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ABSTRACT

Malnutrition, deficiency of essential micronutrients along with protein and
vitamins, affects 2-3 billion people including children below the age of 5,
nursing mothers and elderly population. Soil depletion and degradation,
affecting 40% of agroecosystems, is one of the factors with adverse effects
on nutritional quality of the food. Healthy food is obtained from plants and
animals grown on healthy soils. Thus, adoption of proven and innovative
science-based options for specific soil/ecoregions and cropping/farming
systems are needed to alleviate soil-related constraints and produce
nutritious and safe food. Soil pollution and contamination, especially that
with some heavy metals (i.e., lead (Pb), mercury (Hg), and arsenic (As)), is
another issue because the food may contain toxic levels of some heavy
metals and or pesticide residues. Biofortification with micronutrients, such
as for selenium (Se) in some Scandinavian countries, can also alleviate the
micronutrient deficiencies. Breeding of crops and animals for site-specific
situation is another option to promote the “One Health Concept” which
states that health of soil, plants, animals, people, ecosystems and planetary
processes is one and indivisible. Improving education and implementing
policies which reward farmers to adopt modemn innovations are among

other options to improve diet quality.
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Introduction

The Green Revolution of the 1960s enhanced
agronomic productivity, reduced infant mortality,’
reduced rural poverty and improved human wellbeing.
However, it had adverse impacts on indigenous
food crops? which caused widespread problems of
micronutrient deficiencies such as those observed
in soils of India,® and globally. Whereas the calorie-
inputs increased, but it was accompanied by
reduction in dietary diversity which had negative
impacts on human health such as obesity and chronic
diseases’® because of a shift in grain mineral density
of food staples.® Indeed, diet-related diseases,
aggravated by under-nutrition and malnutrition both
of which are caused by soil degradation and its
ramifications, are non-communicable diseases (NCDs).
The latter are on the rise in developing countries
with predominantly resource-poor and small land
holder farmers who are unable to adopt modern
innovations in agriculture. There is a long list of
biophysical and the human dimensions factors which
affect nutritional quality and safety of the diet
(Figure 1). Soil degradation is a widespread problem
in the Global South because of low nutrient reserves
in agricultural soils, inadequate nutrient management,
and lack of site-specific plant genotype tolerant to
soil-related constraints (deficiency and toxicities).
The problem of soil degradation is being aggravated
by changing climate, accelerating soil erosion, and
increasing risks of salinization etc. which are primary
factors contributing to widespread malnutrition
(deficiency of micronutrients) and under nutrition
(lack of enough calories). Cakmak (2002) estimated
that 60% of cultivated soils have growth- limiting
problems with mineral nutrient deficiency and
toxicities and 50% of world population (6.3 billion
in 2002) was vulnerable to malnutrition.” These
problems require integration of plant nutrition
research with plant genetics and molecular biology
to alleviate diet-related issues. Thus, NCDs are among
major global health challenges leading to high
morbidity and mortality.® Therefore, sustainable
management and restoration of soil health is an

important strategy to alleviate risks of NCDs. Soil

health refers to its capacity to sustain multiple
ecosystem services (ESs) both for human well-being
and nature conservancy. Soil organic matter (SOM)
content, heart of soil health and essential to its
capacity to sustain and enhance its capacity to
support life through creation of ESs, is the basis of
managing soil health. An optimal range of SOM
content in the root zone (0-30 cm depth) may be
2.5 to 3.5% for soils of the temperate regions and
1.5 to 2.5% for those of the tropical ecoregions.’
However, degraded and depleted soils may have
SOM content of less than 0.5% and often as low as
0.25 % in the 0-30 cm depth. Thus, use efficiency
of inputs (e.g., improved varieties, soil amendments
including fertilizers, irrigation) is low because of the
leakage of these inputs into the environment. Thus,
protection, restoration and sustainable management
of soil health is critical to meeting the demands of
growing and increasingly affluent human population.
Adoption of improved and innovative options of
management of soil health, which also transform
agriculture from a problem to a part of the solution
to restore the environment, is critical to alleviating
the dual problem of human under-nutrition and
malnutrition worldwide in general but Global South
in particular.
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Figure 1. Factors affecting global food and nutrition security

