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Preface

The International Nitrogen Initiative—or INI for short—is a global network that
focuses on bringing together scientific evidence to inform the development of
policies and practices for better nitrogen management. In doing so, INI highlights a
dual global challenge: that some regions of the world have excess nitrogen input,
leading to major losses to the environment, while other regions have insufficient
nitrogen input, constraining food production and exacerbating soil degradation
including nitrogen depletion. It is therefore highly appropriate that the present
volume seeks to bring these challenges together. It provides evidence to help local,
national and global communities on how to get there with ‘Just Enough Nitrogen’.

The setting for this discussion is also appropriate, as the volume represents the
final outcomes from the 6th International Nitrogen Conference organized by the INI
and hosted at the Speke Resort in Kampala, Uganda (24–27 November 2013). This
was the first time that the International Nitrogen Conference was hosted in
sub-Saharan Africa, as all previous conferences in the series had been organized in
regions typified by excess nitrogen (Europe, North America, East Asia, Latin
America, South Asia). The Kampala Conference therefore brought the INI com-
munity to a region where fertilizer inputs are typically less than one tenth of the
rates per hectare in other world regions. With food security being one of the top
issues for sub-Saharan Africa, and nitrogen supply being critical for food security,
the conference therefore addressed a core challenge of the region. At the same time,
the discussions set Africa in the global context, making the comparison with lessons
learned in other regions.

The present volume reports the emerging messages. It builds on papers presented
to the conference, including additional chapters that have been specifically devel-
oped after the conference as a result of the emerging discussions. The products
include the conference declaration agreed by the delegates, representing a wide
range of science and stakeholder interests, the Kampala Statement-for-Action on
Reactive Nitrogen in Africa and Globally, together with the results of primary
scientific studies and syntheses from local to regional and global scales. The
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subsequent analysis has also led to a chapter that assesses the impact of advance
planning to halve meat intake, as compared with the reference intake for such a
conference. The findings demonstrate how this demitarian approach greatly reduced
the nitrogen footprint and environmental impact associated with the conference.

In launching this volume, we take the opportunity to thank all those who helped
make the Kampala Conference such a success. In particular, we thank John Stephen
Tenywa, Giregon Olupot, Patrick Musingusi, Peter Ebanyat, Trust Tumwesigye and
colleagues in the local organizing committee. We thank the INI Coordination Team
for its ongoing support, including Clare Howard, Will Brownlie, Agnieszka Becher
and Sarah Blackman, together with the valuable support from Susan Greenwood-
Etienne of the Scientific Committee on Problems of Environment (SCOPE).

We gratefully acknowledge the funding support from a wide range of sponsors
for the conference, without whose support the endeavour would not have been
possible. Together with the contributions-in-kind of many networks, we are grateful
for conference funding from the Alliance for a Green Revolution in Africa
(AGRA), the International Fertilizer Industry Association (IFA), the International
Plant Nutrition Institute (IPNI), Africa Research in Sustainable Intensification for
the Next Generation (Africa RISING), the National Agricultural Research
Organisation of Uganda (NARO), the Department of Agricultural Production of
Makerere University, the Global Partnership on Nutrient Management (GPNM) in
cooperation with the Scientific Committee on Problems of Environment (SCOPE),
the UK Centre for Ecology & Hydrology (UK CEH), the European Commission
Joint Research Centre (JRC), the N2Africa project and the International Centre for
Tropical Agriculture (CIAT).

We would also like to thank the Speke Resort, Kampala, for the additional work
of sharing data on food supplies, comparison with a reference conference, and
willingness to halve the normal amount of meat for the Nitrogen Conference. Last
but not least, we thank all the authors, co-editors and chapter reviewers for their
unstinting efforts at bringing the volume to such a high standard.

