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Why ozone poses a challenge to food security

Ozone is a well-known and interesting gas. It is thought of as a "good" gas when present in the stratosphere, where it forms
the ozone layer sitting 15 to 30 kilometres above Earth that protects life from detrimental ultraviolet radiation.
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But when present in the lowest atmospheric layer — the troposphere, which extends 8 to 14 kilometres above earth — ozone
becomes a concern for human and plant health. It is also the third most important greenhouse gas after carbon dioxide and
methane. There’s substantial evidence that ozone is one of the most phytotoxic (toxic to plants) air pollutants, causing
significant damage to agricultural crops worldwide.

A combination of pollutants

This is partly because ozone is a secondary air pollutant: it is not emitted directly, but is formed when other primary
pollutants — mainly oxides of nitrogen (NOy), carbon monoxide (CO) and volatile organic compounds (VOC), which are
emitted mainly from the burning of fossil fuels in transport, industry and power generation — undergo photochemical
reactions under sunny conditions.

Several hours are required for these photochemical reactions to occur, meaning that ozone concentrations are often higher
downwind of urban and industrial centres.

Some important agricultural regions located close to urban and industrial centres experience elevated ozone
concentrations, these include the Midwestern USA, much of mainland Europe, the South Asia’s Indo-Gangetic plains, and
the coast of China.

In these regions, ozone concentrations frequently become high enough to affect crop physiology, growth and yield.
Hemispheric transport of ozone and its precursors can also occur so that emissions in one continent influence
concentrations in another, for example, North American emissions can affect ozone-induced yield losses in Europe.

Ozone enters plant leaves through stomata — pores that facilitate gas exchange — where it reacts with cellular components,
producing a series of chemical reactions that create strong oxidative stress. Damage ranges from visible leaf injuries such
as yellowing (chlorosis) and stippling and localised cell deaths (necrosis), to subtle physiological changes such as reduced


https://www.bizcommunity.com/
https://www.bizcommunity.com/Search/1/358/s-Divya+Pandey%252c+Lisa+Emberson+%2526+Sofie+Mortensen.html
https://www.nationalgeographic.com/environment/global-warming/ozone-depletion/
https://www.123rf.com
https://spaceplace.nasa.gov/troposphere/en/
https://academic.oup.com/jxb/article/63/2/527/504895
https://icpvegetation.ceh.ac.uk/publications/documents/ICPVegetationozoneandfoodsecuritybrochure-published.pdf
https://link.springer.com/article/10.1007%252Fs11356-016-8178-8
http://onlinelibrary.wiley.com/doi/10.1002/ehs2.1203/full
https://www.biogeosciences.net/9/271/2012/bg-9-271-2012.pdf
https://www.ncbi.nlm.nih.gov/pubmed/10693912

photosynthesis and premature senescence. These effects ultimately reduce crop yields.

A growing concern

Ozone levels have doubled since pre-industrial times due to anthropogenic emissions. Because of stringent air-quality
controls, peak ozone levels have declined over the last few decades in Europe and North America. However, the
“background ozone”, which is the ozone concentration in absence of local anthropogenic sources, has been increasing
over the past few years globally.

In developing countries, especially South and East Asia, ozone levels are rising and this trend will continue at least until

2030 unless emissions of ozone precursors (NO, and VOCs) are reduced significantly.

Milkweed can be used to monitor for ozone as the leaves are sensitive to the pollutant. Ozone damage is seen on the
upper leaf surface (black in colour).
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It is important to note that regions experiencing high current and future ozone levels also hold a prominent position in global
agriculture and food production and are wulnerable to food insecurity.

China and India are important examples of countries where ozone pollution already threatens crop production. In India, up
to 14 and 6% vield losses in wheat and rice, respectively, are estimated to have been caused by ozone.

Far-reaching socioeconomic implications

Ozone thus adds yet another factor to the existing nexus of poverty, malnourishment and climate-change effects that
challenge food and nutrition security in some of these regions. It is also important to consider that instability of these food
systems will have far-reaching socioeconomic implications via changes in food prices, farm incomes, consumer behaviours
and nutritional access for different groups of society, including women.

Studies indicate that crop losses due to environmental factors often hit farmers by increasing debts and intensifying
workloads as well as altering gender relations.

At the same time, closing the yield gaps in existing and future agricultural regions is essential for global food security.

Kadhi Chawal from India. Rice, India’s most common staple diet is directly impacted by ozone pollutants.
Barthateslisa/Wikimedia, CC BY-NC

Farmers and policymakers often fail to identify air pollution as a contributor to lower crop yields and air quality concerns
remain focussed on cities and urban centres where elevated pollution impacts human health. Therefore, it is important that
media, scientists and environmental activists take a lead to reach out to farmers, public and policymakers, and provide them
with evidence of risk and damage and cooperate in understanding where solutions are required to abate ozone pollution
and its consequences.<

Integrating ozone pollution

Recognising these challenges, scientists should consider integrating ozone pollution in seasonal crop-yield forecasts.
Researchers at Stockholm Environment Institute are developing ozone risk and damage assessment tools for crops. A
recent report highlights the importance of ozone-monitoring networks in rural areas for assessing background ozone
concentrations and the frequency of high ozone episodes.

This is particularly important because air-quality monitoring is generally focused on urban and semi-urban areas. This
report synthesised information from 15 ozone-monitoring networks over the world, including the European Monitoring and
Evaluation Programme, along with data collected by individual researchers or smaller regional to national networks.

Such networks will allow integration of information on ozone pollution with the potential to provide early warnings of ozone
episodes (which can often last for days to weeks) helping farmers to minimize crop loss through suitable management
practices.


https://link.springer.com/article/10.1007/s11356-017-9729-3
https://equityhealthj.biomedcentral.com/track/pdf/10.1186/s12939-017-0603-1
http://journals.sagepub.com/doi/pdf/10.1177/0971521513495293
http://documents.wfp.org/stellent/groups/public/documents/newsroom/wfp281745.pdf
https://images.theconversation.com/files/212667/original/file-20180329-189810-1ccx7d0.jpg?ixlib=rb-1.1.0&q=45&auto=format&w=1000&fit=clip
https://commons.wikimedia.org/wiki/File:Kadhi_Chawal_from_India.jpg
http://creativecommons.org/licenses/by-nc/4.0/
https://www.sei-international.org/do3se
https://www.elementascience.org/article/10.1525/elementa.244/
https://www.eea.europa.eu/themes/air/links/institutions/emep-european-monitoring-and-evaluation-programme

Research to develop resilient agricultural systems would ideally integrate adaptation to avoid the worst effects from ozone
pollution alongside climate change through improved crop breeding and agronomic practices. However, it is an absolute
necessity to understand the linkages and interactions between air quality, climate change, agriculture, food supply, and
associated socio-economic implications at the local, regional and global scale to generate a complete picture of the
problem and thereby offer effective solutions.

. AXA
¥ Research Fund

AA

ARSI |

Created in 2007, the Axa Research Fund supports more than 500 projects around the world conducted by researchers
from 51 countries.

This article was originally published on The Conversation. Read the original article.
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