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Soil is a basic natural resource for food production, the vast majority of food we consume is either directly or in-
directly derived from soil. Soil quality determines the quantity (calories) and quality (nutritional value and safety)
of the foods grown. Protecting the soil’s physical, chemical and biological integrity is therefore of vital impor-
tance in safeguarding global food security. Soil science, as a discipline, will contribute to new knowledge related
to soil quality and its sustainable management. However, soil scientists are not alone in securing the global food
production system, instead they shall work with environmental engineers, agronomists, nutritionists, animal sci-
entists and social scientists in developing integrative approaches to soil conservation, material cycling and envi-

ronmental protection.
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INTRODUCTION

Food security has been fundamental for poverty allevia-
tion in less developed countries and the long-term sus-
tainability the world at large. According to United Na-
tions Food and Agriculture Organization (FAO), food
security is defined as “when all people, at all times, have
physical and economic access to sufficient, safe and nutri-
tious food to meet their dietary needs and food prefer-
ences for an active and healthy life”. With this definition,
it implies that the food delivery system should not only
supply enough food to members of the society, but also
ensure that the foods contain sufficient nutrients and
minimal toxicants to meet health requirements. Despite
efforts at all levels of the globe, food security will remain
a worldwide concern for the next 50 years and beyond.
Recently FAO announced that world hunger is projected
to reach a historic high in 2009 with 1.02 billion people
going hungry every day, indicating that food insecurity
remains a global issue. While it has been suggested that
both bio-energy production and the global economic cri-
sis have contributed to the current food insecurity situa-
tion, food insecurity is likely to increase under climate
change, unless early warning systems and development
programs are used more effectively.?

Although the FAO definition of security also includes
food quality, insufficiency of micronutrients essential for
human development and health attracts less attention, albeit
that it has been an issue affecting a large percentage of
the global population.®> Some estimates have indicated
that over 3 billion people in the world are at risk of mi-
cronutrient malnutrition, and that number is likely in-
creasing.® Therefore it is clear that micronutrient defi-
ciency and/or the toxicant accumulation are further ham-
pering food security in different parts of the world.

From the above brief discussion, it is clear that ensur-
ing food security is a multi-faceted goal, and requires
holistic approaches towards harmonization among land use,
environmental sustainability, economic benefits and hu-
man health. Although technological advancements, such
as irrigation and new improved cultivars, can enhance
food security, soil as the fundamental resource remains
the core of the issue. Soil quality (and hence nutrients)
can play a significant role in alleviating the negative im-
pacts from other societal problems. There are roughly
four aspects of soil quality that have often been discussed
in relation to food security in the literature; these include
soil erosion, soil biological properties, nutrient balance
and soil pollution.

SOIL EROSION

Soil loss due to erosion is a major threat to food security.
Human-induced soil erosion has been known for a long
time. For example, in the loess plateau in China, soil ero-
sion increased rapidly in the Tang Dynasty” echoing rapid
economic expansion during that period. Soil erosion often
removes the finer and more fertile fraction of the soil, and
it is clearly a big threat to sustainable agricultural produc-
tion, thus to food security.” Many experimental studies
have explicitly demonstrated that for most tropical and
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many temperate soils the relationship between crop yield
and cumulative soil loss is a curvilinear and negative ex-
ponential one.”> At the technological level, developing
best farming practices (BFP) seems the key to curbing
soil erosion, as BFP will integrate many appropriate tech-
nologies available under different socio-economic condi-
tions. However, it should be noted that both the develop-
ment and adoption of BFP require substantial economic
investment and governance at all levels.

NUTRIENT DEPLETION OR ENRICHMENT?

The chemical composition of plant tissues requires a cer-
tain stoicheiometry between carbon and essential nutri-
ents, which results in the removal of nutrients at harvest,
such as nitrogen, phosphorus and potassium from the soil.
If not replenished, repeated cropping will lead to the de-
pletion of soil nutrients, this is particularly true in poverty
stricken areas, such as sub-Saharan Africa,® where access-
ing to chemical fertilizers is often a problem. Continuous
nutrient depletion is hampering food security by yield
decline, and for subsistence farmers, yield decline means
poor income, leading to a somewhat vicious cycle of pov-
erty and food insecurity.

Equally problematic is the enrichment of nutrients in
intensive agricultural production systems, such as in
China.” It was estimated that in the maize production sys-
tem in northern China, surplus of nitrogen and phospho-
rus reach 227 and 53 kg ha™ year™, respectively.® The
immediate impact of nutrient enrichment in agroecosys-
tems is the damage that it imposes on the environment,
both air and water, as well as the economic cost.

