.15 Unless urgent and immediate action is 

taken to reverse these degradative trends, more than 

three-quarters of the population may be affected by 

2050.15 Thus, soils must be restored and the downward 

spiral reversed by enacting and implementing policies 

which are pro-nature, pro-agriculture and pro-farmer. 

Operationalization of the One Health concept begins 

with restoration and sustainable management of soil 

health. 
 

Global Warming and Human Health 
Anthropogenic global warming is being accelerated. Ke 

et al. (2024) indicated that atmospheric CO2 growth rate 

was 3.37 ± 0.11 ppm for 2023 at Mauna Loa which is 

86% more than that in 2022.16 This drastic increase may 

be attributed to a weak global net land CO2 sink of 0.44 

± 0.21 PgC yr-1. Because of a weaker C sink, the year 

2023 recorded an extreme warming of 0.6°C above the 

1991-2020 average and 1.48°C warmer than the 
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1850-1900 pre-industrial level.16–18 Global warming 

can aggravate vulnerability to human diseases including 

insect-borne diseases (i.e., malaria, dengue), water and 

food-borne diseases (i.e., E. coli and vibrio), non-

communicable diseases or NCDs (e.g., stroke, heart 

diseases, asthma), mental health issues caused by anxiety 

and stress, fungal infections (i.e., Candida auris) among 

others.19 Global warming has also strong effects on food-

borne diseases because of change in survivability and 

distribution of pathogens, decline in safety and quality of 

food,20,21 and increase in risks of consuming raw food such 

as leafy green products (I.e., lettuce). ASM (2024) 

reports that salmonella enterica causes disease in 1.2 

million people in the U.S. every year.22 There is strong 

evidence for coastal vulnerability to S. enterica.23 Global 

warming is also aggravating severity of viral diseases 

and threat to global aquaculture.24  

 

Simply put, soil health has strong link to advancing 

Sustainable Development Goals or SDGs of the United 

Nations, especially SDG #1 (end poverty), SDG #2 (zero 

hunger), SDG #13 (climate action), and SDG #15 (life 

on land).25 Whereas the One Health concept proposed 

by the Wildlife Conservation Society in 20042 focuses at 

the animal-human-ecosystem focus, the broader aspect of 

the ancient concept going back to Vedic Era of Indo-

Aryans and other ancient societies is all inclusive and 

clearly states that the health of soil, plants, animals, 

people, ecosystems, and the planetary processes is one 

and indivisible.10  

 

The One Health concept is closely associated with the 

planetary health that promotes evidence-based policies 

in relation to human health and wellbeing while 

preserving and restoring the environment. Indeed, human 

health strongly depends on the optimal functioning of 

natural ecosystems and preserving their quality and 

capacity to generate ecosystem services. In other words, 

planetary health is adversely affected by the population 

driven planetary crisis (Figure 3), which necessitate a 

human rights approach to advancing human wellbeing 

through planetary health.26  

 

 
Figure 3. The soil-centric basis of the “One Health” concept. Soil is the basic foundation of nature. People are a part of the nature, 
and anthropogenic activities are driver of land use and land use change which alter the dynamics of factors affecting ecosystem and 
planetary health. Wars and political instability affect human health through pollution (soil, water, air, biodiversity) disruption of food 
production and supply chain, and destruction of nature that may recover over centennial scale and lead to long-term adverse effects 
on human health and wellbeing. 

 

The broader scope of the One Health concept promotes 

inter-disciplinary cooperation among pedology, ecology, 

wildlife, social sciences, land use and land use change, 

biodiversity, food system sciences, hydrology, 

climatology, medicine, and veterinary sciences, etc. 

Indeed, 3rd November is declared as the World Health 

Day since 2016 by One Health Commission, The One 

Health Platform Foundation, and The One Health 

Initiative.3 The One Health concept( soil-water-human 

health nexus) bridges across microbiomes of humans, 

animals, plants, soil, ecosystem, and planetary processes.  