In this context, the importance of the use of the “One
Health” concept cannot be over-emphasized. The
One Health concept, initially proposed by Sir Albert
Howard (1943), states that “health of soil, plants,
animals, and people is one and indivisible”." The
concept has since been expanded to also include the
health of ecosystems and of planetary processes.
The effect of soil health on human health was also
promoted by Lady Eve Balfour (1943),? a
contemporary of Sir Albert Howard who was working

in Central India, and when the concept of organic

=

Pollution,
waste, and soil
degradation

farming was promoted by Sir Albert Howard.™ The
wholistic approach to management of soil health
also embraces the idea of inter-connectivity proposed
by John Muir (1838-1914), an American Philosopher,
who argued that “When we try to pick out anything
by itself, we find it hitched to everything else in the
universe”. The latter implies a strong interactive
effects among some key parameters such as
anthropogenic climate change, loss of biodiversity,
pollution and contamination, and civil strife or war

and political instability (Figure 2).

~ War, conflict,
and political
instability

Figure 2. Key interactive factors that aggravate food and nutritional security
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Objective and Methodology

Therefore, the objective of this article is to describe
use of some innovative options which can restore
soil health and reduce risks of malnutrition and
chronic diseases. In this context, literature search
was conducted of the peer reviewed journal
articles (Web of Science) to explore the impact of
modern innovation for restoration of soil health and
improvements in nutritional quality of food. Some
examples of these innovations are described below.

Regenerative Agriculture

Since the U.N. Food System Summit that ended in
September 2021, the strategy of regenerative
agriculture (RA) is gaining momentum. In combination
with agro-ecology, RA is considered as a viable
pathway to advance sustainable management of
soil health and agronomic productivity. However,
RAis a concept, strategy, approach or a philosophy.
Itis not a one-size-fit-all practice. Indeed, there may
be a longlist of agronomic practices which can come
under the overall umbrella of RA. In this context,
RA is inspired by eco-innovation, powered by non-
carbon energy, driven by a circular economy and
based on the premise of the re-carbonization of the
terrestrial biosphere (soil and vegetation) as the
bedrock of sustainable development. Simply put,
RA is a soil-centric approach, based on the options
of sustainable management of soil health, rather than
relying primarily on the benefits of improved plant
varieties grown with heavy inputs of chemical
fertilizers and pesticides. System-based RA reconciles
the need of producing adequate and nutritious food
with the necessity of restoring the environment, and
making farming a part of the solution to addressing
environmental issues. Thus, RA encompasses a
wide range of farming and grazing practices aimed at
restoration and sustainable management of soil health
through sequestration of soil organic carbon (SOC)
in humid and sub-humid regions and soil inorganic
carbon (SIC) or secondary/pedogenic carbonates
in semi-arid and arid ecoregions. Therefore, RA
would involve practices such as a system-based
conservation agriculture (CA), which includes a site

or soil-specific no-till farming in conjunction with
crop residue mulch, cover cropping during the off-
season, integrated nutrient management (INM) or
soil fertility management (ISFM), complex rotations
or farming systems and integration of crops with
trees and livestock.’ Yet, RA also must observe the
Law of Return which “states that substance we take
from nature must be returned to the place from

where which it was taken”."0

Soil or eco-region specific farming practices, based
on RA and the Law of Return, may also be called as
“Nature Positive Agriculture” or NPA. Because of its
large environmental footprint (EFP), there is a strong
and urgent need for identifying and implementing
innovative farming practices which reconcile the
need to produce adequate amount of safe food
with the necessity to restore the environment. Basic

principles of NPA include the followings:

1. Protecting, restoring, and managing soil
health,

2. Strengthening above and below-ground
biodiversity,

3. Improving water quality and renewability,

4. Adopting negative emission farming,

ol

Reducing input by improving efficiency of agro-
chemicals via enhancement of soil health,
Using bio-stimulants and organic amendments,
Promoting bio-circular economy,

Supporting the "One Health” concept,

v N o

Using digital innovation, precision agriculture,
and drip fertigation,
10. Producing more from less,

11. Creating a positive soil/ecosystem carbon
(C) budget, and
12. Using artificial intelligence, machine learing

and other innovations.

