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This book is dedicated to Lois Englberger, who passed away on the  
29 September 2011 before she could see this book published. 
With our enormous gratitude and admiration for her work.



‘At a time where fortification is widely promoted as the most effective solution 
to address micro-nutrient deficiencies, this book serves as an important 
reminder that nature provides an almost infinite variety of food species which 
are disregarded and therefore pushed into oblivion and extinction by the 
prevailing food production system. It is urgent to remind policy makers that 
agriculture is primarily about using natural resources to feed people. Sustainable 
development will only happen if we manage such resources in a sustainable 
way, building on local cultures, protecting and strengthening livelihoods, and 
ensuring good nutrition and health.’ – Florence Egal, Food Security, Nutrition and 
Livelihoods, Nutrition Division FAO 

‘This book is important and deserves a wide readership. Only once governments 
are convinced of the importance of agricultural biodiversity shall they implement 
the policies that are urgently required to move away from the direction of 
agricultural development that is dominant today – one that favors uniformity 
over diversity, top-down research and development on new crops rather than 
bottom-up and participatory approaches, and monocropping over integrated 
farming systems.’ – From the foreword by Olivier De Schutter, United Nations Special 
Rapporteur on the right to food 

‘I would like to take this opportunity to congratulate the authors and partner 
organizations on this milestone publication. Their work offers a comprehensive 
summary of contemporary information and good practices, identifies gaps in 
research and provides insight on potential opportunities for a variety of policy 
options. I look forward to more sustainable management of biodiversity in all 
ecosystems, but particularly in agricultural ecosystems, where we can truly 
achieve a healthy partnership between people and the planet.’ – From the foreword 
by Braulio Ferreira de Souza Dias, Convention on Biological Diversity
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The first perspective

In international discussions, much less attention has been paid to agricultural 
biodiversity than to (non-agricultural) biodiversity. Yet, by domesticating and 
maintaining a variety of species, and by maintaining genetic diversity within 
each species, farmers and herders make a major contribution to the sustainability 
of our food systems. They contribute to the future resilience of food production 
in the face of climatic shocks and attacks from nature, which are by definition 
unpredictable and which require that we encourage diversity in farming 
systems (Swanson 1997: 52; Esquinas-Alcázar, 2005). They maintain the kind of 
diversity of crops or livestock that will allow us to support, in each specific agro-
ecological environment, the reliance on the variety that will be best suited to that 
environment. And of course, they provide important nutritional benefits: while 
Green Revolution approaches in the past have primarily focused on increasing 
calorie availability by boosting cereal crops – particularly rice, wheat and maize – 
we have now come to realize that the shift from diversified cropping systems to 
simplified, cereal based systems has contributed to micronutrient malnutrition 
in many developing countries (Demment et al., 2003): of the over 80,000 plant 
species available to humans, only three (maize, wheat, rice) supply the bulk 
of our protein and energy needs (Frison et al., 2006), and nutritionists now 
increasingly insist on the need for more diverse agro-ecosystems, in order to 
ensure a more diversified nutrient output of the farming systems (Alloway, 
2008; Burchi et al., 2011; DeClerck et al., 2011).

This message is not easy to get across. It runs against the tide. ‘Green 
Revolution’ approaches, in which farmers are supported by being given access 
to the main inputs (improved varieties of seeds, fertilizers and pesticides), are 
still dominant. This is understandable, since one of the reasons why small-scale 
farmers are poor and cannot move beyond subsistence farming is because of 
the high prices of inputs and the lack of access to credit. And input-intensive 
agriculture is still considered by many as the only realistic pathway towards its 
modernization, which we often equate to its industrialization.

But this form of support, it is increasingly recognized, can create its own 
problems. Commercial seed varieties may be less suited to the specific agro-
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ecological environments in which farmers work, and for which landraces 
(traditional farmers’ varieties) may be more appropriate. Even where hybrid seed 
varieties (developed by professional plant breeders, in particular commercial 
seed companies) improve yields in the short term, their higher performance 
often has been a response to inputs (fertilizers) and to water availability, making 
it difficult for farmers unable to access such inputs and conditions to reap their 
benefits. Those who acquire inputs with their own means, often encouraged 
to do so during an initial period of subsidized inputs, may find themselves 
trapped in the vicious circle of debt as a result of a bad harvest and consequent 
impossibility to reimburse input loans. This may occur particularly when they 
have switched to mono-cropping, leading to revenues which may be higher in 
certain seasons but less stable across the years, and diminish resilience in the 
face of climate change: indeed, there exists a correlation between the switch to 
specialized and uniform varieties on the one hand and increased variability in 
productivity on the other (Duvick, 1989; Hazell, 1984, 1985).

The broader concern however, is that the expansion of agricultural areas 
cultivated with commercial seeds accelerates crop diversity erosion, as an 
increasing number of farmers grow the same crops, using the same, ‘improved’ 
varieties on their fields. It is this consequence that the authors of this book focus 
on, emphasizing in particular the links between the reduction of agricultural 
biodiversity linked to the spread of genetically uniform crops and the reduction 
in the range of species cultivated, on the one hand, and poorer nutrition for the 
rural communities concerned, on the other.

In order to redirect this trajectory, a number of measures should be taken. 
First, farming and herding practices that maintain and enhance diversity of 
species and genetic variability within species are more knowledge-intensive 
than practices that are based on uniformity and homogenization. Support 
for such practices therefore requires the development of both ecological 
literacy and decision-making skills in farmers’ communities. Investments in 
agricultural extension and agricultural research are key in this regard. While 
agricultural spending is among the three top contributors to increasing rural 
welfare, along with public spending in education, health and roads, agricultural 
research in particular has the greatest overall impact on poverty and agricultural 
productivity in developing countries: it was found that it had ‘the largest impact 
on agricultural production and second-largest impact on poverty reduction (after 
rural education) in China, and the second-largest impact on poverty reduction in 
rural India (after investment in roads)’ (Fan, 2008). Research in agro-ecological 
practices in particular should be prioritized, because of the considerable, and 
largely untapped, potential of such practices. The role of the public sector here 
is particularly vital, since sound agricultural and herding practices that maintain 
and enhance agricultural biodiversity are generally not supported by the private 
sector, as the improvements in such practices are not rewarded by patents of 
plant breeders’ rights (Vanloqueren and Baret, 2009).

Second, the social organization of farmers is also vital. Almost by definition, 
because of the localized nature of the knowledge that is to be mobilized, practices 
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that support agricultural biodiversity and can help maintain and enhance 
it cannot be imposed top-down: they should be shared, rather, from farmer 
to farmer, in farmer field schools or through farmers’ movements, as in the 
Campesino-a-Campesino movement in Central America and Cuba (Degrande 
et al., 2006: 6; Rosset et al., 2011). An improved dissemination of knowledge by 
horizontal means transforms the nature of knowledge itself, which becomes the 
product of a network (Warner and kirschenmann, 2007). It should encourage 
farmers, particularly small-scale farmers living in the most remote areas and 
those on the most marginal soil, to identify innovative solutions, working with 
experts towards a co-construction of knowledge that ensures that advances will 
benefit them as a matter of priority – rather than only benefiting the better-off 
producers (Uphoff, 2002: 55).

Thirdly, farmers’ seed systems must be supported (De Schutter, 2011; Santilli, 
2012). In South Asia and sub-Saharan Africa, the overwhelming majority of 
farmers still rely on traditional farmers’ seed systems in order to grow their 
crops. Reliance by farmers on farmers’ seed systems, by the exchange and use 
of local ‘landraces’, allows them to limit the cost of production, and to preserve 
a certain degree of independence from the commercial seed sector. The system 
of unfettered exchange in farmers’ seed systems ensures the free flow of genetic 
materials, thus contributing to the development of locally appropriate seeds 
and to the diversity of crops. In addition, these varieties are best suited to the 
difficult environments in which they grow. They result in reasonably good yields 
without having to be combined with other inputs such as chemical fertilizers. 
As already mentioned, because they are genetically diverse, such local varieties 
may be more resilient to weather-related events or to attacks by pests or diseases.

Allowing such farmers’ seed systems to develop is not only in the interest 
of the poorest farmers. It is also in the long-term interest of professional plant 
breeders and seed companies themselves, who depend on the development of 
these plant resources for their own innovations. In order to achieve this, we must 
combine the discussion on intellectual property rights on seeds and the debate 
on access to genetic resources under the Convention on Biological Diversity and 
the International Treaty on Plant Genetic Resources for Food and Agriculture. 
By rewarding farmers for their contribution to the enhancement of agricultural 
biodiversity seen as a global public good, we also promote innovations through 
farmers’ seed systems. The protection of farmers’ rights, as stipulated under 
Article 9 of the International Treaty, and the gradual strengthening of the 
Benefit-Sharing Fund under the same instrument, have a key role to play in this 
transformation. And at local level, support for seed banks and seed fairs, and the 
adaptation of seed regulations in order to allow for an improved distribution of 
farmers’ varieties, can also make an important contribution.

The implementation of such measures requires a serious commitment from 
states. This is why this book is important and deserves a wide readership. Only 
once governments are convinced of the importance of agricultural biodiversity, 
shall they implement the policies as outlined above, which are urgently required 
to move away from the direction of agricultural development that is dominant 
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today – one that favors uniformity over diversity, top-down research and 
development on new crops rather than bottom-up and participatory approaches 
to plant breeding, and mono-cropping over integrated farming systems.
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The second perspective

Biodiversity underpins ecosystem functioning and is essential to many aspects 
of our health and well-being, including nutrition. It is also the basis for future 
advances in food production through improved yields and nutritional quality 
and provides options for adaptation to climate change.

Globally, both food production and food security have increased over recent 
decades. This progress has been achieved through agricultural intensification 
but at significant environmental cost, illustrated by our overuse of land, water 
and chemicals. Alongside this, we have seen a trend towards a simplification 
of diets and accompanying nutritional degradation. To meet the challenge of 
achieving food security and healthy nutrition, we need to focus on ecologically 
sustainable intensification of farming systems that will also contribute to 
improved diets. This is a major challenge of our time, but the better management 
and use of biodiversity offer us solutions. For example, sustaining and restoring 
soil biodiversity, and thereby soil functions, offer significant opportunities 
to make better use of land and water in order to grow crops more efficiently. 
Biodiversity also offers options for crop diversification; including growing more 
locally appropriate crops and varieties better suited to different and changing 
conditions and consumer preferences. Another critical asset is the traditional 
knowledge associated with biodiversity, maintained by farmers and pastoralists.

Agricultural biodiversity was first addressed in a comprehensive manner by 
the Convention on Biological Diversity (CBD) in 1996. The CBD programme 
of work on agricultural biodiversity was detailed in 2000, and three related 
initiatives have since been launched: on soil biodiversity; on pollinators; and on 
biodiversity for food and nutrition. I welcome the growing international efforts 
to implement actions to support these policy instruments. Commitments to 
more sustainable food production and other policies that promote biodiversity-
friendly practices will also support the implementation of the Strategic Plan for 
Biodiversity 2011–2020 and the Aichi Biodiversity Targets.

Major shifts in policies and approaches are required to achieve food security 
in all its dimensions: availability of sufficient food, access to it by all, good 
nutritional quality, and stability of supply. The conservation and sustainable use of 

Foreword

Braulio Ferreira de Souza Dias



xxiv Braulio Ferreira de Souza Dias

biodiversity is essential to all four dimensions. The growing impacts of climate 
change will submit food production everywhere to unseen levels of stress and 
the most cost-effective solution to promote adaptation lies in biodiversity. 
Successful approaches will be founded on interdisciplinary collaboration and 
multi-scale partnerships. Consumers are a major driver of food production, so 
a shift in consumer preferences to choices that are both more sustainable and 
healthier will be critical.
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This book is part of a larger series, Issues in Agricultural Biodiversity, published by 
Earthscan/Routledge in association with Bioversity International. It addresses 
the biodiversity dimensions of one of the greatest challenges our generation 
faces: to eradicate hunger and malnutrition from the planet. With the alarming 
pace of biodiversity loss and ecosystem degradation and their negative impact 
on poverty and health, this book makes a compelling case for re-examining food 
systems and diets. We hope this book serves to foster a deeper understanding and 
appreciation of the role of biodiversity in improving diets and nutrition security, 
particularly in the developing world which is home to the richest repository of 
biodiversity, and yet is also home to the world’s poorest people. The book is 
also intended to be used as a tool and a guide to promote the use of biodiversity 
within food production systems, and to demonstrate that by providing local 
solutions for diversifying diets, nutritional status can be improved, effectively 
and sustainably.

The first half of the book outlines some of the challenges, and identifies 
potential solutions and opportunities to conserve, measure, and utilize 
biodiversity for improved diets and nutrition security. The second half provides 
twelve unique case studies on the links between agricultural biodiversity and 
diets and nutrition. The case studies are taken from diverse settings around 
the globe. This book builds on the work that Bioversity International and the 
UN FAO are doing on developing the concept of sustainable diets. Sustainable 
diets are those diets with low environmental impacts which contribute 
to food and nutrition security and to healthy life for present and future 
generations. Sustainable diets are protective and respectful of biodiversity and 
ecosystems; culturally acceptable, accessible, economically fair and affordable; 
nutritionally adequate, safe and healthy; while optimizing natural and human 
resources. Sustainable diets are therefore an important element for sustainable 
development and a green economy, providing a platform to promote strategies 
that emphasize the positive role of food biodiversity in human nutrition and 
poverty alleviation.

The book represents an important milestone in sharing our work on 
agricultural biodiversity, sustainable diets and nutrition, and their contribution 
to sustainable development and healthy food systems. It is also very timely, as it 
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addresses several aspects of the zero Hunger Challenge launched at the Rio+20 
Conference by the Secretary General of the United Nations.

Sustainable food systems need better impact assessments and relevant policies 
based on the best evidence from agricultural landscapes. We hope the different 
chapters of the book demonstrate some of this impact and provide convincing 
arguments for engaging and strengthening policies and programmes. At the 
very least, the book and its authors have positioned nutrition, biodiversity and 
sustainable diets as important contributions to the post-2015 development 
agenda.

Emile Frison Barbara Burlingame
Director General Principal Officer
Bioversity International Nutrition and Consumer  

Protection Division
UN FAO



The editors would like to thank the many authors who contributed to the 
chapters and case studies included in this book. We would also like to thank 
Braulio Dias, Executive Secretary, Convention on Biological Diversity and 
Olivier De Schutter, United Nations Special Rapporteur on the right to food 
for the contributed forewords and Emile Frison, Director General, Bioversity 
International and Barbara Burlingame, Principal Officer, Nutrition and 
Consumer Protection Division, FAO for contributing the preface to the book. 
We extend our sincere thanks to Tim Hardwick, Ashley Irons and other staff 
at Earthscan. We also sincerely thank Sarah Fischer and Maria Merzouk at 
Bioversity International, both of whom provided support in the production 
of this book. A number of additional individuals generously contributed their 
expertise and time to the development of this book. We are grateful for their 
constructive review comments and valuable feedback and would like to thank 
the following: Deborah Markowicz Bastos, Mauricio Bellon, Bruce Cogill, 
Marie-Claude Dop, Adam Drucker, Carlo Fadda, Luigi Guarino, Timothy 
Johns, Judy Loo, Roseline Remans, and Adriana zarrelli.

The development and publication of this book was made possible through 
support from the Global Environment Facility (GEF), the United Nations 
Environment Programme (UNEP) and the Food and Agriculture Organization 
of the United Nations (FAO) within the framework of the global project 
‘Mainstreaming biodiversity conservation and sustainable use for improved 
human nutrition and wellbeing’. We would also like to thank Dr Emile Frison, 
Director General of Bioversity International, and Jenessi Matturi, Co-publishing 
Programme, Technical Centre for Agricultural and Rural Cooperation (CTA) 
(ACP-EU) for their help in facilitating additional support for the publication of 
the book. We would also like to express our sincere thanks to the various host 
organizations that supported the editors, authors and other contributors.

Materials in this book have been sourced and referenced to the best of our 
knowledge. Every effort has been made to ensure that the originality of the 
source of copyright material has been provided within the text.

The editors would also like to add their personal acknowledgements to all 
who provided special support during the preparation of this work.

Acknowledgements



xxviii Acknowledgements

Teresa would like to thank her fellow editors Jessica Fanzo and Federico 
Mattei for their comradeship and support, as well as Maria Merzouk for her 
unfailing assistance. Special thanks, however, are directed to Danny Hunter, 
supervisor and mentor, for his kindness and constant guidance.

Jessica would like to thank Danny, Teresa and Federico for their partnership, 
creativity and friendship.

Danny would like to thank close members of his family especially his 
two children, Imogen and Callum, for their support and patience during the 
preparation of this book. He would also like to extend a special thank you 
to Sarah for her kindness, encouragement and support, and for providing 
a desk and a haven in Dublin where much of this book took shape. Finally, 
in addition to thanking his fellow editors, he would like to highlight the 
support, encouragement and discussions provided over the last few years by 
other colleagues at Bioversity International, namely Jojo Baidu-Forson, Nadia 
Bergamini, Mauricio Bellon, Pablo Eyzaguirre, Toby Hodgkin, Sara Hutchinson, 
Patrick Maundu, Stefano Padulosi and Laura Vuerich.



AICR American Institute for Cancer Research
AnGR animal genetic resources
ASF animal source food
AVRDC World Vegetable Center (previously known as Asian 

Vegetable Research and Development Center)
BMI body mass index
CARD Council of Agricultural and Rural Development
CBD Convention on Biological Diversity
CBO community-based organizations
CBS Central Bureau of Statistics
CED chronic energy deficiency
CFF Crops for the Future
CFFRC Crops for the Future Research Centre
CFS Committee on World Food Security
CGIAR Consultative Group on International Agricultural Research
CIAT International Center for Tropical Agriculture
CIFOR Center for International Forestry Research
CINE Centre for Indigenous Peoples’ Nutrition and Environment
CIP Country Investment Plan
CONSEA National Food Security Council
COP Conference of the Parties
CPF  Collaborative Partnership on Forests
CRC Co-operative Research Centre
CRP4 CGIAR Research Program 4 (Agriculture for Improved 

Nutrition and Health)
CSIRO Commonwealth Scientific and Industrial Research 

Organization
CWR crop wild relatives
DADO district agricultural development office
DAG disadvantaged groups
DD dietary diversity
DFID Department for International Development
ECOWAS Economic Community of West African States

Abbreviations and acronyms



xxx Abbreviations and acronyms

ENA essential nutrition actions
ESSAN National Food and Nutritional Security Strategy II 2008–

2015 (ESAN)
ETC Group  Action Group on Erosion, Technology and Concentration
FAO Food and Agriculture Organization of the United Nations
FFQ food frequency questionnaire
FFS farmer field school
FOS fructo-oligosaccharides
FSM Federated States of Micronesia
GEF Global Environment Facility
GHG greenhouse gases
GIS geographic information system
GM  genetically modified
HFP homestead food production
HH household
HkI Helen keller International
HLPE High Level Panel of Experts on Food Security and Nutrition
IAASTD  International Assessment of Agricultural knowledge, Science 

and Technology for Development
IAEA International Atomic Energy Agency
IBPGR International Board for Plant Genetic Resources
ICRAF International Centre for Research in Agroforestry (World 

Agroforestry Centre)
IDA iron deficiency anaemia
IDD iodine deficiency disorders
IET  Incredible Edible Todmorden
IFAD International Fund for Agricultural Development
IFCN International Farm Comparison Network
IFCP Island Food Community of Pohnpei
IFPRI  International Food Policy Research Institute
IFT indigenous fruit trees
IIAM Institute for Agrarian Research in Mozambique (formerly 

known as INIA)
IIED International Institute for Environment and Development
INIA Institute of Agronomic Research for Mozambique (now 

recognized as IIAM)
IPGRI International Plant Genetic Resources Institute
IRC International Rice Commission
IRRI International Rice Research Institute
ITPGRFA International Treaty on Plant Genetic Resources for Food 

and Agriculture
IUCN International Union for Conservation of Nature
IWMI International Water Management Institute
LI-BIRD Local Initiatives for Biodiversity Research and Development
LIFDCs low-income food-deficit countries



Abbreviations and acronyms xxxi

LRD land resources division
LTFs local and traditional foods
MACH  management of aquatic ecosystems through community 

husbandry
MDG Millennium Development Goal
MEA Millennium Ecosystem Assessment
MNM micronutrient malnutrition
MNP multi-sectoral nutrition planning
MPT multi-purpose tree
MSSRF M.S. Swaminathan Research Foundation
MVP Millennium Villages Project
NARC Nepal Agricultural Research Council
NARES National Agriculture Research Institute and Extension 

Services
NCD non-communicable diseases
NDU nutritional development unit
NFD nutritional functional diversity
NFR novel food regulation
NGO non-governmental organization
NHS national health scheme
NPC National Planning Commission
NUS neglected and underutilized species
NWFP non-wood forest products
OECD Organization for Economic Co-operation and Development
OFSP orange-fleshed sweet potato
PAA Brazilian Food Acquisition Programme
PDS public distribution systems
PEM protein energy malnutrition
PEN  poverty and environment network
PNAE Brazilian National Programme of School Meals
PRA participatory rural appraisal
PROTA Plant Resources of Topical Africa
PVS participatory varietal selections
QPM quality protein maize
RBTA Rare Breed Trust of Australia
RDA recommended dietary allowance
RESEWO Regent Estate Senior Women’s Organization
REU researching end users
ROPPA Réseau des organisations paysannes et des producteurs de 

l’Afrique de l’Ouest (Network of Farmers’ and Agricultural 
Producers’ Organizations of West Africa)

RRC rural resources centre
R&D research and development
SETSAN Technical Secretariat for Food Security and Nutrition in 

Mozambique



xxxii Abbreviations and acronyms

SHG self-help groups
SIS small indigenous fish species
SOFIA State of World Fisheries and Aquacultures
SPC Secretariat of the Pacific Community
SSA Sub-Saharan Africa
SSP sweet potato support platform
SUN Scaling Up Nutrition Movement
TSNI Towards Sustained Nutrition Improvement (in rural 

Mozambique)
UFRJJ Federal Rural University of Rio de Janeiro
UNCED United Nations Conference on the Environment and 

Development
UNCTAD United Nations Conference on Trade and Development
UNDP United Nations Development Programme
UNEP United Nations Environment Programme
UNEP-WCMC United Nations Environment Programme-World 

Conservation Monitoring Centre
UNESCO United Nations Educational, Scientific and Cultural 

Organization
UNICEF United Nations Children’s Fund
UNISDR United Nations International Strategy for Disaster 

Reduction
UNSCN United Nations Standing Committee on Nutrition
USAID United States Agency for International Development
USDA United States Department of Agriculture
VAD vitamin A deficiency
VITAA Vitamin A for Africa
VMF village model farms
WAHO West African Health Organization
WCRF World Cancer Research Fund
WEHAB Water, Energy, Health, Agriculture and Biodiversity
WFP World Food Programme
WHO World Health Organization
WSSD World Summit on Sustainable Development



Introduction

Agricultural biodiversity, diverse diets 
and improving nutrition

Danny Hunter and Jessica Fanzo

The global malnutrition burden and addressing the challenge

One of the world’s greatest challenges is to secure adequate food that is healthy, 
safe and of high quality for all, and to do so in an environmentally sustainable 
manner (Pinstrup-Andersen, 2009; Godfray et al., 2010). With the growing 
demand of an ever-increasing human population, it remains unclear how our 
current global food system will sustain itself. Compounded with climate change, 
ecosystems and biodiversity under stress, population growth and urbanization, 
social conflict and extreme poverty, there has never been a more urgent time for 
collective action to address food and nutrition security globally.

This burdened food system impacts the most vulnerable people, as statistics 
clearly show. There are currently an estimated 868 million people suffering 
food and nutrition insecurity (FAO, 2012). In addition to those who are hungry, 
there are also 171 million children under five years of age who are stunted in 
their growth (UNICEF, 2012) and of those children, 90 per cent live in just 36 
countries (Black et al., 2008).

Malnutrition takes its toll; it is responsible for 35 per cent of all child deaths 
and 11 per cent of the global disease burden (Black et al., 2008). Micronutrient 
deficiencies, known as hidden hunger, undermine the growth and development, 
health and productivity of over 2 billion people (Micronutrient Initiative, 2009). 
At the same time, an estimated 1.4 billion adults are overweight, and 65 per cent 
of the world’s population live in countries where overweight and obesity kills 
more people than underweight (WHO, 2012). This pandemic contributes to 
the risk of non-communicable diseases such as diabetes and heart disease. With 
over-nutrition, many countries and urban communities in the developing world 
are experiencing the nutrition transition – going from undernutrition to obesity 
related to insufficient exercise, sedentary lifestyles and unhealthy diets (Doak et 
al., 2005; Popkin, 2008).

The global community has responded to the malnutrition crisis by focusing 
on interventions that aim to impact 90 per cent of the global population 
burdened by stunting and that largely address inadequate dietary intake, disease 
burden and poor childcare practices (Bhutta et al., 2008). There has been a 
particular focus on a window of opportunity, specifically, the first 1,000 days 
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of a child’s life from the nine months in utero to two years of age (Barker 2007; 
Golden, 2009; Victora et al., 2008). This window is critically important because 
nutritional setbacks during this time can result in irreversible losses to growth 
and cognitive development and can reduce educational attainment and earning 
potential (Martorell et al., 1994; Shrimpton et al., 2001; Victora et al., 2008).

These core nutrition-specific interventions are critically important in 
addressing nutrition insecurity, particularly during the window of opportunity. 
However the design, testing and scaling of more holistic multi-sectoral packages 
that combine child and maternal care and disease control with nutrition sensitive 
programming from agriculture, education, social protection, and education, have 
been limited in their development and implementation. Practical operational 
strategies for localizing and applying sensitive interventions must be further 
clarified and defined as to how such interventions impact nutritional outcomes. 
What has become clear is that agriculture is and will continue to be part of the 
solution in improving the health and nutrition of all populations regardless of 
age, during their lifespan.

Our global food system

Redirecting the global agricultural system to ensure better nutrition is important 
as the supplier of the world’s food. The global agricultural system is currently 
producing enough food, in aggregate, but access to enough food that is affordable 
and nutritious for all populations has been more challenging. Most agricultural 
systems are extremely efficient at producing a handful of staple grain crops, 
mainly maize, rice and wheat. In developing countries and particularly those in 
nutrition transition, people obtain most of their energy from these staple grains 
along with processed oils and fats and sugars, resulting in diets that often lack 
micronutrients and other necessary dietary and health components.

Agricultural systems vary across the world, spanning large-scale monocrop 
landscapes to smallholdings of farmers who typically live on less than two hectares 
of land. Taking into account the differing agro-ecosystems and landscapes, it 
is necessary to understand how our agricultural system can promote positive 
nutrition outcomes. A recent review showed that agriculture interventions have 
done little to impact undernutrition (Masset and Haddad, 2012), as measured by 
core nutrition indicators including growth indicators. However, more research 
needs to be done to better understand the role of value chains, biodiversity, and 
ecosystem services on nutritional and dietary outcomes, and what are the best 
ways to measure agriculture’s impact on nutrition and dietary outcomes.

Big drivers of trends in food consumption globally are the private sector, 
markets, processed food and diet shifts. Research and development practitioners 
must start thinking about new and sustainable approaches to improving the 
quality and variety of food produced and consumed around the world and to 
develop innovative new roles that agriculture can play that will ensure value 
chains are more nutrition sensitive, and that will improve dietary diversity and 
nutrition outcomes at all stages of life. To do this, nutrition must be a central goal 



Introduction 3

of agriculture and production systems, as well as value chains and marketplaces, 
and be recognized as a potential avenue to improving dietary diversity, quality 
and health as well as a means of restoring and preserving ecosystems. But one 
size does not fit all and this approach must ensure that agriculture – the backbone 
of food production – is tailored to respond adequately to the diverse conditions 
of major agro-ecological, socioeconomic and epidemiological situations.

Agricultural biodiversity as a potential tool for 
improving nutrition security

Productive terrestrial and marine ecosystems, both wild and managed, are the 
source of our food – a prerequisite for health and life (Millennium Ecosystem 
Assessment, 2008). It is well understood that the sustainability of the global 
ecosystem in general and of the agriculture in particular, is dependent on 
the conservation, enhancement and utilization of biological diversity, or 
biodiversity (Frison et al., 2011; Lockie and Carpenter, 2010). Biodiversity 
includes the variety of plants, terrestrial animals and marine and other aquatic 
resources (species diversity), along with the variety of genes contained in 
all individual organisms (genetic diversity), and the variety of habitats and 
biological communities (ecosystem diversity). Biodiversity is essential for 
humanity, providing food, fibre, fodder, fuel, and medicine in addition to other 
ecosystem services.

Biodiversity is the lifeblood of what we eat. Biodiversity – both wild and 
cultivated – underpins the sustainability of agricultural production by providing 
the genetic diversity and material needed to drive innovation and adaptation, 
as well as essential ecosystem services and processes. Far too often the human 
nutritional and health ecosystem services that biodiversity provides have been 
ignored (DeClerck et al., 2011, see Chapter 1 in this volume). When linked, 
biodiversity, agriculture and nutrition form a common path leading to food and 
nutrition security, and achievement of the Millennium Development Goals 
(Toledo and Burlingame, 2006).

Agricultural biodiversity (agrobiodiversity), that sub-component of 
biodiversity important for food and agriculture, plays an important role in 
productivity and the livelihoods of all farmers, regardless of resource endowment 
or geographical location. Agricultural biodiversity refers to the biological 
variety exhibited among crops, animals and other organisms used for food and 
agriculture, as well as the web of relationships that bind these forms of life at 
ecosystem, species, and genetic levels. It includes not only crops and livestock 
directly relevant to agriculture, but also many other organisms that have indirect 
effects on agriculture, such as soil fauna, weeds, pollinators, pests and predators. 
Agricultural biodiversity provides the basic resources farmers need to adapt to 
variable conditions in marginal environments and the resources required to 
increase productivity in more favourable settings. Agriculture is the bedrock of 
the food system and biodiversity is important to food and agricultural systems 
because it provides the variety of life (Tansey and Worsley, 1995).
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FAO (2010) estimates that of a total of 300,000 plant species, 10,000 have 
been used for human food since the origin of agriculture. Out of these, only 
150–200 species have been commercially cultivated of which only four – rice, 
wheat, maize and potatoes – supply 50 per cent of the world’s energy needs, 
while 30 crops provide 90 per cent of the world’s caloric intake. Intensification 
of agricultural systems has led to a substantial reduction in the genetic 
diversity of domesticated plants and animals. Some on-farm losses of genetic 
diversity have been partially offset by conservation in gene banks (Millennium 
Ecosystem Assessment, 2008). Even so, the implications of this loss of 
agricultural biodiversity (as well as loss of associated ecological knowledge) for 
the biodiversity and quality of the global food supply are scarcely understood, 
especially from the perspective of nutrition.

Agricultural biodiversity furthermore includes species with under-exploited 
potential for contributing to food security, health, income generation, and 
ecosystem services. Terms such as underutilized, neglected, orphan, minor, 
promising, niche, local and traditional are frequently used interchangeably 
to describe these potentially useful plant and animal species, which are 
not mainstream, but which have a significant local importance as well as a 
considerable global potential for improving food and nutrition security.

Even so the research reveals that the major causes of neglect and underuse 
of these important species (see Box 0.1) are often related to factors that include 
poor economic competitiveness with commodity cereal crops, a lack of crop 
improvement, poor cultivation practices, inefficiencies in processing and value 
addition, disorganized or non-existent market chains as well as a perception of 
these foods as being ‘food of the poor’ (Jaenicke et al., 2009).

As this book highlights, inter-species and intra-species variability represents a 
considerable wealth of local biodiversity and, with a better understanding of their 
contributions and use, could have potential for contributing to food security 
and nutrition. They also have considerable potential for enhancing adaptation 
to global climate change. Some of these species are highly nutritious and have 
multiple uses.

It is essential to understand how the global agricultural system and the benefits 
derived from agricultural biodiversity influence the drivers of global dietary 
consumption patterns, nutrition and health status, in particular in the developing 
world. The lack of diversity is shown to be a crucial issue, particularly in the 
developing world where diets consist mainly of starchy staples with less access 
to nutrient-rich sources of food such as animal proteins, fruits and vegetables. 
Dietary diversity is a vital element of diet quality and the consumption of a variety 
of foods across and within food groups and across different varieties of specific 
foods more or less guarantees adequate intake of essential nutrients and important 
non-nutrient factors. Research demonstrates that there is a strong association 
between dietary diversity and nutritional status, particularly micronutrient 
density of the diet (Arimond and Ruel, 2004; Hoddinott and Yohannes, 2002; 
kennedy et al., 2007; Moursi et al., 2008; Rah et al., 2010; Ruel, 2003; Sawadogo 
et al., 2006; Thorne-Lyman et al., 2010; World Bank, 2006, 2007).
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Box 0.1 Some barriers to the promotion and mainstreaming of 
agricultural biodiversity for improved diets and nutrition

•	 Disconnect between the biodiversity, agriculture and health sectors 
and other sectors (including education)

•	 Continued neglect by the international and national research and 
extension systems

•	 Biodiverse food-based approaches all too often fall outside the 
traditional scope of clinical nutrition and public health

•	 Lack of skills and institutional capacity necessary to promote multi-
sector approaches to fully exploit biodiversity, agriculture and health 
linkages

•	 Lack of data linking biodiversity to dietary diversity and improved 
nutrition outcomes

•	 Poor information management and accessibility: relevant information 
is highly fragmented, scattered in various publications and reports or 
not easily accessible databases to policy makers and practitioners

•	 Lack of evidence demonstrating or comparing the most (cost-)effective 
methods and approaches for delivering or mobilizing biodiversity for 
dietary and nutrition outcomes

•	 Poorly developed infrastructure and markets for the majority of 
biodiversity for food and nutrition

•	 Reach and influence of the modern globalized food system and trade 
policies which impede or undermine promotion and consumption of 
biodiversity for food and nutrition and which favour the consumption 
of unhealthy processed foods

•	 Inadequate agricultural and food security policies and strategies that 
promote major cereal staples have often diminished the dietary role 
of more nutritious species such as millets, indigenous fruits and 
vegetables and roots and tubers

•	 Few practical examples on how to successfully mainstream biodiversity 
for nutrition objectives

•	 Negative perceptions and attitudes to local, nutritionally-rich 
traditional biodiverse foods

•	 Non-tariff barriers and strict food safety assessment regulations such as 
the European Union’s Novel Foods Regulation (NFR) which places a 
considerable burden of proof on those attempting to bring traditional 
biodiverse foods and their products to markets

•	 The ‘artificial’ cheap cost of exotic or imported foods which externalize 
their health and environmental costs
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Key research questions and potential solutions: What this 
book delivers

The current climate for the promotion of food-based approaches including 
a greater role for agricultural biodiversity to improving diets and nutrition 
is favourable with renewed global political interest in addressing nutrition 
issues through better multi-sectoral approaches. In particular, the Scaling Up 
Nutrition (SUN) movement (see Chapter 10) has taken up the initiative to rally 
political attention and action to address the problem of undernutrition through 
cross-sectoral action. In early 2011, IFPRI’s 2020 conference on leveraging 
agriculture for improving nutrition and health, reiterated calls for greater 
synergies and partnerships among relevant sectors, and underlined the need for 
a new paradigm for agricultural development to be driven by nutrition goals 
(IFPRI, 2011; Fanzo and Pronyk, 2011).

At the global level, the Consultative Group on International Agricultural 
Research (CGIAR) reform process aims to develop improved research-
for-development synergies with multiple actors and is prioritizing cross-
sectoral collaboration. The new CGIAR Collaborative Research Programme 
‘Agriculture for improved nutrition and health’ (CRP4) (IFPRI, 2011) is the 
main vehicle for achieving this and has two of four components (Value Chains 
for Enhanced Nutrition, and Integrated Agriculture, Nutrition and Health 
Programs and Policies) where agricultural biodiversity has been accorded 
significant recognition. This has been matched from the biodiversity community 
with representatives from the Convention on Biological Diversity (CBD), 
DIVERSITAS and IUCN calling for strengthened international cooperation for 
biodiversity and health (Campbell et al. 2011).

However, there remain important, yet unanswered, questions about 
agricultural and ecosystem biodiversity and its role in improving dietary diversity 
and quality, and which will help to ensure nutrition security and increased 
health benefits. We hope that through this book and its case studies, answers 
to key research questions will provide clarity for governments, development 
programmers, value chain and food sector actors, academic and research 
institutions, health and agriculture workers, farmers and communities.

Book structure

The book is divided into three parts. Part I (Chapters 1–4), describes novel and 
interdisciplinary approaches to nutrition, agriculture and biodiversity as well as 
providing an overview of agricultural biodiversity and its importance to nutrition 
and health. Chapter 1 makes the case for human nutrition as an ecosystem service 
and considers how ecology, as one element of any cross-disciplinary solution, 
with its focus on complex systems can make contributions to several global 
development challenges related to agriculture, environment and nutrition. The 
chapter offers refreshingly new interdisciplinary perspectives on the problem 
of food production, biodiversity and nutrition that offer hope for longer-term 
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sustainable solutions to these problems. These perspectives fall under the three 
‘eco’ concepts of eco-system services, eco-nutrition and eco-agriculture, all of 
which link agriculture, human well-being, and environmental sustainability. 
Despite the highlighted advantages of using diversity as a development tool, it 
is stressed that the concepts discussed still struggle to gain wide support in the 
face of more targeted and short-term interventions, in part because of the focus 
on complexity rather than simplification. The chapter suggests that as with the 
management of eco-agricultural landscapes, interventions must be multifunctional 
and offer solutions at the expense of other development problems.

Chapter 2 provides an in-depth overview of the multiple elements of 
agricultural biodiversity which impact most directly on nutrition and health 
and how this diversity has evolved over time and been nurtured by countless 
generations of farmers and local communities. It draws attention to the relatively 
recent diminishing diversity of agriculture including loss of agricultural 
biodiversity and subsequent ecological, social and nutritional impacts of this. 
The challenge of building production systems that deliver intensification 
without simplification is stressed, drawing attention to the need for new 
paradigms such as sustainable intensification which produce more output from 
the same area of land while reducing negative environmental impacts including 
improving biodiversity. However, the difficulty of convincing governments and 
policy makers of the need for agricultural production practices which embody 
a greater use of biodiversity for food and agriculture is highlighted. Reasons for 
this and possible solutions are suggested including a lack of knowledge about 
the species that are involved; much of the evidence on their nutritional or health 
benefits of particular species is partial or anecdotal and there is a need for critical 
scientific assessments.

Chapter 3 outlines the links between changes in human food consumption 
patterns and animal genetic resources for food and agriculture with a focus on 
domesticated avian and mammalian species genetic diversity. It introduces the 
concept of sustainable diets largely from an environmental perspective but also 
touches briefly on social and economic aspects. While significant increases in 
food production have occurred in recent decades, largely through intensive 
practices, this has come with a significant cost to animal genetic resources with 
estimates that around one-third of cattle, pig and chicken breeds are already 
extinct or currently at-risk. With expected growing demand for animal food 
products the prospect for animal genetic resources is not promising unless major 
transformations occur in the food system. However we know that animal source 
proteins are important in improving nutrition. With the exception of marginal 
areas and extensive grazing systems, it is related that we can expect at the breed 
level that local breeds and their multiple functions and benefits will increasingly 
be replaced by transboundary breeds. These losses may be exacerbated by future 
breeding programmes which focus on narrow breeding objectives and the 
application of new biotechnologies may add to this. The chapter concludes by 
suggesting solutions which have a focus on sustainable diets which favour the 
conservation and sustainable utilization of animal genetic resources.
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Chapter 4 deals with the role of aquatic organisms in agricultural landscapes 
and their importance for food and nutrition security and livelihoods of the rural 
poor. It argues that the integration of fisheries, aquaculture and agriculture 
provides numerous options for sustainable exploitation of a wide diversity of 
food items that can address the nutritional needs of different members of the 
household and society at large which are particularly important for avoiding 
micronutrient-related nutritional disorders. The chapter relates studies on 
the availability and use of aquatic biodiversity from rice-based ecosystems in 
Cambodia, China, Laos and Vietnam which have documented 145 species of 
fish, 11 species of crustaceans, 15 species of molluscs, 13 species of reptiles, 
11 species of amphibians, 11 species of insects and 37 species of plants which 
are directly caught or collected from the rice fields and utilized by rural people 
during a single season. A case study from Laos is presented to illustrate this 
diversity which demonstrates the critical importance of flooded rice fields for the 
availability and utilization of aquatic organisms. While the chapter highlights that 
data is scarce on the nutritional composition of much of this aquatic diversity, it 
argues that evidence suggests it has considerable potential as a cost-effective food-
based strategy to enhance micronutrient intakes or as a complementary food for 
undernourished children. The chapter draws attention to the fact that aquatic 
biodiversity is a much undervalued and neglected ‘safety net’ rarely captured by 
national statistics or reports. It stresses the need for better awareness-raising and 
mainstreaming to make aquatic biodiversity more ‘visible’ as critical. It concludes 
that relevant international forums and conventions – the International Rice 
Commission (IRC) and the Conventions on Biological Diversity (CBD) and 
on Wetlands (Ramsar) – recognize the importance of aquatic ecosystems and the 
biodiversity for food and nutrition they provide and support this aim.

Part II (Chapters 5–10) examines approaches to mobilizing agricultural 
biodiversity including delivery mechanisms, cross-sectoral collaborations and 
partnerships and markets, as well as methodological approaches and challenges 
to measuring biodiversity’s contribution to diets. Chapter 5 discusses how 
homestead food production (HFP) in Mali has contributed to improved food 
security for nearly 150,000 vulnerable people using a cross-cutting approach 
to promoting agricultural biodiversity for food and nutrition with examples 
taken from the Millennium Villages Project. While Africa continues to struggle 
with significant nutrition problems the chapter points out it does have access 
to a high diversity of under-utilized micronutrient-dense vegetables adapted to 
local conditions. However these have been much neglected by research and 
extension resulting in reduced consumption, loss of local knowledge and genetic 
diversity. In this context the chapter relates how initiatives of the Millennium 
Villages Project enhance the role of this under-utilized diversity in improving 
the nutritional status and livelihoods of vulnerable groups, particularly women 
and children. The initiative has reported significant achievements including 
increasing agricultural production and enhancing ecosystem function by 
restoring and maintaining soil productivity, improving crop diversification, 
developing community gene banks, capacity building and empowerment 
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of women and strengthening farmer cooperatives. However, impacts on 
micronutrient status in target communities have yet to be published.

Chapter 6 continues the focus on Africa and examines the agro-ecology 
of the West Africa region and the role played by diversity within the local 
food systems in shaping the region’s well-known but disappearing rich and 
healthy food culture, an often neglected topic in discussions of solving the 
malnutrition pandemic. The chapter reviews the changes that are taking place 
in the food culture and dietary habits influenced by globalization, urbanization 
and changes in food production practices, and the nutrition transition before 
outlining research and intervention programmes that have been put in place 
by organizations such as Bioversity International and FAO working with the 
West African Health Organization (WAHO), the Economic Community of 
West African States (ECOWAS), Réseau des organisations paysannes et des 
producteurs de l’Afrique de l’Ouest (Network of Farmers’ and Agricultural 
Producers’ Organizations of West Africa) (ROPPA), and national agencies and 
universities, to counteract these changes and which are expected to generate 
positive changes in the food choices of the population eventually leading to 
increased diversification in household diets.

Chapter 7 explores novel research methodologies employing tools used 
largely in ecology and agricultural sciences that might be applied to better 
integrate nutrition and which might help answer such questions as how can 
we manage biodiversity and the ecosystem services it provides for human nutrition, while 
also managing other components of human well-being? Or, how do different plant species 
compositions differ in nutritional function? Taking the latter question, and by using 
examples from rural villages in sub-Saharan Africa, the chapter illustrates how 
an ecological concept, the Functional Diversity (FD) metric, has potential 
to address this question by applying it to the nutritional traits of plants (and 
potentially animals) present in a farming system or landscape. The chapter also 
explores the importance of understanding possible synergies and trade-offs with 
other ecosystem services and components of human well-being as well as to 
identifying drivers of change before discussing some tools considered important 
for enhancing inter-disciplinary collaboration and communication among 
individuals and agencies working in relevant fields and sectors.

Chapter 8 focuses on three native domesticated plant species – maca, yacon 
and quinoa – common to South America and that have provided food to 
native Amerindian populations for countless generations and which have each 
seen in recent years quite a remarkable turnaround in terms of international 
profile which has contributed to considerable interest in commercial product 
development and research. Central to this turnaround in all three cases has been 
the discovery or substantiation, and growing consumer awareness, of particular 
nutritional attributes of each species. In particular, this chapter attempts to 
distil the critical factors that have shaped the re-emergence of these previously 
neglected crops and in doing so attempts to determine commonalities and 
derive broader lessons that might be important for the broader promotion and 
marketing of nutritionally relevant agricultural biodiversity.
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Chapter 9 focuses on the role of biodiversity at the dietary level and stresses 
that while biodiversity has often been considered a prerequisite for dietary 
diversity and the health benefits that flow from having a diverse diet, the question 
of whether multiple varieties of single plant or animal species are required for 
a diverse diet is not something that is usually discussed in the biodiversity 
literature. Commencing with a review of what dietary diversity means and 
how it is measured, the chapter moves on to review the arguments made and 
the evidence for a relationship between biodiversity and dietary diversity. The 
chapter considers the magnitude of biodiversity from a nutrition perspective, and 
presents the case for how biodiversity and dietary diversity might be considered 
in nutrition programming in a rural Bolivian population. The chapter concludes 
by integrating information from across various sections to come up with a series 
of questions that should be considered prior to embarking on a biodiversity-
based nutrition intervention.

Some of the chapters mentioned above have drawn attention to the 
multi-faceted nature of nutrition problems and provide examples of how 
agriculture and biodiversity can contribute to dietary diversity and quality. 
They have highlighted the need for improved cross-sectoral collaborations and 
partnerships, more effective inter-disciplinary working relations and improved 
integration across sectors and disciplines, all of which have parallels in renewed 
global calls for greater leveraging of agriculture and biodiversity for improving 
nutrition and health including greater synergies among the relevant sectors. 
The final chapter, Chapter 10, reviews how new findings from research on 
partnerships could contribute to more effective cross-sectoral partnerships 
in nutrition, agriculture and environment. The chapter explores some of the 
factors that have limited practical responses to previous calls for such cross-
sectoral collaboration with a brief examination of pre-World War II efforts to 
implement multi-sectoral and collaborative approaches between agriculture and 
health in Malawi. This is followed by an overview of the evolution of disciplinary 
perspectives in the agriculture, environment and nutrition sectors which have 
occasionally demonstrated some meeting of concepts and approaches; yet this 
never seems to have been translated into practical, effective cross-sectoral and 
inter-disciplinary collaboration required to address current nutrition problems. 
The chapter concludes with an example of how a national model, Fome zero 
in Brazil, has successfully linked strengthening agricultural biodiversity and 
improved nutrition; and an examination of what current reforms in the CGIAR 
and the UN Standing Committee on Nutrition might have to offer for greater 
mobilization of agricultural biodiversity. Finally the chapter poses the question 
as to what is different now that may make our future efforts more successful.

Part III comprises 12 case studies from Africa, Asia, Australia, Europe, the  
Pacific and South America which demonstrate practical examples where 
agricultural biodiversity has been deployed to enhance dietary diversity 
and nutrition. Case study authors were asked to provide a brief description 
of the context including a statement of the problem being addressed, how 
agricultural biodiversity was used as a solution or intervention, the mechanisms 
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used to mobilize agricultural biodiversity; evidence to show the impact of 
the intervention using targeted agricultural biodiversity; efforts to scale-
up interventions using agricultural biodiversity; how the work impacted 
in influencing relevant policies and the key lessons learned from the work 
described. Highlights include the example of a community-based, Go Local, 
approach to promote local yellow-fleshed varieties of banana, giant swamp taro, 
breadfruit and pandanus rich in beta-carotene and other carotenoids to alleviate 
vitamin A deficiency in the Federated States of Micronesia; efforts to promote 
nutrient-rich small indigenous fish species in Bangladesh; the participatory 
tree domestication approach used by ICRAF to select and promote indigenous 
fruit trees with high nutritional value in sub-Saharan Africa; the role of farmers 
markets and community gardens as localized food systems and their potential 
for improving dietary diversity and nutrition, supporting biological diversity and 
linking production to consumption in Australia; the efforts of the Incredible 
Edible Todmorden (IET) initiative to address the issue of food self-sufficiency 
and quality of diet in the town of Todmorden in the Uk; and the role of a public 
policy, the Food Acquisition Programme (PAA), in promoting diversification 
and the sustainable management of biodiversity for food and agriculture and 
food and nutritional security in the overall Fome zero (zero Hunger) strategy 
in Brazil.
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Part I

The state of agricultural 
biodiversity and nutrition
Overviews, models and themes





1 Harnessing biodiversity

From diets to landscapes

Fabrice DeClerck

Introduction

There is an increasing sense that we are at a global crossroads, at the peak of 
human potential while on the edge of global disaster. Several authors highlight 
critical planetary thresholds that have been largely surpassed (Rockstrom 
et al., 2009), particularly the loss of biodiversity, the failure to meet the 2010 
Convention on Biological Diversity targets (Butchart et al., 2010), and the 
increasing scepticism that we will attain many of the Millennium Development 
Goals. Amongst these goals, halving the number of people who regularly go 
hungry is prominent. Novel solutions are urgently required to confront these 
issues.

There are also refreshingly new perspectives on these problems that offer 
both guidance and hope that solutions are within reach if we are committed. The 
most exciting of these solutions are those that are the product of interdisciplinary 
collaborations aimed at integrated solutions, rather than disciplinary band-
aids that offer solutions at the expense of other development problems. These 
solutions often come from a combined process of divergent and convergent 
thinking (DeHaan, 2011). Divergent thinking is fostered by brainstorming 
freely on a problem using a defocused, intuitive approach, while maintaining 
a particular receptiveness to a broad range of associations (i.e. thinking across 
disciplinary boundaries). Convergent thinking is then used to synthesize these 
ideas and bring them back into focus. One way to foster this kind of thinking is 
by encouraging disciplinary scientists to consider how their specific skill set or 
knowledge base could be applied to tackle an issue or problem outside of their 
disciplines (DeClerck et al., 2011a).

This practice has become increasingly common with ecologists, amongst 
other fields, leading to novel interdisciplinary realms such as ecosystem services 
(Daily, 1997; Naeem et al., 2009), eco-nutrition (Deckelbaum et al., 2006), eco-
health (Borer et al., 2012) and eco-agriculture (McNeely and Scherr, 2003) for 
example (Table 1.1). Ecosystem services blend the domains of ecology, economic 
and social sciences; eco-nutrition brings together the science of nutrition, 
agronomy and ecology; eco-agriculture calls on close collaboration with 
landscape planners, political leaders, farmers and community groups and a broad 
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range of professionals from ecology, agronomy, and economics amongst other 
disciplines within mixed-use landscapes. In each case, traditional disciplinary 
boundaries are broken and interaction between disciplines is fostered. The first 
step in fostering this interaction is ‘semantic mediation’, or creating a common 
language. More importantly it requires participants to focus on process and to 
hold off on considerations of specific contexts until a broader interdisciplinary 
perspective is developed. This chapter explores how integrating ecology and 
ecological thinking into nutrition and agricultural development can be used to 
develop novel solutions to development problems by particularly focusing on 
ecology, nutrition and agriculture.

A rapid review of the problem

Nutrition

Unfortunately, the first similarity between the fields of nutrition, agriculture 
and environment is the current gloomy outlook! It is often cited that more 
than one billion of the world’s population lack access to food or are chronically 
malnourished. On the flip side, a 2006 World Health Report predicts that by 2015 
there will be 2.3 billion overweight adults and more than 700 million obese. This 
‘double burden’ suggests that nearly half (47 per cent) of the global population is 
suffering from some form of nutritional disorder. The poor are particularly hard 
hit with these two paradoxical problems, hunger and obesity. In many parts of the 
world, the poor are dependent on subsistence systems subject to the vagaries of 
rainfed agriculture where the primary challenge is a struggle to simply produce 
enough calories to survive. In contrast, many of the urban poor, including in 
the United States, are faced with levels of obesity tapering off at 35 per cent for 
adults. Again, in developed countries such as the United States, rates have risen 
to nearly 60 per cent among non-Hispanic black women and to nearly 45 per cent 
among Mexican American women since 2004. Among children and teens, about 
21 per cent of Hispanics and 24 per cent of blacks are obese compared with 14 
per cent of non-Hispanic whites (Ogden et al., 2012; Flegal et al., 2012). Several 
studies have suggested that the poor cannot afford to eat healthily, which at times 
is due to a lack of access to food (calories), or which can be driven by a lack 
of access to dietary diversity (Franco et al., 2009) leading to literal food deserts 
typically found in poor urban neighbourhoods (Gordon et al., 2011; though see 
recent articles discrediting this notion: An and Sturm, 2012). There is growing 
recognition however that the food we eat has a direct impact on our own health, 
as well as the health of the environment (Nugent, 2011).

Agriculture

Agriculture is faced with similar challenges. Recent reviews and analyses 
highlight the current twin challenges of feeding the 9 billion global inhabitants 
projected for 2050 while decreasing the growing environmental footprint of 
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agriculture (Tilman et al., 2011; Foley et al., 2011; Rockstrom et al., 2009). 
While agriculture has met the challenge of producing for growing populations 
in the past, notably through the Green Revolution, this increase has come at 
tremendous environmental cost. Agricultural expansion is the primary driver 
of biodiversity loss with more than 70 per cent of global grasslands, 50 per cent 
of savannahs, 45 per cent of temperate deciduous forests, and 27 per cent of 
tropical forests converted to agriculture. Global fertilizer use has increased more 
than 500 per cent leading to significant impacts on global water and nitrogen 
cycles in particular. In terms of disruptions to the carbon cycle, agriculture has 
contributed to 30–35 per cent of global greenhouse gases (Foley et al., 2011) 
and is likely to be one of the industries most impacted by global climate change. 
The focus on agricultural intensification has also led to a singular focus on a 
handful of crop species, primarily in the grass family. Three crops, wheat, maize 
and rice, occupy approximately 40 per cent of the global agricultural landscape 
(Tilman, 1999a). Not only is tremendous crop diversity lost though agricultural 
intensification, the intraspecific, or genetic diversity of both major and minor 
crop species is lost, eroding the capacity of agricultural systems to weather 
shocks.

Agricultural systems are increasingly vulnerable to climate change, 
globalization, the increasing price of inputs such as water and fertilizer, and 
the degradation of the natural resource base. These problems are likely to be 
significant obstacles, particularly for small-scale farmers. The free pass that 
agriculture has enjoyed over the past decades regarding agricultural productivity 
at any cost is coming to a close with increasing public pressure for food production 
systems that contribute to environmental protection while supporting farming 
communities. The agriculture of the next three decades will need to continue its 
impressive yield increases while halting or reversing its negative impact on the 
environment. Agricultural landscapes must become net producers of ecosystem 
services rather than consumer services. This necessitates a movement towards 
multifunctional landscapes.

Environment

As with human nutrition and agriculture, global environmental concerns 
are rising. Butchart et al. (2010) highlight that most indicators of the state of 
biodiversity are declining with no significant reductions in rates observed. In 
contrast, indicators of pressures on biodiversity continue to increase. In many 
cases, the negative declines are tied to agriculture and include the direct impact 
of agricultural expansion on the loss of habitat for biodiversity. Although species 
extinctions are natural, never in the history of the earth has one species, our own, 
been the cause of the mass extinction of so many others. Current extinction rates 
are 1,000–10,000 times greater than background extinction rates (Rockstrom et 
al., 2009); a disaster that E.O. Wilson (1994) argues has far greater consequences 
than economic collapse or nuclear war. Rockstrom et al. (2009) evaluated nine 
critical planetary thresholds that require the effort of a global collective and 
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which must not be surpassed in order to maintain a stable and resilient human 
society. Of the nine thresholds identified (phorphorus/nitrogen cycle, climate 
change, global freshwater use, change in land use, biodiversity loss, atmospheric 
aerosol loading, chemical pollution, stratospheric ozone depletion and ocean 
acidification), two have been significantly surpassed: the rate of biodiversity 
loss is more than ten times the proposed threshold value; and disruption to 
the nitrogen cycling is approximately 3.5 times the proposed threshold value. 
It is hard not to see the impact of agriculture in both of these out-of-bounds 
indicators in addition to the environmental impacts mentioned above.

Integrated approaches to solutions

Traditionally, issues of hunger have been the domain of nutrition, crop 
production, the domain of agronomy, and environmental conservation, the 
domain of ecology. The review of emergent global concerns above however 
demonstrates the important role of agriculture in all three issues. The majority 
of the foods that provide us with our nutrition come from agricultural fields 
that compete with biodiversity for space. There are deeper relationships that 
are not as obvious however. The nutritional value and the flavours of our 
foods are ultimately the result of complex interactions between crops and 
their environment. The protein content of beans is the result of a symbiotic 
relationship with bacteria inhabiting the roots of legumes; the pungent flavour 
of peppers is the result of an antagonistic interaction between the chilli pepper, 
a weevil and a fungus. Most of the flavours that spice our meals are the result 
of these negative interactions, or arms races, between plants and their pests and 
diseases. These are all interactions that have occurred on evolutionary timescales.

On shorter timescales, the production of many fruits such as almonds, 
apples and pears is wholly dependent on a host of bees and other insects that 
pollinate the flowers facilitating fruit production. The conversion of leaf litter 
to soil organic matter is the result of a host of invisible, and underappreciated 
communities of soil microflora and fauna (whose value we would quickly learn 
to appreciate if they disappeared). Whether the nutritional value of the foods we 
eat, or simply the production of many of these crops within farmers’ fields, we 
quickly realize that food production and nutrition are tied to ecosystem services, 
and that human nutrition is a component of human well-being that is ultimately 
dependent on numerous ecosystem services that operate from microscopic to 
landscape scales (Figure 1.1; Table 1.2).

Ecosystem services

The late 1990s brought a fresh look at humans and their interactions with the 
environment starting with a renewed realization of society’s dependence on 
nature’s services. Daily’s (1997) multi-authored volume Nature’s Services and 
the more recent synthetic work of the Millennium Ecosystem Assessment 
(MEA, 2005) were key to highlighting this dependence. Ecosystem services 
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are defined as the conditions and processes through which ecosystems and 
the species that comprise them sustain and contribute to human livelihoods 
(Table 1.1; Daily, 1997). The MEA (2005) further classifies these into four broad 
categories: provisioning, regulating, cultural, and support services (Table 1.2). 
The fundamental understanding here is that ecosystems, including agricultural 
ecosystems, or other managed ecosystems are comprised of a community of 
species (or biodiversity) interacting with each other, and with their environment. 
The product of these interactions, which include competition, predation, 
reproduction, and cooperation for example, can be considered ecosystem 
services when they benefit humanity (Table 1.1; nicely summarized in Loreau 
et al., 2002; Naeem et al., 2009, 2012). When the species composition of 
ecological communities is altered, the functions provided by those communities 
are likewise altered. As a general rule, though there are exceptions, increasing 
the number of species in a community will increase the number of functions 
provided by that community (Hector and Bagchi, 2007; Isbell et al., 2011), and 
will increase the stability of the provisioning of those functions.

A subset of these ecosystem functions are identified as essential to human 
well-being – and are called ecosystem services (Tables 1.1 and 1.2). In the 
simplest sense, ecosystem services are the ecosystem functions with human 
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Figure 1.1 Different levels of species richness contribute to nutritionally important 
ecosystem services at different scales, increasing from left to right in this figure. Species 
poor systems (top row) may be well suited for singular functions, but generally fail at 
maintaining the stability of the function, and at the provision of multiple functions 
where species rich communities (lower row) are better suited. From left to right: (1) 
the microbiome of the human gut with the obese gut (above), and the lean gut (below); 
(2) the species richness of the food we eat; (3) field scale monocultures (above) or 
polycultures such as the Mayan three-sister system (below); and (4) landscape scale 
land use diversity such as the simplified banana monoculture (above) and the diversified 
landscape of a biological corridor (below), both in Costa Rica.
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value including non-economic values. Understanding the concepts and processes 
through which biodiversity provides ecosystem services, from human nutrition 
to landscape scale services (Figure 1.1), generates novel insights and promising 
solutions to global problems as we will see below.

Ecosystem services represent one of the most exciting examples of 
interdisciplinary integration. The initial idea with its focus on ecosystems falls 
squarely in the disciplinary realm of ecologists though the evolution of the 
concept was to communicate the benefits of conservation to non-ecologists 
(Daily, 1997). Considering the services that ecosystems provide brings social 
scientists and human interests to the table. The recent growth of programmes on 
payments for ecosystem services has involved economists and political scientists 
when the economic valuation of these services is warranted. Whereas ecosystem 
services that have received the most attention to date include carbon sequestration 

Table 1.2 Adaptation of the Millennium Ecosystem Assessment classification of 
ecosystem services. 
Those services that have ties to human nutrition are italicized and the scale at which 
the service operates is identified: human body (B), field (F), and landscape (L). Human 
nutrition is a function of provisioning services which provide us with the raw materials 
of our diets, the fuels and clean water with which it is often prepared. Regulating 
services ensure the stability of food production systems (on farm) and nutrient 
absorption (within the human body). The recipes and food traditions that are prevalent 
in most cultures are the result of long-term interactions between human societies, 
the ingredients of the agroecological landscapes of our ancestors, and trade systems. 
Supporting services in agricultural landscapes are often overlooked and include soil 
formation, pollination, nutrient cycling, and soil formation. The microbiome of the 
human gut also provides numerous supporting services, including transforming the 
food we consume into forms that can be taken up by our bodies and serving as a first 
line of defence against disease.

Provisioning services Regulating services Cultural services

Products obtained from 
Ecosystems

Food (F, L)
Freshwater (F, L)
Fuelwood (F, L) 
Fibre (F, L)
Biochemicals (B, F, L) 
Genetic resources (F, L)

Benefits obtained from 
regulation of ecosystem processes

Climate regulation (L)
Disease regulation (B, F, L)
Water regulation (L)
Water purification (F, L)
Pollination (F, L)

Non-material benefits 
obtained from ecosystems

Spiritual and religious
Recreational and tourism
Aesthetic
Inspirational
Educational
Sense of place (B)
Cultural heritage (B)
Traditional recipes and 
culinary heritages (B)

Supporting services

Services necessary for the production of all other ecosystem services

Soil formation (F) 
Nutrient cycling (B, F) 
Primary productivity (F)
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for climate mitigation, water quality, and regulation of hydrological cycles, there 
is a growing interest in ecosystem services in agricultural landscapes, including 
pollination and pest control services. Less evident from a contextual point of view, 
but clear from a process-based interpretation, human nutrition is dependent on 
several ecosystem services including provisioning, regulating, supporting and 
cultural services (Table 1.2), and alternatively may even be considered one of the 
most fundamental ecosystem services (DeClerck et al., 2011b). The capacity of 
ecosystems to provide us with the energy and nutrition needed to go about our 
daily lives fully depends on the foods that agriculture provides us. The means by 
which our internal ecosystems, or the bacterial communities that reside in the 
human gut, process and make nutrients and calories available (Turnbaugh et al., 
2009; Jumpertz et al., 2011) is also very much an ecosystem service.

Eco-nutrition

In 2006, a paper was published introducing the concept of eco-nutrition 
(Deckelbaum et al., 2006; Deckelbaum, 2011). The fundamental goal of 
eco-nutrition was to show the linkages between agriculture, human well-
being, and environmental sustainability. Eco-nutrition was defined as the 
interrelationships among nutrition and human health, agriculture and food 
production, environmental health, and economic development (Deckelbaum 
et al., 2006). It argued that individuals and families caught up in the poverty 
trap find themselves in a negative feedback loop, unable to practise productive 
agriculture because of lack of access to resources leading to environmental 
degradation through unsustainable agricultural practices; that environmental 
degradation leads to low yields which further provokes problems of malnutrition 
which leads to increased incidence of disease, or simply insufficient caloric 
intake to provide the human energy needed for labour-intensive sustainable 
field management. The cycle thus repeats itself. Central to the proposal of 
eco-nutrition is that reversing this negative feedback requires integrated and 
targeted solutions that simultaneously address the agricultural, nutritional and 
environmental dimensions of the problem; that is that human nutrition in 
subsistence communities cannot be resolved without addressing agricultural 
problems, which in turn cannot be resolved without addressing environmental 
degradation.

A classic example of eco-nutrition in subsistence systems is the indigenous 
‘American three-sisters’ polyculture where farmers simultaneously sow maize, 
beans and squash not only in the same field, but in the same planting hole 
(Figure 1.1). The critical element of the system is not that it includes three 
distinct taxonomic species, but that it includes three species that are functionally 
distinct. A three-species system comprised of rice, maize and wheat for example, 
would not feature the same environmental or nutritional benefits. Focusing on 
processes from the agro-ecological point of view, the species represent three 
distinct functional groups. Maize is a C4 grass with highly efficient ability to 
convert sunlight to energy in tropical environments. Very few plant families 
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outside the grass family have the C4 photosystem. Beans are C3 herbs, unique 
in their ability to convert abundant atmospheric nitrogen into plant useable 
forms. Very few plant families other than the bean, or legume family (Fabaceae 
to botanists) have the ability to capture and use atmospheric nitrogen. Bean 
cover crops are often used in agricultural systems as a nature source of nitrogen 
fertilizer. Squash in contrast, has a photosystem as with beans, but does not share 
its nitrogen fixing ability. When grown in combination, the maize provides the 
primary productive elements, but also provides the physical support structure, 
a trellis of sorts, for the climbing bean. Mayan farmers have suggested that the 
beans growing on the corn provide the additional benefit of hiding the ripe ears 
of corn from crop pests. The beans and the maize capture the majority of the 
sunlight, but not all; the remaining light that reaches the ground is captured by 
the third species, squash, which as a prostrate plant occupies the space remaining 
and whose less efficient C3 photosystem may be benefited by the shade and 
increased micro-environment humidity offered by the other species.

The combination of these three species harnesses several important 
ecological processes. Resources are partitioned between the niches of the three 
species, and complementary interactions are also favoured, particularly in the 
support provided by maize to the beans, the nitrogen provided to the maize 
and squash by the beans, and the more humid micro-environment provided 
to the squash. Nutrient flows are maintained and managed within the system, 
with little overflow into adjacent areas, or requirements for external inputs. The 
more efficient partitioning of resources and great occupation of niche space by 
the three species also benefits the provision of ecosystem services such as soil 
conservation and fertility.

There is also important nutritional complementarity between the three crop 
species of the three-sisters system. Carbohydrates and energy are primarily 
provided by the maize, protein by the beans, and vitamin A by the squash. The 
combination of these three crops is nearly nutritionally complete. One critical 
point however is that the protein provided by the system is derived from the 
unique ability of the bean family to convert atmospheric nitrogen to plant usable 
forms through a symbiotic relationship with a bacteria found in the plants’ roots 
– the trait that makes beans ecologically unique is the same trait that makes the 
species agronomically unique as a source of biological nitrogen fertilizer, and 
the same trait that makes the family nutritionally unique as a source of plant-
based protein. Mayan farmers, traditionally consume their meals with sauces 
(salsas) prepared with lime juice from citrus plants grown in their home gardens 
(DeClerck and Negreros-Castillo, 2000). The beans supply amino acids lacking 
in corn, while the addition of lime makes the niacin within the beans bio-
available.

The important contribution of eco-nutrition to human nutrition is in 
defining the relationship between crop diversity, nutritional diversity and 
human health. DeClerck et al. (2011b) working with subsistence farmers of 
Western kenya, found that farmers who had greater in-field crop nutritional 
diversity, where the unit of measure was not species diversity but the nutritional 



26 Fabrice DeClerck

diversity of the crops, were less likely to suffer anaemia than farmers with 
lower field-based nutritional diversity. Other studies have also shown ties to 
agricultural diversity and human nutrition (Remans et al., 2011a; Penafiel et 
al., 2012). However, available crop nutritional diversity is not necessarily linked 
to improved nutrition (Termote et al., 2012) because it must pass through 
important social filters such as cultural preferences, social pressures, and other 
elements of human behaviour, highlighting the need for eco-nutrition to add 
social and behaviour scientists to the equation.

Eco-nutrition as an interdisciplinary field of study considers human nutrition 
to be a function of multiple ecosystem services. Considering the definition of 
ecosystem services, the benefits that humans receive from ecosystems, and the 
MEA (2005) distinction of four categories of services, multiple nutrition entry 
points become evident.

•	 The production of foods in agro-ecologically intensified systems is a 
primary provisioning service.

•	 Maintaining soil fertility or the inter-annual productivity of cropping 
systems are defined as regulating services.

•	 Soil microflora and fauna that convert soil organic matter into nutrients 
available to plants play important support services.

•	 Cultural services are central to nutrition – how you eat may be as important 
as what you eat (Pollan, 2009) as diets are the product of an evolutionary 
interaction between groups of people and the edible species found in our 
environments.

Most cultures can identify with a traditional dish, such as the Mayan meal of 
corn-based tortillas, with whole or fried beans, and tomato salsa prepared with 
citrus. Cultures that took corn from Latin America without the beans or the 
lime missed added value obtained from the combination of these species with 
important nutritional consequences such as pellagra. As with mixed cropping 
systems described earlier, traditional foods are more than the sum of their parts 
(Figure 1.1).

Eco-agriculture

The third ‘eco’ concept introduced earlier is that of eco-agriculture. Eco-
agriculture is the management of landscapes for both the production of food 
and the conservation of ecosystem services and wild biodiversity (McNeely 
and Scherr, 2003). The concept explicitly recognizes the multifunctional role 
of agricultural landscapes arguing that they should contain space for nature 
(biodiversity), food (agricultural productivity), people (livelihoods), and that 
they should contain the institutions that support these multiple goals. Like eco-
nutrition, it highlights the relationship between three elements and suggests that 
a focus on any single element in isolation deviates from the path of sustainable 
development.
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Inherent in the notion of eco-agriculture is the recognition that productive 
agriculture is dependent on biodiversity through the provision of ecosystem 
services such as pollination, pest control services and healthy soils (also 
important elements of eco-nutrition); that human livelihoods are dependent 
on agricultural land uses, not only for the production of healthy foods, but 
also for the production of clean water and other ecosystem services; and that 
both the conservation and production goals of eco-agricultural landscapes 
are dependent on human communities. Eco-agriculture takes us away from 
the paradigm that conservation should only occur in natural reserves and 
protected areas, with agriculture parsed to designated production areas. Rather, 
eco-agriculture suggests that landscapes should provide both production and 
conservation functions, and that the additive value of this integration is greater 
than their segregation. Eco-agriculture values the contribution that agricultural 
landscapes can make to conservation (complementing reserves), and recognizes 
the contribution of conservation to agricultural production and sustainability.

Why diversity struggles as a strategy

Eco-nutrition, eco-agriculture, and ecosystem services all feature elements of 
managing diversity whether this be genetic diversity, species diversity, or landscape 
diversity (Figure 1.1). Managing for biodiversity can be complicated, particularly 
when attempting to understand the details of all possible interactions. Ecologists 
revel in complexity, describing ecosystems as ‘complex adaptive systems’ (Levin, 
1999). Ecology is often hard-pressed to be predictive, with solutions that are 
often complex and context specific. Nutrition is similar, because as we shall 
see, the human body is in many ways its own complex adaptive system. As 
Pollan (2009) says, ‘eating in our times has gotten complicated’. The diversity 
and often changing recommendations of nutritionists are enough to be mind-
boggling, not unlike recommendations made by ecologists which frequently 
are so context specific and complex to be wholly unusable. Complexity should 
not lead to inaction however, by focusing on processes rather than contexts, 
and when managing for diversity we may find that the solution is simpler than 
we think, much in the same way that Pollan (2009) reduces nutrition to three 
simple rules: eat food, not too much, mostly plants.

Despite the advantages of using diversity as a development tool, the concept 
still struggles to find greater adoption in the face of more targeted interventions 
in part because of the focus on complexity rather than simplification and on 
context rather than process. The focus on complexity means that diversity-
based strategies tend to be knowledge intensive. Two key ecological processes 
are focused on below, resource partitioning and resource acquisition. Both of 
these processes are comparable to concepts of harvest or yield in agronomy, and 
nutrient capture in nutrition.

Methods used by community ecologists often call for measuring the 
number of species, species composition, or the abundance of distinct species 
in an ecological community (or ecosystem). We then try to understand how 
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changes in these community attributes affect ecosystem services. The positive 
effect of biodiversity in ecosystem services is most notably observed in those 
that relate resource acquisition and productivity (Hector et al., 1999; Hooper 
and Dukes, 2004). There are two primary mechanisms identified for the effects 
of diversity on the delivery of an ecosystem service, and one example of the 
effects of nutrient enrichment and impacts on biodiversity, which have parallels 
to human nutrition.

First, there are two mechanisms that relate biodiversity to the provision of 
ecosystem services. The first of these is the sampling effect (Tilman, 1999b), 
which notes that increasing species richness (the number of species in an 
ecological community), also increases the probability of including a species that 
is particularly good at providing a specific ecosystem service. The fundamental 
notion behind this concept is chance, and that increasing diversity is simply 
a matter of hedging one’s bets. The maximum level of ecosystem service 
provision evidenced in the sampling effect is equal to the provisioning level 
of a monoculture of the dominant species. For example, under the rules of the 
sampling effect, the community productivity cannot exceed the productivity 
of the most productive species in the species pool. In other words, the total 
productivity is the sum of the parts.

The second mechanism is through species complementarity. Complementarity 
occurs when increasing species richness increases the number of niches that are 
filled, increasing resource use efficiency and productivity, as well as increasing 
the probability of positive interactions such as symbioses. This complementarity 
increases the efficiency of the system and yields a service provisioning that is 
greater than the sum of its parts. The quantity of ecosystem service provided 
in a diverse community is greater than the quantity provided by a monoculture 
of even the most productive species. There are numerous examples of both 
mechanisms in the ecological literature.

One problem with many of these studies is that they have focused on singular 
ecosystem services such as productivity, carbon sequestration, or pollination for 
example. It is often the case that when focusing on a single service, there is a 
single species that is best able to provide that service. A classic example is for 
carbon sequestration. If the land management objective is to store carbon, then a 
dense plantation of a fast growing, high wood density species such as eucalyptus is 
ideal. Bunker et al. (2005) demonstrated this with their study of carbon storage in 
a diversified tropical forest of Panama. This is exactly the strategy of conventional 
agricultural systems – a singular focus on the most productive species which has 
led to the use of strategies focused on the sampling effect: identify the species 
with the greatest production potential, provide the conditions that maximize the 
productivity of this singular species, often at the expense of others, and focus on 
it. This is similar to nutrition professionals focusing on fortification of vitamin 
A for example, a singular focus on the most limited nutritional element, and a 
targeted solution through fortification or enrichment.

Increasingly however there is recognition of the environmental harm that this 
strategy has caused in agricultural landscapes (Foley et al., 2011), and renewed 
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interest in the notion of multifunctional landscapes (Hector and Bagchi, 2007). 
Agricultural landscapes, which currently occupy 38 per cent of terrestrial 
landscapes, must do more than provide abundant food sources. Farmers 
and those who work with them urgently need to recognize that agricultural 
landscapes must become multifunctional, producing water, sequestering 
carbon, supporting pollinators, and providing corridors for wild biodiversity 
amongst others. As we increase the number of services expected or desired from 
ecosystems, we find that the value or contribution of biodiversity also increases 
(Isbell et al., 2011). That is, while we might find a singular species that is ideally 
suited for carbon sequestration, such as the eucalyptus, we would be hard 
pressed to find a single species ideally suited to providing multiple ecosystem 
services. The eucalyptus plantation mentioned above is ideally suited for carbon 
sequestration, but is particularly poor at providing important hydrological 
services, or habitat for species other than koalas.

Nutrient enrichment can also affect species richness and composition of 
ecological communities. Species are able to partition their niches when there 
are multiple limiting resources, or multiple niches to be occupied. Flooding a 
system with one of these limiting resources can alter community composition, 
favouring a limited number of species and driving biodiversity loss (Harpole and 
Tilman, 2007). Although the total productivity of such systems can be increased, 
their resilience to change and the provision of multiple services is often lost. The 
effects of such nutrient enrichment have been studied in field-scale experiments 
but the impacts can be seen at landscapes scales, often crossing from terrestrial 
to aquatic systems; one of the most famous examples is the effects of nutrient 
run-off from mid-western, and southern California agriculture into the gulfs 
of Mexico and California which drive massive algal blooms that devastate the 
marine ecosystems and fisheries located hundreds to thousands of miles away 
from agricultural lands where the nutrients originated.

Eco-agricultural interventions try to reduce these types of effects by reducing 
run-off from agricultural fields with multispecies buffer strips placed between 
fields and waterways as well as by reducing the amounts of fertilizer applied 
to fields. From a multifunctional perspective, maintaining buffer strips along 
waterways not only improves water quality, but can also provide numerous 
additional services such as maintaining biological connectivity in agricultural 
landscapes, and ensuring the availability of pollinator and pest control services 
to adjacent fields.

There are at least two ways, if not more, in which the ecological study of 
biodiversity and ecosystem function can be compared with human nutrition. Each 
is unique in its own regard, and intellectually very exciting. The first was briefly 
mentioned above and ties the nutritional diversity of farm fields and landscapes 
to human health. The second, and more novel still, considers the human gut as 
an ecosystem, and considers how the diversity of the bacterial community that 
inhabits the human gut impacts the acquisition and availability of nutrients.

Sampling and complementary effects apply to human nutrition when 
considering the diversity of foodstuffs that make up the human diet. This can 
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be tied to field and forest diversity in the case of subsistence systems (DeClerck 
et al., 2011b; Penafiel et al., 2012) or to the availability of nutrient diversity in 
urban neighbourhoods (Gordon et al., 2011). Nutrition interventions cannot 
singularly focus on providing caloric requirements, or vitamin A enrichment. 
As important as these interventions are in crisis situations, they lack long-
term sustainability. As with the management of eco-agricultural landscapes, 
interventions must be multifunctional (Remans et al., 2011b). Certain foods are 
important for providing specific nutritional requirements; for example grasses 
such as maize, rice and wheat are critical for providing calories, and legumes 
for providing plant-based proteins. However we also recognize that the human 
body cannot subsist on carbohydrates alone, that there is a need not only for 
high-energy foodstuffs, but also an essential need for those ingredients that 
provide vitamins and nutrients essential for human health. As a rule of thumb, 
the greater the diversity of species you eat, the more likely you are to cover 
all your nutritional bases including complementarity effects. This is evident in 
the indigenous Mayan three-sisters agriculture example described above; the 
complementarity between the three species plus lime ensures that all nutritional 
bases are covered.

The second example, very different from the first, considers the human gut 
as an ecosystem (Figure 1.1). Turnbaugh et al. (2006) studied the gut microflora 
of obese and lean mice and found that the relative abundance of two dominant 
bacterial divisions, the Bacteroidetes and the Firmicutes, are associated, with the 
obese dominated by Firmicutes. The change in gut microflora is due to change in 
diet where diets excessively high in sugars and carbohydrates favour the Firmicutes 
which are more effective at processing these food types and converting them 
to calories. Interestingly, Turnbaugh et al. (2006) use agricultural terminology 
suggesting that this community is more effective in ‘harvesting’ nutrients. 
The results of several studies from this research group demonstrate that the 
organismal assemblage in the human gut consists of a highly diversified (many 
species) core microbiome and deviations from this core such as a reduction 
of species richness are associated with obesity (Turnbaugh et al., 2006, 2009; 
Jumpertz et al., 2011). It is worth providing Turnbaugh et al.’s (2009) own 
words here:

Across all methods, obesity was associated with a significant decrease in the 
level of diversity. This reduced diversity suggests an analogy: the obese gut 
microbiota is not like a rainforest or reef, which are adapted to high energy 
flux and are highly diverse; rather, it may be more like a fertilizer runoff 
where a reduced-diversity microbial community blooms with abnormal 
energy input.