 

Hope (2024) estimated that 2B people (out of the 

population of 7.88B in 2023) lacked safe water.27 

However, Greenwood et al. (2024) reported that 4.4B 

people (out of the world population of 8.2B) suffer from 

lack of safe water across 135 low and middle-income 

countries, an estimate more than double that for 2020.28  

While the primary factors affecting water safety include 

fecal contamination, the importance of soil management 

on water infiltration, denaturing and filtration of 

contaminants cannot be overemphasized. It is precisely in 

this context that Greenwood and colleagues suggested 
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that clean water is critical to human health, and it must 

pass through soil to filter and denature the pollutants.28 
 

Soil as a Cause and Remedy of Human 

Diseases 
Impact of soil on human health is not widely reported 

despite the fact that soil plays a critically important role 

in moderating water, air, nutrient, and biotic properties 

that make it source or moderator of pests and 

pathogens.29 Soil can be a source of many human and 

animal infections. For example, ticks are soil-dwelling 

arthropods and form an intersection between soil ecology 

and diseases for human and animals. Burtis et al. (2019) 

described the linkages between soil factors and tick 

densities, and biotic and abiotic factors within the soil 

ecosystem that affect tick survival.30 Soil properties and 

processes affect the survival and behavior of ticks during 

their off-host periods, and necessitate an inter-

disciplinary approach to such complex disease cycles. 

Samaddar et al. (2021) provided an overview of 

pathogens in soil with focus on human and crop pathogens 

and how microbial community in soils regulate soil-borne 

pathogens.31 Healthy soils which suppress pathogens are 

called “disease suppressive soils”. Disease suppression 

leads to decline in the incidence of soil-borne diseases 

even in the presence of a host plant and inoculum in the 

soil.32 It is also recognized that some indigenous 

microbiomes can reduce disease by general or specific 

suppression.33 An example of Fusarium wilt suppressive 

soil was described by Alabouvatte (1999).34 Thus, 

integrating soil, plants, animal, and human health could 

lead to efficient and multifunctional strategies for 

regulating detrimental organisms and processes.31  
 

Soil and Crop Management Practices with 

Positive Impacts on Diet Quality 
Whereas the laws or basic principles of sustainable soil 

management are widely known,35 their adaptation to 

soil-ecoregion specific situation has not happened 

especially in developing countries of the tropics and sub-

tropical regions. The widespread adoption of known and 

proven technologies would need a strong cooperation 

between researchers, private sector and public 

institutions. Private sector can and must play an important 

role in translating science into action by improving access 

to inputs and providing resources for site specific 

research, education and outreach or upscaling. The soil-

centric basis for improving soil health, with attendant 

impact on quality of food production, outlined in Figure 3 

is based on the need for implementation of the One 

Health concept via inter-disciplinary and wholistic 

approach. 

 

It is important to recognize that there is no one panacea 

or one size fits all situation. Thus, there is a wide range of 

improved practices of soil and crop management. Some 

examples of these practices include use of soil 

amendments (i.e., organic manure, compost, green 

manure, crop residue retention) and which can moderate 

incidence of pests and pathogens. Other practices with 

impacts on soil health include cover cropping, 

conservation agriculture, irrigation/drainage, complex 

rotations and integration of crops with trees and livestock. 

Thus, global focus on the health of soils offers numerous 

opportunities for managing human health and wellbeing 

while also improving the planetary health.36 

 

Medical Approaches to “One Health” 

Concept 
During the 20th century, Calvin Schwab (1964) proposed 

the idea of “One Medicine”, and realized the nexus 

between human and veterinary medicine.37 The concept 

of “One Medicine” was extended to “One Health” during 

the early 21st century because of the importance of 

ecosystem approaches to human health.38 This holistic 

approach is also called “Ecosystem Health”. The latter 

involves the human-environmental nexus or the social-

ecological nexus.38 Yet most of these ideas linked human 

health to animal health, but did not extend it to ecosystem 

health (soil, plants, animals, and human). Van Bruggen et 

al. (2019) extended the human-animal health nexus to 

ecosystem health and stated that the health conditions of 

all organisms in an ecosystem are interconnected.39 

Therefore, sustainable management of ecosystems 

affects the quality and functioning of microbiomes and 

“ecohealth”.  

