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Preface

The Soil-Human Health Nexus is based on the premise that the “health of soil, plants, animals,
people, and the environment is one and indivisible.” This phrase, “health of soil, plants, animals
and people is indivisible,” proposed by Sir Albert Howard (1920) when he was working in Indore,
India, has been expanded to include the term “environment” or “ecosystems” in response to realities
of the 21st century. The degradation of soil, an integral component of the environment, affects and
is affected by the environment. Further, the importance of a strong “soil-human health nexus” can
never be overemphasized. Soil health, dependent on activity and species diversity of soil biota, along
with the quality and quantity of soil organic matter content in the root zone, affects human health
directly and indirectly. Directly, soil health can affect the intake of heavy metals/contaminants and
pathogens. Indirectly, soil health can be a source of medicines (e.g., antibiotics) and micronutrients
through the food grown on healthy soil. There are 17 essential micronutrients for human health, and
their availability in soil is essential to their uptake and concentration in food grains and other agri-
cultural products. Thus, nutrition-sensitive agriculture is an important strategy to enhance human
health. Food is also a potent medicine. As an ancient Vedic proverb states, “When food is right,
medicine is of no need; when food is wrong, medicine is of no use”.

Environmental quality, an important control of human health, comprises a trinity of environ-
mental parameters: soil, water, and air. The quality of water and air is strongly affected by that of
soil. By denaturing and filtration of pollutants, soil purifies the water passing through it. Indeed, soil
(as a misnomer called “dirt”) is the best media to purify dirty water. Therefore, the sustainable man-
agement of soil health is critical to quality and renewability of water and a solution to the problems
of anoxia, algal bloom, and other eutrophication issues. Soil properties and processes also affect the
quality of air as a source or sink of greenhouse gases (CO,, CH,, and N,0O). Soil can also be a major
source of dust (wind erosion and dust storms), aerosols, and other pollutants. In contrast, conserva-
tion and sustainable management of soil is a major sink of atmospheric CO, through sequestration
into humus as organic carbon, oxidation of methane (CH,), and formation of pedogenic or second-
ary carbonates. There is a strong need to formulate and implement a “soil protection policy” to
complement the existing Air Quality Act and Water Quality Act. It is the right time to formulate and
enact “Soil Quality Act” and respect the “Rights-of-Soil.”

As Barry Commoner stated in his book, “The Closing Circle,” there is “no way to throw away,”
and, certainly, everything released into nature must go somewhere. Indeed, the environmental cost
(footprint) of the food produced through agricultural intensification is steep and rising due to the
leakage of chemicals (i.e., fertilizers and pesticides) into the environment, and impacting all vital
components—air, water, soil, vegetation, and biodiversity. Despite these adverse impacts, the use of
agrochemicals is increasing because the demand for the production of victuals (i.e., food, feed, fiber,
and fuel) is rising for the growing and increasingly affluent world population.

Therefore, the objective of this 15-chapter volume is to deliberate the technological options that
reconcile the need for increasing the global supply of essential victuals with the urgency of restor-
ing and sustaining the environment and decreasing risks to human health. Decline in soil health has
a cascading impact on human health through pollution of the environment and degradation of the
entire food production chain.

This 15-chapter book explains the linkages between soil health and those of plants, animals,
people, and ecosystems. Thus, invited authors, including soil scientists, plant scientists, veterinar-
ians, and practicing physicians, represent diverse disciplines. Therefore, I thank all the authors for
their outstanding contributions and for sharing their knowledge and experience with the global soil
science community.

Preparation of the manuscript, involving collation and synthesis of the literature and interpreta-
tion of the data from context-specific situation, is a time-consuming process that requires dedication

vii



viii Preface

and commitment. All authors are dedicated professionals committed to excellence. Source of all
material cited has been listed and credited in the text, tables, and or figures, and acknowledged.
Thanks are also due to the editorial staff of Taylor and Francis for their timely help and prompt
response to numerous questions and queries from the editor and authors. Appreciations and thanks
are also due to the staff of the Carbon Management and Sequestration Center (C-MASC) of The
Ohio State University for providing support to the flow of the manuscripts between authors and
editors and making valuable contributions in timely submission of the book. In this context, special
thanks and appreciation are due to Ms. Maggie Weidner-Willis who formatted the text, checked ref-
erences, followed the guidelines, compiled list of the contributors, and prepared it for final submis-
sion to the publisher. Help received from other staff of C-MASC (i.e., Mr. Kyle Sklenka, Ms. Janelle
Watts, and Ms. Gabrielle Collier) is also acknowledged. While it is a major challenge to list all those
who made direct and indirect contributions toward completion of this book, it is important to thank
contributions of all those who supported the completion of this volume. It is also important to build
upon the contributions of all those who study properties, processes, and management of soil in rela-
tion to human health over the last century and share the knowledge contained in this volume with

others from around the world.
Q?anu W)

Rattan Lal 20th July 2020
The Ohio State University
Columbus, OH, USA
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’I The Soil-Human
Health Environment Trinity

Rattan Lal
The Ohio State University
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1.1 INTRODUCTION

The prime soil resources are finite, unequally distributed globally, and fragile upon land misuse
and soil mismanagement. Humanity, despite all of its scientific advances and modern discoveries in
every aspect of the terrestrial and extra-terrestrial processes, is even more fragile than the soil on
which it depends. This truism has been documented by the rapid spread of the COVID-19 pandemic
which paralyzed 8 billion people over a short span of 10 months from December 2019 to September
2020, and there is no end in sight. As of September 20, 30 million people had tested positive and ~ 1
million had perished. The mighty COVID-19 does not differentiate between rich or poor nations,
developed or developing countries, scientifically advanced or less progressive societies, and even
among those with or without the so-called “weapons of mass destruction” (WMDs). As a matter
of fact, COVID-19 is the WMD that humans have yet to get their grip on. Surprisingly, humanity
also has a short-lived memory. Not only has it forgotten the demise of once thriving civilizations
(i.e., Mesopotamia, Indus, Maya, Aztec), but the transient nature of humanity’s memory is vividly
demonstrated by complacency not of the relatively distant plague, smallpox, and HIV but also more
recent Ebola, Zika, and other pandemics of modern era.