Turnbaugh et al. imply that the impact of an ‘obese’ diet is not unlike 
flooding an ecological system with phosphorus and nitrogen fertilizer, with 
impacts similar to natural systems, which reduce the diversity of organisms in 
the systems and reduce their multifunctionality.
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Conclusions

From the human gut to agricultural fields and landscapes (Figure 1.1), we find 
evidence that the species diversity or composition of an ecosystem operates in 
similar ways. Interactions between species provide us with multiple functions 
and are central to the stability of those functions. Ecology, with its focus on 
complex systems, can make contributions to several global issues of concern, 
primarily related to agriculture, environment and nutrition. Ecology is but 
one element of any cross-disciplinary solution. Effective solutions require a 
continued dialogue between a diversity of fields, and more is gained initially 
by focusing on process rather than context. Cross-disciplinary thinking is an 
effective means of discovering novel perspectives on humanity’s pervasive 
problems, further leading to new and sustainable solutions to these problems.

Acknowledgements

The author wishes to thank an anonymous reviewer and particularly Dr Roseline 
Remans for their critical review of this chapter. Their comments have greatly 
improved the manuscript. Any remaining errors remain the author’s. Work 
on this chapter was partially funded by the CGIAR Collaborative Research 
Program on Water Land and Ecosystems (CRP5).

References

An, R.P. and Sturm, R. (2012) ‘School and Residential Neighborhood Food Environment 
and Diet among California Youth’, American Journal of Preventive Medicine, vol 42, no 
2, pp.129–135.

Borer, E.T., Antonovics, J., kinkel, L.L., Hudson, P.J., Daszak, P., Ferrari, M.J., Garrett, 
k.A., Parrish, C.R., Read, A.F., and Rizzo, D.M. (2012) ‘Bridging taxonomic and 
disciplinary divides in infectious disease’, Ecohealth, vol 8, no 3, pp.261–267.

Bunker, D.E., DeClerck, F., Bradford, J.C., Colwell, R.k., Perfecto, I., Phillips, O.L., 
Sankaran, M., and Naeem S. (2005) ‘Species loss and aboveground carbon storage in 
a tropical forest’, Science, vol 310, no 5750, pp.1029–1031.

Butchart, S.H.M., Walpole, M., Collen, B., Van Strien, A., Scharlemann, J.P.W., Almond, 
R.E.A., Baillie, J.E.M., Bomhard, B., Brown, C., Bruno, J., Carpenter, k.E., Carr, 
G.M., Chanson, J., Chenery, A.M., Csirke, J., Davidson, N.C., Dentener, F., Foster, 
M., Galli, A., Galloway, J.N., Genovesi, P., Gregory, R.D., Hocking, M., kapos, V., 
Lamarque, J.F., Leverington, F., Loh, J., McGeoch, M.A., McRae, L., Minasyan, 
A., Morcillo, M.H., Oldfield, T.E.E., Pauly, D., Quader, S., Revenga, C., Sauer, 
J.R., Skolnik, B., Spear, D., Stanwell-Smith, D., Stuart, S.N., Symes, A., Tierney, 
M., Tyrrell, T.D., Vie, J.C., and Watson, R. (2010) ‘Global biodiversity: indicators of 
recent declines’, Science, vol 328, no 5982, pp.1164–1168.

Daily, G.C. (1997) Nature’s Services: societal dependence on natural ecosystems, Washington 
DC: Island Press.

Deckelbaum, R.J. (2011) ‘Econutrition: Integrating food-based human nutrition with 
ecology and agrodiversity preface’, Food and Nutrition Bulletin, vol 32, no 1, p.S3.



32 Fabrice DeClerck

Deckelbaum, R.J., Palm, C., Mutuo, P., and DeClerck, F. (2006) ‘Econutrition: 
Implementation models from the Millennium Villages Project in Africa’, Food and 
Nutrition Bulletin, vol 27, no 4, pp.335–342.

DeClerck, F.A.J. and Negreros-Castillo, P. (2000) ‘Plant species of traditional Mayan 
homegardens of Mexico as analogs for multistrata agroforests’, Agroforestry Systems, vol 
48, pp.303–317.

DeClerck, F.A.J., Ingram, J.C., and Rumbaitis del Rio, C. (2011a) ‘Integrated Ecology 
and Poverty Alleviation’, in: J.C. Ingram, F.A.J. DeClerck, and C. Rumbaitis del Rio 
(eds) Integrating Ecology and Poverty Alleviation and International Development Efforts: a 
practical guide, New York: Springer.

DeClerck, F.A.J., Fanzo, J., Palm, C., and Remans, R. (2011b) ‘Ecological approaches to 
human nutrition’, Food and Nutrition Bulletin, vol 32, no 1, pp.S41–S50.

DeHaan, R.L. (2011) ‘Teaching creative science thinking’, Science, vol 334, no 6062, 
pp.1499–1500.

Flegal, k.M., Carroll, M.D., kit, B.k., and Ogden, C.L. (2012) ‘Prevalence of obesity 
and trends in the distribution of Body Mass Index among US adults, 1999–2010’, 
JAMA: The Journal of the American Medical Association, vol 307, no 5, pp. 491–497.

Foley, J.A., Ramankutty, N., Brauman, k.A., Cassidy, E.S., Gerber, J.S., Johnston, M., 
Mueller, N.D., O’Connell, C., Ray, D.k., West, P.C., Balzer, C., Bennett, E.M., 
Carpenter, S.R., Hill, J., Monfreda, C., Polasky, S., Rockstrom, J., Sheehan, J., Siebert, 
S., Tilman, D., and zaks, D.P.M. (2011) ‘Solutions for a cultivated planet’, Nature, vol 
478, no 7369, pp.337–342.

Franco, M., Diez-Roux, A.V., Nettleton, J.A., Lazo, M., Brancati, F., Caballero, B., Glass, 
T., and Moore, L.V. (2009) ‘Availability of healthy foods and dietary patterns: the 
Multi-Ethnic Study of Atherosclerosis’, American Journal of Clinical Nutrition, vol 89, 
no 3, pp.897–904.

Gordon, C., Purciel-Hill, M., Ghai, N.R., kaufman, L., Graham, R., and Van Wye, G. 
(2011) ‘Measuring food deserts in New York City’s low-income neighbourhoods’, 
Health & Place, vol 17, no 2, pp.696–700.

Harpole, W.S. and Tilman, D. (2007) ‘Grassland species loss resulting from reduced 
niche dimension’, Nature, vol 446, no 7137, pp.791–793.

Hector, A. and Bagchi, R. (2007) ‘Biodiversity and ecosystem multifunctionality’, Nature, 
vol 448, no 7150: p.188-U6.

Hector, A., Schmid, B., Beierkuhnlein, C., Caldeira, M.C., Diemer, M., Dimitrakopoulos, 
P.G., Finn, J.A., Freitas, H., Giller, P.S., Good, J., Harris, R., Hogberg, P., Huss-
Danell, k., Joshi, J., Jumpponen, A., korner, C., Leadley, P.W., Loreau, M., Minns, 
A., Mulder, C.P.H., O’Donovan, G., Otway, S.J., Pereira, J.S., Prinz, A., Read, D.J., 
Scherer-Lorenzen, M., Schulze, E.D., Siamantziouras, A.S.D., Spehn, E.M., Terry, 
A.C., Troumbis, A.Y., Woodward, F.I., Yachi, S., and Lawton, J.H. (1999) ‘Plant 
diversity and productivity experiments in European grasslands’, Science, vol 286, no 
5442, pp.1123–1127.

Hooper, D.U., and Dukes, J.S. (2004) ‘Overyielding among plant functional groups in a 
long-term experiment’, Ecology Letters, vol 7, no 2, pp.95–105.

Isbell, F., Calcagno, V., Hector, A., Connolly, J., Harpole, W.S., Reich, P.B., Scherer-
Lorenzen, M., Schmid, B., Tilman, D., van Ruijven, J., Weigelt, A., Wilsey, B.J., 
zavaleta, E.S., and Loreau, M. (2011) ‘High plant diversity is needed to maintain 
ecosystem services’, Nature, vol 477, no 7363, pp.199–203.

Jumpertz, R., Le, D.S., Turnbaugh, P.J., Trinidad, C., Bogardus, C., Gordon, J.I., and 
krakoff, J. (2011) ‘Energy-balance studies reveal associations between gut microbes, 



Harnessing biodiversity 33

caloric load, and nutrient absorption in humans’, American Journal of Clinical Nutrition, 
vol 94, no 1, pp.58–65.

Levin, S. (1999) Fragile Dominion, Santa Fe: Perseus Books.
Loreau, M., Naeem, S., and Inchausti, P. (eds) (2002) Biodiversity and Ecosystem Functioning, 

Synthesis and Perspectives, Oxford Biology, Oxford: Oxford University Press.
McNeely, J.A., and Scherr, S.J. (2003) Ecoagriculture: Strategies to feed the world and save wild 

biodiversity, Washington: Island Press.
Millennium Ecosystem Assessment (MEA) (2005) Ecosystems and Human Well-Being: 

Current State and Trends, Island Press.
Naeem, S., Duffy, J.E., and zavaleta, E. (2012) ‘The functions of biological diversity in 

an age of extinction’, Science 336, 1401–1406.
Naeem, S., Bunker, D.E., Hector, A., Loreau, M., and Perrings, C. (2009) Biodiversity, 

ecosystem functioning, and human well-being: an ecological and economic perspective, Oxford: 
Oxford Biology.

Nugent, R. (chair) (2011) Bringing Agriculture to the Table: How agriculture and food can 
play a role in preventing chronic disease, The Chicago Council on Global Affairs, www.
thechicagocouncil.org, accessed August 2012.

Ogden, C.L., Carroll, M.D., kit, B.k., and Flegal, k.M. (2012) ‘Prevalence of obesity 
and trends in Body Mass Index among US children and adolescents, 1999–2010’, 
JAMA: The Journal of the American Medical Association, vol 307, no 5, pp. 483–490.

Penafiel, D., Lachat, C., Espinel, R., Van Damme, P., and kolsteren, P. (2012) ‘A systematic 
review on the contributions of edible plant and animal biodiversity to human diets’, 
Ecohealth, vol 8, no 3, pp.381–399.

Pollan, M. (2009) Food Rule: An Eater’s Manual, New York: Penguin Books.
Remans, R., Flynn, D.F.B., DeClerck, F., Diru, W., Fanzo, J., Gaynor, k., Lambrecht, I., 

Mudiope, J., Mutuo, P.k., Nkhoma, P., Siriri, D., Sullivan, C., and Palm, C.A. (2011a) 
‘Assessing nutritional diversity of cropping systems in African villages’, Plos One, vol 
6, no 6, pp.1–11.

Remans, R., Fanzo, J., Palm, C., and DeClerck, F.A. (2011b) ‘Ecological approaches to 
human nutrition’, in J.C. Ingram, F.A.J. DeClerck and C. Rumbaitis del Rio (eds) 
Integrating Ecology and Poverty Alleviation and International Development Efforts: a practical 
guide, New York: Springer.

Rockstrom, J., Steffen, W., Noone, k., Persson, A., Chapin, F.S., Lambin, E.F., Lenton, 
T.M., Scheffer, M., Folke, C., Schellnhuber, H.J., Nykvist, B., de Wit, C.A., Hughes, 
T., van der Leeuw, S., Rodhe, H., Sorlin, S., Snyder, P.k., Costanza, R., Svedin, 
U., Falkenmark, M., karlberg, L., Corell, R.W., Fabry, V.J., Hansen, J., Walker, B., 
Liverman, D., Richardson, k., Crutzen, P., and Foley, J.A. (2009) ‘A safe operating 
space for humanity’, Nature, vol 461, no 7263, pp.472–475.

Termote, C., Meyi, M.B., Djailo, B.D., Huybregts, L., Lachat, C., kolsteren, P., and Van 
Damme, P. (2012) ‘A biodiverse rich environment does not contribute to a better diet: 
a case study from DR Congo’, Plos One, vol 7, no 1.

Tilman, D. (1999a) ‘Global environmental impacts of agricultural expansion: The need 
for sustainable and efficient practices’, Proceedings of the National Academy of Sciences of 
the United States of America, vol 96, no 11, pp.5995–6000.

Tilman, D. (1999b) ‘The ecological consequences of changes in biodiversity: A search for 
general principles’, Ecology, vol 80, no 5, pp.1455–1474.

Tilman, D., Balzer, C., Hill, J., and Befort, B.L. (2011) ‘Global food demand and the 
sustainable intensification of agriculture’, Proceedings of the National Academy of Sciences 
of the United States of America, vol 108, no 50, pp.20260–20264.



34 Fabrice DeClerck

Turnbaugh, P.J., Ley, R.E., Mahowald, M.A., Magrini, V., Mardis, E.R., and Gordon, 
J.I. (2006) ‘An obesity-associated gut microbiome with increased capacity for energy 
harvest’, Nature, vol 444, no 7122, pp.1027–1031.

Turnbaugh, P.J., Hamady, M., Yatsunenko, T., Cantarel, B.L., Duncan, A., Ley, R.E., 
Sogin, M.L., Jones, W.J., Roe, B.A., Affourtit, J.P., Egholm, M., Henrissat, B., Heath, 
A.C., knight, R., and Gordon, J.I. (2009) ‘A core gut microbiome in obese and lean 
twins’, Nature, vol 457, no 7228: p.480-U7.

Wilcox, B., Aguirre, A.A., Daszak, P., Horwitz, P., Martens, P., Parkes, M., Patz, J., and 
Waltner-Toews, D.(2004) EcoHealth: A transdisciplinary imperative for a sustainable 
future, Ecohealth, vol 1, no. 1: 3–5.

Wilson, E.O. (1994) Naturalist, New York: Warner Books.



2 Overview of agricultural 
biodiversity and its contribution 
to nutrition and health

Vernon H. Heywood

Introduction

Agricultural biodiversity is the first link in the food chain, developed and 
safeguarded by indigenous people throughout the world, and it makes an 
essential contribution to feeding the world.

(Nakhauka, 2009)

The world’s agriculture and its ability to provide food for the ever-growing 
human population can be regarded as one of the great success stories of human 
civilization. It developed from our use of the natural capital of wild plant and 
animal biodiversity through a long period of natural and human selection and 
breeding of crops and the development of agronomic skills. The use of the 
diversity of wild species is at the very basis of human development. Across the 
world, our ancestors’ hunter-gatherer nutritional regime depended on local 
wild species of plants and animals for food while others, mainly plants, provided 
materials for shelter, fibre and fuel and medicine. The transition from hunting-
gathering to agriculture (Neolithic revolution) started some 12,500 years ago 
when the domestication of a small number of wild plant species in various parts of 
the world led to the first agricultural revolution that provided us with a relatively 
secure source of food.1 This in turn allowed human communities to grow and 
adopt a more sedentary way of life that paved the way for the development of 
villages, towns and cities that increasingly dominate our way of life and all the 
social and cultural changes that this involves. The diversity we have today in 
these crops and domesticated animals is the result of the interaction between 
countless generations of farmers and the plants and animals they domesticated, 
either through farming or aquaculture, and their environment. 

The connection between this diversity – agricultural biodiversity – and 
human nutrition and health is intrinsic, multifaceted and constantly changing. 
It is complex – reflecting the many dimensions of nutrition, health and 
agricultural biodiversity – and there is no necessary direct link between the 
amount or quality of agricultural biodiversity and provision of nutritional and 
health benefits. While it is incontestable that some elements of agricultural 
biodiversity such as crop diversity and wild-harvested plants and animals have 
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made and continue to make appreciable contributions to human diets, detailed 
evidence of their importance in terms of energy intake, micronutrient intake 
and dietary diversification is scarce and correlating agricultural biodiversity with 
human nutrition is generally difficult for a number of reasons including human 
diversity (DeClerck et al., 2011).

Overall, the exploitation of agricultural biodiversity has provided enormous 
nutrition and health benefits despite the dramatic population growth of the 
human population during the past 150 years, more recently through agricultural 
intensification. Yet as we will see, this has incurred overexploitation of some 
resources and extensive habitat loss as a result of land cleared for agriculture 
with considerable but largely undocumented loss of species and massive soil 
erosion. Some of these changes have also had negative impacts on dietary 
diversity, nutrition and health of some groups of society (Nakhauka, 2009). We 
are now faced with attempting to assess these impacts, learn lessons and seek a 
sustainable way forward (IAASTD, 2009). New approaches will be explored in 
this overview, including what is termed ‘econutrition’ (see Chapter 1) which 
aims to integrate environmental and human health, focusing especially on the 
many interactions between agriculture, ecology and human nutrition (Blasbalg 
et al., 2011).

Despite the success of the agricultural revolution in providing enough food to 
feed the world, today we are faced with issues of over- and undernutrition – both 
forms of malnutrition: more than a billion people today are chronically underfed 
thus making them more disease-prone while much of the developed world is 
at the same time facing a crisis of obesity caused by overnutrition aggravated by 
an unhealthy lifestyle, leading to diet-related diseases, such as cardiovascular 
disease, hypertension, cancer, diabetes and non-alcoholic fatty-liver disease. 
This tendency is not confined to the developed world but is also spreading to 
countries undergoing rapid societal transition – so-called development-driven 
obesity.2 Worldwide 30 per cent more people are now obese than those who are 
underfed. The causes of these nutritional challenges are many and complex as 
are possible solutions.

It will be argued in this chapter that healthy human nutrition is best achieved 
by an approach to agriculture that is biodiverse, providing a varied food supply, 
and ecologically sustainable but as Blasbalg et al. (2011) noted, while such an 
approach is sound in theory, clear evidence is scarce because of the multiple 
variables that contribute to such an econutrition model. Such a biodiverse 
food-based approach should be seen as an element in an overall strategy that 
also includes continuing improvement of agricultural production, breeding 
cultivars that are more resistant to disease and stress, nutritional enhancement 
of crops, industrial fortification, vitamin supplementation and other nutrition–
agriculture linkages (Chung et al., 2010).

It is time to broaden our approach even further and explore the linkages between 
agriculture, food production, nutrition, ethnobiology and ethnopharmacology 
and the resource base of wild and agricultural biodiversity in the context of 
accelerating global change (Heywood, 2011). At an institutional level, both 
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globally and nationally, these issues are very loosely (or not at all) coordinated. 
Such a strategy for agricultural biodiversity and nutrition is proposed by Frison 
et al. (2011): it requires several different kinds of undertaking, including:

•	 an evidence-based approach to nutrition and health and sustainable 
agriculture by small-scale farmers;

•	 the evaluation and use of local foods and their variety;
•	 traditional cuisines;
•	 culturally sensitive methods;
•	 nutrition education;
•	 research on novel and improved methods of food storage and processing; 
•	 enhanced attention to marketing.

Agricultural biodiversity defined

Agricultural biodiversity is the variety and variability of living organisms (plants, 
animals, microorganisms) that are involved in food and agriculture. Such a 
definition is however too general to be of much practical value and needs to 
be expanded and analysed if agricultural biodiversity is to be quantified. It can 
be considered at three main levels – those of ecological diversity, organismal 
diversity and genetic diversity (Heywood, 1999a), each of which forms a 
hierarchy of elements (Table 2.1). It is not just a subset of biodiversity but 
represents an extension of it so as to embrace units (such as cultivars, pure 
lines, breeds and strains) and habitats (agroecosystems such as farmers’ fields 
and fisheries) that are not normally considered or even accepted by some 
conservation biologists as properly part of biological diversity. It includes all those 
species (including crop wild relatives) and the crop varieties, animal breeds and 
races, and microorganism strains, that are used directly or indirectly for food 
and agriculture, both as human nutrition and as feed (including grazing) for 
domesticated and semi-domesticated animals, and the range of environments 
in which agriculture is practised. It includes not just food as such but diets, 
food intake and nutritional considerations. Also covered are ingredients such 
as flavourings, colourants, preservatives, etc. that are used in food preparation, 
cooking, processing and storage.

Agricultural biodiversity also includes habitats and species outside of farming 
systems that benefit agriculture and enhance ecosystem functions (Heywood, 
2003). In addition to the elements of agricultural biodiversity that are directly 
managed to supply the goods and services used by humans, other elements are 
vital because of their contributions to ecosystem services such as pollination 
(klein et al., 2007), control of greenhouse gas emissions and soil dynamics (Frison 
et al., 2011). Production of at least one third of the world’s food, including 87 
of the 113 leading food crops, depends on pollination carried out by insects, 
bats and birds (IUCN, 2012). As Westerkamp and Gottsberger (2001) note, 
‘Pollinator diversity is mandatory for crop diversity’ and pollination services have 
been estimated to contribute €153 billion worldwide in 2005 (Gallai et al., 2009). 
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Likewise, agricultural biodiversity includes elements that affect crops and food 
production negatively such as pests and diseases, weeds and alien invasive species.

Agricultural biodiversity is by definition the result of the deliberate interaction 
between humans and natural ecosystems and the species that they contain, often 
leading to major modifications or transformations: the resultant agroecosystems 
are the product, therefore, of not just the physical elements of the environment 
and biological resources but vary according to the cultural and management 
systems to which they are subjected. Agricultural biodiversity thus includes a 
series of social, cultural, ethical and spiritual variables that are determined by 
farmers at the local community level. These factors played a key role in the 
process of selection and evolution of new cultivars or of local crops and in the 
ways in which they are grown and managed. It is important to recognize that 
‘the relationship that people have with their environment is complex and locally 
specific. Consequently, environment and development problems may need to 
be dealt with at the local scale so that remedies can be designed in ways that 
are culturally, socio-politically and environmentally suited to each local context’ 
(Thomas, 2011).

Table 2.1 The components of agricultural biodiversity (modified from Heywood 1999a)

Agroecological diversity Organismal diversity Genetic diversity

biomes
agroecological zones
agroecosystems
polycultures

monocultures
rangelands 
mixed systems

pastures
fallows
agroforestry systems

agrosylvicultural
sylvopastoral
agrosylvopastoral 
home gardens

forest 
ecosystems

managed forests
plantation forests
seed forests

fisheries
fresh water systems
marine systems
habitats

fields
plots
crops 

kingdoms 
phyla 
families
genera 
species 
subspecies 
varieties
cultivar groups
cultivars
landraces

gene pools
populations
individuals
genotypes
genes 
nucleotides
breeds
strains
pure lines

Socio-cultural diversity: human interactions with the above at all levels, including dietary and 
culinary diversity, food preparation and storage.
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This chapter will focus on components of agricultural biodiversity that impact 
most directly on nutrition and health and are directly managed to provide us 
with goods and services such as:

•	 the diversity of wild and domesticated plant and animal species used in 
agriculture, including underutilized and wild-gathered species;

•	 the ecosystems in which they grow and are grown;
•	 plant and animal genetic resources, including crop wild relatives (CWR) 

and domesticated animal wild relatives and the landraces, cultivars and 
breeds developed from these wild species.

The simplification of agriculture

A remarkable feature of the agricultural revolution was the relatively small 
number of plant species that were successfully domesticated and of these, the 
even smaller number which were selected over time because of their relative 
ease of cultivation, reliability and their ability to be grown in a range of habitats, 
as well as their nutritional value (Padulosi et al., 2002). On the other hand, 
over the past 12,000 years, farmers have developed a bewildering diversity of 
local varieties or landraces of these staples and of minor crops resulting from 
‘interactions with wild species, adaptations to changing farming conditions, and 
responses to the economic and cultural factors that shape farmers priorities’ 
(Tripp and van der Heide, 1996). Landraces or primitive cultivars are the 
products of breeding or selection carried out by farmers, either deliberately or 
not, over many generations and natural selection. As noted by Harlan (1975), 
they ‘are recognizable morphologically; farmers have names for them, and 
different landraces are understood to differ in adaptation to soil type, time of 
seeding, date of maturity, height, nutritive value, use and other properties’.

The number of animal species that were fully domesticated was even 
smaller and today only some 40-plus livestock species contribute to agriculture 
and food production. Likewise, the number of breeds that were developed in 
these domesticates was very much smaller than in the case of plants – FAO’s 
Global Databank for Animal Genetic Resources for Food and Agriculture 
contains information on a total of  7,616 livestock breeds from 180 countries. 
Furthermore, as The State of the World’s Animal Genetic Resources for Food and 
Agriculture (FAO, 2007) notes, ‘With the exception of the wild boar (Sus scrofa) 
the ancestors and wild relatives of major livestock species are either extinct or 
highly endangered as a result of hunting, changes to their habitats, and in the 
case of the wild red jungle fowl, intensive cross-breeding with the domestic 
counterpart. In these species, domestic livestock are the only depositories of 
the now largely vanished diversity’. It has been estimated that 30 per cent of the 
world’s animal breeds are at risk of extinction.

Agriculture and sedentism gradually led to a significant reduction in our 
dietary diversity (Ogle and Grivetti, 1985; Diamond, 1987) through our 
increased reliance on domesticated species and new and improved crops varieties 
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(cultivars) which increased yields and led to intensification of agriculture. 
Eventually only a tiny number of crop species – the staples – came to dominate 
our nutritional and calorific intake, and globally the number of wild species 
that we depended upon directly was dramatically diminished. As Diamond 
(1987) noted ‘While farmers concentrate on high carbohydrate crops like 
rice and potatoes, the mix of wild plants and animals in the diets of surviving 
hunter-gatherers provides more protein and a better balance of other nutrients’. 
While many would cavil at his suggestions that the adoption of agriculture was 
‘the worst mistake in the history of the human race’, there is some evidence 
that initially it had an adverse effect on human health. For example, in their 
Paleopathology at the Origins of Agriculture, Cohen and Armelagos (1984) reported 
empirical studies of societies shifting their subsistence from foraging to primary 
food production which showed that there was evidence for deteriorating health 
due to an increase in infectious diseases and a rise in nutritional deficiencies that 
could be attributed to reliance on single crops deficient in essential minerals, 
amongst other factors (see also review by Mummert et al., 2011). But on the 
whole, agricultural intensification has been one of the main factors that has 
allowed much of the human population to enjoy unprecedented levels of health 
and reduced mortality.

This process of simplification of agriculture led eventually to today’s model 
of food production in which we rely on only around 100 crop species for about 
90 per cent of national per capita supplies of food from plants. Of these only 20–
30 make up the bulk of human nutrition – the so-called staples (Prescott-Allen 
and Prescott-Allen, 1990), such as wheat, barley, maize, rice, millet, sorghum, 
rye, cassava, yams, potato and sweet potato. Modern intensive agriculture not 
only reduces agricultural biodiversity but, as Frison et al. (2011) point out, is 
predicated on such a reduction.

The gradual substitution of locally adapted landraces or cultivars by more 
advanced high-yielding cultivars that were resistant to disease or other factors 
resulted in the erosion of this pool of diversity and represented a further 
simplification of agriculture. This genetic erosion of our crop species led to the 
development of the plant genetic resource movement by pioneers such as Vavilov, 
Bennett, Frankel, Harlan, Hawkes and others (Bennett 1964, 1965; Frankel and 
Bennett, 1970; Pistorius, 1997) as an attempt to conserve the remaining diversity 
in crops and their wild relatives. The scale of loss of landraces reported has been 
dramatic in some cases although it is not easy to verify due to lack of reliable 
baseline data and consistent standards of recording. In rice (Oryza sativa), for 
example, 40,000 to 50,000 landraces are estimated to exist but many reports have 
been published indicating extensive national or local loss of cultivar diversity in 
the crop. Genetic erosion was reported by about 60 countries in national reports 
for the Second Report on the State of the World’s Plant Genetic Resources for Food and 
Agriculture (FAO, 2010b) although few concrete examples were given. On the 
other hand, a study by Ford-Lloyd et al. (2008) of germplasm and genetic data in 
the IRRI genebank collected throughout South and Southeast Asia from 1962 to 
1995 was unable to detect a significant reduction of available genetic diversity in 
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the study material, contrary to popular opinion. Likewise, despite the massive loss 
of landraces reported for several crops, a review by Jarvis et al. (2008) revealed that 
as measured by richness, evenness and divergence of cultivars, considerable crop 
genetic diversity continues to be maintained on farm, in the form of traditional 
crop varieties for a finite number of crops in a small number of countries. 
Major staples had higher richness in terms of the number of different kinds of 
individuals regardless of their frequencies and evenness (measuring how similar 
the frequencies of the different variants are) than non-staples. And in a study of 
genetic erosion in maize within smallholder agriculture in southern Mexico, van 
Heerwarden et al. (2009) found that despite the dominance of commercial seed, 
the informal seed system of local farmers persisted. True landraces were, however, 
rare and most of the informal seed was derived from modern ‘creolized’ varieties 
– developed as a result of exposing improved varieties to local conditions and 
management and continually selecting seed for replanting and promoting their 
hybridization with landraces (Bellon et al., 2003). They also showed that genetic 
erosion was moderated by the distinct features offered by modern varieties.

While acknowledging the undoubted success of modern agriculture, it 
should be remembered that the great majority of farmers in the developing 
world are traditional or peasant farmers who rely in varying degrees on 
small-scale cultivation of staples and various forms of traditional agriculture, 
including raised fields, terraces, swidden fallows, agroforestry polycultures 
(e.g. home gardens), semi-domesticated species and wild harvesting of fruits, 
fibres, medicinals and so on, and on the natural and semi-natural ecosystems 
that border or are adjacent to the cultivated fields (Altieri, 1999; Altieri and 
koohafkan, 2008).

Globally, small-scale agriculture is the dominant form of food provision 
(IAASTD, 2009). It is estimated that about 60 per cent of the world’s agriculture 
consists of traditional subsistence farming systems in which there is both a high 
diversity of crops and species grown and of ways in which they are grown, such 
as polycropping and intercropping, that leads to the maintenance of variation 
within the crops (FAO, 2010a; Vigouroux et al., 2011). Such traditional 
agricultural landscapes are estimated to provide as much as 20 per cent of the 
world’s food supply. They are rich in agricultural biodiversity, especially in 
polycultures and agroforestry systems, thus contrasting with modern intensive 
industrial agriculture, and are often the product of complex farming systems 
that have developed in response to the unique physical conditions of a given 
location, such as altitude, slopes, soils, climates and latitude, as well as cultural 
and social influences (Phillips and Stolton, 2008). Many of the species grown 
in such systems are local ‘underutilized species’ as discussed below and provide 
nutritional balance to the diet, complementing the staple crops that are grown 
and providing micronutrients and vitamins. Another advantage of growing a 
diversity of crops and maintaining genetic diversity within local production 
systems is that it also favours the conservation of local knowledge (FAO, 2010b).

Home gardens (also known as homestead gardens, yard gardens, kitchen 
gardens, etc.) are a long-established tradition and offer great potential for 
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improving household food security and alleviating micronutrient deficiencies. 
The home garden can be defined as a farming system which combines different 
physical, social and economic functions on the area of land around the family 
home (FAO, 1995, 1996). They occur in most parts of the world but especially 
in tropical and subtropical regions (Eyzaguirre and Watson, 2002; Wezel and 
Bender, 2003; Gebauer, 2005; kabir and Webb, 2008) and it has been estimated 
that nearly 1 billion people in the tropics live from the produce of home 
gardens supported by subsistence agriculture. The essence of such systems is 
the diversity of species they contain – up to 100 or more species per garden – 
and their two- to four-layered structure that allows different ecological niches to 
be exploited by the species planted. Several organizations such as FAO and the 
Centre for Sustainable Development offer training courses or manuals on home 
gardens. Home gardens may also provide animal products such as chickens, eggs 
and livestock, as in the case of the homestead gardens promoted by Bioversity 
International and Helen keller International (see Case Studies 2 and 7 in this 
volume) (Iannotti et al., 2009).

Although numerous reports on the role of home gardens in nutrition are 
found in the literature, there is little reliable evidence of their value. A systematic 
review of agricultural interventions, including many on home gardens, that aim 
to improve the nutritional status of children by improving the incomes and 
the diet of the rural poor, based on a systematic search of the published and 
unpublished literature (Masset et al., 2011), concluded that the interventions 
were as expected successful in promoting consumption of specific foods – in the 
case of home gardens fruit and vegetables – but very little evidence was available 
on their effects on nutritional status. On the other hand, the authors note 
that the absence of any reported statistically significant impact of agricultural 
interventions on nutritional status found in their review, as well as by other 
earlier reviews, ‘should not be attributed to the inefficacy of these interventions. 
Rather it is the lack of power of the studies reviewed that could have prevented 
the identification of such impact, if any’.

The importance of plant diversity for nutrition

Adequate human nutrition involves regular intake of a wide range of 
nutrients, some of which must be consumed on a frequent basis, even if in 
small quantities. As such, dietary diversity (DD), typically measured in the 
form of a count of food groups or food group frequency, has been suggested 
as a proxy indicator for nutrient adequacy.

(Coates et al., 2007)

We have at our disposal some 400,000 species of plants but, as we have seen, 
only a small number of these are the staples on which global nutrition depends. 
This is, however, only part of the picture. The number of cultivated crop species 
(excluding ornamentals) has been estimated at about 7,000 (khoshbakht and 
Hammer, 2008), most of them grown locally and on a small scale. In addition 
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there are many locally used species that are scarcely or only partially domesticated 
and many thousands more are gathered from the wild (Heywood, 1999b).

The nutritional importance of dietary diversity (DD) is now widely 
recognized (WHO/FAO, 2003). Growing a range of local crops supplemented 
by wild-harvested species helps provide such diversity in the diet, especially 
of poor rural families, and complements the nutrition provided by staples 
such as maize, rice and cassava. Balanced nutrition in the human diet depends 
not just on growing a diversity of crops but on the diversity within the crops 
(Mouillé et al., 2010). The micronutrient superiority of some lesser-known 
cultivars and wild varieties over other, more extensively utilized cultivars, has 
been confirmed by recent research. For example, recent analyses have shown 
that beta-carotene content can differ by a factor of 60 between sweet potato 
cultivars and the pro-vitamin A carotenoid of banana cultivars can range 
between 1 μg and 8,500 μg/100 grams (Burlingame et al., 2009; Lutaladio et 
al., 2010), while the protein content of rice varieties can range from 5 to 13 per 
cent (kennedy and Burlingame, 2003). As they observe, ‘Intake of one variety 
rather than another can be the difference between micronutrient deficiency 
and micronutrient adequacy’. Unfortunately, we lack detailed information 
about such diversity within most crops at the cultivar level and the role it plays 
in nutrition because of the general neglect by professionals (Burlingame et al., 
2009) and much of the evidence is anecdotal.

Underutilized or orphan crops

The term ‘underutilized species’ refers to those species whose potential to 
improve people’s livelihoods, as well as food security and sovereignty, is not 
being fully realized because of their limited competitiveness with commodity 
crops in mainstream agriculture. While their potential may not be fully realized 
at national level, they are of significant importance locally, being highly adapted 
to marginal, complex and difficult environments and contributing significantly 
to diversification and resilience of agroecosystems. This means they are also 
of considerable interest for future adaptation of agriculture to climate change 
(Padulosi et al., 2011).

The importance of underutilized species is now receiving more recognition. 
The IAASTD (2009) report, for example, recognizes that investments in 
agricultural knowledge, science and technology ‘can increase the sustainable 
productivity of major subsistence foods including orphan and underutilized 
crops, which are often grown or consumed by poor people’. Likewise, the 
Ministerial Declaration ‘Action Plan on Food Price Volatility and Agriculture’, 
issued by the G20 Agriculture Ministers from their meeting in Paris on 22–23 
June 2011 recognized the importance of making the best use of all available plant 
genetic resources for food and agriculture, including research on underutilized 
crops. Underutilized species also received qualified endorsement in the 
Commission on Sustainable Agriculture and Climate Change’s report Achieving 
food security in the face of climate change (Beddington et al., 2012).
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Wild-gathered plant species

Despite the simplification of agriculture, wild species still represent a major 
resource today and form an important part of the diet of societies in both the 
developed and developing worlds, providing not only variety but also essential 
vitamins and micronutrients in the form of bushmeat, fruits, vegetables, herbs 
and spices, beverages and intoxicants, not to mention their use as fibres, fuel, 
ornament and medicines (Bharucha and Pretty, 2010; Heywood, 1999b, 2008, 
2011; Turner et al., 2011). These range from locally consumed species such 
as leaf greens and wild fruits to economically important non-timber forest 
products obtained by extractivism, such as palm hearts, Brazil nuts and rubber 
and the trade – most of it uncontrolled and much of it illegal – in ornamentals 
including cycads, orchids, cacti and succulents and bulbs. The use of wild plants 
in most societies forms part of indigenous knowledge systems and practices that 
have been developed over many generations and which play an important part 
in decision-making in local agriculture, food production, human and animal 
health and management of natural resources (Slikkerveer, 1994). Growing 
vegetables in home gardens and other plots is often supplemented in traditional 
rural and farming communities by wild harvesting of local greens, fruits, nuts 
and fungi. The term ‘wild food’, therefore, is used to describe all plant resources 
that are harvested or collected for human consumption outside agricultural 
areas in forests, savannah and other bush-land areas.

The consumption of traditional leafy vegetables (‘wild or leafy greens’) as 
an important source of micronutrients is attracting a great deal of attention, 
notably in the tropics (Etkin, 1994; Chweya and Eyzaguirre, 1999; Price and 
Ogle, 2008; Afolayan and Jimoh, 2009; Grivetti and Ogle, 2000; Pretty, 2007b; 
Heywood, 1999b; Flyman and Afolayan, 2006; Uusiku et al., 2010). Often they 
provide rural poor with most of their daily requirements of essential vitamins 
and minerals, particularly folate, and vitamins A, B complex, E and C (Guarino, 
1997; FAO, 2010a) and in many cases they also have medicinal properties 
and form part of local health care systems (Etkin, 2006). They are especially 
important in small children’s diets to ensure normal growth and intellectual 
development (FAO, 2010a).

In the Mediterranean region, the habit of consuming wild food plants is still 
prevalent, especially for rural people, although it is ‘ageing’, with fewer traditional 
vegetables consumed than in previous decades. A circum-Mediterranean 
ethnobotanical field survey for wild food plants as part of the EU-supported 
RUBIA project (Hadjichambis et al., 2008) documented 294 wild food taxa. 
In particular, traditional leafy vegetables (‘wild or leafy greens’) are widely 
consumed in several Mediterranean countries such as France, Greece, Italy, 
Spain and Turkey (Pieroni et al., 2005; Heywood, 2009). They are especially 
important in Greece (where they are known as xorta), especially Crete (where 
over 92 wild greens have been catalogued (Stavridakis, 2006) and several studies 
published) and other islands such as Cyprus, Sicily and Sardinia. In recent 
years, work on economically valuable wild plant species in the Mediterranean 
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region has increasingly focused on the nutritional and health aspects of wild 
foods (Heinrich et al., 2006a,b). A recent ethnobotanical study showed that as 
many as 2,300 different plant and fungal taxa are gathered and consumed in the 
Mediterranean region (Rivera et al., 2006) where they play an important role 
in human nutrition and can supply most of the necessary daily requirements 
for vitamins A, B complex and C and provide minerals and trace elements. 
They may sometimes even be better nutritionally than introduced cultivated 
vegetables. The so-called Mediterranean diet (keys and keys, 1959) or more 
properly diets that are rich in fruit, vegetables, legumes and olive oil, as well as 
fish and poultry, but low in meat and animal fats (Heinrich et al., 2006a) often 
include a range of local wild-gathered plants such as ‘wild greens’.

Forests can play an important part in human nutrition, particularly in 
developing countries (Hladik et al., 1993) and according to the Collaborative 
Partnership on Forests (CPF), the potential of forests and trees to improve 
food and nutritional security needs more attention from policymakers and 
development agencies (FAO, 2011c). It is estimated that at least 410 million 
people derive much of their food and livelihoods from forests while some 
1.6 billion people get some portion of their food and livelihood from forests 
around the world (ETC Group, 2009). Non-Wood Forest Products (NWFP) 
include many types of food such as fruits, nuts, leafy vegetables and oils that 
are widely recognized as contributing to the livelihood of millions of people in 
many parts of the world, especially in the tropics and subtropics, and contribute 
to dietary diversity. A six-year global study by CIFOR (2011) has documented 
for the first time on a broad scale the role that forests play in poverty alleviation 
and the significant contribution they make to the livelihoods of millions of 
people in developing countries. The Poverty and Environment Network 
(PEN) study consists of data from more than 8,000 households from 40+ 
sites in 25 developing countries. It makes a strong argument for the sustainable 
management of natural ecosystems to provide health and nutritional benefits.

Domestication programmes are being developed to bring many wild species, 
both trees and herbs, into cultivation and integrate them into agroforestry 
systems (Leakey, 1997, 2011; Leakey and Tchoundjeu, 2001). Examples of such 
species are Adansonia digitata, Barringtonia procera, Canarium indicum, Gnetum 
africanum, Irvingia gabonensis, Sclerocarya birrea and Vitellaria paradoxa. As well as 
providing ‘marketable timber and non-timber forest products that will enhance 
rural livelihoods by generating cash for resource-poor rural and peri-urban 
households’ and restoring productivity through soil fertility improvement, 
these species can provide health and nutritional benefits.

Crop wild relatives

While crop wild relatives (CWR) may not play a significant direct role in human 
nutrition – although there are notable exceptions such as wild yams in Madagascar 
– they are an essential source of genetic material for the development of new 
and better adapted crops (Maxted et al., 2011). For example, a recent study using 
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microsatellite markers showed that a wild rice in Vietnam has much greater 
genetic variation than cultivated rice, with a single wild population showing 
greater genetic variation than that found in 222 local Vietnamese varieties (Ishii 
et al., 2011). Moreover, it is now widely recognized that the wild relatives of 
crops will play a key role in future food security in the face of global change 
(Guarino, 2010; Maxted et al., 2010; Hunter and Heywood, 2011).

The importance of animal diversity for nutrition

Although much of the focus in this chapter is on plants, animal diversity also 
plays an important role in human nutrition and dietary diversity, mainly in 
terms of dairy products, eggs, meat and offal, fish and seafood (see Chapter 3) 
(Ruel, 2003). Animal products are excellent sources of high quality protein and 
fat and are an important source of vitamins and minerals such as zinc, iron and 
selenium as well as calcium and phosphorus. According to a recent FAO report 
on livestock in food security (FAO, 2011d), ‘Livestock contribute around 12.9% 
of global calories and 27.9% of protein directly through provision of meat, milk, 
eggs and offal…’.

Although for many people in developing countries, animal food products 
are not a significant part of their diet, and dietary restrictions prohibit the 
consumption of certain animal foods, globally they are becoming increasingly 
important and this trend is expected to continue (von kaufmann, 2000). In 
China, which is undergoing rapid nutritional transition, consumption of meat 
(mainly pork) has increased dramatically over the past 35 years and the country 
now eats more than a quarter of all the meat produced worldwide. High meat 
intake has been one of several factors, such as increasing consumption of fast 
food with a high sodium content and sugar-sweetened beverages and lack of 
physical exercise, that have been associated with an increase in obesity in the 
Chinese population (Cheng, 2004; ko et al., 2010).

According to FAO (2010c), as demand for animal source foods increases, 
global production of meat is projected to more than double between 1990 and 
2050. The Rome-based food agency warns, however, that current industrial 
livestock production practices may not be sustainable and notes that livestock is 
currently the single largest user of land in the world, accounting for 70 per cent 
of all agricultural land and 30 per cent of total land surface.

Wild meat/bushmeat and other wildlife

Although ‘bushmeat’ is the African term for the meat of wild animals it is now 
applied to animals that are hunted for subsistence or commercial purposes 
especially in the tropics of the Americas, Asia and Africa. It is also known as 
wild meat (as recommended by IUCN) or game. It may be defined as ‘any non-
domesticated terrestrial mammals, birds, reptiles and amphibians harvested 
for food’ (Nasi et al., 2008) or more widely to include any type of terrestrial 
wild animal, including reptiles (tortoises, lizards, snakes), birds, mammals, 
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some amphibious or semi-aquatic freshwater animals, such as frogs, turtles and 
crocodilians and marine mammals such as seals, walruses, whales, dolphins, 
porpoises and manatees (Roth and Merz, 1996).

The nutritional importance of wild meat, like domesticated livestock, is that 
it provides protein and fat as well as vitamins in the diet (Box 2.1). Detailed 
reviews of the importance and role of wildlife in nutrition are given by Hladik 
et al. (1989, 1996) and Froment et al. (1996). However it must be noted that 
excessive hunting of some wild animal populations is leading to a bushmeat 
crisis that is threatening the livelihoods of some forest communities (Nasi et 
al., 2008).

Fish and crustaceans

Fish and fish products and shellfish provide a major source of nutrition for 
coastal, lacustrine and riverine communities, especially in developing countries, 
and play an important role in the diets, livelihoods, and income of many poor 
population groups who suffer from vitamin and mineral deficiencies (see 
Chapter 4 and Case Study 4) (Roos et al., 2007). According to FAO about 2,000 
fish, crustacean, mollusc, echinoderm and aquatic plant species or species groups 
are caught annually. But since about 10 million tonnes of unnamed marine fish 
alone are landed annually, the total number of species harvested is likely to be 

Box 2.1 Nutritional importance of wild meat

‘Bushmeat represents an important protein source in the tropics while 
gathered plant foods are important dietary supplements to the starchy 
staple diet. In at least 62 countries world-wide, wildlife and fish constitute 
a minimum of 20% of the animal protein in rural diets. Wildlife provides 
significant calories to rural communities, as well as essential protein and 
fats. … Even where there has been a change from a hunter-gatherer lifestyle 
to pastoralism or agriculture, hunting and gathering remain important to a 
high proportion of rural households in tropical forests. Hunting provides 
between 30 to 80% of the overall protein intake of rural households in 
Central Africa (koppert et al.,1996) and nearly 100% of animal proteins. 
What is known of the nutritional composition of bushmeat species 
suggests that these provide an equivalent or even greater quality of food 
than domestic meats with less fat and more protein. The average protein 
value of wild meat is estimated at around 30 g of protein per 100 g of meat 
(Ntiamoa-Baidu, 1997). These proteins cannot be substituted by available 
protein of vegetal origin, such as cassava or gnetum leaves, as they are 
poorer in amino acids (Pagezy, 1996). They could be replaced by other 
vegetal sources, dairy products, and/or meat from domesticated animals’.

Source: Nasi et al., 2008
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more than 5,000 (Williams, 2011). Today almost half of all fish eaten come from 
farmed sources, not wild capture.

In 2007, fish accounted for 15.7 per cent of the global population’s intake of 
animal protein and 6 per cent of all protein consumed (FAO, 2010d). Globally, 
fish consumption per capita increased by 43 per cent from 11 kg in 1970 to 16 kg 
in 2000. Fish played an important role in doubling animal protein consumption 
per capita in developing countries in the same period – from 6.3 kg in 1970 
to 13.8 kg in 2000, driven, especially in Asia, by urbanization, income and 
population growth, while in the developed world fish consumption increased 
by less than one half between 1970 and 2000 (Ahmed, 2004).

In West Africa fish accounts for 30 per cent of animal protein intake (Neiland, 
2006), limited only by its availability, and in Bangladesh the rural population 
depends on a diet of fish and rice supplemented by small amounts of vegetables 
to such an extent that as Roos et al. (2007) note, the old proverb ‘mache bhate 
bangali’ (fish and rice make a Bengali) is still true today. They also report that 
while carp polyculture production has been highly successful, small indigenous 
fish species that are caught, sold, and consumed by the rural population and 
which contain high levels of protein, vitamins, iron, calcium, zinc and other 
minerals tend to be ignored and are not captured in official statistics so that 
the benefits derived from such local fish are poorly documented and their 
importance can be underestimated.

An interesting example of where a plant-based agroecosystem also provides 
substantial amounts of animal biodiversity that is used in local nutrition is rice 
paddies. Perfecto et al. (2009) note that the biodiversity in rice fields may be 
divided into aquatic invertebrates, terrestrial invertebrates, vertebrates and 
plants with some rice-based systems containing more than 100 species that are 
used by local communities.

Changing the paradigm

The present paradigm of intensive crop production cannot meet the 
challenges of the new millennium. 

(Diouf, 2011)

What we desperately need is another revolution, one that deals with 
agricultural productivity for the smallholders … We need to answer these 
questions: Are we growing the right foods? Are we growing them in the 
most efficient way with respect to inputs, water and land? Are we growing 
them in the most suitable way? And what foods are consumers actually 
eating in terms of quality and quantity, nutrition and food safety? 

(Andersen, 2011)

Agricultural intensification continues to pose a serious threat to biodiversity in 
many parts of the world. For example, a recent study of the impact of crop 
management and agricultural land use on the threat status of plants adapted to 
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arable habitats in 29 European countries showed a positive relationship between 
national wheat yields and the numbers of rare, threatened or recently extinct 
arable plant species in each country (Storkey et al., 2012). This current paradigm 
of intensive high input, high output intensification of agriculture is now being 
questioned because of (1) growing concerns about its present impacts on 
biodiversity; (2) the predicted impacts of global change on agriculture and wild 
biodiversity; (3) serious issues over energy and water security; and (4) changes 
in dietary patterns.

Proposals for new paradigms are emerging (Lang, 2009; Thompson and 
Scoones, 2009; Brussaard et al., 2010; Pretty, 2002, 2007a; Pretty et al., 2010; Clay, 
2011; Collette et al., 2011; Brown, 2011). As Frison et al. (2011) point out, ‘Almost 
all of the approaches used to date in agricultural intensification strategies, for 
example the substitution and supplementation of ecosystem function by human 
labour and petrochemical products, contain the seeds of their own destruction in 
the form of increased release of greenhouse gases, depletion of water supplies and 
degraded soils. We need to build production systems that deliver intensification 
without simplification.’ Sustainable intensification of agricultural production – 
‘producing more output from the same area of land while reducing the negative 
environmental impacts and at the same time increasing contributions to natural 
capital and the flow of environment’ (Pretty, 2011; Pretty et al., 2011) – is now 
widely advocated (Royal Society, 2009; Godfray et al., 2010a, b).

Recent volatility in food prices together with extreme weather events and the 
projected impacts of climate change have intensified the search for alternative 
ways of addressing the problem of achieving food security through employing 
more sustainable and intelligent management of production and consumption 
as outlined in the UNEP rapid response assessment The Environmental Food 
Crisis (Nellemann et al., 2009). As Achim Steiner writes in the preface to the 
report, ‘Simply cranking up the fertilizer and pesticide-led production methods 
of the 20th century is unlikely to address the challenge’.

Pretty et al. (2010) consider that ‘The goal for the agricultural sector is no 
longer simply to maximize productivity, but to optimize across a far more 
complex landscape of production, rural development, environmental, social 
justice and food consumption outcomes’. For example, FAO has published a 
policymaker’s guide to what is termed ‘sustainable intensification of smallholder 
crop production’ (Collette et al., 2011) in which more is produced from the 
same area of land while conserving resources, reducing negative impacts on the 
environment and enhancing natural capital and the flow of ecosystem services 
(see also Pretty et al., 2011). This approach involves:

•	 building crop production intensification on farming systems that offer 
a range of productivity, socio-economic and environmental benefits to 
producers and to society at large;

•	 using a genetically diverse portfolio of improved crop varieties that are 
suited to a range of agroecosystems and farming practices, and resilient to 
climate change;
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•	 rediscovering the importance of healthy soil, drawing on natural sources of 
plant nutrition, and using mineral fertilizer wisely;

•	 smarter, precision technologies for irrigation and farming practices that use 
ecosystem approaches to conserve water;

•	 achieving plant protection by integrated pest management and avoiding 
overuse of pesticides;

•	 bringing about fundamental changes in agricultural development policies 
and institutions so as to encourage smallholders to adopt sustainable crop 
production intensification.

The need to maintain and manage ecosystems sustainably so that they 
continue to provide us with goods and services is critical: as Munang et al. 
(2011) observe, ‘Healthy ecosystems provide a diverse range of food sources 
and support entire agricultural systems’. Although not new, there are increasing 
calls today for a more ecological approach to agriculture – sometimes called 
ecological agriculture (kiley-Worthington, 1981), eco-agriculture (McNeely 
and Scherr, 2003; Buck et al., 2004; Scherr and McNeely, 2007; Buck and Scherr, 
2011),3 or regenerative agriculture (LaSalle, 2008) – and also to human nutrition 
(DeClerck et al., 2011). Such approaches look beyond a focus on production 
to sustainability, biodiversity protection and the complex dynamics of the 
agroecosystem in terms of plants, animals, insects, water and soil. A diversity of 
crops (and where appropriate livestock) is also a characteristic as is a focus on the 
role of indigenous communities.

So far, calls to promote a more food-based approach to nutrition and health 
(Levin et al., 2003) have met with resistance from policymakers and governments 
and as discussed below, the role of species diversity in nutrition and alleviation of 
poverty has been largely disregarded by mainstream agricultural policy although 
it is now a subject of considerable discussion.

Assessing the role of biodiversity in alleviating hunger 
and malnutrition

…a wider deployment of agricultural biodiversity is an essential component 
in the sustainable delivery of a more secure food supply. 

(Frison et al., 2011)

Although the link between biodiversity and alleviating poverty, including food 
poverty and malnutrition, has been pointed out by many authors in recent years 
(e.g. Etkin, 1994; Batello et al., 2004; World Bank, 2007; Chivian and Bernstein, 
2008; IAASTD, 2009; kuhnlein et al., 2009; Lutaladio et al., 2010; Frison et al., 
2011; DeClerck et al., 2011) and has been eloquently argued by distinguished 
figures such as M.S. Swaminathan, the Father of the Green Revolution in India 
and World Food Prize winner (Swaminathan, 2011), it is much more difficult to 
convince governments and policymakers and provide clear scientific evidence 
of a direct link between protecting the natural environment and promoting the 
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interests of poor communities and more specifically between biodiversity and 
poverty (Roe et al., 2010).

An international symposium on ‘Linking biodiversity conservation and 
poverty reduction: what, why and how?’, organized by IIED, UNEP-WCMC 
and the African Wildlife Foundation, held at the zoological Society of London, 
on 28–29 Apr 2010, debated these issues and several speakers questioned the 
robustness of the scientific evidence for the linkages between biodiversity and 
poverty (Roe et al., 2010). Some commentators take a more extreme position 
such as ‘Biodiversity doesn’t feed people, but GM crops do’ which has evoked 
many responses to the effect that socially it is well documented that biodiversity 
and poverty are closely related.

It is clear from such exchanges that there is a need to recognize the importance 
of providing or actually generating good solid evidence on which policy can be 
based. As a recent editorial in Science and Development Network (Dickson and 
Lewis, 2010) notes, ‘without solid evidence that biodiversity conservation 
can alleviate poverty, politicians simply won’t buy into the idea of protecting 
biodiversity, or will take action that however well meaning, ends up unfocused 
and ineffective’.

One of the commonest criticisms of advocating a greater use of local 
agricultural biodiversity in the form of traditional crops, underutilized species 
and wild-harvested species to address under- or malnutrition is precisely that it 
is local and it is assumed therefore will have little impact on the global picture. 
Yet, at least 20 per cent of the world food supply comes from traditional multiple 
cropping systems, most of them small farm units often of 2 ha or less (Altieri, 
2009).4 There is ample evidence on the ground that local biodiversity and 
ecosystem services play an essential role in the lives of communities throughout 
the developing world, by providing a social safety net for food, medicine, fibre, 
fuel wood etc. that can act as route out of poverty and a source of income 
generation, prevent people falling further into poverty or in extreme cases as an 
emergency lifeline through the provision of ‘famine food’ (Roe et al., 2010). It 
can also play a major part in addressing some issues of malnutrition (see below).

The main reasons for the lack of attention given to underutilized or wild-
gathered species include:

•	 a lack of information and reliable methods for measuring their contribution 
to farm households and the rural economy;

•	 low productivity compared with staples;
•	 the lack of guaranteed markets, except for a small number of products;
•	 the irregularity of supply of wild plant products;
•	 the lack of quality standards;
•	 lack of standardization of the product;
•	 the lack of storage and processing technology for many of the products;
•	 the availability of substitutes;
•	 the bias in favour of large-scale agriculture

(Heywood, 2006, 2008; Padulosi et al., 2008)
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But perhaps the main problem is their low profile with the general public 
caused by lack of knowledge about what they are and what are their characteristics 
and value. Solid scientific evidence on the nutritional benefits of indigenous 
foods is often lacking and much further work is needed to provide a sounder 
basis for their possible development.

Knowledge gaps

In the case of both underutilized crops and wild-harvested species, much of 
the evidence on the nutritional or health benefits of particular species is partial 
or anecdotal and there is a need for critical scientific assessments. A systematic 
review of the literature on the contributions of edible plant and animal diversity 
to human diets concluded that local food biodiversity makes an important 
contribution to nutritious diets, although strong evidence is lacking, and the 
findings were limited to communities living in areas with high biodiversity 
(Penafiel et al., 2011). They comment that ‘Only future multidisciplinary 
research, incorporating appropriate biodiversity and nutritional assessment 
methodologies, would lead to a better understanding of the dietary contributions 
of local food biodiversity and diets’. Also, as Flyman and Afolayan (2006) 
comment, ‘the chemical, nutritional and toxicological properties of … local 
wild vegetables, the bioavailability of micronutrients present in these, and 
their modification by various processing techniques still need to be properly 
established and documented before their use as an alternative dietary source can 
be advocated’. This poses a major challenge not just for the proponents of these 
species but also for ethnopharmacologists and ethnobiologists (Heywood, 2011). 
A recent report (CIFOR, 2011) notes that ‘Many existing tools for assessing 
poverty and income – such as poverty reduction strategy plans, poverty surveys, 
the World Bank’s Living Standard Measurement Survey and national income 
accounting systems – fall short of capturing the importance of the income from 
natural resources, so that its true value in the livelihoods of the world’s rural 
poor remains largely invisible’.

For most wild-collected species, whether for food, medicine or fuel, we have 
little knowledge of the amount of material that is harvested from the wild or 
of the effect that such gathering has on the health and survival of populations 
of these wild plants. Only a few countries have made detailed inventories of 
these species and the literature is scattered in numerous papers and reports 
and is often of only local importance. Few syntheses have been published such 
as The Hidden Harvest (Scoones et al., 1992), which is a literature review and 
annotated bibliography of wild foods and agricultural systems but now rather 
dated. A review of the roles and values of wild foods in agricultural systems by 
Bharucha and Pretty (2010) includes some information on the diversity of wild 
species used. In 22 countries in Asia and Africa, the mean use of wild foods by 
agricultural and forager communities is ‘90–100 species per location’ while the 
figures for individual countries such as India, Ethiopia and kenya can be as 
much as 300–800 species.
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Agricultural biodiversity, nutrition and global change

Agricultural biodiversity will also be absolutely essential to cope with the 
predicted impacts of climate change, not simply as a source of traits but as 
the underpinnings of more resilient farm ecosystems. 

(Frison et al., 2011)

The future impacts of the various components of global change – demographic, 
climatic, land use – on agricultural biodiversity and nutrition will be enormously 
complex and correspondingly difficult to decipher and predict. What is certain 
is that inexorable demographic growth during the remainder of this century 
will require a vast increase in agricultural production and productivity to feed 
the extra billions. Not only that but it will have to attempt to do so in ways 
that are sustainable and that address increasing environmental concerns at the 
multiple impacts of agriculture on our environment and on biodiversity (Foley 
et al., 2005, 2011) and do not exacerbate already rising world food prices, while 
also addressing the problems of hunger and malnutrition, satisfying rapidly 
escalating bioenergy use and tackling the problems of restoring degraded lands 
and soils. The question has been raised as to whether all these factors will 
converge, leading to what some authors have called ‘a perfect storm’ (Buchanan 
et al., 2010; Hertel, 2011) for global agriculture or whether practical solutions 
can be devised and implemented successfully (Foley et al., 2011).

The growing human population will inevitably lead to further overexploitation 
of resources and increase the pressure to convert further land for agriculture. 
What is much less clear is how the shifts in the climatic components of global 
change such as temperature, rainfall and greenhouse gases (carbon dioxide, 
methane, ozone and nitrous oxide) will interact with agricultural production. 
Global warming is predicted to pose significant threats to agricultural production 
and trade (UNCTAD, 2010) and to the ability of ecosystems and agroecosystems 
and their component species to adapt to these changes. The impacts of climate 
change will vary from region to region.

A report by the International Food Policy Research Institute on the impact of 
climate change on agriculture and the costs of adaptation (Nelson et al., 2009) 
draws stark conclusions: ‘Crop yields will decline, production will be affected, 
crop and meat prices will increase, and consumption of cereals will fall, leading 
to reduced calorie intake and increased child malnutrition’. The report notes 
that:

•	 higher temperatures eventually reduce yields of desirable crops while 
encouraging weed and pest proliferation;

•	 changes in precipitation patterns increase the likelihood of short-run crop 
failures and long-run production declines;

•	 although there will be gains in some crops in some regions of the world, the 
overall impacts of climate change on agriculture are expected to be negative, 
threatening global food security.
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As regards human nutrition, the report also suggests that:

•	 calorie availability in 2050 will not only be lower than in the no-climate-
change scenario – it will actually decline relative to 2000 levels throughout 
the developing world;

•	 by 2050, the decline in calorie availability will increase child malnutrition 
by 20 per cent relative to a world with no climate change. Climate change 
will eliminate much of the improvement in child malnourishment levels 
that would occur with no climate change.

Modelling studies have shown that many wild species, including crop wild 
relatives, will be unable to track climate change and migrate successfully. The 
expected degradation of ecosystems is also likely to increase the vulnerability of 
populations to the consequences of natural disasters and climate change impacts 
(Munang et al., 2011).

Food and nutrition insecurity and climate change, the two major global 
challenges facing humanity, are inextricably linked. For this reason, the 
Committee on World Food Security (CFS) has requested its High Level Panel 
of Experts on Food Security and Nutrition (HLPE) to conduct a study on 
climate change to ‘review existing assessments and initiatives on the effects 
of climate change on food security and nutrition, with a focus on the most 
affected and vulnerable regions and populations and the interface between 
climate change and agricultural productivity, including the challenges and 
opportunities of adaptation and mitigation policies and actions for food 
security and nutrition’.

Given that an estimated 70 per cent of the world population (nearly 4.7 
billion people) is fed with food produced locally, mostly by small-scale farming, 
fishing or herding (ETC Group, 2009), it is important to look at the impacts of 
climate change on traditional farming communities. As Clements et al. (2011) 
note, ‘Strengthening the livelihoods of rural populations is intrinsically linked 
to poverty reduction efforts and is a key area to focus climate change adaptation 
strategies in the agriculture sector.’

The role of agricultural biodiversity and its interaction with human nutrition 
in facing up to the challenges of global change will be vital. Some of the key 
factors are:

•	 Increased diversification of crops and livestock will not only enhance 
nutritional possibilities but will allow farmers to have a greater number 
of options to face the uncertain weather conditions associated with the 
increased climate variability (Lotze-Campen, 2011).

•	 Underdeveloped species are another source of potentially valuable food 
resources that can be developed for use in a wider range of farming systems 
and as a source of biofuels.

•	 The major crops contain many thousands of cultivars with wide variation in 
their capacity to adapt to a range of climatic conditions.
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•	 Breeders and agronomists will have to make considerable efforts to identify 
and develop cultivars that will help provide the productivity increases 
needed for food production.

•	 In addition, the changing climates will require a massive effort in breeding 
cultivars that show better adaptation to the new eco-climatic conditions 
(including drought) that are predicted and crop wild relatives will be an 
important source of the genetic variation needed (see discussion in Hunter 
and Heywood, 2011, chapter 14).

•	 Extension workers will have to assist farmers to evaluate these new cultivars 
and facilitate their supply and cultivation.

•	 Major efforts will be needed to assess the adaptive capacity of local crops 
and wild species that play a significant role in human nutrition to changing 
climates.

•	 The support of international and regional aid and development agencies 
and national governments will be needed to support the efforts of local 
communities in developing adaptation strategies that help them strengthen 
their capacity to improve their agronomic and land-management skills, 
and to diversify their livelihoods through maintaining diversified cropping 
systems and increasing the productivity of local crops.

•	 A considerable investment in both ex situ and in situ conservation of crop 
wild relatives will be needed.

Conclusions

This chapter has shown the manifold ways in which agricultural biodiversity 
contributes to food, nutrition and health. While recognizing the enormous 
human benefits that agricultural intensification has provided, it highlights how 
traditional food systems that are characterized by rich agricultural biodiversity 
play an important role in the nutrition of hundreds of millions of people 
across the world and continue to provide options and resilience for building 
sustainable livelihoods (Johns and Sthapit, 2004). Local communities seldom 
depend on local crops and wild biodiversity alone except in extreme famine 
conditions but depend on a mix of one or more staples, local crops and semi-
domesticates and a range of wild species of plants, and animals that add variety 
to the diet as well as providing micronutrients. Local biodiversity should be 
recognized as a significant contribution to a sustainable agriculture–food–
nutrition strategy alongside improvements in agricultural productivity and 
agronomic practice, nutritional enhancement of crops, industrial fortification, 
vitamin supplementation and other nutrition–agriculture interventions.

There is abundant evidence that edible plant and animal diversity contributes 
substantially to human diets in terms of energy intake and also helps alleviate 
problems of malnutrition in developing countries through the supply of vitamins 
and micronutrients. There is also ample evidence that increased production of 
fruit, vegetables, eggs, poultry and other animal foods in traditional agricultural 
systems and in particular home/homestead gardens not only raises access to 
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energy, protein and fat but also greatly improves the quality and micronutrient 
content of diets.

However, there is still a lack of knowledge about the species that are involved. 
Much of the evidence on their nutritional or health benefits of particular species 
is partial or anecdotal and there is a need for more critical and well-designed 
scientific reviews and analyses. Much more attention needs to be given to 
investigating the composition and nutrient contributions of local foods and the 
plant and animal resources that have in the past provided many of the nutrients 
and micronutrients in traditional diets and that are now increasingly deficient 
in today’s diets. Likewise much more work is needed to assess the nutritional 
diversity of crop cultivars.

Assessments are also urgently needed of the impacts and effectiveness 
of biofortification, industrial fortification and vitamin supplementation on 
the lives of the local communities to which they have been applied and also 
of the contribution that local foods such a leafy green vegetables make so as 
to help situate such approaches within the larger context of sustainable food-
based approaches. An integrated approach, involving the biological, social and 
environmental dimensions, is needed to address the issues of micronutrition 
deficiency and the underlying causes, and the role of agricultural biodiversity 
and community participatory approaches that identify local food resources with 
nutritional, agronomic and economic advantages to small-scale farmers (Johns 
and Eyzaguirre, 2007).

Agricultural biodiversity will be an important resource in assuring the 
availability of adequate nutrition in response to the challenges of global change, 
such as massive population growth and adapting to changing climatic conditions 
(temperature, nubosity, rainfall). The genetic diversity present in wild species, 
especially crop wild relatives, and in the cultivars of both staple and local or 
underutilized crops will be invaluable in developing new adapted cultivars for 
the future. As Guarino and Lobell (2011) put it succinctly ‘Feeding a growing 
population in a hotter world will require exploiting a far broader range of crop 
diversity than now – and that means valuing wild genes’.

Notes
 1 Both the transition to agriculture and the domestication process were in fact highly 

complex (Gepts, 2004; Price and Bar-Yosef, 2011).
 2 Lustig et al. (2012) point out that obesity is not the cause of the metabolic syndrome 

but rather a marker for metabolic dysfunction.
 3 See also the website of Ecoagriculture Partners: http://www.ecoagriculture.org/, 

accessed August 2012.
 4 The ETC Group (2009) estimate that at least 70% of the world’s population is fed 

by local people: 12.5% from hunting/gathering; 7.5% share urban food produced by 
city-dwellers; 50% share world’s cultivated food produced by local farmers.
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3 The role of livestock 
and livestock diversity in 
sustainable diets

Irene Hoffmann and Roswitha Baumung

Introduction

Sustainability is a complex and sometimes contested concept. While the overall 
concept is widely accepted and used, a clear definition is still problematic as 
different stakeholders – and stakeholders at different levels – have different 
interpretations. The Johannesburg Declaration on Sustainable Development 
states that there are three fundamental ‘pillars’ to sustainable development: 
environmental protection, economic growth and social equity, both in an inter- 
and intra-generational equity perspective. However, the ‘three-pillars’ model 
is imperfect because it is based on the assumption that trade-offs can be made 
between the environmental, social and economic dimensions of sustainability.

Growing demands for ecosystem services, particularly for food, water, 
timber, fibre and fuel, were the direct or indirect drivers of ecosystem changes. 
The Millennium Ecosystem Assessment (MEA, 2005a,b) estimated that human 
activities have resulted in approximately 60 per cent of the ecosystem services 
examined being degraded or used unsustainably. UNEP (2010) states that 
‘Agriculture and food consumption are identified as one of the most important 
drivers of environmental pressures, especially habitat change, climate change, 
water use and toxic emissions’. They further confirm FAO’s (2006a) assessment 
of the livestock sector’s environmental impact, due to the high trophic level of 
livestock in the food web and the related high land use.

Although the increased utilization of the provisioning services contributed 
substantially to net gains in human well-being and economic development, the 
global community seems now to have reached a point where the loss of some 
of the supporting, regulating and cultural ecosystem services appears to exceed 
‘planetary boundaries’ and increase the vulnerability of resource supply systems 
(Rockström et al., 2009; Mckinsey Global Institute, 2011). Food systems, from 
production over-processing to consumption, are an obvious area of vulnerability.

Several recent studies identified food production and consumption patterns 
as key factor for achieving sustainability (UNEP, 2010; Foresight, 2011; Grethe 
et al., 2011; Mckinsey Global Institute, 2011; UNEP, 2011; Westhoek et al., 
2011). Heller and keoleian (2003) stated that ‘A sustainable food system must 
be founded on a sustainable diet’. In 2010, FAO experts agreed on a general 
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concept for sustainable diets being ‘those diets with low environmental 
impacts which contribute to food and nutrition security and to healthy life for 
present and future generations. Sustainable diets are protective and respectful 
of biodiversity and ecosystems, culturally acceptable, accessible, economically 
fair and affordable; nutritionally adequate, safe and healthy; while optimizing 
natural and human resources.’ With this definition, biodiversity is linked with 
human diets and with the diversity of livestock and livestock systems. However, 
trade-offs between the different pillars of sustainability, and temporal and spatial 
dimensions, are not addressed (Hoffmann, 2011b).

FAO (2011a) has started to develop a method for sustainability assessments of 
food and agriculture systems. Main criteria are environmental integrity (energy, 
climate, air, water, soil, material cycles, waste and biodiversity), economic 
resilience (strategic management, operating profit, vulnerability, local economy 
and decent livelihood), social well-being (human rights, equity, occupational 
health and safety, capacity building, food and nutrition security, product quality) 
and good governance (participation, accountability, rule of law, fairness and 
evaluation). This chapter addresses mainly environmental aspects of sustainable 
diets but touches also briefly on social and economic aspects. It describes the 
links between human diets, expected changes in lifestyle, livestock sector trends 
and their combined impact on animal genetic resources. Specifically, the focus 
is on the genetic resources of domesticated avian and mammalian species that 
contribute to food production and agriculture.

Products and services provided by livestock

Livestock are used by humans to provide a wide range of products and services. 
Foods derived from animals are an important source of nutrients (Givens, 
2010) that provide a critical supplement and diversity to staple plant-based 
diets (Murphey and Allen, 2003; Randolph et al., 2007). However, there are 
other reasons for keeping livestock, which include providing manure, fibre for 
clothes and resources for temporary and permanent shelter, producing power, 
and serving as financial instruments and enhancing social status. This range 
of products and services supporting livelihoods – especially of the poor – is 
a key feature of livestock. Until recently, a large proportion of livestock in 
developing countries was not kept solely for food. Due to an ongoing trend 
away from backyard and smallholder livestock production to more intensive 
and larger-scale systems (FAO, 2010b), many purposes for which livestock 
are kept, are vanishing and being replaced by an almost exclusive focus on 
generating food.

Animal source foods (ASF), mainly meat, milk and eggs, provide concentrated, 
high quality sources of essential nutrients for optimal protein, energy and 
micronutrient nutrition (esp. iron, zinc and vitamin B12). Access to ASF is 
believed to have contributed to the evolution of the human species’ unusually 
large and complex brain and its social behaviour (Milton, 2003; Larsen, 2003). 
Today, ASF contribute a significant proportion to the food intake of Western 
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societies (MacRae et al., 2005), but also play an increasingly role in developing 
countries.

Since the early 1960s, ASF consumption has increased in all regions except 
sub-Saharan Africa. The greatest increases occurred in East and Southeast Asia, 
and in Latin America and the Caribbean (FAO, 2010b). Structural changes in food 
consumption patterns occurred in South Asia, with consumer preference shifts 
towards milk and in East and Southeast Asia towards meat, while no significant 
changes could be detected in the other developing regions (Pica-Ciamarra 
and Otte, 2009). The growing demand for livestock products, a development 
termed the ‘livestock revolution’ (Delgado et al., 1999; Pica-Ciamarra and Otte, 
2009), has been driven mostly by population growth in developing countries, 
while economic growth, rising per-capita incomes and urbanization were major 
determinants for increasing demand in a limited number of highly populated 
and rapidly growing economies. This has translated into considerable growth in 
global per capita kcal intake derived from livestock products, but with significant 
regional differences.

World population is projected to surpass 9 billion people by 2050. Most of the 
additional people will be based in developing countries while the population of 
developed regions is expected to remain stable (UNDP, 2009). About 3 billion 
new middle class consumers may emerge in the next 20 years (Mckinsey, 2011). 
The concomitant ‘nutrition transition’ results in diet changes from staples to 
higher value foods such as fruit, vegetables and livestock products. Longer and 

Figure 3.1 Fulani woman with traditional cheese in Northern Benin. By Frédéric Lhoste
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more complex food chains have increased food diversity available for consumers, 
but also resulted in more common diets (Nugent, 2011).

FAO projects that by 2050, global average per-capita food consumption 
could rise to 3130 kcal per day. Agricultural production in the next 30 years will 
therefore present unprecedented challenges; it would need to increase by 60 
per cent by 2050, with increases in crop and livestock production. Compared 
with 2005/07, this requires an additional production of 1 billion tonnes of 
cereals and 200 million tonnes of meat annually. Approximately half of the 
total increase in grain demand is predicted to be for animal feed. Globally, 
meat consumption per capita per year will increase from 41 kg in 2005 to 52 
kg in 2050, reaching an average of 44 kg in developing countries and 95 kg 
in developed countries (OECD-FAO, 2009; Bruinsma, 2011; FAO, 2010b). 
Despite the absolute increase, growth rates in overall agricultural production are 
expected to decelerate as a consequence of the slowdown in population growth 
and because a growing share of population will reach medium to high levels of 
food consumption (Bruinsma, 2011).

Although global average production has increased, under- and malnutrition 
remains a large problem for those without access to animal source food and with 
food insecurity (Neumann et al., 2010), especially for poor children and their 
mothers. High rates of undernutrition and micronutrient deficiency among 
the rural poor suggest that, although often keeping livestock, they consume 
very little ASF. As iron, zinc and other important nutrients are more readily 
available in ASF than in plant-based foods, increased access to affordable ASF 
could significantly improve nutritional status, growth, cognitive development 
and physical activity and health for many poor people (Neumann et al., 2003). 
On the other hand, excessive consumption of livestock products is associated 
with increased risk of obesity, heart disease and other non-communicable 
diseases (WHO/FAO, 2003; Popkin and Du, 2003; Nugent, 2011). However, 
the nutritional aspects of animal products as part of human diets are not the 
main focus of this chapter.

Livestock production and the environment

The livestock sector has seen impressive production increases. Between 1980 
and 2007, global beef output per animal grew at 0.4 per cent/year, milk at 0.3 per 
cent, pork at 0.8 per cent and poultry at 1.1 per cent (FAO Statistical Database 
[http://faostat.fao.org/default.aspx], accessed July 2012). These general trends 
mask high variation in productivity between species and livestock production 
systems, both within and between regions. The differences are larger in ruminants 
than in monogastrics for which industrial systems prevail in both developed and 
developing regions (FAO, 2010b). The most revolutionary change in the meat 
sector is in poultry; its share in world meat production increased from 13 per 
cent in the mid-1960s to 31 per cent in 2007 (FAO, 2010b).

The most important supply drivers over recent decades were cheap grain 
and cheap energy, technological change, especially in biotechnology, feeding and 
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transport, together with a policy environment, including incentives, favourable 
to intensive production (FAO, 2010b). The growing demand for animal food 
products is being met increasingly through industrial systems, where meat 
production is no longer tied to a local land base for feed inputs or to supply 
animal power or manure for crop production (Naylor et al., 2005). There 
was a general shift from pasture-based ruminant species to feed-dependent 
monogastric species (Pingali and McCullough, 2010). In parallel, the non-food 
uses of livestock are in decline and are being replaced by modern substitutes 
(FAO, 2010b). Not only is animal draft power replaced by machinery and organic 
farm manure by synthetic fertilizers, but also insurance companies and banks 
replace more and more the risk management and asset functions of livestock.

The sector is also changing in regard to its contribution to poverty alleviation 
and income growth. While traditional livestock systems contribute to the 
livelihoods of 70 per cent of the world’s rural poor, the dichotomy between large 
numbers of small-scale livestock keepers and pastoralists, and intensive large-
scale commercial livestock production is growing. Generally, this goes hand-
in-hand with shifts from multifunctional to commodity-specific production, 
local to globally integrated markets and from dispersed to clustered production. 
While livestock provide multiple roles and functions for the livelihoods of the 
poor, the same poor are especially vulnerable to environmental hazards and 
zoonotic diseases (FAO, 2010b).

Satisfying the growing demand for animal products while at the same time 
sustaining productive assets of natural resources is one of the major challenges 
for agriculture (Pingali and McCullough, 2010). Resource competition is likely 
to increase, for example through the decreasing availability of and competition 
for land and water (including from other land uses such as production of 
biofuels, urbanization and industrial development). Poor soil fertility and 
reduced access to fertilizer, overgrazing and deforestation, and loss of wild 
and agricultural biodiversity are further challenges. Thornton (2010) gives a 
comprehensive overview on possible modifiers of future livestock production 
and consumption trends, listing competition for resources, climate change, 
socio-cultural modifiers, ethical concerns and technological development. Many 
countries, especially in Africa, and small countries in Asia and Latin America are 
already struggling to adapt to current environmental degradation and climate 
variability. Climate change will exacerbate the existing challenges faced by the 
livestock sector. Hoffmann (2010a,b) gives a comprehensive overview on the 
consequences of climate change for animal genetic diversity, discussing the 
differences between developing and developed countries. Thornton (2010) 
and Hoffmann (2010b) illustrate the complex interaction of livestock and 
environment. At the same time as the livestock sector is a major contributor to 
greenhouse gas emissions, climate change itself may have substantial impact on 
livestock production systems.

The environmental footprint of agriculture, and particularly livestock 
production, has raised concerns in global assessments (e.g. MEA, 2005a,b; FAO, 
2006a, 2010b; UNEP, 2007, 2010, 2011; Rockström et al., 2009; Foresight, 2011; 
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Grethe et al., 2011; Mckinsey Global Institute, 2011; Westhoek et al., 2011) 
and in many studies (e.g. Gerbens-Leenes and Nonhebel, 2002; Pelletier and 
Tyedmers, 2010; Wirsenius et al., 2010). Livestock are the biggest land-user; they 
currently use about 30 per cent of the earth’s entire land surface. This is mostly 
permanent pasture; but 33 per cent of global arable land is used to produce 
livestock feed. The sector also accounts for about 8 per cent of global water use, 
mainly for irrigation of feed crops. However, in arid areas, water consumed 
directly by animals or for product processing can represent a considerable share 
of total water use. Furthermore, the sector is a large producer of greenhouse 
gases (GHG), accounting for 18 per cent of GHG emissions, as measured 
in CO2 equivalent – via enteric fermentation, land use and land-use change 
(directly for grazing or indirectly through production of feed crops) and manure 
management (FAO, 2010a).

