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ABSTRACT
Increasing population and unsustainable exploitation of nature and natural resources have made “food
security” a burning issue in the 21st century. During the last 50 years, the global population has more
than doubled, from 3 billion in 1959 to 6.7 billion in 2009. It is predicted that the human population will
reach 8.7 - 11.3 billion by the year 2050. Growth in the global livestock industry has also been continuous
over the last two decades. An almost 82% increase in future livestock is expected in developing countries
within 2020, due to an expanding requirement for food of animal origin. Hence, the future demand of
this increased human and livestock population will put enormous pressure on the agricultural sectors
for providing sufficient food and fodder as well as income, employment and other essential ecosystem
services. Therefore, a normal approach for any nation / region is to strengthen its agricultural production for meeting future demands and provide food security. Tropospheric ozone (O3), a secondary air
pollutant and a major greenhouse gas, has already been recognized as a major component of predicted
global climate change. Numerous studies have confirmed the negative impact of O3 on agricultural productivity throughout the world. The present chapter reviews the available literature, and catalogue the
impact of this important gas pollutant on modern day agricultural production worldwide.

INTRODUCTION
Ozone (O3) whether in stratosphere or troposphere has been a major talking issue for scientists, policy
makers, and even the common man since last couple of decades. In stratosphere this tri-oxygen provides
a crucial barrier against incoming solar ultraviolet radiation and protects life on earth; so depletion of O3
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layer in stratosphere is a problem. However, in troposphere it is a gaseous pollutant with negative impact
on human and animal respiration as well as causing severe damage to both natural and cultivated plant
populations (Cho et al, 2011); so, rising of O3 level in troposphere is again a major crisis. Now, which one
is more serious problem – might be a million-dollar question; but, this present section mainly focuses to
review the available scientific literatures which specifically deal with the O3 formed in the troposphere
and its further consequences mainly on plant’s health and productivity. Although, some O3 is believed
to be transferred from the stratosphere to the troposphere too; but the amount is debatable (Jaffe, 2003).

THE ATMOSPHERIC O3: GOOD UP HIGH, BAD NEARBY
Ozone is generally present as a trace gas in our atmosphere, averaging about three molecules for every
10 million air molecules. In spite of this very small quantity, O3 plays a vital function in controlling the
atmospheric chemistry. This trace gas is mainly found in two different regions of Earth’s atmosphere.
The major amount of the total atmospheric O3 (approximately 90%) exist in a layer that begins between
10 and 17 kilometers above the Earth’s surface and extends up to about 50 kilometers. This region
of the atmosphere is called ‘stratosphere’ and the stratospheric O3 is commonly known as the ‘ozone
layer’. The remaining O3 is present in the lower region of the atmosphere, which is commonly called
‘troposphere’. Though the O3 molecules at upper atmosphere, i.e. stratosphere, and lower atmosphere,
i.e. troposphere, are chemically identical but they perform very different roles in atmosphere as well as
show very different effects on the living world too. The stratospheric O3 (sometimes referred as ‘good
ozone’) plays a valuable role for living world by absorbing most of the biologically damaging ultraviolet
sunlight (UV-B), allowing only a small amount to reach the Earth’s surface. The absorption of ultraviolet
radiation by O3 creates a source of heat, which actually forms the stratosphere itself (a region in which
the temperature rises as one goes to higher altitudes). Ozone thus plays a key role in the temperature
structure of the Earth’s atmosphere. Without the filtering action of the O3 layer, more of the Sun’s UV
– B radiation would penetrate the atmosphere and would reach the Earth’s surface. Many experimental
studies of plants and animals and clinical studies of humans have shown the harmful effects of excessive
exposure to UV-B radiation. However, in the troposphere, O3 acts as a harmful gaseous pollutant which
itself affects the health and productivity of all the living forms.

TROPOSPHERIC OZONE CYCLE: FORMATION, DEPOSITION
AND TRANSPORT OF OZONE IN TROPOSPHERE
Being a secondary pollutant in nature tropospheric O3 is generally formed by the photo-chemical reactions between oxides of nitrogen (NOX) and volatile organic compounds (VOCs) in the presence of bright
sunlight. Even, O3 also formed from the methane emitted from swamps and wetlands and some other
primary pollutants through similar reactions; and through long range transport O3 travels huge distances
and spreads over larger areas (Kondratyev & Varotsos, 2001; Varotsos et al., 2004). VOCs emission has
not contributed significantly to increasing tropospheric O3 concentrations (Fiore et al., 2002).
The chemical reactions involved in tropospheric O3 formation are a series of complex cycles in which
carbon-monoxide and VOCs are oxidized to water vapor and carbon dioxide. The oxidation occurs in

234

18 more pages are available in the full version of this document, which may
be purchased using the "Add to Cart" button on the product's webpage:
www.igi-global.com/chapter/tropospheric-ozone-pollution-agriculture-andfood-security/173316?camid=4v1

This title is available in Advances in Environmental Engineering and Green
Technologies, InfoSci-Books, InfoSci-Environmental, Agricultural, and
Physical Sciences, Science, Engineering, and Information Technology,
Business, Administration, and Management, InfoSci-Government and Law,
InfoSci-Engineering, InfoSci-Select, InfoSci-Select, InfoSci-Select, InfoSciEnvironmental Science Collection, InfoSci-Select, InfoSci-Select, InfoSciSelect. Recommend this product to your librarian:
www.igi-global.com/e-resources/library-recommendation/?id=87

Related Content
Tipaimukh Multipurpose Hydroelectric Project: A Policy Perspective – Indo-Bangla Priorities,
Indigenous Peoples' Rights, and Environmental Concerns
Ali Reja Osmani (2017). Reconsidering the Impact of Climate Change on Global Water Supply, Use, and
Management (pp. 227-251).

www.igi-global.com/chapter/tipaimukh-multipurpose-hydroelectric-project/171259?camid=4v1a
Green Information Systems for Sustainability
Mahesh S. Raisinghani and Efosa Carroll Idemudia (2016). Handbook of Research on Waste Management
Techniques for Sustainability (pp. 212-226).

www.igi-global.com/chapter/green-information-systems-for-sustainability/141897?camid=4v1a
Mapping Regional Landscape by Using OpenstreetMap (OSM): A Case Study to Understand
Forest Patterns in Maya Zone, Mexico
Di Yang (2019). Environmental Information Systems: Concepts, Methodologies, Tools, and Applications
(pp. 771-790).

www.igi-global.com/chapter/mapping-regional-landscape-by-using-openstreetmaposm/212968?camid=4v1a
Smart Homes and Sustainable Energy in Nigeria
Oluwasola Oni (2017). Renewable and Alternative Energy: Concepts, Methodologies, Tools, and
Applications (pp. 1952-1970).

www.igi-global.com/chapter/smart-homes-and-sustainable-energy-innigeria/169662?camid=4v1a