The societal lockdown enforced by COVID-19 has not only documented the vulnerability of the
economy of all rich and poor nations alike but also how rapidly the atmospheric chemistry responds
to the industrial shutdown. By the end of March 2020, within 3 months of onslaught of COVID-19
on humanity, the atmospheric concentration of NO, declined over several cities in Europe (Abnett
2020; Holcombe and O’Key 2020). The concentration of NO, levels is a contributing factor to
coronavirus fatalities (Ogen 2020). Furthermore, seasonal changes in the atmospheric concentra-
tion of CO,, as shown by the Keeling curve, may also be affected by the long-term shut down. It
is estimated that the global fossil fuel use would have to decline by 10% for a full year to show up
in carbon dioxide concentrations of only about 0.5 parts per million (Monroe 2020). Across the
whole year, Betts et al. (2020) estimated that CO, levels will rise by 2.48 parts per million (ppm),
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which is 0.32 ppm smaller than if there had been no lockdown. This decrease is equivalent to 11%
of the expected rise (Betts et al. 2020). Disappointingly, carbon dioxide recorded at the Mauna Loa
Observatory in Hawaii reached 417 parts per million (ppm) in May 2020, higher than the record of
414.8 ppm set last year (Reuters 2020).

Pollution levels declined across cities in India because of the lockdown related to COVID-19.
Mabhato, Pal, and Ghosh (2020) reported that concentrations of PM,, and PM, 5 were reduced by
>50% as compared with the prelockdown phase. In comparison with 2019 for the same period, the
reduction of PM,, and PM, 5 is 60% and 39%, respectively. Among other pollutants, NO, has been
decreased by —53% and CO by —30% during the lockdown phase (Mahato, Pal, and Ghosh 2020).
Goswami (2020) outlined four environmental changes in India due to the COVID-19 lockdown:
(i) the air quality index in Delhi dropped from 90 in the worst-case scenarios to below 20 in May
because 11 million registered cars were taken off the roads, and factories and constructions were
stopped, and the PM, 5 concentration declined from 71% to 26%; (ii) South Asian river dolphins,
listed among endangered species, were spotted at different locations in Kolkata Ghats; (iii) thousands
of flamingos were seen in Mumbai; and (iv) the water of the river Ganges was of a drinkable quality
(Goswami 2020). Cities of Europe also reported cleaner air during the lockdown (Abnett 2020).

Therefore, prudential management along with a planned reduction in the use of fossil fuel and its
substitution by noncarbon fuel sources may bring about the much-needed decline in the increase of
the atmospheric concentration of greenhouse gases (GHGs). This is an important lesson that must be
fallowed upon by the policymakers after the COVID-19 pandemic. Such a rapid response indicates
a possibility that a strong commitment to recarbonization of the terrestrial biosphere (i.e., soil, veg-
etation, and wetlands) at a global scale (Lal et al. 2018) may also make a measurable impact on the
atmospheric chemistry within a foreseeable future. Admittedly, the tragic pandemic of COVID-19
cannot be dubbed having a silver lining, but the fact that atmospheric chemistry can be altered rap-
idly provides strong motivation toward adoption of negative emission technologies (NET).

Improvement of soil health, through conversion of degraded and agriculturally marginal
lands to restorative ecosystems (i.e., by afforestation and set-aside or land retirement programs)
and adoption of recommended management practices (RMPs), is a pertinent example of NET.
These strategies would restore soil organic matter (SOM) content because of the progressive
development of the positive soil/ecosystem carbon (C) budget on a decadal scale. The positive
soil C budget would restore soil health and strengthen the provisioning of essential ecosystem
services (ESs) for an effective functioning of nature via nutrient cycling, increase in activity
and species diversity of biota, water purification and renewability, and above all, sequestra-
tion of atmospheric CO, into SOM and in the above and below-ground biomass. Therefore, the
objective of this chapter is to deliberate the soil-human health—environment trinity, and how
restoration of the soil health can simultaneously improve the resilience of humanity through
improvement of the environment and functioning of nature. The specific objective of this article
is to deliberate the impact of soil degradation caused by SOC depletion on the nutritional quality
of crops and on human health.

1.2 SOIL ORGANIC MATTER IN RELATION TO THE HEALTH OF SOIL
AND THE ENVIRONMENT

Soil components have an important impact on human health (Nieder, Benbi, and Reichl 2018). An
important among these components is soil organic carbon (SOC) content. In conjunction with affor-
estation of degraded and agriculturally marginal lands, enhancing and sustainable management
of SOC stock on depleted agricultural soils is critical to mandatory reduction in the atmospheric
concentration of carbon dioxide (CO,) and other GHGs (i.e., nitrous oxide or N,O and methane or
CH,). The SOC stock and its management is a critical climate variable (IPCC 2019). Whereas mea-
suring SOC stock requires access to facilities and understanding of the processes, there is also a
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large variation in SOC concentration and stock at soil scape or landscape levels because of the large
variations in control factors both vertically and horizontally even at short distances.

Yet, credible assessments of SOC stocks are needed to understand the impact on a range of pedo-
logical processes whose degradation may lead to reversal of ESs (Figure 1.1) which are essential to
human and nature. Assessment of SOC stocks and their temporal changes are also needed to evalu-
ate impacts on atmospheric concentrations of GHGs in relation to anthropogenic climate change.
A severe decline in SOC stock, below the critical threshold for the specific land use and soil type,
can create numerous disservices (Figure 1.2) with adverse impacts on human well-being and nature
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FIGURE 1.2 Ecosystem disservices created by severe depletion of SOC stock leading to the disruption of the
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functions. The strong food—human health—soil nexus (Figure 1.3), affecting human and the planetary
health, necessitates restoration and sustainable management of SOC stock at soil scale, landscape,
farm, regional, national, and global scale. The nexus between soil health and food quality, and that
of diet quality and human health, has been recognized in ancient cultures. An Ayurvedic proverb is a
pertinent example of this interconnectivity: “When diet is wrong, medicine is of no use; when diet is
correct, medicine is of no need.” Contextualizing the soil and farming system effects of SOC deple-
tion indicates its strong significance to the productivity, sustainability, and environmental quality of
the small land-holder farmers from around the world. Just as air and water quality can be changed
through the management of transport and industrial effluents, soil health and functionality can also
be changed through the sequestration of SOC and improvement of its quality. Improvements in the
health of soil, water, and air would improve human health and well-being.