The environmental impacts of livestock production occur at local, regional 
and global levels (FAO, 2006a). The rapid growth of the sector implies that 
much of the projected additional cereal and soybean production will be used 
for feeding enlarging livestock populations, resulting in increasing competition 
for land, water and other productive resources. This in turn puts upward 
pressure on prices for staple grains, potentially reducing food security (FAO, 
2010b). A further concern in relation to products of animal origin is livestock’s 
contribution to climate change and pollution. The projected need for additional 
cropland and grassland areas implies further risks of deforestation and other 
land-use changes, e.g. conversions of semi-natural grasslands. This will most 
likely not only lead to loss of biodiversity, but also to greenhouse gas and nitrogen 
emissions (FAO, 2010b; Westhoek et al., 2011). More research is needed related 
to livestock–water interactions. Such concerns are highly relevant when talking 
about sustainable diets.

Trends in breed diversity

The diversity of breeds is closely related to the diversity of production systems 
and cultures. Local breeds are usually based in grassland-based pastoral and 
small-scale mixed crop–livestock systems with low to medium use of external 
inputs. Over the past decades, agriculture has achieved substantial increases in 
food production, but accompanied by loss of biodiversity, including in animal 
genetic resources, and degradation of ecosystems, particularly with respect 
to their regulating and supporting services (MEA, 2005b). The State of the 
World’s Animal Genetic Resources for Food and Agriculture (FAO, 2007) describes 
the link between livestock biodiversity and food security. Genetically diverse 
livestock populations provide society with a greater range of options to meet 
future challenges. Therefore animal genetic resources are the capital for future 
developments and for adaptation to changing environments. If they are lost, the 
options for future generations will be severely curtailed.

Diversity in livestock populations is measured in different forms: livestock 
breeds belong to different avian and mammalian species; thus species diversity 
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can simply be measured as the number of species. Only about 40 of the about 
50,000 known avian and mammalian species have been domesticated. On a 
global scale, just five species show a widespread distribution and particularly 
large numbers. Those species are cattle, sheep, chickens, goats and pigs, the 
‘big five’ (FAO, 2007). Therefore, the majority of products of animal origin are 
based on quite narrow species variability.

The diversity presently observed within farm animal species is the result of 
a long history of human practice. At the sub-species level, diversity within and 
between breeds and the interrelationships between populations of a breed can 
be distinguished. Over millennia, a variety of breeds have been developed in a 
wide range of production environments. For livestock keepers, animal genetic 
diversity is a resource to be drawn upon to select stocks and develop (new) 
breeds. The term ‘breed’ does not have a universally accepted biological or legal 
definition. It originated in Europe and was linked to the existence of breeders’ 
organizations. The term is now applied widely in developing countries, but it 
tends to refer to a socio-cultural concept rather than a distinct physical entity. 
FAO uses a broad definition of breeds which accounts for social, cultural and 
economic differences between animal populations and which can therefore be 
applied globally in the measurement of livestock diversity. According to FAO 
(2007) breeds can be categorized as local (reported by only one country) or 
transboundary (reported by several countries). The latest assessment identifies 
7,001 local breeds and 1,051 transboundary breeds (FAO, 2010a).

Simply measuring breed diversity on the basis of number of breeds leads 
to biases due to the socio-cultural nature of the breed concept. However, 
between-breed diversity is classically considered as a major criterion to be taken 
into account when setting priorities for conservation. It has also been argued 
that additional criteria are needed for establishing those priorities, including 
within-breed variation (Barker, 2001; Caballero and Toro, 2002). The within-
breed diversity may be lost due to random genetic drift and inbreeding in 
small populations, usually local breeds. However, within-breed diversity is also 
threatened within international transboundary breeds as a side effect of efficient 
breeding programmes, usually focusing on rather narrow breeding goals.

Various drivers influence the between- and within-breed diversity. Those 
drivers overlap with drivers of change in global agriculture and livestock 
systems including population and income growth, urbanization, rising female 
employment, technological change and the liberalization of trade for capital and 
goods. Those drivers had and have direct impact on human diets where a shift 
away from cereal-based diets is at the same time the cause and consequence of 
change in agriculture.

Together with increasing urbanization and globalization, market requirements 
are expected to change in the next decades. As many markets require standardized 
products and allow for little differentiation, some traditional and rare breeds 
might face increasing marketing difficulties. For example, the loss of small-
scale abattoirs, often due to food safety regulation, can reduce the ability for 
breeds to enter niche markets or product differentiation. Developing countries’ 
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national strategies for livestock production aim at increasing food production 
rather than reflect the need for a genetic pool of breeding stock, although this 
is slowly changing due to the implementation of the Global Plan of Action 
for Animal Genetic Resources. Although breeding has to focus on what the 
market wants (mass or niche market), other factors also have to be taken into 
account. The choice of breeds/breeding used in the livestock sector needs to 
ensure the profitability of the farm, safeguard animal health and welfare, focus 
on conserving genetic diversity and promote human health.

Globally, about one-third of cattle, pig and chicken breeds are already extinct 
or currently at risk (FAO, 2010a). According to the last status and trends report 
on animal genetic resources (FAO, 2010a) a total of 1,710 (or 21 per cent) of all 
reported breeds are classified as being ‘at risk’. Taking into account countries’ 
different levels of breed population reporting, Woolliams et al. (2007) assume 
even higher shares of breeds at risk. Intensification of livestock production 
systems, coupled with specialization in breeding and the harmonizing effects of 
globalization and zoosanitary standards, has led to a substantial reduction in the 
genetic diversity within domesticated animal species (MEA, 2005b; FAO, 2007). 
Economic and market drivers were most frequently mentioned as threats for 
breed survival (FAO, 2009). The rate of breed extinction in the past was highest 
in regions that have the most highly-specialized livestock industries with fast 
structural change and in the species kept in such systems; however, several 
economically advanced countries have recently taken conservation action and 
broadened breeding goals (Hoffmann, 2011b).

Breeds adapted optimally to their habitat, in most cases not tailored to 
maximum meat or milk output, are increasingly being displaced by high-
performance breeds – usually transboundary breeds for use in high external 
input, often large-scale, systems under more or less globally standardized 
conditions. In contrast to many local breeds, transboundary breeds provide single 
products for the market at high levels of output. Holstein-Friesian cattle – one 
of the most successful international dairy breeds – are reported to be present in 
at least 163 countries (http://dad.fao.org/, accessed July 2012). Large White pigs 
are present in 139 countries (http://dad.fao.org/, accessed July 2012); while in 
chicken commercial strains dominate the worldwide distribution. Extrapolating 
the figures of FAO (2006a) and assuming that the production increase between 
the early 2000s and 2009 is 100 per cent attributable to industrial systems, it can 
be estimated now that industrial systems provide 79 per cent of global poultry 
meat, 73 per cent of egg and 63 per cent of global pork production. This shows 
the increasing importance of transboundary breeds. Although the majority 
of milk is produced in small farms with an average herd size of three cows 
(IFCN, 2011), the share of transboundary dairy breeds or their crosses with 
local breeds is increasing. Unless selection within the local breed is incorporated 
in a structured crossbreeding programme, this may lead to the genetic ‘dilution’ 
of the local breed.

In parallel, consolidation in the breeding industry, especially in poultry 
and pigs, is ongoing (Gura, 2007). Breed utilization, genetic improvement 
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and industry consolidation have major impacts on the genetic composition 
of transboundary breeds. A study in commercial chickens (Muir et al., 2008) 
indicated that more than 50 per cent of the original genetic diversity found in 
non-commercial breeds is absent in commercial pure lines. The genetic basis of 
a major commodity is reduced and may limit the capacity to respond to future 
needs. Due to global use of a few prominent bulls and a related fast increase in 
inbreeding, the effective population size of international dairy breeds, especially 
Holstein-Friesian, has declined (Fikse and Philipsson, 2007; Mrode et al., 2009; 
Philipsson et al., 2009).

In the case of crop diversity, FAO (2010d) noted that reliance on a smaller 
number of species and varieties not only results in erosion of genetic resources 
but can also lead to an increased risk of diseases when a variety is susceptible 
to new pests and diseases. This means increased food insecurity. The same 
arguments regarding increased risks hold for animal genetic resources. It should 
be considered that a rapid spread of pathogens, or even small spatial or seasonal 
changes in disease distribution, possibly driven by climate change, may expose 
livestock populations with a narrow genetic basis to new disease challenges.

A reduction of species and breed variety may also affect nutrition diversity. 
Meat quality is influenced by breed differences (e.g. Marshall, 1994; Suzuki 
et al., 2003; Bozzi et al., 2007; Lo Fiego et al., 2007; Sirtori et al., 2007), and 
species and breed differences are being exploited in many crossbreeding and 
selection schemes (e.g. Anderson, 1990; Beef CRC; Sheep CRC). For cattle 
milk, various interactions exist between breed, diet and location (including 
altitude) that contribute to the characteristic fatty acid profile of the milk (Bartl 
et al., 2008). Genetic differences also influence milk protein (e.g. casein) and 
processing quality. A review of milk composition for minor dairy species has 
shown large differences for macro- and micronutrients in different species and 
among breeds within the same species (Medhammar et al., 2011).

Meat quality is also heavily influenced by feeding and other environmental 
effects. Usually, grass-fed ruminants have higher levels of a-tocopherol, 
b-carotene, ascorbic acid, glutathione and nutritionally important long chain 
poly-unsaturated fatty-acids than feedlot-fed animals (Descalzo and Sancho, 
2008; Wood et al., 2008). Meat from pasture feeding contains higher levels of 
antioxidants which in turn maintain the overall quality of meat and secondary 
products. Diet also affects meat flavour in both sheep and cattle but the 
components involved seem to be different. Meat from cattle raised on pasture 
is reported to be darker than meat from animals raised on concentrates (Priolo 
et al., 2001).

Reducing the environmental footprint – possible 
implications for breed diversity

Land and water availability are considered important future resource constraints 
for food security (FAO, 2011b). Mckinsey (2011) estimated that more than 70 
per cent of the opportunities to boost resource use efficiency lies in developing 
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countries. Modelling results indicate that main points of intervention to 
reduce the environmental impacts of livestock production are: changes in 
nutrient management, crop yields and land management, grassland soil carbon 
restoration, husbandry systems and animal breeds, and feed conversion and feed 
composition on the supply side. On the demand side, shifts in consumption and 
reduction in food losses have been mentioned.

Due to the many synergies between enhancing production and reducing 
costs, it is already common practice to improve production efficiency. 
Comparisons for the USA indicate that improvements in genetics, feeding, 
health and management have reduced the carbon footprint for milk by 37 per 
cent if comparing a unit of milk produced in 2007 with that in 1944 (Capper 
et al., 2009) and for beef by 16.3 per cent if comparing a unit of beef produced 
in 2007 with that in 1977 (Capper, 2011). However, despite impressive relative 
efficiency improvements, life-cycle assessments show that the rebound effect of 
increased production and the absolute scale of the intensive landless livestock 
production still leads to considerable associated environmental impacts – 
beyond GHG emissions – and at different spatial and temporal scales (Pelletier, 
2008; FAO, 2010b; Pelletier et al., 2010).

The future expected changes will most likely favour intensive livestock 
systems in which good feed conversion efficiency leads to reduced greenhouse 
gas emissions per unit of produce, which can be judged positively with regard to 
contributing products to sustainable diets. It is expected that breeding strategies 
using genomic information and transgenic approaches will in some sectors 
become more important to make farm animals more feed efficient and reduce 
the environmental footprint, thereby contributing to sustainability (Golovan et 
al., 2001; Niemann et al., 2011). However, the first ‘beneficiaries’ of such new 
technologies will most likely be the highly specialized transboundary breeds, 
such as the already dominating Holstein-Friesian cattle. Many recent scientific 
publications in the field of genomic selection focus on this breed (e.g. Hayes et 
al., 2009; Qanbari et al., 2010; Chen et al., 2011). Increasing concentrate feed 
efficiency will most likely lead not only to a shift towards highly productive 
and specialized breeds but also to a shift with regard to the species: away from 
ruminants towards monogastric species like poultry and pigs (FAO, 2010a,b). 
Except in marginal areas and extensive grazing systems, it can be expected that 
at the breed level, local breeds will more and more be replaced by transboundary 
breeds, leading to a further loss of local breeds and their manifold functions 
(Hoffmann, 2011b). Besides the loss of between-breed diversity an additional 
loss of within-breed diversity can be expected due to the further pressure 
on increasing yields of transboundary breeds by applying effective breeding 
programmes focusing on rather narrow breeding goals. Such losses due to 
effective breeding programmes might even be faster than in the past due to 
application of new biotechnologies.

From a biological conversion point of view, animal production systems 
consume more energy in feed than they generate in animal products. This is 
less of an issue in grazing systems where animals do not compete with humans 
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over edible protein. Limited land availability for food production and the 
inefficiencies inherent in biological feed conversion have raised the importance 
of consumption and diets (Goodland, 1997; Gerbens-Leenes and Nonhebel, 
2002). Studies following the recent attention to climate change propose to 
curtail the consumption of ASF in order to reduce anthropogenic greenhouse 
gas emissions (Stehfest et al., 2009; Wirsenius et al., 2010; Garnett, 2011; Grethe 
et al., 2011; Westhoek et al., 2011). Most studies propose to lower meat demand 
in industrialized countries only. Although such reductions would have only a 
small positive effect on food security in developing countries, they would have 
positive effects for human health, result in a less unequal per capita use of global 
resources, lower greenhouse gas emissions and could ease the introduction of 
higher animal welfare standards. The need for a broader view on sustainability, 
beyond a single focus on reducing GHG emissions, has been stressed by several 
authors (e.g. MacMillan and Durrant, 2009; Deckers, 2010).

A further option to fulfil the globally growing demand for animal source 
products could be the use of ‘artificial’ meat or in-vitro produced meat. In this 
trajectory, changes in food composition could improve health characteristics, 
and closed industrial production technology may result in more hygienic and 
environmentally friendly characteristics than ‘traditional’ meat (Thornton, 
2010). While this may contribute for example to the health aspect of a sustainable 
diet, it may possibly not fulfil the criterion of ‘cultural acceptance’ across all 
societies. Also, a large-scale development and uptake of in-vitro meat might have 
severe effects on the livestock sector including employment and most likely a 
negative effect on the diversity of animal genetic resources. In-vitro meat and 
food fortification also contradict the concept of sustainable diet which stresses 
the importance of food-based approaches (Allen, 2008).

Finally, the reduction of food losses and wastes will be critical, as they imply 
that large amounts of the resources used in, and emissions and pollution caused 
by food production are used in vain. ASF, being highly perishable and connected 
to food safety risks, incur high losses along the chain. Losses of meat and meat 
products in all developing regions are distributed quite equally throughout 
the chain, while in industrialized regions, about 50 per cent of losses occur at 
the end of the chain. Approximately 40–65 per cent of total milk food losses 
in industrialized regions occur at the consumption level, while in developing 
regions, milk losses during post-harvest handling and storage, as well as at the 
distribution level, is relatively high (FAO, 2011c). Food waste disposal finally 
releases more GHG and water pollution.

In summary, past efforts to increase intensive production system yields and 
productivity have been undertaken mainly within a framework that has aimed 
to control conditions and make production systems uniform (FAO and PAR, 
2011), which tends to favour the use of uniform breeds and therefore tends 
to undermine animal genetic diversity. This has led to a narrow set of breeds 
and management practices. The actual trends in combination with the growing 
demand for products of animal origin for human diets continue to drive a 
further shift in agricultural systems towards more intensive systems. This will 
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most likely favour international transboundary breeds instead of local breeds. At 
species level, the shift towards poultry and pigs will continue.

Whether products especially from intensive systems can contribute to a 
sustainable diet depends on the systems’ compatibility with regard to the rather 
complex requirements of the sustainable diets concept, namely being protective 
and respectful of biodiversity and ecosystems, culturally acceptable, accessible, 
economically fair and affordable; nutritionally adequate, safe and healthy; 
while optimizing natural and human resources. However, even if many aspects 
do contribute to a sustainable diet, a loss of animal genetic diversity appears 
to be quite likely at a global level. Given the important role of biodiversity 
in the sustainable diet definition, breed loss constitutes a negative impact on 
sustainable diets.

Solutions with focus on sustainable diets favouring 
animal genetic diversity

Inevitably, cultural and social roles of livestock will continue to change, and 
the nutrition transition will continue, including its undesirable health effects 
(Thornton, 2010; Nugent, 2011). The scenarios described above do not give 
rise to a bright future for animal genetic diversity even if sustainable diets 
are propagated. However, there is hope because a wide range of agricultural 
practices are already available to improve production in sustainable ways (e.g. 
FAO and IAEA, 2010).

Arguments in favour of local, mostly low-input breeds are based on the 
multiple products and services they provide, mostly at regional and local 
level. Firstly, their ability to make use of low-quality forage results in a net 
positive human edible protein ratio (FAO, 2011d). Secondly, under appropriate 
management, livestock kept in low external input mixed and grazing systems 
provide several ecosystem services. Thirdly, as a result, and linked to local 
breeds’ recognition as cultural heritage, linkages to nature conservation need to 
be further explored and strengthened (Hoffmann, 2011a). All this is in harmony 
with the qualities of a sustainable diet.

Aiming for the improvement of the livestock sector’s environmental 
performance will lead to different, locally tailored solutions, favouring certain 
environmental goods over others. Such systems are a prerequisite for production 
of food for sustainable diets and may add value to breed diversity. Besides 
traditional systems, a range of different innovative approaches to agricultural 
production exist, seeking to combine productivity and increased farmer incomes 
with long-term sustainability (FAO and PAR, 2011). In European countries, 
there is an increased emphasis on, and economic support for, the production 
of ecosystems goods and services, with a possibly positive effect on the role of 
local breeds, rural employment and survival chances for small-scale abattoirs. 
However, the efficiency of the EU agri-environmental programmes to breed 
conservation has been questioned (Signorello and Pappalardo, 2003) as payments 
are often below opportunity costs and little prioritization is undertaken.
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In this context the ability of livestock, especially ruminants, to transform 
products not suitable for human consumption such as grass and by-products, 
into high-value products such as dairy and meat, plays a role. Grasslands have 
been identified as critical for C-sequestration, soil and vegetation restoration, 
and livelihoods for poor people, mostly pastoralists. Grasslands occupy about 25 
per cent of the terrestrial ice-free land surface. In the early 2000s they harboured 
between 27 and 33 per cent of cattle and small ruminant stocks, respectively, and 
produced 23 per cent of global beef, 32 per cent of global mutton and 12 per 
cent of milk (FAO, 2006a). In Europe, so-called high nature value farmlands 
make up approximately 30 per cent of grasslands (EU-15 countries); they 
are considered to be part of Europe’s cultural heritage and are mostly Natura 
2000 sites. However, only an estimated 2–4 per cent of dairy production and 
around 20 per cent of beef production comes from high nature value grasslands 
(Westhoek et al., 2011).

One of the six priority targets of the 2011 EU Biodiversity Strategy is ‘To increase 
EU contribution to global efforts to avoid biodiversity loss’. The accompanying 
impact assessment suggests that approximately 60 per cent of agricultural land 
would need to be managed in a way that supports biodiversity to meet this target, 
including both extensively and intensively managed areas under grass, arable and 
permanent crops. A mosaic of habitats with generation of positive co-benefits 
for production, biodiversity and local people would lead to what Scherr and 
McNeely (2008) called diverse types of ‘eco-agriculture’ landscapes. Also Benton 

Figure 3.2 Cheese tasting in Mostar, Bosnia-Herzegovina. By Irene Hoffmann
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et al. (2003) conclude that the re-creation of ecological heterogeneity at multiple 
spatial and temporal scales is key to restoring and sustaining biodiversity.

There is sufficient intensification potential in extensive systems without 
having to change the breed base. A recent life-cycle analysis for the dairy sector 
also showed a huge potential for moderate efficiency gains in developing 
countries (FAO, 2010c). On the contrary, well-adapted, hardy breeds are 
advantageous in utilizing the vast areas under rangelands (FAO, 2006b).

However, focusing on local and regional rather than global (i.e. GHG) 
aspects of sustainability also has its drawbacks. Measures such as improved 
animal welfare may lead to less efficient production, and thereby may just 
shift the negative environmental impact elsewhere; other measures may lead 
to higher costs for farmers. However, if done properly, measures taken locally 
at the supply and demand side would lead to lower societal costs by reducing 
local environmental impacts, animal welfare problems and public health risks 
(Grethe et al., 2011; Westhoek et al., 2011).

The main criticisms of ecological approaches were summarized during 
an expert workshop on biodiversity for food and agriculture as follows: (i) 
adoption of ecological approaches to farming reflects a romantic and backward-
looking perspective, (ii) they will require even larger subsidies, and (iii) they are 
labour and knowledge intensive. To overcome this scepticism, innovation and 
development for new approaches will be essential, while a critical assessment 
of existing research results might be advisable, because most cost-benefit 
analyses comparing high-input systems with sustainable agricultural systems 
tend not to account for the manifold benefits agricultural systems can provide 
(FAO and PAR, 2011). In view of the existing agricultural subsidies in many 
countries it cannot be argued that commercial breeds are associated with some 
ideal free market equilibrium price. On the other hand, society cannot expect 
farmers to maintain breed diversity for the public good (ecosystem services or 
future option values) unless society is willing to compensate them up to the 
opportunity costs they incur for not using a more commercial breed (Drucker 
et al., 2005; Hoffmann, 2011b).

The recognition of the value of nutritional and dietary diversity is becoming 
an important entry point for exploring more ecologically sustainable food 
systems. Consumers may play a key role by improving their access to 
information and their control over what they choose to consume. Undoubtedly, 
use of diversity requires significant knowledge and skills. There are questions 
about the robustness of consumers’ preferences regarding organic and local 
food, particularly in times of considerable economic uncertainty (Thornton, 
2010). Limited economic resources may shift dietary choices towards cheap, 
energy-dense, convenient and highly palatable diets providing maximum energy 
(Drewnowski and Spencer, 2004). Consumption shifts, particularly a reduction 
in the consumption of livestock products, will not only have environmental 
benefits (Stehfest et al., 2009), but may also reduce the cardiovascular disease 
burden (Popkin and Du, 2003). However, changing consumption patterns is 
considered a longer-term process involving societal and cultural shifts.
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Conclusions

In view of the uncertainty for future developments, a wide diversity of genetic 
resources is the best insurance to cope with unpredictable effects. There is no 
question that demands for animal products will continue to increase in the next 
decades and a further push to enhance livestock productivity across all production 
systems is needed to lower the environmental footprint of livestock production. 
At local level, there are many overlaps between environmental sustainability goals, 
sustainable production and providing sustainable diets. However, many of the 
required new technologies to increase resource efficiencies at global level will 
accelerate the structural change of the sector towards more intensive systems and 
thereby the losses of animal genetic diversity even if sustainable diets are aimed 
at. Taking into account the complexity of issues associated with the elements of a 
sustainable diet, more emphasis will need to be placed on avoiding the erosion of 
genetic diversity.

Providing sustainable diets can only be achieved with a combination of sustainable 
improvement of livestock production and a combination of policy approaches 
integrating the full concept of sustainable diets, accompanied by awareness raising 
for the value of biodiversity and investing in research as basis for sound decisions. 
Numerous research questions still require investigation, spanning different fields 
of science. With regard to livestock diversity and in view of uncertainty of future 
developments and climate change this implies the need to develop simple methods 
to characterize, evaluate and document adaptive and production traits in specific 
production environments. It also requires better identification of nutritional 
differences between ASF from different breeds and productions systems. The lack 
of such data is currently one of the constraints to effective prioritizing and planning 
for the best use of animal genetic resources measures in a sustainable development 
of the livestock sector and food systems. Intensifying research to develop life-cycle 
assessments and to include delivery of ecosystem services in the analysis recognizing 
and rewarding the sustainable use of biodiversity in well-managed rangelands 
with local breeds will also be one major task. Addressing the various spatial and 
temporal connections and trade-offs, and reaching out to different stakeholders in 
the value chain are considerable challenges. The concept of sustainable diet and the 
essential role of animal genetic diversity need to be addressed through awareness 
and educational programmes. Eating means not just ingesting food, but it is also a 
form of enjoyment and cultural expression.

Note
The views expressed in this publication are those of the author(s) and do not necessarily 
reflect the views of the Food and Agriculture Organization of the United Nations
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4 Valuing aquatic biodiversity 
in agricultural landscapes

Matthias Halwart

Introduction

This chapter deals with the role of aquatic organisms in agricultural landscapes 
and in particular their importance for food and nutrition security of rural 
livelihoods. In this context, aquatic organisms are usually derived from inland 
capture fisheries from wetlands, streams, rivers, or irrigation canals, and from 
aquaculture which means the farming of aquatic organisms including fish, 
molluscs, crustaceans and aquatic plants mostly in ponds, cages, tanks or rice 
fields.

Undernutrition is caused by an insufficient intake of food or of certain 
nutrients or by an inability of the body to absorb and use nutrients. Documented 
nutrient deficiencies in rural communities include vitamin A, several B 
vitamins, calcium, iron, zinc, iodine, sulphur-containing amino acids and 
lysine, and fatty acids of the n-3 series (Halwart et al., 2006). Undernutrition 
remains a huge and persistent problem, especially in many developing countries, 
with the bulk of undernourished people living in rural areas. The number 
of undernourished people in developing countries declined significantly in 
the 1970s, 1980s and early 1990s, in spite of rapid population growth (FAO, 
2011a). However, the incidence of hunger and undernourishment in the 
world has been dramatically affected by two successive crises – the food crisis 
first, with basic food prices beyond the reach of millions of poor, and then 
the economic recession. These crises have had very severe consequences for 
millions of people, pushing them into hunger and undernourishment. FAO’s 
current estimate of the number of undernourished people in the world in 
2009 is 1.02 billion people, which represents more hungry people than at any 
time since 1970 (FAO, 2011a).

The food and agricultural system as a whole has a key role to play in reducing 
malnutrition in the world, and the availability of and access to fish is critically 
important for nutrition and diverse diets especially for the rural poor. Producers 
can be encouraged to grow a wider variety of crops, including fish, often 
reviving traditional species and varieties or breeds with high nutritive values. 
Fish is usually cited as an important source of nutrients and for wild and farmed 
fish alike often valued for its long-chained omega-3 fatty acids (e.g. Jensen et 
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al., 2012) and fish should be, and in many parts of the world already is, part 
of a healthy diet. In some places, plants and animals including fish from the 
forest and the wild contribute variety and taste to otherwise poor rural diets 
(Ainsworth et al., 2008; Halwart and Bartley, 2005; Jarvis et al., 2007; MAF/
FAO, 2007). For those who consume out of their own production or from home 
or school gardens, diversity in the kinds of foods they grow, gather, fish, or raise 
is important (Tutwiler, 2012).

It will be argued in this chapter that a focus on the often cited nutritional 
value of proteins derived from fish (e.g. EC, 2000; ICTSD, 2006) for human 
nutrition in agricultural landscapes certainly is justified to some extent; however, 
even more important is the role of fish for avoiding micronutrient-related 
nutritional disorders in developing countries. Examples include anaemia caused 
by insufficient intake of iron (De Benoist et al., 2008), and impaired sight which 
is a severe problem because of inadequate intake of vitamin A (WHO, 2009). 
Such nutrition disorders can be particularly serious in children, since they 
interfere with growth and development, and may predispose to many health 
problems, such as infection and chronic disease. Safe and nutritious aquatic 
foods, selected by nutrition-conscious consumers and caregivers, are therefore 
critically important in the battle against undernutrition.

Fish availability in inland waters

Fish and other aquatic organisms make an important contribution to food 
security for many people in agricultural landscapes where they are collected or 
farmed providing valuable sources of highly nutritious food to all household 
members. Generally, inland capture fisheries from a wide range of aquatic 
environments such as swamps, rivers, flood plains and lakes, but also modified 
habitats such as rice fields or reservoirs produce a large variety of aquatic 
organisms usually directly consumed and, to a much lesser extent, bartered or 
sold (Figure 4.1). A recent review on trends of catches is provided by Welcomme 
(2011a). Aquatic products coming from aquaculture, often farmed in ponds or 
cages, can also contribute significantly to household nutrition (Swaminathan, 
2012). In farming systems where fish are principally intended to be sold they can 
also provide important benefits indirectly by increasing the purchasing power 
of farming households for food or for investment in education, access to health 
services or improvements in household hygiene, all having positive indirect 
effects on nutrition. There are significant differences in the nutritional value of 
aquatic food items depending on available species and sizes or developmental 
form of the organisms. The integration of fisheries, aquaculture and agriculture, 
innovatively practised by many farmers around the globe, provides numerous 
options for the sustainable exploitation of a rich diversity of food items that can 
cover to a large extent the nutritional needs of the different members of the 
household and the society at large.

The aquatic biodiversity of inland waters useful to humans includes plants, 
fish, amphibians, reptiles, molluscs, crustaceans and insects. FAO Fisheries and 
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Aquaculture Department information contributed by member countries in 
2010 officially indicates that 10.2 million tonnes were harvested from inland 
capture fisheries and 36.9 million tonnes from inland aquaculture (FAO, 
2012a). However, accurate information on small-scale inland capture fisheries 
and rural aquaculture is extremely difficult to obtain because of the informal 
and diffuse nature of these subsectors. Additionally, much of what is caught 
or produced by small-scale fishers/farmers is consumed by them or bartered 
locally, and therefore does not enter the formal economy and accounting of 
national governments. In-depth work has revealed that real production from 
inland waters is several times higher than that officially reported. It is clear 
that inland aquatic biodiversity is an important resource for rural communities 
and often provides a ‘safety net’ to rely on in the face of other crop and food 
shortages.

Inland fisheries

In most rural areas of many developing countries, especially landlocked ones, 
inland fisheries from lakes, floodplains, streams, rivers, and other wetlands 
including rice fields are very important for food security and income generation. 
In 1950, inland fisheries produced about 2 million tonnes in terms of fish 
landings. The figure was about 5 million tonnes in 1980, and, after steady 
growth of 2–3 per cent per year, 10 million tonnes in 2008. This growth occurred 
mainly in Asia and Africa, with Latin America making a small contribution. Asia 
and Africa regularly account for about 90 per cent of reported landings. The 
remaining 10 per cent is split between North and South America and Europe. 
The bulk (about 90 per cent) of inland fish is caught in developing countries and 
65 per cent is caught in low-income food-deficit countries (LIFDCs). However, 
much uncertainty surrounds both the trend in and the level of production.

The amount of food produced in inland waters in general (FAO/MRC, 2003) 
and rice fields (other than rice itself) in particular (Halwart, 2003) is generally 
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underestimated and undervalued, because it is small quantities (although 
collected by many individuals and in large areas) which are all locally consumed 
or marketed, and therefore not recorded in official statistics.

Using a model calculation, Welcomme (2011b) estimated that more than 93 
million tonnes could be produced just from the world’s lakes. Rice fields have 
been found to be another important source of origin for fish production. Indeed, 
the cultivation of rice in irrigated, rain-fed and deepwater systems often offers 
a suitable environment for fish and other aquatic organisms. Over 90 per cent 
of the world’s rice, equivalent to approximately 134 million hectares, is grown 
under flooded conditions. It is quite clear that the actual global aquatic food 
production from inland waters could be much higher than what is currently 
reported.

Utilization

In developing countries, most of the catch from inland fisheries is processed 
in small-scale or medium-scale units and goes for domestic consumption 
(FAO, 2011b) (Figure 4.2). Many rural farmer and fisher families cannot obtain 
a sufficient variety of nutritious food in their local markets or are simply too 
poor to purchase it. Cultivated species may be complemented by harvested wild 
species that can be of particular significance for indigenous communities and 
for poor and vulnerable communities especially in times of shortage of main 
staples. Wild and gathered foods, including from the aquatic habitat, therefore 
provide important diversity, nutrition and food security (Halwart and Bartley, 
2007). Trade in inland fish and products are constrained by lack of infrastructure 
and facilities needed to establish and operate cold chains. This often results in 
high post-harvest losses, especially quality losses that can amount to up to 40 
per cent of the landings. Owing to the remoteness and isolated nature of many 
inland fishing communities and the high abundance of fish on a seasonal basis, 
large amounts of fish from inland capture are cured. In Africa, fish processing 
methods vary according to region and even subregion. Drying and smoking, 
and to a very small extent fermenting, are the main methods. Some processed 
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freshwater products are considered a delicacy in some countries and are higher 
priced than similar products prepared using marine fish, e.g. in Ghana, where 
fresh and salted dried tilapia as well as smoked catfish or perch (Lates) are highly 
preferred. In Asia, a significant proportion of inland fish goes into fish sauce 
and fish paste. In Cambodia for example, the bulk of the fish caught from the 
Mekong River in the dai fishery is used for making fish paste (prahoc) and fish 
sauce (FAO, 2010).

Aquaculture

The farming of inland aquatic species has a much shorter history than farming 
of crops or livestock and issues, trends and prospects including its role for 
human nutrition have been comprehensively addressed in a recent Global 
Conference (FAO/NACA, 2012). Except for the common carp that was 
domesticated approximately 2,000 years ago, breeding of aquatic species for food 
is relatively recent. However, the sector is increasing rapidly and represents the 
fastest growing food producing sector: in 1985 only 73 freshwater species were 
farmed, in 2000 there were over 150. Today, aquaculture involves the farming 
of over 540 species of finfish, molluscs, crustaceans and other invertebrates 
(FAO, 2012a). Traditional animal breeding, chromosome-set manipulation and 
hybridization have used the genetic diversity of aquatic species such as tilapia, 
catfish, rainbow trout and common carp to create characteristic breeds of fish 
to suit environmental and consumer demands (Greer and Harvey, 2004; FAO, 
2012b).

World production of food fish

Aquaculture is a growing, vibrant and important production sector. The 
reported global production of food fish from aquaculture, including finfish, 
crustaceans, molluscs and other aquatic animals for human consumption, 
reached 59.9 million tonnes in 2010 out of which 36.9 million tonnes came 
from inland waters (Table 4.1). In the period 1970–2010, the production of food 
fish from aquaculture increased at an average annual growth rate of 8.2 per cent, 
while the world population grew at an average of 1.6 per cent per year. The 
combined result of development in aquaculture worldwide and the expansion 
in global population is that the average annual per capita supply of food fish 
from aquaculture for human consumption has increased by 10 times, from 0.7 
kg in 1970 to 7.8 kg in 2008, at an average rate of 6.6 per cent per year (FAO, 
2012a).

Globally, aquaculture accounted for 46 per cent of the world’s fish food 
production for human consumption in 2009, up from 42.7 per cent in 2006. 
Despite the long tradition of aquaculture practices in a few countries over many 
centuries, aquaculture in the global context is a young food production sector 
that has grown rapidly in the last five decades. World aquaculture output has 
increased substantially from less than 1 million tonnes of annual production 
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in 1950 to 59.9 million tonnes in 2010 (FAO, 2012a), demonstrating three 
times the growth rate of world meat production (2.7 per cent, from poultry and 
livestock together) in the same period.

The value of the harvest of world aquaculture, excluding aquatic plants, was 
estimated at US$119.4 billion in 2010. However, the actual total output value 
from the entire aquaculture sector should be significantly higher than this figure 
because the values of aquaculture hatchery and nursery production and the 
breeding of ornamental fishes have yet to be estimated and included. If aquatic 
plants are included, world aquaculture production in 2010 was 78.9 million 
tonnes, with an estimated value of US$125.1 billion (FAO, 2012a).

The above figures demonstrate impressively the increasing importance of 
aquaculture worldwide and the important role that the farming of fish will 
increasingly assume both for food security and poverty alleviation.

World production of aquatic plants

Aquaculture produced 19 million tonnes (live weight equivalent) of aquatic 
plants, mostly seaweeds, in 2010, with a total estimated value of US$5.7 billion. 
Of the world total production of aquatic plants in the same year, 95.5 per cent 
came from aquaculture. The culture of aquatic plants has consistently expanded 
its production since 1970, with an average annual growth rate of 7.7 per cent. 
The production is overwhelmingly dominated by seaweeds (over 99 per cent by 
quantity or value in 2010) (FAO, 2012a).

Not included in the above production figures, yet critically important in 
terms of production in agricultural landscapes and nutrition for national food 
security particularly in many Asian countries, are freshwater macrophytes 
such as water spinach, water Neptune, lotus, water caltrops, wild rice (Zizania 
aquatica), water chestnut, prickly water lily and arrow head (Sagittaria sagittifolia).

Fish in the diet

Fish diversity

Out of 32,200 fish species described in FishBase (Froese and Pauly, 2012), food, 
industrial (fishmeal and fish oil), ornamental, sport and bait fisheries target 
about one-sixth, equivalent to 5,000 species. Aquaculture farms over 540 species 
of finfish, molluscs, crustaceans and other invertebrates, about 50 species of 
microalgae and invertebrates as food organisms in hatcheries, about 35 species 
of seaweeds, and over 10 species of amphibians and aquatic reptiles.

Halwart and Bartley (2005) documented the rich variety of aquatic species 
found and utilized from rice-based systems in Southeast Asia (Box 4.1). A total 
of 64 aquatic animal species from farmer-managed systems were recorded as 
being consumed in northeast Thailand, compared with 34 and 19 species in 
southeast Cambodia and Red River Delta in Viet Nam, respectively (Morales 
et al., 2006).
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Box 4.1 Aquatic species in Southeast Asia

For many rural populations in lowland Southeast Asia, rice and fish are 
the mainstay of their diet. Aquatic animals represent a significant, often 
the most important, source of animal protein and are also essential during 
times of rice shortages (Meusch et al., 2003). Wild and gathered foods 
from the aquatic habitat provide important diversity, nutrition and food 
security as food resources from ricefield environments supply essential 
nutrients that are not adequately found in the diet (Halwart, 2008).

Studies on the availability and use of aquatic biodiversity from rice-
based ecosystems in Cambodia, China, Laos and Vietnam documented 
145 species of fish, 11 species of crustaceans, 15 species of molluscs, 13 
species of reptiles, 11 species of amphibians, 11 species of insects and 
37 species of plants directly caught or collected from the rice fields and 
utilized by rural people during one season (Halwart and Bartley, 2005). 
Fish usually constitute the major part. Fish plays a major role in supplying 
food and some income among the groups encountered. Most of it is 
consumed fresh, but there are a number of ways to preserve it for periods 
when the supply of fresh fish is interrupted. Among these, drying and 
fermenting are the most common methods, but fish is also preserved in 
salt, or smoked; and some aquatic organisms are preserved in alcohol to 
be used as medicine (Halwart and Bartley, 2005).

Figure 4.3 Snails are being collected regularly from flooded rice fields in P.R. 
China (Photo: FAO/Aidong Luo)
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Fish consumption and composition

In 2009, fish accounted for 16.6 per cent of the global population’s intake of 
animal protein and 6.4 per cent of all protein consumed. Globally, fish provides 
about 2.9 billion people with almost 20 per cent of their average per capita intake 
of animal protein, and 4.2 billion people with 15 per cent of such proteins. 
Annual per capita fish consumption grew from an average of 9.9 kg in the 1960s 
to 12.6 kg in the 1980s, and reached 17.8 kg in 2007. Of the 17.8 kg of fish per 
capita available for consumption about 75 per cent came from finfish. Shellfish 
supplied 25 per cent (or about 4.1 kg per capita), subdivided into 1.6 kg of 
crustaceans, 0.6 kg of cephalopods and 1.9 kg of other molluscs. Freshwater and 
diadromous species accounted for about 36.4 million tonnes of the total supply, 
whereas marine finfish species provided about 48.1 million tonnes (FAO, 2010).

In agricultural landscapes, fish consumption may vary between poorer and 
richer households. Studies conducted in several Asian countries found that low-
income households depend largely on fish as their major animal protein source 
but generally consume less fish than high-income households (Dey et al., 2005). 
Another study found that fish in poorer households are often consumed in the 
‘low-income vegetable-scarce months’, when other sources of micronutrients 
such as vegetables are not available or affordable (Islam, 2007). Significantly 
higher consumption of fish was found in Nigeria in households engaged in 
capture fisheries (Gomna and Rana, 2007). Seasonality is another important 
factor influencing fish harvests, processing and consumption, with cured 
products being critically important in the diets of rural households during times 
of low wild fish availability.

Inland aquaculture and integrated agriculture and aquaculture systems usually 
lead to an increase in household consumption of fish (Prein and Ahmed, 2000). 
However, as pointed out by kawarazuka and Béné (2010), this relationship is 
not straightforward since farmed aquatic products are often viewed as a cash 
crop rather than a food crop, and the income generated from aquaculture is 
rarely used to buy smaller lower value fish from the market. Alim et al. (2004) 
stated that farmers should be given an option so that they could continue to 
sell their precious cash crop and feed their family with other fish of low market 
value. A technology of simultaneous culture of popular large carps (as a cash 
crop) and cheap but nutritious small fish (to feed the family) may satisfy both 
these needs (Thilsted, 2012). For capture fisheries, case studies from Laos and 
Papua New Guinea reveal big differences as to whether the majority of the fish 
caught are being kept for home consumption or not.

Reliable information from published sources on nutritional composition 
of consumed aquatic organisms is scarce. The importance of fish as a source 
of animal protein and essential fatty acids is well documented and often cited. 
A recent expert consultation on the risks and benefits of fish consumption 
highlighted the importance of fish consumption in order to secure an optimal 
development of the brain and neural system of children (FAO/WHO, 2011). 
Several more recent studies stress the role of fish as a source of micronutrients. 
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Small sized fish are of particular importance since they are consumed whole 
including bones, heads and organs where concentration of micronutrients is 
highest (Figure 4.4). Table 4.2 summarizes the data (modified after James, 2006).

DFID (2001) provided indications on the importance of proteins from 
aquatic organisms in the diet in Southeast Asia. In Northeast Thailand, 72–82 
per cent of animal protein consumed in the wet season in Yasothon province 
comprises wild aquatic resources, derived from rice fields. In Cambodia, fish 
and fish products account for 70–75 per cent of the dietary protein intake of the 
population. In Lao PDR, fish had traditionally contributed 85 per cent of animal 
protein intake. A survey in Luang Prabang province found fish to represent 50–
55 per cent of animal protein intake. Fish still represents the largest component 
of animal protein in the diet. In Viet Nam, fish in An Giang Province contributes 
nearly 76 per cent of the average person’s supply of animal protein, although the 
role of aquatic resources in the diet of Northern Provinces is considerably less.

Aquatic organisms supply essential and limiting micronutrients that are not 
found in rice (or found in limited quantities), particularly calcium, iron, zinc 
and vitamin A. The nutrient content in different fish species may vary by several 
orders of magnitude (Tetens et al., 1998). As mentioned before, the small fish 
are of particular importance since they are usually eaten whole. kawarazuka and 
Béné (2011) collected evidence from case studies which confirmed the high 
levels of vitamin A, iron and zinc in some of the small fish species in developing 
countries. These small fish are reported to be more affordable and accessible than 
the larger fish and other usual animal-source foods and vegetables. Evidence 
suggests that these locally available small fish have considerable potential as 
cost-effective food-based strategies to enhance micronutrient intakes or as a 
complementary food for undernourished children (Table 4.3).

Hansen et al. (1998) showed that small (4–10 cm) fish eaten with the bones 
as part of the everyday diet in many Asian countries contribute considerable 
amounts of calcium. The recommended daily calcium intake for adults can 
be met by eating 34–43 g of these fresh small fish daily, collecting them from 
rice fields, ponds and ditches. In Bangladesh, Roos et al. (2007) found that 
the consumption of small fish contributed 31 per cent of total calcium intake. 
Similar considerations apply for vitamin A, as this is found particularly in eyes 
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7% 1%

Figure 4.4 Distribution of vitamin A in Amblypharyngodon mola (with kind permission 
after Thorseng 2006, original data from Roos et al., 2002)
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and viscera of small fish (Roos et al., 2002). In Bangladesh, it is commonly 
believed that the small fish mola (Amblypharyngodon mola) is ‘good for your 
eyes’, a perception that may have originated from indigenous knowledge that 
night blindness can be cured by eating mola. Roos et al. (2003) found that the 
consumption of small fish contributed up to 40 per cent of total vitamin A 
intake.

Iron deficiency is a widespread nutritional disorder in developing countries. 
In Cambodia, 16 fish species were screened for iron contents. One local small 
fish species, Esomus longimanus, which is found in ponds, canals and ditches has 
a higher iron content (451 mg Fe/kg dry matter, SD = 155, n = 4) than other 
species. In a field study, 30 rural women were interviewed about traditional 
use of this species and their cleaning and cooking practices were observed. The 
amounts of fish consumed were recorded and meal samples were collected for 
iron analysis. Calculations based on the iron content and a high bioavailability 
of Hm-Fe showed that a traditional fish meal (sour soup) covered 45 per cent of 
the daily iron requirement for women (Roos et al., 2007).

Another group of particular nutritional importance is the essential fatty acids 
which are critical for maternal, fetal and neonatal nutrition. The health attributes 
of fish are particularly due to long-chain n-3 polyunsaturated fatty acids. 
However, it has been noted that fish contain many other important nutrients 
that also contribute to the health benefits of fish, and the health effects of fish 
consumption may be greater than the sum of the individual constituents (FAO/
WHO, 2011). Eating fish is also part of the cultural traditions of many peoples. In 
some countries, where viable options for substitute foods are extremely limited, 
fish is the major source of protein and other essential nutrients. A review of the 
potential benefits of fish for maternal, fetal and neonatal nutrition is provided 
by Elvevoll and James (2000).

Table 4.3 Content of vitamin A and calcium in small and big Bangladeshi fish species 
(per 100 g raw edible part).

Fish species Vitamin A  µg Calcium  mg

Small indigenous fish

Mola (Amblypharyngodon mola) 1960 1071

Dhela (Rohtee cotio) 937 1260

Chanda (Chanda sp.) 341 1162

Puti (Puntius spp.) 37 1059

Big fish

Hilsa (Hilsa ilisha) 69 126

Rui (Labeo rohita) 27 317

Silver carp (Hypophthalmichthys molitrix) 17 268

Source: Tetens et al., 1998
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Box 4.2 Aquatic biodiversity and nutrition: the contribution of 
rice-based ecosystems in the Lao PDR

A monthly household survey has been conducted in 240 households in 
three provinces of the Lao PDR which were selected to represent the 
different topographical and agro-ecological zones of the country. The 
survey yielded information on acquisition, amount and uses of fish and 
other aquatic animals (OAAs) based on 24-hour recall of the respondents 
over a one-year period ending October 2007. Data were obtained on catch 
and habitats, species and biodiversity, household consumption of fish and 
OAAs, and relationship between catches and village resources/village 
pesticide use.

Many rural farmer and fisher families in developing countries cannot obtain 
a sufficient variety of nutritious food in their local markets or are simply too 
poor to purchase it. Cultivated species may be complemented by harvested wild 
species that can be of particular significance for indigenous communities and 
for poor and vulnerable communities, especially in times of shortage of main 
staples. Wild and gathered foods, including from the aquatic habitat, therefore 
provide important diversity, nutrition and food security (Halwart and Bartley, 
2007). Available information on nutrient composition of aquatic species and 
their consumption is limited, and sometimes inadequate (Halwart, 2006).

Case study: Laos

The role of aquatic ricefield species in rural Laotian diets has been underestimated, 
as almost 200 species are consumed, supplying a range of nutrients needed by 
the villagers. A recent consumption study in Laos shows that rice fields are 
the source of about two-thirds of all aquatic organisms consumed by rural 
households, whilst for fish alone it is about 50 per cent. About one-third of all 
consumed organisms are frogs and most of these come from rice fields (Box 4.2).

Nevertheless, national and regional food composition databases contain 
limited information on the nutritional composition of these species. The 
aquatic animals consumed on a daily basis contained high amounts of protein 
(11.6–19.7 per cent for fish, crustaceans, molluscs, amphibians and insects 
and 3.3–7.8 per cent for fermented fish), and a generally acceptable essential 
amino acid profile. They were also excellent sources of calcium, iron and zinc. 
However, they had low contents of fat (0.1–4.6 per cent), fatty acids and vitamin 
A. Essential amino acids, iron and zinc are nutrients that are scarce in rural 
Laotian diets. As the food supply of rural households in rice farming areas of 
Laos is critically dependent on the environment, the sustainable existence of 
the ricefield aquatic animals is a crucial factor for the nutritional status of the 
Laotians (Nurhasan et al., 2010).
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The results of this survey show that rice fields contribute far more to 
people’s livelihood and food security than just the rice alone: Two-thirds 
of all the aquatic animals and 50% of all fish consumed by the surveyed 
households come from the ricefield habitat:

Generally, habitats outside the ricefield zone play a more important role 
as food source for rural people in the dry season, while the importance of 
habitats within the rice-based ecosystem increases significantly in the wet 
season. Exceptional in this respect are frogs which make up around one-
third of all the aquatic animals consumed and are thus second in importance 
for food supply after the fish. Frogs are caught predominantly in the rice 
fields, even in the dry season:

The study has impressively demonstrated that ricefield habitats including 
the rice fields themselves, natural ponds/trap ponds in rice fields and rice 
field streams/canals are important for aquatic animals which in turn are 
important as an everyday source of food for the people in rural areas. 

Source: FAO/LARReC 2007
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Valuing small fish and integrated production systems

Historically, fish were mostly captured and collected from the ‘wild’, including 
from agricultural production systems. Due to a combination of factors, and 
largely driven by a steady human population increase, these common resources 
have declined. Aquaculture can make up for the deficit but whether this will have 
the desired nutritional effects for local households will depend among others on 
the appropriate selection of aquatic species and the broader species composition 
in various production systems. Nutrient dense small sized fish species can be 
cultured alongside larger aquatic species to allow for both food-based and cash 
crop aquaculture and nutrition development strategies. Not enough attention 
has been paid so far to these small self-recruiting species and their potential in 
aquaculture development, particularly their potential to combat micronutrient 
deficiencies of vulnerable parts of the society such as pregnant and lactating 
women and small children. In addition, more attention should be paid to 
processing methods for dual reasons of improved fish availability during lean 
periods and reducing post-harvest losses.

Because of the multiple uses of inland waters, integration of such use becomes 
important and constitutes other hierarchies of biodiversity at the ecosystem 
and landscape levels. The requirements of fish and fisheries should be duly 
taken into consideration in planning and management. Where watersheds 
have been modified by hydro-electric development, mitigation measures need 
to be implemented, e.g. habitat rehabilitation, specific water-management 
programmes and fish-passage systems, to protect species that depend on 
longitudinal and lateral movements to complete their life cycle successfully.

Although rural people in developing countries may refer to themselves 
as farmers, the use of inland resources is often an integrated part of their 
livelihoods. The frequency and the ways in which they use aquatic organisms 
vary seasonally and with the cultural and geographic setting. Agricultural policies 
need to ensure that fishing or aquaculture which takes place in rice paddies 
are valued in economic as well as nutritional terms, taking into due account 
farmers’ motivation to farm without the use of pesticides because the animals 
serve as natural predators and grazers. Animals in rice paddies can either be 
natural components of biodiversity that are ‘trapped’ in the paddies, or they can 
be purposefully stocked, such as many tilapia, barb and carp species. Especially 
in small-scale production systems, pond culture of larger fish intended for sale 
can be complemented by the concurrent culture of smaller nutrient-dense fish 
intended for household consumption. Agricultural policies should encourage 
such integrated use.

Agriculture and aquaculture can form integrated farming systems where 
nutrients are cycled between production components, where fish ponds can 
provide a source of water for irrigation, and where irrigation systems can be 
fished. Aquaculture is further used to support culture-based fisheries. There is 
also a trend for inland water biodiversity to be supplemented or even constructed 
to maximize benefits from the modified systems.
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Clearly, enough attention has not been given to the aquatic diversity naturally 
found in agricultural ecosystems and its importance to rural livelihoods. Raising 
awareness and making this aquatic biodiversity in rice ‘visible’ is important and 
supported by relevant international codes and guidelines (FAO, 1995, 2005). 
As the first international forum, the International Rice Commission (IRC) has 
recognized the above results and recommended that ‘Member countries should 
promote the sustainable development of aquatic biodiversity in rice-based 
ecosystems, and policy decisions and management measures should enhance the 
living aquatic resource base’ (FAO, 2002). This was followed by a recommendation 
from the 21st IRC Session in 2006 stating that ‘Member countries should, when 
appropriate, promote at all levels – particularly through national agriculture 
and rice development programmes and policies – the development and transfer 
of integrated rice–fish systems to enhance economic competitiveness of rice 
production, human nutrition, rural income and employment opportunities. 
Promotion should be based on identification of suitable areas, selection of nutrient-
rich local aquatic species and appropriate farming practices. Under marginal rice-
production conditions such as low-yield monsoon seasons new agro-enterprise 
such as aquaculture can lead to improved income and food security. An expert 
meeting to explore these options and to guide pilot development is recommended.’

Similarly, the Convention on Biological Diversity (CBD) at its 10th 
Conference of Parties welcomed Resolution X.31 of the tenth meeting of 
the Conference of the Parties to the Convention on Wetlands (Ramsar, 
Iran, 1971) on the subject ‘Enhancing biodiversity in rice paddies as wetland 
systems’, noting the culture of rice in 114 countries worldwide, that rice 
paddies (flooded and irrigated fields in which rice is grown) have provided 
large areas of open water for centuries and that they support a high level of rice 
associated biodiversity important for sustaining rice paddy ecosystems, as well 
as providing many other ecosystem services. The CBD adopted decision X/34 
on Agricultural Biodiversity, recognizing the importance of agro-ecosystems for 
the conservation and sustainable use of biodiversity, and invited the Food and 
Agriculture Organization of the United Nations to undertake further studies on 
the valuation of the biodiversity and ecosystem services provided by agricultural 
ecosystems, in order to further support policy-relevant guidance to Parties for 
consideration by the Conference of the Parties at its eleventh meeting.

Various alternatives of integration of aquaculture have been examined and 
reviewed (e.g. Pullin and Shehadeh, 1980; Little and Muir, 1987; FAO et al., 
2001; Halwart and Gupta, 2004; Morales et al., 2006) and show that this type of 
farming efficiently uses land, water and nutrients producing high-quality food. 
However, this has clearly not been a sufficient enough precondition for their 
wider acceptance and distribution. More recently, new approaches taking better 
into account the socio-economic circumstances of farming communities are being 
tried and supported through FAO and partners’ work in countries such as Burkina 
Faso, Cambodia, Guyana, Lao PDR, Mali, or Suriname, following a Farmer Field 
School (FFS) approach which is a discovery based learning approach where small 
groups of farmers meet regularly facilitated by a specially trained technician, to 
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explore new methods, through simple experimentation and group discussion 
and analysis, over the course of a growing season. This allows farmers to modify 
and adapt newly introduced methods to local contexts and knowledge, ultimately 
providing a higher likelihood of appropriate adaptation and adoption of improved 
technologies. It is only relatively recently that aquaculture has been integrated 
into an FFS-style curriculum (Halwart and Settle, 2008). The validation and 
dissemination of integrated fish farming in rice-based systems through Farmer 
Field Schools is currently being tested in field activities in Mali and Burkina 
Faso (Yamamoto et al., 2012), where considerable potential for the integration of 
irrigation and aquaculture exists (Halwart and Van Dam, 2006).

It is now important that countries mainstream successful experiences from 
farming communities and corresponding recommendations from international 
fora into their agricultural and nutritional development plans, policies and 
strategies, as is currently the case in Lao PDR (Vatthanatham et al., 2007). 
Ultimately, the understanding of the value of aquatic biodiversity from 
agricultural ecosystems for food and nutrition needs to be well integrated into 
national agricultural systems that embrace the concepts of an ecosystem approach 
and the role of agricultural biodiversity for people and the environment.
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5 Lessons from sub-Saharan Africa

Delivery mechanisms for mobilizing 
agricultural biodiversity for improved  
food and nutrition security

Hervé B. D. Bisseleua and Amadou Ibra Niang

Introduction

Recent international fora have emphasized the importance of biodiversity for 
food security and health. The World Summit on Sustainable Development 
(WSSD) in Johannesburg, South Africa, 2002, emphasized the interconnections 
among five focal areas (WEHAB) including health, agriculture and biodiversity 
necessary for achieving long-term sustainability. A Decision (CBD Decision 
VII/32) of the Conference of the Parties (COP7) of the Convention on 
Biodiversity taken in kuala Lumpur, 2004, specifically calls for a strengthened 
focus on biodiversity for food and nutrition. A resolution accompanying the 
adoption of the World Health Organization Global Strategy on Diet, Physical 
Activity and Health (WHO, 2004), includes explicit reference to traditional and 
indigenous diets.

The global struggle against poverty and hunger cannot be won without 
increased collaboration in the conservation, and sustainable and fair use of 
agricultural biodiversity. Diversity can also help improve productivity by 
raising yield stability, contributing to pest and disease control, and improving 
the environment (Flood, 2010). Meeting the Millennium Development Goals 
(MDGs) will require political will, financial commitment and a readiness to 
attempt innovative solutions. The very fact that 10 years after the adoption of 
these goals, most African countries have been unable to make proportionate 
progress in the elimination of hunger and poverty indicates the need for an 
overall change in the manner in which we have addressed this challenge to date. 
Without such a change we will not achieve the goal of a hunger-free world.

Agricultural biodiversity plays a central role in household food security and 
income generation, and thus in achieving MDG1 of halving the proportion 
of hungry and extremely poor people by 2015. However, its wider use to 
address nutritional deficiencies and other aspects of poverty, all of paramount 
importance, is yet to be fully realized. Today, undernutrition still persists 
in the vast majority of African countries, affecting in particular, women and 
children. This translates into a low consumption of essential micronutrients, 
the result of which is a high prevalence of micronutrient deficiency related 
diseases, and reduced capacity to fight the debilitating effects of diseases such 
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as malaria and HIV/AIDS (Underwood, 2000). Reducing undernutrition has 
therefore become a key objective of the MDGs and many African countries and 
international development organizations around the world are helping Africa to 
achieve this objective. This chapter outlines a cross-cutting approach to using 
agricultural biodiversity for food and nutrition in Africa with examples taken 
from the Millennium Villages Project.

Linking agricultural biodiversity conservation and 
nutrition in sub-Saharan Africa (SSA)

The world has made great strides in reducing hunger, yet the problem of 
malnutrition, particularly the ‘hidden hunger’ caused by missing micronutrients, 
constitutes a formidable challenge for the future. Biodiversity has a crucial 
role to play in mitigating the effects of micronutrient deficiencies, which are 
debilitating hundreds of thousands of people in sub-Saharan Africa, particularly 
children and women. In the developing world, people turned to fashionable 
‘modern’ foods and abandoned the traditional diet as ‘backward’ and ‘poor’. In 
the West, however, people are looking to some traditional diets, for example 
those of East Asia and the Mediterranean, as a source of inspiration about 
nutrition and health. Indeed, many of the epidemiological connections between 
diet and health have come from an observation of traditional peoples and the 
peculiarities of their food intake and health. The importance of plant sterols, 
omega-3 fatty acids, and other dietary components in reducing diseases has been 
established largely through the study of traditional diets that are associated with 
longevity and good health (Johns and Eyzaguirre, 2007).

Farmers and others, however, are well aware of these types of differences and 
often describe certain kinds of food, and indeed certain varieties or landraces, as 
having particular nutritional or therapeutic value. Ethiopian farmers, for example, 
recognized certain varieties of sorghum as having value for sick children and 
nursing mothers (NRC, 1996). The Luo people of western kenya say that the 
leafy vegetables that form an important part of the traditional diet protect against 
gastro-intestinal helminthes and other disturbances (Johns et al., 1995).

A 2001 survey of household agricultural production in Mali revealed that 
the poorest rural household produces little more than cereals (rice, millet and 
maize) and spent almost 50 per cent of their total household expenditures on 
vegetable crops and legumes. Studies also revealed that the poorest families 
purchase food in the market often, resulting in a diet with very little diversity. 
Therefore, the likelihood of nutritional status being improved is tied to the 
improvement of diet diversity where nutritious food is available.

There is certainly some evidence that a varied diet is beneficial (Tucker, 
2001). In kenya, Onyango et al. (1998) demonstrated that diversity in the diet 
has clear beneficial effects on the development of young children up to three 
years old. However, the challenge is to collect this type of nutritional and health 
information using sound anthropometric methods and then to relate it to other 
kinds of analyses such as epidemiological and biochemical investigations.
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Food composition provides an important link for biodiversity and nutrition, 
which are generally considered to be unrelated fields. Even though the 
terms genetic resources, ecosystems and biodiversity may not be part of the 
mainstream nutrition vocabulary, nutrition improvement activities have long 
embraced the concepts. In the nutrition science community, biodiversity has 
always been considered in the context of food and nutrients, with a focus on wild 
and gathered species or varieties, and underutilized and underexploited food 
resources. For instance throughout Africa, in the Millennium Villages Project 
(MVP)1 areas of East and West Africa, hundreds of species of leafy vegetables 
– some cultivated, some gathered from the wild – find their way into people’s 
diets. In many cases they contain considerably more minerals and vitamins 
than introduced crops such as cabbage (Bisseleua, personal communication). In 
addition, it leads us logically to one of the basic principles of nutrition/dietary 
diversity. Food composition is therefore a useful vehicle to explore certain 
synergies and develop common ground between biodiversity and nutrition.

Agricultural biodiversity in the wider context of the 
Millennium Development Goals

Livelihoods and economies in Africa depend critically on the ecosystem that 
land and its associated biodiversity provide. The populations of most African 
countries depend on agriculture for their livelihoods and still are barely able 
to feed themselves (Rouxel et al., 2005). Poverty and hunger are related and 
accelerated by food insecurity. The food security situation depends largely on 
domestic production which, in turn, depends on the amount of agricultural 
biodiversity available. However, this biodiversity is threatened by socio-
economic and climatic determinants (Rouxel et al., 2005; Faye et al., 2010). 
Agriculture’s contribution to fighting poverty in Africa goes beyond people 
simply having enough nutritious food to eat or sell.

The continent’s economies still rely heavily on earnings from agriculture, 
and it is still the main source of livelihood for hundreds of millions of farmers. 
The success or failure of the national harvest has direct impacts on the fiscal 
performance of most countries across the continent. Despite this, agriculture 
has historically received low attention. As a result, farming in sub-Saharan 
Africa is characterized by a subsistence system of low inputs, low outputs and 
low investment.

Food production and vegetable and fruit consumption per capita in Africa 
has been declining in recent decades. Recent changes in lifestyle, particularly 
urbanization, have led to high consumption of fats and refined carbohydrates and 
relatively less consumption of fruit and vegetables. This has further complicated 
the nutrition problem in Africa with increased incidences of obesity, diabetes, 
cardiovascular disease, high blood pressure and cancer. Ironically, although the 
continent has to struggle with these nutrition problems, it is blessed with a high 
diversity of underutilized micronutrient-dense vegetables and fruits. In spite of 
the fact that the vegetables are easily accessible and adapted to local conditions, 
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they have been neglected in research and extension and their consumption has 
been declining over the years, as has the range of vegetables consumed. The 
range has fallen from hundreds consumed regularly to only a few, and often 
mainly exotic species. Coupled with reduced consumption are parallel losses of 
local knowledge and landraces.

Recognizing these shortcomings and the potential of agricultural biodiversity 
to improve income and livelihoods and to fight against mineral and vitamin 
deficiencies, the MVP developed a field-based approach to enhance the role of 
these vegetables in improving the nutritional status and livelihoods of vulnerable 
groups, particularly women and children. This was to be achieved through 
promotion, increased production and consumption, improved processing, 
landrace improvement and sustainable management of the genetic resources. The 
project reported significant achievements, among them increasing agricultural 
production and enhancing ecosystem function by restoring and maintaining soil 
productivity, improving crop diversification and the diversification of farming 
systems; developing living genebanks to conserve genetic diversity; improving 
land productivity and land use diversity; providing high quality agricultural 
inputs, improving irrigation systems, training farmers and strengthening farmer 
cooperatives.

A series of activities were carried out to enhance agricultural biodiversity 
and commercialize agricultural production. These included diversifying crop 
production, introducing modern irrigation techniques, and adding value to 
agricultural products to increase their market value. Now, traditional staple 
foods grow alongside new high-value, nutritional crops and agro-forestry tree 
species, including groundnuts (Arachis villosulicarpa), soy beans (Glycine max L.), 
okra (Abelmoschus esculentus, A. caillei), green leafy vegetables such as amaranth 
(Amaranth viridis), jute mallow (Corchorus olitorius), black nightshade (Solanum 
americanum), cassava (Manihot esculenta) and pumpkin (Cucurbita pepo) leaves, 
and fruit trees such as jujube (Ziziphus mauritiana), tamarind (Tamarindus indica), 
baobab (Adansonia digitata), moringa (Moringa oleifera), citrus (Citrus sp), mango 
(Mangifera indica) and papaya (Carica papaya).

In Tiby, Mali, West Africa, activities aimed at providing diversified crops 
to farmers included the introduction of high value and nutritious crops and 
improved varieties of beans, groundnuts, cowpeas, melons, okra, shallots, 
and other garden vegetables, coupled with agricultural input distribution 
and training in farming methods and the management of diversity in crop 
lands. Training methods focused on seed bed preparation and planting, 
seed and germplasm production (Figure 5.1a), vegetable gardening, annual 
crop production, integrated pest and disease management, management of 
agro-forestry nurseries, post-harvest management and marketing. On-farm 
demonstration plots were established within the communities to demonstrate 
appropriate farming practices and to showcase positive effects of agro-forestry 
and horticultural technologies. The impacts of these combined initiatives on 
agricultural production have yielded considerable reductions in levels of chronic 
undernutrition among children under five (MDG annual report, 2010).
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Figure 5.1 (a) Seed and germplasm production methods are part and parcel of the MVP 
diversity strategy (left); (b) pedal pumps are used to irrigate fields in kenya (right).  
By Hervé Bisseleua

Four new high yielding varieties of rice (G4 of Wassa, Nionoka and Adny11 
and R1 of Wat310) were introduced in Toya, Mali and farmers have devoted 
nearly two-thirds of the area under cultivation to rice (Oryza sp.), sorghum 
(Sorghum sp.) and millet (Pennisetum glaucum). In addition to that, to reverse 
desertification and provide a diversity of nutrients to the communities, the project 
introduced in the community gardens of Toya improved traditional vegetable 
varieties (onion, tomatoes, okra, potatoes, cucumber, melon, amaranths and 
black nightshade) and agro-forestry landraces (jujube, tamarind and moringa). 
Agro-forestry tree species were grown in community gardens in association 
with traditional vegetable species providing households with products having a 
diversity of nutrients and micronutrients.

In Bonsaaso, Ghana, West Africa, emphasis was placed on perennial crops. 
Nurseries and plantations of the cocoa tree (Theobroma cacao) were established 
in association with maize, cassava and banana (Musa sp.). The seedlings raised 
in these nurseries were also used to rehabilitate old cocoa plantations during 
the 2010 major planting season. Improved oil palm (Elaeis guineensis) plantations 
were established in place of poor yielding old plantations. During the cropping 
season 2009–2010 a total of 37.6 tons of oil palm fruits were harvested, generating 
an average annual income of GHS 3,205.50 to farmers. In addition, oil palm and 
cocoa farmers received training in the management of agricultural biodiversity 
in their cocoa and oil palm fields as well as information and development of 
cooperatives.

In Mayange, Rwanda, cassava farmers, whose entire plots had been wiped 
out by a virus, were given disease-resistant cuttings, and today more than 
1,000 ha of land are cultivated with cassava. A new processing plant to mill raw 
produce into high-value flour has been built with an initial investment, which 
now also employs seven permanent staff and up to 50 casual weekly workers. 
The farmers’ increased yields and their newly refined product have allowed 
them to expand their sales to Rwanda’s capital, kigali, and to neighbouring 
Burundi. The cooperative now regularly attends nationwide trade shows, and 
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it was given an award by the District in recognition of its promotion of cassava 
production. However, the project proponents believe that there is still room for 
improvement – as a young organization, the cooperative needs help to boost its 
capacity to manage its newly-flourishing business in a more effective manner.

In Sauri, kenya, 41 drip irrigation systems are now in operation, some of 
which have been paid for by private sector investors offering credit to farmers. 
The systems are expensive, however, and most farmers have opted to use pedal 
pumps (Figure 5.1b), which are cheap but effective enough to irrigate up to one 
hectare. Distribution of these pumps will be scaled up to benefit 990 farmers, 
who will be encouraged to grow mainly horticultural crops including tomatoes, 
onions, cabbages, African leafy vegetables and bananas that are propagated by 
tissue culture, to be marketed through their cooperatives. Women are given an 
equal chance to benefit, and all farmers received training on water management 
techniques, and accessing new markets for selling their produce.

Planting soy beans in Ruhiira, Uganda, has had a double benefit – the plant 
locks nitrogen into the soil, in an area where nutrients had been depleted, and 
it provides healthy food for people who have been affected by malnutrition. 
In 2010, the project proponents advised people about the benefits of soy bean, 
and encouraged them to plant it under integrated soil fertility management 
programmes, designed to boost productivity and diversify agriculture. At the 
same time, soy has a higher market value than maize, meaning that farmers earn 
more income by selling their harvests. More than 8,000 farmers in Ruhiira have 
been trained in soy bean cultivation, and most have been provided with improved, 
disease resistant seeds. Radio programmes and cooking demonstrations were 
used to alert the community to the plant’s benefits, and a significant number of 
households now use part of their harvest in their own meals.

These combined interventions are perhaps best appreciated in Mwandama, 
Malawi. With hybrid maize seeds, fertilizer and topdressing provided to village 
farmers, Mwandama now boasts a record maize yield increase of up to 5.6 mt/ha, 
compared with Malawi’s national average of 1.2 mt/ha. Drip irrigation schemes 
have been introduced to increase agricultural productivity for business, and to 
expand cultivation of high value crops, mostly vegetables and fruits. These allow 
farmers to earn enough profit through market sales to offset the extra irrigation 
cost. The initiative also teaches farmers how to produce the quality and quantity 
of these cash crops required year-round by nearby markets.

Taken together, the efforts made in the MVP’s agriculture sector – improving 
harvests, diversifying diets and increasing business opportunities for farmers – 
have all contributed to the overall food security and health of the villagers.

Drylands, climate change, food security and the MDGs

The drylands region of the Sahel, one of the poorest areas in the world, has 
long been plagued by drought and desertification. These extremes of climatic 
variability have not only caused the deaths of many people but also hampered 
the production systems (Funk and Brown, 2009). Few climate change coping 
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mechanisms are used currently by farmers in the Sahel. The most widely used 
strategies are the traditional agro-forestry parkland systems where trees, crops 
and livestock are combined in the same landscape (Rouxel et al., 2005; Faye 
et al., 2010). However, these systems are threatened by poor regeneration of 
the trees and the high pressure on the resources posed by rapidly growing 
human and animal populations (Garrity et al., 2010). While many response 
options have been developed in the Sahel by national and international research 
organizations, they are generally limited to specific sectors and have focused 
mostly on the biophysical aspects with very low technique adoption rates by 
rural communities (Reij et al., 2009).

Sahelian countries depend on agriculture to feed themselves to an even 
greater extent than many other countries in Africa. The food security situation 
in the Sahelian countries depends largely on domestic production which, 
in turn, depends on the amount of rainfall that these countries receive. The 
Sahel was struck by a devastating series of droughts in the 1970s and 1980s that 
affected most countries, causing immense human suffering due to a serious 
food shortage. These droughts demonstrated the fragility of food security, 
where the majority of food production is based on rainfall associated with 
climatic events. The region needs a multidimensional effort focused on poverty 
alleviation, with an integrated approach that both reverses soil depletion and 
preserves existing biodiversity as a means to overcome regional biophysical 
constraints and promotes income-generating, high-value agricultural products. 
Activities should aim to propose concrete solutions to reduce the risks farming 
households face due to climate change and its effects on drylands. To do so, 
rural communities should be helped to identify and invest in the most effective 
and sustainable coping mechanisms to reduce these risks and to invest in these 
mechanisms in a sustainable way.

However, over the past three decades, the Sahel has experienced an 
environmental renaissance, in terms of the development of vegetation and 
improvement of production systems. Experts link this phenomenon not only to 
an increase in rainfall but also to changes in land and tree use legislation which 
have incentivized farmers to plant and maintain trees in their farmlands (Garrity 
et al., 2010). Hundreds of thousands of farmers have transformed large swathes 
of the region’s arid landscape into productive agricultural land, improving food 
and nutrition security and the livelihoods of millions of people. Sahelian farmers 
achieved their success by ingeniously modifying traditional agro-forestry, water, 
and soil management practices, specifically in Niger and Burkina Faso, primarily 
because of farmer-managed natural regeneration. Recent data has shown that 
more than 4.8 million hectares are greener today than 20 years ago in the regions 
of zinder and Maradi in Niger, primarily because of farmer-managed natural 
regeneration of trees in densely populated and agriculturally overexploited areas 
(Reij et al., 2009).

This transformation resulted from a combination of incentive changes in 
government policy combined with village-level institutional innovations 
in managing land, along with successful changes in farmer practices. These 
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experiences deserve careful attention as a basis for developing regional and 
national initiatives that could possibly result in a new era of transformative 
change across the Sahelian landscape. Lessons from success stories and case 
studies models in implementing the Sustainable Land Management practices 
have not been adequately synthesized to spearhead further expansion of the 
practices throughout the Sahel. The next section reviews these experiences, 
and their broader implications for sustainable food security in the Sahel, as 
manifestations of Climate SMART Agriculture, a fresh approach to achieving 
food security and environmental resilience through agricultural systems that 
increases productivity while enhancing adaptation and mitigation.

Fertilizer trees, conservation farming and the 
conservation of agricultural biodiversity

The challenge facing African agriculture is to produce more food while at the 
same time combating poverty and hunger. The risks that come with climate 
change make this task more daunting. However, hundreds of thousands of 
rain-fed smallholder farms in zambia, Malawi, Niger, Mali and Burkina Faso 
have been shifting to farming systems that are restoring exhausted soils and are 
increasing food crop yields, household food security, and incomes using a type 
of conservation agriculture termed ‘Evergreen Agriculture’.

Evergreen Agriculture is defined as combining agro-forestry with 
conservation agriculture through the integration of particular tree species into 
annual food crop systems (Figure 5.2). The intercropped trees sustain a green 
cover on the land throughout the year to maintain vegetative soil cover, bolster 
nutrient supply through nitrogen fixation and nutrient cycling, generate greater 
quantities of organic matter in soil surface residues, improve soil structure and 
water infiltration, increase greater direct production of food, fodder, fuel, fibre 
and income from products produced by the intercropped trees, enhance carbon 
storage both above and below ground, and induce more effective conservation 
of above- and below-ground biodiversity (Garrity et al., 2010; Reij et al., 2009).

In zambia, maize and other food crops are intercropped within an agro-
forest of the fertilizer tree Faidherbia albida. The Malawi Agro-forestry Food 
Security Programme (AFSP) integrates fertilizer, fodder, fruit, fuel wood, and 
timber tree production with food crops on small farms on a national scale. 
The agro-forestry trees include F. albida, Gliricidia sepium, Tephrosia candida and 
Sesbania sesban resulting in 100 to 400 per cent yield increase in food crops. 
It is estimated that currently about 500,000 Malawian farmers have Faidherbia 
trees on their farms (Phombeya, 1999). The majority of these stands were 
developed through assisted natural regeneration of seedlings that emerged in 
farmers’ fields. Throughout Niger, studies have revealed a dramatic expansion 
of Faidherbia albida agro-forests in millet and sorghum production systems via 
assisted natural regeneration (Reij et al., 2009; Tougiani et al., 2009). Burkina 
Faso farmers developed a unique type of pit-planting technology (zai) along with 
farmer-managed natural regeneration of trees on a substantial scale resulting in 
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a significant increase in cereal production by an average of at least 400 kg/ha, an 
increase of 40 per cent to more than 100 per cent (Reij et al., 2009).

Such complex landscapes characterized by highly connected crop–non-crop 
mosaics are best for long-term conservation, biological control and sustainable 
crop production and insure such landscapes from environmental perturbations 
(Tscharntke et al., 2007). They provide a number of important resources for 
pollinators, parasitoids and predatory arthropods such as permanent vegetation 
cover suitable as refuges from disturbance, as well as resources such as 
alternative prey, pollen and nectar (Bianchi et al., 2006). Such consideration of 
the landscape context ensures sustainable agricultural biodiversity conservation 
that is based on rich beneficial invertebrate communities and their capacity to 
reorganize after disturbances.

Conclusion

Africa is seriously threatened by food insecurity, land degradation and climate 
change. African farmers need science-based interventions. Special emphasis 
should be placed on measures to preserve local biodiversity using a farmer-
centred approach of participatory action-research and development and based 
on coping strategies to climate change and desertification. Research programmes 
should analyse issues related to the desertification processes; look for ways to 
integrate crops of high nutritional value into existing farming systems; identify 
measures to further reduce climatic risks for each coping strategy while preserving 
biodiversity. This may include diversification of farming systems with trees and 
crops that are high-value and nutritious, and less susceptible to drought, and 

Figure 5.2 Intercropping of Leucaena leucocephala and G. sepium with green leafy vegetables 
in MVP farmer’s field. By Hervé Bisseleua
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incorporate water and soil management and rehabilitation techniques, among 
others. In addition, new technological solutions should be tested using holistic, 
system-wide approaches that encompass socio-economic constraints of poor 
farming households and the need to improve their livelihoods; and finally, 
elements of sustainability and replicability should be analysed to ensure the long-
term use and success of these methods and practices. For these technologies to 
be sustained over time, it will be important to identify, develop and promote 
higher market potential for the agricultural commodities that will strengthen 
farmers’ management knowledge and skills. The Millennium Villages Project 
is tackling these critical issues head-on with a focus on achieving the MDGs: 
the world’s commitment to end extreme poverty and ensure environmental 
sustainability by the year 2015.

Note

The Millennium Villages Project simultaneously addresses the challenges of 
extreme poverty in many overlapping areas: agriculture, education, health, 
infrastructure, gender equality, and business development and offers an 
innovative integrated approach to rural development.
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6 Sustained and integrated 
promotion of local, traditional  
food systems for nutrition security

Ifeyironwa Francisca Smith

Introduction

The greatest biodiversity is found in developing countries where poor 
communities rely greatly upon agricultural biodiversity for their foods and 
livelihood (Hobblink, 2004). Thus maintaining the viability of developing 
countries’ local food systems which contain immense agricultural biodiversity 
remains one sustainable way of ensuring food and nutrition security for 
resource-poor populations. Padulosi et al. (2009) furthermore highlighted that 
the larger the agricultural biodiversity basket available to farmers and value 
chain actors, the greater will be their capacity to effectively and sustainably meet 
the environmental challenges of climate change.

In sub-Saharan Africa (SSA), the agricultural biodiversity within traditional 
food systems contributes to food and livelihood security in very profound 
ways. Communities traditionally employ a wide range of locally available food 
resources in daily diets. However, across developing countries, socio-economic 
changes are contributing to changes in dietary patterns and food habits. These 
changes are believed to play significant roles in the many health problems 
faced by poor communities in particular. Sub-Saharan Africa continues to be 
overburdened by nutritional and diet related health problems, most of which 
can be traced to insufficient dietary intakes of micronutrients (vitamin A, iron 
and zinc in particular), and in the recent past, increases in the consumption of 
cheap, calorie-dense staple foods leading to increased incidences of obesity and 
other diet-related chronic diseases (Mendez et al., 2005).

Africa holds a rich and varied agricultural biodiversity that is part of local 
traditional food systems. Dykstra and colleagues (1996) observed that forest-
based crops, root crops and cereal–root crop mixed farming constitute the main 
land use systems in West and Central Africa. In SSA and West Africa in particular, 
there are diverse agricultural ecosystems for the production of a wide range 
of indigenous/traditional foods which if effectively managed, mobilized, and 
their use in diets relentlessly promoted, can increase food availability, expand 
household food choices and ensure dietary diversity and better nutrition.

Using experiences from West Africa, this chapter examines the agro-ecology 
of the sub-region and the role played by the diversity within the local food 
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systems in shaping the region’s well known but now disappearing rich and 
healthy food culture. The chapter will also review changes in this food culture 
and dietary habits occasioned by globalization, urbanization and changes in 
food production practices, the evolution of the nutrition transition, and then 
discuss research and intervention programmes that have been put in place in the 
region to address and reverse, as much as possible, the deleterious effects of the 
nutrition transition on the population. These programme activities are expected 
to generate positive changes in the food choices of the population, eventually 
leading to increased diversification in household diets.