The strategy is to create negative-emission (not just
emission neutral) agriculture by reducing gaseous
emission from farm operations and sequestering
atmospheric carbon dioxide (CO,) in land-based C
sinks including soil, trees, wetlands, degraded lands
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and mine lands among others. The primary goal of
RA and NPA is to restore SOC stock, enhance soil
health, and produce more from less. In this context,
Janssens et al. (2022) suggested intensification of
agricultural output ( producing more from less land
area) poses a serious challenge in Global South
which has high population density and finite land
resources." Thus, Janssens and colleagues suggested

enhanced silicate weathering, biochar amendment
and soil C sequestration as options to withdraw CO,
from the atmosphere and to restore soil health.™
These options minimize risks of soil erosion and
lead to negative emissions." Legume or pulse based
rotations also enhance concentration of essential
micronutrients in food products such as in pulses
(Table 1).

Table 1. Concentration of micronutrients in pulses vs. in cereal grains (Adapted from Welch et al., 2014;

USDA Nutrient Database)

Micronutrient Content (ug/g dry wt.)
Grains Fe Zn Cu
Rice 20 14 2.4
Cereals
Wheat 39 22 4.5
Mung Beans 87 41 13.0
Pulses Black Gram 139 36 7.9
Cow Peas 67 45 6.3

Ramkumar et al. (2024) explored the efficiency of
dietary interventions through RA in mitigating the
incidence of NCDs,® and observed that dietary
modifications can positively impact the gut
microbiome and foster a symbiotic relationship
thereby making it a critical strategy in disease
prevention and treatment.® Ramkumar and colleagues
also observed a crucial link between soil health and
plant/animal derived food quality and human
wellbeing and thus offering dual benefits for human
and planetary health and wellbeing.® Another study
by Maitin-Shepard et al. (2024) reported the effects
of nutrition and dietary patterns on human fertility
optimization through changes in nutrition and
environmental exposures impacting germ cell

mechanisms through dietary effects.'

Effects of RA diet quality are also observed through
legume-based cropping systems which can increase
nitrogen supply in soil through biological nitrogen
(N) fixation (BNF). For example, Brezeanu et al. (2021)
conducted a study to assess the impact of grain
legumes cultivation on human and environmental
health,” and focused on a wide range of legumes
in the diet such as the common bean (Phaseolus

vulgaris), runner bean (Phaseolus Coccineus), Indian
pea (Lathyrus sativus), mung bean (Vigna radiata), pea
(Pisum sativum), broad bean (Vicia Faba), chickpea
(Cicer arietinum), and lentil (Lens Culinaris)."” Brezeanu
and colleagues evaluated the potential of these
legume species on diet quality through intercropping
schemes designed to reduce the use of inputs on food
security and human health." Indeed, the usefulness
of these legumes on diet quality and human health
was substantial. These legume-based rotations also
led to producing more and better diet from less
input via adoption of RA or sustainable agricultural
practices (refer also to data in Table 1 regarding

the concentration some micronutrients in pulses).

A study in Sub-Saharan Africa (SSA) conducted by
Ojiewo et al. (2015) also emphasized the importance
of vegetables and legumes in assuring food, nutrition,
and income security.” Indeed, vegetables and
legumes are key sources of essential nutrients for
good human health because of their high contents
of phytochemicals, micronutrients (Table 1) and
other essential compounds to meet the nutritional
and human health needs. Therefore, Ojiewo and

colleagues argued that diversifying diets with
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vegetables and legumes is an economic, surer and
sustainable way to combat malnutrition and
associated health problems,'®in regions such as SSA
where food insecurity and malnutrition are chronic
issues'’. Management of soil N is also an important
issue in highly depleted and degraded soils where
N use is insufficient and use efficiency is low because
of high leakage into the environment. Masso et al.
(2017) reported that 80% of countries in SSA has N
deficiency and it has led to chronic food insecurity