1.3 HISTORIC DEPLETION OF THE TERRESTRIAL C STOCK

Anthropogenic activities, conversion of natural to managed ecosystems, have depleted the terres-
trial C stock. Erb et al. (2018) estimated that in the hypothetical absence of land use, the poten-
tial vegetation C stock may be as much as 916 Pg C compared with the actual stock of 450 Pg C
(Table 1.1). Similarly, compared with the actual SOC stock of 1,477.2 Pg, the prehistoric SOC stock
to 1-M depth was estimated by Buringh (1984) at 2,014.1 Pg (Table 1.2) with the SOC loss of 537
Pg C or 27% of the global SOC stock. The depletion of SOC stock is exacerbated by soil degrada-
tion, and ~33% of world soils are degraded (FAO and ITPS 2015). The human impact on soil and

TABLE 1.1
Land Use Type and the Actual vs. Potential Biomass Carbon Stocks

Biomass Stock (Pg C)

Land Use Actual Potential Difference (%)
Cropland 10 139-141 93
Grassland and grazing land 119-121 374-379 69-70
Forests 297-368 443-460 22-33
Unused nonforest 16-17 16-17 0
Infrastructure 1 12 92-93
Total 407-476 875-906 48-54

Source: Adapted from Erb et al. (2018).
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TABLE 1.2
Prehistoric and the Present Soil Organic Carbon Stock to 1-m Depth

SOC Stock (Pg ©)

Soil Order Prehistoric Present Percent Lost
Alfisols 388.9 254.8 34.5
Aridsols 33.8 33.0 2.4
Entisols 198.7 144.6 27.2
Histosols 41.5 41.5 0
Inceptisols 279.4 206.6 26.1
Mollisols 165.6 156.9 53
Oxisols 255.5 173.0 323
Spodosols 62.9 50.7 19.4
Ultisols 165.2 112.9 31.7
Vertisols 40.6 322 453
Mountain Soils 382.0 281.0 26.4
Total 2,014.1 1,477.2 26.7

Source: Adapted from Buringh (1984).

environment is not new (Balfour 1949) and has been known for millennia (Lal 2013). What is new is
the magnitude of the impact of a large population with insatiable demands on soil and environment
quality on one hand and on the pace at which the change is occurring is on the other. These are the
characteristics of the Anthropocene (Crutzen 2002; Crutzen and Stoermer 2000). The magnitude of
change (i.e., extent and severity of degradation, multiple GHG emission, water depletion and eutro-
phication, and biodiversity loss) is alarming, and the term “big” is of the past. Degradation of soil
and the environment has a strong impact on human health and well-being.

1.4 SOIL ORGANIC MATTER DEPLETION AND SOIL/
ENVIRONMENT DEGRADATION

There exists a strong relationship between SOM content and soil quality (Johnston 1986; Mahajan
et al. 2019; Page, Dang, and Dalal 2020). SOM originates from the transfer of atmospheric CO,
into plant biomass and the latter’s decomposition by microbial processes into organo-mineral com-
plexes. Because the input of chemical fertilizers alone cannot restore soil quality, adopting the
strategy of integrated nutrient management (INM) is essential. The latter involves restoring and
sustaining SOM content, maintaining nutrient supply, and improving soil physical properties and
processes by following the Law of Return (Howard 1943). The ever-increasing inputs of fertilizers,
irrigation, and tillage required to achieving the desired crop yield in soils depleted of their SOM
stocks is indicative of the need for a paradigm shift in the management of agroecosystems (Ball,
Hargreaves, and Watson 2018). But for the paradigm shift, the rate and magnitude of SOM depletion
may increase with the current and projected increase in global temperature (Semenchuk et al. 2019).

1.5 THE SOIL-HUMAN HEALTH NEXUS

Soil health has both direct and indirect effects on human health (Figure 1.4, Oliver and Gregory
2015). Directly, soil can affect human health as a source of infectious pests and pathogens, medi-
cines and antibodies, and by producing healthy and nutritious foods. Indirectly, degraded soil can
affect human health by producing nutrient-deficient food of low yield and aggravate both under and
malnutrition. Degraded soil, through low yield, can reduce the farm income and aggravate poverty
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The Soil-Human Health Nexus
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FIGURE 1.4 Direct and indirect effects of soil health on human health through SOM management and
turnover.

(Figure 1.4). Because of the strong implications of soil quality to human health (Abrahams 2002),
there is a growing concern that soil degradation may cause human malnutrition (Lal 2009; Long
1999; Mayer 1997; Ball, Hargreaves, and Watson 2018; Jack 1998; Jones et al. 2013). Long (1999)
observed that the vitamin and mineral content of US and the British food may be decreasing.
Contamination of soil with organic pollutants (Cachada et al. 2012) and with heavy metals such as
lead can also adversely impact human health (Filippelli and Laidlaw 2010). Deficiency of micronu-
trients in the degraded soils is an important factor impacting human health (Lal 2009; Abrahams
2002; Oliver and Gregory 2015; Jones et al. 2013). Thus, adoption of sustainable management
practices is critical to simultaneously advancing both food and nutritional security (Abrahams
2002; Bindraban et al. 2020; Ball, Hargreaves, and Watson 2018; Watson et al. 2002). There is a
strong need to develop nutrition-sensitive agriculture and identify appropriate cropping systems
in developing countries for improving human nutrition without degrading soil resources (Amede,
Stroud, and Aune 2004).