The outcomes provide serious food for thought. The volume shows how our
food system is impacting all aspects of the global nitrogen cycle, contributing to
climate change, air pollution, water pollution, and threatening human health,
ecosystems and biodiversity. The chapters highlight how we need and benefit from
nitrogen supply for food, yet the inefficient use of nitrogen—the majority of which
is lost as pollution—is threatening our global environment. At the same time,
rapidly increasing nitrogen oxide emissions from combustion sources in developing
parts of the world point to a fast-growing threat, unless action is taken.

Together with the Kampala Statement-for-Action and an accompanying Special
Issue of Environmental Research Letters, the present volume brings to completion
the reporting of the Kampala Conference. Nevertheless, it is obvious that the
challenge of solving the nitrogen challenge is just beginning. How indeed can we
reach ‘Just Enough Nitrogen’? With nitrogen cutting across most of the UN
Sustainable Development Goals, humanity faces a global systemic challenge in the
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disruption of the world’s nitrogen cycle. This systemic alteration points to the need
for an equally transformational change to a global ‘nitrogen circular economy’,
where efficient nitrogen use, food, health, wellbeing, environment and profit all go
hand in hand.

Edinburgh, UK Mark A. Sutton
Chair, International Nitrogen Initiative (2012–2018)

Yaoundé, Cameroon Cargele Masso
Director, African Centre of the International

Nitrogen Initiative (2014–2019)

Arusha, Tanzania Mateete Bekunda
Conference Convener, 6th International Nitrogen Conference

Director, African Centre of the International
Nitrogen Initiative (until 2014)
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Chapter 1
Just Enough Nitrogen: Summary
and Synthesis of Outcomes

Mark A. Sutton, Kate E. Mason, Albert Bleeker, W. Kevin Hicks,
Cargele Masso, N. Raghuram, Stefan Reis, and Mateete Bekunda

Abstract Food production and power generation have increased to feed growing
populations and to keep pace with economic development, leading to major human
alteration of the global nitrogen (N) cycle. The result is a global challenge, with
many regions having ‘too much’ or ‘too little’ nitrogen. As di-nitrogen (N2) in the
atmosphere, nitrogen is one of the most abundant elements, but which cannot be used
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by most organisms. Conversely, reactive nitrogen (Nr) is essential for organisms, but
is mostly in short supply for natural ecosystems. Human activities have polarized the
differences in Nr flows between different world regions, leading to major sustain-
ability challenges, with implications for food security, adverse impacts on health and
ecosystems, and the need to develop tools and policies for better management. In
developed regions, abundant use ofmanufactured fertilizers, crop biological nitrogen
fixation and inadvertent formation of nitrogen oxides via combustion processes are
leading to a plethora of environmental problems. These threaten air quality, water
quality, soil quality, greenhouse gas balance, stratospheric ozone levels, biodiversity
and human health. At the same time, in many developing regions, insufficient access
to reactive nitrogen is leading to degradation of agricultural soils including N deple-
tion, making it vital to reduce losses and recycle available nitrogen stocks. Nitrogen
emissions as a result of agricultural practices and combustion for energy represent
a major economic loss. Adding up all N losses in the world (excluding emissions
from oceans) amounts to a lost agricultural fertilizer resource worth around $200
billion USD annually. The societal costs to human health, ecosystems and climate
are even larger at $400–4000 billion USD annually. Knowledge of these figures
can help motivate society to optimize with ‘just enough’ nitrogen. This chapter
provides an overview of results from the 6th International Nitrogen Conference,
Kampala (Uganda), which considered the question of how to optimize practices for
‘just enough’ nitrogen both internationally and specifically for the African Conti-
nent. From experimental trials to scenario analysis, the contributions demonstrate
the approaches being used. The messages in very different regions often turn out to
be surprisingly similar. They encompass all aspects of society: optimizing the use of
available fertilizer andmanure resources (both under excess and under scarcity condi-
tions), improving nitrogen use efficiency, developing landscape integration, and opti-
mizing our food choices by prior planning that can also reduce food waste. Together,
such nitrogen-related strategies will have major benefits for global environmental
sustainability.

Keywords Nitrogen · Environment · Nitrogen use efficiency · Regional
assessment · Environmental economics · Pollution mitigation strategies
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