and malnutrition.?°

For SSA and other regions in Global South,
ecological nutrient management (ENM) for small
holder farmers is another option to be considered
rather than chemical and energy-based agricultural
intensification. Drinkwater and Snapp (2022) proposed
that ENM is an ecological approach to managing the
biogeochemical cycles to optimize the ecosystem
services from soil under resource-constrained
conditions.?’ The ENM concept encompasses five
basic components: 1) restore SOM and plant nutrient
reserves, 2) minimize losses of N, phosphorus (P),
and sulphur (S) pools from soil, 3) maximize use
efficiency of soluble N and P, 4) enhance phytogenic
biodiversity to minimize bare fallows and maximize
green cover on soil, and 5) conduct agroecosystem
and farm level mass balance to track C and nutrient
flows over several consecutive seasons. Drinkwater
and Snapp listed specific examples of ENM practices
for small land holders to include polycultures, diverse
and complex rotations, reduced fallow periods,
increasing legumes in the rotation cycle, integration
of crops with trees and livestock, and using a range
of amendments.?! The strategy is to restore SOM
content and nutrient reserves by recycling and use
of BNF. For ENM and other innovation to function
on sustainable basis, the Law of Return must be
observed.™

Agroecology

Similarly to RA, there is also a growing interest in
application of agro-ecology for transformation of
the global food systems. This initiative is based on
the strategy of applying basic principles of ecology

to sustainable management of agroecosystems.
Commoner (1971) outlined four principles in the book
entitled “Closing Circle”.?2 These are: 1) everything
is connected to everything else (such as in the One
Health concept), 2) nature knows no mercy (work
with nature rather than against nature), 3) there is
no way to throw away (the concept of recycling and
converting waste into amendments), and 4) there is
no such thing as a free lunch (minimize the ecological
price or eco footprint of agro-ecosystems).?? Based
on these concepts, Wezel et al. (2020) presented a
literature review of the concepts, definition and
principles of agroecology and its three manifestations:
science, set of practices, and a social movement.?
They outlined basic elements of agroecology, and
listed 13 principles which need to be applied to
agroecosystems: recycling, input reduction, soil
health, animal health, biodiversity, synergy, economic
diversification, co-creation of knowledge, social values
and diets, fairness, connectivity, land and natural
resource governance, and participation.?® Simply
put, the goal is to reduce input of agro-chemicals,
strengthen recycling, and enhance biodiversity with
the goal of “produce more from less”. However,
rather than focusing on soil and animal health, it is
important to broaden the scope and adopt the “One
Health” concept of Sir Albert Howard (1943) and
the strategy of managing soil health to improve diet

quality and enhance human health and wellbeing."”

Similarly to agroecology is the idea of ENM. The
strategy of ENM is to integrate environmental health
to human health through exploring the linkages
between agriculture, ecology, and human nutrition.
Deckelbaum et al. (2006) argued that soil degradation
and human under- nutrition are major issues in SSA,
are a hindrance to economic development, and
can be addressed through implementation of the
concept of ENM.#

Organic Farming and Diet Quality

Organic farming is also gaining momentum,
especially in Europe and North America. Rempelos
etal. (2021) conducted a global study to review the
evidence if adoption of organic farming can improve

© 2024 European Society of Medicine 6



the nutritional quality of food.? Based on this study,
Rempelos and colleagues concluded that organic
food consumption: 1) reduced the exposure to
pesticides and beneficially improved the human
immune system, 2) decreased incidence of diseases
such as obesity, cancer, metabolic syndrome, eczema
etc., and 3) increased interactions and trade-offs
between diet and food types with regards to public
health and future food security.®® These authors
concluded that agricultural intensification has
adversely affected the nutritional quality of food
and sustainability of food production systems, and
organic farming can improve nutritional quality and
food security.?® However, the logistics of procuring
adequate amounts of biofertilizers (compost, manure,
BNF, recycling P and micronutrients, weed control
measures) need to be critically examined. Will even
a short decline of 20 to 30% in agronomic productivity
by adoption of organic farming jeopardize global
food security? These are some of the issues which
need to be critically and objectively addressed.

An important aspect of organic farming is the use of
manure and compost. This would involve integration
of crops with livestock.There is a need for adequate
facilities for sustainable and healthy management
of livestock.