1.6 INTERCONNECTED VICIOUS CYCLES PREVALENT
IN DEGRADED SOILS OF AGROECOSYSTEMS

Despite a strong progress in the amount of total grain and animal-based products since the onset
of Green Revolution circa 1960s, there are about 820 million people prone to undernourishment
(FAO et al. 2018) and about 1.9 billion affected by malnourishment (WHO 2019). Incidences of both
under and malnourishment are aggravated by increase in the extent and severity of soil degradation.
There are a series of interconnected degradation processes, the so-called vicious circles that feed
one another, which are set-in-motion by land misuse and soil mismanagement (Lal 2020). Oliver
and Gregory (2015) and Benton (2019) described scenario analyses that affect human health and
food security through soil degradation. Such mutually enhancing circles started by land misuse
and soil mismanagement are the basic causes of food-insecurity, malnourishment and of the global
warming. The latter is aggravated by the emission of GHGs from degraded soils of agroecosystems
and increased by inappropriate use of inputs (i.e., fertilizers, pesticides, tillage, and irrigation) to
mitigate the adverse effects of soil degradation. The food-insecurity and global warming circles in
turn set-in-motion by others which adversely affect human health, exacerbate soil degradation, and
aggravate the effects of pandemics (Lal 2020).
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There is a strong link between soil degradation and human health by direct and indirect effects
(Figure 1.4), especially those related to the deficiency of micronutrients and protein. A new
infectious proteinaceous particle called “proline” has been defined by Prusiner (1982, 1998) and
explained by Oliver and Gregory (2015). Deficiency of some and toxicity of other trace elements
(heavy metals) can also have a strong adverse effect on human health. Important among heavy met-
als with adverse impacts on human health are lead (Pb), cadmium (Cd), arsenic (As), and mercury
(Hg). Micronutrients whose deficiency affects human health include iron (Fe), iodine (I), cobalt
(Co), chromium (Cr), copper (Cu), manganese (Mg), molybdenum (Mn), nickel (Ni), selenium (Se),
and Zinc (Zn) (Lal 2009). The last among the series of interconnected circles is the hydrological
cycle characterized by the increase in intensity and frequency of the drought/flood syndrome. The
desperateness of the growing population leads to encroachment of the remaining forces and natu-
ral ecosystems but also to civil strife and unrest and flux of the so-called “soil-refugees” or “cli-
mate refugees” (Lal 2020). It is important to identify the entry point(s) to break these self-feeding
and self-perpetuating vicious circles. Such interdependent and mutually reinforcing degradation
processes have made food systems dependent on the intensive use of external inputs (e.g., fertil-
izer, pesticides, and irrigation) with adverse effects on the environment and eventually on human
health (Benton 2019). Furthermore, these circles have introduced a degree of fragility into the food
systems which is vulnerable to numerous factors. Increase in agricultural produce and the cheaper
availability of food have aggravated malnourishment and obesity on one hand and soil and envi-
ronmental degradation is on the other (Benton and Bailey 2019). Therefore, the proposed paradigm
shift is to focus on the overall production and efficiency in terms of the number of people that can
be fed healthily and sustainably while reducing the inputs (Benton and Bailey 2019).

1.7 CHOICE OF ENTRY POINTS FOR BREAKING THE VICIOUS CIRCLES

The interconnected problems of food insecurity, malnourishment, and soil degradation are widespread
in Sub-Saharan Africa (Kim et al. 2019), South Asia (Singh 2015), in the Andean region (Vanek,
Jones, and Drinkwater 2016), and elsewhere in the developing world. The problem of degrading soil
fertility, poor crop nutrition, and climate change is akin to opening of Pandora’s box in developing
countries where recurring drought, low soil fertility, and increasing population are posing a daunting
challenge (St. Clair and Lynch 2010). Soil degradation being the principal reason of malnourishment
(Lal 2009), zero tolerance on soil degradation (Nguyen, Zapata, and Dercon 2010; Lal, Safriel, and
Boer 2012; Cowie et al. 2018) is the prudent strategy and the first choice of an entry point to break
the vicious circle. Among other important entry points include the following: (i) diversification of
the food production systems (Dwivedi et al. 2017) involving judicious integration of diverse crops
with trees and livestock to produce healthy diets and reduce diet-related illnesses, (ii) restoration of
soil health for improving plant nutrition (El-Ramady et al. 2014) with a view to consider soil and
human health as a whole, (iii) integration of plant nutrition research with plant genetics and molecu-
lar biology (Cakmak 2002; Clark and Duncan 1991), (iv) use of soil amendments such as biochar
(Martos et al. 2020) and phytoremediation techniques (Radwan, Al-Awadhi, and El-Nemr 2000) to
enhance crop safety as food and mitigate pollution by agrochemicals, (v) adoption of soil-less culture
(Villagra et al. 2012) and to promote urban farming based on the recycling of urban waste (Lal and
Stewart 2017), (vi) reduction of air pollution (SO,, NO,, O5) and its effects on shoot—root interactions
(Rennenberg, Herschbach, and Polle 1996) and of the minimization of environmental pollution (i.e.,
acid deposition, excess N deposition, and soil solution) on soil and forest nutrition (Johnson and Ball
1990), and (vii) adoption of innovative techniques of balanced input of macro- and micronutrients
in the developed and developing countries to ensure the production of healthy, nutritious, and safe
food (Loneragan 1997). Above all, there is an urgent need of safeguarding human and planetary
health through critical and an objective review of the global fertilizer sector (Bindraban et al. 2020).
Innovative technologies, as entry points to break the vicious circles, are needed to address the inter-
connectivity of food, soil, and environmental trinity (Figure 1.3).
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1.8 ENHANCING HUMAN NUTRITION BY SOIL MANAGEMENT

Soil degradation, low soil quality, inadequate nutrient management, and lack of recycling are among
the major concerns of human malnutrition. Yang, Chen, and Feng (2007) observed that more than
374 million people in China suffer from goiter disease, caused by deficiency of iodine (I). These
constraints must be alleviated through the adoption of RMPs based on the strategies of INM and
restoration of SOM content and stocks. A total of 14 nutrients are essential for plant growth (Lal
2009; Grusak, Broadley, and White 2016), yet most cropland soils, especially those in developing
countries, have severe growth-limiting constraints of the nutrient imbalance (deficiency or toxic-
ity). Thus, there is a need for the adoption of innovative options including that of biotechnology to
enhance human nutrition (Kishore and Shewmaker 1999). The strategy is to advance human nutri-
tion and alleviate the deficiency of micronutrients along with protein and macronutrients in devel-
oping countries without degrading soil resources (Amede, Stroud, and Aune 2004). Micronutrient
uptake in food crops can also be increased by the foliar application of Zn and Ca fertilizers and that
of Fe and Zn in grains and roots/tuber by plant breeding and genetic engineering (Frossard et al.
2000). In China, Yang, Chen, and Feng (2007) observed that 40% of the total land area is deficient
in Fe and Zn, and they proposed an ecologically sound strategy of sustainable flow of micronutrients
in soil-plant systems to improve human micronutrient nutrition. Enhancing soil health by improv-
ing SOM content is the long-term strategy to ensure an adequate mineral composition in plant
produce. Root-induced changes in the rhizosphere can also impact nutrient availability and uptake.
Management-induced changes in rhizosphere pH may be 2 units higher or lower than the bulk pH
with a strong impact on nutrient uptake. Marschner et al. (1986) observed that low-molecular weight
root exudates may also enhance the mobilization of nutrients, such as mobilization of phosphorus in
the rhizosphere in white lupin (Lupinus albus). Thus, mixed cropping of wheat and white lupin can
enhance the uptake of P by wheat (Marschner et al. 1986).

The outline in Figure 1.5 depicts the strategy of “One Health” concept through a sustainable
management of soil health. The 3-step process involves (i) integration of crops with trees and live-
stock to restore SOM content and stock; (ii) restoration of soil, plant health, and animal health over
a decadal scale, and improvement in nutritional quality of food leading to improvement in health
of plants, animals, and people, which eventually translates into restoration and sustainable man-
agement of the overall environment. The major driver of the process depicted in Figure 1.5 is the
buildup of SOM content and stock that strengthens ESs while also reconciling the need for advanc-
ing food and nutritional quality with the necessity of improving the environment.