West Africa’s physical geography presents a striking zonal arrangement – the 
Guinean zone where evergreen forest formations dominate, the Savannah zone 
that is still forested but with trees becoming smaller and rarer as one moves 
north, and a Sahelian zone that is semi-arid. These distinct ecosystems provide 
a wide range of indigenous and traditional foods, and to a large extent determine 
the food systems and food habits of communities in different parts of the sub-
region. The rangeland food system of the Sahel and Savannah with its dominant 
cereals (millet – Pennisetum typhoideum; sorghum – Sorghum vulgare; hungry rice 
– Digitaria exilis) and cowpea staples contrasts with the forest and aquatic based 
systems dominated by roots, tubers, starchy fruits, and several traditional bean 
varieties such as the cowpea, bambara ground nut and African yam bean. Thus 
tubers, rhizomes, roots and starchy fruits were major staples that dominated 
the food habits of the southern Guinean zone, while cereals and grain legumes 
predominated in the northern Savannah and Sahelian zones (Figure 6.1). The 
respective major staples are supplemented with a diversity of indigenous minor 
food components such as oil seeds (the oil palm and shea butter in particular), 
fruit and leaf vegetables, a whole array of fruits, food condiments and spices, as 
well as uncultivated wild gathered tubers, fruits, seeds, twigs, leaves and flowers 
of some plants. Some of these minor food components are also used as adjuvants 

Figure 6.1 Pre-historic foods of West Africa (source: Foods of West Africa by F. Smith, 1998)
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in traditional medicine. These indigenous foods defined the food habits of the 
populations in the Guinean, Savannah and Sahelian zones of West Africa.

Changes in dietary patterns

As has been reported for several developing countries (Shufa et al., 2002; 
Albala et al., 2002; Sodjinou et al., 2009; Delisle, 2010), West Africa has also 
undergone periods of changes in dietary habits and shifts in eating patterns in 
response to socio-economic and socio-political factors. However in West Africa 
the initial change was positive following the opening during the 8th century 
of the northern borders of the sub-region to Arab explorers, and the coastal 
borders to Portuguese and other colonial rulers between the 15th and 20th 
centuries (Smith, 1998). During these periods, the already diversified food base 
of communities was further expanded with the introductions of exotic food 
crops from North Africa, Asia and South America in particular.

These introduced foods included Asian rice, several species of beans, 
groundnuts, wheat, barley, taro, banana/plantain, cassava, maize, sweet potato, 
cocoyam, varieties of fruits, leafy greens such as Moringa, Jew’s mallow, 
Indian spinach, quail grass, and such cash crops as sugar cane, cocoa, cotton, 
and rubber. Some of the foods introduced from the north of Africa became 
part of the food culture of the Sahelian zone while foods from South America 
and South Asia found more conducive environments in the Guinean zone 
and became part of the food habits of populations in the forest and coastal 
areas of the sub-region (Figure 6.2). As the introduced foods were selectively 
adopted by communities they became part of the traditional food systems of 
the region and were well established in community food habits. This influx of 
introduced foods, coupled with intra-regional movements of populations with 
their respective food cultures, created an expansion of the already diversified 
food base of communities all over the sub-region. During this period, and up 
to the mid-20th century, national and community food systems were extremely 
diversified (Figures 6.3 and 6.4), and this ensured some degree of food security 
and diversity in household diets of both rural and urban populations.

Evolution of the nutrition transition in West Africa

As the introduced food crops were adopted and cultivated, they initially 
complemented the indigenous food crops earlier described. More food varieties 
were available and the population of the region had a lot of foods to choose 
from. This food abundance and availability was aptly described by Schwab 
(1947) who reported that “the white man living in West Africa where ingredients 
are easily obtained, could use many of them with profit both to his health and 
his finances”. Murdock (1959) also observed that the population of southern 
Nigerians catapulted in the presence of a new and abundant food supply. 
However during the second half of the 20th century, because of higher and 
better yields and perhaps low production costs, several of the introduced food 
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Figure 6.2 Foods introduced to West Africa (source: Foods of West Africa by F. Smith, 1998)

Figure 6.3 Common staples in the Sahelian north of the region (source: Foods of West 
Africa by F. Smith, 1998)

Figure 6.4 West African foods today – Guinea Bissau to Nigeria (source: Foods of West 
Africa by F. Smith, 1998)
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crops displaced the indigenous varieties in the food systems and thus radically 
altered the dietary patterns and food habits of the population. This signalled 
the onset of the nutrition transition in the sub-region. Furthermore, following 
the adoption of the introduced food varieties in local food systems (Figures 
6.3 and 6.4), and cash (export) crops, the scene was set for the exploitation of 
the now conducive crop production environment in the sub-region with the 
establishment of cash crop plantations during the early to mid-20th century. 
More emphasis was now placed on cash crop production to the detriment and 
marginalization of food crop production. Increases in the production of cash 
crops such as peanuts, benniseed (sesame), coffee beans, palm nuts, cocoa, and 
rubber in particular, defined national agricultural production policies and set the 
scene for the practice of single food crop agriculture (Read, 1938). The period 
1950 to date could thus be described as a period of shrinking food supplies 
and increasing food shortages throughout the West African sub-region. Political 
and socio-economic factors played contributing roles in this shrinkage of food 
supplies (Delgado and Rearden, 1987; Lappia, 1987) but the net effect was a 
significant reduction not so much on the numbers of cultivated indigenous 
cereals, legumes, tubers and minor food components but in their level of 
production and thus their availability.

Nutrition transition in full bloom

As already mentioned, the mid-20th century witnessed the emergence of cash 
crop economies in West Africa. Forests were cleared to make way for cash-
crop farming. These clearing and cultivating activities modified the existing 
ecosystems and eliminated some wild indigenous food trees as well as some wild 
uncultivated food crops which were part of the traditional food systems (Robson, 
1976). The trend towards commercial farming and the attendant destruction and 
erosion of ecosystem diversity negatively affected and contributed to the decline 
in the cultivation and availability of indigenous food resources that hitherto 
defined regional food habits and contributed to ensuring the food and nutrition 
security of local populations. This decline and displacement of indigenous 
food resources from national and regional food systems coincided with the 
emergence of food shortages and the increased dependence of populations in 
the sub-region on introduced and food aid cereals. The reliance on food aid 
grains such as wheat, rice and maize in particular, combined with declining use 
of food resources from traditional food systems is associated with the gradual 
simplification of household diets in the sub-region.

Increasing urbanization and large movements of populations to urban 
centres with reduced access to traditional and indigenous food resources also 
exacerbated the nutrition transition phenomenon (Maire et al., 1992; Voster 
et al., 2000; Albala et al., 2002). This reduced access to indigenous food 
resources has resulted in the replacement in diets of the hitherto diversified 
food resources by energy dense and nutrient poor convenience foods. Fouere 
and colleagues (2000) also observed that urbanization and new socio-economic 
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pressures on both rural and urban families, as well as lifestyle changes among 
the urban poor, force families to turn to high carbohydrate, high fat foods in 
order to meet their daily food needs. With increasing urbanization, the trend 
in dietary simplification continues as more and more women find employment 
outside the home, have less time for the preparation of family meals and so turn 
to high energy low nutritional value street foods, or easy to cook cereal foods 
and products like rice, wheat and maize. It is however interesting to note that in 
a study in Benin, West Africa, Sodjinou et al. (2009) found that many features of 
the “traditional diet” as defined by the study are maintained in the “transitional 
diet”. These researchers reported that in the study context, they observed that 
the transitional diet is really not a shift from traditional to western foods, but 
rather a more diversified dietary pattern with some imported foods added to the 
traditional diet although this is associated with a significantly higher intake of 
energy from saturated fats and sugar.

Is this trend reversible?

There has been a resurgence of interest in agricultural biodiversity within 
traditional food systems and the possible role these resources could play in 
ongoing efforts to steer populations away from carbohydrate and energy rich 
foods that are typical of simplified diets to more diversified diets that engender 
household food and nutrition security. In spite of the ongoing nutrition 
transition trend, it is widely acknowledged that within the sub-region, the 
healthy components of West Africa’s food traditions are still found in the lives 
and cooking pots of rural households in particular. This is confirmed by the 
study of dietary patterns of urban adults in Benin (Sodjinou et al., 2009). The 
investigators reported that many features of the traditional diet are maintained 
in the transitional diet patterns of the adults studied. This is indeed heartening 
because with the healthy components of the traditional food habits still playing 
a role in contemporary food habits in the sub-region, the possibility of reversing 
the trends in dietary simplification looks promising.

The author’s experiences during the 1967–1970 Biafran war, and the war 
exigencies that compelled the population of the then south Eastern Nigeria 
(Biafra) to resort to the traditional food systems for food and health needs also 
provide evidence that the trend towards dietary simplification can be slowed down 
if not reversed. During the three-year period of the war, most of the population 
of former Biafra was crammed into a land space less than half the original size of 
the region. Gone were the exotic cereals and products (breads and other baked 
products, imported Asian rice, pastas), animal products (milk, butter, cheese, 
imported New zealand beef, dry and salted stockfish from Scandinavia etc.), as 
well as several other food imports. The population turned to traditional food 
resources – indigenous roots and rhizomes, cereals, grain legumes, nuts and 
oilseeds, leaf and fruit vegetables, mushrooms, fruits, small game, edible snails and 
several molluscs and aquatic species. This experience was an “eye opener” to city 
dwellers (the author included) who were compelled to live among the villagers and 



128 Ifeyironwa Francisca Smith

discovered the rich agricultural biodiversity within family and community farms. 
The Biafran experience was enlightening and contributed to the interest of some 
local researchers on the nutrition, health and medicinal properties of some food 
resources from local traditional food systems (Smith, 1982; Achinewhu and Ryley, 
1987; Achinewhu et al., 1995; Glew et al., 1997; Ighodalo et al., 1991; Nordiede et 
al., 1996; Jideani, 1990; Muhammad and Amusa, 2005; Achu et al., 2008; Ngondi 
et al., 2005; Dahiru et al., 2006; Baumer, 1995; Ladeji and Okoye, 1993; Eromosele 
et al., 1991; Johns et al., 1995). Data from these and other earlier studies have 
spurred further interest and continuing research into the nutrition and health 
attributes of foods from West African traditional food systems. Investigations 
during the past two decades on foods from these food systems have confirmed 
these earlier reports of their nutritional and health protecting properties. While 
these reports do not suggest an exclusive focus on local agricultural biodiversity 
as the sole way of addressing the urgent food and nutrition challenges faced by 
several developing countries, the body of evidence generated strongly suggests that 
the agricultural biodiversity within these food systems, if properly managed and 
mobilized, can engender dietary diversity and promote healthier diets.

Voster and colleagues (2011) also believe that the trend towards dietary 
simplification can be slowed down, and suggested some research and intervention 
approaches that are needed to move the nutrition transition in a more positive 
direction in Africa. Among the suggested public health promotion strategies, 
policies and intervention approaches are:

•	 Evidence-based interventions that address identified public health problems
•	 Holistic integrated food and nutrition interventions
•	 Addressing under- and overnutrition simultaneously
•	 Involving communities in planning interventions using a bottom-up rather 

than a top-down approach
•	 Involving relevant stakeholders at the planning stage to ensure their active 

participation in the implementation stage
•	 Focusing on diversification of diets rather than a reliance on fortified foods 

and supplementation where possible.

In West Africa, international organizations working in collaboration with 
regional research institutions as well as the West African Health Organization 
(WAHO) (Box 6.1) have, during the past decade, developed research and 
intervention programmes to address and ultimately slow down the trend towards 
dietary simplification and its deleterious effects on the population’s nutrition and 
health. key programmes developed target:

•	 The revitalization of traditional food systems
•	 Addressing important constraints to the production of traditional foods
•	 The development of public awareness products and tools to enable effective 

public awareness and education programmes on the nutrition and health 
benefits of consuming foods from traditional and local food systems.
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During the past two decades several published reports (Delisle et al., 2003; 
kennedy et al., 2005; McBurney et al., 2004; Barngana, 2004; Smith, 2000; 
VanHeerden and Schondeldt, 2004; Adegbooye et al., 2005; Frison et al., 2006) 
have echoed the need to mainstream the use of traditional food resources in 
the daily diets of resource poor communities and households in particular. 
However, these studies have also highlighted major bottlenecks and constraints 
that have over the years hampered such attempts. Important among these 
reported bottlenecks and constraints are:

•	 Very poor knowledge base on traditional food resources by the population 
at large including national and regional agricultural policy and decision 
makers who determine policies governing agricultural production

•	 Poorly developed seed systems for traditional food crops
•	 Lack of or low appreciation of local communities’ indigenous knowledge 

of their traditional food systems and building on such knowledge when 
developing agricultural intervention programmes

•	 Lack of market access for traditional food resources
•	 Dearth of credible information on the nutrition and health attributes of a 

large number of traditional food resources, including information required 
for public awareness and education of the population

•	 Economic viability/market competitiveness of these food resources
•	 Ecological sustainability
•	 Productivity/weak agronomic knowledge
•	 Socio-cultural basis of decision making.

In countries and regions with rich agricultural biodiversity and food culture 
such as West Africa, use of locally available traditional food resources should be 
part of frontline strategies for nutrition interventions and so the revitalization 
of local traditional food systems is believed to be an imperative starting point. 

Box 6.1 West African Health Organization (WAHO)

The West African Organization is a specialized Public Health Agency 
of the Economic Community of West African States (ECOWAS). 
WAHO coordinates the ECOWAS nutrition Forum and so is charged 
with facilitating effective food and nutrition policies and programmes, 
and ensuring food and nutrition security in the sub-region. Local foods 
from the region’s traditional food systems play a fundamental role in 
meeting this objective. This explains WAHO’s very active leadership 
role in initiatives aimed at enhancing the production, marketing and 
consumption by the population of nutrient-rich foods from the region’s 
ecosystems in order to ensure adequate nutrition, improved health and 
livelihoods of populations within ECOWAS Member States.
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Furthermore, addressing the aforementioned bottlenecks would to a significant 
extent pave the way for the successful development and execution of sustainable 
national and regional programmes aimed not only at revitalizing local traditional 
food systems but also at mobilizing and mainstreaming food resources from 
these systems in household diets of both rural and urban populations in the 
sub-region.

Within the sub-region, national and regional institutions as well as international 
organizations have been slow and perhaps ineffective in articulating appropriate 
programmes to address the social and human development challenges posed 
by these constraints. However, in recent years there have been encouraging 
successes in research and development programmes put in place within the sub-
region specifically aimed at addressing and overcoming some of these identified 
constraints. Some of these programmes are presented in the following pages.

Addressing poor knowledge base on traditional foods by the population

The general ignorance of the nature and use of nutrient-rich indigenous and 
traditional food resources has over the years resulted in these foods being left 
out of most national strategies put in place to address food security and nutrition 
problems of the population. One of the earliest research for development 
programmes designed and put in place to enhance the knowledge base of local 
populations on traditional foods was a five-country (Botswana, Cameroon, 
kenya, Senegal, zimbabwe) multidisciplinary, community-based Bioversity 
International/National Agricultural Research Systems (NARS) collaborative 
study on the conservation through use of African traditional leafy vegetables 
(Chweya and Eyzaguirre, 1999).

In sub-Saharan Africa, leafy vegetables are vital dietary components and have 
been described as indispensable ingredients of soups or sauces that accompany 
carbohydrate staples (Smith and Eyzaguirre, 2007). This programme was 
therefore an appropriate start in the push to expand the knowledge base on 
traditional food resources. The five-country programme on promoting African 
leafy vegetables which started in 1996 significantly helped to change attitudes 
towards these hitherto underutilized nutrient-rich, health protecting food 
resources. In kenya, which was one of the participating countries, the programme 
was instrumental in the development of entire leafy vegetable market chains 
(Gotor and Irungu, 2010). In Senegal, the introduced leafy vegetable Moringa 
oleifera, locally known as Nebeday (an adulteration of the plant’s popular name 
Never die), is very commonly used in traditional dishes and is believed to 
contain healing properties. Nutritional analysis done during this programme 
(Ndong et al., 2007) confirmed reports (Sena et al., 1998; Oduro et al., 2008) 
that Moringa is a good source of several nutrients. The study by Ndong and 
colleagues (2007) however disputed the claim that Moringa is also a good source 
of dietary iron and provided evidence that points to poor bioavailability of iron 
from Moringa. These results are of particular importance in the Sahelian zone 
of West Africa where public awareness campaigns have encouraged the use of 
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Moringa in family meals, and where dried and ground Moringa leaves are very 
commonly consumed and also used to enrich weaning foods.

Addressing poorly developed seed systems for traditional food crops

A key issue that emerged from the leafy vegetable programme in Senegal and 
other participating countries is inadequate systems for germplasm management 
and seed production. Poorly developed seed systems have been cited by 
specialists as a major constraint in ongoing attempts to increase the production 
of several nutrient-rich traditional food crops (McGuirre, 2008; Sperling et al., 
2008; Adegbooye et al., 2005). To address this challenge that confronts West 
African small-scale farmers, researchers from Bioversity International (formerly 
IPGRI), in collaboration with researchers from national agricultural research 
systems (NARS) in Burkina Faso, Mali and Niger, and national agricultural 
extension specialists, worked with small-scale farmers and farming communities 
in these countries to improve and increase farmers’ capacities to select, produce 
and manage improved seeds of local food crop varieties. The capacity building 
programme which relied on the local farmers’ indigenous knowledge of the 
food systems involved:

•	 Farmer participatory seed selection that eliminated through trials on 
demonstration plots low yield accessions with poor agronomic characteristics

•	 Quality seed production, maintenance and storage during which farmers 
acquired the ability to identify and maintain seed varietal characteristics 
during handling and storage

•	 Popularization of selected improved varieties through field demonstrations
•	 Improved cultivation practices
•	 Community-based in situ maintenance of local improved seed varieties.

Project activities (Vodouhe et al., 2008) resulted in participating farmers 
and their communities having access to quality seeds either through individual 
seed exchanges or through community seed fairs. This Sahelian farmers’ 
project established a traditional seed system network in the three participating 
countries and has put in place an enabling structure in the form of seed fairs on 
which larger regional networks can be built. It is noteworthy that in executing 
project activities the farmers’ knowledge of their traditional food systems was 
acknowledged and reflected in the participatory nature of project activities. Also, 
the capacity strengthening activities built on the existing indigenous knowledge 
of the participants.

Addressing market access for traditional food resources

One of the constraints to increased production of traditional food crops is a 
lack of market infrastructure and support for the marketing of local foods and 
products. Creating access to markets for West Africa’s local traditional food 
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resources, increasing their marketability and making them easily available in 
local markets has the potential to mainstream the food resources in household 
food choices and selection thereby increasing their use in family diets.

Realizing this vital role that markets can play in mainstreaming local foods 
in household diets, Bioversity is conducting a two-country (Benin and kenya) 
study on the effects of market integration on the nutritional contributions of 
traditional food resources to the well-being of the rural poor. The ongoing 
project will characterize the level of integration and assess market potentials of 
key traditional food resources. The study also hopes to determine the potential 
of markets to foster a wider use of key nutrient-rich foods from the traditional 
food systems.

Addressing lack of information for public awareness and education on 
the nutrition and health attributes of local agricultural biodiversity

Information, education and communication strategies and social marketing of 
programmes and products have been found to be indispensable components 
of community mobilization for successful food and nutrition intervention 
programmes. Through information and culturally applicable nutrition education, 
community mobilization has the important effect of raising awareness on the 
links between local food diversity, nutrition and health of community members. 
In the sub-region, the lack of this vital tool – credible data and information on 
the compositional attributes of traditional food resources – has greatly hampered 
attempts to inform and educate the population on the healthful attributes of 
these foods. Beyond the food needs of the population, such a food composition 
database is also vital for the development of effective tools for advocacy and is 
critical for policy and programme development within the agriculture, food, 
nutrition and health sectors.

The West African Health Organization working in collaboration with 
Bioversity International, FAO, the University d’Abomey Calavi Benin, and 
the University of Ghana, Legon, trained local experts on the development, 
compilation and dissemination of food composition databases. Some of the 
trained experts were engaged to compile available published and unpublished 
data on the composition of local traditional foods from 7 of the 15 countries 
in the sub-region. The data compiled was used in the development of a new 
regional food composition database (Stadlmayr et al., 2010). This first edition of 
the regional food composition database (Composition of Selected Foods from 
West Africa) has since been expanded and updated with new published data 
(Stadlmayr et al., 2012).

Policy advocacy activities

In addition to the research-oriented activities which are expected to inform 
evidence-based interventions and programmes, advocacy was another area of 
thrust of the regional institutional collaboration. Also targeted in the attempts 
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to enhance the knowledge base on traditional foods are national and regional 
policy and decision makers in the agriculture, food, and health public sectors 
in particular. These functionaries determine and develop policies that should 
ensure adequate food production, availability and use by all segments of the 
population. It is therefore appropriate that continuous policy advocacy activities 
in the form of workshops, round-table discussions and stakeholders’ meetings 
are organized to inform and educate these groups of functionaries within the 
health, agriculture, education and rural development sectors in particular. 
Bioversity International, working in collaboration with the West African Health 
Organization and the United Nations Food and Agriculture Organization 
(FAO), organized two of these advocacy workshops between 2007 and 2009, 
as well as a stakeholders’ consultation in 2010 involving participants from 
international and West African regional organizations operating in the food, 
agriculture and health sectors.

The first of these policy advocacy workshops involved director-level 
participants from the ECOWAS (Economic Community of West African States) 
national ministries of health, agriculture, representatives from private sector 
groups (farmers’ associations, food processors and consumer organizations), 
representatives from universities and research institutions, international NGOs, 
regional and international organizations (Bioversity/WAHO/FAO, 2007). The 
workshop sought to inform, educate and convince the participants by way of 
topical presentations and group discussions of the need to re-assess existing food 
and nutrition related health and agriculture policies, harmonize such policies 
and develop cross-sectoral implementation strategies that would positively 
impact on food security, nutrition and health of the West African population. An 
indication of the relative impact of this first workshop was the request after the 

Box 6.2 Reseau des Organisations Paysannes et des 
Producteurs Agricole de l’Afrique de l’Ouest (ROPPA)

The pillars of the initiative to promote the production and consumption 
of foods from traditional food systems are the small-scale farmers 
represented by ROPPA – a network organization of small-scale food 
producers that operates in 12 of the 15 ECOWAS member states, and 
implements activities at both national and regional levels. Since its re-
structuring in 2002, ROPPA has been actively involved in consultations for 
the development and implementation of West Africa’s regional agricultural 
policies and programmes. It is also very active in advocacy on behalf of 
small-scale food producers and working to strengthen their capacities as 
well as implementing public awareness programmes. At national levels, 
ROPPA coordinates farmers’ networks and activities, empowers farmer 
organizations by ensuring their credibility as well as the visibility of their 
network activities. ROPPA also provides additional support in the form of 
training and capacity development to women farmer cooperative groups.
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workshop by the governing body of the regional small-scale farmers’ associations 
(ROPPA, Box 6.2) to enter into a collaborative working relationship with 
WAHO. This relationship between WAHO and ROPPA, whose members are 
the producers of the traditional foods, is considered strategic for the development 
and implementation of regional programmes that aim to mainstream the use of 
traditional food resources for improved nutrition and health.

Another indication of a scaling up effect of this workshop was the decision 
by the ECOWAS Commission on Agriculture to join in the initiative for the 
promotion of foods from local traditional food systems. The Commission co-
convened and hosted a 2010 stakeholders’ consultation on national and regional 
programmes to promote foods from traditional food systems (WAHO/ROPPA/
Bioversity/FAO/ECOWAS Agriculture Commission, 2010).

The second workshop was a three-day “listening workshop” (WAHO/
ROPPA/Bioversity, 2009) which brought together representatives of 12 national 
farmers’ associations, regional and international organizations, representatives 

Box 6.3 List of articulated constraints and challenges of 
West Africa’s small-scale farmers

•	 Increasing lack of access to arable land with the ongoing decision of 
governments to allocate farm lands for the production of bio-fuels

•	 Land tenure problems hinder female farmers from farming in the 
same location for sufficiently long periods to improve and increase 
production.

•	 Preference of governments for cash crops discourages food crop 
production; small-scale farmers get very little help and support from 
governments

•	 No institutional/government support and/or protection from the effects 
of droughts, floods and invasions/destruction by locusts and crickets

•	 Very low use of inputs by farmers due to lack of operating funds which 
result in low production levels

•	 Inadequate systems for germplasm management and seed production
•	 Imposition of western-type farming in the form of new seed varieties
•	 Poor infrastructure for transportation needed to move foods from 

production areas to markets
•	 Lack of infrastructure for processing of fresh products to limit post-

harvest losses
•	 Lack of financial support from governments and inability to obtain bank 

credits due to lack of or required adequate collateral
•	 Marketing difficulties due to absence of protection from competition 

from imports
•	 Little or no market infrastructure and lack of support for the marketing 

of local foods and products
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from research institutions, private sector groups and organizations. The 
presentations and the group discussions that followed provided the ROPPA 
members with information that enabled them to better articulate the constraints 
and challenges they face and the types of support they require in order to 
improve and increase the production of traditional food crops in their farms. 
The list of constraints and challenges (Box 6.3) provided workshop organizers 
(WAHO and Bioversity) with greater insights into priority areas of intervention 
and support for ROPPA in order to enable this network of traditional food 
producers to achieve the mutual objective of increasing production, availability 
and easy accessibility of local traditional food resources.

Conclusion

The health consequences of the nutrition transition on developing country 
populations have been widely reported. While there are similarities in the 
determinants of the nutrition transition – shifts in eating patterns, dietary changes 
characterized by increased consumption of simplified high carbohydrate, high 
fat diets – countries differ in the strategies developed to address the resulting 
food security, nutrition and health challenges faced by governments. Dietary 
diversification is acknowledged as a vital component of any intervention strategy. 
Sub-Saharan Africa and West Africa in particular still have strong traditional food 
cultures and rich agricultural biodiversity within traditional food systems which 
can be mobilized and used in national strategies to encourage diversification in 
food systems and household diets.

Evidence presented from West Africa suggests that it is possible to reverse 
the trend of dietary simplification which is one of the defining characteristics 
of the nutrition transition, and according to Voster and colleagues (2011), steer 
the process into a more positive direction. The targeted programme activities 
that were presented in this chapter to revitalize local food systems, address key 
constraints to the production of traditional foods and provide public awareness 
of products and tools that can be adapted and applied to several developing 
country situations, particularly SSA countries. The policy advocacy workshops 
were organized to enable national policy makers make informed decisions on 
how best to tackle the issue of food and nutrition insecurity in the sub-region. 
The regional institutional cross-sectoral and multidisciplinary collaboration was 
developed over time but it remains vital to the successful implementation of the 
reported programme activities.

The active participation in the institutional collaboration of the network 
of small-scale food producers, who are considered the pillars of the initiative 
to increase production and availability of traditional foods, resulted in a 
synergistic partnership of food producers, government agencies, researchers and 
development agencies. This partnership provided the framework or “backbone” 
on which the reported programmes to increase food diversity within national 
food systems thereby engendering diversity in household diets were successfully 
developed and implemented.
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7 Linking biodiversity and 
nutrition

Research methodologies

Roseline Remans and Sean Smukler

Introduction

•	 How do species, varieties and species compositions differ in nutritional 
function?

•	 What is the relationship between biodiversity and nutrition in various 
settings? Does this relationship change over time? How and why?

•	 How can we manage biodiversity and the ecosystem services it provides 
for human nutrition, while also managing for other components of human 
well-being?

In this chapter, a step is taken to explore research methodologies that can help 
address these questions as well as introduce how tools mostly used in ecology 
and agricultural sciences can be applied to integrate nutrition.

Although there have been important exceptions, much of the agricultural 
research conducted over the last decades has been focused on increasing 
productivity through improvements in crop genetics and the efficacy of inputs. 
Maximizing nutritional output of farming systems has never been a primary 
objective in modern agriculture, human health or public policy. Food-based 
interventions to tackle undernutrition in the past have been mostly single-
nutrient oriented. From various recommendations for high-protein diets 
(Brock et al., 1955) and later for high-energy diets (McLaren, 1966, 1974), to 
more recent efforts directed at the elimination of micronutrient deficiencies 
(Ruel and Levin, 2002), the attention was generally concentrated on one single 
nutrient to improve nutritional outcomes. Literature reviews (Penafiel et al., 
2011; Masset et al., 2011) further underline that although biodiversity could 
contribute to dietary diversification and quality, current research approaches are 
falling short to provide strong evidence.

Understanding and strengthening the link between biodiversity and 
nutrition requires a different approach (Figure 7.1; Fanzo et al., 2011). First, it 
calls for a dynamic systems approach in which the diversity of organisms and 
nutrients from production to consumption plays a central role. The first part 
of this chapter focuses on research frameworks and methodologies that allow 
such a systems approach at different spatial and time scales to link biodiversity 
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with nutritional functions and outcomes. We provide an overview of existing 
methodologies and explore potential future paths.

Second, a basic challenge in investigating and describing the contributions that 
biodiversity can make to improving nutrition over the next few decades is one of 
relevance and realism. While there are many possible ways in which biodiversity 
can improve nutrition, they may not all be feasible in production systems or 
they may come with negative consequences for other ecosystem services (e.g. 
reduce fuelwood provisioning or water quality regulation) and components of 
human well-being (e.g. prove uneconomic or too labour intensive for adoption 
by farmers). Successful approaches are likely to bring together positive aspects 
of sustainable intensification and multi-functional agriculture, to reflect the 
realities and choices of farmers and ultimately improve not just human nutrition 
but also other components that contribute to human well-being. It is therefore 
important to investigate the linkages between nutrition and other functions of 
agro-ecological systems that influence human well-being and to adopt research 
approaches that can explore trade-offs and synergies in complex systems. Such 
methodologies are described and illustrated in the second part of the chapter.

Third, considering change over time, a strategy is explored that can help 
identify drivers of change, and unravel if, why and how the relationship between 
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Figure 7.1 Schematic overview of the structure of the chapter. In this chapter, a step is taken 
to explore methodologies to address four sets of research questions linking biodiversity 
and nutrition: 1) How do species, varieties and species compositions differ in nutritional 
function? What is the relationship between biodiversity and nutrition in various settings? 
2) How can we manage biodiversity for human nutrition, while also managing for other 
components of human well-being? 3) How and why does the relationship between 
biodiversity and nutrition change over time/ across different settings? 4) How can we 
enable the research environment so that researchers from different disciplines find the 
joy and benefits of working together?
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biodiversity and nutrition outcomes changes (or does not change) over time. 
Identifying what works in practice over time (see also other chapters), taking 
into account regional differences and different scales of farming, will be essential 
if diversity is to be used to improve nutrition in a sustainable way.

Finally, in order to efficiently link biodiversity and nutrition research, 
researchers from different disciplines must find the joy and benefits of working 
together. The chapter briefly introduces some tools that can facilitate cross-
disciplinary communication (see also Chapter 10).

As new interest on the link between biodiversity and nutrition is emerging 
in the environment, agriculture and nutrition communities (e.g. the new cross-
cutting initiative on biodiversity and nutrition of the Convention of Biological 
Diversity), this chapter will allow the reader to further enable holistic, cross-
sectoral research approaches and help pave the way in developing tools that can 
guide sustainable decision-making on the ground.

Taking a systems approach to link biodiversity with 
nutritional functions and outcomes

This section explores approaches that address the questions: “How do species, 
varieties and species compositions differ in nutritional function?” and “What is 
the relationship between biodiversity and nutrition in various settings?”

The Millennium Ecosystem Assessment (MEA) provides a widely used 
framework that links biodiversity to human well-being through ecosystem 
functions and services (MEA, 2005). Ecosystem functions are the characteristic 
processes within an ecosystem that include energy and nutrient exchanges, 
as well as decomposition and production of biomass. The specific ecosystem 
functions that are apparently beneficial to human civilization are considered 
ecosystem services. Here, the MEA framework is applied to the relationship 
between biodiversity and human nutrition and identifies a suite of research 
methodologies or tools that provide ways to further unravel pieces of this 
framework (Figure 7.2). An overview of tools based on existing literature is 
provided in Table 7.1. While many tools are important, there will be a focus on 
a selection of methodologies highlighted in Figure 7.2 that are considered most 
relevant for this chapter. To illustrate these tools, data and examples are used 
from the literature and the Millennium Villages Project, a rural development 
project with research and implementation sites across all major agro-ecological 
zones in sub-Saharan Africa (Sanchez et al., 2007).

How do species, varieties and species compositions differ in nutritional function?

A human diet requires at least 51 nutrients in adequate amounts consistently 
(Graham et al., 2007). In food sciences, several methods have been developed 
to analyse the composition of food items for this diversity of nutrients and 
standardized nutrition indicators for biodiversity have been suggested (kennedy 
and Burlingame, 2003; FAO, 2007, 2010a). While for many of the minor crops 



Linking biodiversity and nutrition 143

the nutritional differences and possible advantages of one variety over another 
are not yet known, great progress is being made in extending food composition 
tables (e.g. the International Network of Food Data Systems, INFOODS; 
Stadlmayr et al., 2010) and in identifying the advantage of several minor crops 
in securing a healthy supply of specific nutrients (Penafiel et al., 2011; Golden 
et al., 2011; other chapters in this book). For example, nutritional composition 
analysis of African green leafy vegetables has clearly shown that these leafy 
greens (e.g. African spiderweed, black nightshade) provide higher levels of iron 
and vitamin A than several imported species (e.g. Chinese cabbage, Chweya 
and Eyzaguirre 1999; see also other chapters). This has helped promotion and 
adoption in local to regional markets (Shackleton et al., 2009).

Further, progress in genetics and genomics, for example the use of more 
advanced molecular markers such as microsatellites and the genome-wide 
screening of different varieties, now allow for more efficient identification of 
quantitative trait loci (QTL) and genes on the genome that contribute to specific 
nutritional functions (Galeano et al., 2011). For example, QTL explaining the 
higher iron and zinc variability in common bean varieties were recently identified 
(Blair et al., 2010). These tools thereby not only help to unravel the genetic base 
for differences in nutritional composition of varieties, but also provide means to 
improve the nutritional value of locally adopted varieties through cross-breeding.

How do species, varieties and species compositions differ in nutritional 
function

What is the relationship between biodeversity and nutrition in
various settings

Supporting services =  services
necessary for the production of all

other ecosystem services

Nutrient cycling
Soil formation
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Figure 7.2 Application of the Millennium Ecosystem Framework in combination with 
the UNICEF Child and Maternal Nutrition Framework on the relationship between 
biodiversity and nutrition. Research methodologies and tools to investigate specific pieces 
of the framework are highlighted and a selection of these are further described in the text
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Recognizing the exciting progress made in methodologies to develop food 
composition tables and to identify the genetic base of nutritional differences 
between species and varieties (FAO, 2010b), there are still a couple of major 
gaps in current research approaches in order to address the question as to how 
do species, varieties and species compositions differ in nutritional function, in 
a more holistic way.

First, not much is known about the interaction between the nutritional 
composition of crop species or varieties, the agricultural management practices 
and environmental conditions. Food composition tables, for example, mostly 
do not include information about the management practices applied (e.g. 
fertilizer, irrigation) nor the environmental conditions in which a specific 
food item is grown. A number of studies (e.g. Remans et al., 2008; Graham 
et al., 2007; Graham, 2008; Weil et al., unpublished), however, clearly show 
that the nutritional composition, including protein, sulfur, iron, zinc content, 
of crops can vary significantly among different management and environmental 
conditions. For example, addition of zinc fertilizer to the soil can increase the 
concentration of trace elements in edible parts of common bean (Graham et al., 
2007; Graham, 2008). Also, the concentration of sulfur containing amino acids 
in the grain of common bean increased as higher levels of sulfate were detected 
in the soil, while this was not the case for maize (Weil et al., unpublished).

To enhance our understanding as to how the nutritional function of species 
and varieties differ, there is a critical need to link food composition analyses 
to agricultural management, soil and environmental studies. There currently 
exist several opportunities that can strengthen this link in a systematic way. 
The African Soil Information Service (AfSIS) project is developing a digital soil 
map of Africa, collecting information not only on soil but also on vegetation, 
climate and the effects of agricultural management practices on soil fertility and 
crop productivity throughout the African sub-continent. Linking nutritional 
composition analyses to such Global Digital Soil Map initiatives could help 
unravel the interaction between management, environment and nutritional 
composition. In addition, methodologies such as infrared spectroscopy offer 
promising potential to analyse the nutritional composition of plant varieties 
in a relatively quick and cost-effective way in the field as compared with wet-
lab analysis (Foley et al., 1998; Brown et al., 2006). These tools provide a way 
not only to speed up the analyses of plant nutritional composition, but also to 
directly link such results to soil characteristics if measured simultaneously in 
the field.

Further, Global Positioning Systems (GPS) tools provide a way to easily 
record the location where food items used for nutritional composition analysis 
are collected. This can enable integration of food composition data with spatially 
explicit environmental data, including soil, climate, land use/cover and water 
availability characteristics, and enable investigators to address questions such as 
“Can we identify ‘nutritional deserts’ where nutritional value of crops is lower 
than in other regions?” Or “Is the difference in nutritional value between certain 
varieties larger in conditions of optimal rainfall as compared with droughts?”
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In addition to enhancing our understanding of the interaction between 
environment and nutritional composition of species and varieties, there is need 
for research that enables greater consideration of the large diversity of species 
and varieties available in the system as a whole together with their nutritional 
composition. This brings us to the question, “How do different species 
compositions differ in nutritional function?” By using examples of rural villages 
in sub-Saharan Africa, this chapter illustrates how an ecological concept, the 
Functional Diversity (FD) metric, has potential to address this question.

FD is a metric used in ecology that reflects the trait distinctiveness of species 
in a community and the degree of complementarity in traits of species within a 
community. Though many ecologists have focused on the relationship between 
biodiversity and ecosystem functioning, there has been little focus on the role 
that ecosystems play in providing the essential nutrients of human diets.

Applying the FD metric to the nutritional traits of plants (and potentially 
animals) provides a novel metric, called nutritional functional diversity 
(nutritional FD, Figure 7.3, Remans et al., 2011a) that bridges agriculture, 
ecology and nutrition studies. The nutritional FD metric is based on plant species 
composition at the farm (or landscape scale) and the nutritional composition of 
these plants for a suite of nutrients (e.g., 17 different nutrients in the study by 
Remans et al., 2011a) that are key in human diets and for which reliable plant 
composition data are available. The nutritional FD value increases when a species 
or variety with a unique combination of nutrients is added to a community, 
and decreases when such a species is lost. The nutritional FD metric thereby 
reflects the diversity of nutrients provided by the farm and the complementarity 

Species composition

Nutritional composition

Protein

Carbohydrates

FatVitamins

Minerals

Protein

Carbohydrates

FatVitamins

Minerals

Nutritional functional diversity

MaizeBeansSpinach

Figure 7.3 Schematic representation of the nutritional functional diversity metric, based 
on 1) species composition in a given farm or landscape and 2) nutritional composition of 
these species. Thereby the nutritional FD metric provides a way to assess complementarity 
between species for their nutritional function
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Box 7.1 Assessing nutritional diversity of cropping systems in 
African villages

Data on edible plant species diversity were collected for 170 farms in three 
Millennium Villages in sub-Saharan Africa. Nutritional FD metrics took into 
account 17 essential nutrients that were calculated for each of the 170 farms, 
based on farm species composition and species nutritional composition.

Figure 7.4 plots FD values against species richness for each of the 170 
farms. Regression of FD against species richness reveals several patterns. 
First, there is a strong positive correlation (p < 0.001; r2 = 0.68) between 
FD and species richness, independent of village. Thus, as the number of 
edible species increases, the diversity of nutritional functions that farm 
provides also increases. Second, at a level of around 25 species per farm, 
the relationship between FD and species richness starts levelling off, 
meaning that adding species to a farm with around 25 or more species, 
increases nutritional diversity very little. Third, although species richness 
and FDtotal are correlated, farms with the same number of species can have 
very different nutritional FD scores. For example, two farms in Mwandama 
(indicated by arrows on Figure 7.4) both with 10 species show an FD of 23 
and 64, respectively. The difference in FD is linked to a few differences in 
species nutritional traits. Both of these example farms grow maize, cassava, 
beans, banana, papaya, pigeon pea and mango. In addition, the farm with 
the higher FD score grows pumpkin, mulberry, and groundnut, while the 
farm with the lower FD score has avocado, peaches and black jack (Bidens 
pilosa). Trait analysis shows that pumpkin (including pumpkin leaves, fruits 
and seeds, which are all eaten) adds diversity to the system by its relatively 
high nutritional content in vitamin A, zn, and S-containing amino acids 
(methionine and cysteine) compared with other species; mulberry by its 
levels of vitamin B complexes (thiamin, riboflavin) and groundnut by its 
nutritional content for fat, Mn, and S. The black jack, avocado and peaches 
found in the lower FD farm add less nutritional diversity to the system than 
pumpkin, mulberry, and groundnut since they do not contain the vitamin B 
or S complexes, and thus are less complementary to the other plants in the 
system for their nutritional content.

This example illustrates that by applying the FD metric on nutritional 
diversity, it is possible to identify differences in nutritional diversity as well 
as species that are critical for ensuring the provision of certain nutrients 
by the system (e.g., mulberry for vitamin B complexes). The results 
also emphasize that the species nutritional composition available in the 
system determine whether introduction or removal of certain species will 
contribute to the nutritional diversity of the farming or ecosystem. The 
quality and sensitivity of this type of metric will be enhanced if more data 
are available on the nutritional composition of species and varieties grown 
under different environmental and agronomic practices (see above).
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in nutrients among species on a farm or community. A concrete example of 
the application and interpretation of this metric is illustrated in Box 7.1 and 
Figure 7.4. One of the shortcomings of the metric is that it does not include a 
dimension of food consumption or food habits, e.g. ways in which foods are 
usually eaten locally. In addition, the current tool does not include abundance 
data, e.g. data on quantity of food produced or consumed. Current on-going 
research is exploring how these two dimensions can be incorporated in this tool.

While in the past, food-based interventions have focused mostly on single 
nutrients, the approach described by this metric can help guide agricultural 
interventions to provide a diversity of nutrients as well as to enhance nutrient 
redundancy or resilience of the system. In particular, this tool provides means to 
identify potential crops, varieties or groups of plants that add nutritional value 
(diversity or redundancy) to the system if introduced, promoted, or conserved.

What is the relationship between biodiversity and nutrition in various settings?

The methodologies described above provide ways to investigate and describe 
the nutritional function of species, varieties and species compositions. A suite 
of additional instruments is needed to unravel how biodiversity and ecosystem 
services relate to human nutrition outcomes (Figure 7.2; FAO, 2010a; Penafiel 
et al., 2011; Masset et al., 2011).

According to the UNICEF framework (UNICEF, 1990) that outlines 
the various direct and indirect determinants of child and maternal nutrition, 
biodiversity is in general considered part of the natural capital, which can have 
an impact on the level of poverty, household food security, dietary diversity 
and food habits (see also Chapter 6), child and maternal caring practices and 
access to a healthy (or unhealthy) household environment. These factors are 
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Figure 7.4 Nutritional functional diversity plotted against species richness for 170 
farms in three Millennium Village project sites, Sauri in kenya, Ruhiira in Uganda and 
Mwandama in Malawi
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determinants for dietary intake and disease control, the two direct determinants 
of nutrition health outcomes. The UNICEF framework illustrates the 
complexity of the pathway between biodiversity and nutritional outcomes as 
well as the many potential confounding factors, e.g. income, access to health 
services, and adequate care practices (e.g. breastfeeding), that can influence this 
pathway.

In the MEA framework, four types of ecosystem services provided by 
biodiversity are distinguished and can be linked to the UNICEF nutrition impact 
pathway (Figure 7.2): provisioning services (e.g. macro- and micronutrients, fresh 
water) that contribute to food security; regulatory services (e.g. disease regulation, 
climate regulation) that contribute to a healthy household environment; cultural 
services (e.g. culinary traditions, utilization of medicinal plants) that contribute 
to adequate care; and, as also mentioned above, supporting services (e.g. soil 
formation) that are critical to enable the other services.

Starting from this combined MEA and UNICEF framework, methodologies 
will be explored to investigate how biodiversity, food security, diet diversity and 
nutrition health outcomes are linked. This chapter will not go into depth on 
assessments of dietary diversity and food habits, but will emphasize that human 
selection, marketing and consumption habits are key drivers for biodiversity 
selection and promotion (feedback loop indicated by arrows in Figure 7.1). 
Critical for linking biodiversity and nutrition is the co-location of data in different 
scientific disciplines, i.e. ecology, agriculture, economics (e.g. food market prices 
and functioning, income data), nutrition (e.g. consumption, anthropometric 
measurements) and health, and a strong research design in order to push toward 
a firmer grasp of causal mechanisms to guide interventions (Barrett et al., 2011; 
Masset et al., 2011; Penafiel et al., 2011; Sachs et al., 2010; Golden et al., 2011). 
Most often, biodiversity studies do not include measurements of human well-
being, such as food security, consumption and anthropometric measurements and 
operate at different time and spatial scales than agriculture or human health studies 
(e.g. at the landscape level versus at the individual or clinic level). Similarly, human 
health studies mostly do not include environmental or agricultural indicators. In 
order to better understand the relationship between biodiversity and nutrition, it 
is essential that future studies are designed for cross-sectoral hypothesis testing 
and for stronger integration of different datasets.

An example of co-location of data can be found in the Millennium Villages 
Project. In addition to the information on biodiversity described in Box 7.1, data 
were collected on the agro-ecological zones, the three pillars of food security 
including food availability, access and consumption, as well as anthropometric 
measurements of children under five years in age and blood samples of adult 
women and children (Remans et al., 2011a, 2011b).

Through multivariable regression functions, the integrated dataset allows 
exploring relationships between biodiversity and nutrition outcomes at different 
scales, i.e. at the household and village scale, as well as over time (MVP is a ten-
year project), while controlling for a set of demographic and socio-economic 
variables. Preliminary findings show that no significant correlations at the 
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household level could be found between species richness or nutritional FD and 
household food security or consumption indicators. However, certain trends 
between species richness, nutritional FD and human nutrition indicators are 
observed at the village or landscape level. For example, villages where biodiversity 
provides less mineral diversity as compared with other villages, face higher 
prevalence of iron deficiency among adult women. Also, higher species richness 
and nutritional FD at the village level corresponds with higher average levels 
of dietary diversity and food security (i.e. fewer months with inadequate food 
supply). These findings generate interesting hypotheses on the link between 
nutritional diversity and nutrition outcomes at the village or landscape level. 
Importantly, more research is needed to analyse the causal relationships and the 
role of markets and access to food (e.g. using the cost of the diet tool described 
by Perry, 2008). While most households in the studied villages are considered 
subsistence farmers, farm households are not closed systems. Food consumption 
and expenditure data show that the average proportion of food consumed that 
comes from own production is around 50 per cent. Also, a significant correlation 
was found between the number and value of food items bought and sold on 
local markets and the household food indicators at each of the three sites (Food 
Insecurity Score (FIS), Household Dietary Diversity Score (HHDDS), Months 
of Household Inadequate Food Supply (MHIFS)) (Lambrecht, 2009). These 
findings emphasize the importance of local markets and support the notion that 
these farm households are not closed systems. Therefore, the most appropriate 
scale to link nutritional FD metrics to food consumption and nutrition indicators 
would be the “foodshed”, defined as the geographic area that supplies a population 
centre with food (Peters et al., 2008; Niles and Roff, 2008). Village level data 
show that for the Ruhiira Millennium Village site in Uganda, 82 per cent of 
food consumed is derived from production within the village. This indicates 
that in the case of this village, the foodshed currently largely overlaps with 
the village (Remans et al. 2011a). While the concept of foodshed seems most 
straightforward for settings where most of the food is from own production, the 
concept can and has also been applied at larger geographic scales, such as urban 
areas, and regional foodsheds, as well as for the global foodshed. For additional 
reading on this topic, please refer to Peters et al. (2008) and Conard et al. (2011) 
who describe foodshed analysis for urban areas. To further unravel the role of 
markets in the biodiversity–nutrition nexus and the dynamics of stocks and flows 
of nutrients in foodshed analysis, market and value chain analyses offer potential 
for future investigation (e.g. Hawkes and Ruel, 2011).

Trade-offs and synergies with other ecosystem services 
and components of human well-being

In addition to providing ecosystem services that directly contribute to human 
nutrition, biodiversity indirectly supports human nutrition by ensuring the 
availability of ecosystem services that contribute to other aspects of human well-
being (MEA, 2005; Figure 7.1). This section explores methodologies that can 
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help address the question as to how biodiversity and the ecosystem services it 
provides can be managed for improved nutrition, while also managing for other 
components of human well-being.

Improving human well-being necessitates managing agriculture for 
multiple services across geographic extents and through time

In an analysis of the state of the planet and its people, the MEA concluded that 
in order to address many of the threats to human well-being it is essential to 
learn to manage for multiple ecosystem services (MEA, 2005). Since the MEA 
came out much work has been done to develop strategies to assess multiple 
outcomes, including nutrition, related to biodiversity at various spatial and time 
scales. This has elucidated numerous challenges of such analysis, important to 
briefly outline here.

While ecosystem services are not all equally required to ensure human well-
being some combinations of them are. Without an adequate supply of drinking 
water, caloric intake ensured by the provisioning of food cannot secure well-
being. But the provisioning of drinking water does not suffice if it results in 
disease that compromises the ability to absorb nutrients, thus ecosystem services 
that regulate water quality are also required to improve nutrition. In addition, 
without the ability to cook food, using fuel from the provisioning of wood or 
fossil fuels, the nutrients might not be bio-available for human consumption. 
Beyond the need for multiple provisioning services (e.g. food, water, fuel) 
and regulating services (e.g. disease), well-being also requires a combination 
of cultural services. Having enough food, water and nutrients to be physically 
healthy does not ensure that one is mentally healthy.

It is clear that ensuring human well-being requires managing for multiple 
services but how much of which service is not clear. A clear understanding 
of how to manage for multiple services is currently elusive for a number of 
reasons. First, many ecosystem services are difficult to quantify (e.g. religious 
fulfilment), making it challenging to determine the amount of each service that 
is required to ensure well-being. When thinking about one service at a time, 
it may be fairly straightforward (as least for some services), to accurately 
quantify how much is needed to fulfil basic requirements to maintain human 
well-being. It is possible to see these amounts as thresholds for which, if 
the amount of the service falls below, a reduction in human well-being 
would be expected. For example, determining a threshold for food or water 
provisioning services can be based on our knowledge that humans require a 
basic amount of daily nutrient intake to prevent undernutrition or a certain 
number of litres of water to prevent dehydration. Determining thresholds 
for other services however, is much more difficult. For example, it may 
be possible to quantify how much one feels a sense of community but the 
amount required to maintain well-being may vary substantially from person 
to person. Or determining thresholds for supporting and regulating services 
that help ensure provisioning services is complicated because the relationship 
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is indirect. How much soil regulation is required to ensure that crops can 
produce that daily intake of calories?

Further, there are inherently numerous interactions among ecosystem services. 
These interactions may be close dependencies, or loose associations. In some 
cases this means a number of ecosystem services will respond to the same driver 
of change similarly but in other cases they will not. If a storm causes severe soil 
erosion and reduces soil nutrient regulation, fuelwood and food provisioning 
are both likely to be negatively impacted. The provisioning of one service might 
actually be at a cost to the provisioning of another service. Growing enough 
food on a limited piece of land (food provisioning) may mean that there is 
no room to grow fuelwood trees (fuel provisioning). Being able to accurately 
quantify and/or predict changes in the availability of these services is key to 
understanding these trade-offs and managing for multiple ecosystem services. 
Equally as important, is the need to identify and understand possible synergies 
among ecosystem services, i.e. situations where multiple services are enhanced 
simultaneously by exogenous drivers such as particular management practices.

Beyond trade-offs and synergies among multiple services it is important to 
recognize that there may also be trade-offs and synergies among locations and time 
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Figure 7.5 The availability of ecosystem services can vary by spatial and temporal scales, 
illustrated here for the local, regional, and global scales through time. How farmers 
manage their agrobiodiversity at the local scale not only impacts on quantities of multiple 
ecosystem services available to them; it can also impact the availability of a different suite 
of services for people in distant places or even people in the distant future
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periods (Figure 7.5). The ecosystem services that humans rely on are often 
produced far from where they are consumed. Those that consume these 
services may have little or no relationship to those who manage the biodiversity 
that mediates their availability and there may be serious trade-offs between the 
types of services that are available to those that consume vs. those that manage 
the services. This holds true for those people who will consume services in 
the near future (i.e. future generations). There are likely large trade-offs in the 
availability of ecosystem services for the current generation as opposed to future 
generations. For example, while all humans need clean water very few people 
actually manage the areas of the landscape that regulate water quality. Watersheds 
are areas of a landscape that delineate the collection of water (e.g. rain, snow) and 
drainage, to streams, rivers and aquifers. Management of these watersheds can 
largely determine the fate of the quality of water that can be supplied far from 
the source. Managers of a watershed such as farmers, ranchers or foresters, can 
thus impact the availability and quality of the water for downstream users. This 
inherent disconnect between beneficiaries and managers for many ecosystem 
services poses one of the most important challenges to human well-being and 
illustrates a clear need for policy based on scientific guidance.

The more the trade-offs and synergies can be understood and predicted 
among ecosystem services in agricultural landscapes that dominate our terrestrial 
world, the more effective it will be to manage for improved human well-being 
(MEA, 2005).

Evaluating multiple services requires trade-off analysis

Methods to measure multiple ecosystem service outcomes and relate them 
to changes in human well-being have until recently been largely theoretical 
because of the challenges outlined above (Daily, 1997; Foley et al., 2005; 
Raudsepp-Hearne et al., 2010a, 2010b). Few studies have simultaneously 
measured ecosystem services (Chan et al., 2011; Nelson and Daily, 2010; 
Smukler et al., 2010) and fewer still have been able to also measure changes 
in well-being or nutrition (Raudsepp-Hearne et al., 2010b; Said et al., 2007). 
Some studies utilize spatially explicit ecosystem process models to predict 
future outcomes of particular management scenarios, while others have 
taken the approach of measuring and mapping actual outcomes (Figure 
7.1). The evaluation of the trade-offs and synergies in the analyses in most 
of these studies is limited to graphically illustrating the multiple outcomes 
and how they have or might change based on different management practices  
(Figure 7.6).

Recent progress has been made in two key areas that will help with these 
types of efforts: the development of tools that can effectively model multiple 
outcomes and the collection of data that can be used to parameterize and 
validate these models (Nelson, 2011). What is noticeably missing from current 
analyses is an assessment of trade-offs and synergies of ecosystem services with 
nutritional outcomes as indicators of human well-being. In what follows, the 
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chapter describes these methodologies and discusses how key biodiversity–
nutrition questions can be integrated to them.

There are numerous ecosystem process models, economic models, and bio-
economic models that can simulate outcomes for one or two ecosystem services 
and a few outcomes of human well-being (Raudsepp-Hearne et al., 2010a). 
The MEA utilized a number of these individual models to predict outcomes for 
living space, food and energy for various land use / land cover change scenarios 
(MEA, 2005). There are however only a few integrated process models that 
can predict multiple outcomes simultaneously, yet these do not necessarily 
link services with well-being but rather predict associated changes in particular 
indicators.

Figure 7.6 An example of how biodiversity and multiple ecosystem services may be 
graphically illustrated to assess potential trade-offs and synergies. In this case the 
quantities of six ecosystem services associated with four indicators of agricultural 
biodiversity are compared for different management scenarios in a case study of a tomato 
farm in California, USA (Smukler et al., 2010). The quantities of biodiversity and 
ecosystem services were considered to be 100 per cent for the measured baseline analysis 
of the current system (a.) and the values in modelled alternative scenarios are reported 
as percentages relative to this baseline. The scenarios include: (b.) tomato production 
only, (c.) tomatoes with native shrub hedgerows that provide habitat, (d.) tomatoes with 
native shrub hedgerows and riparian tree planting that also store carbon, (e.) tomatoes 
with native shrub hedgerows, riparian tree planting and a detention pond that purifies 
irrigation runoff
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Of the models currently employed for multiple ecosystem service analysis 
there are three examples that have recently demonstrated their capabilities 
and potential to model trade-offs and synergies. Two of these models are 
open source, the Integrated Valuation of Ecosystem Services and Trade-offs 
(InVEST) (Nelson and Daily, 2010) and Artificial Intelligence for Ecosystem 
Services (ARIES) (Villa et al., 2009), and one is a proprietary model, EcoMetrix 
(Parametrix, 2010). Although these models, and others like them, all attempt to 
quantify and valuate multiple ecosystem services and some aspects of human 
well-being their methodologies vary greatly (Nelson and Daily, 2010).

Both InVEST and ARIES were designed to provide a tool to assess ecosystem 
service trade-offs for various landscape management options to a wide range 
of stakeholders including international conservation organizations, government 
agencies, and businesses. EcoMetrix is a multi-resource tool designed for 
quantifying ecosystem services at a much smaller scale and is targeted at 
stakeholders who need to do site-specific evaluations to measure project impacts 
and benefits. InVEST and ARIES run a series of modules that simultaneously 
produce outcomes for ecosystem services ranging from carbon sequestration 
to water regulation and include analysis for biodiversity and economics. The 
EcoMetrix model is a compilation of over 50 biotic and abiotic (physical process) 
functions that are scored based on the percentage of optimal performance for the 
given site that allows the user to assess changes in the functional performance 
for a variety of ecosystem services such as water provisioning, water regulation, 
climate regulation and various cultural services. Using a percentage of optimal 
performance helps address the challenge of dealing with the various units of 
each ecosystem service and enables “stacking” of services into a single score. 
Because the value of ecosystem services depends on stakeholders preferences or 
site-specific conditions the model also allows for the “weighting of factors” and 
enables policy goals to be changed and tracked. Each of these models has been 
utilized in a number of environments and socio-economic situations including 
Tanzania, Oregon and China (Daily et al., 2009; Tallis and Polasky, 2009) but 
the number of studies remains small. Furthermore the extent that these models 
can demonstrate the relationship between ecosystem services and human well-
being is limited mainly to economics and, to our knowledge, thus far neglects 
nutrition entirely.

What we need to do to effectively use trade-off analysis with biodiversity 
and nutrition questions

Although there is a strong theoretical framework for the relationship between 
various ecosystem services and nutritional outcomes, as described above, 
current ecosystem process models don’t address this outcome. Developing 
modelling components that can integrate the various ecosystem services that 
are directly related to agro-biodiversity and nutrition (e.g. water regulation) is 
particularly critical for assessing various land management options in agricultural 
landscapes in impoverished regions, where substitution of services (e.g. buying 
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bottled water) is not an option. Thus far modelling efforts have been largely 
focused on developing conservation strategies, which do not necessarily equate 
to sustainable development. It is argued that there is a critical need to modify 
such models so they can be used in agricultural landscapes to address near-
term human well-being concerns such as nutrition and understand how agro-
biodiversity may contribute to this goal. What is needed is to start measuring 
nutritional outcomes in the same locations as biodiversity and ecosystem services 
are measured. Using these data it is possible to then start to build additional 
modules into existing models and begin to assess correlations between these 
ecosystem services and nutrition outcomes.

Identifying drivers of change

In order to guide decision-making on future management of biodiversity for 
nutrition and other components of human well-being, it is not sufficient to 
understand the situation at this moment of time. Society and ecosystems change 
so fast that research methodologies that help to identify drivers of change are 
critical to enable forward-looking research and adaption to change. This section 
takes a step in exploring options to address the questions “How and why does 
the relationship between biodiversity and nutrition change over time? What are 
the major drivers of change?”

Several hypotheses already exist on these drivers of change. For example, 
it has been argued that changes in agricultural production systems from 
diversified cropping systems towards large-scale, industrial agriculture have 
contributed to ecologically more simple cereal based systems, poor diet diversity, 
micronutrient deficiencies and resulting malnutrition in the developed as well 
as the developing world (Welch and Graham, 1999; Frison et al., 2006; Graham 
et al., 2007). Historically, success of agricultural systems has been evaluated on 
and driven by metrics of crop yields, economic output and cost-benefit ratios 
(IAASTD, 2009).

There is, however, no systematic approach to identify trends and drivers of 
change for the relationship between biodiversity and nutrition. Identification 
of drivers of change is very complex because of the multiple interactions and 
feedback loops between factors (resulting in non-linear relationships) (Barrett 
et al., 2011), but lessons from other scientific disciplines, e.g. climate science, 
economics and anthropology, can help to pave the way.

Here we discuss a two-step approach as a minimum strategy. First, long-term 
time series of observational data on biodiversity, ecosystem services, and human 
well-being outcomes (including nutrition and other components) at different 
spatial scales need to be collected to enable the identification of trends and 
generate hypotheses on relationships. A global agricultural monitoring network 
as suggested by Sachs et al. (2010) could provide such data on biodiversity 
and nutrition. The network aims to collect data on the multiple dimensions 
(including biodiversity and nutrition) of agricultural landscapes across agro-
ecological, climatic and anthropogenic gradients and over time (Sachs et al., 



158 Roseline Remans and Sean Smukler

2012). In addition, already existing time-series and geo-referenced data can be 
mobilized better to be integrated in cross-sectoral data-analysis and models; for 
example nutrition time series data are abundant (on anthropometry), as well 
as agricultural and environmental data (food production, food availability in 
FAOSTAT, land cover databases etc.).

Second, cross-disciplinary social and experimental research is needed to 
draw causal relationships on these interactions between social and ecological 
systems. For example anthropological studies, of which there are now a large 
number, help to understand why a community conserves certain species or 
varieties while ignoring others. Experimental research including randomized 
control trials can help unravel if and why certain species are more tolerant to 
changing environmental conditions.

It is beyond the scope of this chapter to extend on these approaches. But we 
do want to emphasize the importance and potential of research on drivers of 
change. Our science cannot afford to stand still at the snapshot of time that we 
currently live in. A better understanding of the scope of drivers of change will 
enable forward-looking research that can provide tools to enhance decision-
making at the right time and the right place.

Tools for enhancing interdisciplinary communication

To address the complexity of the relationship between biodiversity and 
nutrition, it is widely recognized that collaboration between researchers and 
practitioners from different disciplines is needed. However, the barriers to 

Box 7.2 Tools for enhancing interdisciplinary communication 
(Winowiecki et al., 2011)

•	 Interdisciplinary Toolbox – undertake structured dialogue about 
research assumptions.

•	 Integrated Timeline – brainstorm with all participants and disciplines 
about historic events that led to the current food-insecurity situation.

•	 Mind Mapping and Mini-Mind Mapping – brainstorm factors and 
drivers that influence food security.

•	 Cross-Impact Analysis – explore the relationships between each major 
theme identified in the mind-mapping exercises.

•	 Imagining the Ideal – create and share visions about the ideal outcome 
or solution to the research problem.

•	 Backcasting – undertake a scenario-building exercise that works 
backward from imagining the problem is solved (the world is food 
secure) and explores the paths to get there.

•	 Joint fieldwork and visits – undertake joint visits to the field to identify 
specific problems and related solutions.
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efficient communication between different disciplines and enjoyment of the 
process are often underestimated. There are an increasing number of tools that 
can help enhance interdisciplinary thinking and communication and this topic 
is the focus of Chapter 10 of this book. To introduce the concept, we list a 
few examples in Box 7.2 of methods that we explored and found useful in the 
context of the research described in this chapter.

Conclusion

Addressing questions on the interaction between biodiversity and nutrition 
isn’t easy. To provide effective science-based decision-making tools to improve 
human nutrition will require innovative research that utilizes a systems-
approach and new thinking that begins to bridge the gaps between disciplines.

In this chapter, we have explored various frameworks and methodologies 
that can help address some of the key questions about the link between 
biodiversity and nutrition. We have also emphasized the importance of 
understanding possible synergies and trade-offs with other ecosystem services 
and components of human well-being as well as to identify drivers of change. 
Our objective was not to provide an exhaustive list of options but to trigger 
new thinking and to contribute to creating an enabling research environment 
for exploring this intriguing and critical interaction between biodiversity and 
human nutrition.
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8 Successes and pitfalls of 
linking nutritionally promising 
Andean crops to markets

Michael Hermann

Introduction

This chapter focuses on three native plant species from South America that 
have provided food to native Amerindian populations since time immemorial 
(Table 8.1). They are all fully domesticated crops. Maca and yacon produce 
edible underground storage organs whereas quinoa is a chenopod grain. These 
plants represent the vast range of many thousands of species of local edible 
plants that have been used and/or domesticated since pre-history all over the 
world, but have lost ground in terms of production and dietary significance 
to a limited number of globally significant crops that nowadays dominate 
agriculture and food systems (Mayes et al., 2011). However, the three species 
covered in this chapter have seen in recent years a remarkable, in the case of 
maca and yacon even meteoric, rebound from nearly exclusive subsistence uses 
toward steeply increased commercial production, which in turn has generated 
the incentives for product development and scientific enquiry into the benefits 
of such previously “underutilized” species.

key to this development has, in all three cases, been the discovery or 
substantiation and the growing consumer awareness of specific nutritional 
attributes. In striking contrast, those native edible species from the same 
geographic area that have not achieved as much “nutritional notoriety” because 
of unknown nutritional traits or lack of awareness thereof continue to linger in 
neglect. Examples include a range of Andean roots and tubers (mashua, mauka, 
ahipa) and a large number of New World fruits.

The approach taken in this chapter is to examine the three successful cases 
and tease out the factors that have shaped the re-emergence of these species 
from oblivion. This seems to be a more insightful and rewarding procedure 
than developing a “conceptual framework” for the promotion of such species 
on nutritional grounds.

The chapter will first narrate the recent re-emergence of the three species 
from neglect and underuse, and then it will examine the players and processes 
involved. While nutritional messages played a prominent role in raising 
awareness and the development of markets, the way these messages were 
brought to bear in the three cases are quite heterogeneous. As will be seen in 



Successes and pitfalls of linking promising crops to markets 165

the following section, product characteristics, indigenous knowledge, crop 
dispersals outside the Andes, the opportunities afforded by export markets, 
food science research and food safety-inspired concerns of regulators intertwine 
to produce a complex picture. Based on these narratives commonalities will 
be determined and broader lessons will be determined for the promotion of 
nutritionally relevant agricultural biodiversity.

The transition from subsistence to commercial production

Quinoa

Quinoa is a small-grain staple of the Chenopodiaceae, which has been in 
cultivation for at least 5,000 years BP in its native range in the Andean highlands 
(Chepstow-Lusty, 2011; Oelke et al., 1992), predominantly around Lake 
Titicaca. Quinoa is adapted to the relatively cold conditions at high altitudes 
(3,500–4,000 masl) and this in combination with the plant’s drought resistance 
and nutrient efficiency (facilitated by a deep root system) make quinoa 
production competitive vis-à-vis other starchy grains (mostly introduced Old 
World cereals) under the harsh climatic and poor soil quality of the Andean 
highlands (Aguilar and Jacobsen, 2003; Oelke et al., 1992). Although quinoa 
leaves are tasty and very similar in texture and flavour to amaranth leaves, they 
are rarely used in the Andes.

Recent archaeological work (Chepstow-Lusty, 2011) assessing ancient pollen 
abundance suggests that quinoa disappeared from mid-elevations in the Peruvian 
Andes after the introduction of maize – presumably from the Pacific lowlands 
to which maize had been introduced a few millennia earlier. This coincided 
with a relatively warm period and increased availability of animal dung, factors 

Table 8.1 Use attributes of quinoa, maca and yacon 

Common and 
scientific name

Plant characteristics Traditional use Salient nutritional 
properties of 
commercial interest

Quinoa
(Chenopodium 
quinoa, 
Chenopodiaceae)

Herbaceous 
annual crop (seed-
propagated)

Edible seeds, 
cooked for a variety 
of dishes, Bolivia 
and Peru

Balanced protein, 
high iron content, 
gluten-free

Maca 
(Lepidium meyenii, 
Brassicaceae)

Herbaceous 
annual crop (seed-
propagated)

Edible root, used 
as tonic at high 
altitudes, Peru

High in 
mustard oils, 
isothiocyanates, 
anti-oxidants

Yacon 
(Smallanthus 
sonchifolius
Asteraceae)

Herbaceous annual 
crop (vegetatively 
propagated)

Edible root, eaten 
raw, Northern and 
Central Andes

High in fructans 
in roots, presence 
of hypoglycaemic 
principles in leaves
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that appear to have boosted the evolution and productivity of locally adapted 
maize and possibly made it the preferred staple. The pollen record unveiled by 
Chepstow-Lusty (2011) suggests that quinoa’s importance was much reduced 
by 2500 BP and that the crop found a refuge from maize competition at higher 
altitudes, in particular in the high Andean plains around Lake Titicaca, where 
the crop has remained unrivalled by other starchy grains to this day. It is here 
where nearly all quinoa in Bolivia and Peru is grown today.

Nutritional quality and importance of quinoa

Several sources stress the higher quantity and better quality of the quinoa protein 
versus other starchy foods (Repo-Carrasco et al., 2003), and this message has 
also been effectively communicated to consumers in both producer countries 
and export markets, where quinoa has acquired a reputation as a health food. 
The quinoa protein has indeed a desirable composition of essential amino 
acids, similar to the protein of milk (Oelke et al., 1992), and hence very good 
nutritional value as compared with other plant proteins, but total protein 
content in quinoa is not much higher than that of the cereals (Repo-Carrasco 
et al., 2003). In addition quinoa has good iron and calcium contents – for a 
plant food – further adding to the perception as a “superfood”. To the best of 
my knowledge, there is no literature assessing the nutritional advantage arising 
from quinoa’s superior protein. In any case, it is well known that proteins of 
lesser quality from different plant foods complement each other’s nutritional 
value in that they mutually contribute limiting amino acids.

Authors frequently make misleading claims as to the high nutritional 
importance of quinoa to contemporary native communities, when indeed 
several lines of evidence suggest quite the opposite. For example, according 
to Rojas et al. (2004), Bolivia’s production in 1999 of barley, wheat and rice 
exceeded that of quinoa by factors of three, six and nine, respectively. These 
ratios would be even more unfavourable for quinoa if the large quantities 
of cereals imported into Bolivia were taken into account, and the fact that a 
large proportion of quinoa is being exported to the USA, Europe and other 
health food markets. Field work undertaken by Astudillo (2007) shows that 
both the frequency and quantity of quinoa consumption in poor communities 
in Southern Bolivia is quite low, and seems to be further diminished in 
households producing quinoa for the market.

Quinoa production and demand constraints

In Bolivia, the most important quinoa-producing country, average quinoa 
yields were around 500 kg/ha in the 10 years to 2001 (Rojas et al., 2004), an 
average unlikely to have increased because of the predominant production for 
“organic” export markets and the concomitant avoidance of mineral fertilizers 
and resulting soil mining (see below). Recent data suggest that yields in many 
areas are actually declining (Rojas et al., 2004; Astudillo, 2007). Virtually all 
quinoa production is by manual labour and uses ancient technologies, including 
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ploughing, sowing, harvesting, threshing and winnowing. What may appeal 
to the visitor as picturesque scenery in fact involves a lot of drudgery and 
production inefficiencies.

Quinoa grain as sold by farmers is still coated with saponin, which protects 
the plant from insect pests, but needs to be removed prior to consumption, 
either by washing or polishing the grain in machines specifically developed 
for that purpose (Fujisaka et al., 2006). Another inconvenience and additional 
post-harvest production cost of quinoa for urban or export consumption is 
the removal of black grains, which result from cross-pollination with wild 
Chenopodium species. Black grains are innocuous and account for less than 
1 per cent of total grain but deter consumers, who perceive such grains as 
contamination. Grain separation technology could probably be adapted from 
high-accuracy cereal cleaning machines, but is prohibitively expensive in the 
context of the ubiquitous small-scale quinoa processing. Therefore, grains 
with undesirable colours are removed manually by workers, further adding to 
processing costs (2007, field observations).

The above-described constraints make the production, processing and 
marketing of quinoa quite inefficient, and result in production costs and quinoa 
prices that are much higher at wholesale and retail levels than for quinoa’s 
starchy substitutes, such as wheat, rice, maize and derivatives from these grains. 
According to Astudillo (2007) quinoa in rural markets in Bolivia costs twice 
as much as rice. While a surprisingly large degree of awareness of quinoa’s 
nutritional properties amongst the rural poor with little formal education was 
uncovered, Astudillo also found in the three communities in Southern Bolivia 
that price of food is the overriding criterion in food choice decisions, and much 
more important than nutritional properties and flavour. In 2011, press reports 
picked up by international media (Romero and Shahriari, 2011) suggested that 
soaring quinoa prices have made this ancient staple unaffordable for urban 
Bolivians as well, with the retail value of quinoa being five times that of noodles 
or rice, quinoa’s main substitutes. Even before the recent price hikes, Iparuna, 
a La Paz-based processing firm specializing in native grain products, could not 
afford to include quinoa as an ingredient in products tendered for Bolivian 
school feeding programmes and relied entirely on imported raw materials in 
order to be able to offer an affordable product (Ms Martha Cordera, personal 
communication, 2007).

Quinoa enthusiasts often point to the nutritional qualities of quinoa and 
demand policies in producer countries to discourage the consumption of its 
main competitors, wheat and rice (see, for example, Jacobsen 2011). As Table 8.2 
shows, quinoa is indeed superior to rice and wheat products for protein content 
and a number of other nutrients, although the raw grain of certain wheat 
varieties can have equally high protein content. Quinoa’s nutritional superiority 
is partially attributable to the fact that its whole grain is consumed whereas the 
outer, nutrient-rich, layers of wheat and rice are typically removed (although 
some of the lost minerals are added in the customarily enriched derivatives such 
as flour, bread and noodles).



Ta
bl

e 8
.2

 C
om

pa
ri

so
n 

of
 th

e 
co

nt
en

t o
f s

el
ec

te
d 

nu
tr

ie
nt

s 
in

 q
ui

no
a 

gr
ai

n 
ve

rs
us

 r
ic

e 
an

d 
w

he
at

 p
ro

du
ct

s 
(u

nc
oo

ke
d 

ex
ce

pt
 fo

r 
br

ea
d)

N
ut

rie
nt

Q
ui

no
a 

gr
ai

n
(2

00
35

*)
R

ice
, w

hi
te,

 sh
or

t 
gr

ai
n 

(2
00

52
)

W
he

at
 g

ra
in

, 
ha

rd
, s

pr
in

g 
(2

00
71

)

W
he

at
 

flo
ur

, w
hi

te,
 

un
en

ric
he

d 
(2

04
81

)

W
he

at
 fl

ou
r, 

w
hi

te,
 en

ric
he

d
(2

03
81

)

W
he

at
 n

oo
dl

es
, 

en
ric

he
d

(2
01

20
)

W
he

at
 b

re
ad

 
(1

80
64

)

W
at

er
 (

g)
13

.3
13

.3
12

.8
11

.9
11

.9
9.

9
35

Pr
ot

ei
n 

(g
)

14
.1

6.
5

15
.4

 
10

.3
10

.3
13

.0
10

.4
 

C
ar

bo
hy

dr
at

es
 (

g)
64

79
68

76
76

75
49

E
ne

rg
y 

(k
ca

l)
36

8
35

8
32

9
36

4
36

4
37

1
27

0

Ir
on

 (
m

g)
4.

6
4.

2
3.

6
1.

2
4.

6
3.

3
3.

5

z
in

c 
(m

g)
3.

1
1.

1
2.

8
0.

7
0.

7
1.

4
1.

2

C
al

ci
um

 (
m

g)
47

3
25

15
25

2
21

13
8

So
ur

ce
: U

ni
te

d 
St

at
es

 D
ep

ar
tm

en
t o

f A
gr

ic
ul

tu
re

, N
at

io
na

l N
ut

ri
en

t D
at

ab
as

e,
 h

tt
p:

//n
db

.n
al

,u
sd

a.
go

v,
 r

ou
nd

ed
 fi

gu
re

s,
 p

er
 1

00
 g

, *
N

D
B

 n
um

be
r 

(U
SD

A
).



Successes and pitfalls of linking promising crops to markets 169

If we conservatively assume a price ratio of quinoa to wheat products of 
about three, which has been typical at the retail level prior to the current export 
boom, and if the approximate contents of key nutrients in quinoa versus wheat 
as shown in Table 8.2 are taken into account, it can easily be deduced that a dollar 
spent on unenriched (native) wheat flour buys three times as much food energy, 
twice as much protein and only slightly less calcium, iron and zinc than quinoa. 
For bread and noodles made from whole-wheat grain or enriched flour, the 
comparison is even more favourable for wheat. Even rice with its comparatively 
low protein content will provide 40 per cent more protein per food expenditure. 
As quinoa prices have climbed to new heights in 2010 and 2011, providing much 
opportunity for income generation, there will be increased incentives for quinoa 
producers to trade their precious commodity rather than consume it in pursuit 
of intangible benefits as proposed by a majority of authors that emphasize the 
importance of nutritional diversity and strengthened cultural identity.

Quinoa marketing

In light of the poor competitiveness and resulting high consumer prices for 
quinoa, it is no surprise that quinoa consumption has increased in the past 
20 years predominantly amongst affluent consumers, a development that 
has initially been limited to the European health food scene, but has gained 
momentum in other export markets as well. Quinoa’s fame as a “superfood” 
produced under “organic” conditions eventually also reached an affluent urban 
clientele in quinoa producer countries, although the consumption there is still 
dwarfed by export markets.

In addition to the celebrated nutritional qualities of quinoa (protein quality; 
high contents of calcium, magnesium, phosphorus, iron, zinc and vitamins B6 
and E; low glycaemic index), it is its lack of gluten that is having the greatest 
impact on demand growth. Gluten is a storage protein of cereals causing allergy 
in many people in developed countries. In Germany alone an estimated 100,000 
gluten intolerance sufferers are in need of substituting wheat, rice and maize 
with gluten-free starchy products such as quinoa.

Expansion of quinoa production and soil mining

Astudillo (2007) has described how the lure of high quinoa prices in the wake 
of the export boom has led to the growing investment in quinoa cropping by 
absentee landlords relying on hired labour and with little regard for communal 
action to maintain sustainability practices. In 2011, Bolivia had registered some 
70,000 producers on an estimated total area of 50,000 ha. In the same year, 
the export FOB value was US$46 million, up from US$2 million in 2000,1 
translating into an average annual growth rate of 33 per cent.

Although there is a dearth of substantiating quantitative data, several sources 
report a tendency of declining quinoa area yields (Rojas et al., 2004; Astudillo, 
2007). Based on production statistics from the Bolivian Ministry of Rural 
Development, Jacobsen (2011) calculated that average quinoa yields declined 
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by 20 per cent in the 10 years to 2009. Local informants throughout the quinoa 
production zone consistently report reduced soil fertility, reduced fallow periods 
and the expansion of quinoa into steep and erosion-prone land to compensate for 
reduced area productivity (Medrano and Torrico, 2009; Jacobsen, 2011). Most 
of this expansion is on account of the demand for organically certified produce 
under various private and public labels, which invariably allow the application 
of locally available animal dung only. However, animal dung in the Altiplano 
is scarce, and there is circumstantial evidence for persistent net extraction of 
nutrients from the soil, a process also referred to as soil mining that leads to soil 
degradation.

Despite growing awareness for the decline in soil fertility (Ms Martha Cordera, 
personal communication, 2007; Medrano and Torrico, 2009) commercially 
motivated demands abound that the “purity” of quinoa production and organic 
quality standards be maintained.2 Thus, the application of rational and science-
based fertilization practices, including the use of mineral fertilizers to replenish 
nutrients removed by harvested produce, is being prevented and leads to the 
degradation of the resource base – all in the name of “organic” production 
methods so dear to distant quinoa consumers. Characteristically, Jacobsen (2011), 
in his discussion of sustainable soil management in quinoa cropping in the 
Southern Bolivian Altiplano, fails to even mention the option of using mineral 
fertilizers while giving much consideration to the improved use of animal dung 
and green manure, a proposal that seems of limited practical value in the context 
of the much needed “sustainable intensification”, particularly in locations where 
“organic” sources of nutrients are either inaccessible or unaffordable.