 

Furthermore, the “ecohealth” is also strongly affected by 

the anthropogenic climate change. The holistic concept of 

“ecohealth” or “one health” is outlined in Figure 4. 

Montgomery et al. also argued that a greater 

understanding of soil health and its management (land 

use and agronomic practices) is critical to promoting the 

“One Health” or “Eco Health” approach.36 Swan et al. 

(2024) linked soil security to “One Health” and to 

Sustainable Development Goals of the Agenda 2030 of 

the United Nations.40 This holistic approach emphasizes 

the importance of a multi-disciplinary approach to 

addressing emerging infectious diseases aggravated by 

environmental degradation and antimicrobial 

resistance.41 The aim is to create a resilient future by 

improving the environment and safeguarding human 

health. This approach would involve a close cooperation 

between medical institutions and environmental health 

laboratories. The One Health approach can be effective 

in addressing human health in relation to zoonotic 

diseases, antimicrobial resistance, food safety and 

nutritional quality, and climate change.42 A close 

cooperation between medical schools, environmental 

institutions, and soil health laboratories is critical to 

translating this innovative idea into action (Figure 5). 
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Figure 4. Soil properties and processes which affect soil health and human wellbeing 

 

 
Figure 5. A multi-disciplinary approach to implementation of the “One Health” concept 

 

Conclusions 
The soil-human health-nexus has long been recognized by 

ancient civilizations such as India and Greek. The recent 

interest in human-animal health link, as evidenced by 

COVID 19 and other infectious diseases, must be 

broadened in scope to consider environmental factors 

with strong effects on human health. Therefore, the focus 

must be on the wholistic view that “health of soil, plants, 

animals, people, ecosystems and planetary processes is 

one and indivisible”. The important link between soil 

health and human health was advocated by Lady Eve 

Balfour and Sir Albert Howard during the middle of the 

20th Century.8,9 The importance of managing and 

sustaining soil health for human health and wellbeing is 

more important now than ever before because of the 

growing and increasingly affluent human population with 

strong demands on finite and fragile prime soil resources 

of the world. Therefore, integrating soil, plants, animal, 

and human health could lead to efficient and 

multifunctional strategies for regulating detrimental 

organisms and processes and improving human health 

and wellbeing. In addition to enacting policies which are 

pro agriculture with focus on soil health, private sector 

can and must also play an important role in translating 

science into action by improving access to inputs and 

providing resources for site specific research, education 

and outreach or upscaling. Healthy soils can also suppress 

pathogens and have “disease suppressive” capabilities 

while also improving water quality. Indeed, the effect of 

soil management on water infiltration, and  denaturing 

and filtration of contaminants on human health and 

wellbeing cannot be overemphasized. Thus, the soil-
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centric basis of the “One Health” concept must be 

embodied as a cornerstone to advance human health and 

wellbeing while also improving the planetary health. It is 

equally pertinent to realize that wars and political 

instability also affect human health through pollution (soil, 

water, air, biodiversity), disruption of food production 

and supply chain, and destruction of nature that may 

recover over decadal/centennial scale and lead to long-

term adverse effects on environments. While wars have 

been a self-inflicted curse since the dawn of humanity, 

adverse effects of modern weapons on soil and 

environments are worst now than ever before and 

polluted soils may be reclaimed/restored over a 

generational on longer time scale. The war-induced crime 

against nature in general and soil in particular is not 

acceptable.It is also important to study soil properties 

and processes which affect disease suppressive 

attributes, antibiotic/antifungal properties, density and 

perpetuity of soil -borne pathogens,and retention and 

denaturing of pollutants and contaminants which affect 

soil health ,ecohealth and human health. Multidisciplinary 

research and education is needed to address this issue. It 

should involve a close cooperaton between medical 

school, environmental research institutions, and  

agronomic/pedological laboratories.Soil health should 

be a part of the curricula of medical schools and public 

health research and educational programs.  
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