Ecosystem Services

Planet Water
Trees )
Health Quality
Improved _
Sustainable SOM Soil ' Nutritional | Human Improvement of
—> Crops > Qualitv of -
Management Buildup Health Quality of | Health | the Environment

Food

>

Animal Air

Health

=

Reconciling the need for food and nutritional security with improving environmental quality

Quality

FIGURE 1.5 Integration of crops with trees and livestock and sustainable management of soil is the basis
of the “One Health” concept: the health of soils, plants, animals, people, and the environment is one and
indivisible.
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1.9 RESEARCH AND DEVELOPMENT PRIORITIES

Soil health is being impacted by industrialization and disposal of effluents on soil including the
use of wastewater in irrigation (Becerra-Castro et al. 2015). Because of the strong interconnectiv-
ity, the future research on the soil management and restoration must focus on the “One Health”
initiative (Ohno and Hettiarachchi 2018). The strategy is to enhance environmental quality through
multidisciplinary research that links, plant, animal, human, and environmental health through a
sustainable management of soil health. Thus, there is a need for a systematic review of the way by
which food is produced, processed, distributed, cooked, consumed, and the waste disposed. The
entire food chain has been based on producing more and more with utter disregard to the quality of
the food, health of the people, and status of the environment. It is important to produce more of a
quality food while simultaneously restoring and sustaining the environment: health of soil, water,
air, and biodiversity. The fragility of the current food system must be addressed. In addition, the
research and education must be reoriented toward the “One Health” concept. Future agriculture
must be nutrition-sensitive. Rather than the gross production, quality of the produce must be judged
on the basis of nutrients, protein, and vitamins harvested. Furthermore, the produce harvested must
have restorative and positive impacts on the environment.

1.10 CONCLUSIONS

The importance of a strong link between soil health and human healthy can never be overempha-
sized. Nature, properties, and processes of soil affect human health through their effects on plant
growth and nutritional quality. Soil properties also affect human health through inhalation, inges-
tion, and dermal absorption of pollutants and pathogens. Indirect effects of soil on human health are
through alterations in the properties and processes of atmosphere, hydrosphere, and the biosphere.
Degradation of soil health by overexploitation, extractive farming practices, and soil misman-
agement can adversely impact the environment and human health. Soil pollution, with industrial
effluents and reuse of wastewater in irrigation, can adversely impact soil and human health. Thus,
restoration and sustainable management of SOM content, a principal determinant of soil health, is
important to improving quality and quantity of food and feed while improving the environment.
Being the foundation of human and environmental health, a sustainable management of soil is also
critical to well-being of the present and future generations and of the health of the planet. In pursu-
ant of the “One Health” concept, multidisciplinary research must be pursed to understand interde-
pendence between human, animal, and environmental health. In addition to research and education,
it is also pertinent to translate science into action through direct dialogue with the policymakers.
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2.1 OVERVIEW

This chapter is based on the concept of “One Health,” a global, collaborative, multidisciplinary effort
to attain optimal health for plants, animals, people, and the environment. “One Health” recognizes
the fundamental interconnectedness of ecosystems, plants, animals, and humans (Figure 2.1). The
health or toxicity of one affects all.

1. Healthy soil is a vital, living ecosystem that sustains productive populations of soil organ-
isms. Healthy soil contains nutrients that sustain all land-based plant, animal, and human
life; it is also the source of some of our most important antibiotics. On the other hand, soil
that has been compacted, eroded, contaminated (e.g., with toxic heavy metals), or which

13
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Environment
Health

FIGURE 2.1 Relationships between ecosystem, plant, animal, and human health. The “One Health” concept:
the continuum between the health of the soil, planet, and its ecosphere (e.g., hydrosphere, atmosphere,
biosphere, and pedosphere).

has been subjected to pesticides or imbalances of healthy and pathogenic organisms (e.g.,
helminths, protozoa, bacteria, fungi, and viruses), reduces the viability of plants, animals,
and humans. Optimal agricultural and forestry practices can also promote soil’s role as a
carbon sink, offsetting anthropogenic increases in atmospheric carbon dioxide.

2. Healthy plants are critical for ecosystem and for the security of food for animal and human
beings. Unhealthy plants cannot provide optimal nutrients for livestock or humans; plants
contaminated with heavy metals (e.g., arsenic) or pathogenic organisms (e.g., E. coli or
Salmonella) can be toxic for humans and livestock.

3. Healthy animals promote healthy soil, contribute nutrients to healthy plants, and promote
optimal human nutrition. Livestock consume significant amounts of grain and produce
methane, a potent greenhouse gas; animal waste can also contaminate food crops with
pathogenic organisms leading to human illnesses.

4. The human population has grown from 2.5 billion in 1950 to over 7 billion today, and
is expected to exceed 9 billion by 2050, accelerating expanding needs for healthy crops
and livestock. At the same time, the amount of land available to grow food has been con-
tracted by expanding cities, rising sea levels, desertification, and salinization as the climate
crisis escalates; furthermore, rising CO, levels promote rapid carbohydrate accumulation
in plants without concomitant increases in protein and essential minerals, leading to a
relative decrease in the nutritional value of crops and animals that feed on those crops.
Human behaviors such as mining, agriculture, and industry can result in toxic dumping that
adversely affects the health of soil, plants, and animals and reduces biodiversity. Human
health is inextricably linked to the health of the soil as well as the diverse plants and animals
with whom we share this planet, and humans can act to protect this ecosystem or destroy it.

2.2 ONE HEALTH

“One Health” (Figure 2.1) has been defined as “the collaborative effort of multiple disciplines—
working locally, nationally, and globally—to attain optimal health for people, animals, plants, and
our environment” (King et al. 2008). “One Health” has a rich history. In the Bible, Moses (Anon.
2002) recommended that the people observe as they entered Canaan,

See what the land is like and whether the people who live there are strong or weak, few or many. What
kind of land do they live in? Is it good or bad? How is the so0il? Is it fertile or poor? Are there trees on it
or not? Do your best to bring back some fruit of the land.