Prevalence of unsustainable agricultural practices
has been often linked to soil and environmental
degradation, loss of biodiversity and the overall
downward spiral. Leakey's (2017) twelve principles
for the achievement of food security include perennial
crops, agroforestry (based on leguminous trees which
can enhance soil N reserves) and cultivating highly
nutritious traditional food crops.?¢ The use of fodder
trees can also facilitate integration of crops with
livestock.

Traditional Food Crops and Diet
Quality

One of the limitations of the Green Revolution of
1960s is the focus on three cereals (rice, wheat and
corn). While these crops produce a large quantity
of carbohydrates, micronutrients and other essential

contents are not adequately available in
predominantly cereal-based diet. Quality of the
food, depending on the quality of the soil on which
itis grown, has a strong effect on human health and
the quality of life. Yet plants are the main source of
essential micro and macro-nutrients through plant-
based diets. Thus, there is a growing emphasis on
the use of traditional crops (e.g., sorghum, millet,
beans and pulses, root crops and fruit trees) which
have high nutritional values (See Table 1).?” Shelenga
et al. (2021) documented that small grains crops
can be used for biofortification with essential
micronutrients.?® In SSA, indigenous fruit-bearing
trees are considered an important source of
micronutrients and  other health-promoting
phytochemicals which have biological and
pharmacological activities that can mitigate some

of the physiological effects of malnutrition.?

Soil Health and Malnutrition

Among key micronutrients are Se, Zn, Fe, copper
(Cu), and iodine (I),*® whose deficiency in diet has
serious health consequences (hidden hunger) such
as child stunting, and anemia, etc. Thus, a close
attention must be paid to the soil-to-human chain®'
and soil-to-table link.3? There may be a close link
between malnutrition and natural variation on the
quality or health of soil. Berkhout et al. (2019)
developed new soil micronutrient maps for SSA and
reported significant relations between soil nutrient
contents and child mortality, stunting, wasting and
underweight.*®* Berkhout and colleagues also
observed simultaneous increase in soil densities of
Cu, manganese (Mn), and Zn by one standard
deviation reduced child mortality by 4-6 per mille
points.®** They argued that agronomic fortification
is a viable option to combat malnutrition in SSA.*
Shelenga et al. (2021) argued that regular dietary
fibers,

avanthramides stimulate immunity and prevent

consumption  of antioxidants, and
common diseases such as cancer and obesity and
regulate the expression of cholesterol-related
genes.?® Thus, the long-term solution is restoration
and sustainable management of soil health. Soil

enrichment with fertilizers and amendments (manure,
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compost), genetic and agronomic fortification are
recommended options to alleviate micro-nutrient
deficiency in human. Genetic fortification involves
breeding for trace minerals in staple crops, and thus,
breeding techniques can be used for increasing trace
nutrient contents in food and feed. Gregorio (2002)
observed some crop varieties with high content of
Fe, Zn and carotene contents in their edible
components.® [t is also possible that use of
biotechnological tools (e.g., molecular marker assisted
selection) may enhance the pace and prospects of
breeding of staple food crops for increasing

nutritional value of the food.

Agronomic Biofortification

Deficiency of Zn and other micronutrients is a
serious public health hazard across the world, and
the deficiency is caused by inadequate dietary intake
of essential elements. Thus, a range of approaches
have been suggested in which biofortification of food
staples with important micronutrients are suggested
as a viable option. For example, Zn deficiency is
one of the leading health problems in children and
women of the developing countries. Deficiency of
Zn is most prevalent among children under five in
India, especially in the north-western region where
wheat is the staple. More than 50% of the wheat
(Triticum aestivum) around the world is grown on
Zn deficient soils and produce grains with lower Zn
content. However, the deficiency of micronutrients
in human can be alleviated by restoring and managing
soil health, and increasing bioavailability of these
nutrients in food items such as cereal or pulses. In
India, Kaur et al. (2023) used agronomic biofortification
of mung bean (Vigna radiata) grains with Zn to
alleviate its deficiency among vegetarian population.®
Kaur and colleagues concluded that soil application
of zinc sulphate (ZnSO,) @ 20 kg/ha (kilogram per
hectare) + its foliar spray (0.5%) at flower initiation
and pod formation can improve productivity and
ameliorate Zn nutrition in the form of hidden
(2019)