Maca

Traditional uses

Maca (Lepidium meyenii Walpers) is a fully domesticated, seed-propagated root 
crop of the crucifer family. It is endemic to the high Andes around Lake Junín in 
Central Peru, a chilly plateau at 4,000 m altitude. In locations where temperatures 
range during the crop’s growing season from 0°C to 12°C, maca presents one of 
the few cropping options, apart from other cold-adapted domesticates such as 
quinoa, and certain varieties of bitter potatoes (Tello et al., 1992).

Prior to the late 1980s, maca was estimated to be grown on no more than 
15 ha, an area so small as to raise concerns that the crop might become extinct 
(IBPGR, 1982). The traditional cropping area is circumscribed by the shores of 
Lake Junín and adjacent slopes, with any two cropping sites not further apart 
than some 100 km as the crow flies. Such a restricted and “insular” distribution 
is remarkable for a crop plant, and all the more so when considering that 
suitable high altitude habitats extend for thousands of km south and north of 
the traditional distribution of the crop.

Claims about maca having been much more widely distributed across Peru 
and even other Andean countries in the past 500 years therefore seem plausible, 
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and indeed abound in the maca literature. However, a thorough examination 
of historical production and trade records going back to the 16th century 
as well as the absence of archaeological evidence outside the crop’s place of 
domestication – both in terms of plant remains and phytomorphic pottery – 
strongly suggest that maca, in pre-Hispanic and colonial times, never extended 
beyond the above-mentioned Lake Junín area (Hermann and Bernet, 2009).

Food value

Traditionally, maca roots are dried after harvest and remain edible for several 
years. Drying diminishes pungency owing to the significant reduction of the 
content of glucosinolates. Traditional drying, apart from reducing pungency, 
presumably converts some starch into free sugars and it also brings out the 
typical flavour of maca, which is peculiar and difficult to describe. Maca is 
typically rehydrated before being boiled and then blended into a range of dishes 
or potions to which the maca imparts a characteristic flavour.

One often-quoted botanist praised the maca aroma as reminiscent of 
butterscotch but according to Torres (1984) most maca novices find maca rather 
repulsive, and acceptance of maca was very low in a focus group recruited 
from Lima with no previous exposure to this food. Maca quite obviously is an 
acquired taste, and this must have been a major use constraint and is likely to 
be one of the reasons for the failure of this crop to expand beyond its narrow 
geographic distribution in the past.

In any case, traditional beliefs suggest that maca consumption improves 
human fertility, and physical stamina (Leon, 1964; Locher, 2006). Maca has 
high nutritional density (in root dry matter: 55–65 per cent highly digestible 
carbohydrates, 2.2 per cent lipids, 10–13 per cent protein) and it is particularly 
rich in iron, zinc and potassium. Maca protein is high in essential amino acids 
(Dini et al., 1994).

Maca contains high concentrations of isothiocyanates, which are the 
compounds responsible for the pungent flavour of raw maca (Johns, 1981), and 
other secondary metabolites, but it is not clear what their biological activity is 
and whether they are responsible for the reported pharmacological effects of 
maca in mammals (see below).

The transition from subsistence use to Internet notoriety

Beginning in the late 1980s maca experienced a meteoric rise from an obscure 
botanical curiosity to Internet notoriety with the total area cropped to maca 
extending across Peru and neighbouring countries and increasing in the 15 years 
to 2005 by a factor of at least 60 to some 3,000 ha. What had happened?

In the early 1980s, different local actors started to promote maca on the 
grounds of its locally perceived health benefits, with a small rural road-side 
restaurant playing a key role. Located on the heavily transited road between 
Lima and Huanuco, it marketed a “trade-mark”, maca-fortified, hot drink to a 
clientele of truck drivers and travellers who conveyed a tale of increased sexual 
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stamina and fertility to the nearby capital city of Lima. To this day, the little store 
serves the hot maca beverage to travellers, and numerous postcards on display 
thank the manager for restored marital lives and the arrival of desperately wanted 
children. The traditional beliefs of maca as a “strong food” had mutated into a 
more effective marketing message (Vilchez, 2001).

Emerging commercial interest on the part of local traders, and small Lima-
based processors, was further stimulated by reports in national newspapers and 
TV channels of maca’s miraculous properties, leading to supply shortages, higher 
prices and the expansion of production to satisfy an increasing demand from 
outside the crop’s native highland range. It was also at that time that the first 
convenience products containing maca began to appear, using the root at lower 
concentrations or with ingredients that mask its strong flavour, thus improving 
its acceptance among urban consumers (Torres, 1984; Vilchez, 2001).

The 1990s saw an unprecedented expansion of the production of maca. Four 
factors were responsible for this:

1 Product development and diversification have been key in the expansion of 
maca demand, particularly the development of convenience products for 
urban consumption that mask the maca flavour, typically by limiting maca’s 
share of total product weight to under 20 per cent (Figure 8.1).

2 Growing demand from export markets, particularly in Japan and the USA, 
based on Internet marketing stressing the purported aphrodisiac qualities 
of maca as the “natural alternative to Viagra”, the “Peruvian ginseng”, a 
rejuvenating tonic, or a “wellness” product.

Figure 8.1 The variety of maca-based convenience foods developed have increased the 
demand for the root crop
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3 A growing body of knowledge, as evidenced by the exponentially 
growing number of university theses and publications, was instrumental 
in the promotion of maca, particularly research dealing with maca food 
composition, nutritional studies with animal models, and product 
development. Private sector-funded research papers sought to substantiate 
traditional beliefs in the capacity of maca to increase fertility (Hermann and 
Bernet, 2009).

4 The intensification of maca production, notably through the use of mineral 
fertilizers, resulted in a significant increase of area yields (Hermann and 
Bernet, 2009).

Problematic maca marketing

The frivolous Internet marketing of maca as a libido booster quickly propelled 
it to international notoriety in the mid-1990s. Maca pills containing the crude 
flour became increasingly available in Europe by mail and over the counter, 
and were openly touted for their alleged pharmacological effects. The fact that 
none of these products had gone though internationally accepted registration 
procedures mandated for pharmacological products did not escape the attention 
of the regulatory entities in target markets. Particularly in the EU, an increasing 
number of maca shipments were confiscated in the 1990s and maca marketing 
became increasingly limited to informal distribution channels including sales 
through the Internet (Hermann and Bernet, 2009).

Peruvian exporters and their EU importer counterparts reacted by toning 
down advertisements and/or by removing health claims from their product labels, 
but this invariably resulted in reduced demand. It was also at this time that a sense 
of the need for scientific substantiation of maca’s “invigorating” effects emerged, 
leading to research, which was eventually published in university theses and in 
peer-reviewed journals from 1999 onwards. However, the frequently reported 
enhanced sexual function following maca administration in rodents was observed 
at intake levels several orders higher than those recommended in commercial 
maca “nutraceuticals”, casting doubt on the efficacy of commercial products. Also, 
authors of peer-reviewed articles reporting such effects mostly failed to disclose 
the private sources of funding for their research and the links of their work to 
commercial product development and promotion (Hermann and Bernet, 2009).

Specific market access barriers

Some maca suppliers, however, began to pursue a different marketing strategy 
aimed at the promotion of maca as a food or food ingredient consistent with 
the root’s traditional use in its native area. This strategy was beset with two 
difficulties. One was the de facto positioning of maca as a drug in the Internet, 
which was further accentuated by the appearance of scientific papers suggesting 
the efficacy of maca’s action on reproductive parameters in animals and humans. 
This necessarily led to concerns about possible toxicological effects at the much 
higher doses implied in consumption of maca as a food.
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A second problem of this approach was that maca suppliers were unprepared 
to respond adequately to food safety concerns, particularly those embodied by 
the EU Novel Food Regulation (NFR). This regulation requires food safety 
assessments of traditional foods (viewed as novel from a European perspective) 
for pre-market approval. The NFR arbitrarily defines novel food as food or 
food ingredients that have not been used widely within the EU before 15 
May 1997, an arbitrary cut-off date. If viewed as novel, market authorization 
needs to be preceded by a food safety assessment under the NFR that typically 
requires scientific data with regard to food composition, suggested intake levels, 
toxicological assessments and allergenic potential. Such a food safety assessment 
was not available and at any rate required resources, expertise and a degree 
of determination not possessed by the dispersed community of value chain 
stakeholders (Hermann, 2009).

The non-authorization of maca under the NFR resulted in the confiscation 
of numerous consignments and explicit prohibitions in several EU countries 
discouraged investment in export-oriented maca supply chains, and particularly 
in product and market development for the most attractive export market for 
natural products, the EU. This constraint in combination with the incoherent 
and even confusing use of product names, the widely varying product quality 
and frequent adulteration (especially at times of low supply) became a problem 
and compromised the reputation of maca (Hermann and Bernet, 2009).

Impact of the expansion of maca production on rural livelihoods and maca diversity

Despite marketing problems, maca remains an important local crop in a small 
area of Central Peru, because the roots can be stored and sold for cash, providing 
more income security to smallholders. With farm-gate prices over three Soles 
(ca. US$1) per kilogramme of dehydrated maca roots for several years, and 
conservatively estimating average dry matter yields of one tonne per hectare, the 
revenue from a two-hectare field of maca (typical of a smallholding), is likely 
to have exceeded US$2,000 in most years. This is by far more than farmers 
could expect from any other agricultural activity under the harsh conditions 
of the Puna, and significant income effects are evident from the display of 
greater wealth in terms of vehicles and new homes in production areas. Maca 
has become a source of self-employment and income for the rural poor, many 
of which have only recently started growing maca. Moreover, expanded maca 
production has triggered the development of a number of small-scale businesses 
related to maca processing and commercialization, which has allowed farmers 
to diversify activities and lower income risks (Locher, 2006).

Yacon

Origin and traditional uses

Yacon is another minor root crop domesticated in the Andes. It is a herbal 
species of the sunflower family with perennial rhizomes from which the edible 
storage roots emerge. In contrast to maca, the starch-free yacon roots are eaten 
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raw and function as “fruits” in traditional diets. Farmers in the subtropical inter-
Andean valleys and on the eastern slopes of the Andes, which descend toward 
the Amazon used to grow this plant more commonly in the past along field 
borders where the juicy roots provide a welcome source of refreshment during 
field work (Grau and Rea, 1997).

There is a dearth of information on indigenous knowledge surrounding the 
use of yacon. The extensive monograph of Grau and Rea (1997) based on a 
thorough review of the literature on the economic botany of this crop is silent 
on traditional beliefs as to its food qualities and uses. There is also no mention 
of medicinal properties in the limited number of early yacon publications that 
predate the fairly recent scientific discovery of yacon’s dietary qualities. The 
apparent absence of significant indigenous knowledge and the use of yacon 
exclusively in the raw (uncooked) state, however, is consistent with the marginal 
significance of the crop in subsistence and trade throughout its traditional range 
in Ecuador, Peru, Bolivia and Argentina.

Until as late as in the early 2000s, yacon was mostly unheard of by the large 
majority of the people in the crop’s native range, except for cultivators and 
occasional consumers in remote rural areas apt for its cultivation. Yacon was 
rarely offered in rural markets, and if so, mostly during the religious festival of 
“Corpus Christi”, the celebration of which includes the serving of traditional 
foods rarely eaten during the non-festive season. This rather marginal use 
changed in a rather dramatic fashion in 2001, principally because of the crop’s 
distribution outside the Andes, which will be examined in the following section.

International dispersal and discovery of food value

In 1979, Dick Endt, a renowned plant collector from New zealand, while on 
a collecting mission to Ecuador, took yacon planting material from a “town 
garden” in Loja, Ecuador to New zealand (D. Endt, personal communication). 
New zealand has been successful with the introduction and development of 
Andean crops (such as tree tomato, babaco and oca), and yacon is still available 
from Endt’s nursery, but yacon remained a garden curiosity in that country. 
However, yacon found much greater acceptance in Japan to which the first 
plants appear to have been introduced in the mid-1980s from material in Endt’s 
collection. Within the space of some 20 years after its introduction in Japan, 
successful yacon cultivation and trade has been reported from a range of Asian 
countries. Various sources (Asami et al., 1989; Doo et al., 2000) suggest that 
the origin for the crop’s dispersal in Asia, as shown in Figure 8.2, was indeed 
Japan. Incipient yacon cultivation has recently been observed in the Cameron 
highlands of Malaysia (Paul Quek, personal communication, 2011) suggesting 
that the crop’s expansion in Asia continues in full swing.

It was in Japan in the 1980s where yacon food use, product development and 
its culinary discovery really “took off ”. In light of the many creative uses that 
the product has found in that country and elsewhere in Asia, we can surmise 
that yacon appeals much more to its new Asian consumers than to its original 
domesticators in the Andes. The succulent and crunchy texture of yacon roots 
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is similar to radish or apple, and this as well as a mildly resinous but pleasantly 
sweet taste reminiscent of the peculiar texture and flavour of other plant foods 
popular in East Asia, probably explains its success there. Yacon also retains 
desired crunchiness after stir-frying, an added advantage for its use in Asia, but 
not exploited in the cuisine of Andean countries. Use of yacon in South korea 
in a variety of dishes, including iced noodles, chopped noodles, fries, pancakes 
and dumplings (Doo et al., 2000) illustrates the versatility of yacon use in Asia.

With an estimated area of some 100 ha by the early 2000s (more recent data 
not available), yacon remained insignificant economically in Japan, but interest 
in the crop – as evidenced by the formation of a very active Japanese yacon 
association – led to research unravelling the plant’s chemical composition. Most 
importantly, it was found that two-thirds of yacon carbohydrates, which account 
for about 90 per cent of the root dry matter, consist of fructo-oligosaccharides 
(FOS) (a polymer made up of fructose units) of a low degree of polymerization 
(Ohyama et al., 1990; Wei et al., 1991; Asami et al., 1992).

The nutritional significance of the sweet-tasting FOS is that the human small 
intestine has no enzyme to hydrolyse its glucosidic bonds. FOS are thus largely 
indigestible, but there is much literature suggesting benefits for gut health from 
the increased ingestion of FOS which stimulate the growth of bifidobacteria and 
suppress putrefactive pathogens in the human colon. They are thus increasingly 
added to pastry, confectionery, and dairy products (Geyer et al., 2008).

Apart from the content of FOS, the nutritional value of yacon is rather 
limited: the energy content ranges from 148 to 224 kcal/kg per root fresh matter 
and is several times lower than for comparable foods. Yacon is a reasonably good 
source of potassium (1.8–2.9 g/kg fresh matter), but low in protein (2.7–4.9 g/
kg) and lipids (112–464 mg/kg) (Hermann et al., 1999).

First reports of additional hypoglycaemic properties of the leaves of yacon, 
which have only recently been confirmed in animal models (Genta et al., 2010), 
prompted the commercial development of yacon tea in Japan in the 1990s for 
use by type 2 diabetics. Recently, Habib et al. (2011) demonstrated lipid lowering 
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Figure 8.2 Origin and dispersion paths for yacon
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principles of yacon roots in diabetes-associated hyperlipidemia, thus identifying 
another property to position yacon as a functional food.

In 1991, Mr Sergio kakihara, a Japanese-Brazilian immigrant farmer, 
introduced yacon planting material from Japan to Capão Bonito, near Sao Paulo. 
Starting from a single propagule brought to Brazil more by chance than intent, 
he multiplied enough over the ensuing five years to comprise a total area of four 
hectares when the author of this chapter visited him in 1996. Initially marketed to 
Japanese-Brazilians at the Liberdade market in Sao Paulo (kakihara et al., 1997), 
the crop eventually spread across Brazil, and has since become a standard item on 
offer in retail grocery stores, especially in Southern Brazil (Fenille et al., 2005).

The incipient use of yacon in Brazil and in Japan, the plant’s salient attribute 
of being a prime source of short-chained FOS as well as anti-hyperglycaemic 
properties for innovative use as a product for diabetics, which has no parallel 
in traditional knowledge, remained unnoticed in the crop’s native range 
throughout the 1990s. Ironically, a comprehensive priority-setting exercise led 
by the International Potato Center in Peru and relying on canvassing expert 
opinion, to assign priorities for research and development attention to a range 
of nine species of minor Andean root crops, was oblivious to yacon’s potential, 
given the marginal use of this crop in traditional and modern food systems. A 
very large majority of urban people in the Andes had never heard of the product.

Yacon in the headlines

Yacon would probably have continued to linger in oblivion in the Andean 
countries for some more years, had it not been for Peruvian press reports that 
first appeared in August 2001, and eventually catapulted yacon into the limelight 
of markets and “put it on the map” of researchers and regulators. These reports 
referred to a 1999 incident, when Victor Aritomi, the former Peruvian ambassador 
to Japan and member of the meanwhile discredited Fujimori administration, 
on official diplomatic mission had carried yacon propagules to Japan, however 
without going through proper export procedures and the required material 
transfer agreement. Nothing could have more effectively enhanced public 
awareness for a hitherto underutilized crop than its name being brought into 
association with a much-despised former political regime. The apparent act of 
self-inflicted biopiracy fuelled national headlines for several weeks (Figure 8.3) 
and introduced a national audience to a genuine Peruvian crop which was highly 
appreciated on the opposite side of the world but unheard of in Peru itself. Once 
the scandal subsided, media reports – which Reuters and CNN eventually took 
up – began to cover the medicinal properties of yacon, as reported from Japan. 
These media reports tended to wildly exaggerate benefits, even suggesting yacon 
as a cure for diabetes, and were the basis for the emerging national interest in 
growing the crop, which has been sustained until the present day.

Ten years have passed since yacon was in the headlines. The “hype” 
surrounding yacon in Peru has subsided, but the fresh roots are now firmly 
established as a regular and year-round product in the fruit sections in urban 
markets and sought out by health-conscious consumers throughout the 
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country. Smallholder associations in some rural parts of Peru have established 
a reputation for growing yacon, but seed continues to be sourced through 
informal channels, and the lack of varietal performance guarantees, particularly 
in relation to the highly variable FOS content, has meant a constraint to large-
scale cultivation for industrial processing (Seminario et al., 2003; Graefe et al., 
2004; Manrique et al., 2005).

The last decade has also seen the development of a variety of convenience 
products motivated by the need to transform the perishable root into standardized 
products with export potential. According to statistics of PromPeru,3 the value 
of total Peruvian yacon exports was US$1.1 million in 2011, up from US$0.2 
in 2007, with the bulk of the produce going to Japan and the USA. In the EU, 
yacon requires authorization under the Novel Food Regulation, since it was not 
used as a food or food ingredient before 15 May 1997.4 Therefore, an extensive 
food safety assessment under the Novel Food Regulation is required before it 
can be placed on the market in the EU as either a food or a food ingredient. 
Presumably, yacon sales in the EU, as evident from Internet marketing, are 
through informal and “under-the-counter” channels, which have not yet come 
under the scrutiny of EU regulators.

Discussion and conclusions

Re-emergence of underutilized food crops

A few dozen crops account for most of global food production, while the vast 
majority of food species are falling into disuse or reduced to subsistence systems. 
Much of the neglect of so many species is put down to the ongoing globalization 

Figure 8.3 Biopiracy allegations referring to the use of yacon in Japan hit national 
headlines in Peru in 2001
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of diets, the erosion of local food cultures, and the greater competitiveness 
of commodity crops ever more replacing traditional foods. However, the 
examination of the natural histories of the three food crops covered by this 
chapter reveals that the marginal or declining importance of food species – while 
being accentuated in the recent past – is not necessarily a modern phenomenon 
as often stated, but can have its roots in the very distant past.

Quinoa’s importance began to erode in pre-Hispanic times. The pollen 
records unveiled by Chepstow-Lusty (2011) suggest that, as early as 2500 BP, 
quinoa was being replaced by maize in mid-elevation valleys in the Andes. It 
is reasonable to assume that quinoa retreated to the Altiplano, an ecologically 
narrowly circumscribed high-altitude plateau to which quinoa is supremely 
adapted, and where the crop is grown to this day. Based on a review of colonial and 
modern literature, Hermann and Bernet (2009) conclude that the production 
and consumption of maca never exceeded its very limited production area in 
a small mountainous region of central Peru. Maca was declared to be under 
threat of extinction in 1982. The early Spanish chroniclers, our only historical 
source on the economic botany of pre-Hispanic Andean civilizations, are either 
silent or provide only brief mention of yacon, suggesting that the crop was of 
much lesser use than other roots and tubers native to the Andes (Garcilazo de la 
Vega, 1609; Patiño, 1964; Antunez de Mayolo, 1981). As recently as 10 years ago, 
yacon’s significance had declined to the status of a botanical rarity known only 
by a few specialists and occasional indigenous cultivators.

In conclusion, none of the three species have in the past been consumed 
by a large proportion of the population at substantial intake levels, and hence 
the often stated nutritional importance of these species is at odds with the 
marginal role of these crops in traditional food systems as evident from several 
sources. Moreover, restricted geographic distribution made these crops almost 
“invisible” to most Andean consumers and resulted in a lack of familiarity.

It was the discovery and communication of nutritional attributes that 
catapulted the three species into the minds of consumers in urban and export 
markets. The resulting demand expansion made all the difference. Seventy per 
cent of the Andean population is now urban, with a growing middle class and 
purchasing power. Importantly, the interest of export niche markets (fair trade, 
organic, health and ethnic food) provided key incentives for novel product 
development and diversification in order to overcome demand constraints.

Lessons for the development of minor food species

One often stated cliché is that minor food species are held back by the stigmata of 
“poor people’s food” and “backwardness” associated with their rural producers. 
No evidence of this notion was found, and even if reputational problems existed, 
these would likely not be the cause of limited use but rather consequence and 
expression of objective demand constraints such as the inconvenience of use 
of (traditionally) unprocessed quinoa, and unappealing aspect and taste of 
maca and yacon. It is implausible how the promotion on nutritional grounds 
would be effective, unless accompanied with efforts to lessen or remove 
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demand constraints as happened with the three crops of this study through the 
development of a diversity of appealing and novel products.

A variety of factors, however, made the products of the three species of 
this study prohibitively expensive for poorer sectors in producer countries. 
Growing consumer demand quickly exceeded supplies, and low productivity 
and predominantly manual production methods added to production costs and 
price pressures. For poorer people, whose food choices are strongly influenced 
by price, it would seem that costs have to come down to include these products in 
their diets. This can only be achieved by increasing area productivity, improved 
plant types and agronomic management as well as greater economies of scale 
through appropriate processing and more efficient value chain management.

Thus, this chapter provides a number of pointers for research investment in 
order to remove or lessen constraints that act on the supply (low productivity, 
narrow ecological adaptation) or the demand (lacking knowledge and consumer 
awareness of nutritional benefits, unavailability of convenience products, 
marketing inefficiencies) of these “neglected” crops. By comparison, globally 
established food crops have enjoyed vastly greater research and development 
efforts by both private and public entities. For example, many thousands of 
person-years must have been invested world-wide over past decades in the 
breeding of any of the major cereals. This has decisively contributed to their 
greater competitiveness vis-à-vis minor crops.

Communication of nutritional attributes to consumers

The communication of nutritional attributes was found to have been of key 
importance for the increased awareness of the food value of the three crops, 
although nutritional claims were often made in a sensationalist manner, 
exaggerating the significance of emerging scientific results, and in violation of 
Codex Alimentarius rules. However, it appears that focusing on key properties 
helped to position the products in the minds of consumers.

Access of quinoa to the EU market has not been a problem because of the 
long use tradition in some European countries; however, the lack of food safety 
documentation for maca and yacon has prevented the market authorization of 
these species under the EU Novel Food Regulation and discouraged investment 
in export value chains (Hermann, 2009). There is a need for authoritative 
species and food dossiers that substantiate the food value of traditional food 
products in new markets. These must provide details on food composition, 
traditional intake levels, and discuss potential hazards from processing or lack 
of familiarity of use. Recent EU market authorizations obtained for a range of 
traditional foods such as baobab and the Allanblackia tree provide models for 
the required procedures.

The role of indigenous knowledge

The importance generally attached to the role of indigenous knowledge in the 
continued use of agricultural biodiversity is clearly at odds with the findings 
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of this chapter. Traditional beliefs about fertility-enhancing effects did indeed 
provide pointers for the modern use of maca, and recent research results appear 
to bear out certain pharmacological effects.

However, authentic indigenous knowledge surrounding the use of maca is very 
limited (Locher, 2006). As with other nearly forgotten foods subject to renewed 
commercial interest, what is described as “indigenous knowledge” actually has 
been enmeshed with attributions from press reports and contaminated with the 
hype associated with Internet claims. Genuine traditions are thus difficult to 
disentangle from modern product promotion, especially when they relate to the 
“immune system”, better “concentration and memory”, “lowered cholesterol” 
and other modern medical jargon (Hermann and Bernet, 2009).

None of the very limited traditional knowledge associated with the use of 
quinoa and yacon has had much bearing on the marketing and expansion of 
consumption of these products. Scientific research uncovered the previously 
unknown hypoglycaemic and bifidogenic properties of yacon, as well as the 
nutritional excellence of quinoa, particularly its potential as a starchy food for 
gluten intolerance sufferers. Moreover, awareness of the nutritional properties 
of quinoa and yacon as revealed by scientific methods has stimulated the interest 
of rural producers.

Likewise it has not been culinary traditions, but rather the ingenuity of modern 
product development and the versatility of food processing techniques that 
have helped overcome a number of use constraints, through the development 
of products that are more convenient to use, have longer shelf-life and better 
consumer acceptance.

The exaggeration and sensationalist use of indigenous knowledge in 
marketing maca paid quick dividends for some companies, but it eventually 
brought maca into ill repute, particularly in the EU, where regulators banned 
maca from the market for several years because of food safety concerns and 
the predominance of unsubstantiated product claims. Typically, indigenous 
knowledge on traditional food is silent on potential food hazards and even 
where it provides details on health and nutritional benefits, regulators will 
not allow its use in product claims, unless these are substantiated by scientific 
methods. This is often overlooked in discussions of the “complementarities” of 
“scientific” and “traditional knowledge”. In recording indigenous knowledge 
greater emphasis needs to be placed on the documentation of traditional intake 
levels, frequency and distribution of use, data that are of great relevance to food 
safety assessments.

Multilateral access and benefit sharing of underutilized plant genetic resources

Current project funding and development priorities involving minor food 
species are posited on the widely held belief that these hold the greatest potential 
in their native range to benefit indigenous cultivators and consumers. On the 
surface, this appears to be a plausible proposition, but the lessons from this 
study suggest otherwise. All the three species have re-emerged from oblivion 
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because of the discovery of nutritional properties outside the Andes following 
informal introductions5 of germplasm to Brazil, Japan and a range of Asian 
countries. The case of yacon and quinoa is particularly interesting, as novel 
modes of preparations and the marketing in response to new demands outside 
the Andes (avoidance of gluten intolerance, interest in gut health, culinary 
interests) facilitated the diversification of crop uses. For instance, Japanese and 
korean culinary techniques applied to yacon have hugely expanded its perceived 
food value and sparked scientific enquiry.

Unfortunately, myopic media opinion makers and misguided anti-biopiracy 
advocates have failed to realize that all three crops would most likely continue 
to be under-exploited had they not been taken out of the context of the demand 
constraints in their native agricultural and food systems.

Expansion of yacon and maca consumption in export markets has provided 
income opportunities for producer countries with benefits not only to poor 
farmers but also to processors and other value chain participants. Of course, 
increasing yacon production in Asia and Brazil is bound to curtail foreign 
currency revenues for Andean producers to some extent, but much of the 
understanding of yacon’s and maca’s nutritional properties have essentially been 
developed in these countries, and have hugely benefited product development, 
consumer interest and market development in the Andes as well.

The conclusion is that informal benefit-sharing mechanisms associated with 
the global dispersal of indigenous crops are still effective, although the time-
scales involved exceed the short-term quid pro quo attitudes of post-CBD 
policy makers. The phenomena described are not applicable to every local food 
crop, but the number of crops being moved through informal seed systems 
across borders is substantial, and many more crop examples from the recent 
past support the chapter’s conclusions. The implications are that the unfettered 
sharing of plant genetic resources for food within a multilateral access system not 
only benefits the use of global crops, but that the interdependence of countries 
with regard to minor species may be similarly high.

Notes
 1 Unidad de estadísticas agropecuarias y rurales (MAGDER), Bolivia.
 2 Associated Press, 10 January 2011. Quinoa’s popularity boon to Bolivans. http://

thedailynewsonline.com/lifestyles/article_10f5ef38-1d28-11e0-bf68-001cc4c002e0.
html

 3 http://www.siicex.gob.pe/siicex/apb/ReporteProducto.aspx?psector=1025&preport
e=prodpres&pvalor=1953

 4 http://ec.europa.eu/food/food/biotechnology/novelfood/novel_food_catalogue_
en.htm

 5 No evidence was found for negotiations or material transfer agreements related to 
these crop introductions as mandated by international agreements and recognized 
best practices.
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9 Biodiversity’s contribution 
to dietary diversity

Magnitude, meaning and 
measurement

Peter R. Berti and Andrew D. Jones

Introduction

Biodiversity refers to the variability among living organisms from all sources, 
including terrestrial, marine and other aquatic ecosystems and the ecological 
complexes of which they are part. This includes diversity within species (genetic 
diversity), between species and of ecosystems. 

(United Nations Environment Programme, 2002)

Recent publications (Frison et al., 2011; Bélanger and Johns, 2008; Burlingame 
et al., 2009a), and chapters within this book are increasing the focus upon 
biodiversity and its role in improving nutrition. At times a relationship between 
higher biodiversity and improved nutrition is assumed, without explanation of 
the type of biodiversity in question, documentation of supporting research, or 
a theoretical framework for expecting such a relationship. In this chapter, the 
basis for a potential relationship between biodiversity and nutrition is described, 
and the basis for biodiversity’s nutrition benefits is elaborated.

Three links between biodiversity and nutrition

Biodiversity may be linked to nutrition in three different ways: at a macro level, 
at a farm level, and at a dietary level. At a macro level, biodiversity plays a role 
in “environmental services” that have a positive influence in agriculture and 
food production, including adaptation to climate change, soil protection, crop 
pollination, and pest control (Snapp et al., 2010; Frison et al., 2011). All the 
services contribute to longer term farm well-being, food supply stability, food 
security, and ultimately nutrition.

At the farm level, biodiversity (as crop diversity) can lead to greater 
production (Myers, 1996), sustainability (Brussaard et al., 2007; Frison et al., 
2011) and stability (zhu et al., 2000). Factors increasing production include 
niche differentiation (different crops taking advantage of favourable temporal 
and spatial on-farm niches); reduced loss to pests and diseases and weed 
competition and more efficient use of natural resources (e.g., different crops 
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access different soil nutrients, and in the case of legumes, increased nitrogen 
available in the soil for other crops to use) (Frison et al., 2011). Stability in 
production results from greater disease suppression in mixed crops (zhu et al., 
2000). Biodiversity in production systems minimizes vulnerability to existing 
and emerging stresses that is experienced in monocultures (Frison et al., 2011), 
allowing for longer term sustainability in production.

The focus of this chapter is on the role of biodiversity at the dietary level. 
Biodiversity has been proposed to be a prerequisite or correlate for dietary 
diversity and the health benefits that follow from having a diverse diet (Penafiel 
et al., 2011; Bélanger and Johns, 2008), and, depending on how biodiversity 
is defined, such a relationship is automatic – many different plants or animals 
must be cultivated or gathered to produce diversity on the plate – but whether 
multiple varieties of single plant or animal species are required for a diverse diet 
is not usually discussed in the biodiversity literature.

The following section reviews what dietary diversity means, how it is 
measured, and summarizes dietary diversity at a global scale. We then review the 
arguments made and the evidence for a relationship between biodiversity and 
dietary diversity. The next section considers the magnitude of biodiversity from 
a nutrition perspective, and presents the case for how biodiversity and dietary 
diversity could be considered in nutrition programming in a rural Bolivian 
population. The conclusion integrates the information from across the sections 
to generate a series of questions that should be considered prior to embarking 
on a biodiversity-based nutrition intervention.

Dietary diversity

Meanings and measurement

Dietary diversity is defined as the variety of foods in a diet over a given period 
of time (Ruel, 2003). National dietary guidelines consistently recognize and 
promote the importance of diverse diets (Health Canada, 2007; US Department 
of Agriculture and US Department of Health and Human Services, 2010; 
World Health Organization, 1996; German Nutrition Society, 2005). The basic 
diversity concept is simple, relatively easy to explain, and therefore intrinsically 
desirable for programme managers developing nutrition education messages. 
However, there is no consensus among the nutrition community as to what 
precisely constitutes a diverse diet or how to measure it.

Dietary diversity is typically measured by counting the number of different 
foods or food groups in a diet. A variety of scores have been developed for this 
purpose. Research in low-income settings has tended to emphasize simple food 
variety and diet diversity scores measuring the number of different foods and 
food groups, respectively, in the diet (Onyango et al., 1998; Arimond and Ruel, 
2004; Rao et al., 2001) while research in wealthier countries has similarly relied 
on these types of count measures, but has also employed scales with scores 
based on meeting goals for recommended intakes of specific nutrients (e.g., 
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energy, saturated fat, dietary cholesterol, calcium, sufficient servings of fruits 
and vegetables) (Drescher et al., 2007; kant, 2004; kennedy et al., 1995). A 
multivariate approach has been used in a newly developed method for calculating 
“nutritional functional diversity” (Remans et al., 2011). The differences in the 
emphasis and levels of simplicity of the measurement tools employed speaks 
to the diverse nutrition challenges (i.e., undernutrition, overnutrition, and the 
overlapping of the two) facing different population groups and the variation in 
the nutritional significance of diversity across contexts.

Sensitivity and specificity analyses can be conducted to determine the relevant 
cut-off points for the number of individual foods or food groups necessary 
for an individual to achieve an adequate dietary intake (Food and Nutrition 
Technical Assistance Project, 2006). However, these cut-offs points are difficult 
to generalize outside the specific contexts within which data are collected.1 

Fundamental decisions regarding even the selection of foods and food groups 
to include in diversity measures are highly dependent on the local availability 
of different foods, the nutritional content of these foods and the frequency of 
their consumption by different population groups (Ruel, 2003). Furthermore, 
emphasizing only foods or food groups in diversity indicators may fail to account 
for important nutritional variation within species (i.e., subspecies, varieties, 
cultivars, breeds) (Burlingame et al., 2009b).

Despite the multiple approaches used to measure dietary diversity and the 
varied determinants of diversity across locales, findings from multiple contexts 
consistently confirm the importance of including a diverse selection of foods 
in diets. Adult and child diets containing a greater number of different foods 
or food groups are associated with greater energy and nutrient intakes (kant, 
2004; Rose et al., 2002; Ogle et al., 2001; Tarini et al., 1999; Onyango et al., 
1998) as well as more adequate nutrient intakes (Torheim et al., 2004; Steyn 
et al., 2006; Hatløy et al., 1998).2 Furthermore, it is positively associated with 
adult and child nutritional status (Savy et al., 2005; Rah et al., 2010; Arimond 
and Ruel, 2004), birth weight (Rao et al., 2001), and further “downstream” 
health outcomes, including better cognitive function (Wengreen et al., 2009; 
Clausen et al., 2005), improved haemoglobin concentrations (Bhargava et al., 
2001; Siegel et al., 2006), a reduced incidence of cancer (Jansen et al., 2004) and 
decreased mortality (kant et al., 1993).

These improved health outcomes likely result in part from the greater 
likelihood that an individual will attain his or her energy and nutrient 
requirements from a more diverse diet, but the reason that these are achieved may 
not be obvious. First, there is some evidence of a “buffet effect” (i.e., when there 
is more food variety available, people will eat more) (Herforth, 2010). Secondly, 
there are nutrient density differences (mg of vitamins and minerals per gram 
of food, or per joule of food) at different levels of dietary diversity. Individuals 
with very low diversity diets (usually the very poor, very food insecure) have 
diets dominated by staple foods, which in most settings are starchy cereals, roots 
or tubers and are of relatively low nutrient density. At slightly higher levels of 
diversity in the slightly less poor, a few fruits and vegetables are added, and these 
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bring nutrients not present or in low concentration in the staple food. At still 
higher levels of diversity, there are more fruits and vegetables bringing in more 
nutrients, and at the higher levels still, nutrient-dense animal-source foods (e.g., 
meat, eggs, milk) are eaten, increasing the likelihood that the consumer will 
meet her nutrient requirements. So while adding rice to a corn-based diet will 
make it more diverse, it would not greatly increase nutrient intake as is usually 
intended and expected as dietary diversity increases. In fact, higher dietary 
diversity is more strongly associated with increased consumption of non-staple 
foods (e.g., animal-source foods, fruits and vegetables) compared with increased 
variety within a staple food group (Hoddinott and Yohannes, 2002). However, 
diverse diets convey benefits beyond just enhanced nutrient intakes.

Foods are not merely nutrient delivery devices, but complex mixtures of 
chemical compounds and elements anchored in cultural contexts whose many 
constituents act as agonists and antagonists to digestion and absorption in 
the gut and may have beneficial health effects independent of their nutrient 
content (Liu, 2003). Notwithstanding advances in nutritional biochemistry, a 
comprehensive understanding of human biochemistry, particularly with regards 
to the dynamics of “food synergy”, or the interactions between the various 
components of the food matrix, is a distant goal (Jacobs and Tapsell, 2007). 
Research on the relationships between single foods and nutrients is important 
in advancing nutritional science, but there may be greater public health 
significance of elucidating relationships between dietary patterns and health 
outcomes (Mozaffarian and Ludwig, 2010). These patterns, in fact, exhibit 
more consistent relationships to health outcomes than foods and nutrients 
alone (Slatterly, 2008).

Global landscape of dietary diversity

Food variety and food group diversity scores vary widely between countries 
(Ruel, 2003). Across all world regions, grains, roots and tubers contribute the 
largest percentage of energy to diets with all other food groups contributing less 
than 10 per cent (with the exception of meat and fish) (Figure 9.1) although 
on a weight basis (i.e., grams per person per day) consumption of fruits and 
vegetables is similar to grains, roots and tubers in the Americas, Mediterranean 
and Europe (Figure 9.2). But the regions are not homogenous, and Figure 9.3 
demonstrates intra-regional differences in dietary diversity. Consumption of 
animal-source foods in most countries of the Americas is greater than that of 
African countries; however, large disparities exist even within the Americas, 
with the per capita consumption of animal-source foods in the United States 
quadruple that of Bolivia and more than 12 times that of Haiti.3 Several studies 
have found significant positive associations between dietary diversity and 
household socioeconomic status within countries (Thorne-Lyman et al., 2010; 
Rashid et al., 2006; Rah et al., 2010; Hoddinott and Yohannes, 2002; Hatløy et 
al., 2000; Anzid et al., 2009). Differences in socioeconomic status likely account 
for some of the variance between countries as well.
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Figure 9.1 Consumption of select food groups as a percentage of total dietary energy by 
world region

Note: Data from FAOSTAT 2005–2007. The consumption amounts are the quantity of food 
estimated to be available for human consumption, but actual consumption may be lower due to 
wastage and losses during storage, preparation, thrown out or given to animals (http://faostat.fao.
org/, accessed July 2012). Countries classified according to WHO regions.
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Figure 9.2 Daily consumption of select food groups per person by world region

Note: see footnote to Figure 9.1.

Biodiversity and dietary diversity

At the heart of the biodiversity-for-health position, it is assumed that there is a 
positive relationship between biodiversity, as manifested in on-farm crop and 
animal diversity, and dietary diversity. Certainly at some scale, this must be true 
(if all farmers grew only corn or only rice then there would be little dietary 



Biodiversity’s contribution to dietary diversity 191

diversity), but in practice, little evidence exists to support the relationship 
between biodiversity and household dietary diversity. Evidence from kenya 
and Tanzania indicates a positive relationship (Herforth, 2010); however, 
contradictory evidence from Ecuador shows dietary diversity related to farm 
size, but not farm diversity (Oyarzun et al., submitted), and a study in Peru 
showed no relationship between number of varieties grown and child growth 
or household food security (Scurrah et al., 2011).

Despite the limited evidence, it is posited that biodiversity, in the form of 
crop diversity and domesticated animal diversity, is a necessary if not sufficient 
condition for dietary diversity. Presumably there could be increased dietary 
diversity as more food species and varieties of species are grown, but the 
magnitude of increased dietary diversity that followed would be a function of 
the species and varieties introduced. Some varieties of individual crops may be 
so different from one another as to be considered different foods (Herforth, 
2010), such as white- and orange-fleshed sweet potatoes, and therefore variation 
may be nutritionally meaningful. For other crop varieties, variation may be 
agronomically meaningful, but nutritionally irrelevant.

If the assumption of a positive relationship between biodiversity and 
dietary diversity is valid then there are two key (and nuanced) implications for 
agriculture and nutrition interventions:

1 If the distributions of nutrient contents among varieties of most foods 
are lognormal (or even just positively skewed – see next section) then 
varieties chosen at random from the distribution of varieties are likely to 
have nutrient content less than the average, and far less than the maximum. 
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Likewise, a food chosen at random from the food system (whose 
distribution is also positively skewed) would exhibit the same pattern. 
While foods are not chosen at random from food systems, varieties are 
chosen at random with respect to nutrient content. Varieties may be planted 
for agronomic, economic, taste, storage or other reasons, but in the absence 
of a specific nutrition intervention (e.g., a biofortification programme or 
any intervention that screens and selects varieties based on compositional 
analysis or traditional knowledge), it is unlikely that the nutrient content of 
the different varieties will influence cropping decisions. In other words, a 
highly informed selection process would be required to select a variety with 
higher-than-average nutrient content. A critical difference, however, is that 
the high-end of the distribution of foods can be relatively easily selected 
by a local nutritionist (e.g., most orange-coloured foods have significant 
quantities of vitamin A activity and most animal-source foods have high 
levels of iron), whereas such easily applied shortcuts are not available to 
identify the high-end varieties of a crop (with the exception of the depth 
of orange colouring indicating vitamin A levels in some foods like orange-
fleshed sweet potatoes; Takahata et al., 1993).

2 Figure 9.4 shows a scatterplot of quantities of individual food items 
consumed (g/day) on one day of observation of 20- to 40-year old women 
in the rural Bolivian Andes by the vitamin A content of the food (μg/100g) 
(data set described in Berti et al., 2010b).4 Five hundred micrograms of 

0

200

400

600

800

1000

1200

1400

0 100 200 300 400 500 600 700 800 900 1000

V
ita

m
in

 A
 c

o
nt

en
t (

ug
/1

00
 g

 fo
o

d
) 

Grams of food consumed  

Strategy 1. Increase consumption
of these vitamin-A rich foods-

Strategy 2. Identify vitamin-A rich varieties of 
these high-consumption foods
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vitamin A is the recommended safe intake for adult women and can serve 
as a target (daily vitamin A intake will often come from more than one food 
and so this serves as a guideline, not a prescription). To put more points 
“above the line”, a strategy may be (1) to increase the consumption of the 
vitamin A-rich foods (i.e., foods with greater than 600 μg/100g of vitamin 
A, of which there are five in this food system) – a conventional “dietary 
modification” strategy, although also used within biodiversity programmes 
to promote nutrient-dense, underutilized species within the food system; or 
(2) to introduce into production varieties of foods that have higher vitamin 
A levels and are consumed frequently in substantial quantities (e.g., greater 
than 400 g/day, of which potato is the only example in this population) – a 
“biodiversity strategy”.

Whether a dietary modification strategy or biodiversity strategy would 
be appropriate will be situation specific – in this Bolivian setting, dietary 
modification would be preferred as there are no available vitamin A-rich potato 
varieties, and even if there were, there are many strong agronomic and cultural 
reasons for choosing the varieties they do, which would create resistance to 
changing the varietal mix currently in use. The best candidates for promotion 
as a vitamin A-rich food already in the diets are carrots and a couple of types 
of indigenous dark green leafy vegetables – increasing their production is 
considered feasible by local agronomists and they would be welcomed into 
their daily meals. There may be other relatively unknown native species and 
types that would be nutritious and also well suited for cultivation in this 
environment.

Nutrition and biodiversity

There are many proposed and existing ways to measure biodiversity (Reiss et 
al., 2009). To quantify the level of biodiversity in a way that is meaningful to 
human nutrition, there is consideration in the variation in nutrient content 
of food varieties and within food systems. Many commonly consumed crops 
have hundreds or thousands of varieties (e.g., more than 100,000 varieties of 
rice (Sackville Hamilton, 2006) and 4,000 varieties of potato (Burlingame et al., 
2009b)), and there are many breeds of domesticated animals (e.g., over 1,000 
breeds of sheep and 600 breeds of goats; Jensen, 2009), but only a small fraction 
of these varieties have nutrient content data available. Additionally there are 
many underutilized indigenous and wild plants (e.g., Maroyi, 2011; Jeambey 
et al., 2009; Herforth, 2010), totalling some unknown number of distinct food 
species, varieties, or breeds. For the vast majority of these there are no nutrient 
composition data. Therefore, for this chapter, available data are collected 
on levels of iron and vitamin A (two micronutrients of global public health 
significance) for specific varieties of various food crops. A similar analysis of less 
common foods would be desirable but is not currently possible.
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Variation in nutrient content between food varieties

Data were available for a number of staple foods (e.g., potato, beans, rice) as well 
as some less commonly consumed foods (e.g., choysum, strawberries). For some 
foods, there were many varieties tested (123 varieties of potato, 67 of common 
bean), and for other foods only a few (four varieties of lentils, six of peas). The 
minimum and maximum values of vitamin A and iron are shown in Table 9.1. 
The table includes a variety of food types, including globally important staple 
foods, common and regional fruits and vegetables. The range in vitamin A is 
marked, with an over 10,000-fold difference in vitamin A levels between banana 
varieties, and 100-fold difference for other foods. There is a much lower range 
in iron levels, with a maximum of a 23-fold difference in iron content between 
sweet potato varieties, and most of the foods having less than a 5-fold difference 
between varieties. But even for those foods with small differences (e.g., cassava 
with 2.5 versus 0.9 mg iron per 100 g) there could still be the difference between 
sufficiency and insufficiency of the diet (e.g., 400 g of high-iron cassava would 
meet a five-year-old’s iron requirements, but low-iron cassava would supply 
only one-third of the requirement).5

The distribution-fitting function of Crystal Ball (version 11.1, Oracle, 
Redwood Shores, CA) was used to find the best fitting distributions for those 
foods with data on ten varieties or more. In general, the data had lognormal 
distributions, or similar to lognormal distributions (positively skewed, with the 
mean greater than the median), with SD between one-tenth and three-quarters of 
the mean (although the strength of the fit to a lognormal distribution was variable, 
and for some foods, other distributions (normal, gamma, etc.) fit the data more 
closely). The distribution of iron in 123 potato varieties is shown in Figure 9.5.
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Variation between varieties compared with variation in food systems

To capture the magnitude of interspecies variation within a given food system, 
there is an evaluation of the iron and vitamin A content in foods in USDA 
food composition tables (US Department of Agriculture, 2010) – representing 
perhaps the most variety of any food system in the world – and 92 foods appearing 
in the diet of a population in rural Bolivia (Berti et al., 2010a; Ministerio de 
Salud y Deportes, 2005), a diet that is limited in variety and is perhaps typical of 
diets in low-income countries. Figure 9.6 shows the plotted distribution of iron 
in the two food systems over the minimum and maximum values from food 
varieties in Table 9.1. Thus there are two types of distributions with overlapping 
plots. The bars represent the range of iron content (in mg per 100 g) found in 
the foods listed on the left vertical axis. The lines represent the distribution of 
the relative frequency (plotted against the right vertical axis) of iron content 
in foods in the US and Bolivian food systems. Thus the most common iron 
content in the USDA and Bolivian food systems is about 1.5 mg per 100 g, 
but there are some foods with more than 10-fold as much iron per 100 g. The 
variation in the iron levels is different between crops, with an especially high 
level of variation in beans and sweet potato. However, this level of variation is 
less than that found even in the simple Bolivian food system, where 10 per cent 
of the foods have above 10 mg/100g.
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USDA and rural Bolivian food systems.

Notes: The graph is truncated at 20 mg. USDA foods continue at low frequency to 120 mg. 
Bolivian foods also include two items > 20 mg: lentils (38 mg) and beef blood (61 mg).
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Figure 9.7 is similar to Figure 9.6, summarizing the levels of vitamin A in 
varieties of different crops, as well as in the food systems of the US and rural 
Bolivian population. As with the example of iron, the USDA data represents a 
food system with great variety, and the Bolivian food system has minimal variety.

Conclusion

Drawing from various data sources, we have considered biodiversity from 
a nutrition perspective, particularly regarding its link to dietary diversity. If 
an agricultural intervention aims to introduce a new food crop or animal to 
increase dietary diversity and nutrient intake, then the analyses summarized 
in Figures 9.6 and 9.7 suggest that there are more potential foods to be found 
through considering the entire food system rather than just varieties of 
a single food (Strategy 1 of Figure 9.4). As summarized in the discussion of 
Figure 9.4, however, this will be context specific. Another important advantage 
of prioritizing the diversity of food systems is that high-nutrient content foods 
can be identified by any locally trained nutritionist (e.g., carrots, mangos and 
papayas are all high in ß-carotene; lentils, soybeans and all meats are high in iron) 

USDA food composition tables 

Foods in rural Bolivia
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Figure 9.7 Range of vitamin A levels among crop varieties, and relative distribution 
curves for USDA and rural Bolivian food systems.

Note: 41 per cent of USDA foods have 0 vitamin A and 15 per cent have < 5 RAE. 52 per cent of 
Bolivian foods have 0 vitamin A and 4 per cent have < 5 RAE. These figures are not shown in the 
graph.
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without difficult analysis of varieties. However, in some settings, it may be easier 
to identify or develop varieties of staples that are rich in micronutrients than 
it would be to increase consumption of non-staple, micronutrient-rich crops 
(Strategy 2 of Figure 9.4). This strategy has not been explicitly tested though and 
trials comparing the effectiveness of “Strategy 1” and “Strategy 2” are needed.

This chapter concludes with a series of questions that should be considered, 
regardless of the strategy envisioned. These questions have direct nutrition 
consequences for participating farming households, but may not normally be 
asked prior to an agriculture–nutrition intervention.

1 What is the problem that needs to be addressed? Are there specific nutrient 
deficiencies?

2 Are there priority nutrition problems that have been identified that justify 
carrying out any sort of intervention? Could these problems possibly be 
addressed through food-based interventions? Whose needs will be met 
through the intervention?

3 How will a new variety ultimately be used? And who controls decisions of 
use and the benefits of that end use?

4 Will the crop be consumed by the farming household? If it is sold, will it 
be sold locally, benefiting other local families or will it supply the export 
market? If sold, who will control the earned income?6

5 Will the variety displace micronutrient-dense crops, be introduced on 
pastureland that is used to raise animals and provide meat, milk or eggs for 
the family, or displace other plants or animals with biodiversity importance? 
Or will it replace less desirable crops?

Figure 9.8 Harvested maize stored at a local homestead in northern Potosí, Bolivia. 
Photograph by Andrew Jones
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6 It is possible that a crop is introduced for biodiversity reasons, but then the 
market for it expands and the acreage for this introduced crop increases and 
ultimately reduces on-farm biodiversity.

7 Will the new variety fill gaps in seasonal food supplies?
8 Will it be late maturing, early maturing, could it be harvested at multiple 

times throughout the year? Will it store well?
9 What is the pattern of food distribution within the household? Will the new 

variety be a preferred food among all family members? Will specific efforts 
be required to promote consumption by children?

10 How will the new variety affect time allocation, particularly for women?
11 If the new variety leads to more work for women and this is not managed 

properly, it could lead to less time for child feeding (especially breastfeeding), 
child care and ultimately poorer health outcomes.

12 Are there any safety issues associated with the new species or variety?
13 Are there disease vectors associated with the species? Is pesticide use 

expected? Does the culture have a practice of safely preparing the species or 
variety for consumption?

These questions are not new, but there is a different dimension when 
they are addressed from biodiversity and dietary diversity points of view. As 
programmes in biodiversity and dietary diversity increasingly overlap and, 
hopefully, mutually reinforce each other, the experiences of the practitioners 
and their answers to these questions should be documented and disseminated 
to improve future efforts.

Figure 9.9 A field of Andean lupine, known locally as “tarwi”, in northern Potosí, Bolivia. 
Photograph by Andrew Jones
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Notes
 1 For example, 15 different foods had high sensitivity to identify nutritionally 

inadequate diets as inadequate among preschool-aged children in urban Mali 
(Hatløy et al., 1998), but only six different foods were required to achieve both high 
sensitivity and specificity for dietary adequacy among a nationally representative 
sample of South African children (Steyn et al., 2006). Likewise, dietary diversity 
indices that appropriately select cut off points based on the internal distribution of 
the diversity indicator within their sample (Moursi et al., 2009; Ruel and Menon, 
2002) are not able to generalize those cut offs to populations outside those from 
which data were collected.

 2 One study did fail to show a positive association between dietary diversity and 
nutrient intakes (Ferguson et al., 1993). In one study that compared individual foods 
and food groups, though both were associated with dietary adequacy, consumption 
of a greater diversity of food groups was a stronger determinant of dietary adequacy 
than consuming a larger diversity of individual foods (Hatløy et al., 1998). In two 
other studies that measured both indicators, the relative strength of individual foods 
versus food groups in predicting dietary adequacy was less clear (Steyn et al., 2006; 
Torheim et al., 2004), though Torheim and others found that a food variety score 
contributed more significantly to regression model variation than a food group 
score.

 3 Though diets high in fat and dietary cholesterol are associated with higher risk 
of chronic disease (American Heart Association, 1996; Oh et al., 2005) animal-
source foods are an excellent source of bioavailable micronutrients, such as iron, 
zinc and vitamin A, that are often lacking in diets in low-income countries, and are 
particularly important for proper child growth (Penny et al., 2005).

 4 Note that the data collection and analysis tools used tended to group foods together 
(e.g., perhaps five to ten types of potatoes were all commonly eaten, but all were 
grouped as one general type, “potato”). This reduces the apparent variation that 
exists in the diet, and in Figure 9.4, and so the figure should be considered for 
illustration of the concept, but as a simplified presentation of the real situation.

 5 400 g ´ 2.5 mg/100g = 10 mg, which is the EAR (estimated average requirement) of 
iron, for a low bioavailability diet.

 6 Control of new income within households will no doubt determine in part the 
extent to which increased incomes lead to more diverse diets and improved health 
outcomes for family members. Strong evidence from many different regions 
suggests that income controlled by women benefits child nutrition and household 
food security to a greater extent than income controlled by men (Quisumbing et al., 
1995; kennedy and Cogill, 1987).
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Can cross-sectoral partnerships 
leverage agricultural biodiversity 
for better quality diets?

Margaret McEwan, Gordon Prain and  
Danny Hunter

Introduction

Previous chapters have highlighted the multi-faceted nature of nutrition 
problems and provided examples of how agricultural biodiversity can contribute 
to dietary diversity and quality. They have illustrated the convergence of two 
streams of thinking which has taken place over the last three decades. Firstly, 
the agricultural and biodiversity community has a greater appreciation of the 
environmental benefits from more highly diverse systems (e.g. ecosystem 
services such as nutrient cycling, pest and disease regulation, pollination, 
hydrology etc., and climate regulation and carbon sequestration) (McNeely 
and Scherr, 2003; Pretty, 1995; Scherr and McNeely, 2007). Secondly, within 
the nutrition community there has been a growing consensus around the 
limitations of single nutrient interventions to address nutrition problems and 
the importance of food-based approaches to sustain nutritional well-being (Berti 
et al., 2004; DeClerck et al., 2011; Remans and Smukler – this volume). This 
convergence has helped to increase the understanding of the interdependence 
between human and ecosystem health, and how agricultural biodiversity plays a 
role in maintaining both (Blasbalg et al., 2011; Johns et al., 2006; Collette et al., 
2011; Frison et al., 2011; Jackson et al., 2007; WHO, 2005).

Some of the case studies described in this book have shown the need and 
value of bringing an inter-disciplinary2 bearing to the analysis of nutrition 
problems, and a cross-sectoral3 approach to the design and implementation of 
interventions. However, while this kind of cooperation may seem obvious, it 
has until recently happened for the most part at the theoretical level rather than 
as action on the ground (Garrett et al., 2011). This chapter will explore some 
of the factors which have limited practical responses to previous calls for cross-
sectoral collaboration between the environment, agriculture and health sectors to 
address nutrition concerns. The chapter begins with a brief examination of pre-
World War II efforts to implement multi-sectoral and collaborative approaches 
between agriculture and health in Malawi. This is followed by an overview of 
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the evolution of disciplinary perspectives in the agriculture, environment and 
nutrition sectors. This shows that these sectors have occasionally demonstrated 
some meeting of concepts and approaches; yet this never seems to have 
been translated into practical, effective cross-sectoral and inter-disciplinary 
collaboration required to address current nutrition problems.

Given renewed calls for greater leveraging of agriculture for improving 
nutrition and health and greater synergies among relevant sectors, the chapter 
briefly reviews how new findings from research on partnerships could contribute 
to more effective cross-sectoral partnerships. The chapter concludes with an 
example of how a national model such as Fome Zero in Brazil has successfully 
linked strengthening agricultural biodiversity and improved nutrition; and an 
examination of what current reforms in the CGIAR and UNSCN might have 
to offer for greater mobilization of agricultural biodiversity. Finally the chapter 
poses the question as to what is different now that may make our current efforts 
more successful.

A glimpse backwards

Stretching back to the early 1930s, the need for multi-sectoral analysis and 
collaboration to address food and nutrition concerns has been recognized. 
During a special session of the League of Nations Health Commission in 1935 
there was a plea for a “marriage of health and agriculture” (Berry and Petty, 
1992). The call reflected an appreciation that malnutrition was a multi-sectoral 
problem, demanding a multi-sectoral, multi-disciplinary solution involving 
politicians, economists, agriculturalists, social workers as well as the medical 
profession. This was the time when the Colonial Nutrition Committee was 
established in Britain and multi-disciplinary field research into local food systems 
was commissioned. An example of this was the Nyasaland Nutrition Survey 
carried out in 1938–39 in Southern Africa by a team composed of a medical 
officer, an agriculturalist, a food investigator, an anthropologist and a botanist, 
each using their own disciplinary approaches and methods. The Nyasaland 
Survey and other field work (e.g. Richards, 1939) undertaken during the 1930s 
and early 1940s conducted nutrient analysis of local foods, and surveyed their 
use in different agro-ecological zones and among different wealth groups. 
These studies recorded the roles of women and men in collecting or hunting 
for wild foods such as leaves and spinaches, fruits, small birds, rodents and 
insects, tubers, fungi, and honey, as well as collecting medicinal plants. They 
also documented the cultural rights and customs associated with these practices 
and the significance of these foods in contributing to dietary diversity, and in 
particular to fill seasonal shortfall periods. In Nyasaland, the findings from 
the survey were the basis for the establishment in 1939–40 of the Nutrition 
Development Unit (NDU) with the mandate to continue investigations and 
to introduce improved practices for fisheries, agriculture, livestock, forestry, 
soil degradation, in addition to medical interventions focusing on women and 
children (Berry and Petty, 1992). Investments in improved nutrition were seen 
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by the Colonial Office as leading to greater well-being and greater efficiency 
in production (Quinn, 1994). However, the initial intervention approach used 
by the Nutrition Development Unit was top-down. While this was quickly 
recognized by the team as being unrealistic and ineffective, the Second World 
War intervened, political support and funding dwindled, and the NDU was 
closed in 1943.

After Nyasaland declared Independence in 1964 to become Malawi, the 
emphasis of national development planning was on achieving macro-economic 
growth. This was the era of “the stages of economic growth”, a theory of 
economic development which preached the inevitability of emerging societies 
such as Malawi achieving high mass-consumption as part of modernization 
(Rist, 1997). With the shift to a macro-economic perspective, nutrition reverted 
to its traditional home within the health sector, with malnutrition regarded 
as a technical issue (lack of animal protein) within the context of disease and 
ignorance. Issues related to poverty were down-played and theories of planning 
were based on a single-sector approach (Quinn, 1994).

Shifting disciplines and paradigm shifts

Shifts in ideology and the global context have influenced not only change in 
national policies related to food and nutrition, but also the evolution of related 
disciplines and specializations (Maxwell, 2001a). As individual practitioners, 
policy makers or scientists, we bring to any collaborative effort different 
disciplinary perspectives and paradigms. These paradigms change in response 
to the advancement of theoretical and empirical understanding within our own 
disciplines, but also reflect changes in broader development theories and in the 
global setting. Often, one particular conceptual framework dominates the causal 
explanation of interrelated phenomena – in this case the causes of inadequate 
nutrition and poor health. The dominant explanation then strongly influences 
the choices around the most appropriate approaches and types of interventions 
for “solving” the problem. The following section briefly describes key shifts 
in conceptual and planning approaches in the agriculture, environment and 
nutrition disciplines over the last 50 years. These shifts have in turn influenced 
the types of institutional arrangements for cross-sectoral efforts to address 
nutrition problems.

Agriculture, biodiversity and diets

Recurrent famines during the 1960s in different parts of the “underdeveloped 
regions” as they were then called were interpreted by science policy makers and 
philanthropists in the West as a problem of food availability and led to the major 
agricultural research and development effort that became known as the Green 
Revolution. The philosophical underpinnings of the Green Revolution were 
themselves part of a post-war “development paradigm” involving a belief in the 
power of science and technology to carry the whole world towards an ideal state 
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of high mass-consumption (Rostow, 1960). The “transfer of technology” was the 
specific mechanism through which “advanced countries” could enable poorer 
countries to achieve economic take off (Biggs, 1990; Rist, 1997). The focus of 
the Green Revolution was on the increased production of macro-nutrients and 
this global and national preoccupation with the staple production and supply of 
calories intensified with the dramatic oil price increases of the early 1970s. This 
period witnessed the first high-yielding rice and wheat varieties of the Green 
Revolution becoming more widely available. This was also the time when the 
political preoccupation with urban food supplies came under attack as “urban 
bias” (Lipton, 1977).

Although radical critiques of the “transfer of technology” paradigm were 
relatively common during the 1970s (e.g. Bernstein, 1973), these were still 
on the margins. From the beginning of the 1980s two currents of criticism 
gathered force and led to major changes in thinking about development, even if 
actual development during at least the 1980s was on hold, pending “structural 
adjustment” (Rist, 1997). Firstly, economists such as Amartya Sen (1981) 
offered a new analysis of food crises which used the concept of entitlement to 
show that “there being not enough food to eat” does not determine starvation, 
but rather, “people not having enough food to eat” is the causal factor. In other 
words, from the standpoint of a person or family, the issue is not food availability 
in general, but food access through own production, purchase, gift, barter or 
other entitlement. Secondly, the concern with “the standpoint of the person or 
family” actually involved in food production and exchange led other researchers 
to argue for local participation in development processes in order for change to 
be appropriate and sustainable (e.g. Rhoades and Booth, 1982; Chambers et al., 
1989, 1994; Scoones and Thompson, 2009). The focus on participation built 
on earlier farming systems research and emphasized the importance of learning 
with farmers and tapping into local and indigenous technical knowledge. 
This “Farmer First” paradigm has become further elaborated through the 
sustainable livelihoods framework, which applies an assets-based and systems 
approach in which agriculture, health and nutrition are considered in a broader 
environmental and ecological context (e.g. Farrington et al., 1999). Similar 
paradigm shifts, from “ecology first” to “people first” perspectives (O’Riordan 
and Stoll-kleemann, 2002) have occurred in biodiversity conservation planning 
and management (Hunter and Heywood, 2011).

Meanwhile, a significant consequence of the rapid expansion of industrial 
agriculture was the growing reliance on chemical inputs to reduce pest attack 
and sustain production. Dramatic impacts on human health, ecology and 
biodiversity were catalogued and described by Rachael Carson in Silent Spring 
(Carson, 1962). The book was to become a major influence in creating greater 
awareness of environmental issues and how people perceived the impact of 
human activities on the environment and led to the development of numerous 
environmental organizations. In 1983, the World Commission on Environment 
and Development (the Brundtland Commission) was convened by the United 
Nations to address increasing concern about such impacts on the natural world 
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and human welfare. In establishing the commission, the UN recognized that 
environmental problems were global in nature and determined that it was in the 
common interest of all nations to establish policies for sustainable development. 
Among these environmental problems were growing concerns about the 
degradation of ecosystems and the loss of biological diversity.

In 1992, the importance of biological diversity conservation and its sustained 
utilization and development were central to the United Nations Conference on 
the Environment and Development (UNCED) held in Rio de Janeiro, Brazil, 
and it was here that the Convention on Biological Diversity (CBD) was opened 
for signature to enhance the conservation of biological diversity, the sustainable 
use of its components and the fair and equitable sharing of the benefits arising 
out of the utilization of genetic resources. The Convention entered into force in 
December 1993. Subsequently, there was an increasing recognition of both the 
growing erosion of plant genetic resources and their importance for food and 
nutrition security, together with the growing interdependence between countries 
on the use of genetic resources as the building blocks for sustainable agriculture. 
This led to the adoption of the International Treaty on Plant Genetic Resources 
for Food and Agriculture (ITPGRFA) in 2001 (Hunter and Heywood, 2011).

In the 1960s and early 1970s the focus of nutrition research was to understand 
the role of protein in the diet.  Nutritionists were preoccupied with levels of protein 
intake and concerns about protein quality. This led to an emphasis on curative 
and clinically-based interventions aimed at increasing protein intakes. However, 
subsequent studies showed that protein intake had in fact been underestimated 
and that the recommended daily intake had been overestimated (McLaren, 1974). 
With the exposure of these misconceptions, nutrition research attention then 
shifted to energy or calorific intake and distributive concerns (UN, 1975). This 
change in focus was influenced by concerns in the agricultural sector about global 
food availability. Another nutrition paradigm also opened up during the 1970s; 
this was related to the central importance of micro-nutrients, and in particular, 
vitamin A (Latham, 2010). In the late 1980s and 1990s, this interest in micro-
nutrients which emerged in the 1970s received a strong boost with additional 
evidence of the relationship between specific micro-nutrient deficiencies and 
increased morbidity and mortality. This led to the notion of “Hidden Hunger” 
(WHO/UNICEF, 1991). There was a strong focus on “do-able” technical fixes 
through micro-nutrient supplementation and food fortification programmes. 
During this period there was also increased engagement by the private sector 
in public nutrition interventions, e.g. increased commercial interests in the 
production of micro-nutrient supplements (Latham, 2010). Iron fortification 
and iodization programmes are examples of vertical nutrition interventions 
which, through collaboration with the private sector, and coupling accessibility 
of commercial markets with social marketing campaigns, have been successful at 
going to scale (Bryce et al., 2008).

In parallel with some of these clinical paradigm shifts was a rediscovery of the 
importance of different sectors for understanding and influencing nutritional 
health (Garrett and Natalicchio, 2011). The notion of multi-sectoral nutrition 



212 Margaret McEwan, Gordon Prain and Danny Hunter 

planning (MNP) emerged during the early 1970s to help build coordination, 
mostly between different national-level ministries, including health and 
agriculture (Joy and Payne, 1975). However, efforts to translate nutrition 
policies and strategies into operational plans, budgets and effective coordination 
across sectors encountered both bureaucratic and political difficulties. Each 
institutional sector with a stake in nutrition issues, e.g. agriculture, health, social 
welfare, gender, education, water, sanitation and environment, is housed in its 
own ministry or line organization. These all have their distinct professional 
approaches and particular organizational cultures. Food and nutrition have more 
often been separated with mandates under different line ministries. Action by 
multi-sectoral bodies can also be affected by asymmetric levels of representation 
or budget authority from each sector for decision making purposes. This 
compromises the ability to retain staff, and maintain institutional memory, which 
in turn compounds the challenge to sustain a continuous credible presence as 
nutrition problems reoccur. Therefore, despite the widely recognized theoretical 
benefits of system thinking for dealing with the “complex causality of nutrition”, 
public organizations with already weak institutional capacity were overwhelmed 
by the data demands and coordination needs of multi-sectoral work (Field, 
1987; Berg, 1987; Garrett and Natalicchio, 2011). Furthermore, the special units 
that were responsible for MNP were often institutionally isolated, embroiled 
in turf wars and under-funded. The 1980s saw a general abandonment of these 
programmes and a return to “nutrition isolationism”.

Meanwhile, another element in the re-convergence of agricultural 
development and nutrition was occurring over a slightly later time period and 
at the level of civil society, rather than government. These were “food-based 
approaches” to nutritional health, which became more commonly discussed and 
implemented during the late 1970s and 1980s, although in relation to household 
gardens in particular this is a very ancient strategy for securing household 
nutritional health (Niñez, 1984; Ruel and Levin, 2002). Food-based approaches, 
by their nature, require labour and resource intensive efforts to influence 
behaviour at individual, community and agriculture and health systems levels. 
They do not have clearly defined biological pathways and are not conducive to 
vertical delivery strategies that have been successful for some fortification and 
supplementation interventions (Bhutta et al., 2008).

A more recent trend which also reflects cross-fertilization between sectors is 
the Right to Food framework (FAO, 2004; De Schutter, 2011a, 2011b), which 
is a latecomer to the rights-based approaches which came to the forefront 
in the 1990s. The Right to Food drew in issues of governance, and the need 
for a legal context to support not just the right to be fed, but the right to feed 
oneself. Grass-roots movements and networks around food sovereignty, such 
as La Via Campesina (Oxfam, 2011; Mulvany and Ensor, 2011), emphasized 
people-focused approaches based on local priorities. The call for strengthened 
food sovereignty reflects a decline in the self-reliance and dependence on local 
agricultural diversity and the shift towards increased reliance on external sources 
for food and/or monetary means to fulfil livelihood requirements.
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Since the 1990s, there have also been renewed calls for food- (and life-style) 
based approaches to address the “double burden” of undernutrition and obesity 
(Popkin, 1999). The impacts of obesity and linked non-communicable diseases, 
such as diabetes and cardio-vascular disease, stretch across both developed and 
developing countries and socio-economic strata to the extent that over- and 
undernutrition can exist in the same communities. It is increasingly recognized 
that a diverse and balanced diet will ensure that we can benefit from the other 
functional elements in foods which have anti-oxidant, anti-cancer and other 
properties. There is also a return to an appreciation of the social and cultural 
role that food plays in urban and rural based lives. This has contributed to 
the growing movement to recognize, understand and value the agricultural 
biodiversity which has an essential role in sustaining our interlinked local and 
global food systems.

These shifting disciplinary paradigms have often formed the basis for the 
vision and mission of the different institutions which deal with nutrition and 
biodiversity, and in turn have influenced their organizational culture. Ironically, 
both nutrition and biodiversity are frequently seen as everyone’s business but 
nobody’s responsibility. Both nutrition and biodiversity conservation, including 
agricultural biodiversity, have struggled to find institutional homes, and these 
have varied according to the currently dominant paradigm or political whim. 
The uncertain and changing institutional arrangements for housing nutrition 
and biodiversity, and multi-sectoral coordination bodies, have influenced the 
capacity for strong technical leadership, continuity of coordination for cross-
sectoral and inter-disciplinary partnerships, and contributed to limited financial 
and political support.

Agriculture, environment and nutrition are each part of changing processes 
that affect the needs and demands on each other (Hawkes, et al., 2007; 
Hoddinott, 2011, Pinstrup-Andersen, 2011). While there may have been 
sufficient convergence of concepts and approaches at some points, dietary 
diversity is declining, erosion of agricultural biodiversity is increasing and 
concerns about the sustainability of our agricultural and food systems remain. 
What are the chances for re-energizing cross-sectoral collaboration to change 
this scenario and how can the role of agricultural biodiversity be incorporated?

Cross-sectoral directions for the future: Agricultural 
biodiversity and dietary diversity

This chapter started with an example of an early plea for better cross-sectoral 
collaboration, yet that call is still echoed today, more than 75 years later. In 
early 2011, IFPRI’s 2020 conference on leveraging agriculture for improving 
nutrition and health, reiterated calls for greater synergies and partnerships 
among relevant sectors, and underlined the need for a new paradigm for 
agricultural development to be driven by nutrition goals (IFPRI, 2011a). One 
of the achievements of the IFPRI 2020 conference was the participation of high 
profile keynote speakers to increase visibility for the need for the three sectors to 
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work together. However, there was little detail on the “how” of enabling greater 
collaboration among these sectors (Fanzo, 2011). Von Braun and colleagues 
(Von Braun et al., 2011) have explored some of the challenges around bridging 
the gap between the agricultural and health sectors, and note that these are 
“researchable issues in themselves”.

Learning from partnership research

New findings from research on partnerships can help make current and future 
cross-sectoral collaboration more effective. A recent review of the partnership 
literature found that there are few theoretically grounded case studies on 
partnerships in the context of research for development and there is not in fact 
a literature, but rather disparate literatures coming from different disciplines 
with little cross-disciplinary awareness or communication (Horton et al., 2009). 
This has resulted in the use of different terminologies (partnerships, inter-
organizational collaboration, alliances, consortia, networks etc.) and widely 
different definitions, which can lead to confusion when organizations from 
different sectors are coming together.

Box 10.1 Definition of partnership in agricultural research for 
development

“Partnership is a sustained multi-organizational relationship with mutually 
agreed objectives and an exchange or sharing of resources or knowledge 
for the purpose of generating research outputs (new knowledge or 
technology) or fostering innovation (use of new ideas or technology) for 
practical ends.”

Source: Horton et al. (2009)

The exploration of the different literatures led the authors to propose a 
common definition of partnerships (Box 10.1) which emphasizes key elements 
identified by many writers, such as: their multi-organizational nature; mutually 
agreed objectives and sharing of resources or knowledge; and linking research 
outputs with action. As briefly mentioned above, the multi-disciplinary nature 
of problems in the realms of nutrition and agricultural biodiversity, influenced 
earlier efforts to develop holistic and comprehensive approaches to address them. 
This was often in a context of lack of political ownership, and/or bureaucratic 
inflexibility. Previous attempts to establish cross-sectoral partnerships for 
nutrition improvement seem to have often been over-ambitious; to have 
experienced contradictory objectives among participating agencies and to have 
lacked the capacity to pool resources (Garrett et al., 2011). Thus, in order to re-
energize these partnerships between agriculture and nutrition, there is a need 
for a robust dialogue to agree on a clearly defined problem which is beyond 
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the scope of a single discipline or sector to solve, and to agree on common 
objectives around that specific problem.

Building consensus for a common goal will require that the agricultural and 
biodiversity sectors respond to nutrition priorities. However, it also requires 
that adopting nutrition goals must bring additional benefits to all stakeholders in 
the agriculture and biodiversity communities. Many commentators (Pelletier, 
2011; Hawkes et al., 2007) have emphasized the need to strengthen the capacity 
for inter-disciplinary/trans-disciplinary approaches to support effective cross-
sectoral collaboration for nutrition and agriculture. This requires the creation 
of an effective “space” for improved communication across disciplines in order 
to develop a common conceptual language, and agreement on adapting methods 
and tools which can work across disciplinary boundaries (Hawkes et al., 2007; 
IFPRI, 2011a).

It is also seen so often that it is individual champions from the different 
agriculture and nutrition spheres that have catalysed cross-sectoral collaboration. 
However, the sustainability of these individual initiatives depends on leadership 
styles and coordination skills for partnership processes. An appreciation is 
needed that in addressing the “partnership problematic” it is not only sought to 
influence the behaviour of others in relation to affecting nutrition outcomes, but 
there is also a need to change our own behaviour in the partnering process. The 
first requires a clear understanding of our impact pathway, that is, the boundary 
partners whose behaviour we are seeking to change, and the type of behaviour 
change we are seeking, which would lead to actions that would leverage the role 
of agricultural biodiversity for dietary quality. The second requires a combination 
of technical leadership skills (across realms of agriculture, environment and 
nutrition) to provide strategic direction; together with “facilitation leadership” 
to manage internal partnership processes. This second type of leadership is also 
related to organizational culture. Building on Maxwell’s observations (Maxwell, 
2001b), government ministries normally operate under a role culture, with clear 
hierarchical accountabilities and reporting structures. For inter-disciplinary 
work, a team-based task culture may be more effective, with leadership playing 
a more facilitating and enabling role rather than centralizing decision making.

Linking agriculture, nutrition and agricultural biodiversity draws in a larger 
group of stakeholders, with the risk of making cross-sectoral partnerships 
unwieldy and difficult to manage. Therefore, the process of the initial scoping 
and reaching agreement on common objectives and functions of the partnership 
should directly inform its stakeholder composition, structure (e.g. informal, 
formal) and governance norms. Collaboration for information sharing and 
advocacy on the contribution of agricultural biodiversity to improved dietary 
diversity may result in more flexible and inclusive partnership arrangements, 
while, on the other hand, collaboration, which demands the delivery of specific 
research or developmental outputs, will require clear definitions of roles, 
responsibilities, and agreement on mutual accountabilities. Some partnerships 
evolve from ad hoc informal arrangements to more formal arrangements. A 
partnership is dynamic and may go through different stages related to scoping 
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and formation, implementation, reflection and transition or exit. Drawing from 
this to learn from earlier efforts at cross-sectoral partnerships, the deliberate use 
of a partnership cycle can be a way to assess whether the partnership’s original 
objectives are still relevant; whether these objectives are being met; and whether 
there is a need to adapt the structure and composition of the partnership.

The study by Horton and colleagues also found that there are strikingly 
different drivers leading organizations to partner and that these differences have 
a profound influence on both the partnering processes and results. Drivers can 
be external, such as donor expectations; institutional, such as an organization’s 
vision and mission; or individual, such as the career benefits that can be gained 
through involvement with other organizations. It is critical that the actors in 
a partnership identify the drivers and motivation for their own participation. 
The inter-disciplinary, and cross-sectoral nature of nutrition problems is 
not conducive to easy political action (Bryce et al., 2008), and arguably the 
same might be said for agricultural biodiversity. Experiences from the 1970s 
show how ad hoc political opportunism (as one type of external driver) was 
insufficient to turn theoretically favoured cross-sectoral collaboration between 
agriculture and nutrition into sustainable partnerships. Pelletier has argued for 
the importance of civil society to sustain pressure for accountability improved 
nutrition outcomes (Pelletier et al., 2011).

Pelletier has also noted that the existence of evidence-based information 
alone is insufficient for decision making. There is the need to integrate 
scientific evidence, contextual knowledge, and stakeholder values, interests, and 
beliefs. External drivers, top-down driven agenda and shifting donor interests 
will continue to influence cross-sectoral partnerships working for nutrition 
improvement. However, a systematic exploration of the political landscapes 
for nutrition and biodiversity can help to identify common areas of interest, 
potential overlap of political constituencies and opportunities for joint action. 
An understanding of the political economies for both nutrition and agricultural 
biodiversity can ensure that external influences are recognized, balanced with 
evidence-based priorities, and negotiated in a way to be more consistent and 
integrated with locally specific socio-economic conditions and context.

More recently, positive examples of practical cross-sectoral collaboration 
are emerging. The chapter now turns to briefly examine some case studies of 
national, multi-country and global cross-sectoral initiatives which could have 
a high relevance for the role agricultural biodiversity can play in improving 
dietary quality.

Synergies between agricultural biodiversity and dietary diversity: 
Emerging examples

At a country level, Brazil provides a window on what might be possible for 
effective cross-sectoral partnering to mobilize agricultural biodiversity for 
improved nutrition and food security. Brazil has designed and implemented 
several highly innovative multi-sectoral platforms and policy instruments 
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to enhance food security. Most of these fall under the “Fome zero” or “zero 
Hunger” programme launched in 2003 (Box 10.2) which has significantly 
reduced the number of undernourished people in the country (Grisa et al., 2011).