(Numbers 13:18-20)

For example, in the 19th century, prominent human biomedical researchers such as the micro-
biologist, Robert Koch, and immunologist, Paul Ehrlich, worked in the fields of both animal and
human medicine (Shomaker, Green, and Yandow 2013). The father of cell biology, Rudolf Virchow,
also recognized the relationship between human and animal health and passed it along to his stu-
dent, Sir William Osler, who brought the concept to North America. Sir Albert Howard, President
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of the National Academy of Sciences in India, said in the early 20th century, “Health of soil, plants,
animal, and people is one and indivisible” (Howard 1943, 1945). The concept of “One Health” has
continued into the 21st century by both veterinarians and physicians who recognized that many
animal illnesses have much to teach physicians about human health.

The US Centers for Disease Control and Prevention (CDC) has a “One Health” office (https://
www.cdc.gov/onehealth/index), recognizing approximately six out of every ten infectious diseases
in humans are spread from animals. For example, nearly 75% of infectious diseases emerging in the
past 30 years that affect humans originated in animals. These include HIV/AIDS (from West African
primates), global influenza HIN1 pandemic (from swine), SARS (from Chinese bats and palm civets),
and Covid-19 (Coronavirus Disease 2019). In addition, the “One Health” Commission (https://www.
onehealthcommission.org) is rooted into the understanding of the inferdependence of human and
natural systems, and addressing the loss of biodiversity, pollution, climate change, ecosystem func-
tion, and the social determinants of health, including social justice. The “One Health” Commission is
a partnership of multiple organizations including the American Medical Association, the American
Public Health Association, the Association of American Medical Colleges, the American Veterinary
Medical Association, and the Association of American Veterinary Medical Colleges. As aware-
ness of the impact of climate change on human health has grown, the concept of “One Health” has
expanded to include not only animal and human health but also the health of ecosystems.

The relationships between ecosystems, plant, animal, and human health are complex and inter-
connected (Figure 2.1). The driving force of all ecosystems is plant-based photosynthesis, which
uses the sun’s energy to convert atmospheric CO, to energy-rich compounds, which can then trans-
fer solar energy via carbon-based compounds to other organisms within the ecosystem (Reicosky
and Janzen 2018). Although the flow of carbon-based energy drives ecosystem function, the reserve
of stored soil carbon provides resilience to the system, serving as a buffer of energy and nutrients
and sustaining the system during stresses and shortfalls (Reicosky and Janzen 2018). The ecosystem
(of which soil is a vital component) affects human health both directly and indirectly. For example,
waterborne illnesses kill an estimated 2.5 million people globally annually. While some of these
illnesses come directly from contaminated water, some come indirectly from contaminated soil,
which contaminates water, thereby affecting food plants and livestock.

2.3 SOIL HEALTH

2.3.1 SoiL AND LiFe

Soil is the essence of all terrestrial life. Charles Kellogg (1938) stated that “essentially all life
depends upon the soil—There can be no life without soil and no soil without life; they have evolved
together.” The rhizosphere, root-soil interphase at the nanoscale, is the only site in the universe
which possesses the divine powers of resurrecting death into life. In “A Sand County Almanac,”
Wendell Berry (1977) reiterated that “The soil is the great connector of our lives, the source and des-
tination of it all.”” Aldo Leopold (1949) opined that “Land, then, is not merely soil; it is a fountain of
energy flowing through a circuit of soils, plants, and animals.” John Muir (1838-1914) emphasized
the importance of interconnectivity by stating that “When we try to pick out anything by itself, we
find it hitched to everything else in the Universe” (Muir 1911). It is this interconnectivity, indicating
that everything is connected to everything else (Commoner 1971), which is depicted in Figure 2.1
from the scale of a pedon to that of the planet.

2.3.2 Soi. HEALTH

Terms “soil quality” and “soil health,” often used interchangeably, are indeed different (Lal 2016).
Soil quality denotes soil functions or what it does (Doran and Werner 1990; Doran and Zeiss 2000;
Doran 1990). In comparison, soil health is defined as the “capacity of soil to function as a vital living
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system to sustain biological productivity, maintain environment quality, and promote plant, animal,
and human health (Doran, Sarrantonio, and Liebig 1996; Doran and Zeiss 2000). In essence, soil
health is the biological component of soil quality (Figures 2.2 and 2.3).

Soil quality can be quantified by measurements of soil properties and processes. In comparison,
soil health is still a qualitative aspect, and efforts need to be made to quantify its attributes and

Biochemical Effects

* Essential nutrients (I, Fr,
Se, N, P, K, Ca, Mg, etc.)

* Protein and essential
amino acids

* Toxic elements (Cd, Hg,
Pb, As, Cr)

FIGURE 2.2 Soil effects on plant, animal, and human health (Kemper, Lakritz, and Lal 2017).

" Gaseous Phase
/ * Soil air
> * Composition
of soil air
* Gaseous
exchange

FIGURE 2.3 Relationship between soil quality and soil health.
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Plant Health

Positive Negative

Nutrient sources, growth and yield promotion Malnutrition; stunting; less yield and nutrient

level

Increased resistance to biotic stresses (pests, Diseases with quality and yield losses

weeds, pathogens)

Increased resistance to abiotic stresses (high salts, Improper growth and less yield
temperature, pH, drought)

Soil Properties

Physical Chemical Biological
Water pH Organic carbon content
Porosity lon exchange Microbial Biomass

Gaseous emissions Nutrient reserves Species diversity

Heat exchange Elemental balance Respiration quotient

Animal Health Human Health

Positive Negative Positive Negative

Growth

Adequate growth

Immune function

Inadequate growth;
increased feed to gain ratio

Increased illness; increased
treatments and labor costs

Immune function

Malnutrition; stunting;
Premature, small babies

Immune dysfunction;
infection

Organ function Cognitive impairment; poor
mental health; organ

dysfunction; death

Reproductive function Poor reproductive function

Reproductive function Infertility

Social/economic Mass migration; violent

function conflicts

FIGURE 2.4 Positive and negative effects of soil properties on plant, animal, and human health (Kemper,
Lakritz, and Lal 2019).

indicators. However, being a biological component, it is highly dynamic and strongly influenced by
natural and anthropogenic perturbations. Soil health has important positive and negative effects on
the health of plants, animals, and human health (Figure 2.4).

2.3.3 Soi. HeattH AND HUMAN HEALTH

There is a strong interest in managing human health by a holistic approach of managing the environ-
ment in which humans live. Thus, there is a growing interest in linking human health to that of soil
health. Soil health can be managed through specific land uses (e.g., arable, pastoral, silvicultural,
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urban, recreational, and industrial) (Figure 2.5). Because of the rapid, growing interest in manag-
ing human health through systemic treatments of the causes, some recent publications are focused
on important thematic issues, including (i) the framework for “One Health” research (Lebov et al.
2017), (i) cycling of microbial communities (van Bruggen et al. 2019), (iii) soil chemical properties
(Ohno and Hettiarachchi 2018), (iv) soil processes and human health (Brevik and Burgess 2014),
and (v) the rational for the focus on soil-human health connection (Shafer 2018), and many others.