biofortification of chickpea (Cicer arietinum) to

hunger®® Pal et al. recommended

alleviate Zn and Fe deficiency in human population

in India.*® Singh and Singh observed that foliar

application combined with that of urea also increased
grain yield and protein content of chickpeas.®”’
Magbool et al. (2019) suggested Zn biofortification
of maize (Zea mays), which is a major crop grown
and consumed in regions having soils deficient in
Zn.*® Biofortification of wheat in India was reported
by Singh and Singh (2019).*” Both agronomic and
plant breeding techniques are recommended for
Zn biofortification of maize. Prom-u-thai et al. (2020)
tried simultaneous biofortification of rice (Oryza
sativa) with Zn, |, Fe and Se through foliar treatment
of a micronutrient cocktail in five countries (Brazil,
China, India, Pakistan, and Thailand).?* The data
from these countries showed that foliar application
of the micronutrient cocktail solution was highly
effective in increasing grain Zn, |, and Se content.®
Thus, agronomic biofortification could be viable
option to alleviation of micronutrient malnutrition

(hidden hunger) in human.

There are also nature-based biofortification
techniques such as those which involve inter-
cropping including integration of crops with trees
and livestock. In SSA, Ebbisa (2022) proposed
cereal-legume inter-cropping as an example of
nature-based biofortification that can increase the
bioavailability of Zn, Fe, and P both in soil and
edible parts of crops.* Ebbisa suggested inter-
disciplinary research by agronomists, plant nutritionists
and agroecologists to intensify and use intercropping
systems as a biofortification option for sustainable
alleviation of micronutrient deficiency in SSA.%°

General Discussion

Soil and water are important components of the
environment (Figure 3). Degradation of soil, along
with pollution of water and contamination of air
leading to loss of biodiversity, can have a significant
adverse effect on uptake of essential nutrients
(including 17 micronutrients) and thus lead to
vulnerability and exposure to pests and pathogens
with long-term effects on human health and
wellbeing.*™ Therefore, adverse human rights must
also include environmental rights to healthy and

safe environment for every inhabitant of the planet
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Earth.* Indeed, people are mirror image of the soil
that they live on. The Anthroposphere, comprising
of 8.2B people in 2024 and projected to be 9.8B
by 2050 and as many as 11.4B by 2100, is bringing
about a rapid transformation in the Ecosphere.

However, when people are suffering and miserable,

they pass on their suffering to the land, and land (soil,
water, air, biodiversity) reciprocates.” The mutually
reinforcing vicious cycle has gripped the humanity
ever since the Anthropocene began with the onset
of agriculture about 10,000 years ago but was

intensified by the onset of Industrial Revolution.*
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Figure 3. Degradation of ecosphere (determined by the interaction between pedosphere, hydrosphere,

atmosphere, and the biosphere) on the environment of human habitat has significant adverse effects on

health and wellbeing of people leading to malnutrition and a range of chronic diseases.

Whereas increase in agronomic production by The
Green Revolution of 1960s increased intake of
calories and reduced global hunger, there was a
decrease in nutritional density in staple food grains
(rice, wheat) and at the same time, decline in dietary
diversity was decreased because of elimination of
traditional crops (millets, pulses, roots, and tubers). The
cereal-centric diet with minimal diversity aggravated
malnutrition due to deficiency of Fe and Zn. A
widespread adoption of high-yielding varieties
caused decrease in nutrient density in staple crops.
Decline in soil health, aggravated by accelerated soil
erosion along with unbalanced and indiscriminate
use of chemical fertilizers, aggravated deficiencies of
micronutrients and proteins in food staples leading
to increase in risks of obesity, diabetes, and chronic
diseases.

Therefore, it is important to alleviate deficiency of
micronutrients and improve nutritional quality by
restoring soil health, improving SOM content,
using balanced application of fertilizers along with
inputs of micronutrients, including traditional crops
in the rotational cycle to improve dietary diversity,
and promoting complex farming systems based on

integration of crops with trees and livestock.