The PAA, or Food Acquisition Programme, has been one of the most important 
elements of “Fome zero” and has had many important benefits including 
revitalization of local biodiversity and its consumption. The PAA was developed 
with the aim of ensuring that people facing food or nutritional insecurity have 
access to a regular supply of high quality food through social programmes such 
as the PNAE (the School Meals National Programme) and other programmes 
supplying food to hospitals etc. The PAA is stimulating a counter movement in 
Brazil by helping farmers to diversify their production using organic or agro-
ecological approaches. The PAA purchases a diverse range of fruits, vegetables, 
processed goods and animal products from family farms and has also contributed 
to the revalorization and revival of many local products which have little or no 
commercial value in commodity markets. The programme also promotes the 
production and distribution of seeds of local varieties thereby supporting the 
conservation and management of agricultural biodiversity. Research undertaken 
in different regions of the country clearly demonstrates that farmers linked to the 
PAA programme are consuming more diverse diets and that schools receiving food 
from the PAA have significantly changed the composition and quality of meals 
they provide to students and that there are improvements in dietary diversity for 
children (Grisa et al., 2011 and case study in this volume). The contribution that 

Box 10.2 The zero Hunger Programme in Brazil

The zero Hunger Programme was developed by the federal administration 
in Brazil as a public policy aimed at eradicating hunger and social 
exclusion. The programme is made up of a set of actions that are being 
gradually implemented by a cross-sectoral platform made up of the federal 
administration involving various ministries, other spheres of government 
(state and municipal administrations), and civil society in the following 
main areas: (1) implementation of public policies; (2) participatory 
development of a food and nutrition security policy and (3) self-help 
action against hunger. The Food and Nutrition Security Policy, which is 
a multi-sectoral policy, since it involves actions of different governmental 
sectors such as the health, education, labour, agriculture, and environment 
sectors among others, involves actions designed to foster the production, 
trade, quality control, access and use of food products. The National Food 
Security Council (CONSEA) plays a leading role in implementing this 
policy and both the PNAE (School Meals National Programme) and the 
PAA (Food Acquisition Programme) are members of this council.

Source: Grisa et al. (2011)
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the PAA may have made to the dramatic reduction in underweight, wasting and 
stunting is difficult to separate out from the overall zero Hunger programme, 
and the general macro-economic improvements in growth and employment in 
Brazil. The prevalence of stunting among children less than five years old has 
reduced from 13.5 per cent in 1996 to 7.1 per cent in 2006–7 (Monteiro et al., 
2010). Studies suggest that family purchasing power has increased and that socio-
economic inequalities have been reduced (Acosta, 2011). Policy continuity, political 
leadership and coalition building, legislative coordination, decentralization, active 
civil society engagement and conditional and targeted funding have all been key 
factors in ensuring that nutrition issues are prioritized on the political agenda and 
addressed in a multi-sectoral way (Acosta, 2011; Silva et al., 2010).

However, in the Brazilian case there is also a growing disconnect between 
the on-going political discourse on undernutrition and the current nutritional 
epidemiological profile. This shows that the majority of Brazilian mothers 
and children are overweight and at risk of non-communicable diseases such as 
diabetes, cardio-vascular disease and some cancers (Bryce et al., 2008).

The United Nations Environment Programme (UNEP)/Food and 
Agriculture Organization (FAO) implemented Global Environment Facility 
(GEF) “Mainstreaming biodiversity conserv ation and sustainable use for 
improved human nutrition and well-being” project (Box 10.3), is a multi-
country project (Brazil, kenya, Sri Lanka and Turkey) starting in 2012. It will be 
an important vehicle for the implementation of the Convention on Biological 
Diversity (CBD) cross-cutting initiative on biodiversity for food and nutrition 
to integrate and mainstream awareness and understanding of the nutritional 
value of local agricultural biodiversity through cross-sectoral collaboration. 
The CBD cross-cutting initiative provides a global reference point within a 
legally binding convention, and also provides an overarching framework for the 
implementation of country projects.

At the global level, the Consultative Group on International Agricultural 
Research (CGIAR) reform process aims to develop improved research-for-
development synergies with multiple actors and is prioritizing cross-sectoral 
collaboration. Within its new strategic results framework, the CGIAR has 
committed to making agriculture research accountable for improving human 
health and nutrition. While the new CGIAR Collaborative Research Programme 
“Agriculture for improved nutrition and health” (CRP4) (IFPRI, 2011b) is 
the main vehicle for achieving this, other CGIAR Research Programmes will 
also contribute to this goal (e.g. the commodity CRPs will also develop bio-
fortified varieties). The CRP4 is explicitly trying to capitalize on the potential 
synergies across the agriculture, nutrition and health sectors and has two of four 
components (Value Chains for Enhanced Nutrition, and Integrated Agriculture, 
Nutrition and Health Programmes and Policies) where agricultural biodiversity 
has been accorded significant recognition.

The value chains for nutrition approach is based on the premise that 
improved coordination among actors involved in the chain will help to identify 
bottlenecks, negotiate trade-offs between nutrition and economic value and 
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improve the efficiency of the chain (Hawkes and Ruel, 2011). The value chain 
can act as an organizing principle to bring different stakeholders together and 
provide an impact pathway linking agricultural production and nutritional 
change. Thus, it has the potential to harmonize “competing” paradigms of an 
agricultural production “supply-side” focus and the consumer “demand side”. A 
value chain for nutrition partnership may contribute to addressing the nutrition 
and partnership problematic raised in earlier sections of this chapter. It provides 
a conceptual base to bridge the agriculture–nutrition divide; to bring public and 
private actors together; and the opportunity to scale out and scale up to achieve 
increased population and geographical coverage.

Box 10.3 Mainstreaming biodiversity conservation and 
sustainable use for improved human nutrition and well-being 
(UNEP/FAO-GEF)

This multi-country Global Environment Facility (GEF) funded project 
will support sustainable biodiversity conservation and use for improved 
human nutrition and well-being by enabling planners and practitioners 
from agriculture, health and environment sectors to work together to 
mainstream agricultural biodiversity into nutrition, food, and livelihood 
security strategies and programmes at the national and global level. It 
will be led by Brazil, kenya, Sri Lanka and Turkey and coordinated by 
Bioversity International, with implementation support from the United 
Nations Environment Programme (UNEP) and the Food and Agriculture 
Organization of the United Nations (FAO). Brazil, kenya, Sri Lanka and 
Turkey contain unique agricultural biodiversity that is crucial to the world’s 
food supply. However, in these countries, as in almost every country, the 
contribution agricultural biodiversity makes to local food security and 
nutrition, especially in poor rural communities, is undervalued resulting 
in lost opportunities to reduce hunger and malnutrition. The project 
will address these issues by undertaking assessments of the nutritional 
composition of prioritized biodiversity for food and nutrition as well as 
associated traditional knowledge, the development of national and global 
information systems and the establishment of new markets for biodiversity 
foods with high nutritional value. Mainstreaming biodiversity for food and 
nutrition will be supported by the development of cross-sectoral national 
policy platforms and other related promotional and scaling-up activities.

Source: www.b4fn.org , accessed 10 January 2013  

BIODIVERSITY
FOR FOOD AND
NUTRITION
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African leafy vegetables provide an example of a “value chain for nutrition” 
approach which has incorporated the promotion of agricultural biodiversity. 
Strengthening this value chain has involved a wide range of actions such as 
agronomic and nutrition studies to identify key constraints, seed dissemination, 
activities related to cultivation and conservation, and demand creation marketing 
strategies together with a range of actors including farmers, international 
organisations and local NGOs. These actions took place in a wider socio-
economic context of increasing concerns about lifestyle and nutrition practices, 
and a changing awareness of the contribution that traditional and indigenous 
foods can make to better dietary diversity and quality (Weinberger and Pichop, 
2009; IFPRI, 2011b; Case Study 3).4 One of the areas of research under CRP4 
will be to explore in more depth value chains for nutrition through agricultural 
biodiversity. The objectives of this are outlined in Box 10.4.

As mentioned earlier, in its overall partnership strategy, CRP4 identifies 
“value chain actors (and representatives)” as one type of partner. However, the 
configuration of these actors, their relationship to other types of actor, such 
as decision makers, development specialists (including health sector workers) 
or research partners and their utilization of agricultural biodiversity will vary 
according to the type of value chain. For example,  among high-income consumers 
there is greater nutrition awareness of the contribution that dietary diversity 
can make to healthy lifestyles and thus increased demand for these products. 
This is being met through the commercial production and marketing of niche 
products (with promotion often based on biodiversity and health credentials) 

Box 10.4 Research for improved nutrition through agricultural 
biodiversity: the value chain approach of the CGIAR’s CRP4

The research undertaken in this component will attempt to characterize 
and understand the role of markets and value chains in improving 
nutrition and dietary diversification both (1) directly, through an increase 
in the supply, marketing, access, and consumption/demand of nutritious 
foods sourced from biodiverse systems, and (2) indirectly, through an 
increase in income for smallholder famers. Likewise, smallholder farmers 
can diversify their diets and improve their nutritional status either by 
producing more biodiverse sourced foods directly or by accessing more 
nutritious and diverse foods in markets through a rise in their disposable 
incomes. There will be an emphasis on understanding what role nutritious 
local and traditional foods (LTFs) and neglected and underutilized species 
(NUS) play in creating demand for food products sourced from biodiverse 
landscapes by rural and periurban consumers and in boosting disposable 
incomes for smallholder farmers.

Source: IFPRI (2011b CRP4 Annex 6, p.83)
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in select outlets. In contrast, there is the situation where underutilized species 
and traditional foods may be available at the local level through women’s 
production and/or collection efforts and female mediated exchange networks 
and informal markets. In this scenario, there may still be some stigma attached 
to eating these “wild” or “famine foods”, but women remain the custodians of 
knowledge about collection sites, safe preparation and preservation practices. 
These examples present different challenges for cross-sectoral collaboration for 
scaling up benefits to both the producers and the consumers.

The CRP4 proposal recognizes that effective, cross-sectoral partnerships will 
be central to successful implementation. It identifies four broad categories of 
partners: enablers (policy and decision-makers); development implementers 
(government and non-government); value-chain actors (and representatives); 
and research partners. The CRP4 intends to implement its partnership approach 
through the development of a partnership strategy at the beginning of the 
programme, which will include a stakeholder mapping and a landscape analysis 
of public health, agriculture, and nutrition research and development actors and 
opportunities.

While the CRP4 proposal does not discuss the earlier challenges in cross-
sectoral work, IFPRI, as the lead organization for the CRP, has supported 
evaluations and case studies of earlier experiences and new efforts involving 
cross-sectoral partnerships (Benson, 2007; Garrett et al., 2011). The CRP4 offers 
the chance to build on these assessments to ensure that different disciplinary 
paradigms do not reinforce certain types of institutional arrangements, which 
in turn undermine efforts for cross-sectoral collaboration. The CRP4 should 
also actively institutionalize “new ways of working” such as encouraging inter-
disciplinary and trans-disciplinary research-for-development approaches, 
through both incentive structures and capacity strengthening activities, which 
are already included as a strong component of the programme. Finally, as CRP4 
becomes operational, it will hopefully ensure research space on the cross-
sectoral partnering process itself.

In a post-conference statement on the way forward after IFPRI 2020, the 
authors questioned whether the global and regional institutions that play key 
roles in the governance of the agriculture, health and nutrition sectors might 
also need to be reformed for greater effectiveness and integration of efforts, 
greater openness and transparency. The statement highlighted the need to 
develop clear guidelines for stakeholder responsibilities (IFPRI, 2011a).

The UN is one of these global institutions, and the United Nations 
Standing Committee on Nutrition (UNSCN) was set up to act as a point of 
convergence and initiative in harmonizing nutrition policies and activities in 
response to nutritional needs of countries. The UNSCN has a mandate to 
promote cooperation among UN agencies and partner organizations in support 
of community, national, regional, and international efforts to end malnutrition 
in all of its forms. The UNSCN consists of UN agencies, “aid recipient” 
governments, multilaterals, bilateral donor agencies, the academic community, 
and civil society, all of which have divergent views. Within the UN itself, the 
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mandate for nutrition is spread across several organizations and programmes 
including FAO, WFP, WHO and UNICEF. This has caused duplication, 
competition and created a lacuna in terms of effective coordination. One 
example of an effort to address this situation is Renewed Efforts Against Child 
Hunger (REACH), an interagency initiative between FAO, WFP, WHO and 
UNICEF to better align and coordinate nutrition actions at the country level. 
The initiative was piloted in 2008 in two countries and is currently operational 
in 13 countries to address malnutrition through a multi-sectoral lens. However, 
as Müller and Coitinho have argued, the UNSCN has gradually lost its capacity 
to perform its function to promote cooperation. They consider that part of the 
problem, and possibly its solution, rests in the UNSCN itself, and they argue that 
the current reform of the UNSCN will not only strengthen UN coordination 
in nutrition, but also promote a broader dialogue and partnership with other key 
stakeholders and constituencies (Müller and Coitinho, 2011). The UNSCN 
reform proposals have been hotly debated, reflecting in essence the differing 
paradigms as to how nutrition should be addressed, together with a concern 
that existing institutional mandates and governance structures should not be 
tampered with. The reform proposals included the following areas: the extent 
of true power-sharing among the UNSCN constituencies, and in particular the 
contentious role of “big food industry” influence in the UNSCN, the role of 
the UNSCN vis-à-vis harmonization to ensure scientific consensus on current 
issues or a more activist role in coordination; securing consistent core funding 
to ensure independence from donor-driven agendas; and the accountability and 
reporting relationship to the UN Chiefs’ Executive Board (CEB). The Chair 
of the UNSCN has remained within the “4+1” (FAO, WFP, WHO, UNICEF, 
and World Bank), and it remains to be seen whether the reforms will result in a 
substantive change in the UNSCN’s position and influence in global nutrition 
governance (UN Standing Committee on Nutrition, 2010; Longhurst, 2010).

However, currently, at the global level, it is the Scaling Up Nutrition (SUN) 
movement (Box 10.5) which has taken up the initiative to rally political attention 
and action to address the problem of undernutrition through cross-sectoral 
action. Many have argued that such a partnership can be the game changer, if 
mechanisms are put in place to hold partners accountable for delivering on their 
responsibilities effectively.

Discussion and conclusion

Currently there is renewed global political interest in addressing nutrition 
issues (e.g. SUN, IFPRI 2020 conference, REACH, the new CGIAR CRP4, 
and the CBD cross-cutting initiative). As pointed out in the introduction to this 
chapter, there has also been a growing convergence around the understanding 
that the current dominant model of agricultural production is not sustainable, 
and this presents an opportunity to re-evaluate the contribution that food-
based approaches can make to improving dietary quality and diversity. While 
the evidence for food-based approaches (FAO, 1997; Low et al., 2007) and 
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the contribution that agricultural biodiversity can make to diets and dietary 
diversity is growing, there is a need for much further research (Penafiel et al., 
2011; Termote et al., 2012). Moreover, there is a need to build an understanding 
on how to work with partners to scale food and agricultural biodiversity based 
approaches effectively.

It has been argued that the differing intellectual and ideological paradigms 
that shape thinking and action in particular disciplines and sectors has strongly 
influenced earlier efforts at cross-sectoral collaboration between agriculture, health 
and nutrition. In the renewed efforts to partner for improved nutrition outcomes, 
these differences will need to be addressed through capacity strengthening for 
inter-disciplinary approaches and in the institutional arrangements, structures and 
dynamics of cross-sectoral collaboration.

Finding examples of inter-disciplinary and cross-sectoral partnerships 
where biodiversity, agriculture and health sectors are collaborating to leverage 
agricultural biodiversity for dietary diversity has been a challenge. There is also a 
need for examples of partnership mechanisms which can take into consideration 
the need to have reinforcing actions across the local–national–global scales. There 
is a need to continue to document and disseminate examples of these practices. 

Box 10.5 Global alliances to end malnutrition – the SUN initiative

The Framework for Scaling-Up Nutrition (SUN) is a response to the 
continuing high levels of undernutrition in the world and the uneven 
progress towards Millennium Development Goal 1 to halve poverty 
and hunger by the year 2015. The SUN framework has been developed 
by specialists from governments, academia, research institutions, civil 
society, private companies, development agencies, UN organizations and 
the World Bank. It has been endorsed by more than 100 organizations 
and was unveiled in Washington in April 2010 at a meeting co-hosted 
by Canada, Japan, USAID and the World Bank. The SUN Framework’s 
stakeholders intend that it be used within both industrialized, middle 
income, developing and least-developed countries whose people are 
affected by undernutrition. The Framework encourages a broad range of 
local and national level entities to work together in order to realize its 
different elements, and to do this by working within the context of an 
overarching national strategy for food, health and nutrition security. One 
of the elements of the SUN Framework is to promote broader multi-
sectoral nutrition-sensitive approaches to development that acts to counter 
the determinants of undernutrition, including promoting agriculture and 
food insecurity to improve the availability, access to and consumption of 
nutritious foods.

Source: http://www.scalingupnutrition.org/, accessed July 2012
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This would help us to understand what types of stakeholders are involved and 
their interactions, what factors drive collaboration, and what methods and tools 
they are using to do this. Working in partnership can improve accountability to 
the individual partners involved. However, it can also complicate accountability, 
because of the diverse, and in some cases conflicting, interests and accountability 
requirements of the different partners. Therefore there is also a need to be 
able to assess whether investments in cross-sectoral partnership processes and 
performance are worthwhile and what their contribution is to the partnership, 
the objectives of the different individual partners and the value added to 
development goals (Horton et al., 2009).

Finally, we have also seen the political capital for nutrition and agricultural 
biodiversity vacillate. The fact that neither nutrition nor biodiversity are clearly 
linked with particular sectors has tended to make them less politically attractive 
rather than be supportive natural opportunities for cross-sectoral action. This 
is particularly so when, across the agriculture, environment and health sectors, 
nutrition problems are low on the list of political and financial priorities 
(Bryce et al., 2008). There needs to be an understanding of, if and where there 
might be a convergence of opportunity across the political landscape for both 
biodiversity and nutrition. Hotspots of agricultural biodiversity often overlap 
with nutritionally vulnerable populations, as for example in the Andes (De 
Haan, 2009). There is also growing political interest in strengthening the role 
that small-holder farmers play in maintaining biodiversity, and linking this 
more formally to climate adaptation and mitigation programmes, using carbon 
finance mechanisms (Padulosi et al., 2011). These are examples that could 
provide opportunities to select adaptive agricultural practices which promote 
the sustainable use of biodiversity and can also contribute to addressing priority 
nutrition problems.

Notes
 1 A Southern Africa delicacy: Gonimbrasia belina is a species of moth found in much of 

Southern Africa, whose large edible caterpillar, the mopani or mopane worm, is an 
important source of protein. The availability of canned mopane worms epitomizes 
the struggle (and victory) to retain biodiversity, habitats, cultural values, and the use 
of technology to overcome seasonal shortages of the fresh product.

 2 Inter-disciplinary collaboration involves the connection and integration of several 
academic schools of thought, professions, or technologies – along with their specific 
perspectives – in the pursuit of a common task.

 3 Cross-sectoral collaboration is defined as the linking or sharing of information, 
resources, activities, and capabilities by organizations in two or more sectors to 
achieve jointly an outcome that could not be achieved by organizations in one 
sector separately. Available at: http://www.hhh.umn.edu/people/jmbryson/pdf/
cross_sector_collaborations.pdf, accessed July 2012.

 4 This can be compared with multi-sectoral collaboration where there is no integration 
among sectors and each sector retains its approach and assumptions without 
change or development from other sectors within the multi-sectoral collaboration. 
http://www.cgiarfund.org/cgiarfund/sites/cgiarfund.org/files/Documents/PDF/
CRP4_%20Oct06%202011_Revised.pdf, accessed July 2012.
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Case study 1

Traditional foods of the Pacific: 
Go Local, a case study in Pohnpei, 
Federated States of Micronesia

Lois Englberger and Eminher Johnson

Context and statement of the problem

Overall background

In recent years, throughout the Pacific Islands there has been an alarming shift 
towards consumption of low quality imported processed foods accompanied by 
a neglect of traditional food systems. This has led to serious health problems, 
food security risk and losses of agricultural biodiversity, traditional knowledge, 
customs and culture. Global and regional problems of climate change, population 
pressure, food and fuel price increases and unstable economic conditions 
exacerbate the Pacific’s problems related to food imports and highlight the need 
to protect traditional food systems and agricultural biodiversity (Pacific Food 
Summit, 2010; Hezel, 2010; Coyne, 2000).

This case study focuses on Pohnpei, one of the four states of the Federated 
States of Micronesia (FSM), a nation of 607 islands (volcanic and atoll)1 spread 
over a million square miles of water in the western Pacific Ocean. FSM’s total 
population is ~107,000, including Pohnpei, the seat of the national capital, 
~34,500; Chuuk 53,600; Yap 11,200 and kosrae 7,700 (FSM, 2002) and includes 
many cultural identities. The nation was established in 1986, supported by a 
Compact of Free Association with the United States. Subsistence farming and 
fishing are the primary economic activities (CIA, 2011).

Pohnpei State, total land area 355 sq km (Englberger et al., 2009b), consists of 
the main island Pohnpei and five outer atoll island groups. The main island has a 
rugged mountainous terrain, year-round heavy rainfall, warm temperatures and 
rich tropical vegetation.

Dietary and life-style changes and related health problems

Pohnpei has remarkable plant diversity with 133 breadfruit varieties, 55 bananas, 
171 yams, 24 giant swamp taros, nine tapiocas and many pandanus varieties 
documented (Adam et al., 2003; Raynor, 1991). The traditional diet was based 
on these crops, coconut, fish and seafood, and fresh fruits and sugar cane and 
pandanus as snacks. However, along with increasing modernization in the 
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1970s, there has been a neglect of traditional foods and a shift towards the 
consumption of unhealthy imported processed foods (Englberger et al., 2003d). 
The introduction of easily prepared, costly, imported processed western foods 
decreased the need of growing traditional healthy food.

White rice, in particular, has become a staple food, along with white flour. 
The consumption of sweet, salty and refined foods, as well as imported fats and 
fatty meats has also dramatically increased. Lifestyles have changed: physical 
activity has decreased, along with an increase in office jobs, shopping for food, 
and use of motorized vehicles, boats, and mechanized equipment. These dietary 
and lifestyle changes have led to serious problems of overweight and obesity, 
diabetes, heart disease, cancer, vitamin A deficiency (VAD) and anaemia (WHO, 
2008; Englberger et al., 2003d, 2009b). Over 70 per cent of Pohnpei adults 
between 25 and 64 years of age are overweight (with 42.6 per cent obese) and 
32.1 per cent have diabetes (WHO, 2008), causing increased health costs.

While few Pohnpeians reach the World Health Organization (WHO) criteria 
for severe vitamin A deficiency (WHO, 2009a),2 over half of Pohnpei children 
between 24 and 48 months old in a population-based survey were identified as 
VAD, with low serum retinol levels (< 20 μg/dl) (Yamamura et al., 2004) and 
increased risk of contracting eye infections and other health conditions.

Why agricultural biodiversity was used as a solution

In 1998 efforts were initiated to identify local foods that could be promoted to 
alleviate problems associated with VAD deficiency. Local experts mentioned the 
rare karat and other yellow-fleshed bananas. Analyses showed that karat, a variety 
traditionally given to infants, is rich in beta-carotene, the most important of the 
provitamin A carotenoids, with amounts much higher than in common white-
fleshed bananas (Englberger, 2001). karat soon received international acclaim 
for its rich nutrient content (Coghlan, 2004; kuhnlein, 2004), creating additional 
interest at home. Further studies showed that there are many varieties of yellow-
fleshed banana, giant swamp taro, breadfruit and pandanus that are rich in beta-
carotene and other carotenoids, nutrients and fibre (Table C1.1) (Newilah et 
al., 2008; Englberger et al., 2003a, b, c, 2006, 2008, 2009a; kritchevsky, 1999; 
McLaren and Frigg, 2001; Coyne et al., 2005; WCRF/AICR, 2007). 

Although familiar with many of these traditional crop varieties, Pohnpeians 
(and other Micronesians) were largely unaware of their inherent health benefits. 
As one Pohnpei farmer said, “If we farmers had known about the importance of 
the yellow-fleshed varieties, we would have planted more.”

The study mainly focuses on terrestrial species, but marine agricultural 
biodiversity was also taken into account as it documented and promoted 
fish, seafood consumption, and the traditional animal protein of the islands. 
Consequently, both these types of agricultural biodiversity3 were used as a 
solution to the problem of imported foods through the overall “Go Local” 
promotion of locally-available foods, from land and sea.
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Delivery mechanism to mobilize agricultural biodiversity

Our campaign used an inter-agency, ethnographic, participatory, and 
community-based approach in understanding the problems and addressing the 
solutions. This approach also increased stakeholder involvement. An important 
early activity was forming the Island Food Community of Pohnpei (IFCP) as a 
non-governmental organization to coordinate activities (IFCP, 2004).

Two slogans were all-important: the first, “Go Yellow”, focused on the yellow-
fleshed varieties, including karat (Englberger, 2006; IFCP and Micronesian 
Seminar, 2006); the second, “Let’s Go Local” was broader, promoting production 
and consumption of all local food. To strengthen the campaign, the “CHEEF” 
acronym was created to refer to the benefits of local food: culture, health, 
environment, economic and food security (Englberger et al., 2010c).

Many methods were used to mobilize agricultural biodiversity including: 
workshops; container garden demonstration plots; school visits; planting material 
distribution; planting, cooking and weight loss competitions; posters; youth 
clubs; breastfeeding clubs; billboards; mass media (newspaper, radio, television, 
video, emails, and the website www.islandfood.org); leaflets, newsletters and 
booklets; songs; recipes; national postal stamps of karat, other yellow-fleshed 
bananas and other foods; postcards, telephone cards, t-shirts, pens and pencils; 
gene bank; and charcoal ovens (Englberger et al., 2009b, 2010b, c, d; Ormerod, 
2006; Hanson, 2010).

In 2005, the IFCP joined a global project on traditional food systems and 
health, using specific guidelines (kuhnlein et al., 2006) and led by the Centre 

Figure C1.1 Traditional knowledge and skills are preserved in the community by collecting, 
sharing, and distributing different local varieties of banana. Photo credit: Chizuru Seki
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for Indigenous Peoples’ Nutrition and Environment (CINE). A target Pohnpei 
community in Mand,4 Madolenihmw, was selected and a three-month 
documentation of the traditional food system and health problems was carried 
out, followed by a two-year intervention (Englberger et al., 2009b, 2010a). 
Much was learned in this project, which has contributed to our on-going work.

In developing the methods, the focus was on maximizing resources, capturing 
interest and increasing involvement. For example, posters hung up in public places 
could be seen for an extended period and media messages reached many people.

Evidence of impact of the intervention

There is substantial evidence of the intervention’s impact. karat was not sold at 
local markets prior to the discovery in 1998 of its rich nutrient content. Since 
1999, karat has appeared in the markets and its availability is steadily increasing. 
In 2006, karat was sold in eight of 14 local markets (Parvanta et al., 2006). 
Currently, karat is being sold and is available in all the local food markets and 
other food marts that also carry imported food.

Another Pohnpei case study as part of the CINE global health study showed 
that in the target community there were significant increases in banana and 
giant swamp taro consumption and dietary diversity, and an improved attitude 
towards local foods (kaufer et al., 2010; Englberger et al., 2010a). It is notable 
that in 2009, two years after the intervention, a further assessment showed 
that the giant swamp taro consumption increase was sustained and imported 
foods consumption significantly decreased from the first assessment in 2005 
(Bittenbender, 2010).

An increase in cooked local food take-outs is now seen (Naik, 2008), and 
local vendors report that their sales have been helped by the campaign. The 
daily available selection of cooked local foods includes: pounded banana, banana 
cream, pilolo, mashed giant swamp taro, fresh sashimi both reef and ocean fish, 
fried or sautéed reef fish/tuna, coconut cream clamps, tapioca, soft taro, yam in 
different recipes, coconuts, local cinnamon tea, etc. These locally cooked foods 
are mostly being sold on roadside in town and also in urban communities.

It is at present too early to report the extent to which these increases have 
impacted the consumption and utilization of local food.

Efforts for scaling up

Since the initial project in Mand Community started in 2005, the project has 
been taken to five further Pohnpei communities, including a Pohnpei atoll, and 
to communities in the other three FSM states (Johnson, 2010; Suda et al., 2010; 
Tara, 2010). There are now many more requests for the IFCP to speak about 
their work and approach to schools, communities and other groups.

Additionally interest in the “Go Local” approach has spread to other Pacific 
Island countries where “Go Local” workshops have been held (SPC LRD, 2008) 
and projects have been planned (WHO, 2009a). The approach has been presented 
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at many regional and international meetings (Pacific Food Summit, 2010) and 
the Food and Agriculture Organization (FAO) asked IFCP to prepare guidelines 
on how to implement a “Go Local” project so that the FSM experience could 
be taken to other Pacific Island countries (Englberger, 2011). In addition, our 
work identifying carotenoid-rich banana varieties has created interest in similar 
research elsewhere (Fungo et al., 2010; Amorim et al., 2009; Davey et al., 2009).

There are considerable barriers for scaling up: limited funding and resources, 
geographic dispersion, and different cultures and languages within the FSM and 
other Pacific Island cultures, but the movement is definitely spreading.

The FSM National Government approved two projects to be carried out in 
2012 under the Resources and Development (R&D) Department: the Coconut 
Rehabilitation and FSM Food Security projects. During their meeting, which 
took place in 2011, the projects adopted the Island Food Let’s “Go Local” 
approach inviting R&D experts to work on these projects along with other 
relevant partners.

Stakeholder involvement to ensure success

The IFCP was built upon an inter-agency approach with wide stakeholder 
involvement, involving governmental, non-governmental and private sector 
agencies along with community participation (IFCP, 2004). Intervention 
activities have involved wide participation from the agriculture, education 
and health sectors, as well as other groups. Such activities include farmers’ 

Figure C1.2 Pandanus planting to prevent soil erosion. Photo credit: Chizuru Seki
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workshops, classroom presentations, inter-agency meetings, information boxes 
and poster displays at local shops. Stakeholders are involved through an on-
going awareness campaign to increase local food production and consumption at 
home, in the community, state, national and international functions, e.g. FAO’s 
“Go Local” tool kit as guidelines to help in scaling up the non-communicable 
diseases (NCD) prevention strategies. They are also asked to become IFCP 
members, providing membership fees and strengthening ties and commitments.

Impact on relevant policies

Prior to the launching of the “Go Local” campaign, there was never any 
promotion on utilizing local food. After these local foods were analyzed and 
proved to be healthy, it boosted an initiative to raise this awareness that led to 
finding a slogan that can best describe the goal of this campaign.

The “Go Local” awareness has been heard and made a great impact on 
community, state and national policies. In 2010, Mand Community adopted 
a policy that bans serving soft drinks at community functions, followed by 
similar policies by the Pingelap People’s Organization, and the kolonia kosrae 
Congregational Church.

In 2005, the Pohnpei State Governor proclaimed karat as the Pohnpei State 
Banana (David, 2005) and in 2010, the FSM President proclaimed that the 
utilization of local foods is encouraged at all government events and festivities 
(Mori, 2010).

Key lessons learned

Repetition, colour, fun, many types of activities, using mass media but also 
face-to-face communication, and the community- and inter-agency approach 
with wide stakeholder involvement are all used. Research on the nutrient 
composition of foods and varietal differences is important in creating interest 
in local food crops and to expand data available on traditional knowledge and 
characterization of the food crops and varieties. As always, research is needed for 
project evaluation, for example, status on local food intake and planting of rare 
varieties. Social marketing tools, such as our IFCP Go Local t-shirts, pens and 
pencils, attract great interest and provide entry points for discussions.

A key lesson is that passion and dedication are needed, and that the message 
needs to reach the hearts of the people in order to start to change attitudes and 
behaviour by having champions in positions of influence.

Finally, it is important to continue to share the overall message, to “Go Local” 
for all of the “CHEEF” benefits of local food. This way agricultural biodiversity 
can be effectively used to improve health and nutrition.
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The photos (Figures C1.1 and C1.2) are from two ongoing projects in 
Pohnpei: “Pandanus planting for climate change adaptation” and “Food security 
and income generation for women”. This tree crop produces nutrient-rich 
fruits; it can be planted close to the coastline to prevent erosion and leaves are 
used to handcraft mats, jewellery, baskets and purses.

Notes
 1 An atoll is a ring-shaped low-lying coral island or group of islands, often consisting 

of only a narrow strip of land with seawater on both sides, circling a lagoon. Atoll 
island climates are considered among the harshest in the world due to the poor 
rainfall and poor soils.

 2 Vitamin A deficiency increases vulnerability to infection and poor eye health and 
vision (McLaren and Frigg, 2001).

 3 Agricultural biodiversity has been defined as “the variety and variability of animals, 
plants and micro-organisms that are used directly or indirectly for food and 
agriculture, including crops, livestock, forestry and fisheries” (FAO, 2004).

 4 Mand Community is a rural community reached by a 40-minute drive on a paved 
road from the commercial centre of the main island Pohnpei.
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Introduction

Agriculture is the main source of livelihood in Nepal for nearly 76 per cent of the 
people (CBS, 2001), and is largely subsistence-oriented. With large variations in 
agro-ecological conditions and socio-cultural circumstances, a great diversity 
of farming systems exists. Farmers are predominantly smallholders owning 
on average less than one hectare of cultivated land. The land is usually of low 
productivity and has to support large families. Consequently, many households 
face food shortage in most years (Food Security Monitoring Task Force, 2010).

Low food intake, together with infections and diseases are the immediate 
causes of malnutrition (UNICEF, 1990). However, eating adequate calories 
does not ensure that sufficient micronutrients are consumed in order to keep 
the body healthy.

A survey on food consumption in Nepal carried out in 1970 shows that 83 
per cent of the total calories consumed was from cereals, mainly rice, wheat and 
maize. The intake of pulses, vegetables, fruits and animal products was very low 
(krishna, 2004:47). The consumption of such nutritious food is limited because 
of high and rising commodity prices (SEWA, 2009).

Nutritious food is difficult to find in the poorer rural areas where most people 
are dependent on staple foods with little diversity (krishna, 2004; Johns and 
Sthapit, 2004; Talukder et al., 2004). It is especially a challenge in the far western 
and mid-western mountains of Nepal, where the hunger index is categorized as 
extremely alarming (Food Monitoring Task Force, 2010). Hunger in these areas 
is mostly caused by undernourishment (WFP, 2009). Geographic remoteness, 
education levels and poor economic conditions are the main obstacles that limit 
access to nutritious food among these families (Talukder et al., 2004). Furthermore, 
there are gender-based inequalities in the access to food. Distribution of food 
in the household is often uneven and women usually eat last in 70 per cent of 
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the households. Protein energy malnutrition (PEM), iodine deficiency disorders 
(IDD), vitamin A deficiency (VAD), and iron deficiency anaemia (IDA) are the 
common forms of malnutrition experienced by women. Nearly three-quarters 
of all women are anaemic, and prevalence is especially high among pregnant 
women. Nepal is one of few countries where the life expectancy rate of women 
is lower than that of men especially in poor rural areas. As young and able men 
are forced to migrate in search of opportunities outside their villages, women are 
left to do more agricultural work in rural areas (Food Security Monitoring Task 
Force, 2010). These factors of inequalities in health and nutrition are also valid 
for other excluded groups based on caste and class (FIAN, 2011).

Poor nutrition status of women impacts on the health and well-being of 
their children, too. Not surprisingly, children also exhibit high malnutrition 
rates in Western Nepal. Almost 50 per cent of children under five years of age 
are stunted and nearly 40 per cent are underweight (Food Security Monitoring 
Task Force, 2010). Undernutrition at this stage of life can have long-term 
implications continuing through adulthood. Poor nutrition in pre-school days 
can significantly reduce cognitive capacity and consequently human, social and 
economic potential in later lives of these children (Ruel and Hoddinott, 2008).

Role of home gardens

Home gardening is a traditional land use practice carried out around a homestead 
consisting of several species of plants that are grown and maintained by the family 
members with the primary objective of fulfilling the family’s consumption needs 
(Abdoellah et al., 2002; Eyzaguirre and Linares, 2004; Shrestha et al., 2004; Gautam 
et al., 2004). Home gardening is one of the key components of the Nepalese 
farming system with over 70 per cent of households maintaining home gardens at 
varying scales, ranging from 2 to 11 per cent of the family’s landholding (Gautam 
et al., 2004; Sunwar et al., 2006; Gautam et al., 2008). The size of individual home 
gardens in Nepal is so small that the impact of production is deemed insufficient 
in commercial terms to receive priority from government and donors.

Despite their size, if production is diversified with more species and managed 
well, home gardens can increase dietary diversity (Trinh et al., 2003) and help 
address household malnutrition. By promoting increased consumption of the 
available diversity, nutrition of farming families can be improved (Johns and 
Sthapit, 2004; Shrestha et al., 2002, 2004a; Sthapit et al., 2004a). As home gardens 
are predominantly managed by women, they can also play an important role in 
ensuring proper diets of women and children, especially in rural areas (Suwal et 
al., 2008). Hence, the real value of home gardens is in ensuring proper health of 
women and children first and foremost, who can then have more fulfilling lives 
to contribute as productive citizens.

In addition to the family’s food needs, home gardens also augment household 
income, especially for women, from the sale of surplus produce. Even with 
small cash incomes, women in villages can exercise greater economic agency in 
controlling small family expense. Women also tend to spend money differently 
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than men by giving prioiry to food, healthcare and education for their children 
(Meinzen-Dick et al., 2011).

Home gardens also make the homestead aesthetically pleasing and help 
maintain species of ethnic, cultural and religious importance (Soemarowoto, 
1987; Abdoellah et al., 2002; Trinh et al., 2003; Sthapit et al., 2008). In Nepal, the 
home gardens involve the management of multipurpose trees, shrubs, annual 
and perennial vegetables and fruits, spices, herbs and medicinal plants, birds and 
animals on the same land units in a spatial or temporal sequence (Shrestha et al., 
2002; Gautam et al., 2004; Suwal et al., 2005). Traditionally people supplement 
food from wild and uncultivated crops besides cultivated species in gardens and 
arable farming systems (Daniggelis, 2003). Many neglected and underutilized 
species, from a research perspective, are appreciated by local populations and 
food culture for their taste and nutritional value (Sthapit et al., 2008; Johns and 
Sthapit, 2004). The home garden therefore provides a bridge between the social 
and the biological, linking cultivated spaces and natural ecosystems, combining 
and conserving species diversity and cultural diversity.

The project on home gardens was initiated to understand the scientific basis 
of management of agricultural biodiversity in home garden ecosystems; Phase I 
(2002–2004). Phase II (2006–2008) concentrated on the enhancement of family 
nutrition and income of resource poor and disadvantaged groups of farmers 
and Phase III (2009–2013) aimed to mainstream home gardens in an inclusive 
development programme of the country (Table C2.1). Figure C2.3 shows the 
distribution of case study sites in Nepal during Phases II and III.

Some level of awareness activities on the relationships between nutrition, 
health, dietary diversity and biodiversity are important for the communities. 
Organizing existing women’s groups for collective action on these activities can 
be effective.

Figure C2.1 A home garden in western Nepal. Credit: Sajal Sthapit, LI-BIRD
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Figure C2.2 A farmer and her daughter in their home garden in Rupandehi, Nepal. 
Credit: Sajal Sthapit, LI-BIRD

Implemented by LI-BIRD in collaboration with DADOs

RDTA Dolakha

Task Sindhupalchowk

CEAPRED

CARE, Nepal

Plan, Nepal

Figure C2.3 Map of the project sites of home gardens in Nepal implemented through 
partnership of a range of government and NGO partners
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Increasing diversity using home garden diversity kits

Diversity kits include small quantities of seeds or saplings of different kinds 
made available to farmers to complement the available resources (seeds and 
saplings of vegetables, fruits, fodder and other home garden species) (Sthapit 
et al., 2006). Analysis of the nutritional gap, demand of farmers, agro-ecology 
and farmers’ capacity are the basis for determining the composition of diversity 
kits for home gardens. The composition of diversity is a mixture of local 
and underutilized crops species both perennial and annual that are not easily 
available from commercial seed companies.

Specific foods are required for use in traditional ceremonies and rituals in 
Nepal. As a result, social customs require Nepalese farmers to maintain a wide 
variety of fruits and plants in their home gardens for use at festivals. Celebration 
and commercialization of local festivals also create local demand for unique 
species grown in home gardens. For example, during Maghesankranti (January/
February), the demand for and hence the price of root crops such as yams, sweet 
potatoes and taros climb steeply. Likewise, a wide range of citrus fruits, especially 
pommello and pseudo lemon are necessary for the celebration of the Diwali and 
Chhath festivals. Promoting diversity kits that include crops of cultural importance 
is often ignored, but can play a big role in maintaining home garden diversity.

Technology transfer for low-cost home garden management

One of the basic tenets for successful home gardening for the rural smallholders 
is to make it as cost effective as possible. Therefore external inputs (fertilizers, 
seeds and other chemical and physical materials) are not promoted. Instead, 
focus is placed on locally available seeds, compost, farmyard manure and local 
production technologies to ensure secure access to production inputs as well as 
safe and healthy food for family well-being.

kitchen waste, water management, multi-layer cropping, combination of 
perennial and annual crops, local bio-pesticide, vermi compost and sack farming 
in flood-prone areas are some proven techniques used in low-cost home garden 
management. A year-round refresher training at the local resource centre, cross-
site exchange visits and travelling seminars are a few mechanisms employed for 
transferring skills and promoting local innovations.

Establishing resource home gardens as knowledge sharing and exchange centres

Although home gardens are very common, only a small proportion are 
managed efficiently to get the maximum output for their size. Those gardens 
which are producing diverse food products throughout the year and are well 
managed can be utilized as demonstration sites. The owners of such home 
gardens are identified and developed as resource home gardeners to provide 
management and material inputs to other home gardeners. The owners of 
such home gardens are role models in the area for other farmers to aspire to. 
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They can train other fellow farmers and also act as local sources for seeds/
saplings and knowledge.

A home garden alone cannot address all the livelihood requirements of a family. 
Due to its diversity and with the guidance of a proper nutritional calendar, 
home gardens contribute to the quality of food consumption (safe, nutritious 
and preferred), especially in terms of fulfilling the micronutrient requirements 
of the family. However, due to their small size, fulfilling the required quantity 
of food security might be beyond the scope of many home gardens (Gautam 
et al., 2008). Therefore, other programmes and projects that are related to the 
livelihood of those particular farmers should be implemented collaboratively 
to increase impact. Major demand of staple food and income generation in 
higher degree should be addressed by such particular projects and home garden 
production will complement them by providing diversified food and nutrition, 
and supplementary income. Home gardens would be the ideal entry point for 
developing the confidence of poor and marginal farming communities.

Food-based approach to better nutrition

The success of home gardens has been measured as an increase in diversity. 
However, from a nutritional perspective, it is important to look at whether 
the diversity is increasing in functional categories (DeClerck et al., 2011). The 
home garden project in Nepal examined how increases in biodiversity correlates 
with increased functional and nutritional diversity.

Figure C2.4 A resource home gardener and her son in their home garden in Rupandehi, 
Nepal. Credit: Sajal Sthapit, LI-BIRD
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Mean home garden (household) species richness increased in 10 out of 11 
sites between 2006 and 2011 (Table C2.2).

Food culture and cooking traditions play important roles in the availability 
of nutrients in food (Englberger et al., 2010; Rijal, 2010). Bioavailability of 
nutrients also depends on how the food is prepared, what other foods it is 
consumed with and the health status of the person eating it. The approach used 
in this study did not address the different levels of bioavailability of the nutrients 
and this limitation is acknowledged.

Table C2.2 Mean household (HH) species richness of edible and all species found in 
home gardens in 2006 and 2011

Altitude 
(metres 
above sea 
level)

Mean HH edible species 
richness (range)

Mean HH species richness 
(range)

Site 2006 2011 2006 2011

Eastern Hills

Ilam district

Chulachu VDC 173 20 (1–36) 27 (13–50) 27 (3–50) 34 (15–72)

Gorkhe VDC 1717 17 (3–31) 24 (14–43) 24 (3–42) 35 (21–66)

Sumbek VDC 1413 17 (8–29) 25 (1–37) 18 (9–30) 35 (6–60)

Eastern Terai

Jhapa district

Chakchaki VDC 95 9 (2–21) 14 (2–33) 13 (3–11) 19 (2–58)

Duwagadhi 116 18 (5–39) 25 (8–59) 21 (5–49) 36 (12–97)

Western Hills

Gulmi district

Amarpur VDC 1180 6 (2–11) 21 (9–48) no records 27 (10–63)

Hardineta VDC 1132 6 (1–13) 17 (7–46) no records 24 (7–64)

Western Terai

Kailali district

Godawari VDC 679 13 (2–24) 13 (4–40) no records 14 (4–54)

Rupandehi district

khadawa Bangain VDC 120 10 (5–20) 20 (1–45) no records 24 (4–60)

Siktahan VDC 115 4 (1–8) 23 (13–37) no records 30 (15–55)

Bardia district

Taratal VDC 167 3 (1–7) 18 (8–31) No recods 22 (8–38)
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However, by promoting a greater range of diversity, with foods that are 
prepared and consumed in a variety of ways, better nutrition can be achieved 
(Frison et al., 2011; Fanzo and Pronyk, 2011). Increasing awareness of the 
importance of nutritious diets and providing access to safe fruit and vegetables 
will be needed to attain the long-term outcome of diet diversification: to have a 
healthy, balanced diet fulfilling the recommended per capita consumption rate 
of 400 g of fruit and vegetables per day (keatinge et al., 2010).

Species available before (2006) and after (2011) the implementation of the 
home garden project were categorized depending on nutrients provided (such 
as proteins, iron, folate, vitamin A, etc.). For each nutrient category, the number 
of species providing the nutrient were counted to determine the increase in 
number of choices for each nutrient.

Along with an increase in household species richness (Table C2.2), the 
number of species contributing sources of nutrients were found to also increase 
for all nutrients and all seasons considered.

Hence, it was found that in this project “Enhancing family nutrition and 
income for improved livelihoods of resource poor and disadvantaged groups 
through integrated home gardens in Nepal” (see Table C2.1), increasing species 
richness of home gardens also increased the sources of nutrients available to 
households.

Scaling up

The Nepal Agricultural Research Council (NARC) has identified the home 
garden as a research area for targeting poor and marginal farmers (NARC strategic 

Figure C2.5 An integrated home garden with vegetables fruits and fisheries extended to 
crops. Credit: Mahesh Shrestha, LI-BIRD
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planning meeting, 2005). This is an important change because historically home 
gardens were ignored by research in Nepal. There is a great need to involve 
stakeholders from health sectors to use home gardens as a food-based approach 
to nutrition that can complement dietary supplements. Therefore, a partnership 
between the agro-biodiversity, agriculture and food, health and environment 
sectors needs to be cultivated at the national and local levels.

One of the great achievements of the second phase of the home garden 
project is the acceptance by the government’s planning commission to apply 
the concept all over the country. The Ministry of Agriculture and Co-operatives 
approved the norms for home garden establishment and management and has 
also issued a circular to District Agriculture Development Offices (DADOs) 
for the protection, management and utilization of biodiversity for supporting 
livelihoods of local people. The traditional kitchen Garden programme that 
promoted hybrid vegetable seeds from exotic sources has now been revamped 
to an integrated home garden scheme that encourages the use of indigenous 
crops and varieties of vegetable, fruits, small ruminants and trees. The initiation 
of the government could be further capitalized on and used as an opportunity 
by providing technical support in future.

The government sector found the home garden project an attractive 
intervention to reach the agriculture programme for socially excluded and 
disadvantaged groups of society and also a way to meet objectives and MDGs. 
Most strategies to address malnutrition in Nepal are rooted within the health 
sector. While critical, these programmes generally address disease-related effects 
and emphasize the immediate determinants of undernutrition. Addressing 
undernutrition through the production of diverse foods within the agricultural 
sector, such as home gardening for family well-being, has been an eye-opener 
for policy makers.

Lessons learned

Access to a wide range of local crop diversity through community actions such 
as biodiversity fairs, diversity kits and establishing community-based home 
garden resource centres are important lessons learned. The lessons learned from 
the project fall within two key areas.

First, situation analysis within the four main areas (assessment, access, use and 
benefit) can, and most probably will, lead to a number of different community 
actions. Second, the decision to implement a particular community action, and 
therefore its success, will depend on farmers and the farming community having 
the knowledge and leadership capacity to evaluate the benefits that this action 
will have for them. This in turn emphasizes the importance of strengthening 
and empowering local institutions so as to enable farmers to take a greater role 
in the management of agricultural biodiversity in home gardens.

Much can be learned from the projects profiled in this case study that might 
assist countries that are currently off-track in meeting the hunger component of 
the MDG1 target. The main objective of Phase II was to improve the nutrition 



Case study 2 253

and income of the families from disadvantaged groups (DAG) in remote and 
conflict-affected areas through the promotion of integrated home gardens. The 
project focused on families of DAG with a particular focus on women in an 
effort to promote the mainstreaming of social equity, governance and gender 
at grassroots levels. The past three years of the project have focused much 
on land-poor farmers, mostly women, to enable them to utilize their land 
resources effectively and to empower them economically and socially through 
organization, voice and influence to enhance social capital of smallholder 
women farmers. The term “social capital” captures the idea that social bonds and 
norms are critical for sustainability. Where social capital is high in formalized 
women groups, people have the confidence to invest in collective activities, 
knowing that others will do so too. Modest investments in capacity building and 
targeted training, and engaging different sectors in setting priorities, would have 
a significant pay-off. With technical support from LI-BIRD, the Department 
of Agriculture and other donor-funded projects scale up good practices of the 
home gardening programme in 17 districts through respective DADOs under 
their third thematic area of “Livelihood improvement of disadvantaged families”. 
Vulnerable groups usually lack enough land to grow staple crops, but many of 
them have access to small plots which they can cultivate intensively. Home 
gardening can be a means for reaching excluded people, but it cannot address 
all their problems. More structural means, such as rights-based approaches, 
are necessary to complement more direct interventions such as support for 
home gardening. Policy support guided by outcome based upon large number 
beneficiaries per unit of investment might require rethinking.
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Case study 3

Diversity of indigenous fruit trees 
and their contribution to nutrition 
and livelihoods in sub-Saharan Africa: 
examples from kenya and Cameroon

Katja Kehlenbeck, Ebenezar Asaah and Ramni Jamnadass

Introduction

In sub-Saharan Africa (SSA), growing both domesticated and wild fruit species 
on farms diversifies the crop production options of small-scale farmers and 
can bring significant health, ecological and economic revenues (keatinge et 
al., 2010; Weinberger and Lumpkin, 2005). Dozens of indigenous fruit tree 
species (IFTs), although relatively unknown in global markets, are locally of 
large importance for food/nutrition security and income generation. Akinnifesi 
et al. (2008) showed the high potential of many wild fruit species from different 
African regions for undergoing domestication followed by successful on-farm 
production. Fruit markets in SSA are estimated to grow substantially due to 
economic and human population growth and increasing urbanisation rates, e.g. 
by 5.7 per cent per year in kenya (calculation of ICRAF based on Ruel et al., 
2005). Women are often strongly involved in and benefit from fruit processing 
and trade, particularly with regard to indigenous fruits (Schreckenberg et al., 
2006). With appropriate promotion, the contribution of fruits to the livelihoods 
and health of African farmers and consumers could be substantially increased.

Currently, fruit consumption in SSA – with a daily average of only 36 g 
per person in Eastern and about 90 g in Western Africa (WHO, 2002) – is far 
below the recommended daily amount of 200 g per person (WHO, 2003). In 
sub-Saharan Africa about 30 per cent of inhabitants, most of them women and 
children, suffer from malnutrition (UNSCN, 2010). Fruits offer not only easily 
available energy, but also micronutrients such as vitamins and minerals necessary 
to sustain and support human healthy growth and activity (see examples below). 
There are, however, a variety of factors that constrain fruit consumption and 
production in Africa such as:

•	 Lack of consumer awareness on the health benefits of regular fruit 
consumption;

•	 Change of consumer preferences and loss of the traditional nutrition 
systems based on local agricultural biodiversity, which leads to erosion of 
both the plant genetic resources and the related traditional knowledge;
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•	 Degradation of natural vegetation used for collecting indigenous fruits in 
the past;

•	 Lack of sufficient tree domestication techniques and their dissemination, 
especially of vegetative tree propagation methods;

•	 Lack of fruit processing facilities, which leads to high post-harvest losses;
•	 Poorly organised fruit marketing pathways along the value chain.

Indigenous fruit trees (IFTs) traditionally provide rural communities in 
SSA’s drylands, where cultivation of exotic fruit species often is not possible, 
with nutritious fruits for self-consumption and sale. Wild fruits are mostly 
gathered from natural stands only, but IFTs are usually not cultivated on farms 
(Simitu et al., 2009). Climate change will most probably shift the natural 
geographic ranges, and reduce density and productivity of some wild fruit 
species (Dawson et al., 2011). Domestication of selected high value IFT 
species and their on-farm cultivation in agroforestry systems are prerequisites 
for enhanced production, processing and marketing of valuable indigenous 
fruits (Pye-Smith, 2010). In addition, cultivation of IFT species on farms will 
contribute to climate change mitigation and adaptation of farming systems. 
Trees such as fruit trees provide many other valuable environmental services 
(Garrity, 2004). Increased cultivation of IFTs will contribute to diversification 
of farming systems, improve connectivity of remaining natural habitats for 
biodiversity conservation and decrease the pressure on natural IFT stands, 
thus further contributing to conservation of genetic resources of these trees. 
In the following, the value of fruits for nutrition and income generation is 
described in more detail.

Fruits for health and food security

Deficiency of iron and vitamin A is prevalent in most parts of SSA. Low intake 
of vitamin A – around 50 million African children are at risk of deficiency – is 
considered to be Africa’s third greatest public health problem after HIV/AIDS 
and malaria.1 Vitamin C from fruits, on the other hand, is essential for absorbing 
iron, an important mineral that is present in significant quantities in green leafy 
vegetables. Indigenous fruits contribute to the vitamin and mineral supply of local 
communities, e.g. baobab (Adansonia digitata) for vitamin C, marula (Sclerocarya 
birrea) for vitamin A and white crossberries (Grewia tenax) for iron (Table C3.1). 
A child could cover 100 per cent of its vitamin C requirement by eating only 
about 10 g of baobab pulp a day. Concerning iron, consumption of 40–100 g 
white crossberries covers almost 100 per cent of the daily iron requirement of 
a child less than eight years old. In addition to micronutrients, fruits such as 
tamarind (Tamarindus indica) and baobab contribute much to energy supply due 
to their sugar content (Table C3.1). However, data on nutrient contents of many 
indigenous fruits are either unavailable or unreliable. The high variability of 
nutrient contents given in the literature (Table C3.1) may be caused by using 
different methods for analysis, but also by the fact that a very high variability 
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naturally occurs among different populations of the same species as long as the 
species is undomesticated.

Tree crops such as fruit trees are contributing not only to nutrition security, 
but also to food security. Due to their extensive and deep rooting systems, fruit 
trees are less sensitive to droughts as compared with annual staple crops and give 
a harvest even when the staple crops fail. Not only during droughts, but especially 
during the pre-harvest periods of annual staples characterised by food shortages 
(‘hunger gap’), fruits from some IFT species may be ready for harvest to serve as 
emergency food or to be sold, thus contributing to food and nutrition security 
(see case study 1 from kenya and Figure C3.1 from Malawi and zambia). By 
combining site-specific portfolios of different exotic and indigenous fruit species 
for cultivation, a year-round supply of fruits can be achieved.

Fruits for income generation and integrated rural development

Fruit tree cultivation offers great potential for income generation if farmers are 
(i) linked to markets to reduce input costs and improve prices for their produce, 
(ii) trained in best on-farm management of existing fruit trees; and (iii) in 
cultivating improved, high value varieties and species, which best fit present 
and future market demands (see above). When farmers have access to improved 
grafted planting material, they can expect a relatively quick return from their 

Table C3.1 Nutrient contents of selected indigenous and exotic fruits per 100g edible 
portion (high values are highlighted in bold). 

Species
Energy 
(Kcal)

Protein  
(g)

Vit C 
(mg)

Vit A (RE)
(mg)

Iron 
(mg)

Calcium 
(mg)

Indigenous fruits

Adansonia digitata 340 3.1 150-500 0.03–0.06 1.7 360

Grewia tenax N.A. 3.6 N.A. N.A. 7.4–20.8 610

Sclerocarya birrea 225 0.5 68–200 0.035 0.1 6

Tamarindus indica 270 4.8 3–9 0.01–0.06 0.7 260

Ziziphus mauritiana 21 1.2 70–165 0.07 1.0 40

Exotic fruits

Guava (Psidium guajava) 68 2.6 228.3 0.031 0.3 18

Mango (Mangifera indica) 65 0.5 27.7 0.038 0.1 10

Orange (Citrus sinensis) 47 0.9 53.0 0.008 0.1 40

Pawpaw (Carica papaya) 39 0.6 62.0 0.135 0.1 24

Sources: Indigenous fruits: Freedman (1998) Famine foods. http://www.hort.purdue.edu/newcrop/
faminefoods/ff_home.html (accessed 13 August 2012); Fruits for the Future Series, ICUC; Fineli 
(http://www.fineli.fi/, accessed 20 July 2012), etc.; Exotic fruits: Lukmanji & Hertzmark (2008) 
Tanzania Food Composition Tables.
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new trees as grafted trees will start fruiting two to three years after planting. 
Small-scale processing groups, particularly of women, benefit from improved 
fruit cultivation and help to reduce post-harvest losses. Still, there is a high 
unexploited potential for enhanced employment, business development and 
income generation through processing of both exotic and wild or domesticated 
indigenous fruits. For example, a feasibility study of small-scale juice concentrate 
processing enterprises calculated a potential net profit of about 28 per cent of the 
gross production value in Malawi (Jordaan et al., 2008). Domestication of IFTs 
includes: identification and characterisation of the available genetic diversity of a 
species; capture, selection and management of the genetic resources; propagation 
of superior materials and sustainable cultivation of the species in managed agro-
ecosystems (Simons and Leakey, 2004). Vegetative propagation methods such 
as rooting of stem cuttings, grafting and marcotting warrant early fruiting and 
ensure that the desired traits of superior mother trees are passed to the offspring. 
Successful projects on domestication of IFTs, for example in Cameroon (see 
below), show that fruit cultivation and processing have significant impacts on 
rural development and transforming people’s lives.
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Figure C3.1 Prevalence of food shortage in rural households of Malawi and Zambia and 
the harvest periods of different exotic and indigenous fruit species of the same region. 
During the cropping (‘hunger’) season, fruits of one exotic and four indigenous species 
are continuously available, fruits of three more species are partly available (data collected 
by World Agroforestry Centre (ICRAF) staff in the region)
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Case 1 Kenya: High on-farm IFT species diversity, but low 
consumption of fruits in the drylands

In kenya, about 400 indigenous fruit tree species occur (Chikamai et al., 
2004), which are said to contribute much to livelihoods of rural communities, 
particularly during the frequent periods of food shortage. However, detailed 
studies on diversity of IFTs and their consumption in kenya are scarce. A case 
study was thus performed by Simitu et al. (2009) in the drylands of Mwingi 
District, Eastern kenya, where 104 households were randomly selected to 
collect data on IFT abundance on farms and fruit consumption data of adults 
(26 male and 26 female respondents) as well as of children (26 boys and 26 girls 
< 18 years). All fruit tree species occurring on the farm of the respondent were 
identified and the individual trees counted. A combination of a semi-structured 
questionnaire and visual aids were used to collect detailed and reliable data on 
fruit consumption over a period of one year. A food-frequency questionnaire 
(FFQ) developed after Agudo (2004) with the names of all available fruit species 
was used to determine which species were consumed in the periods of the year, 
when the species could be harvested and how often the respondents consumed 
the respective fruit during that time. Typical household measures and photos of 
standard portions were used to help respondents estimate the usual amount of 
fruits consumed per meal and to calculate mean consumption per day for each 
of the species.

A total of 57 IFT species were mentioned as being consumed by the 
respondents;  36 of these species were found on the 104 surveyed farms, 21 species 
were exclusively collected from the wild. Thirty-three of the species found on 
farms were maintained from natural regeneration (e.g. trees protected during 
field clearing, new seedlings spared during weeding), of which 17 species were 
never planted and 16 species were both protected from natural regeneration and 
actively planted by respondents. The remaining three species out of the 36 on-
farm species were exclusively planted. The most frequent species were Balanites 
aegyptiaca (desert date) occurring on 58 per cent of the surveyed farms, Adansonia 
digitata (baobab; 50 per cent) and Berchemia discolor (50 per cent). However, a 
large proportion of species were each found only on one or two of the surveyed 
farms. With regard to individual tree numbers, only 1.3 per cent of the counted 
4,048 trees on the surveyed farms were actively planted by the respondents, e.g. 
some tamarind (Tamarindus indica) trees. Two crossberry species (Grewia villosa 
and G. tembensis) were the most abundant species, representing 20 and 16 per 
cent of the recorded tree individuals, respectively. Thirteen species were very 
rare, represented by less than 10 individuals each.

Mean daily consumption of indigenous fruits was 19 g per person, being a 
little higher for children (about 23 g) than adults. Adults view many indigenous 
fruits as food for children and consume only fruits from certain, higher valued 
species such as baobab, tamarind, Berchemia discolor or Lannea alata. When 
exotic fruits (which were available only on market days) were included in the 
calculations, the mean daily consumption increased from 19 g to 28 g of fruits 
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per person. This is still far below the recommended daily intake of 200 g per 
person (WHO, 2003). During the course of the year, fruit consumption varied 
among seasons (Figure C3.2), but 10–25 IFT species were ready for harvest 
even during the ‘hunger gaps’ of the two cropping seasons (March to May and 
October to December). Lean fruit seasons with mean daily consumptions of 
less than 10 g per day were in January and May, peak consumption seasons with 
more than 20 g per day in February to April and June to August. Mean daily 
consumption in a month was positively influenced by number of IFT species 
ready for harvest in the respective month (R2 = 0.543, p = 0.006) (P. Simitu, 
2008, pers. comm.). For example, in September, only eight IFT species had 
mature fruits for harvesting and daily fruit consumption was only 12.8 g per 
person in the same month, whereas in March 25 species were ready for harvest 
and the daily consumption was almost 30 g (Figure C3.2).

The study in kenya showed the urgent need for awareness creation among 
rural communities about the value of fruit consumption for improved nutrition 
and health. Many IFT species were available, but they were not used efficiently. 
Domestication of priority species will help to increase the number of planted IFTs 
on farms and to improve the perception of IFTs in the rural communities from 
‘food for children’ towards ‘valuable fruits for health and wealth’. The first steps 
of a participatory species priority setting in kenya resulted in the preliminary 
selection of Tamarindus indica, Adansonia digitata, Sclerocarya birrea, Ziziphus 
mauritania and Balanites aegyptiaca (Chikamai et al., 2004) as well as Vitex payos 
(Muok et al., 2000), Berchemia discolor and Carissa edulis (Teklehaimanot, 2005). 
However, species priority settings should also consider regional preferences, 
nutritional value of fruits, market and value addition potentials, seasonality 
of fruiting and adaptability of species to climate change and should involve 
not only farmers, but also fruit traders, processors and exporters, agricultural 
extension officers, and scientists from several disciplines such as agricultural 
economics, agronomy, natural resources conservation, ecology, ethno-botany, 
health and nutrition (Franzel et al., 1996).
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Figure C3.2 Availability of IFT species ready for harvest and mean daily fruit consumption 
per person during the course of the year in Mwingi district, Eastern kenya
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Lessons learned and way forward

So far, both government extension services and NGOs in kenya neglect the 
value of indigenous fruits for improved livelihoods of rural communities and, 
instead, focus on the promotion of exotic fruits, such as mango and passion fruit. 
Integrating the health sector and involving the educational segment in future 
programmes as well as analysing and developing value chains for indigenous 
fruits may help to mainstream IFT cultivation, processing, marketing and 
consumption in kenya and beyond.

Case 2 Cameroon: Successful participatory fruit tree domestication 
improved livelihoods of rural communities

Farmers in humid West and Central Africa depend mainly on cacao and coffee 
cultivation for income generation, but have suffered from low and fluctuating 
prices for these commodities since the 1980s. Against this background, there 
was an urgent need to diversify farmers’ livelihood options through the 
development of sustainable poverty reduction strategies, including agroforestry 
and tree domestication. In agroforestry systems, a combination of annual crops 
and useful tree and shrub species fulfils diverse production and service functions 
(Garrity, 2004). Many of these functions were once provided by natural forests, 
which are declining in Cameroon and elsewhere. The related decline in 
availability of important forest products such as food, medicine, fodder, timber 
and fuel wood with its negative impact on traditional diets, health systems and 
income generating opportunities for the local communities can at least be partly 
offset by promoting diverse agroforestry systems.

In 1995, the World Agroforestry Centre (ICRAF) conducted a farmers’ 
species preference survey in the humid tropics of West and Central Africa. The 
priority species identified for domestication and improvement by research were 
mainly indigenous fruit, nut and medicinal species with a high value for nutrition 
and income generation such as Irvingia gabonensis, Dacryodes edulis, Ricinodendron 
heudelotii, Chrysophyllum albidum, Garcinia kola and different Cola species (Franzel 
et al., 1996). Contrary to the situation in kenya (case 1), indigenous fruits 
are highly valued by farmers and consumers in Cameroon and have a ready 
market. The combined harvesting seasons of the mentioned species offered a 
year-round supply with produce for home consumption and sale (Figure C3.3). 
Fruits and nuts of some of these species are highly nutritious and contribute 
much to energy, protein and mineral supply of consumers (Table C3.2).

In Cameroon, participatory priority species selection showed a high demand 
for fruit and nut species such as bush mango (Irvingia gabonensis) and African 
plum (Dacryodes edulis). Until the start of the tree domestication programme in 
1995, these species were mainly found in forests, from where the fruits were 
collected for home consumption, processing and sale. However, the number of 
these valuable trees was decreasing due to deforestation and over-exploitation, 
among other reasons (Tchoundjeu et al., 2006). After the critical strategic decision 
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to implement participatory tree domestication rather than the conventional 
research station approach, the first step of the domestication programme in 
Cameroon in 1999 was to develop propagation methods for the priority species 
based on appropriate low-tech methods that did not require running water or 
electricity and that was adapted to farmers’ capacity and competences in remote 
rural communities (Leakey et al., 1990). In parallel, pilot farmers in selected 
rural communities – assisted by teams made up of scientists and extension staff 
from both government and non-governmental organisations – selected superior 
mother trees with the desired traits (e.g. many large and sweet fruits, early first 
fruiting) based on simple techniques for the characterisation of tree-to-tree 
variation developed by the team (Atangana et al., 2002; Tchoundjeu et al., 2006).

In the second step, innovative farmers managing pilot nurseries were 
trained in participatory tree domestication techniques and their nurseries were 
upgraded to ‘Rural Resource Centres’ (RRCs) (Asaah et al., 2011). RRCs 
manage community-owned nurseries for the production and distribution of 
high quality tree planting materials, but have additional functions as hubs for the 
development of propagation techniques and for training of nursery managers, 
farmers and small-scale processors (Figure C3.4). Also, RRCs serve as collection 
points and marketing centres for tree products. Each RRC is equipped with a 

Tree species Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Irvingia wombolu

Cola spp.

Dacryodes edulis

Garcina kola

Irvingia gabonensis

Ricinodrendron heudelotii

Figure C3.3 Harvest periods of selected priority indigenous fruit and nut species of West 
and Central Africa

Table C3.2 Nutrient contents of selected indigenous fruit and nut species of Central 
Africa per 100g edible portion. 

Species
Energy 
(Kcal)

Protein 
(g)

Vit C 
(mg)

Vit A 
(RE)
(mg)

Iron 
(mg)

Calcium 
(mg)

Dacryodes edulis (fruit flesh) 263 4.6 19 N.A. 0.8 43

Irvingia gabonensis (fruit flesh) 61 0.9 74 N.A. 1.8 20

Irvingia gabonensis (kernels) 697 8.5 N.A. N.A. 3.4 120

Ricinodendron heudelotii 
(kernels) 530 21.0 0 0 0.4 611

Sources: Leung W.T.W., Busson F., Jardin, C. (1968) Food composition table for use in Africa. 
FAO, Rome, Italy; Platt B.S. (1962) Tables of representative values of foods commonly used in 
tropical countries. Special Report Series 302, Medical Research Council, London, Uk. 
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Figure C3.4 Appearance and activities of Rural Resource Centres (RRCs) in Cameroon. 
Left: entrance to an RRC; middle: farmers are trained in grafting techniques; right: 
women marcotting a fruit tree (photographs by Charlie Pye-Smith (left and centre) and 
Julius Atia (right))

Box C3.1 The fruits of success

If you had visited Christophe Missé in the 1990s, on his small farm some 
40 kilometres north of the Cameroonian capital, Yaoundé, you would have 
heard a story of hardship and poverty. “My cocoa crop yielded an income 
for just three months a year,” he recalls, “and even with the extra cash I 
earned as a part-time teacher, we struggled to make ends meet.” Then, in 
1999, Missé attended a training session held by the World Agroforestry 
Centre in Nkolfep, West Region. It was, he says, an experience that 
changed his life. He learnt about the techniques used to develop superior 
varieties of indigenous fruit trees. “As soon as I’d completed the training, 
I realised that it would help me to transform my farm,” he says. He set up 
a nursery with his neighbours and is now selling over 7,000 trees a year. 
He has also planted hundreds of indigenous fruit trees on his farm such 
as bush mango and African plum, which now grow besides his main cash 
crop, cocoa. The African plums are particularly impressive, with some 
of his most fruitful trees earning 10,000 CFA francs (US$22) a year, five 
times as much as his individual cocoa bushes. Apart from enhancing the 
nutrition and food security of his family, Missé has substantially improved 
his livelihood with the additional income generated from fruit cultivation. 
“With the money I’ve made I’ve built a new house,” he says proudly, “and 
I can now pay for two of my children to go to private school.”

Source: Extract from Pye-Smith, 2010

nursery, meeting and training facilities, motherblocks and demonstration plots, 
and fruit drying/storage facilities, if appropriate. RRCs are also holding a register 
for newly-developed farmers’ fruit tree varieties, in order that local domesticators 
can assert their rights over selected cultivars. Interested innovative farmers from 
the villages nearby are trained at the RRCs to become nursery managers and to 
start ‘satellite nurseries’ on their farms (Tchoundjeu et al., 2006; Asaah et al., 
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2011; see example in Box C3.1). The trainees are then equipped with a starter 
kit of high quality germplasm and will construct simple nursery structures with 
local material at their farms. By this decentralised approach, even farmers in 
remote locations have access to high quality planting material of fruit trees from 
the satellite nurseries. Asaah et al. (2011) reported that the programme currently 
works in seven RRCs with more than 200 farmer groups or associations. ICRAF 
researchers developed training packages and play a coordinating and mentoring 
role in managing the RRCs and the local government extension officers. The 
RRCs are under the day-to-day technical supervision and general management 
of 17 ‘relay organisations’, which include local NGOs, community-based 
organisations or well-established farmer groups, sometimes complemented by 
the involvement of local government extension officers. The relay organisations 
were trained in different aspects to ensure quality delivery of innovative advisory 
services to farmers and of community capacity-building activities.

According to Asaah et al. (2011) and Tchoundjeu et al. (2010), the following 
outcomes of the project were reported:

•	 In 2008,  seven RRCs provided advisory services to about 100 satellite 
nurseries (8–35 satellite nurseries per RRC) and produced 122,500 
indigenous fruit and nut trees that have been planted on the farms 
(Figure C3.5).

•	 Annual incomes were about US$21,000 for one RRC (running for 10 
years) and an average of US$7,350 for each of 35 farmer-managed satellite 
nurseries of the same RRC in 2009.

•	 Around 50 per cent of local adopters integrated 10 fruit trees on average 
in their farms and reported to have increased their fruit consumption, 
30 per cent also mentioned increased income (see Box C3.1 for an 

Figure C3.5 Christophe Missé (left) has significantly improved his income by growing 
superior varieties of indigenous fruit trees, such as African plums on his farm in 
Cameroon, which are in high demand at the local markets (right) (photographs by 
Charlie Pye-Smith)
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example). The stated increase in fruit consumption is supposed to be due to 
the enhanced accessibility of a diverse set of different fruit species planted 
on the farms that fruit almost year-round (Figure C3.3), but no quantitative 
data are yet available.

•	 Tree nurseries that had received technical support (e.g. training on 
propagation techniques, group dynamics, management and marketing 
techniques) from ICRAF’s participatory tree domestication initiative 
supplied a wider range of fruit trees and propagated in more appropriate 
ways and with higher purchaser satisfaction than those nurseries that had 
not received assistance. After about five years of support, RRCs are usually 
able to generate sufficient income to sustain their activities independently.

•	 The RRC approach for integrating participatory tree domestication with 
a broader set of rural services (e.g. training in nursery management and 
sustainable farming, watershed protection, beekeeping and marketing, 
providing microfinance, linking farmers to markets) is recognised as one 
of the best examples of multifunctional agricultural development for 
the reduction of poverty through conservation of biodiversity, and was 
accordingly awarded an Equator Prize in 2010.2

Lessons learned and way forward

This domestication project and the RRC approach developed within the 
project proved successful in regard to sustainably improving livelihoods of 
rural communities. Similar projects were already applied in Nigeria and the 
Democratic Republic of Congo (Tchoundjeu et al., 2006). RRCs were found to 
be economically independent after about five years of technical support while 
producing significant incomes from production of high quality agroforestry 
seedlings and from providing services such as training of farmers, micro-
processors and nursery managers. The same RRC model will now be tested for 
up-scaling in kenya, Tanzania, Rwanda and Mali and for its suitability for tree 
domestication in drylands.

Notes
 1 www.worldmapper.org, accessed July 2012.
 2 http://www.equatorinitiative.org/index.php?option=com_content&view=article&i

d=597%3Aribaagroforestryresourcecentre&catid=175&Itemid=339, accessed July 
2012.
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Case study 4

Fish diversity and fish consumption in 
Bangladesh

Shakuntala Haraksingh Thilsted

Introduction

Bangladesh prides itself on being very rich in fish diversity. Its numerous and 
diverse inland waterbodies – beels (floodplain depressions and lakes), ponds, 
rivers, canals, ditches – and paddy fields, are home to over 267 freshwater 
fish species (Rahman, 1989). In terms of production, it is reported that only 
China and India outrank Bangladesh in freshwater fisheries. In addition, coastal 
and marine fisheries also have a large biodiversity. In the mangrove waters 
in Sundarbans, over 400 fish species, as well as other aquatic animals such as 
shrimp, prawn and crab are reported (Islam and Haque, 2004). In rivers and 
estuaries, the fish catch is dominated by one migratory species, hilsa (Tenualosa 
ilisha; “Macher raja ilish – hilsa, the king of fish”), which makes up 11 per cent 
of the annual total fish production (Department of Fisheries, 2010). Millions 
of people, especially the rural poor, are dependent to varying degrees on these 
fisheries for their livelihoods, income and food. These rich fishery resources, 
which are intrinsically intertwined with rice production, are exemplified in the 
old proverb “Machee bhatee bangali”, literally translated as “Fish and rice make 
a Bengali”. Together with the staple, boiled rice eaten by many at least twice per 
day and vegetables, fish is an essential and irreplaceable animal-source food in 
the Bangladeshi diet.

Changes in the rice–fish production system in Bangladesh

With over half of the country comprised of floodplains, in the past, agriculture 
and capture fisheries complemented one another in a natural cycle of wet and 
dry season and monsoon rains. During the dry season (approx. May–December), 
most of the land was cultivated and fish were restricted to beels, rivers and canals. 
In the monsoon and post-monsoon periods (June–November), the floodplains 
were inundated and cultivation of deepwater rice was practised. This vast area 
provided an ideal habitat for the many freshwater fish species and people had 
access to fish (Payne and Temple, 1996).

In the early 1970s, Bangladesh was unable to produce enough rice to feed its 
population of  75 million. In the following three decades, rice production tripled, 
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and today, with a population of 160 million, the country is considered almost 
self-sufficient in rice. This has changed the overall agricultural production and 
management of land and water drastically, favouring rice production: high-
yielding rice varieties were introduced, more areas were brought under rice 
production, irrigation was expanded greatly, areas were drained and protected 
by flood control embankments, and fertilizer and pesticide use increased. 
Increased agricultural production intensity brought about reduction in soil 
fertility, decrease in groundwater level and siltation. These changes have been at 
the expense of inland fisheries; the area of inland waterbodies and the duration 
of inundation have fallen, with degradation and loss of fish habitat, as well as 
obstruction in fish movement to floodplains (Craig et al., 2004).

In the past 25 years, freshwater aquaculture has grown, and many households 
with a pond practise varying intensities of pond polyculture. Mostly, a mixture 
of carps was stocked, with silver favocarp (Hypophthalmichthys molitrix) being the 
most popular species. In recent years, the monoculture of the introduced species, 
Nile tilapia (Oreochromis niloticus) and pangas (Pangasianodon hypophthalmus) in 
ponds and closed waterbodies has been growing rapidly. Also, large areas near 
the coast have been converted to shrimp farms. Marine and coastal catches 
have grown to a certain extent due to the use of mechanized trawlers and new 
gears; however, in recent years, decline in catches has been reported, due to 
overfishing (Mazid, 2002).

Trends in fish intake

Official national data for fish production and catch are an inadequate proxy for 
intake, as it is well-recognized that these data fail to capture fish bought in small, 

Figure C4.1 Bangladeshi women preparing a fish curry. Photograph by Finn Thilsted
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rural markets, as well as fish caught by household members for consumption. 
Data from consumption surveys carried out in rural Bangladesh are used. In 
national rural consumption surveys conducted in 1962–1964 and 1981–1982, 
the average fish intake was 28 g fish/capita/d and 23 g fish/capita/d, respectively 
(Thompson et al., 2002). Data from household (rural and urban) income and 
expenditure report fish intakes of 38 g fish/capita/d and 40 g fish/capita/d, in 
2000 and 2005, respectively (Bangladesh Bureau of Statistics, 2005).

Several rural surveys have shown the effect of location, seasonality, year and 
household socio-economic status on fish consumption. In a survey conducted 
in 1997–1998, in kishoreganj, an area in northern Bangladesh with rich fisheries 
resources, the average fish intake in the peak fish production season (October), 
82 g raw, edible parts/person/d, was more than double that in the lean season 
(July). Fish intake data were collected by size of fish: small indigenous fish 
species (SIS, growing to a maximum length of 25 cm) and large fish; the intake 
of SIS was two-thirds of total fish intake (Roos, 2001). Surveys in Mymensingh, 
in 1996–1997, in three different seasons, among households practising pond 
polyculture of carps showed that in the low-income tertile households, the 
average intake of SIS was 76 g raw fish/capita/d, more than twice that of large 
fish. The high-income tertile consumed 44 per cent more fish in total than the 
low-income tertile, with a smaller proportion of SIS, 60 per cent of total fish 
intake, than large fish (Bouis et al., 1998). In a survey conducted in two rural 
upazilas in northern Bangladesh, in one upazila, in October 2007–May 2008, 
and in the other, in January–June 2007, the usual mean fish intake in women 
(n = 455) was estimated at 12 g fish/woman/d (5th–95th percentile: 2.1–34.2) 
(Yakes et al., 2011). It is important that fish intake data are collected at species 
level, and both interviewees and interviewers pay special attention to the intake 

Figure C4.2 Pond polyculture in Bangladesh. Photograph by Finn Thilsted
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of small fish, consumed fresh, as well as dried and fermented (M.A.R. Hossain, 
personal communication, 20 October 2010).