Among numerous reasons for linking soil health to human health are based on the truism that
soil is the (i) basic media for growing plants and raising livestock, ii) reservoir of biodiversity and of
the germplasm, (iii) store of water, (iv) filtration and purification of water, (v) foundation of all civil
structures, (v) archive of human and planetary history, (vi) moderator of climate, (vii) source/sink of
greenhouse gases, (vii) basis of earth’s future, (vii) the source of raw material for many, (ix) media
for recycling nutrients, and (x) source of esthetic and spiritual values. For these and many other rea-
sons, 2015 was declared the U.N. Year of the Soil (FAO 2015), 2015-2024 is declared the Decade
of the Soil (IUSS 2015), and the World Soil Day is celebrated on the 5th of December (IUSS 2002).

2.3.4 Soi. MANAGEMENT AND HUMAN HEALTH

Soil is finite, highly variable over time and space, and is fragile to natural and anthropogenic per-
turbations. Anthropogenic perturbations that affect human health include (i) plowing, (ii) vehicular
traffic, (iii) irrigation, (iv) use of agricultural chemicals, (vi) surface mining for minerals and top-
soil, (vii) farming operations, and (viii) development of infrastructure. These and other land uses
can also affect human health through human-induced degradation of soil quality. Other stressors
on ecosystems, plant, animal, and human health include climate change, rapid population growth,
urbanization, economic disparities, pollution, destruction of habitat and loss of biodiversity, interna-
tional conflict and political destabilization, and rapid human migration (Table 2.1).

2.4 PLANT HEALTH

2.4.1 SoiL HEALTH AND ITs INDICATORS IN AGRICULTURE SYSTEM

Soil health not only relates to the physical, chemical, and biological properties of soil but also to its
impact on plant growth and productivity in agriculture systems (Aziz, Mahmood, and Islam 2013;

| | [ il eath |

| Arable | Pastoral | Silvicultural l

| Agro-Silvi-Pastoral | l l l l

Recreational I ‘ Residential

!

* Urban agriculture

Infrastructure Industrial

Therapeutic farming

FIGURE 2.5 Strategies of managing soil health through specific functions or land uses.
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TABLE 2.1
Stressors on Ecosystems, Plant, Animal, and Human Health

. Climate change, warming, ocean acidification and sea-level rise, severe storms, flooding; fires
. Rapid human population growth from over 7 billion to an anticipated 9.5 billion by 2050

. Urbanization

. Economic disparities

. Pollution

. Habitat destruction and loss of biodiversity

. International conflict, terrorism, political destabilization, revolution

00 3 N L AW =

. Rapid human migration (e.g., refugees from climate, conflict, and famine) and international travel allowing rapid
spread of diseases

Bal et al. 2013; Yucel et al. 2015). Soil health is strongly influenced by the concentration and com-
position of the soil organic carbon (SOC) and nitrogen (Lal 2007).

Improved soil health helps to enhance the resilience of croplands to extreme weather events and
biotic stress, and directly impacts the local jobs and the economic stability of rural communities
(Clay et al. 2015). In conventional systems, however, soil health is often a lesser priority amid oth-
ers, such as higher yields, protection of crops from pests and diseases, and most importantly net
income. Commonly, the accepted indicators of soil health include a combination of microbial bio-
mass, biodiversity and efficiency, aggregate stability, drainage and water retention, nutrient cycling,
active and passive pools of soil organic matter (SOM), soil enzyme activities, etc. (Romig, Garlynd,
and Harris 1997; Islam and Weil 2000; Aziz, Mahmood, and Islam 2013). Of all the indicators,
SOM is a composite indicator of healthy soil and contributes to food security and ecosystem resil-
ience (Zebarth et al. 1999; Islam and Weil 2000; Aziz et al. 2015; Lal 2017). The balance among
the natural processes of primary production, decomposition, and transformation contributes to the
SOM formation (Wilson 1991). SOC, through its impact on soil health and crop productivity, has a
high societal value (Lal 2014).

Agricultural management practices known to improve the SOM and overall soil health include
but are not limited to the no-till, crop rotation, cover crops, soil amendments, and beneficial
microbes, such as the plant growth promotion bacteria and arbuscular mycorrhizal fungi (AMF)
(Gonzidlez et al. 2003; Slepetiene 2001). Soil organic amendments have been used as the source of
organic matters and essential nutrients (Celik, Ortas, and Kilic 2004; Tejada et al. 2008). Soils with
high and labile organic matter may provide a better environment for enhanced microbial diversity
and efficiency. In addition, soil with high organic matter contents has a greater abundance of water-
stable aggregates with higher exchange capacity for plant nutrients. Complex organic nutrients need
to be broken down by diverse microbes for plants to utilize them efficiently (Tejada et al. 2008). A
higher SOM content also improves the water-infiltration and water-holding capacity, providing plant
resilience to drought and other stresses to stabilize long-term farm economics (Celik, Ortas, and
Kilic 2004; Lal 2007, 2017).

2.4.2 PLANT PATHOGENS AND THEIR CAUSED DESTRUCTIVE DISEASES ON PLANTS

There are many microbial pathogens that can infect different plant species in the greenhouse and
field conditions, which can cause huge yield and economic losses. Of all the problems related to
the pathogen-caused plant diseases, those caused by the soilborne pathogens can be the most frus-
trating ones (Table 2.2). In the fields, the destructive soilborne pathogens, such as Rhizoctonia
spp, Sclerotinia spp., Pythium spp., Fusarium spp., and Verticillium spp., could cause infections on
plants separately or together (Gao et al. 2014). These pathogens can survive in the soil even when
their usual host crops are no longer present. For example, Rhizoctonia solani is a soilborne pathogen
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and can cause severe disease pressure and huge yield losses on tomato plants and many other plant
species (Meyer et al. 2006). The related destructive plant disease symptoms caused by these soil-
borne pathogens include but are not limited to the damping-off of seedlings, aerial blights, root rots,
and stem cankers on the plants. Currently, many plant species are short of resistant varieties to con-
fer resistance to most of the soilborne pathogens; therefore, the chemical control by the fungicide/
bactericide application is the main approach (Stevens et al. 2003). However, the long residue of these
chemicals can lead to the harmful effects on human health and environment. To reduce chemical
applications, the combined use of fungicides/bactericides with proper agricultural practices could
potentially enhance the efficacy of the related disease controls (Hiiberli et al. 2015). Many studies
have shown that plant diseases caused by the soilborne pathogens, such as the R. solani, could also