Some examples of innovative farming systems for
enhancing nutritional quality are those based on
the principles of NSA. Important among these are
RA (e.g., conservation agriculture), agro-ecology,
organic farming, use of traditional crops, and increase
in dietary diversity by enhancing consumption of
vegetables, pulses, fruits, and animal products (e.g.,
milk, cheese).

© 2024 European Society of Medicine 9



Restoration of soil health, by enhancing SOM content
and reducing risks of degradation processes (e.g.,
accelerated soil erosion, salinization, extractive

farming) is critical to improving nutritional quality
of food.

World peace, being a scientific issue, must be
achieved and sustained by restoring soil and
environment quality, eliminating poverty, and
promoting peace and harmony. Risks of war, civil
strife, and political instability must be decreased
through education, political dialogues, and spread
of goodwill, fraternity, equality, and justice for all.

Based on examples of some innovative practices
outlined above, the following sections discuss what
can be done to alleviate malnutrition through
adoption of improved agricultural practices.

A. Developing A Nutrition-

Sensitive Agriculture

The Green Revolution of the 1960s, a global success
story, saved hundreds of millions of people from
starvation. During the early part of the 21 century,
however, malnutrition is a major problem. Thus,
agricultural revolution of the 21t century must focus
on nutrient sensitive agriculture (NSA). In addition
to farmers, NSA is also of a growing interest to those
working in global health and nutrition. Berti etal. (2016)
proposed poultry rearing and home gardening.”
The latter has also been suggested by Lal (2020) for
minimizing risks of disruptions such as those caused
by Coronavirus disease 2019 (COVID-19) Pandemic.®

Se is an essential micronutrient for humans. However,
as much as 80% of the world’s population does not
consume enough Se.** Wheat, an important staple,
is a major source of Se uptake. There has been
several studies that have addressed Se content of
wheat grains which may range from 0 to 8,270
microgram per kilogram (ug/Kg).* The grain contents
of Se can be improved by fertilization and other
management options. Govasmark et al. (2008)
observed that applying selenate after tillering
increased the grain Se content.*® Johnsson (1991)
observed that an additional 100 mm of precipitation

during the growing season (May to August) would
lead to an increase in 7.2 ng Se g in spring wheat
grain.>' Application of Se-fortification program for
wheat is a success story in Scandinavian countries.
5253 Alexander and Olsen (2023) reported an
inverse relationship between Se status and risk of
cardiovascular diseases, cancer, and all-cause
mortality.>* However, higher intake rate [>330 to
450 microgram per day (ug/day)] may lead to toxic
effects on liver, peripheral nerves, skin, nails, and
hair. An upper tolerable level of 255 ug Se/day has

been established for human intake.

Several field and greenhouse experiments have been
conducted on uptake of Se by food grain crops. In
some Vertisols in the Mediterranean regions, Lopez-
Bellido et al. (2019) observed that soils deficient in Se
can lead to deficiencies in livestock and human and
increase risks of diseases due to clinical and subclinical
deficiencies.”™ Thus, agronomic Se biofortification
of wheat is a widely recommended practice.

In Sweden, Bruce (1986) also reported the adverse
effects of Se deficiency on human,* and observed
that, on average, grains and pastures contain only
one-tenth of the amount of Se considered necessary
for good human/livestock health.>® Bruce also
reported that average Swedish dietary intake of Se
is 10-70 pg /day.* Furthermore, the lowest levels
were found in vegan diets. Because of the strong
soil health-human health nexus,” there has been a
growing interest in soil security as the cornerstone
of national security in an era of global disruptions.*®
Indeed, concerns about soil health (in relation to
human and planetary health), the agricultural
equipment market is expected to expand drastically
to reach US $194B by 2034.>°

B. Effects of Under-Nutrition on
Human Health in Relation to War
and Political Instability

In addition to the short-term adverse effects of hunger
or under-nutrition on human health®-%? such as
malnutrition and under-nutrition during pregnancy

has been shown to lead to increased risks of
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developing diabetes later in life.$*¢* It is widely
feared that the current Russian-Ukraine war and the
Palestinian-Israel war (2022-2024), similar to the
adverse effects of the Vietnam War, may have long-
term health consequences on the population
exposed to hunger. Therefore, there exists a strong
and an urgent need to improve human health and
nutrition through adoption of science-based agro-
ecosystems which restore soil health and produce
safe and healthy food and cessation of hostility and
promotion of peace and harmony. This concept is
in accord with the “One Health” concept: healthy
diet must come from crops and animals raised on
healthy soil. Above all, incidences of wars and civil
strife must be minimized through dialogue and
political solutions. Indeed, peace is a scientific issue
and it should be promoted and strengthened through
restoration of soil health, reduction of poverty, and

elimination of hunger and malnutrition.