Both scenarios presented above are not sustainable in
terms of the environment and resource management. In
any case, to support the growing global nutrient input to
agroecosystems is inevitable, but unfortunately the supply
of mineral nutrients, such as phosphorus and potassium is
not unlimited. Taking phosphorus as an example, under
the current rate of exploration it has been estimated that
on world average rock phosphate will be depleted in
about 50-100 years.® In the same time, rapid urbanization
is increasingly directing the nutrient (nitrogen and phos-
phorus in particular) flow into cities in the form of food,
and these nutrients will eventually end up in sewage
sludge, domestic garbage and reclaimed water. However,
this is not the case in the agricultural society, in which
nutrients are largely recycled through returning human
and animal wastes back to the field. Although it is not
possible and unnecessary for us to de-urbanize our soci-
ety, technologies and policies make the recovery of major
nutrients from sewage sludge seem essential for food se-
curity in long term.

SOIL IS ALIVE

The importance of maintaining the soil’s biological prop-
erties for food security has also attracted wide attention in
recent years. Soil is perhaps the most remarkable habitat
on Earth that is harboring rich biodiversity. Soil biota is
responsible for the turnover of organic matter and the
transformation of nutrients, such as nitrogen and sulphur,
thus is an integral part of soil quality. The role of soil
biota in plant growth and hence productivity is now well
known.™® One typical example is the symbiotic associa-

tion between plants and mycorrhizal fungi, and it has
been shown that increasing the diversity of mycorrhizal
fungi in soil can enhance plant productivity, quite possi-
bly through improved nutrient acquisition.'* Another ex-
ample of the role of soil biota in ensuring food security is
biological nitrogen fixation. It has been recently esti-
mated that 50-70 Tg N maybe fixed annually by biologi-
cal agents in the global agricultural system.* Despite the
extremely high diversity of the soil microbial community,
more recently it has been shown experimentally that soil
microbial communities of differing composition are func-
tionally dissimilar,*® thus managing soil biodiversity seems
even more important than previously perceived.

SOIL FOR HEALTHY PEOPLE
We are what we eat. Since what we eat is ultimately de-
rived from soil, our health is heavily influenced by the
soil’s chemical compositions, particularly trace elements,
such as iodine, selenium, zinc and iron. It is well known
that iodine deficiency can cause goiter formulation; the
first endemic disease attributed to the environment.* One
typical example is found in Xinjiang, the most distant city
from the sea on Earth, where iodine deficiency is still a
problem. Aother example is selenium deficiency and the
prevalence of Keshin-Beck Disease in certain areas of
China. Today, because of the great mobility of people and
trading of food between regions/countries, the problem of
diseases related to the environment seems less important,
and tends to be neglected. However, firstly, one should
note that the deficiency of trace elements can occur well
before the development of illness and other visible symp-
toms; secondly, poverty stricken population often have
less mobility and are largely reliant on what they can
grow locally. Since in most cases, dietary intake is the
predominant source of trace elements ingestion in humans,
it is important that trace elements in the food supply chain
are characterized. We have recently characterized the
selenium situation in the global rice supply chain, and we
believe that this should be expanded to other elements
and other food sources.*®

In ancient China, people learnt to use seaweed to cure
goiter,* and in modern society fortified salt or other func-
tional food are widely available to compliment of the de-
ficiency of trace elements in food. However, for a better
delivery mechanism, it has been argued that bio-
fortification (i.e., improving trace element density in pri-
mary food sources, such as in cereals) is more widely
accessible and more cost-effective.®

In parallel to trace element deficiency, excessive con-
centrations of toxic elements in food are confounding the
nutritional value of the food and causing health problems.
One example would be cadmium contamination in rice
and “itai-itai” disease.™* With rapid industrialization, there
seems no end to toxic substances entering the environ-
ment, and efforts should be made to ensure that the entry
of these toxic substances into our food supply chain is
minimized.

CONCLUSIONS

The preeminence of soil as the basic natural resource for
food production makes soil science an indispensable dis-
cipline in safeguarding global food security. Endeavors in
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developing new knowledge and soil science-based BFPs
will enhance our ability to support food security globally,
these endeavors include:

® The development of rapid and reliable monitoring

tools for soil and food quality and digital archiving of
the monitoring data to assist decision making;

The development of new soil conservation systems to
minimize soil erosion and to protect soil biodiversity;
Working with environmental engineers to develop
sustainable ways of recycling nutrients from wastes;
The development of integrative and cost-effective
ways of enhancing trace elements while minimizing
the accumulation of toxic substances in food, through
crop breeding, the application of novel fertilizers as
well as novel pollution prevention and remediation
technologies;
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