TABLE 2.2
Soilborne Infectious Diseases of Plants, Animals, and Humans

Category Examples in Plants Examples in Animals Examples in Humans

Helminths Phylum Nematoda, nematodes, Nematodes—Hookworm Ascariasis (roundworms),
such as root-knot nematode (Bunostomum phlebotomum); Echinococcosis, Hookworm,
(Meloidogyne species); Trichostrongylid nematodes Strongyloidosis (threadworms),

cyst nematode (Heterodera (Haemonchus contortus, Trichuriasis (whipworms),
species); Trichostrongylus spp., Trichinellosis (Trichinosis)
Sting Nematode; needle Ostertagia ostertagia,
nematodes (Longidorus Cooperia spp.), Trichuriasis,
africanus); stubby root Ascaris suum, Dictyocaulus
nematodes (Paratrichodorus viviparous, Protostrongylus
species) spp., Muellerius spp.

Protozoa Naked amebae, testate amebae,  Eimeria spp., Entamoeba Entamoeba histolytica (Amebiasis),
flagellates, ciliates, histolytica, Cryptosporidiosis,  Cryptosporidiosis, Cylcosporiasis,
microsporidia, and sporozoans Giardiasis Giardiasis, Toxoplasmosis

Fungi Microdochium, Sclerotinia, Endophytes (Neotyphodium Aspergillosis, Blastomycosis,

(oomycetes) Fusarium, Rhizoctonia, coenophialum), Trichphyton Coccidioidomycosis (Valley

Verticillium, Monosporascus, verrucosum, Histoplasmosis, fever), Histoplasmosis,
Aphanomyces, Bremia, Blastomycosis, Sporotrichosis, Mucormycosis,
Phytophthora, Pythium, Cryptococcosis, Nocardia
Macrophomina, Coccidioidomycosis,
Plasmodiophora and Aspergillosis, Mucormycosis
Spongospora

Bacteria Rhizobium radiobacter Listeria monocytogenes, Actinomycosis, Anthrax, Bacillus

(Agrobacterium tumefaciens),
Erwinia, Rhizomonas,
Streptomyces. Pseudomonas
and Xanthomonas for short
time in soil.

Salmonella spp., E. coli,
Campylobacter spp., Yersinia
entercolitica, Enterococcus
spp., M. avium, spp.
pseudotuberculosis, Clostridial
intoxications (Clostridium
chauvoeii, Cl. novyi Type D, Cl.
Septicum, Cl. Sordelli, CI.
Perfringens Type C, Cl.
Perfringens Type D, CI. Tetani,
Cl. Botulinum, Bacillus
anthracis, Leptospirosis,
Dermatophilosis, Actinobacillus
ligneresii, Actinomyces bovis,
Brucella abortus

cereus, Campylobacter,
Clostridium botulinum (Botulism),
C. perfringens (gas gangrene),
Clostridium tetanus, Coxiella
burnetti (Q fever), Escherichia
coli (Enterohemorrhagic,
Enterotoxigenic, Verotoxigenic,
and Enteropathogenic types),
Legionella, Leptospirosis, Listeria
monocytogenes, Lyme disease,
Melioidosis, Pseudomonas,
Salmonellosis (including typhoid
fever and non-typhoid salmonella
infections), Shigellosis,
Tularemia, Yersinia pestis (plague)

(Continued)
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TABLE 2.2 (Continued)
Soilborne Infectious Diseases of Plants, Animals, and Humans

Category Examples in Plants Examples in Animals Examples in Humans
Viruses Lettuce necrotic stunt virus Coronavirus, Vesicular Enteroviruses (poliovirus,
(LNSV); Beet necrotic yellow stomatitis, Rotavirus, coxsackieviruses, and
vein virus (BNYVYV; genus Contagious ecthyma virus, echoviruses), Hantavirus
Benyvirus), Potatomop-topvirus  Goat pox, Peste des petitis (hantavirus pulmonary syndrome
(PMTYV; genus Pomovirus); ruminants, or hemorrhagic fever with renal
Furovirus (type species syndrome)

soilborne wheat mosaic virus);
Bymovirus (type species Barley
yellow mosaic virus); Peanut
clump virus (PCV; genus
Pecluvirus); infection of lettuce
big-vein associated virus
(LBVaV; genus Varicosavirus),
Mirafiori lettuce big-vein virus
(MIiLBVYV; genus Ophiovirus);
Viruses of the genera
Tombusvirus (cucumber
necrosis virus; CNV),
Carmovirus (i.e., melon
necrotic spot virus, MNSV);
Grapevine Fan leaf virus
(GFLYV, genus Nepovirus);
Tobacco rattle virus (TRV,
genus Tobravirus).

be suppressed by either adding SOM for general suppression, or/and specific microbial antagonists
by beneficial microbes, such as the bacteria Bacillus species (Weller et al. 2002; Stone, Scheuerell,
and Darby 2004) and AMF (Abdel-Fattah et al. 2011).

2.4.3 AGRICULTURAL PrAcTICES AFFECT PLANT AND SoiL HEALTH

More and more studies have investigated the comparisons between conventional and sustainable
farming systems, such as the organic farming system. These studies reveal that sustainable agricul-
tural practices can influence soil composition and functions, which could be associated with higher
biological efficiency and diversity of the soil-associated microbial communities (Monokrousos et
al. 2006; Esperschiitz et al. 2007; Araujo et al. 2009; R. Li et al. 2012). To conserve system biodi-
versity, including the soil microbes, sustainable practices excluding the pesticide use could reduce
their impacts on the nontarget organisms (Kuepper and Gegner 2004). Our previous studies exam-
ined the culturable endophytic bacterial and fungal communities from four economically important
crops, including corn, tomato, pepper, and melon, grown under low-input organic or conventional
management practices. Our results showed that the plant culturable endophytic bacterial and fungal
communities were significantly impacted by different agricultural production practices (conven-
tional vs. organic farming system) (Xia et al. 2015, 2019).

The agricultural practices, such as crop rotation with cover crops and green manures, conservation
tillage, and microbial products usage contribute to building an active, diverse, disease-suppressive soil
associated with certain microbial communities, which have been shown to effectively reduce most of
the major soilborne diseases and enhance plant tolerance to abiotic/biotic stress and yield within their
respective agro-ecosystems (Marzano 2012).