C. Beneficial Effects of Improved
Agricultural Practices on Human
Nutrition and Good Health

Dysfunctional food systems, based on poor
agricultural practices of growing crops and raising
livestock, are the primary reason of the widespread
problem of malnutrition in developing countries
around the world."™ Just focusing on caloric needs
is not adequate to address food and nutritional
insecurity, it is important that all essential nutrients
(macro and micro) are met through food grown by
improved methods of growing crops, and raising
animals. In addition to meeting the caloric need, the
global problem of malnutrition must be addressed
by achieving “nutrient security” by producing nutrient-
rich staple food crops. This approach is called the
NSA. Thus, improved agricultural systems are critical
to addressing both hunger and malnutrition. In
general, pulses (or grain legumes) contain higher
concentration of micronutrients than cereal grains

such as wheat and rice (Table 1).

Phytochemicals in vegetables and crops, known to
protect against many human diseases (e.g.,

cardiovascular and some types of cancer), can be
modified by environmental factors and crop
management practices. Soil composition, fertilizer
management, soil amendments, soil water content,
etc. can affect production of phytochemicals in
vegetables, fruits, and crops.®® Concentration of
health-promoting compounds can also be influenced
by plant breeding techniques which lead to genetic
modification. In addition, changing nutrient availability
in soil by input of amendments (organic, inorganic,
and microbial) can influence nutrient (macro and
micro) composition of grains, vegetables, and fruits.
Application of micro-nutrients S, Se, Fe, Zn] can alter
concentration of these elements in food. Improvement
of soil structure, increase in plant available water
capacity or the green water supply, soil drainage,
and modification of soil temperature regimes can
all affect nutrient uptake and composition, and human
health.

Therefore, adoption of sustainable agricultural
practices can improve human nutrition and health.
It is argued that organic farming systems produce
healthy food not only by reducing exposure to
pesticides but also by increasing total phenolic
contents in some food.® Montgomery et al. (2022)
suggested that RA practices enhance the nutritional
content of crops and livestock.”” RA practices
include CA (no-till, cover crops, diverse rotations)
which enhance SOM content, soil health score and
concentration of some vitamins, minerals,
phytochemicals, and micronutrients. McLennon et
al. (2021) also reported that RA and permaculture
can improve soil health, ecosystem biodiversity,
agricultural sustainability and food security.¢® Giller
et al. (2021) suggested that RA is reframing of
agroecology and sustainable intensification including
permaculture and holistic grazing®,and produce

healthy and nutritious food.

Conclusions

Diet quality (nutritional attributes specifically with
regards to concentration of micro-nutrients, protein
content, vitamins etc.) of food grown depends on
soil functional quality and its management for
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specific farming/cropping systems. Major control
of soil functions, which moderate nutritional quality
of the food from plants and animals, include SOM
content, nutrient reserves, pH, charge properties or
cation/anion exchange capacity, aeration or oxygen
diffusion rate, plant available water capacity or green
water supply, soil bulk density as determinant of
total porosity, soil structure and pore size distribution,
microbial biomass carbon, activity and species
diversity of soil biota, and soil temperature regime
etc. Examples of some innovative science-based
options for sustainable management of soil functions
include regenerative agriculture, agro-ecology,
organic farming, integration of crops with trees and
livestock, and other site-specific practices based on
the Law of Return and principles of agro-ecology.
The focus is on optimizing productivity, minimizing
pollution, practicing nutrition-sensitive agriculture,
producing more from less and returning some land
and water back to nature. Land use along with soil
and crop management practices must be based on
the One Health Concept: health of soil, plants, animals,
people, ecosystems and planetary processes is one

and indivisible.
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