The frequency of fish consumption in Bangladesh is high, ranking second 
(after rice) or third (after rice and vegetables). In a survey on biodiversity of 
fisheries and nutrition in four rural areas, in 520 households in total, during 
three seasons in 1992 (a drought year, the lowest flood levels in the preceding 20 
years), 7 days’ household food frequency consumption was conducted (Minkin 
et al., 1997). Fish was consumed by 85 per cent of households at least once per 
week; and the average number of days per week of fish consumption was 3.5. In 
the Nutrition Surveillance Project implemented by Helen keller International 
(HkI), the frequency of consumption in seven days preceding an interview of 
four nutrient-rich foods – eggs, fish, green leafy vegetables and lentils – was 
collected for over 51,000 rural children, aged 12–59 months, twice a month, in 
2000. The fish was the most frequently eaten of these four foods (HkI, 2002). 
A similar food frequency consumption pattern was recorded in mothers of 
children less than five years of age, in rural Bangladesh in 2005. Fish was the 
second most frequently consumed food, after rice; followed by milk, lentils, 
green leafy vegetables, eggs, red/orange/yellow vegetables and fruits, chicken 
and meat, in descending order of frequency of consumption (J. Waid, personal 
communication, 28 February 2011).

The diversity of fish species consumption in Bangladesh is very high. In the 
above-mentioned study in kishoreganj, 44 common names for fish and two 
common names for shrimp were recorded (Roos, 2001). One SIS, puti (Puntius 
spp), consumed both fresh and fermented, covering 10 species accounted for 26 
per cent of the total fish intake; and five species, puti, silver carp, taki (Channa 
punctata), baim/chikra (Macrognathus aculeatus, M. pancalus, Mastacembalus armatus) 
and mola (Amblypharyngodon mola); in descending order of proportion of total 
weight of fish consumption made up 57 per cent of total fish intake (Roos et al., 
2003). In the above-mentioned study in four rural areas, a total of 75 fish species 
were consumed; small fish accounted for 43 per cent of the total fish intake (kg/
household/y); catfish and carp, 13 per cent; hilsa, 9 per cent; and snakehead, 
7 per cent (Minkin et al., 1997).

Even though the quantity of fish consumed may be low and probably 
continues to decrease among the rural poor, the high frequency of fish 
consumption and diversity of fish species consumed perhaps reflect the positive 
perceptions of fish, in particular SIS, for good nutrition, health and well-being 
(Thilsted and Roos, 1999; Deb and Haque, 2011).

The nutritional contribution of fish consumption

Fish, especially SIS, are a rich animal-source food of multiple, essential, 
highly bioavailable nutrients; animal protein, and some, for example hilsa, 
have a high content of fat and beneficial polyunsaturated fatty acids. As shown 
in Table C4.1, some common SIS – mola, chanda (Chanda nama, Parambassis 
ranga, Pseudambassis baculis), dhela (Ostreobrama cotio cotio) and darkina (Esomus 
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danricus) – have high contents of vitamin A. As most SIS are eaten whole, with 
bones, they are also a very rich source of highly bioavailable calcium. Darkina 
has a high iron and zinc content (Roos et al., 2007a). In the above-mentioned 
study in kishoreganj, SIS contributed 40 per cent and 31 per cent of the total 
recommended intakes of vitamin A and calcium, respectively, at household 
level, in the peak fish production season (Roos et al., 2006). In addition, fish 
enhances the bioavailability of iron and zinc from the other foods in a meal 
(Aung-Than-Batu et al., 1976). The edible parts of large cultured fish such as 
silver carp, tilapia and pangas do not contain vitamin A, iron or zinc, and as the 
bones of large fish are discarded as plate waste, they do not contribute to calcium 
intake (Roos et al., 2007b).

Measures to promote and protect fish biodiversity and 
fish consumption

Reduction in biodiversity of indigenous freshwater fish species in Bangladesh 
is a major concern, with 15 per cent of species reported to have disappeared, 20 
per cent critically endangered, and the rate of disappearance increasing in recent 
years (IUCN Bangladesh, 2000). Over the last six decades, 23 fish species have 
been introduced in Bangladesh, mainly for cultivation in closed pond systems. 
It is reported that the escape of these species to rivers and floodplains during 
the monsoon and floods is a threat to the biodiversity of SIS, as some are highly 
carnivorous and predatory (Hossain and Wahab, 2010). Many other factors 
contribute to decreasing fish biodiversity and production, including rapid 
population growth, water pollution by industry, natural disasters, sea intrusion, 
salinity, overexploitation of fisheries, use of harmful gears and dewatering of 
waterbodies.

Conservation and management of common fishery resources and fish 
migration routes are crucial for promotion and protection of biodiversity, as well 
as fish consumption. Community-based and community-managed fisheries 
approaches, ensuring fishers access rights and tackling the diverse interests 
of various stakeholders, offer opportunities for improving fish diversity and 
increasing fish intake, in particular of SIS. These approaches are important 
for the rural poor – 60 per cent being functionally landless, lacking access to 
land and water for agricultural production, and dependent, to some extent, on 
common resources for their livelihoods and food.

Work initiated in 1994 in Sigharagi Beel, north-central Bangladesh, on the 
re-establishment of fish migratory routes, through rehabilitating a channel to 
floodplains by desiltation resulted in restoration of fish habitats. A five-fold 
increase in total fish production, a doubling of the proportion of fish (mainly 
SIS) caught and consumed by the landless and small farmers, and an increase in 
the number of fish species (mainly SIS) from 46 to 64, pre- to post-restoration 
were recorded (Center for Natural Resource Studies, 1996).

The Management of Aquatic Ecosystems through Community Husbandry 
(MACH) projects (1998–2003) included interventions to restore three major 
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Box C4.1 Shefali and her family no longer depend on Hail Haor 
(wetlands ecosystem) for their livelihood and income

Figure C4.3 Shefali in her shop, selling rice to a villager

“The Hail Haor (a large shallow lake in north-east Banagladesh) resources 
were disappearing day by day due to overexploitation by the people. Our 
livelihood was under great threat and our daily income was decreasing. 
We had little money and many days we did not have enough food to eat”. 
These were the words of Shefali khatun (about 35 years of age), a woman 
from Hajipur village, Maulvi Bazar district, describing the dependence 
of her family – and many others – on the Hail Haor, before the MACH 
project. “I was a housewife and mother of a son; my husband, korom Ali, 
was a fisherman and he also caught birds in the Haor. Our livelihood was 
fully dependent on the Hail Haor”, Shefali said, in an interview in 2004.

“I heard about the MACH project and got interested to protect the 
Haor. I became a member of the Machranga Mohila Samity, a Resource 
User Group (RUG) for women. My husband and I received skill 
development training. Afterwards, I took a small loan of BDT 5,000 and 
began buying and selling rice. As my business grew, I took more loans 
and bought some cows. As my savings grew, I opened a small shop. My 
husband helps me with my work, especially in buying goods for my shop 
from the market.”

Shefali has paid back all her loans. She has supported her husband in 
starting a small business, buying and selling dried small fish. He no longer 
catches fish or birds in the Haor. “Today, my family lives well; I have 
purchased a small piece of land and leased a fish pond for two years. My 
son goes to school and is in fifth grade. We are all happy.”



278 Shakuntala Haraksingh Thilsted

Box C4.2 Shanti has expanded her fish pond after one year of 
fish farming

Figure C4.4 Shanti and her neighbours harvesting fish from her pond

Figure C4.5 Shanti and other Nepalese women farmers attend a field trip in 
Bangladesh

Shanti Mahato lives with her husband, two young sons and her parents-
in-law in khairini village, Chitwan, Nepal. She received project support to 
dig a pond (100 m2) in 2010 and stock carps and small fish. Together with 
other women in her village, she received training in pond polyculture. In 
a period of 9 months, Shanti and her family consumed about 20 kg of fish 
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wetland habitats, ensure sustainable productivity and improve the livelihoods 
of the poor who depend on these wetlands, through community based co-
management. Activities included forming community organizations and links 
to local government, excavation of beels and canals to expand dry season 
water holding, establishment of fish sanctuaries and a closed fishing season, 
release of indigenous fish species, and tree planting. In Hail Haor, north-east 
Bangladesh, data were collected for the baseline year (April 1999 – March 
2000) and intervention years (April 2000 – March 2003). The number of fish 
species increased from 71 (baseline year) to 85 (average of three intervention 
years); average fish consumption increased from 45 g/capita/d (baseline year) 
to 61 g/capita/d (third intervention year); small fish species, consumed fresh, 
dried and fermented, accounted for 85 per cent of average total consumption; 
and the proportions of fish consumed which were caught or bought from rural 
markets were 30 per cent and 70 per cent, respectively (Anonymous, 2003).

Conclusions

Biodiversity of fish species is important for nutrition and livelihoods of the 
rural poor in Bangladesh. There are promising fisheries technologies which 
have been developed and are being practised for improving fish biodiversity and 
nutrition. More stakeholders are becoming aware of the importance of small fish 
species, both freshwater and marine, for improving human nutrition, and the 
implications for national development. The Bangladesh Country Investment 
Plan (CIP), a roadmap towards investment in agriculture, food security and 
nutrition (2011–2016), the CGIAR Research Programs, and other initiatives 
such as Feed the Future and Scaling Up Nutrition (SUN): 1,000 Days provide 
good opportunities for developing and implementing interventions which can 
improve fish biodiversity and increase fish consumption in Bangladesh.

and sold 25 kg for NPR 4,200. She reported that her family enjoys eating 
fish, especially small fish as they are tasty. Together with about 20 women 
farmers, Shanti visited Bangladesh on a one-week trip in 2011. She was 
pleasantly surprised to see that pond polyculture was very popular in 
Bangladesh and the farmers knew a lot about fish production. She found 
the growing of many different vegetables on the dykes of the ponds very 
interesting and began this practice when she returned home. However, 
as her pond is small, not many vegetables could be planted on the dykes. 
She also expanded her pond to 130 m2. Shanti is an active member of a 
women’s farmer group and spends time going to nearby villages to teach 
women farmers about fish production in ponds. She likes fish farming 
and plans to convert a rice field to a big fish pond.
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Case study 5

The introduction of orange-fleshed sweet 
potato in Mozambican diets: a marginal 
change to make a major difference

Jan Low, Mary Arimond, Ricardo Labarta,  
Maria Andrade and Sam Namanda

Statement of the problem

Vitamin A is an essential micronutrient for human health. Vitamin A deficiency 
(VAD) can limit growth, weaken immunity, cause xeropthalmia leading to 
blindness, and increase mortality (Sommer and West, 1996). VAD is widespread 
among young children in sub-Saharan Africa (SSA), and in Mozambique the 
problem is severe with an estimated prevalence of 71 per cent in children 6–59 
months of age (Nutrition Division in Department of Community Health, 
2003). Food-based approaches to combating VAD aim to increase access to 
and intake of vitamin A-rich foods. They complement supplementation and 
food fortification approaches, particularly for reaching rural households with 
limited incomes for purchasing fortified products, but solid evidence for their 
effectiveness is limited (Ruel and Levin, 2000).

Why use orange-fleshed sweet potato (OFSP) as the key 
entry point?

There are two types of vitamin A available in foods: preformed retinol (vitamin 
A itself) typically found in animal foods such as eggs, liver, and milk; and pro-
vitamin A carotenoids found in plant foods such as dark green leafy vegetables 
and yellow and orange vegetables and fruits (McLaren and Frigg, 2001). Poor 
households typically cannot afford to consume the highly bioavailable animal 
foods on a regular basis. β-carotene is the major pro-vitamin A carotenoid among 
plant sources and the bioavailability of that beta-carotene which is converted into 
vitamin A (retinol) varies considerably. Among plant sources, OFSP have good 
to excellent amounts of beta-carotene, which is highly bioavailable (Jaarsveld et 
al., 2005; Haskell et al., 2004). Just 100–125 g of boiled or steamed OFSP meet 
the daily recommended intake levels of vitamin A for children under five years 
of age (Low et al., 2009). Moreover, unlike many vegetables, the sweet potato has 
significant amounts of energy as well as vitamin A. Hence, OFSP is considered 
a biofortified staple food crop that can tackle the problem of inadequate caloric 
intake as well as VAD.
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Sweet potato (Ipomoea batatas (L.)) exhibits a wide range of varietal diversity 
that results in it being grown from sea level to 2,300 m above sea level in 
SSA. Over 5,000 accessions are found in the germplasm bank maintained at 
the International Potato Center in Lima, Peru. Flesh colors cover the gamut 
of white, cream, yellow, orange, and purple. In SSA, the dominant landraces 
grown are white-fleshed, lacking in beta-carotene. The promotion of OFSP 
in SSA centers around asking households to make a marginal change in their 
sweet potato growing and consuming practices—eating orange instead of or in 
addition to white.

Delivery mechanism

The Towards Sustained Nutrition Improvement (TSNI) action research project 
was initiated in September 2002. Recognizing that the causes of VAD and 
undernutrition among young children are diverse, from the outset an integrated 
approach was adopted with three distinct pathways:

1 Agriculture: Introduction of a new source of vitamin A and energy biofortified OFSP
Intervention farmers receive (principally through groups) planting material 
of high-yielding OFSP varieties, combined with lessons on how to improve 
crop management and storage practices to maximize the availability of 
OFSP in the diet throughout the year (Figure C5.1).

Figure C5.1 The project specifically targeted women with small children to receive 
OFSP vines. Credit: J.Low
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2 Nutrition: Demand creation and empowerment through knowledge
At the village level, principal caregivers, both women and men, are 
encouraged and enabled to improve infant and young child feeding 
practices, hygiene practices, and diversify the household diet. A nutrition 
extensionist conducts monthly group sessions for a year (Figure C5.2). 
Demand creation efforts focus on building awareness among the broader 
community to create: 1) demand for the new OFSP cultivars and their 
derivatives, 2) demand for other vitamin A-rich foods, and 3) a supportive 
environment to accelerate behavior change at the household level. For 
the TSNI, these included six province-wide radio programs, three 
community theater performances (Figure C5.3), painted stalls and signs 
in local markets, t-shirts, caps and long cloths worn by women as skirts 
decorated with the slogan “O doce que dá saúde” (the sweet that gives 
health).

3 Marketing: Market development for OFSP roots and processed products
This component aims to link farmers to traders and to inform consumers 
about where they can purchase OFSP (Figure C5.4). Farmers with identified 
market outlets are more likely to expand the area under production. 
Thus, generated demand combined with market development stimulates 
production, enhances producer income and spreads the health benefits of 
OFSP to a wider population, all of which contribute to farmers’ willingness 
to retain OFSP and expand production. Demand for OFSP is enhanced 
if profitable processed products using OFSP as a major ingredient are 
developed.

Figure C5.2 Women preparing sweet potato as part of porridge preparation during a 
group nutrition session. Credit: J.Low
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Figure C5.3 Community theater seeks to create a supportive environment for mothers to 
adopt improved caregiving practices. Credit: J.Low

Figure C5.4 OFSP traders standing in front of their decorated roadside sales stall. Credit: 
J. Low
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The intervention lasted 18 months in two of the poorest districts in rural 
zambézia, Mozambique. World Vision, an international NGO, posted pairs 
of extensionists, one for agriculture and marketing, the other for nutrition 
at the community level, each pair serving 14 farmers groups. In total there 
were 498 mother–child pairs captured in the study that were compared 
with 243 mother–child pairs from “control” areas where no intervention 
was made.

Evidence of impact

The effectiveness of the intervention was evaluated after two agricultural cycles 
and findings published (Low et al., 2007). In the second year, 90 per cent of 
intervention households produced OFSP.  Vitamin A intakes among intervention 
children (n = 498) were much higher than those of control children (n = 243) 
(median 426 vs. 56 μg retinol activity equivalents, P < 0.001). OFSP contributed 
35 per cent of the total vitamin A intake of all children in the intervention area 
and 90 per cent among those who had consumed it the previous day. Serum 
retinol data were obtained as a proxy for vitamin A status. Controlling for 
infection/inflammation and other confounders, a 15 per cent decline in the 
prevalence of VAD was attributable to the integrated intervention. OFSP was 
well accepted and liked by both adults and children.

Scaling-up effort

The TSNI case study used an intensive package of activities that enabled us 
to demonstrate the potential for success in a community setting. The cost per 
beneficiary, however, was high (US$79 per direct plus indirect beneficiaries) 
(Labarta and Low, 2007) and hence the follow-up action research project, known 
as the Reaching End Users (REU) project (led by HarvestPlus), sought to lower 
the cost by introducing the use of village promoters and using existing church 
or farmers groups instead of engaging in new group formation. The integrated 
approach was retained, although the marketing component was restricted to areas 
with better market access. By working through promoters, extension personnel 
could reach a larger number of beneficiaries per extensionist and substantially 
reduce costs. Positive results were found, confirming that vitamin A intakes 
can be doubled in key target groups for a reasonable cost using the integrated 
approach with promoters (Hotz et al., 2011; HarvestPlus, 2010). In addition to 
the REU study, OFSP dissemination has been taking place on a broader scale 
in Mozambique but without the resources to measure the household-level 
consumption impact. Seminars and workshops have been held to disseminate 
findings and promote adoption. The monitoring of OFSP adoption is captured 
as part of the national agriculture survey, which is conducted periodically. As of 
2008, 138,000 households were growing OFSP (Departamento de Estatística 
(Direcção de Economia), 2008).
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Relevant stakeholders

From the outset of the OFSP effort, there was strong buy-in from the nutrition 
division of the Ministry of Health, because nutritionists doubted the financial 
sustainability of twice-yearly vitamin A supplement distribution and felt strongly 
that the underlying causes of vitamin A deficiency (inadequate intakes and 
disease) should be addressed. A nurse from the Ministry of Health was seconded 
to the project to lead the blood sampling and assist in the implementation of 
the nutrition component. The NGO, World Vision, collaborated with public 
sector agriculture extension in the establishment of maintenance of key vine 
multiplication sites. Another NGO, Helen keller International, was contracted 
to develop the behavior change strategy and produce the radio programs. The 
Institute of Agronomic Research for Mozambique (INIA) was a full partner, 
providing the initial cuttings of the eight OFSP varieties used in the project. 
INIA, now reorganized and known as IIAM (Institute for Agrarian Research 
in Mozambique), is backstopped by a resident sweet potato breeder from the 
International Potato Center.

Policy impact

A stakeholder’s workshop was held at the onset of the OFSP promotion 
effort and a six-page policy brief was disseminated on the potential for OFSP 
in Mozambique (Low et al., 2000). The use of food-based approaches and 
OFSP is recognized as an excellent source of vitamin A in the government’s 
current nutrition strategy. The sweet potato is recognized in agriculture policy 
documents for its role as a crop to mitigate drought and to recover from 
floods. The Food and Nutritional Security Strategy II 2008–2015 (ESAN) has 
incorporated the basic human right to adequate food and recognizes the need to 
increase local production of adequate food to cover nutritional needs in terms of 
quantity (energy) and quality (which ensures all essential nutrients) (Bulletin of 
the Republic, 2007). Mozambique has a Technical Secretariat for Food Security 
and Nutrition (SETSAN) that coordinates, promotes, monitors and evaluates 
the activities carried out by line organizations of the Government and others 
involved in food and nutrition security. A SETSAN representative is a member 
of the Sweetpotato Support Platform (SSP) for Southern Africa, created in 
2010 for sharing experiences and backstopping varietal development and seed 
systems. The SSP for Southern Africa is based in Maputo due to Mozambique’s 
decade-long experience in developing and promoting OFSP.

The Mozambican experience, combined with findings from other studies in 
Uganda and kenya, has provided vital evidence that is being used by members of 
the Vitamin A for Africa (VITAA) platform and others to attract funding for the 
development and use of locally adapted OFSP varieties and their promotions. 
Currently, 15 countries are actively engaged in OFSP-related activities 
(kenya, Ethiopia, Uganda, Tanzania, Rwanda, Malawi, zambia, Mozambique, 
Madagascar, DR Congo, Angola, South Africa, Burkina Faso, Ghana, Nigeria) 
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and are exchanging information through the Sweet potato for Profit and Health 
Initiative (launched in October 2009) and the Sweet potato knowledge Portal 
(www.sweetpotatoknowledge.org, accessed July 2012). The extent of activities 
within a given country varies, driven by available human and financial resources.

Key lessons learned

There have been four major lessons growing out of the OFSP promotion 
experience to date in Mozambique. First, all age groups enjoy consuming OFSP 
and it can make significant impacts on vitamin A intakes and status when it 
is available. The orange color proved to be an advantage, not a disadvantage, 
for an agriculture intervention with a clear nutritional message. Second, adults 
and children can differ in their varietal preferences. Adults in general prefer 
more floury textures (higher dry matter content) than young children do. This 
is relevant because introduced OFSP germplasm from the Americas tends to 
have lower dry matter content than existing African varieties, including the 
limited number of OFSP African varieties that have been collected and used in 
promotion programs in SSA. Third, the most important constraint to expanded 
and sustained sweet potato production is the timely availability of quality planting 
material at the beginning of the rains. We tested various distribution methods 
and found that for drought-prone areas establishing trained farmer multipliers 
with water access to serve their local communities is preferable to periodic 
mass distribution efforts. In addition, a new method (the Triple S method) of 
storing small but healthy roots in a bucket of sand during the dry season and 
re-sprouting in protected seed beds prior to the rains is a promising solution 
for rural farmers with limited dry season water access. Fourth, for sustained 
adoption, it is necessary to invest in actual breeding efforts in Africa to have 
materials that are sufficiently adapted to local conditions. It has been discovered 
that the most preferred variety found in the TSNI project for its taste, yield, and 
excellent shape for marketing, Resisto, did not have vines sufficiently vigorous 
as the local varieties to withstand the dry season or alternatively, re-sprout in 
adequate amounts at the beginning of the rains. This led to the seeking and 
obtaining of funds to launch an accelerated breeding effort to produce more 
drought-tolerant OFSP for Mozambique. In early 2011, 15 new improved OFSP 
varieties were released and will form the foundation for a major dissemination 
effort to reach 120,000 households beginning in December 2011.
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Case study 6

Diversifying diets: using indigenous 
vegetables to improve profitability, 
nutrition and health in Africa

C. Ojiewo, A. Tenkouano, J. d’A. Hughes and 
J.D.H. Keatinge

Introduction

The picture of malnutrition in Africa is quite depressing: 20–25 per cent of the 
population’s nutrient intake falls below minimum dietary requirements, 25–30 
per cent of children under five years of age are underweight, 33–45 per cent 
suffer from vitamin A deficiency (VAD), while a further 30–50 per cent are 
stunted. There is more than 25 per cent goitre prevalence among 6–11 year 
olds, 13–20 per cent have low birth weights, and infant mortality rates stand at 
an unacceptable 5.5–13.5 per cent (kean et al., 1999). Even more alarming is 
an 18 per cent rise in the number of malnourished children projected by 2020 
(IFPRI, 2001).

Imbalanced diets lead to nutrient deficiencies. Efforts to combat micronutrient 
deficiencies through biofortification of staple crops or by diet supplementation 
with vitamins or minerals are relatively expensive and can target only a few 
nutritional factors. Indigenous vegetables are rich in provitamin A and vitamin 
C, several mineral micronutrients, other micronutrients and nutraceuticals 
(Yang and keding, 2009). Diversifying diets with indigenous vegetables is 
a sustainable way to supply a range of nutrients to the body and combat 
malnutrition and associated health problems, particularly for poor households. 
The relative increased costs of crop diversification would be one-off and minor 
in relation to the ongoing costs of supplementation through drug treatment or 
through artificial food additives.

Genetic diversity and health-related benefits of 
indigenous vegetables in Africa

There are about 400 well-defined plant species encompassing 53 botanical 
families that are primarily used as vegetables in Africa (PROTA, 2004). More 
than 90 per cent of these species are either indigenous or ancient introductions 
to Africa and only 8 per cent are recent introductions regarded as standard global 
vegetables (PROTA, 2009).
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Most indigenous vegetables are collected from the wild, or occur as volunteer 
plants in crop fields; more recently domestication and cultivation has been on 
a steady rise (Chweya and Eyzaguirre, 1999; Oniang’o et al., 2006). Amaranth, 
spider plant, African nightshade (Solanum scabrum), African eggplant, vegetable 
cowpea (Vigna unguiculata), and jute mallow (Corchorus olitorius) are considered as 
the most important crop species across communities and borders (PROTA, 2004). 
The genebank collection of the World Vegetable Center (AVRDC) in Arusha, 
Tanzania, holds 2,659 indigenous vegetable accessions of 48 species (Table C6.1), 
the largest in Africa to date. This genebank acts as the primary source of breeding 
material for the development of new varieties by AVRDC and its partners in the 
public and private sectors. It is an essential resource for the participatory, farmer-
focused variety selection process that AVRDC and its partners have adopted.

High levels of minerals, especially calcium, iron and phosphorus, vitamins A 
and C and proteins are found in indigenous vegetables (Nesamvuni et al., 2001). 
These are of particular health value to vulnerable groups such as pregnant and 
nursing mothers (Table C6.2). Spider plant, roselle and hair lettuce are excellent 
sources of iron (Weinberger and Msuya, 2004) while African nightshade, jute 
mallow, and moringa (Moringa oleifera) are substantive sources of provitamin 
A (Muchiri, 2004). Within poor households, approximately 50 per cent of all 
vitamin A requirements and 30 per cent of iron requirements are provided 
by the consumption of indigenous vegetables (Weinberger and Msuya, 2004). 
Spider plant has been reported to retain up to 90 per cent of its vitamin C when 
boiled (Sreeramulu et al., 1983).

Many indigenous vegetables also contain a variety of nutraceuticals such as 
allylic sulfides, beta-carotene, flavonoids, genistein, isothiocyanates, limonoids, 
lycopene, phenolic acids, and phytoestrogens, many of which are antioxidants 
that prevent or ameliorate disease symptoms. Strong associations between these 
nutraceuticals and immunity enhancement and prevention of chronic diseases 
have been reported (German and Dillard, 1998). Indigenous vegetables have 
been reported to show antioxidant, antiviral, antibacterial, anti-inflammatory 
and anti-mutagenic activities (Yang and keding, 2009).

Nutritionally well-balanced diets improve the control of HIV infection 
and mitigate the health impact of AIDS (FAO, 2002). Chronic malnutrition, 
especially micronutrient deficiency, has a progressive and synergistic relationship 
with HIV/AIDS (Beisel, 2001). Early HIV infection is accompanied by certain 
micronutrient deficiencies (vitamin A and zinc) that play an important role in 
both the transmission of HIV and its progression (kean et al., 2001). Improving 
nutrition thus strengthens the immune system against secondary infection, 
delays the progression of HIV/AIDS and reduces transmission from mother 
to child (kean et al., 2001). Indigenous vegetables have strong nutritional and 
nutraceutical potential to provide a good interface between food and nutritional 
security and HIV/AIDS (Gari, 2003). Consumption of moringa, for example, 
has been demonstrated to improve the health conditions of HIV/AIDS patients 
by increasing the Cluster of Differentiation 4 (CD4) cells and lowering virus 
counts (Hirt and Lindsey, 2005).



Table C6.1 A list of the active germplasm collection of strategically important indigenous 
vegetables preserved and potentially used in breeding at the AVRDC genebank in Arusha, 
Tanzania

Vegetable Crop Genus and species No. of Species No. of Accessions

Amaranth Amaranth cruentus, A. dubius, 
A. graecizans, A. hybridus, A. 
hypochondriachus, A. retroflexus, 
A. shimbuya,  A. thunbergii

9 546

African eggplant Solanum aethiopicum, S. anguivi, 
S. macrocarpon

3 466

African nightshade Solanum americanum, S. 
chenopodioides, S. cochabambense, 
S. eldoretianum, S. nigrum, 
S. nigrescens,S. nodiflorum, 
S. opacum, S. retroflexum, S. 
sarrachiodes, S. scabrum, S. 
villosum

12 328

Ethiopian mustard Brassica carinata 1 154

Jute mallow Corchorus olitorius 1 35

Hyacinth bean Lablab purpureus 1 51

Moringa Moringa oleifera 1 6

Mungbean Vigna radiata 1 80

Okra Abelmoschus caillei, A. esculentus, 
A. ficulneus, A. manihot

4 316

Pumpkin Cucurbita maxima, C. moschata 2 77

Roselle Hibiscus sabdariffa 1 297

Spider plant Cleome gynandra 1 107

Vegetable cowpea Vigna unguiculata 1 142

Bitter gourd Momordica charantia 1 1

Ivy gourd Coccinia grandis 1 1

Lagos spinach Celosia argentea 1 1

Marigold Tagetes erecta 1 2

Peas Pisum sativum 1 1

Sword bean Canavalia gladiata 1 1

Velvet beans Mucuna pruriens 1 1

Galant soldier Galinsoga parviflora 1 1

Sun hemp Crotolaria spp. 2 2

Total 48 2,616
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Linking farmers to markets and marketing indigenous 
vegetables

Traditionally, indigenous vegetables were grown in homestead gardens for 
subsistence and rarely traded. However this has changed over the past decade 
and indigenous vegetables now contribute substantially to household incomes 
(Pasquini and Young, 2007). This is partly attributed to deliberate market 
demand creation through concerted promotion and public awareness efforts. 
Such efforts have been led by staff of Bioversity International allied with local 
non-governmental organizations (NGOs), rural communities and AVRDC 
(Moore and Raymond, 2006; Oniang’o et al., 2006; Irungu et al., 2007). Urban 
consumers now appreciate indigenous vegetables as rich sources of important 
nutrients as well as traditional flavours, while farmers recognize them as 
valuable commercial crops. Linking producer groups to market outlets in both 
formal and informal markets has led to a shift in production trends particularly 
in Tanzania, where an estimated 70 per cent of the vegetables grown and 
marketed in rural and peri-urban areas are indigenous vegetables, while in 
kenya a 135 per cent market growth for these vegetables was realized between 
2002 and 2006.

Promoting the consumption of indigenous vegetables

AVRDC employs an inclusive participatory approach to variety development 
that involves joint evaluation and demonstration with various stakeholders. 
This approach ensures the continual flow of information from farmers and 
consumers to researchers and back to farmers for the identification of new 
varieties that meet market/consumer demand. The new varieties are promoted 
through demonstrations, field days, seed fairs, information leaflets, distribution 
of seed kits for home gardens, training programmes for farmers, and workshops 
in collaboration with seed companies, NGOs, and National Agricultural 
Research and Extension Services (NARES). For example, in partnership 
with Farm Concern International, AVRDC and Bioversity International have 
introduced and promoted new lines of various indigenous vegetables in kenya 
and Tanzania, successfully competing with standard vegetables in supermarkets. 
Currently, several supermarkets in Nairobi have attractive displays of indigenous 
vegetables while some restaurants, such as Ranalo Foods, now specialize in 
indigenous vegetables and other traditional foods (Moore and Raymond, 2006).

African eggplant as an indigenous vegetable with potential for rapid 
development

The genus Solanaceae comprises more than 3,000 species. Globally, it is 
among the most important taxon economically and is the most valuable in 
terms of vegetable crops (Mueller et al., 2005). These species have evolved in 
highly contrasting environments, and, although vegetable crops such as potato 
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and tomato are reasonably well understood and may be regarded as ‘model’ 
species for research, the majority of the potential vegetable species within the 
genus remain largely under-researched, if not undiscovered. In the case of 
the ‘aubergine’ or eggplant (Solanum melongena), its worldwide prominence in 
Mediterranean agricultural environments has led to a long history of cultivation 
and substantive research support, mostly for purple coloured teardrop shapes 
or their near equivalent. This is less true for other shapes and colours of S. 
melongena. Three of its near relatives, the African eggplants (S. aethiopicum, S. 
anguivi, and S. macrocarpon) have received very little research attention, yet these 
species have potential for helping smallholder farmers grow themselves out of 
poverty.

African eggplant is commonly grown and consumed in the tropical areas of 
sub-Saharan Africa, South Asia and Southeast Asia. The fruit varies in shape 
from round, ovoid, or teardrop to long and thin; colours include white, yellow, 
green, orange, brown, and speckled. The flesh can be sweet or bitter in taste. The 
usual locus of production today is from smallholder growers or from kitchen 

Figure C6.1 African eggplant: In the process of domestication, Solanum aethiopicum L. 
developed into four cultivated groups based on adaptation to different growing conditions 
and selection for either fruit or leaf consumption. The Gilo group, shown here, has 
edible oval or round fruit 2–12 cm long ranging in colour from white, green, red, brown 
to purple. The Shum group has small hairless leaves, which are consumed as a leafy 
green; the small, very bitter fruit is not eaten. The kumba group produces large ridged 
fruit (5–10 cm in diameter) edible when green or red in colour, and has large leaves 
that can be consumed as a vegetable; some cultivars of this group are used for both fruit 
and leaf consumption, while others are mainly grown as leafy vegetables. The furrowed 
fruit of the Acelatum group is about 3–8 cm in diameter (Grubben and Denton, 2004; 
Porcher, 2010). Source: AVRDC – The World Vegetable Center
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garden plots, and farmer use of improved or hybrid seed is rare (keding et al., 
2007). The lack of a preferred market type and production on small farm plots 
provides little incentive for seed companies to invest in improved types, as each 
market segment is perceived to be comparatively small and ill-defined. This, in 
essence, is the research and development problem associated with this species. 
Nevertheless, African eggplant is popular and could generate much broader 
demand from urban populations in Africa and Asia with sufficient research and 
development investment.

Identification of the dimensions of the research and development problem 
for African eggplant

Accurate statistics on the area of land under production and the productivity 
of African eggplant species worldwide are essentially unavailable (FAOSTAT, 
2007). This is a truism for most vegetable species not only at the global level, 
but also at regional and down to national levels. This is probably because such 
a crop is deemed by statistical collection authorities to be largely of smallholder 
interest only, as much of the crop is self-consumed by producer families with 
only the excess sold fresh in local markets. Data on vegetables are perceived as 
less important and more difficult to collect from smallholders or low-volume 
market traders than for staple crops traded internationally, such as maize and rice. 
Yet these species are available for sale, though in small quantities, throughout 
sub-Saharan Africa, South and Southeast Asian, whether it is in the Sahel, the 
Great Lakes, the Deccan or the Mekong regions (Chadha and Mndiga, 2007; 
National Research Council, 2006).

National authorities, private sector seed companies, and public sector 
breeders in most parts of the tropical world have shown ambivalence toward 
these eggplant species, with the exception of India, where many eggplant 
types are grown. Until recently, improved seed has not been available in most 
countries and only unimproved landraces have been the principal sources of 
seed. Research in general has been minimal, as reported by Ssekabembe and 
Odong (2008). In Uganda, more recently, Oluoch and Chadha (2007) have 
shown that of 42 lines of African eggplant, the highest five-year mean fruit 
yields could exceed 62 t/ha, with seed yields also above 2 t/ha. In comparison, 
previous yields using landraces might have been around (Solanum scabrum) 5–20 
t/ha (Oluoch and Chadha, 2007). These authors showed that S. aethiopicum 
lines were better adapted to conditions in Arusha, Tanzania than S. anguivi and 
S. macrocarpon. There were considerable differences between lines, suggesting 
good opportunities to select superior cultivars.

In addition to good yield potential, it is evident that the eggplant, though 
not particularly nutritious itself, can be grown as an intercrop with nutrient-
dense green leafy vegetables such as Amaranthus spp. Examples from Uganda 
suggest this is a more profitable option than sole cropping of either vegetable 
(Ssekabembe, 2008).
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The approach of AVRDC to research and advocacy for African eggplant

AVRDC – The World Vegetable Center has committed breeding and full value 
chain support to African eggplant. The Center seeks to provide improved 
varieties of different African eggplant species for release throughout sub-
Saharan Africa and South and Southeast Asia. These are types deemed desirable 
by consumers in tropical regions for colour, shape, and taste. The Center also 
encourages national seed release and control authorities to make registered 
quality seed available to farmers. Small- and medium-scale private sector 
partners were encouraged to multiply seed of improved African eggplant lines 
and sell it directly to farmers, or to use the improved lines as parents in their 
own breeding or hybridization programmes.

Research and development results to date of AVRDC and its partners

Current research and development has resulted in the release of several AVRDC 
African eggplant varieties in Africa. In Mali, ‘Soxna’ produces flattened, lobed 
fruit turning red-orange at maturity; it has a slightly soft texture and can be eaten 
fresh or cooked. Variety ‘L10’ has slightly smaller fruit of similar characteristics. 
In Tanzania, variety ‘DB3’ has been released; it has white, medium-sized, ovoid, 
sweet fruits. This line is already popular with farmers, and demand for seed 
exceeds supply. Seed of ‘DB3’ will be sold by small and medium seed companies 
throughout Tanzania’s Great Lakes Region. Other types of African eggplant will 
soon be available from AVRDC’s breeding pipeline.

Figure C6.2 An African eggplant of the kumba group. African eggplant fruit is eaten 
boiled, steamed, pickled or in stews with other vegetables and meats. Young leaves of 
African eggplant are high in beta-carotene and calcium. Source: AVRDC – The World 
Vegetable Center
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Impact on farmers and their families

Chadha and Mndiga (2007) report that several promising varieties of African 
eggplant were identified in Arusha, Tanzania including ‘DB3’, ‘Tengeru White’, 
‘AB2’ and ‘Manyire Green.’ Seeds were distributed to 200 farmers in the Arumeru 
district of Tanzania (near Arusha) and an informal survey was carried out with 
those farmers who had collaborated in the test-growing. These farmers were 
generally smallholders and were able to allocate about 0.5 ha or less to growing 
eggplant in a single season. ‘DB3’ and ‘Tengeru White’ seemed to be the preferred 
types, and ‘DB3’ was formally released in 2011.

There was high market demand for these crops locally and incomes were said 
to have increased by between US$1,600 and US$2,500 per hectare per season. 
Farmers reported several substantial social improvements as a result of the 
increased income, including the ability to purchase more land, build houses, and 
buy improved household articles. One grower is also acting as a consolidating 
buyer, employing women to harvest, sort, grade and bag the crop prior to sale to 
local wet markets or supermarkets.

Marketing efforts to interest supermarkets in African eggplant in Tanzania 
and kenya have been successful, and the fruit is now commonly seen for sale 
in Nairobi, Arusha and Dar es Salaam, as well as in Accra, Cotonou and other 
cities in West Africa (AVRDC, 2008). Most consumers in big African cities 
have a desire to purchase the indigenous vegetables that are more common 
in rural areas. This appears to be the case for African eggplant and market 
demand remains buoyant.

What further research is needed?

Early tests of the economic performance of improved eggplant seed have shown 
that African eggplant can be a profitable crop provided consumer preferences 
are addressed in improved varieties. However, suitable seed systems need to be 
developed and seed must be made available throughout countries in the tropics 
to adequately address the crop’s potential. The complexity of ploidy relationships 
in intercrosses between eggplant species needs better understanding if hybrid 
seeds are to become more easily available. There have been some levels of 
success with new intra- and interspecific pipeline hybrid varieties developed 
by Rijk zwaan Afrisem Co. Ltd in Arusha Tanzania (H. Peeters, pers. comm., 
2010).

Little is known about the agronomy of pest resistance of the improved varieties, 
although evidence exists that S. aethiopicum has substantive resistance to bacterial 
wilt (Ralstonia solanacearum). This is seen to be of considerable value globally as 
S. melongena is generally lacking resistance to this serious and common disease 
(Colonnier et al., 2001). Evidence is needed to determine whether heat and 
drought tolerance claims can be substantiated in reality.
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Lessons learned and future prospects

Indigenous vegetables were previously considered subsistence food crops 
as opposed to cash crops. It is now established that they attract good prices 
in local markets and also have potential for international trade. Among the 
food crops, starch crops are referred to as staple or food security crops and 
indigenous vegetables fall into the category of non-staple crops. Yet, indigenous 
vegetables often accompany staple crops in meals, and most staple crops are 
less palatable without associated vegetable servings. Indigenous vegetables 
can enhance bioavailability of micronutrients in staple crops and promote 
absorption (Vijayalakshi et al., 2003). In addition, some indigenous vegetables 
can be harvested in just 21 days, providing a rapid response to urgent needs 
for food and nutrition, while most of the food security crops take at least six to 
nine months to reach harvest. It is now recognized that food security cannot 
be delinked from nutritional security, to which the consumption of indigenous 
vegetables significantly contributes (keatinge et al., 2011). Well-balanced diets 
are essential to human health and these are best achieved by greater diet diversity 
and increased consumption of vegetables. Continuing investment in indigenous 
vegetables research and development is thus a vital weapon in the continuing 
battle against human malnutrition worldwide.
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Diversifying diets: using agricultural 
biodiversity to improve nutrition and 
health in Asia

Jennifer Nielsen, Nancy Haselow, Akoto Osei  

and Zaman Talukder

Background

Malnutrition, including micronutrient deficiencies, is a serious public health 
problem among women and children throughout Asia. Underweight among 
preschool children in Bangladesh, Cambodia, Nepal and the Philippines is 41 
per cent, 36 per cent, 39 per cent and 21 per cent respectively (NIPORT, 2009; 
NIS, 2011; MOHP, 2012; NSO, 2009). Anaemia and vitamin A deficiencies 
are also widespread, with anaemia affecting over half of children between 6 
and 59 months and pregnant women in these countries (WHO, 2012). Hunger 
and malnutrition have consequences for survival, cognitive function, physical 
capacity, resistance to disease, quality of life (Victora et al., 2008) and lifetime 
earnings (Hoddinott et al., 2008), while low dietary diversity is associated with 
both poverty and stunting (Black et al., 2008).

Helen keller International’s Homestead Food Production (HFP) programme 
was developed in Bangladesh and later expanded to Cambodia, Nepal and the 
Philippines to diversify household-level agricultural production as a means to 
diversify dietary intake. The model introduced new varieties while preserving 
and promoting indigenous varieties of plants as well as poultry and livestock, 
emphasizing a wide range of production in order to maximize success under 
varying biotic, edaphic and climatic conditions; reduce the risk of loss due to 
pests, disease, and climate change and variability; and optimize the nutritional 
status of household members through consumption of a broader spectrum of 
macro and micronutrients and phytochemicals. Recognizing the importance 
of diversified agro-ecosystems, the design intentionally promotes and supports 
growing a variety of species year round.

The benefits of agricultural biodiversity: why, what

While the primary objective of the HFP programme is to improve food security 
and nutrition by promoting more diversified diets, there are clear mutually 
reinforcing benefits between agricultural biodiversity and human nutrition. 
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Helen keller International’s (HkI) first pilot home gardening programme 
was launched in Bangladesh in 1988 after a national blindness survey showed 
that households with kitchen gardens were less likely to comprise night-blind 
children (a clinical sign of vitamin A deficiency – VAD). The objective of the 
first HFP programme was thus to reduce VAD in women and children by 
increasing production and consumption of nutrient-rich fruits and vegetables. 
Within two years of the intervention, over 90 per cent of the families targeted 
by the pilot study were producing vegetables and fruits high in vitamin A, 
including carrots, spinach, amaranth and papaya year round, with vegetable 
consumption in the target households increasing from 5.8 to 7.5 kg per week, 
compared with a modest increase of 5.1 to 5.4 kg among control households. 
Soon after, when a study in Indonesia (de Pee et al., 1998) showed low 
bioavailability of beta-carotene in some plant sources, HkI integrated small 
animal husbandry into the model. The model has been scaled up in Bangladesh 
and expanded to Cambodia, Nepal, the Philippines and Indonesia. More recent 
surveys in the Barisal division of Bangladesh confirm the uptake findings with 
the practice of improved (diverse, year-round) homestead food production 
increasing from < 1 to 89 per cent of households between 2004 and 2009. The 
volume of production and the number of varieties in participating households 
was also found to increase, with improved home gardens producing on average 
45 varieties of vegetables compared with 10 in households with traditional 
gardens (Talukder et al., 2010).

To diversify production systems, the HFP programme encourages the 
conservation of indigenous varieties of fruits and vegetables (de Pee et al., 2010), 
particularly underutilized species, and the introduction of micronutrient-rich 
species from similar agro-ecosystems to complement and improve increased 
intake of a wide range of nutrients. Improved local breeds of poultry are 
promoted as animal-source foods in addition to fish. In Asia, HkI promotes 
more than ten infrequently cultivated indigenous varieties of vegetables and 
fruits. These include varieties of mint (Mentha sp.), black arum (Xanthosoma 
atrovirens), kangkong (Ipomoea aquatica), pigeon pea (Cajanus cajan), drumsticks 
(Moringa oleifera), helencha (Enhydra fluctuans), Thankuni pata (Centella asiatica), 
neem (Azadirachta indica), basil (Ocimum sp.), country bean (Lablab niger), 
cowpea (Vigna sp.), taro (Colocasia esculenta), and coriander (Coriandrum sativum). 
Some of these are leguminous plants promoted to enhance soil nitrogen; others 
act as organic insect repellents. Because they are locally adapted, these plants do 
not require significant labour or other inputs, yet contribute to a healthy agro-
ecosystem as well as nutritional diversity.

The benefits of agricultural biodiversity: how

HkI promotes the HFP model by establishing demonstration plots on local 
farms to showcase low-cost, low-risk cultivation practices to households 
interested in making the transition from traditional to more diversified 
vegetable, fruit and animal production. Farmers with adequate land and a 
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demonstrated commitment to the project are selected by community leaders 
and trained by HkI to set up and run Village Model Farms (VMF) that 
provide training and demonstrations on improved agricultural techniques, 
technologies and poultry production activities for households participating in 
the programme (typically between 20–40 households per VMF). Furthermore, 
the VMF are used as production centres, providing targeted households with 
low-cost quality seeds, seedlings, saplings of locally available fruit, shade and 
multipurpose trees and local or improved breeds of chicks. Model farmers 
are trained to provide technical training on seed production and storage to 
ensure sustainable cultivation in subsequent planting seasons. Because of their 
important role in household food preparation, women are the main targets 
for training and technical assistance, while community support for women’s 
leadership is carefully cultivated.

Nutrition education, based on the Essential Nutrition Actions (ENA)1 
framework, is also a fundamental component of the HFP model. Trained 
health staff and volunteers working at the village level lead nutrition education 
discussions and provide counselling to support mothers to adopt healthier 
practices, including the consumption of nutritious foods from the HFP during 
pregnancy and lactation, optimal breastfeeding and complementary feeding 
for infants and young children. Other elements of the behaviour change 
communications strategy include cooking demonstrations, engagement of 
fathers and grandmothers, community mobilization events and mass media 
messages to reinforce knowledge and support changes in community norms 
around nutrition. These multi-channel communication strategies reinforce 
awareness and adoption of improved nutrition practices.

Local community-based organizations (CBOs) are fundamental to the 
sustainability of the programme, as are government and non-governmental 
agents from agricultural, health and other sectors who are mobilized to 
disseminate key messages and reinforce improved practices. Group marketing 
strategies have helped small producers to access markets, increasing household 
income and livelihood options. This, in turn, helps to perpetuate the use of 
improved practices. Sharing, collaboration, community mobilization, mutual 
support and building on local organizations are also critical. Personnel from 
these local structures are trained to lead the initial implementation and are 
prepared to provide additional inputs and technical advice to help sustain the 
work in the communities after external support is withdrawn.

The benefits of agricultural biodiversity: health impacts

Substantive evidence exists on the role of the HFP model in contributing 
to improved household food security and nutrition status (Bushamuka 
et al. 2005). Pooled data from across the four countries in Asia, where the 
programme has the longest history, showed decreases in anaemia prevalence 
among children aged from 6 to 59 months in all programme communities, 
including significant differences in Bangladesh and the Philippines, and 
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Box C7.1 Sona Chaudhary, age 40, Nepal

Figure C7.1 Village model farmer in Nepal. Photo: ©Helen keller International/
George Figdor

Sona Chaudhary is a village model farmer living in a joint family made up 
by her husband, two brothers-in-law, two sisters-in-law, a grandson and a 
granddaughter. Her husband, a day labourer, is rarely home, so she has to 
manage many household responsibilities herself.

Sona and her family were selected to manage the village model farm as 
she met the minimum land requirements, was respected by the women 
in her village, and expressed a willingness to share knowledge and provide 
assistance to others. Sona received an intensive three-day training from 
HkI’s USAID-funded AAMA project (aama means mother in Nepali) 
covering organic agriculture, planning for year-round diversified 
production and mentoring others in newly acquired skills.

Sona reports that prior to training received by HkI her family had very 
limited knowledge of vegetable production and animal husbandry, as well 
as of the production and application of compost manure. Her household’s 
home garden covered an area of 65m2, grew six crops – dark green leafy 
vegetables [DGLV] amaranth and taro; orange-fleshed pumpkin; potato, 
chilli and onions – and production did not meet her family’s consumption 
needs. The family had one hen and one rooster that were allowed to graze 
freely with no protective coop, at high risk of predators and disease.

Through her participation in the project, Sona’s garden has expanded 
to 1,000 m2 and now produces six varieties of DGLV, including mustard 
leaf and spinach, carrots and mangos, in addition to pumpkin, cauliflower, 
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greater differences in programme compared with control communities, even 
though intergroup differences were not statistically significant (Talukder 
et al., 2010). Surveys in Bangladesh also documented increases in dietary 
diversity (measured as consumption of at least three food groups2 on at least 
three of the previous seven days) from 34 to 62 per cent among women and 
from 43 to 86 per cent among children aged 6–59 months. Similar outcomes 
were achieved in other settings, including Cambodia and Nepal. Research 
is currently under way in Nepal to test the impact of the intervention on 
child growth. At the same time, a review by the International Food Policy 
Research Institute of HkI’s nearly 20 years of support for HFP intervention 
in Bangladesh recognized that the programme improved food security for 
nearly 5 million vulnerable people in diverse agro-ecological zones, increasing 
both the variety and quantity of production (Iannotti et al., 2009). Evidence 
from Cambodia indicates that household consumption of dark green leafy 
vegetables, orange vegetables and fruits, overall household dietary diversity 
scores and egg consumption among children increased significantly more in 
intervention households from baseline to end line compared with controls. 
Pooled analysis of data from Bangladesh and Cambodia suggests that among 
households with improved gardens, children consumed a mean of 13 types 
of vegetables compared with only four where cultivation was traditional, and 
the frequency of vegetable consumption was 1.6 times higher (Talukder et al., 
2010).

HkI has recently begun to translate this model of biodiverse household 
production to sub-Saharan Africa, with an initiative under way in Burkina Faso 
and another planned in Tanzania. The arid climate, poor soils, and migratory 
labour demands on staple crop production in the Sahel pose significant 
challenges to the approach. Nevertheless, while year-round production may not 
be possible, evidence to date shows that diversified agriculture production and 
consumption is possible and equally critical in these settings.

cabbage, garlic, radish, green beans, broccoli and eggplant. Vegetable 
production is now year round. Poultry numbers have risen to 24. The 
fowl are well protected by a coop and are systematically vaccinated thanks 
to improved links with government extension services. Sona produces 
fertilizer from compost, pesticides using organic compounds from the 
garden and has been able to afford an electric pump for irrigation. Income 
from surplus production has also allowed her to invest in her children’s 
education as well as in health care.

Sona is grateful for the confidence and leadership skills she gained 
through the training, which has enabled her to hold meetings with 
other women farmers, to share knowledge and techniques for improved 
homestead food production and nutritional practices.
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Scale-up efforts and challenges

In Asia the positive impact of the HFP intervention on food security, dietary 
intake and nutritional status of household members has captured the attention 
of governments and development partners who have begun to scale-up efforts 
to other food insecure areas. In Bangladesh, where over 1 million households 
(approximately 5 million people) benefited from HFP interventions, 
the Government has provided additional funding to the programme and 
implemented the HFP model through government extension services. Efforts to 
scale-up the approach under relevant national agricultural strategies, nutritional 
and food security strategies, policies and programmes are also being pursued 
in Nepal and Cambodia. The model in Nepal was initially implemented on a 
small scale. In 2008, the United States Agency for International Development 
(USAID) supported a new phase to incorporate ENA as the nutrition education 
approach and to refine, replicate and evaluate the model in two districts of the 
Far Western Region. Based on initial promise, USAID provided further support 
to expand to two additional districts and also to allow the government and 
development partners to undertake multi-sectoral planning. More recently, an 
effort has begun to extend the model to food insecure areas in 20 more districts.

In Cambodia, the programme has covered 12 (out of 75) of the most food 
insecure districts within five provinces and is currently being replicated in an 
additional province, along with testing the added value of mixed pisciculture 
in the model. The Council of Agricultural and Rural Development under 
the Council of Ministers is seeking to replicate this programme in other food 
insecure provinces, while the Commune Councils now include the approach 

Figure C7.2 Village model farmer and son in Cambodia. Photo: ©Helen keller 
International/Wendy Lee
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in their annual development plans and are directly involved in monitoring and 
evaluation. In the Philippines, Local Government Units have provided funding 
to expand the HFP practices to additional households and provinces, while in 
Indonesia the programme is in the pilot phase.

Current challenges to scale-up include establishing reliable input supplies; 
addressing soil infertility; lack of water and the need for site-specific irrigation 
systems; developing adequate management skills and support systems (with a 
multiplicity of partner NGOs); establishing on-going programme monitoring 
to identify and correct problems early (and transferring these tools to local 
partners); and promoting optimal maternal and young child nutritional intake 
through behaviour change communications. In addition, in Bangladesh in 
particular, understanding the multifactorial contributors to undernutrition 
and the local social and cultural constraints faced by women has been critical 
(Talukder et al. 2000).

Stakeholder involvement

Local government, CBO and community engagement and leadership are crucial 
to the success and sustainability of the HFP programme, as is collaboration 
involving not only the health and agriculture sectors, but also local development, 
education, women’s development, and water and sanitation. In Bangladesh 
alone, HkI has forged relationships with more than 150 diverse local NGOs 
who co-finance activities and build community ownership. In Nepal, planning 
includes all relevant government sectors. Moreover health agents are included 
in agricultural training programmes while nutrition education is provided to 
agricultural extension agents to help encourage integrated approaches and build 
mutual appreciation of the benefits of diversification.

In all settings HkI engages local, provincial and district authorities in the 
planning and supervision of the programme. Local agriculture and health 
authorities and government representatives facilitate HFP activities at the local 
level, while steering/advisory committees ensure engagement at the district and 
provincial levels. At the national level, in some countries, coordinating councils 
have been successfully established. External support from bilateral donors and 
the private sector has also provided vital resources.

Policy impact

In Nepal, the success of the model and HkI’s engagement in national policy have 
led to policy impact at the national level. The new phase of the programme aims 
to strengthen the capacity of the ministries of health, agriculture and planning to 
conduct coordinated, multi-sectoral planning that link agriculture to nutrition 
and health outcomes and implementation of programmes that strengthen small-
holder agriculture, livelihoods, food security, nutrition and health. The project 
is working at district, regional and national levels to harmonize efforts of donors 
investing in agriculture and nutrition in Nepal. This broader, integrated vision 
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Box C7.2 Local NGO partner Prey Veng, Cambodia

One of HkI’s key NGO partners in Cambodia is the Organization to 
Develop Our Village (ODOV), an independent, non-profit, community-
based organization that has been operating in the country since 1995 and 
working in Prey Veng province since 2004. Criteria for partnering with 
HkI include at least two years on-the-ground experience in target regions, 
experience supporting income-generating activities, ability for modest cost-
sharing in project implementation, and willingness to integrate homestead 
food production into the organization’s core community development 
strategies (rather than implementing it as a free-standing activity).

Even before its partnership with HkI, ODOV’s mission was to 
implement integrated community development programmes to improve 
the living standards of vulnerable households through improved food 
security, health and nutrition, community finance, income generation 
through off-farm promotion, school gardening, and commune council 
administration and reform activities. ODOV has collaborated with 
HkI since the end of 2009 to implement a homestead food production 
programme (HFPP) in 300 selected villages in three districts of Prey 
Veng, which currently reaches 3,300 households. HkI provided technical 
and management training to ODOV staff to strengthen their capacity 
to assume long-term responsibility for supporting and expanding the 
programme after HkI involvement, which generally ends at a day-to-
day level after three years. Technical training covers homestead food 
production as well as nutrition education (using the Essential Nutrition 
Actions framework), while institutional strengthening covers financial 
management, programme management, monitoring and evaluation. 
Local partners are engaged from the very start in strategic planning, 
situational analysis, and baseline data collection to ensure their ownership 
of programmes and contributions to crafting local approaches and 
sustainable systems. About half of ODOV’s full complement of 25 staff 
has supported implementation of HFP in Prey Veng.

As the project was coming to a close at the end of 2011, HkI conducted 
a rapid organizational assessment of ODOV. The NGO has mobilized 
resources from other donors to expand the HFP approach to neighbouring 
villages, and HFP is now an integral element of ODOV’s core programme.

should support the scale-up of programmes like HFP that promote ecological 
approaches to production, biodiversity, dietary diversity and improved human 
and agricultural health. Leaders in Bangladesh, Cambodia and the Philippines 
have also incorporated the approach into annual development plans to improve 
agricultural production and nutrition. In Cambodia, the government is working 
with donors to mobilize additional resources for expansion of the model.
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Key lessons learned

•	 Small-scale, diversified agriculture can be highly productive, sustainable, 
improve livelihoods, nutritional status and well-being in multiple ways, 
while promoting good stewardship of natural resources.

•	 Women play a necessary and key role in HFP as they translate inputs and 
technical training into improved household nutrition.

•	 Strong partnerships with a range of local community-based organizations 
ensure that HFP builds on and enhances local practices, is compatible with 
socio-cultural norms, and engages existing structures.

•	 A clearly defined, but flexible programme model facilitates successful 
replication to other food insecure areas with varying agro-ecological zones 
and cultural situations.

•	 Strong monitoring and evaluation systems and feedback loops allow 
effective use of data to inform and improve HFP programming.

Notes
 1 http://www.hki.org/reducing-malnutrition/essential-nutrition-actions/, accessed 

July 2012.
 2 Dark green leafy vegetables, pulses, animal-source foods, fruits, and other vegetables.
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Case study 8

Minor millets in India: a neglected crop 
goes mainstream

Nadia Bergamini, Stefano Padulosi, S. Bala Ravi 
and Nirmala Yenagi

Background

In spite of several national nutritional intervention programmes, India faces 
huge nutrition challenges as the prevalence of micronutrient malnutrition 
continues to be a major public health problem with an associated economic cost 
of 0.8 to 2.4 per cent of the GDP. Most vulnerable segments of the population 
are children, adolescents, pregnant women and lactating mothers (Arlappa et 
al., 2010), with estimates from the most recent National Family Health Survey 
(IIPS, 2007) indicating that about 46 per cent of the children under five years of 
age, particularly those living in rural areas (Rajaram et al., 2007), are moderately 
to severely underweight (thin for age), 38 per cent are moderately to severely 
stunted (short for age), and approximately 19 per cent are moderately to severely 
wasted (thin for height) (kanjilal et al., 2010).

The overdependence on a handful of species – rice, maize, wheat and 
potatoes – which provide over 50 per cent of the world’s caloric intake (FAO, 
2010), has seen hundreds of species and varieties of food plants marginalized 
and becoming increasingly irrelevant in national agricultural production systems 
and economies. Less attention by researchers on these so-called neglected and 
underutilized species (NUS) (Padulosi and Hoeschle-zeledon, 2004) translates 
into missed nutrition and health opportunities (Smith, 1982; Frison et al., 2006; 
Chadha and Oluoch, 2007; Hawtin, 2007; Smith and Longvah, 2009), since 
many of them offer a broader range of macro and micronutrients than those 
available in major staple crops.

One such group of highly promising crops is that of minor millets. They are 
called ‘minor’ because of the lack of research investment they attract, and their 
limited commercial importance in terms of area, production and consumption 
patterns (Nagarajan and Smale, 2007). By no means are they considered ‘minor’ 
in terms of their nutritional and income generation opportunities, which is 
what this case study will attempt to demonstrate. Once widely consumed in 
India and playing a key role in household food security and dietary diversity, 
in the last two decades these millets have been supplanted by rice as the staple 
grain. However, over the last 10 years, there has been increasing recognition of 
their favourable nutritional properties and associated benefits, also thanks to 
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several national and international projects tackling their valorization in India 
and elsewhere in South Asia (Padulosi et al., 2009). Furthermore, as well as 
gaining credit for their role as a staple crop in marginal agricultural regions, 
they are increasingly being appreciated as healthy foods for urban and middle-
income groups, losing the stigma of ‘poor people’s food’ that was associated 
with them up until recently (Bala Ravi et al., 2010).

The benefits of agricultural biodiversity: why, what

In India, this group of small-seeded cereals is represented by six species, 
namely, finger millet (Eleusine coracana (L.) Gaertner) (Figure C8.1), kodo millet 
(Paspalum scrobiculatum (L.)), foxtail millet (Setaria italica (L.) Pal.), little millet 
(Panicum sumatrense Roth ex Roemer & Schultes), proso millet (Panicum miliaceum 
(L.)) and barnyard millet (represented by two species: Echinochloa crusgalli and E. 
colona (L.) Link) (Bala Ravi, 2004; Padulosi et al., 2009). Millets are hardy crops 
and quite resilient to a variety of agro-climatic adversities, such as poor soil 
fertility and limited rainfall. In view of their superior adaptability (compared for 
instance with rice or maize), they play an important role in supporting marginal 
agriculture, such as that commonly practised in the hilly and semi-arid regions 
of India (Bala Ravi, 2004; Padulosi et al., 2009; Bhag Mal et al., 2010).

Minor millets are nutritionally comparable or even superior to staple 
cereals such as rice and wheat (Gopalan et al., 2004; Geervani and Eggum, 
1989). Compared with rice, 100 g of cooked grain of foxtail millet contains 

Figure C8.1 Farmer from karnataka State in his finger millet field. Photo credit: Stefano 
Padulosi
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almost twice the amount of protein, finger millet over 38 times the amount of 
calcium, and little millet more than nine times the amount of iron (Gopalan 
et al., 2004) (Table C8.1). Millets are rich in vitamins, minerals (calcium and 
iron in particular), sulphur-containing amino acids and phytochemicals, and 
hence are often described as ‘nutritious millets’ (Bala Ravi, 2004) or ‘nutri-
cereals’ (Choudhury, 2009). They also contain high proportions of non-starchy 
polysaccharides and dietary fibre. Their slow release of sugar on ingestion 
makes them ideal food for diabetic patients, whereas the lack of gluten in their 
grains makes them good food for coeliac-affected people (kang et al., 2008). 
Recognizing the importance of minor millets, particularly local landraces, for 
food and nutritional security, a 10-year project was carried out from 2001 to 2010 
to promote their conservation and sustainable utilization. The project, known 
as the IFAD NUS project, supported by the International Fund for Agricultural 
Development (IFAD) and coordinated by Bioversity International, aimed at 
enhancing the contribution of neglected and underutilized species (NUS) – 
minor millets among them – in strengthening food security and incomes for the 
poor (Rojas et al., 2009; Bhag Mal et al., 2010).

Using highly inter-connected, community-based conservation through-use 
interventions, as well as participatory methods and tools, the project targeted 
smallholder farmers who were socio-economically disadvantaged with respect 
to access to food and more so to nutritious food. Implemented in 31 villages 
across four Indian states (Tamil Nadu, Orissa, karnataka and Uttarakhand), 
the project was estimated to have influenced, directly or indirectly, some 753 
households (Padulosi et al., 2009).

The benefits of agricultural biodiversity: how

The IFAD NUS project used an eight-step approach to enhance the use of minor 
millets in India (Figure C8.2). Project objectives, explained in detail below, 
were pursued by promoting the conservation, improvement and utilization of 
local landraces, developing enhanced cultivation practices, raising awareness on 
the nutritional importance and strategic role of millets in food and nutritional 
security, promoting innovative value addition methods and empowering local 
communities to become self-sustainable producers of raw and processed food 
products that can compete with other well-established commodity crops.

1 Provision and conservation of genetic material
Surveys targeting the distribution of existing crop diversity were carried 
out to map the on-farm distribution of more common and endangered 
millet varieties. The establishment of village gene/seed-grain banks using 
culturally-acceptable approaches developed by the M.S. Swaminathan 
Research Foundation (MSSRF) allowed: i) the conservation of genetic 
diversity, ii) the creation of quality seed sources for cultivation purposes 
and iii) the accumulation of reasonable quantities of food grain stock to 
address food insecurity in most vulnerable households during lean income 
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periods. Surveys documenting existing traditional knowledge on the health 
and nutritional benefits of millets were also carried out.

2 Development of better varieties to promote use
Participatory variety selections (PVS) and participatory rural appraisals 
(PRA) carried out in project sites led to the selection of five varieties of 
little millet, foxtail millet and finger millet. Selected local and improved 
varieties were then tested for performance in farmers’ trials based on visual 
and quantitative assessment, such as grain and fodder yield. The agronomic 
potential of varieties identified from PVS and PRA was demonstrated across 
project villages in all four states using farmer participatory trials. Results of 
these demonstrations showed that the mean grain yield of varieties selected 
from PVS were 40 to 60 per cent higher than their local counterparts (Bhag 
Mal et al., 2010). Upon identification of the best varieties, farmers were 
then engaged in participatory seed production programmes to produce 
enough quality seed to be widely disseminated to farmers in target villages 
and elsewhere through the seed networks and Self-Help Groups (SHGs) 
set up by the project.

3 Development of improved cultivation practices
Improved cultivation practices were developed by blending traditional 
farming approaches with scientific methods. These include the use of 
better quality seeds; the use of density-regulated row planting instead of 
traditional broadcasting with high seed rate; structured intercropping of 
millet and other traditional crops (i.e. mung bean, chickpea, pigeon pea, 
lablab bean, mustard and niger) instead of their broadcasting as multi-
species seed mix; use of farmyard manure; and plant density control by 

1. Collection of genetic diversity
2. Mapping distribution
3. IK documentation
4. Conservation (ex situ/in situ)
5. Capacity building

1. Development of improved
    harvest methods
2. Capacity building

1. Strengthen value chains
2. Commercialization
3. Branding of local products
4. Platforms of cooperation
5. Capacity building

1. Educational campaigns on
    nutrition and health benefits
    at community level
2. Capacity building

1. PVS with user groups
2. Development  of better
    cultivation practices
3. Production of high-
    quality seed
4. Capacity building

1. Development of novel food
    items/recipes
2. Development of food
    quality standards
3. Capacity building

1. Capacity building
2. Recommendation of
    enabling policies
3. Promotional campaigns

FORK LEVEL
Enhanced use

of minor millets:
better nutrition,
incomes and
livelihood of
community
members

FARM LEVEL
Underutilized

nutritious
varieties of

minor millets:
unexploited

opportunities

Selection
cultivation

Genetic
diversity

Value
addition

Final
useHarvest Marketing

Figure C8.2 Holistic value chain approach applied to minor millets in India by the IFAD 
NUS project. Text boxes list main types of interventions carried out with the close 
involvement of community members in target villages across the states of Uttarakhand, 
Tamil Nadu, Orissa and karnataka
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thinning /transplanting and weeding (Bala Ravi et al., 2010). Data gathered 
from 198 field demonstrations carried out in 2003 and 2004 revealed that 
the use of improved cultivation practices contributed to an increase of 39.8–
62.8 per cent in grain yield and 34.1–47.3 per cent in fodder yield compared 
with traditional practices (Padulosi et al., 2009).

4 Development of more efficient processing technologies
The project successfully developed more efficient ways of grain threshing 
and milling, thus reducing drudgery normally associated with processing, 
a chore that has played a major role in the declining popularity of millets 
among traditional consumers (Bala Ravi et al., 2010). The provisioning of 
easy-to-use grain processing machines has effectively enhanced household 
consumption of minor millets as well as providing new livelihood options, 
particularly for women who are now able to complement their income by 
producing millet-based, locally-appropriate foods (Bala Ravi et al., 2010). 
Access to markets and micro-credit schemes was also supported to build 
long-term, economically viable and sustainable options (see also point 6).

5 Nutritional and industrial characterization of crops and products
New food-processing technologies were developed and tested to promote 
culturally-acceptable, millet-based products on the Indian food market. 
Traditional foods such as paddu (savoury pancakes) and novel foods such as 
biscuits, laddus, chaklis (popular sweet and savoury snacks), finger millet malt, 
finger millet flour and ‘rice’ of little millet and Italian millet were tested. A 
detailed cost-benefit analysis of product development showed that the highest 
benefits were associated with finger millet malt and little and Italian millet 
‘rice’, for which a large market potential exists in India due to their importance 
in weaning and health foods (Bala Ravi et al., 2010). Malting of finger millet 
enhances the grain’s energy value, making its protein, rich calcium and iron 
more bio-available, while enhancing the content of vitamins such as niacin 
and folic acid and its amino acid balance (Malleshi and Desikachar, 1986). 
Table C8.2 reports some of the novel foods developed by the project and their 
nutritive value assessed using the food composition tables of the nutritive 
value of Indian foods (Gopalan et al., 2004).

6 Build up of sustainable enterprises
Sustainability of activities beyond the project lifetime was achieved by 
establishing Self-Help Groups (SHGs) based on internal lending schemes 
and the creation of enterprises focusing on the cultivation, consumption, 
value addition and commercialization of end-products (Gruère et al., 2009). 
Since project inception in 2001, more than 35 SHGs were established 
with a total membership exceeding 386, of which 214 were women. To 
create market presence and promote demand for minor millet products, 
the MSSRF developed a branding strategy, which promoted the organic 
provenance and the conservation of millet genetic diversity as the products’ 
added value. MSSRF also assisted SHGs in developing a booklet compiling 
traditional and novel recipes using minor millets (MSSRF, 2004), which 
was distributed as a part of the marketing efforts.
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Table C8.2 Nutritive value of ethnic and novel foods

Parameters Rice Millet
Paddu – 100g
Carbohydrates(g) 123.02 111.63
Protein(g) 19.03 20.85
Fat(g) 10.96 12.58
Ash(g) 2.02 4.75
Crude fibre(g) 0.75 12.42
Energy(kcal)) 666.84 643.18
Calcium(mg) 68.86 94.08
Papad –  100g
CHO(g) 81.82 78.51
Protein(g) 5.79 7.90
Fat(g) 3.06 4.06
Ash(g) 0.52 2.48
Crude fibre(g) 0.66 3.74
Energy(kcal) 377.98 382.18
Calcium(mg) 14.56 34.60
Biscuit – 100g
CHO(g) 57.80 58.69
Protein(g) 4.78 4.35
Fat(g) 26.36 27.88
Ash(g) 0.28 4.55
Crude fibre(g) 0.12 0.92
Energy(kcal) 487.79 503.07
Calcium(mg) 60.40 90.16
Ladoo – 100g
CHO(g) 64.46 63.97
Protein(g) 9.58 7.54
Fat(g) 18.91 18.39
Ash(g) 1.27 1.40
Crude fibre(g) 0.55 2.08
Energy(kcal) 500.00 483.34
Calcium(mg) 28.86 24.81
Chakli – 100g
CHO(g) 45.48 39.13
Protein(g) 6.92 7.49
Fat(g) 32.33 32.12
Ash(g) 1.16 1.88
Crude fibre(g) 1.04 5.05
Energy(kcal) 501.33 475.58
Calcium(mg) 65.27 72.00

Source: Yenagi et al., 2010
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7 Training of community members
At least 1,000 community members were trained in cultivation practices, 
value addition, marketing and nutrition during training efforts carried out 
by the IFAD NUS project in India. These training courses complemented 
the provision of novel technology and ranged from learning machinery 
operation to production of diverse value-added products suited for domestic 
consumption and commerce, standard codes of product quality, hygiene, 
packaging, labelling, marketing and account keeping. Capacity-building 
activities were mostly targeted at women, who are the main custodians 
of minor millet genetic diversity and the traditional knowledge associated 
with their production and consumption.

8 Raising public awareness
Numerous awareness-raising activities were organized on the nutritional 
importance of millets and their strategic role in providing food and 
nutritional security in certain agro-climatic regions. Targeting different 
stakeholders such as farmers (particularly women), urban housewives, 
government officials and rural development workers, primary and 
secondary school students and the wider public, activities included 
organizing poster sessions and millet-based product exhibitions during 
World Food Day, World Nutrition Day and World Diabetes Day, and 
during annual festivals in project villages. Similar exhibitions were 
organized by MSSRF during national and international conferences, as 
well as talks and lectures on the nutritional and health values of minor 
millets compared with more common cereal grains. During these events 
booklets and brochures were widely distributed, along with recipe books 
for these grains. Field demonstrations, farmers’ fairs and exhibitions were 
also organized in project sites to promote high-yielding varieties, enhanced 
cultivation practices and improved processing technologies for finger 
millet. In addition, many TV and radio programmes promoting finger 
millet were organized, including a documentary in kannada, the language 
of karnataka, and English.

The benefits of agricultural biodiversity: health impacts

Investigations into the health impacts of minor millets showed promising 
results in a study carried out on school children from two millet-growing areas 
in karnataka State. Using height and weight measurements and haemoglobin 
levels as measures of nutritional status, 60 school children between 11–14 years 
of age were monitored to assess the nutritional impact of replacing existing rice-
based diets used in school feeding programmes with finger millet or foxtail millet 
rice. At baseline, the children, mostly from farming families, exhibited chronic 
energy deficiency (CED) with a BMI < 16.0, and haemoglobin levels below 
12.0 g/100ml. Following a three-month intervention, research findings revealed 
a significant improvement with respect to weight and haemoglobin content in 
children fed on millets compared with the control group fed on rice (Table C8.3). 
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In particular, haemoglobin levels of children eating millet-based school meals 
were significantly higher than the control group by 32.0–37.6 per cent.

Millet foods were considered very tasty and acceptable to more than 85 per 
cent of school children. The millet recipes developed and fed to the selected 
children were analysed for their nutrient composition. Results reported in 
Table C8.4 show that these products fulfil the nutritional standards indicated 
by the Supreme Court of India – which make it mandatory since 2001 to serve 
every child in all government schools mid-day meals containing at least 300 
kcal and 8–12 g protein a day for a minimum of 200 days (Supreme Court 
Order of November 28, 2001) – while providing additional amounts of 
micronutrients as compared with rice. Thus, millet foods represent a good 
source of micronutrients and have the potential to improve the nutritional 
status of school-going children and should therefore be recommended in the 
school mid-day meal programmes. These investigations were, however, limited 
in scale and in time and call for follow-up studies for further validation.

Policy impact

Concerted efforts to promote the nutritional and health benefits of minor 
millets successfully influenced public policy to include these grains in 
government-sponsored school feeding programmes and to subsidize public 
distribution systems including millets to target socio-economically and 
nutritionally-vulnerable populations. In 2006, Prof. M.S. Swaminathan urged 
the Government of India to include minor millet grains, sorghum and millet 
procurement and provision as part of the existing public distribution system to 

Table C8.4 Nutrient composition of millet recipes per serving

Nutrient

Finger millet (Ragi) Foxtail millet

Rice and 
sambar /serving

Ragi Mudde 
and Sambar/
serving

Rice and 
sambar/ serving Millet rice

Protein (g) 15.77 16.52 17.06 25.31

Carbohydrate (g) 131.7 122.4 140.22 114.6

Fat (g) 15.0 16.2 7.18 12.88

Energy (kcal) 691.25 773.75 696 675

Crude fibre (g) 0.67 5.77 1.1 12.8

Minerals (g) 1.77 4.92 2.18 6.23

Calcium (mg) 33.25 534.25 61.25 92.75

Phosphorous (mg) 316 500.5 358 553

Iron (mg) 1.72 6.52 2.56 5.71

Source: Yenagi et al. (not published)
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ensure nutritional security and sustainable production. This recommendation 
is now reflected in the policies of the Indian Government on ‘nutri-cereals’. In 
his union budget speech for 2011–2012 the Finance Minister Pranab Mukherjee 
recognized the importance of minor millets and decreed that financial 
incentives would be made available to support millet farmers and ‘promote 
higher production of these cereals, upgrade their processing technologies and 
create awareness regarding their health benefits’. The initiative is hoped to 
provide market linked production support to millet farmers in the arid and 
semi-arid regions of the country and to increase the nutritional security of 
about 25,000 villages.

Key lessons learned

The project was able to demonstrate that currently marginalized crops can be 
successfully used to create self-sustainable, agricultural-based enterprises that can 
support income generation in marginal areas of India while strengthening food 
and nutrition security through better use of culturally-adequate, nutritious crops. 
Furthermore, considering the high incidence of marginal land, poor soils and 
scarcity of water in many regions of India, the suitability of minor millets to grow 
in difficult edaphic and climatic conditions compared with other commodity crops 
make them ideal candidates to be used in climate change adaptation strategies in 
agriculture.

Barriers to their greater promotion are mostly of a policy nature, with heavy 
subsidies still being allocated to other commodity cereals, such as rice. Greater 
efforts are thus needed to convince policy makers to integrate minor millets in 
India’s subsidized public distribution system (PDS). Such policies would not only 
move in the direction of enhanced food security, but would also support more 
resilient production systems in view of the global changes that are predicted to 
seriously affect the Indian continent in the coming decades (Padulosi et al., 2009).

Continued lobbying for the inclusion of minor millets in school-feeding 
programmes is also advocated as children could greatly benefit from the nutrients 
that are mobilized through a greater consumption of these crops and their 
products. Although the IFAD NUS project has been successful in demonstrating 
the value of certain interventions, more work is needed to scale-up approaches, 
methods and tools in wider areas of India. Greater government investment is 
also needed to continue developing superior varieties of minor millets as well 
as processing technologies that can satisfy increased demands for millet-based 
products across India, along with enabling policies to support their dissemination 
and adoption by consumers.
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Case study 9

Local food and dietary diversity: farmers 
markets and community gardens in 
Melbourne, Australia

Kelly Donati, Christopher Taylor and Craig J. Pearson

Background

Recent policy initiatives in Australia at the metropolitan and national level have 
attempted to engage with ideas of food security in recognition of the threats 
that climate change and petrochemical dependency pose to food production 
as well as the barriers that socio-economic disadvantage present to accessing 
fresh and nutritious food. In the last five years, these threats have become more 
acute as agricultural production in the state of Victoria especially has been 
severely affected by natural disasters such as droughts, bushfires and floods. 
These natural disasters increase the cost of food for low-income households 
in Melbourne and regional areas alike (Carey et al., 2011). While the state 
and federal government have dedicated resources to supporting the economic 
sustainability of the agricultural sector and developing preventative health 
initiatives to encourage the consumption of fresh fruit and vegetables, Carey 
et al. (2011) highlight the absence of ‘policy approaches that link fruit and 
vegetable consumption to production, either in Victoria or internationally’. This 
case study will focus on research carried out to explore farmers markets and 
community gardens as localized food systems that offer potential for improving 
dietary diversity and nutrition, supporting biological diversity and linking 
production to consumption. Data were collected using a GIS-based description 
of land use in Melbourne, as well as interviews carried out between 2009 and 
2010 with local producers at farmers markets.

In Australia, the federal government is in the process of developing a national 
food plan that is likely to draw on economic measures and regulatory approaches 
to maintain the integrity of the country’s food supply.  The City of Melbourne has 
taken a more localized approach. Recognizing that food security is dependent on 
the viability of farms that surround the city, the city council is developing a food 
policy that addresses health and sustainability issues in Melbourne’s food system. 
Food security is defined in this context as a stable supply of food that is available 
in sufficient quality and quantity, economically accessible, safe and nutritious; 
it also acknowledges the importance of a population that has the capacity and 
capability to cook and eat the food available (City of Melbourne, 2011). In 
2008, the City of Melbourne endorsed the Future Melbourne Plan, a community 
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visioning document that explicitly links production and consumption by setting 
out the ambitious target of 30 per cent of food to be either grown within the city 
or sourced from within 50 km of the city by 2020. This goal is to be achieved by 
enabling ‘local residents to cultivate food for their own consumption’ but also 
depends upon a thriving agricultural community around the city fringe (City 
of Melbourne, 2008). However, agricultural and urban planning policies are 
effectively at odds with each other in Victoria. Despite over half of the state’s 
vegetables and approximately 17 per cent of its fruit being currently produced 
around Melbourne’s borders (Carey et al., 2011), the council’s vision for the 
future is challenged by state government policy that has earmarked more peri-
urban agricultural land for residential development (Budge and Slade, 2009; 
Carey et al., 2011; Buxton et al., 2011).

Melbourne’s current land allocation is shown in Figure C9.1a and Table C9.1. 
The map identifies large areas as public parks for conservation and as reserves 
(Green Wedges). The (peri-urban) area identified as farmland is relatively 
small (Figure C9.1b). However, in the inner city there is obviously active food 
production within household lots and in community gardens, and opportunities 
for intensification and diversification of production along transport corridors 
and in in-fill allotments. Further from the centre, opportunities exist for 
more productive land use in areas designated as low-density residential, rural 
conservation, and Green Wedges (the wedges being largely held as speculation 
for development rather than for production or conservation of, e.g., unique 
grasslands).

Farmers markets

Victoria’s first farmers market was established in 1998 in Yarra Glen, 50 km 
outside of Melbourne. In 2002, a group of farmers market managers and 
stallholders joined to form the Victorian Farmers’ Markets Association, which 
recently received US$2 million in state government funding to support the 
establishment and accreditation of more farmers markets across the state. There 
are now 50 accredited farmers markets in Victoria supplied by around 2,000 
farmers. Twelve markets that are certified as selling locally-grown food are 
located within Melbourne’s suburbs, eight within 125 km of the city and the 
rest in rural and regional areas. These are shown as white circles in Figure C9.1a.

Agricultural biodiversity

Animal genetic diversity is not recognized as a national priority in fostering food 
security in the National Food Plan, nor is there government support for monitoring 
or protecting rare breeds in Australia (Chambers, 2004). Rare breeds sold at 
farmers markets around Melbourne include critical, endangered or vulnerable pig 
breeds such as the Wessex Saddleback, Large Black and Tamworth as well as ‘at 
risk’ cattle breeds such as the Belted Galloway. Figures from the Rare Breed Trust 
of Australia indicate that the number of registered Tamworth and Large Black 
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Figure C9.1a Melbourne’s current land allocation by use
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Table C9.1 Areas (hectares) of various Melbourne land types

Land type 0–5km 5–15km 15–40km Total

Residential/peri-urban 2,518 31,348 66,369 123,514

Urban growth 0 0 24,245 34,414

Low density residential 0 3 8,459 16,598

Green wedge 0 0 66,054 258,711

Rural conservation 0 112 38,191 95,176

Farming 0 0 4,558 6,541

Public park 1,380 4,785 10,717 23,208

Conservation 0 719 12,941 66,061

Roads 554 2,673 7,854 16,650

Business/industrial/
mixed use

5%
Priority development

0%

Public services/
education

12%

Residential/
peri-urban

16%

Urban growth
4%

Low-density
residential

2%

Green wedge
34%

Rural conservation
12%

Farming
1%

Public parks
3%

Conservation
9%

Roads
2%

Figure C9.1b Melbourne’s current land allocation by use

pigs have more than doubled and Wessex Saddleback pig numbers have increased 
four-fold between 1998 and 2011 (RBTA, pers. comm., 11 December 2011). 
Fiona Chambers (RBTA Managing Director and Wessex Saddleback producer) 
believes that farmers markets provide a valuable conduit for rare breed sales to 
occur in small volumes and have partly contributed to the increased numbers.

Farmers markets in Victoria have a far greater diversity of plant varieties and 
animal breeds than is found in mainstream supply chains (see Table C9.2). The 
fragility of many heirloom vegetables means they are unsuited to long transport. 
Retail and wholesale markets also impose aesthetic and dimensional specifications 
which require a degree of crop uniformity that is not expected by patrons at 
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Table C9.2 Fruit and vegetable diversity

Farmers Markets Community Gardens
Aloe Vera 1
Apples multiple (5+)*
Amaranth 1+
Asian greens multiple (4+) multiple (4+)
Apricots multiple 
Artichokes 2 1+
Asparagus 2
Avocado 4
Beans multiple (7+)* multiple (4+) *
Beetroot multiple (6+)* multiple *
Blueberries multiple *
Bottle gourd 1+
Broccoli multiple (2+) multiple (2+)
Brussels sprouts 1+ 1+
Cabbage multiple (2+) multiple (4+)*
Capsicum multiple (4+) multiple 
Cauliflower multiple (3+) multiple (3+)
Carrots multiple (5+) multiple 
Celeriac
Celery 1+ Celery & Chinese celery 
Cherries 1+
Chilli multiple (4+) multiple 
Cime di rapa 1+
Citrus (lemons and oranges) 1+ 1+
Corn/maize multiple multiple *
Cucumbers multiple (3+)
Eggplant multiple * multiple 
Fennel 1+ 1+
Feijoa 1+
Garlic multiple (3+) 1+
Grapes 1+ 1+
Herbsa 1+ 1+
Jerusalem artichokes 1+ 1+
kale (Russian, Tuscan) 1+ 1+
kohlrabi 1+
Leeks, onions and shallots 1+ 1+
Salad lettuces and greensb 1+ 1+ (plus stem lettuce)
Melons multiple (2+)* multiple (3+)
Mushrooms 1+
Nectarines multiple 
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Farmers Markets Community Gardens
Non-commercial edible plants 
or fruit

Mountain paw paw, 
nettle

multiplec

Nuts almonds, pistachios 
(5), walnuts, 
chestnuts, hazelnuts

Olives 1+
Parsnip 1+ 1+
Passionfruit 1+ 1+
Peaches multiple 
Pear multiple (7+)*
Peas multiple multiple 
Pumpkin multiple multiple 
Pepino 1+
Plums multiple 
Potatoes multiple (10+)* multiple 
Radish multiple (4+)* multiple (2+)*
Rhubarb multiple * 1+
Quince 1+
Silverbeet 1+
Strawberries 1+ 1+
Sweet Potatoes 1+ 1+
Tamarillo 1+ 1+
Taro 1+
Tomatoes multiple (20+)* multiple *
Turnip 1+ 1+
Water chestnuts 1+
Watercress 1+ 1+
Wild-sourced foods Cardoons, wild 

watercress, 
mushrooms (3)

zucchini and squash multiple (5+)* multiple 
* denotes heirloom or heritage varieties
1+ denotes at least one variety identified
‘Multiple’ indicates unknown variety names and/or numbers
a  Includes multiple basil varieties, chervil, coriander, dill, garlic chives, lemon balm, lemongrass, 

lemon verbena, multiple mint varieties, margoram, parsley, oregano, perilla, sage, tarragon, 
Vietnamese balm and Vietnamese mint.

b  Includes chicory*, iceberg, watercress, butter, cos, rocket, oak, mizuna, endive, radicchio, 
spinach and sorrel.

c  Includes arrowhead, black nightshade, canna, Chinese boxthorn, epazote, five-seasons herb, 
garland chrysanthemum, gotu kola (Indian pennywort), greater celandine, horehound, long-leaf 
coriander, mallow, luffa fruit, malabar spinach, molokhia, mugwort, orach, nettle, plantain, 
purple rice plant, purslane, rue, wormwood, water celery
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farmers markets. In 2010, over 18 heirloom tomato varieties, ten types of potatoes 
and a selection of wild foods such as nettles, mushrooms, cress and cardoons were 
identified at the inner-city Slow Food Melbourne and Collingwood Children’s 
farmer markets. One stallholder located 160 km from Melbourne has the largest 
selection of blueberry varieties in Australia and supplies the market with fresh 
and frozen organic blueberries year round. Another stallholder sells five types of 
pistachios, including a variety that the Commonwealth Scientific and Industrial 
Research Organisation (CSIRO) deemed unviable as a commercial crop and 
subsequently destroyed. An award-winning wine and olive oil producer farms a 
six-acre suburban property 15 km from the centre of Melbourne and, in addition 
to ten grape varieties, grows an astonishing array of fruits and vegetables including 
unusual crops such as Calabrian varieties of beans.

Dietary diversity and nutrition

Farmers markets predominantly cater and contribute to the dietary diversity 
of a relatively comfortable socio-economic demographic. However, they also 
contribute to the dietary diversity of the stallholders themselves, many of whom 
live in small towns in regional and rural Victoria which have been found to 
have limited access to fresh fruit and vegetables (Burns et al., 2004). At the end 
of each market, they regularly buy from or swap their remaining produce with 
other stallholders.

Plant variety is also likely to result in nutritional variety, although there are 
few data on intra-specific differences in quality among vegetables (Frison et al., 
2004). However, research on Spanish greenhouse tomatoes that are bred for 
shelf life and uniform shape has shown that they have ‘poor organoleptic and 
reduced nutritional qualities’. Rodríguez-Burruezo et al. (2005) who studied 
the internal and external qualities of North American varieties of heirloom 
tomatoes found that many varieties had superior nutritional and taste qualities 
to modern varieties sold in supermarkets.

Community gardens

Farmers markets cater largely to middle-class consumers while community 
gardens have stronger potential to improve access to fresh fruit and vegetables for 
low-income households. Melbourne has a long history of producing urban food. 
In 1941, almost half the population was producing its own food, more so in more 
affluent neighbourhoods and less so in disadvantaged areas where open land was 
scarce (Gaynor, 2006). Figure C9.1a illustrates opportunities for intensification 
of urban food production within allotments and transport corridors in the 
inner city and within preserved green space beyond 15 km (Table C9.1). 
While in Melbourne there is a resurgence of backyard and guerilla gardening 
– i.e. gardening on land that gardeners do not have legal right to use, often an 
abandoned site or area not cared for by anyone – many low-income households 
access land through community gardens, particularly in public housing estates.
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Dietary diversity and nutrition

Community Gardens: A Celebration of the People, Recipes and Plants (Woodward and 
Vardy, 2005) is a valuable resource for understanding the enormous diversity of 
foods grown around Melbourne’s public housing estates (Table C9.2) – much 
of which is not commonly available in retail markets – and how this food is 
consumed by residents for culinary and medicinal purposes. The recipes and 
interviews with gardeners demonstrate a clear link between garden produce 
and home cooking practices. This, combined with research from other urban 
gardens around the world, suggests that community gardens have potential for 
improving access to fresh fruit and vegetables by overcoming barriers to food 
security such as high food costs and increasing access to fresh produce that 
gardeners enjoy eating (Alaimo et al., 2008).

Biodiversity in community gardens

Seed saving and exchange between gardeners reduces the reliance on purchased 
seeds and allows them to grow and share plant varieties that are culturally 
relevant. Given that 75 per cent of the world’s plant genetic diversity has been 
lost in the last century (FAO, 2004), community gardens may have broader 
implications for preserving agricultural biodiversity on farm and fostering 
food security by protecting plant varieties that have no commercial value. 
Galluzzi et al. (2010) describe home gardens ‘as neglected hotspots of agro-
biodiversity and cultural diversity’. The authors suggest that traditional crops or 
varieties are often ‘maintained in cultivation because of personal affection and 
commitment of single gardeners, resulting in maintenance of a greater portion 
of intra-specific diversity than a market exposure permits’. Like many home 
and community gardens around the world, the crops grown on Melbourne’s 
multi-cultural public housing estates are often cultivated because they have a 
particular relationship to a family or individual’s traditions, cultural practices 
or culinary preferences (Baker, 2004). While community gardens may improve 
access to fresh fruit and vegetables, it is important not to privilege functional 
considerations such as nutrition or biodiversity over more affective factors such 
as pleasure and preference when considering the influences in production and 
consumption choices in community gardens.

Beyond functional understandings of farming, food and eating

A review of 16 studies on the influence of farmers markets and community gardens 
in the United States on dietary intake shows there is some potential for improving 
‘access to fruits and vegetables, especially in low-income areas that have poor 
access to affordable, healthful foods’ (McCormack et al., 2010). However, most 
of these studies advocated the distribution of economic incentives, such as food 
coupons, to promote fruit and vegetable consumption, rather than promoting 
education campaigns that may ultimately prove more effective in influencing 
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attitudes and beliefs regarding the purchase, preparation, or consumption of 
fruits and vegetables obtained from farmers markets or community gardens.

Drewnowski (1997) points out that most public health efforts have focused 
on encouraging ‘consumers to replace palatable energy-dense foods with less 
palatable, but arguably healthier, starches and grains’, with a particular emphasis 
on decreasing sugar and fat consumption. However, farmers market producers 
and gardeners alike frequently frame the motivations for their farming, gardening 
and consumption practices in terms of taste. One stallholder, Andrew Wood of 
Glenora Heritage Produce, explained that he uses non-hybrid, open pollinated, 
heirloom seed because, although they are more difficult to grow, he is interested 
in protecting biodiversity but also producing the best tasting food possible: ‘I 
suppose you could call us gastronomic farmers… When I look at our vegetables 
in the field, I see the endless variety of finished dishes ready to eat’ (Wood, 
2010). Wood’s commitment to taste is consistent with other farmers market 
producers who indicated that they grow particular varieties for their taste rather 
than yield. Similarly, many urban gardeners grow their own food not because 
it gives them better access to fresh fruit and vegetables, but because they have 
better flavour. Taste and aroma are a central part of eating and have the potential 
to influence moods, recall memories, serve as a warning of toxicity and more, 
yet the social value of the olfactory senses is frequently ignored in public health 
and agricultural policy and discourse (Santich, 2009).

Delind (2006) makes a case for local food systems that are more visible, 
convivial and sensual and that exceed the functional values represented in 
economic and nutritional understandings of food and farming. Focusing on 
functional elements of food production may overlook the primary motivation of 
both farmers market producers and urban gardeners. Our research indicates that 
consideration of the relationship between taste, cooking and eating that emerges 
from farmers markets and community gardens, rather than functionality, is most 
likely to encourage biological and dietary diversity.
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Case study 10

‘Please pick me’: how Incredible 
Edible Todmorden is repurposing the 
commons for open source food and 
agricultural biodiversity

John Paull

Background

Perhaps it is the recipes, the climate, or the Manchester School of free trade 
advocacy. Whatever the reasons, food has not been one of Britain’s great gifts 
to the world. Apparently, British school children generally do not wonder 
where their next meal is coming from beyond the supermarket freezer. In a 
survey, 36 per cent of school children did not know that the main ingredient 
of chips was potato, and 37 per cent were unaware that cheese is made from 
milk (Homeyard, 2005); and while 99 per cent could use a DVD player, only 
58 per cent could use a vegetable peeler and only 43 per cent could boil an egg 
(Slattery, 2006).

The English town of Todmorden in West Yorkshire (North West England), 
with a population of about 17,000, was once a thriving hub of activity 
supporting the rapacious textile industry of a Great Britain in the midst of an 
Industrial Revolution that oversaw the near-extinction of non-industrial textile 
production. Now the region has one of Britain’s highest unemployment rates. 
Houses in Todmorden are modest even by English standards. Front yards are 
non-existent or tablecloth size; and ditto backyards.

In the past, food production was off-shored with cheaper land and labour 
under foreign skies to ‘better’ climates, and, with British ships ‘ruling the waves’, 
feeding Britain cheaply took priority over feeding Britain locally or  seasonally.

The wisdom of scouring the world for the cheapest foodstuffs while 
neglecting British agriculture and local food production came adrift during 
WWII when German U-boats were doing their darnedest to torpedo supply. 
At the Economic Reform Club, Lord Northbourne raised the question: could 
Britain feed itself? (Northbourne, 1940). The campaign ‘Dig for Victory’ and 
food rationing and shortages, which extended into the 1950s for Britain, brought 
home to the British their lack of food security and sovereignty.

Thus, when the Incredible Edible Todmorden (IET) project raises the 
question of food self-sufficiency for Todmorden – and by extension the rest 
of Britain – it is treading on historical carcasses and the skeletons of British 
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imperialism, the dogmas of free trade, and the faded ‘greatness’ and arrogance 
of an empire well past its use-by-date.

On a daily basis, newspapers report dysfunctional eating and the obesity 
epidemic engulfing Britain. The National Health Service (NHS) is funding lap-
band surgery for obese Britons as young as 16 years old (Bond, 2011). British 
women are the fattest in Europe and a quarter are obese (Bates and Hope, 
2011), while national facilities are expended on repurposing resources. For one 
morbidly obese Briton: ‘On one occasion firefighters had to be called out to 
demolish the front wall of his former home so they could drive a fork lift truck 
inside to lift him out and put him into an ambulance … Two female carers take 
up to four hours to wash (him) because his size makes it impossible for him to 
clean himself ’ (Whitelocks and Bates, 2011).

The benefits of agricultural biodiversity: why, what

In March 2008 a public meeting was held in Todmorden. The topic was food – 
and the premise was ‘we need to talk’. The meeting attracted about 60 attendees 
and was a local response to the growing awareness that Britain needs to have a 
conversation about food. In many ways it was a meeting against the tide of the 
Americanization of the British diet, of the Tesco-ization1 of food retailing, of the 
dissociation of food from its agricultural and geographic provenance, as well as 
of a centuries-late response to the off-shoring of British agricultural biodiversity 
and of food production generally.

From that meeting, Incredible Edible Todmorden (IET) was born. The town 
was scoured for land and space that could be repurposed for food growing. 

Figure C10.1 Canalside – vegetable patch and Incredible Edible interpretative panel 
along the canal tow path at Todmorden. Photo credit: John Paull
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Permission gardens and guerilla gardens2 appeared around town planted out 
with cabbage and carrots, rhubarb and radishes, chard and chives, becoming 
‘propaganda gardens’ – their very presence, designed to precipitate public and 
private discourse on the subject of food. They serve as ‘Trojan horses’ to smuggle 
food issues into public awareness.

A herb garden planted out beside a footpath and planter pots outside the 
Hippodrome Theatre added edibility to the streetscape of Todmorden. One 
senior school and six primary schools in the town all now grow food and 
the local cemetery has had an Incredible Edible make-over tended by school 
children. The local medical centre features an apothecary garden, and planter 
boxes in the adjacent car park have been shared out between IET and Blooming 
Todmorden, a practical compromise between the contesting ideologies of 
prettification versus edibility.

The novelty of IET’s produce is that this is help-yourself food where passers-
by are invited and encouraged to pick this fresh local produce. A message on 
IET boards is: ‘Go on, take some. It’s all free.’ Signage presents pictures and 
names of planted produce, and suggests when it is ready to pick and how it may 
be cooked. Against an image of kale, consumers are advised: ‘Harvest: June–
February. Use in any recipes that are suited to cabbage or Brussels sprouts.’ 
Of lovage (Levisticum officinale) we read: ‘Harvest: All year. A lesser-known and 
underrated herb. Tastes a little like celery, so great in soups and stocks’. Adjacent 
to an image of chard: ‘Harvest: All year. Great as a side dish. Just cook and add 
olive oil and salt. Mmmmm.’

Many are now familiar with open-source journals where the content is free 
to the end user, but the concept of open-source food, of picking and eating 

Figure C10.2 Education – the Community College of Todmorden tempts passers-by 
with open access radishes growing in a pavement plot. Photo credit: John Paull
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something that someone else had planted and nurtured, took some time to catch 
on, and represents a cultural change in Todmorden.

Plots are mixed – there is no monoculture for IET – which is visually more 
interesting and attractive, and encourages mixed picking as well as sampling of 
the unfamiliar.

The benefits of agricultural biodiversity: how

IET has created 40 public fruit and vegetable gardens. The gardens and orchards 
in ‘the commons’ are the public face of IET and they are its most visible, 
tangible and immediate community benefit. They are a constant reminder that 
‘food doesn’t grow on supermarket shelves, you know’. They deliver visual 
interest, opportunities for participation and engagement, gastronomic novelty 
and amenity, as well as fresh seasonal local nourishment.

IET has also created a variety of communication, educative and celebratory 
events in the town. Such events have included street cook-offs, ‘Tod Talks’, 
targeted campaigns such as ‘Every Egg Matters’ which maps local egg production, 
cooking courses, the field to plate lunch, and seed swaps. Regular newsletters, 
an active website (www.incredible-edible-todmorden.co.uk, accessed August 
2012), presentations beyond the local district, and veggie tourism, all serve to 
maintain the momentum of IET.

A celebrity visit, such as by Prince Charles, to IET adds endorsement and 
gains media exposure beyond what free carrots in an obscure West Yorkshire 
town may otherwise attract. It can add Todmorden to the celebrity-circuit and, 
as an online commentator offered: ‘Congratulations to the folk of Todmorden 
for being so innovative that the Prince of Wales just had to come to see it for 
himself ’ (wrinkles, in Moseley, 2010).

The benefits of agricultural biodiversity: impacts

The local and immediate outcome of IET is the transformation of the commons 
with edible townscaping. IET has raised the profile of food in general and 
local food in particular. Residents and food vendors have a raised awareness 
of localness. A survey of Todmorden shoppers reported that 64 per cent ‘buy 
locally produced food regularly’, with the leading reasons for doing so being 
to ‘support the local economy’ followed by ‘quality and freshness’ (Lee-Woolf, 
2009).

The Todmorden local market has survived and even prospered with a 
banner declaring: ‘Your Local Market. Great people, great value, great service. 
Local food on sale here. Put markets back into market towns.’ Of the fresh 
produce on offer in the market, many items are prominently labelled as ‘local’. 
This creates a motivation for producers to grow such differentiated produce 
and shoppers to preference it.

The movement against the Tesco-ization of small-town Britain is active 
in Todmorden. Decals reading ‘Save our markets. No more supermarkets’ 
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are on prominent display throughout the town and a recent application for 
a further supermarket has been declined by the local council. The Todmorden 
News carried the comment endorsing that decision: ‘This should now send 
Sainsbury’s a clear signal, should they appeal, that they are not welcome in 
Tod. This message could also be extended to any other supermarket chain 
wishing to build another supermarket in the town. Three is enough thank 
you!’ (Sutcliffe, 2011).

The first Todmorden cheese was launched on the market in August 2009. 
The new Pextenement Cheese Company restored a seventeenth-century dairy, 
and its East Lee branded cheese is made from local organic milk (Pextenement, 
2010). It is perhaps at the forefront of a new wave of niche, boutique and artisan 
local food products.

A survey in Todmorden had 47 per cent of respondents reporting that they 
‘have grown food at home this year’ while 35 per cent reported that they are 
‘fairly new to food growing’. Seventy-nine per cent stated that they ‘would like 
more food growing around town’ (Lee-Woolf, 2009).

A local mother stated: ‘I’d never grown a vegetable in my life and I had 
absolutely no idea how to do it, but when I heard about Incredible Edible from 
another mum … I knew it made sense. I started in my own garden by growing 
vegetables. It was far easier than I’d expected it to be. This year we’ve had 
potatoes, leeks, carrots, cabbage, strawberries, onions, garlic, peas, parsnips and 
sprouts, and I don’t spend more than two hours a week in the garden’ (Pauline 
Mullarkey, quoted in Moorhead, 2009).

Figure C10.3 Views – Incredible Edible pumpkins planted with a view over Todmorden, 
West Yorkshire, Uk. Photo credit: John Paull
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Scale up efforts and challenges

IET has used a strategy of ‘find what works’, and duplicate it. The Todmorden 
core activities of creating propaganda gardens and propaganda orchards using 
local and heritages varieties have been successfully replicated across the town. 
Sites continue to be identified, and the corpus of such gardens and orchards 
continues to grow.

Residents of at least sixteen towns and villages3 have adopted the Incredible 
Edible model and moniker and are in various stages of reproducing the 
Todmorden project for themselves. These copy-cats are generally villages 
and small towns. It remains to be tested if Incredible Edible is a small-town 
phenomenon that can readily be scaled up to larger conurbations, cities, and 
perhaps even mega-cities. Scaling down is plausibly a less problematic enterprise.

A different species of ‘scale-up’ is about to be tested in Todmorden. Following 
a successful application to the Lottery Fund, IET has been awarded £500,000 
to expand its vision of local food with plans for an ambitious demonstration 
project including aquaponics, with integrated orchards, bees, and an ‘edible 
learning landscape’. Just how will this major injection of funds with its attendant 
commitments, demands, promises, staffing, infrastructure, management, and 
reporting requirements impact on what has been a volunteer enterprise? Stories 
of lottery winners squandering their winnings are by now a cliché. Just how will 
IET articulate its own change of fortunes, and perhaps even negotiate with a 
potential ‘saving Nemo’ backlash? What is certain is that half a million pounds 
will change the dynamics of IET and, when the cash runs out, IET will have a 
fascinating narrative to share – about scalability (and fish).

Stakeholder involvement

‘If you eat, you’re in’ is a tag of IET. It identifies that we are all stakeholders in 
the enterprise of food, and thereby all potential constituents of the Incredible 
Edible project.

Pam Warhurst, one of the IET founders, characterizes ‘The Model’ of IET 
as ‘Three plates spinning’ where she says ‘One is boring, two is clever, three’s a 
show!’ According to Warhurst these ‘plates’ are the ‘Community – Everyone’, 
the ‘Business sector including farmers’ and ‘Learning/education – cradle to 
cradle’ (Warhurst, 2010). IET has successfully recruited these three plates into 
the IET vision.

IET began without funding and it was the sweat-equity of community 
members that was initially invested in the enterprise. An early engagement 
with food businesses was to give them each blackboards where they could 
advertise what was ‘local’. Businesses have reciprocated and their support has 
generally been in kind – timber, plants, seeds, planter boxes, signage, and the 
space for planting.

All schools in Todmorden participate. The catering manager of Todmorden 
High School, Tony Mulgrew, reported that the school started growing food in 
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February 2009. By the summer of that year the school was serving soup in their 
dining room made with their own school-grown tomatoes, potatoes, courgettes, 
beans, endive and chard (Moorhead, 2009).

Policy impact

IET is a vehicle to argue for systemic change, and its proponents are not blind to 
the wider context of their small-town project, perhaps even to the global context. 
The emphasis has been on direct action, and as Pam Warhurst says: ‘We’re bored 
to death and cynical about strategies and policies and rhetoric’ (quoted in Paull, 
2011). Nevertheless the IET people are not silent about the bigger picture, 
and the opportunities for engineering systemic change at the policy level. Ten 
proposals have been generated that, if implemented at a government policy 
level, would inject, by fiat, food growing into urban planning (Table C10.1).

IET’s success to date has been the success of a grass-roots idea that has taken 
hold in its hometown and has spread to other towns and villages. Just how 
this success might port to government is unclear as well as contested. A recent 
newspaper report about Todmorden and its Incredible Edible project attracted 
favourable feedback from readers as well as tapping a vein of cynicism about 
government intervention (Graff, 2011). One correspondent commented: ‘This 
is one light at the end of the tunnel that is not an oncoming train’ (mkb, in 
Graff, 2011). Another expressed optimism that others would take up the idea: 
‘Wonderful inspiring ladies, with a beautiful vision. I dearly hope more towns, 

Table C10.1 Proposals from Incredible Edible Todmorden for edible townscaping 
(Warhurst, 2010) 

1. Build schools for the future that have the living edible world at their heart

2. Transform health buildings with edible plants and trees as an integral part of the 
design and workplace

3. All public bodies to release land for food growing

4. Plan for food - Support local food production through the planning system 
with local plans identifying places for growing

5. Tick all the boxes - Make growing a performance indicator for ‘wellbeing’ for 
all Public Services

6. Insist all new homes have ready-to-grow spaces

7. All social landlords to allocate space for growing

8. Charter for truly local markets - support local food producers and farmers and 
campaign for the reallocation of subsidies

9. Make sure public bodies like schools and health authorities have as a priority to 
procure local food

10. Invest in food skills for the future. We need incredible degrees and diplomas, 
cooks and technologists, farmers and fabulous food producers
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cities and villages think the same and take part in this fantastic scheme’ (kroger, 
in Graff, 2011). A positive role for government was envisaged by one reporter: 
‘Perfect! The way it should be. I don’t want to knock the beautiful flower beds 
around town but increased fruit and vegetable planting (instead of flowers to 
some extent) should be a national policy’ (PrivateSi, in Graff, 2011), while 
others raised a note of caution regarding its involvement. One correspondent 
pleaded: ‘Please do not involve government, ministers or councillors – that is 
instant death to anything. People feel they are being pushed and so rebel or are 
disinterested. It would instantly be loaded with health and safety rules as well. 
keep councillors out’ (Flora, in Graff, 2011). Another wrote: ‘I agree that it’s 
a brilliant idea but like an earlier comment “don’t get the politicians involved, 
local or national” they’ll find a way to tax it and throw the “elf and safety” book 
at it’ (Get it right eh, in Graff, 2011).

Whether IET could successfully make the transition from ‘grass-roots’ and 
citizen activism to local government or national government policy, remains 
uncharted territory. While some draw from a deeply sceptical vein, what is clear 
is that the IET group are themselves optimistic and more than optimistic since 
they are actively advocating a governmental uptake of Incredible Edible precepts.

Key lessons learned

There are at least seven lessons that can be drawn from the successes of the IET 
project. These lessons can be characterized as: champions; actions; visibility; 
engagement; media and message; replication; and contagion.

Firstly, the success of IET has been driven by local champions who have 
imaginatively, enthusiastically and articulately taken up the challenge of 
localizing food. The initial public meeting moved the project past the idea stage, 
and taking action is the important second lesson of IET. Thirdly, those actions, 
whether permission gardens or guerilla gardens, shared the common element 
of visibility. IET gardens are highly visible. They are labelled with IET logos 
and interpretational text ranging from handwritten, for example ‘Food to Share 
– Please do not pull veg. then leave to die – this is sad and wasteful. Enjoy it!’ 
through to the professionally illustrated signage, in full-colour and sponsored.

The fourth lesson of IET has been engagement. IET actively recruited from 
the outset its ‘three spinning plates’ – community, business and the education 
sector. This engagement leveraged commonalities, resources, skill sets, and 
interests. The success of IET has been accompanied by regular coverage in 
the Todmorden News which has provided frequent refreshment of the message 
in the local weekly newspaper. The fifth lesson is the constructing of regular 
stories, photo opportunities, fresh angles, the framing of messages (e.g. ‘If you 
eat, you’re in’).

A sixth lesson from IET is replication. Find out what works and do that, 
again and again. Some activities, such as street gardens and verge orchards, can 
proliferate to occupy the available niches. Rituals that work, for example street 
cook-offs and seed swaps can become regular or annual fixtures. The seventh 
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lesson of IET is to foster contagion – keep it simple, open, replicable, non-
proprietorial, and continually refresh the momentum.

IET is successfully reinvigorating food discourse, ‘one stick of rhubarb at 
a time’. Food is increasingly being acknowledged as the issue of our times. 
Incredible Edible has created a vehicle to inject food issues into the public 
domain and to project them well beyond its hometown of Todmorden.
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Notes
 1 Tesco is a British multinational grocery and general merchandise retailer.
 2 Gardening on land that the gardeners do not have legal right to use, often an 

abandoned site or area not cared for by anyone.
 3 Todmorden as well as: Accrington; Cloughmills; Glossop; Holmes Chapel; Hoylake; 

Huddersfield; Lambeth; Llandrindod; Prestwich; Ramsbottom; Rossendale; Totnes; 
Wakefield; Wight; and Wilmslow.
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Case study 11

Cultivating health with leafy vegetables 
in coastal Tanzania

Petra Bakewell-Stone

Background

Levels of food insecurity are persistently high in Tanzania, with 34 per cent 
(13.9 million) of the population undernourished (FAO, 2011). The main 
nutritional disorders affecting Tanzanians include protein-energy malnutrition 
and deficiencies in iron, vitamin A and iodine (Lorri, 1996; kinabo, 2008).

Underlying causes of malnutrition are complex and multi-faceted, but have 
in part been attributed to declining consumption of nutrient-rich traditional and 
leafy vegetables (Pendaeli et al., 2010; Oniang’o et al., 2006; Ogoye-Ndegwa and 
Aagaard-Hansen, 2006). Low-income households typically have unbalanced 
diets consisting mainly of carbohydrates complemented by a small quantity of 
low-end protein. When consumed, leafy vegetables are often exotic (including 
cabbage and collard greens) and purchased at a high price from local markets. 
Even in relatively wealthy urban households, children consume low amounts 
of leafy vegetables due to lack of availability and knowledge. Other reasons for 
the declining consumption of traditional vegetables include Westernisation, 
negative perceptions associated with these foods, lack of awareness about their 
benefits, shortage of land on which to grow or collect them, as well as the time 
needed to gather and prepare them (RESEWO, 2009).

Local groups in many different countries are now taking action to reverse the 
negative effects of the ‘nutrition transition’ (which refers to ‘changes in diet and 
activity patterns’ – Popkin, 2001: 871), including declining dietary diversity and 
associated nutritional disorders such as obesity, high blood pressure, cholesterol 
and diabetes (Turner and Ommer, 2003).

In 2006, over cups of Bidens pilosa (Blackjack) tea, a group of senior women 
citizens – siblings, neighbours and old school friends – living on the Regent 
Estate in Dar es Salaam, Tanzania, decided to start the Regent Estate Senior 
Women’s Organisation (RESEWO). Their aim was to promote the identification, 
cultivation and use of traditional foods and vegetables. RESEWO’s original 
membership of 12 grew to 22 by 2006, and in 2011 counted over 60 members. 
Most are retired professionals over 60 years of age, and all but two are women. 
Reasons for membership include: maintaining heritage species, conserving 
agricultural biodiversity, teaching others about forgotten or underutilised foods 
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and the value of traditional vegetables, and improving the health of vulnerable 
groups as well as their own.

This case study reports on the findings of an ethnobotanical study conducted 
with RESEWO members in kinondoni district and their counterparts, mature 
homegardeners, in Bagamoyo district (Dar es Salaam and Pwani regions, 
respectively). Research focused on documenting the use of traditional plant 
species by communities for health and food security, as well as factors promoting 
and influencing leafy vegetable cultivation.

kinondoni district covers an area of 531 km2 and in 2002 housed a population 
of over one million (Mbonile and kivelia, 2008); the contiguous Bagamoyo 
district covers 9847 km2 and has an estimated population of 277,673 (MoAFC, 
2010). The region is characterised by a tropical climate with an average 
temperature of 28°C and average annual rainfall ranging between 800–1500 mm. 
Climatic changes, including a decrease in rainfall and increase in temperature 
(Mbonile and kivelia, 2008), are affecting planting seasons, as well as yields and 
types of vegetables grown.

Whereas in Bagamoyo, agriculture, livestock-keeping and fishing are the 
population’s main livelihood strategies, in kinondoni most households depend 
on informal businesses such as selling agricultural commodities.

In addition to drought and pest epidemics, major challenges faced by the 
agricultural sector include low levels of education and a lack of extension 
services. This results in low access to improved technology and farm inputs, 
weak irrigation, limited processing, storage and marketing infrastructure, lack 
of credit and low investment. Rural–urban migration, particularly among the 

Figure C11.1 RESEWO founder, Freda Chale, leading students through a demonstration 
garden in the Village Museum in Dar es Salaam. Photo credit: P. Bakewell-Stone
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younger generations, and the prevalence of HIV/AIDS and other diseases put 
pressure on the availability of farm labour. In addition, due to unsustainable 
land management practices, deforestation and over-grazing, soils are being 
heavily degraded and becoming more susceptible to erosion.

The benefits of agricultural biodiversity: why, what

The cultivation and use of micronutrient-rich leafy vegetables with medicinal 
properties has been promoted as a means to improve health and food security 
(Turner and Ommer, 2003), their use underlining the ‘multiple roles of 
botanicals as constituents of both an indigenous diet and herbal pharmacopoeia’ 
(Etkin and Ross, 1983: 232). High in antioxidants, folic acid, protein per calorie 
and omega-3, leafy greens are an important component of diets in many places 
in the world (Nabhan, 2004) and contribute significant amounts of vitamins 
A and C to the diets of resource-poor households in sub-Saharan Africa (van 
Rensburg et al., 2004). The nutritional quality of these vegetables is characterised 
by biologically-active plant metabolites including carbohydrates, vitamins, 
hormones, organic and amino acids, phenolics, flavonoids and glucosinolates. 
Essential for plant growth, development and defence, metabolites determine 
plant colour, taste and smell along with the plant’s medicinal and nutritional 
properties (Hounsome et al., 2008: 48). This explains the sustained use of 
leafy greens throughout history as essential ingredients for relishes, herbal 
preparations and other traditional forms of phytotherapy amongst communities 
and traditional healers in Tanzania, as well as the supplementary role they play 
in diets by adding variety and improving palatability and taste of staple foods 
(Lyimo et al., 2003). Research carried out by Marshall (2001) on the use of 
wild and weedy greens by a community in kenya demonstrated that patterns 
of harvesting and using these plants results in greater dietary diversity while 
maximising the plants’ nutritional benefits. In Marshall’s study group wild 
greens were gathered and cooked with between one and four other taxa of weedy 
greens, and combinations of greens eaten varied from day to day, providing 
different sources of nutrients, vitamins and minerals.

Across East Africa the domain of leafy vegetables is both large and diverse, 
encompassing a wide variety of edible plants (over 50 different species reportedly 
used in Tanzania). Many are cultivated, although there is a large amount of 
variation in management intensity from wild gathered to fully domesticated. A 
number of species of wild and weedy leafy vegetables traditionally consumed in 
East Africa show potential for domestication. These include Talinum portulacifolium, 
Cleome gynandra, Solanum nigrum, Bidens pilosa, Basella alba and Portulaca oleracea. 
They are often preferred due to their environmental suitability and contribution 
to ‘climate proofing’ by resisting drought. Growing leafy vegetables is amongst a 
portfolio of livelihood strategies used by smallholders to adapt to climate change, 
improve nutritional security and become more self-sufficient.

For the present study, besides management status, leafy vegetables were 
differentiated on the basis of leaf shape, life cycle, abundance, propagation 
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technique, perceived status, use, preparation method and taste. Whilst the great 
majority of plants described as leafy vegetables were herbaceous, some tree 
species were also included such as Guava (Psidium guajava), Baobab (Adansonia 
digitata) and Moringa (Moringa oleifera). This variation can be explained by 
the biocultural diversity existing across Tanzania’s 120 tribes and nine agro-
ecological zones.

During the documentation phase of this study, the most commonly nominated 
leafy vegetables were Launaea cornuta and Bidens pilosa. Their frequency 
of mention indicates the underlying criteria for their utilisation in coastal 
Tanzania including bitter-tasting, weedy, use reliant on traditional knowledge 
and medicinal. Both are used in traditional healthcare as anti-malarials and are 
good candidates for improving micronutrient status. Bidens pilosa is valued as a 
nutritious vegetable, tea-substitute and home remedy for a number of ailments.

The benefits of agricultural biodiversity: how

In order to promote the use of these plants and raise awareness of their 
nutritional properties, the founders of RESEWO transferred traditional 
vegetable seeds from their native areas to homegardens. The organisation now 
grows and promotes a range of different traditional leafy vegetables on their 
demonstration plots at the Village Museum in Dar es Salaam and in their own 

Figure C11.2 Fatuma Shariff, Chairwoman of a community-based organisation in 
kiromo village, Bagamoyo district, showing kilemba cha bwana (Emilia javanica) a wild 
leafy vegetable used traditionally in the coastal region of Tanzania. Photo credit: P. 
Bakewell-Stone
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homegardens. They also distribute seeds, vegetables and information materials, 
such as recipe books (Pendaeli et al., 2010), as well as helping establish school 
gardens and developing a community seed bank. Members of RESEWO adopt 
such approaches because they attribute protein–energy deficiency not only to 
poverty but also to lack of education and awareness, particularly with regards to 
nutritious foods.

The benefits of agricultural biodiversity: health impacts

Whether used as foods or for their medicinal properties, the consumption 
of leafy vegetables and the ingestion of the phytochemicals they contain ‘can 
explain diverse cultural food behaviours and health outcomes’ (Johns et al., 
1996). Growing leafy vegetables is providing homegardeners in the coastal 
region of Tanzania with daily access to safe and nutritious food and medicine. 
This is important, for example, in reducing iron and vitamin A deficiencies in 
vulnerable groups such as the elderly and in pregnant women, and for improving 
maternal health and reducing child illness and mortality (Lyimo et al., 2003). 
Cowpea (Vigna unguiculata) and sweet potato (Ipomoea batatas), both known to 
have high iron contents, are being recommended for pregnant women and for 
treating anaemia. Other nutrient-rich leaves include those of squash (Cucurbita 
maxima) that provide vitamin A and Cleome gynandra containing high levels of 
vitamin C, iron and calcium.

A wide range of leaves are used traditionally for the treatment of diarrhoea 
and other stomach complaints. The increasing incidence of HIV/AIDS and 
diabetes has seen a rise of people turning to traditional plants to treat disease-
related problems, e.g. lemongrass for lesions and ulcers. Leafy vegetables and 
plants in general are considered a safer alternative to (often counterfeit) store-
bought medication. They are often associated with longevity and increased 
immunity – as is the case for baobab (Adansonia digitata) – and sometimes also 
increased appetite (Caylusea abyssinica).

During the documentation phase of the study, many people were keen to 
testify to the efficacy of leafy vegetables in preventing, alleviating or treating 
different ailments. Bidens pilosa, for instance, has been successfully used to treat 
high blood pressure and anaemia as well as preventing malaria; one couple 
reported not suffering from malaria since 1965 as a result of drinking one to 
two cups of Bidens pilosa tea on a daily basis. Therapeutic claims made about its 
use are well supported by the literature (Moshi et al., 2010), with a number of 
studies reporting similar ethnomedical uses in other countries and providing 
evidence of its phytochemical and curative properties (Boily and van Puyvelde, 
1986; Chhabra and Mahunnah, 1994; Rivera and Obon, 1995).

Scale up efforts and challenges

In and around Dar es Salaam leafy vegetable cultivation is reportedly increasing, 
in part due to the efforts of RESEWO to promote them. These include 
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strategies being developed with the Slow Food movement including cookery 
demonstrations and disseminating traditional food cookbooks, alongside 
nutritional education and education on preserving agricultural biodiversity 
through utilisation.

In addition, the World Vegetable Centre in Arusha is distributing nutritional 
seed kits containing germplasm of improved varieties of Amaranthus spp., 
Corchorus olitorius, Brassica carinata, Crotalaria spp., Solanum scabrum, Cleome 
gynandra, Moringa oleifera and Vigna unguiculata.

When asked to envision their ideal future, RESEWO members said that they 
wanted to see more Tanzanians eating traditional foods and Tanzania ‘a healthier 
nation in which malnutrition and poverty have been alleviated and food security 
and incomes improved by the increased cultivation and use of traditional foods 
and vegetables’ (RESEWO, 2011: 8).

To achieve this vision, it is recommended that RESEWO continues to 
advise people on establishing and maintaining traditional food and medicine 
homegardens. The organisation provides a valuable service to surrounding 
communities by offering nutritional advice and informal health counselling. 
Intergenerational transfer of knowledge between older members of the 
community and school children or students is particularly important.

There is a need for strengthened awareness raising, publicity, training, 
outreach, extension, practical cooking demonstrations and taste education to 
promote appropriate preparation of foods that maximise their nutrient value. 
Increased human and financial resources are required for this mission. The 
need for more sites for cultivation, marketing and demonstration was also 
highlighted. These focal points could be centres for learning, networking and 
advocacy around traditional foods, as well as loci for seed-saving and seed 
bank establishment, natural pest control and post harvest management. Other 
priorities include establishing rainwater harvesting and irrigation facilities, as 
well as heightened investment in solar drying, for a simple technique that can 
be widely applied to most types of leafy vegetables using easily constructed and 
efficient solar dryers (Martin et al., 1998).

Stakeholder involvement

Rather than acting in isolation, individuals cultivating leafy vegetables are part 
of social networks. RESEWO, Slow Food and other local groups and networks 
are tightly linked, allowing for the effective exchange of knowledge and planting 
materials between homegardeners and women’s groups across the country.

RESEWO also seeks institutional involvement by carrying out extensive 
consultations with local government actors and district agricultural authorities 
through meetings, workshops, community trainings, conferences and seminars, 
as well as informal networking. This is facilitated by the fact that the Chagga 
community, which is mostly involved in RESEWO’s work, tend of have 
large and well-connected families, with a high representation in government 
institutions.
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Policy impact

Global agricultural policies emphasise common food crops such as cassava, maize, 
pigeon peas and beans, meaning that other traditional vegetables have received less 
attention. In addition, the introduction of imported vegetables, often considered 
more highly than local varieties by extension services, has undermined the use of 
indigenous and traditional vegetables (Eyzaguirre and Linares, 2004).

Although rarely promoted in policy, there is great scope for traditional leafy 
vegetables to be incorporated into national health and nutrition programmes. 
One good example is the campaign promoted by the Tanzania Food and 
Nutrition Centre that encourages the cultivation of nutrient-rich vegetables 
(particularly those rich in iron and vitamin C, which enhances iron availability) 
at the household level (Lorri, 1996). Further suggestions to promote the use of 
traditional leafy vegetables in diets as a way of improving dietary diversity and 
micronutrient status of vulnerable groups – including orphans and people living 
with HIV/AIDS and kwashiorkor – include: i) engaging district hospitals to 
carry out awareness-raising campaigns targeting pregnant women and lactating 
mothers; ii) working with district agricultural projects to monitor food security; 
iii) carry out research on improved varieties of traditional leafy greens; and iv) 
provide training on nutrition, food preservation and improved growing practices.

Key lessons learned

Leafy vegetable diversity is an important part of Tanzania’s biocultural heritage, 
particularly in the context of changing dietary patterns, food security, nutrition 
and health. Supported by the background literature, RESEWO firmly believes 
that traditional leafy greens can provide a substantial contribution to poverty 
reduction, as well as increasing food security and improving health in vulnerable 
communities, showing great promise to reliably and cost-effectively provide 
food, medicine and, potentially, cash income.

The reasons for growing leafy vegetables not only relate to the plants’ 
phytochemical characteristics, but also to the traditional knowledge and 
cultural beliefs associated with these species, along with the way they shape 
the communities’ livelihood strategies. In particular, traditional leafy vegetables 
are grown because of their environmental suitability, ease of cultivation and 
preparation, and culinary and medicinal uses. Integrating promising taxa into 
existing crop systems is an affordable means of mitigating malnutrition.
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The Food Acquisition Programme in 
Brazil: contributions to biodiversity, 
food security and nutrition

Catia Grisa and Claudia Job Schmitt

The Food Acquisition Programme1 (PAA)

Former Brazilian President Lula da Silva’s first term was marked by the 
incorporation of hunger, food security and nutrition as key themes in the 
policy agenda, particularly after the launch of the Zero Hunger Programme. 
This programme provided a set of structural and emergency actions aimed at 
ensuring human right to food and at eradicating the structural causes of poverty. 
The creation of the PAA, which encompassed in the same policy instrument 
consumption subsidies to people suffering from food insecurity and support 
to family farming,2 was an innovative measure, and part of the contemporary 
structuring of an integrated food security policy framework in Brazil (Delgado 
et al., 2005; Schmitt, 2005).

The programme acquires family farm products and forwards them to public 
programmes and social organizations supporting people with limited access 
to food or suffering from food insecurity, thus enabling the establishment of 
different production–consumption patterns. The PAA operates using different 
purchasing schemes that enable: i) the setting up of local food networks that 
support the distribution of family farm products to food insecure populations 
through a number of social programmes; ii) price regulation of specific products 
destined to form public security food stocks; iii) the acquisition of food during the 
growing season to be stored and subsequently sold through farmer organizations 
(i.e. associations and cooperatives) that can, thereby, position themselves on the 
market under more favourable terms and; iv) the purchase and donation of milk to 
socially vulnerable families via a public distribution circuit. The implementation 
of these mechanisms involves a range of actors, including the federal and state 
governments, municipalities, as well as farmer and social service organizations. 
The different buying modalities that operate at different scales, can be used as a 
toolbox of sorts, and adapted to fit the different local contexts.

From 2003 to 2010, more than US$2.03 billion (3.5 billion reais) were spent 
on the purchase of approximately 3.1 million tonnes of food (Brasil, 2011); and 
between 2008 and 2010, the number of farming families involved in the PAA 
reached 160,000 per year – only a small percentage (3.7 per cent) considering 
the total number of family farms existing in Brazil (4.3 million, according to 
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the Agricultural Census of 2006). The PAA is currently being implemented 
in approximately 40 per cent of Brazilian municipalities, reaching more than 
25,000 governmental and non-governmental organizations per year, including 
schools, child care organizations, nursing homes and community kitchens 
among others, with 15 million people benefiting from food distribution every 
year (Brasil, 2011).

Promoting diversification and the sustainable management of 
biodiversity for food and nutrition: PAA’s contribution

In many contexts, the PAA has promoted changes in the productive matrix of 
family farming as well as in the links between farm units and markets. Public 
procurement schemes are helping to strengthen polyculture, historically a 
traditional feature of a “farmer’s way of life” in Brazil (Wanderley, 1999). 
This is happening because in many regions of Brazil, the “modernization 
of agriculture” has led farmers to specialize in the production of a limited 
number of commodity crops and to adopt unsustainable agricultural practices 
based on the intensive use of pesticides and other chemical inputs, which, in 
turn, has exposed these families to economic, social and health vulnerability. 
Furthermore, the PAA has encouraged the diversification of production, thus 
connecting agricultural supply to a diversified demand. For example, in a survey 
conducted in the state of Paraná (southern region of Brazil), Ghizelini (2010) 

Figure C12.1 A child eating food from the Food Acquisition Programme. Source: 
CONAB
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noted that products that farmers were unaccustomed to selling on the market, or 
that had little commercial value, were included in a wide range of “marketable” 
products. Prior to implementation of the PAA only 4 per cent of family farms 
included in the survey used to market their vegetables; after accessing the 
programme, 98 per cent of the surveyed households included these crops in 
their social reproduction strategies.

In addition to providing incentives for diversification, the PAA is also 
rescuing, recovering and commercially promoting forgotten regional and 
local products, some of which had never been marketed before. The result of 
this work is the revitalization and preservation of traditional knowledge, food 
customs and local cultures associated with these foods that had been lost over 
generations because of the negative perceptions associated with them; foods that 
were considered “old-fashioned” or had been eroded by the mercantilization 
of agriculture (Ploeg, 2008; 2003). Within the state of Rio Grande do Sul 
(Southern Brazil), which was partly colonized by European settlers, the PAA 
helped revitalize colonial mills. According to Pandolfo (2008), these mills carry 
the historical legacy of generations of family farmers and have an important role 
in preserving the culture and the food habits of rural households. This example 
illustrates a broader process of recovery of regional food practices that is being 
carried out in different regions of Brazil. Foods such as hominy (dried maize), 
babassu palm (Attalea speciosa) flour, pine nuts, coconut oil, baru nut (Dipteryx 
alata) flour, cupuaçu (Theobroma grandiflora), palm hearts, umbu (Spondias sp.), 
maxixe (Cucumis anguria) and jambú (Syzygium sp.), among others, are being 
served more frequently in schools and social care organizations.

Some of these regional foods purchased by the PAA derive from sustainable 
extractivist practices. In 2008, the PAA acquired 28 types of extractivist products, 
benefiting over 8,000 extractivist families, especially women who are often the 
main collectors of these products. Furthermore, the acquisition of extractivist 
products – such as those derived from the babassu palm (oil and flour) – has 
multiple benefits: on the one hand, it promotes the conservation and sustainable 
use of this palm tree; on the other, it grants children, the elderly and socially 
vulnerable groups access to food with high nutritional value. In the state of 
Acre, in the Amazon, before the PAA programme was established, Brazil 
nut extractivists depended entirely on the market opportunities provided by 
brokers, who would mostly buy the nuts below their market value. Under the 
PAA programme, extractivists are guaranteed the sale of their production and 
have seen the price of the nuts almost double (Cordeiro, 2007). The above-
mentioned examples demonstrate that positive interactions between social and 
ecological processes can be achieved while conserving and sustainably managing 
biodiversity for food and nutrition.

In order to provide healthy, pesticide-free food to socially vulnerable groups, 
the PAA also promotes the commercialization of agro-ecological or organic food 
by supporting production systems that embrace sustainable and biodiversity 
conservation practices, while emphasizing the use of local resources. To this end, 
the programme provides a price premium of 30 per cent for environmentally-



358 Catia Grisa and Claudia Job Schmitt

sound food products. However, the main challenge for policy makers and farm 
organizations remains the provision of incentives for the expansion of these 
agro-ecological practices and the development of mechanisms of conformity 
assessment that can be easily accessed by family farmers and adapted to different 
local contexts.

It is also worth mentioning that the PAA allows the purchase, donation and 
exchange of traditional and local seed varieties, as well as commercial non-hybrid 
seeds. The aim is to rescue and preserve biodiversity, stimulate the production 
and exchange of such seeds and promote the autonomy and sustainability of 
farming practices. These seeds carry with them the history of generations, 
connecting ecological processes, agricultural practices, knowledge and culture, 
while enabling farmers to become less dependent on external inputs and more 
empowered in their relations with technical experts and traders (Londres and 
Almeida, 2009). Several family farming organizations and technical advising 
non-governmental organizations (NGOs) are relying on institutional markets 
as an effective support mechanism for initiatives focusing on biodiversity 
conservation and management.

Changing the menus: PAA’s contribution to food security 
and nutrition

The PAA contributes to enhancing food and nutritional security on both sides 
of the food chain by improving diets at the farm level, while ensuring that 

Figure C12.2 Children at school eating babassu coconut derived food. Source: CONAB



Case study 12 359

vulnerable groups have access to good quality food. Evidence of the nutritional 
impacts of the PAA is still limited; however, a number of surveys indicate 
important changes in dietary diversity and health status of families benefiting 
from the PAA programme.

In families producing food for the PAA, research has shown increases in 
dietary diversity, as well as in quantity and quality of food for self-consumption 
(Becker, 2010; Costa, 2010; Delgado et al., 2005). In general, products marketed 
through the programme are those normally consumed by households, and 
promoting the commercialization of these food stuffs seems to positively affect 
production for self-consumption. As pointed out by zimmermann and Ferreira 
(2008), the PAA has been responsible for including fresh fruit and vegetables 
in the diets of family farmers. Before the programme, many farmers had no 
fruit trees in their farms and did not value native fruits. Similarly, Costa (2010) 
noted that families who took part in the PAA scheme were changing eating 
habits, incorporating vegetables into their diets and expanding their knowledge 
about healthy eating. Research carried out on organizations involved in the PAA 
distribution scheme showed an increase in the quality and diversity of food 
offered to scheme recipients (Triches, 2010; Costa, 2010; zimmermann and 
Ferreira, 2008).

Despite the fact that PAA provides only a portion of the food needs of these 
social programmes, savings resulting from donations have helped expand the 
food supply capacity of social service organizations and helped them invest 
in dietary diversification. In schools, for instance, the PAA now ensures that 
fresh, locally-produced, often organic food is made available in the canteens, 
as opposed to the processed meals that were previously served and that were 
incompatible with regional food cultures. Preliminary observations seem to 
confirm that the initiative is contributing to the attendance, performance and 
well-being of school children (zimmermann and Ferreira, 2008; Ortega, Jesus 
and Só, 2006).

Lessons learned

As discussed above, the implementation of the PAA has demonstrated that 
public policy can simultaneously support family farming while addressing food 
security and nutrition as well as biodiversity conservation. The knowledge and 
experience accumulated and the positive results of the PAA have inspired other 
initiatives dealing with institutional markets. In 2009, for example, the Brazilian 
National School Meals Programme (PNAE) decreed that at least 30 per cent of 
the food purchased through its programme should be acquired directly from 
family farmers through simplified acquisition procedures.

Despite this success, the Brazilian government has faced a number of 
challenges during the design and implementation of the PAA. The inclusion 
of underprivileged farmers, in general, and specific groups of farmers (such as 
agrarian reform settlers, indigenous groups, quilombolas,3 babassu and coconut 
harvesters, etc.), is still limited due to their fragile organizational structure. 
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In many cases, information gaps and limited access to public institutions – 
an expression of the social inequalities that still prevail in Brazilian society – 
prevent farmers from fully benefiting from the programme. However, it should 
be highlighted that the PAA has demonstrated in a wide variety of settings its 
worth as a powerful tool to promote market access by family farmers while 
supporting ecologically-friendly agriculture and extractivist activities.

Notes
 1 In Portuguese, Programa de Aquisição de Alimentos (PAA).
 2 Within Brazilian public policy, the term family farming designates a heterogeneous 

universe composed by rural farmers, modernized family farmers, agrarian reform 
settlers, quilombolas, extractivists and indigenous peoples, among others.

 3 The Associação Brasileira de Antropologia (Brazilian Anthropology Association) 
defines quilombola communities as “groups who resist changing their traditional way 
of life”. Living in temporary settlements, most quilombolas descend from the African 
slaves who were shipped to Brazil at the beginning of the 16th century to work on 
plantations until the abolition of slavery in 1888.
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348–50; components, 38; cross-sectoral 
partnerships, 213–22, 214, 217, 219, 
220; defined, 37–9; impacts of global 
change on, 53–4; role of, 3–4

agriculture: challenges, 19–20; need for 
change, 48–50; role in hunger, 21, 22, 
23; simplification of, 39–42; small-scale, 
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agrobiodiversity, see agricultural 
biodiversity

Agroforestry Food Security Programme 
(AFSP), 118

ahipa, 164
AIDS, role of nutrition, 292, 350
amaranth (Amaranth viridis), 114, 115, 292, 

306
Amaranthus spp., 297, 351
Amblypharyngodon mola, 97, 99, 273
‘American three-sisters’ polyculture, 24–5
anemia, 232
animal diversity, 46–8, 47, see also livestock 

species
animal source foods (ASF), 69–71
aquaculture: aquatic organisms, 89–92, 

90, 91; food fish production, 92–4, 93; 
plant production, 94; small-sized fish, 
102–4

arrow head (Sagittaria sagittifolia), 94
Artificial Intelligence for Ecosystem 

Services (ARIES), 156
‘artificial’ meat, 78
ASF (animal source foods), 69–71
Asia: agricultural biodiversity case study, 

303–11, 306–7, 308, 310; minor millets 
case study, 313–23, 314, 316, 317, 319, 
321, 322

aubergine, 296
Australia, food and dietary diversity case 

study, 326–34, 328, 329, 330–1
avocado, 148, 260

babassu palm (Attalea speciosa), 357
bacterial wilt (Ralstonia solanacearum), 299
Bacteroidetes, 30
baim/chikra (Macrognathus aculeatus, M. 

pancalus, Mastacembalus armatus), 273, 
274

Balanites aegyptiaca (desert date), 261, 262
banana (Musa sp.), 115, 148
Bangladesh, fish diversity and 

consumption case study, 270–80, 271, 
272, 274–5, 277, 278–9, 280

baobab (Adansonia digitata), 114, 258, 261, 
349

barley, 40
barnyard millet, 314
Barringtonia procera, 45
baru nut (Dipteryx alata), 357
Basella alba, 348
basil (Ocimum sp.), 304
beans, 25, 148
Berchemia discolor, 261, 262
Bidens pilosa (Blackjack), 346, 348, 349, 350
biodiversity: in community gardens, 333; 

and dietary diversity (DD), 190–3, 191, 
192; and ecosystem services, 151–7, 
153, 155; importance of, 3; linking to 
nutrition, 142–59, 143, 144–5, 147, 148, 
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black jack (Bidens pilosa), 148
black nightshade (Solanum americanum), 

114, 115
Brassica carinata, 351
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(PAA) case study, 355–60, 356, 358; 
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breadfruit, 232, 234
breed diversity: environmental 

implications, 76–9; and sustainable 
diets, 79–81; trends, 73–6

bush mango (Irvingia gabonensis), 263, 264

cabbage, 113
Cameroon, 264–8, 265, 266, 267, see also 

sub-Saharan Africa (SSA)
Canarium indicum, 45
Carissa edulis, 262
carrots, 193
Carson, R., 210
case studies: agricultural biodiversity, 

303–11, 306–7, 308, 310; community 
gardens, 336–44, 337, 338, 340, 
342; fish diversity and consumption 
case study, 270–80, 271, 272, 274–5, 
277, 278–9, 280; Food Acquisition 
Programme (PAA), 355–60, 356, 358; 
food and dietary diversity, 326–34, 328, 
329, 330–1; home gardens, 242–53, 244, 
245, 246–7, 249, 250, 251; indigenous 
fruit trees (IFTs), 258–68, 260, 261, 263, 
265, 266, 267; indigenous vegetables, 
291–300, 293, 294, 296, 298; leafy 
vegetables, 346–52, 347, 349; minor 
millets, 313–23, 314, 316, 317, 319, 321; 
orange-fleshed sweet potato (OFSP), 
283–9, 284, 285, 286; traditional foods, 
231–7, 233, 234, 236

cassava (Manihot esculenta), 40, 114, 115, 148
catfish, 92
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Diversity), 103, 211, 218
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and Environment (CINE), 233–5
CFS (Committee on World Food 

Security), 54

CGIAR (Consultative Group on 
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CRP4, 218–21, 220

“CHEEF” benefits of local food, 233, 237
cheese, 70, 80, see also animal source foods 

(ASF)
chickpea, 317
child development: role of nutrition, 1–2; 

role of wild-gathered plant species, 44
chilli, 306
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Chrysophyllum albidum, 263
CINE (Centre for Indigenous Peoples’ 

Nutrition and Environment), 233–5
citrus (Citrus sp.), 114, 260
Cleome gynandra, 348, 351
climate change, and the MDGs, 116–17
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Collaborative Partnership on Forests 

(CPF), 45
Committee on World Food Security 

(CFS), 54
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“Bajra, Cambu”), 316
community gardens, 330–1, 332–3, 336–44, 

337, 338, 340, 342
community-based organizations (CBOs), 
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270–80, 271, 272, 273–6, 274–5, 277, 
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projections, 70

Convention on Biological Diversity 
(CBD), 103, 211, 218

Corchorus olitorius, 351
coriander (Coriandrum sativum), 304
country bean (Lablab niger), 304
cowpea (Vigna sp.), 123, 304, 350
CPF (Collaborative Partnership on 

Forests), 45
crop management, 48–50
crop wild relatives (CWR), 45–6, see also 

plant diversity
crossbreeding programme, 75–6, see also 

breed diversity
cross-sectoral partnerships, 213–22, 214, 

217, 219, 220
Crotalaria spp., 351
CRP4, 218–21, 220
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cucumber, 115
Cucurbita maxima, 350
cupuaçu (Theobroma grandiflora), 357
CWR (crop wild relatives), 45–6, see also 

plant diversity

Dacryodes edulis, 263, 264
DD (dietary diversity), see dietary diversity 

(DD)
diet: and breed diversity, 79–81; fish 

consumption and composition, 96–100, 
97, 98, 99; fish diversity, 94, 95; 
patterns, 124

dietary diversity (DD): Australia case 
study, 326–34, 328, 329, 330–1; and 
biodiversity, 190–3, 191, 192; cross-
sectoral partnerships, 213–22, 214, 
217, 219, 220; global differences, 189, 
190; importance of, 43; meanings and 
measurement, 187–9; reduction in, 
39–40

diversity: animal, 46–8, 47; managing for, 
27–30; plant. See plant diversity

diversity kits, 248, see also home gardens
drumsticks (Moringa oleifera), 304
drylands, 116–18, 262–4, 263, see also sub-

Saharan Africa (SSA)

Echinochloa colona, 314
Echinochloa crusgalli, 314
eco-agriculture, 18, 26–7
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States (ECOWAS), 129, 133–4
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ecosystem services: overview, 18, 21–4, 22, 
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African States), 129, 133–4
eggplant (Solanum melongena), 296
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framework, 305
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environment: concerns, 20–1; and livestock 

production, 71–3
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framework, 305
eucalyptus, 29
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Fabaceae, 25
Faidherbia albida, 118
FAO (Food and Agriculture Organization), 

218, 219
“Farmer First” paradigm, 210

farmers markets, 327–32, 330–1
farming, conservation, 118–19
FD (Functional Diversity) metric, 147–9, 

148
Federated States of Micronesia (FSM), see 

Pohnpei case study
finger millet (Eleusine coracana (L.) 

Gaertner), 314, 316
Firmicutes, 30
fish: and animal diversity, 47–8; availability 

in inland waters, 89–92, 90, 91; 
consumption, 96–100, 97, 98, 99; 
diversity and consumption case study, 
270–80, 271, 272, 274–5, 277, 278–9, 
280; pond polyculture, 271–2, 272, 
278–9, 280; small-sized, 102–4, see also 
aquaculture

“Fome zero” programme, 217–18, 217
Food Acquisition Programme (PAA), 217, 

217, 355–60, 356, 358
Food and Agriculture Organization (FAO), 

218, 219
food consumption, 70, 258–68
food security: fruits for, 259–60, 260; 

United Nations home gardens case 
study, 242–53, 244, 245, 246–7, 249, 250, 
251; and the MDGs, 116–18; role of 
biodiversity, 50–2

forests, role in nutrition, 45
foxtail millet (Setaria italica (L.) Pal.), 314
fruit consumption, 258–68
FSM (Federated States of Micronesia), see 

Pohnpei case study
Functional Diversity (FD) metric, 147–9, 

148

Garcinia kola, 263, 264
giant swamp taro, 232, 234
Gliricidia sepium, 118, 119
global agricultural system, current status, 

2–3
Global Digital Soil Map initiatives, 146
Global Environment Facility (GEF), 218, 

219
Gnetum africanum, 45
“Go Local” approach, 232–7
grasslands, 80
Green Revolution, 209–10
Grewia tembensis, 261
Grewia tenax, 259
Grewia villosa, 261
groundnuts (Arachis villosulicarpa), 114, 148
guava (Psidium guajava), 259, 349

Helen keller International (HkI), 273, 
303–11, 306–7, 308, 310
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helencha (Enhydra fluctuans), 304
HFPPs (homestead food production 

programmes), 310
High Level Panel of Experts on Food 

Security and Nutrition (HLPE), 54
hilsa (Tenualosa ilisha), 270
HIV/AIDS, role of nutrition, 292, 350
HLPE (High Level Panel of Experts on 

Food Security and Nutrition), 54
Holstein-Friesian cattle, 77
home gardens: case study, 242–53, 244, 

245, 246–7, 249, 250, 251; defined, 
41–2; diversity kits, 248; role of, 243–9, 
244, 245, 246–7

homestead food production programmes 
(HFPPs), 310

human gut as an ecosystem, 29–30
hunger: role of agriculture, 21, 22, 23; role 

of biodiversity, 50–2; statistics, 1
hungry rice (Digitaria exilis), 123

ICRAF (World Agroforestry Centre), 264, 
265

IDD (iodine deficiency disorders), 243
IET (Incredible Edible Todmorden) 

project, 336–44, 337, 338, 340, 342
IFAD (International Fund for Agricultural 

Development), 315
IFCP (Island Food Community of 

Pohnpei), 233, 236–7, see also Pohnpei 
case study

IFPRI (International Food Policy Research 
Institute), 213

IFTs (indigenous fruit trees), 258–68, 260, 
261, 263, 265, 266, 267

IIAM (Institute for Agrarian Research in 
Mozambique), 288

income growth: fruits for, 260–8, 261, 263, 
265, 266, 267; role of livestock in, 72

Incredible Edible Todmorden (IET) 
project, 336–44, 337, 338, 340, 342

indigenous fruit trees (IFTs), 258–68, 260, 
261, 263, 265, 266, 267

indigenous knowledge, 180–1
indigenous vegetables, 291–300, 293, 294, 

296, 298
inland waters, 89–92, 90, 91
Institute for Agrarian Research in 

Mozambique (IIAM), 288
Integrated Valuation of Ecosystem Services 

and Trade-offs (InVEST), 156
interdisciplinary communities of practice, 

17–31, 18
International Food Policy Research 

Institute (IFPRI), 213

International Fund for Agricultural 
Development (IFAD), 315

International Treaty on Plant Genetic 
Resources for Food and Agriculture 
(ITPGRFA), 211

InVEST (Integrated Valuation of 
Ecosystem Services and Trade-offs), 156

in-vitro meat, 78
iodine deficiency disorders (IDD), 243
Irvingia gabonensis, 45, 263, 264
Island Food Community of Pohnpei 

(IFCP), 233, 236–7, see also Pohnpei 
case study

Italian millet (Setaria italica “Thenai”), 316
ITPGRFA (International Treaty on Plant 

Genetic Resources for Food and 
Agriculture), 211

jambu (Syzygium sp.), 357
jujube (Ziziphus mauritiana), 114, 115
jute mallow (Corchorus olitorius), 114, 292

kakihara, S., 177
kangkong (Ipomoea aquatica), 304
kenya: fruit consumption in, 262–4, 263. 

See also sub-Saharan Africa (SSA)
kodo millet (Paspalum scrobiculatum (L.)), 

314, 316

lablab bean, 317
landraces, 39–41
Lannea alata, 261
Laos, aquatic biodiversity in, 100, 100–1
Launaea cornuta, 349
leafy vegetables, 346–52, 347, 349
Leucaena leucocephala, 119
little millet (Panicum sumatrense Roth ex 

Roemer & Schultes), 314, 316
livestock species: breed diversity, 73–6; and 

the environment, 71–3; products and 
services provided by, 69–71; and the 
simplification of agriculture, 39, see also 
animal diversity

local and traditional foods (LTFs), 220
lotus, 94
lovage (Levisticum officinale), 338
lupine, 200

maca (Lepidium meyenii, Brassicaceae), 165, 
170–4, 172

MACH (Management of Aquatic 
Ecosystems through Community 
Husbandry) projects, 276, 277

Machranga Mohila Samity, 277
maize, 24–5, 40, 41, 115, 148, 199, 313
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agriculture and health in, 208–13, see 
also sub-Saharan Africa (SSA)

malnutrition: role of biodiversity, 50–2; 
statistics, 1, see also nutrition

Management of Aquatic Ecosystems 
through Community Husbandry 
(MACH) projects, 276, 277

mango (Mangifera indica), 114, 148, 259, 260
marula (Sclerocarya birrea), 258
mashua, 164
mauka, 164
maxixe (Cucumis anguria), 357
Mayan three-sister system, 24–5
meat quality, 76, see also livestock species
Mediterranean diet, 45
melon, 115
Millennium Development Goals (MDGs): 

home gardens case study, 242–53, 244, 
245, 246–7, 249, 250, 251; meeting, 111; 
sub-Saharan Africa (SSA), 113–16, 115

Millennium Ecosystem Assessment (MEA, 
2005), ecosystem services findings, 
21–2, 23, 68

Millennium Villages Project (MVP), 
113–16, 150

millet, 40
millet (Pennisetum glaucum), 115
millet (Pennisetum typhoideum), 123
minor millets, 313–23, 314, 316, 317, 319, 

321
mint (Mentha sp.), 304
Missé, C., 267
MNP (multi-sectoral nutrition planning), 

211–12
mola (Amblypharyngodon mola), 273, 274
moringa (Moringa oleifera), 114, 115, 130, 

292, 349, 351
Mozambique: introduction of orange 

fleshed sweet potato (OFSP), 283–9, 
284, 285, 286, see also sub-Saharan 
Africa (SSA)

M.S. Swaminathan Research Foundation 
(MSSRF), 315

MSSRF (M.S. Swaminathan Research 
Foundation), 315

mulberries, 148
multi-sectoral nutrition planning (MNP), 

211–12
mung bean, 317
mustard, 317
MVP (Millennium Villages Project), 

113–16, 150

NARC (Nepal Agricultural Research 
Council), 251–2

NARES (National Agricultural Research 
and Extension Services), 295

NARS (Bioversity International/National 
Agricultural Research Systems), 130–1

NARS (National Agricultural Research 
Systems), 130–1

National Agricultural Research and 
Extension Services (NARES), 295

National Agricultural Research Systems 
(NARS), 130–1

National Food Security Council 
(CONSEA), 217

NDU (Nutrition Development Unit), 
208–9

Nebeday, 130
neem (Azadirachta indica), 304
neglected and underutilized species 

(NUS): CRP4 research on, 220; home 
gardens case study, 242–53, 244, 245, 
246–7, 249, 250, 251; importance of, 43; 
minor millets, 313–23; role in nutrition, 
51–2, see also plant diversity; wild-
gathered plant species

Neolithic revolution, 35
Nepal Agricultural Research Council 

(NARC), 251–2
Nepal case study, 242–53, 244, 245, 246–7, 

249, 250, 251
NFR (Novel Food Regulation), 174
niger, 317
Nile tilapia (Oreochromis niloticus), 271
Non-Wood Forest Products (NWFP), 45
Novel Food Regulation (NFR), 174
NUS (neglected and underutilized 

species), see neglected and underutilized 
species (NUS)

nutrition: challenges, 19; diversity 
in. See dietary diversity (DD) fish 
consumption, 273–6, 274–5; food-
based approach, 249–51, 250, 251; 
impacts of global change on, 53–4; 
importance of plant diversity, 42–6; 
linking to biodiversity, 142–59, 143, 
144–5, 147, 148, 149, 153, 155, 158, 
186–7; measuring, 193, 194, 195, 196–7, 
198; role in HIV/AIDS, 292, 350; role 
of animal diversity, 46–8, 47; role of 
biodiversity, 50–2; role of forests, 45; in 
sub-Saharan Africa (SSA), 112–13; in 
West Africa, 124–35, 125, 129, 133, see 
also diet; malnutrition; undernutrition

Nutrition Development Unit (NDU), 
208–9

NWFP (Non-Wood Forest Products), 45
Nyasaland Nutrition Survey, 208, see also 

Malawi
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obesity, statistics, 1
OFSP (orange-fleshed sweet potato), 

283–9, 284, 285, 286
oil palm (Elaeis guineensis), 115
okra (Abelmoschus esculentus, A. caillei), 114, 

115
onions, 115, 306
orange (Citrus sinensis), 259
orange-fleshed sweet potato (OFSP), 

283–9, 284, 285, 286
Organization to Develop Our Village 

(ODOV), 310
orphan crops, see underutilized species

PAA (Food Acquisition Programme), 217, 
217, 355–60, 356, 358

pandanus, 232, 234, 236
pangas (Pangasianodon hypophthalmus), 271
papaya (Carica papaya), 114, 148
participatory rural appraisals (PRA), 317
participatory variety selections (PVS), 317
partnerships, cross-sectoral, 213–22, 214, 

217, 219, 220
pawpaw (Carica papaya), 259
peaches, 148
PEM (protein energy malnutrition), 243
PEN (Poverty and Environment 

Network), 45
perch, 92
pigeon pea (Cajanus cajan), 148, 304, 317
pine nuts, 357
plant diversity: importance of, 42–6, see also 

underutilized species
PNAE (School Meals National 

Programme), 217, 217
Pohnpei case study, 231–7, 233, 234, 236
pond polyculture, 271–2, 272, 278–9, 280
population, projections, 70
Portulaca oleracea, 348
potatoes, 40, 115, 306, 313
poverty alleviation, role of livestock in, 72
Poverty and Environment Network 

(PEN), 45
PRA (participatory rural appraisals), 317
prickly water lily, 94
primitive cultivars, 39–41
proso millet (Panicum miliaceum (L.)), 314, 

316
protein energy malnutrition (PEM), 243
pumpkin (Cucurbita pepo), 114, 148, 306
puti, 273
PVS (participatory variety selections), 317

quinoa, 165–70, 165, 168
Quinoa (Chenopodium quinoa, 

Chenopodiaceae), 165

Regent Estate Senior Women’s 
Organisation (RESEWO), 346–52, 347, 
349

Reseau des Organisations Paysannes et des 
Producteurs Agricole de l’Afrique de 
l’Ouest (ROPPA), 133, 134–5

Resource User Groups (RUGs), 277
rice (Oryza sp.), 24, 40, 95, 115, 168, 234, 

313, 316
Ricinodendron heudelotii, 263, 264
rural development, fruits for, 260–8, 261, 

263, 265, 266, 267
Rural Resource Centres (RRCs), 265
rye, 40

sampling effect, 28
Scaling-Up Nutrition (SUN), 223
School Meals National Programme 

(PNAE), 217, 217
Sclerocarya birrea, 45, 259, 262
seed systems, 131
Sesbania sesban, 118
SETSAN (Technical Secretariat for Food 

Security and Nutrition), 288
Silent Spring (Carson, 1962), 210
silver carp, 273, 275
silver favocarp (Hypophthalmichthys molitrix), 

271
small indigenous fish species (SIS), 272–3, 

276, 280
small-scale agriculture, 41, see also 

agriculture
small-sized fish, 102–4, see also fish
snails, 95, see also aquaculture
Solanum aethiopicum L., 296, 296, 299
Solanum anguivi, 296
Solanum macrocarpon, 296
Solanum melongena, 299
Solanum nigrum, 348
Solanum scabrum, 351
sorghum (Sorghum sp.), 40, 115, 123
South America: indigenous knowledge, 

180–1; maca, 165, 170–4, 172; minor 
food species, 179–80; quinoa, 165–70, 
165, 168; underutilized crops, 178–9, 
181–2; yacon, 165, 174–8, 176, 178

Southeast Asia, aquatic species, 95
soy beans (Glycine max L.), 114
spider plant, 292
squash, 25, 350
SSA (sub-Saharan Africa), see sub-Saharan 

Africa (SSA)
The State of the World’s Animal Genetic 

Resources for Food and Agriculture (FAO, 
2007), 73–6
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sub-Saharan Africa (SSA): Agro-forestry 
Food Security Programme (AFSP), 
118; collaborative approaches between 
agriculture and health in Malawi, 
208–13; drylands, 116–18, 262–4, 
263; indigenous fruit trees (IFTs), 
258–68, 260, 261, 263, 265, 266, 267; 
Millennium Development Goals 
(MDGs), 113–16, 115; Millennium 
Villages Project (MVP), 113–16; 
nutrition in, 112–13; West Africa, 123

SUN (Scaling-Up Nutrition), 223
sustainable development, ‘three-pillars’ 

model, 68
sweet potato, 40
sweet potato (Ipomoea batatas (L.)), 284, 350

taki (Channa punctata), 273, 274
Talinum portulacifolium, 348
tamarind (Tamarindus indica), 114, 115, 258
Tamarindus indica, 259, 261, 262
Tanzania: leafy vegetables case study, 

346–52, 347, 349, see also sub-Saharan 
Africa (SSA)

taro (Colocasia esculenta), 304, 306
tarwi, 200
Technical Secretariat for Food Security and 

Nutrition (SETSAN), 288
Tephrosia candida, 118
Thankuni pata (Centella asiatica), 304
three-sister system, 24–5
tilapia, 92
tomatoes, 115
Towards Sustained Nutrition 

Improvement (TSNI), 283–9
traditional foods: indigenous knowledge, 

180–1; knowledge base on, 130–2; 
Pohnpei case study, 231–7, 233, 234, 
236

transboundary breeds, 75–6, 77, see also 
breed diversity

“transfer of technology” paradigm, 210
TSNI (Towards Sustained Nutrition 

Improvement), 283–9

umbu (Spondias sp.), 357
UN Conference on the Environment and 

Development (UNCED), 211
UN Environment Programme (UNEP), 

218, 219
UN Standing Committee on Nutrition 

(UNSCN), 221–2
UNCED (UN Conference on the 

Environment and Development), 211

undernutrition, 88, see also malnutrition
underutilized crops, 178–9, 181–2
underutilized species: CRP4 research 

on, 220; home gardens case study, 
242–53, 244, 245, 246–7, 249, 250, 
251; importance of, 43; minor 
millets, 313–23; role in nutrition, 
51–2, see also plant diversity; wild-
gathered plant species

UNEP (UN Environment 
Programme), 218, 219

UNICEF framework, 149–50
UNSCN (UN Standing Committee 

on Nutrition), 221–2

vegetable cowpea (Vigna unguiculata), 
292

Vigna unguiculata, 351
vitamin A deficiency (VAD), 232, 243, 

259–60, 260, 283–9, 291–300, 304
Vitamin A for Africa (VITAA), 288
Vitellaria paradoxa, 45

water caltrops, 94
water chestnut, 94
water Neptune, 94
water spinach, 94
West Africa: nutrition transition in, 

124–35, 125, 129, 133, 134; pre-
historic foods of, 123, see also sub-
Saharan Africa (SSA)

West African Health Organization 
(WAHO), in West Africa, 128, 129, 
133–5

wheat, 24, 40, 167, 313
white crossberries (Grewia tenax), 258
wild rice (Zizania aquatica), 94
wild-gathered plant species, 44–5, 

51–2, 111, see also plant diversity; 
underutilized species

World Agroforestry Centre (ICRAF), 
264, 265

World Vegetable Center (AVRDC), 
292, 293, 295, 298

yacon (Smallanthus sonchifolius 
Asteraceae), 165, 174–8, 176, 178

yams, 40
yellow fleshed banana, 232, 234, see also 

banana (Musa sp.)

zero Hunger Programme, 217–18, 217
Ziziphus mauritiana, 259, 262




