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FOREWORD

The Consultative Group on International Agricultural Resea@BIAR) has committed itself to ensuring

that agricultural research serves the needs of the poor. Two urgent needs for the poor are better nutrition
and better health. In its new vision (CGIAR SRF 2010), the CGIAR commi¢sitae poverty and

hunger, improve timan health and nutrition, and enhance ecosystem resilience throughuaity
international agricultural research, partnership, and leadershipis CGIAR Research Program,

Agriculture for Improved Nutrition and HealtHirectly and strategically supgerthis new vision.

Agriculture will need to develop and expand to meet the food needs of a growing population from
a finite resource base. How agriculture develops to do this can have critical consequences on the health
and nutrition of people. This pragn is designed to support the overall CGIAR research agenda by
improving our understanding and options for how agriculture can better accentuate the positive benefits
and mitigate the risks of agricultural development on human health and nutrition. @$szseslare meant
to serve the entire CGIAR agenda, within agroecological production systems and along food value chains.

Emphasis will be placed on two populations of people. The first group is those people who are
left behind by socioeconomic developmesiffer from high rates of malnutrition and agriculture
associated diseases, and rely on aid and development support. Research in the program will meet the
demands of development implementers and investors for better knowledge, technologies, and learning
approaches to improving their performance.

The second group is those poor people in dynamically intensifying and changing systems in
which research can help shape agricultural development more positively and safely. This program will
support policy and decisionmakers and development implementers. Managing the benefits and risks of
agricultural development on human health and nutrition are central to achieving the -S@téad&Rimpact
goals of poverty reduction, food security, and environmental sustaipdbilipeople in developing
countries.

This program will work at the interface of thgriculture, nutrition, and healfiectors. These are
three critical pillars for development. For the ambitions of this program to be met, partnerships will be
critical. Twelve CGIAR Centers and multiple partners fragriculture, nutrition, and healtommunities
have actively participated in contributing to the development of this proposal through written
contributions, stakeholder and partner workshops, and oral gisoasThis program proposes a much
closer partnership between thgriculture, nutrition, and healtesearch and development communities
than seen previously. New approaches to esessoral work are proposed. While new, this program will
build on passuccesses of CGIAR and partners working togethegoiculture, nutrition, and health
programs and seeks to complement a number of new international initiatives for improving agriculture
nutrition and agriculturéaealth integration and synergies.
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1. EXECUTIVE SUMMARY

Background

Hunger, malnutrition, and poor health are wigtesid and stubborn development challenges. Agriculture
has made remarkabdelvances in the past decades, but progress in improving the nutrition and health of
poor farmers and consumers in developing countries is lagging behind. A recent IFPRI 2020 Conference

in New Del hi,

nLeveraging

Agr ity Iot Wbrreo ufgdirt It mmred vhie

1,000 stakeholders to examine how agriculture could be energized to become a more powerful tool to
tackle the persistent problems of food insecurity, malnutrition, and poor health. Building on the
momentum created by those dissions, the CGIAR Research Program on Agriculture for Nutrition and

Health (CRP4) is designed to fill the
existing gap between agricultural
development and its unfulfilled health and
nutritional benefits.

The starting point for CRP4 is that
agricultural pacticesinterventionsand
policiescan be better adaptaand
redesignedo maximize health and nutritior
benefits and to reduce health risks. This
concept reflects the new vision of the
CGIAR Strategic Results Framework
(April 2011), which has four stragic
objectives: improving human nutrition and
health, reducing rural poverty, improving
food security, and achieving sustainable
management of resources. While CRP4 w
contribute to the achievement of all four
CGIAR strategic objectives, its primary
focus will be on improving human nutritior
and health. In order to achieve this goal,
CRP4 will bring together research and
development professionals across the
agriculture, nutrition, and health (ANH)
sectors to jointly tackle key challenges an
design join solutions.

CRP4 Strategic Goal

Figure 1. CRP4 Conceptual Framework
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CRP4 is a research program that witirk to accelerate progress in improving the nutrition and

health of poor peopleby exploiting and enhancing the synergies between agriculture, nutrition, and

health through four key search components: value chains, biofortification, control of agriculture
associated diseases, and integrated agriculture, nutrition, and health development programs and policies.

CRP4 Strategic Framework and Research Components

Figure 1 presents the ovérstrategic framework of CRP4. The key development challenges that the
program will address are the stubborn problems of undernutrition and ill health that affect millions of
poor people in developing countries. CRP4 will leverage agriculture to imgrevautrition and health of
the poor through four research components that will directly address the problems of low digd quality
the main cause of undernutrition worldwédand of vulnerability to agriculturassociated diseases.



Component 1 focuses on apgfunities to improve nutrition along valuectgino i ncr ease t he poc
access to nutritious foodSomponent 2 aimw improve the availability, access, and intake of nutrient
rich, biofortified staplefoods for the poorComponent 3 addresses food safesues along the value
chain, including the control of zoonotic diseases and the better management of agricultural systems to
reducetherisk of human diseases. Component 4 addresses the need for integration among the agriculture,
nutrition, and healtkectors, at both the program and policy Isvel

These four componentgereselected based on discussions and brainstorming with
representatives from 12 CGIAR centers and a wide range of partners who participated in the CRP4
planning meeting in July 2010h@&ir selection arises from the recognitamd consensubat poor diet
quality and related micronutrient deficiencies are now the most pressing nutritional problem affecting the
poor. Similarly, the severe disease burden from-omahe infections and zootic diseases is associated
with changes in agricultural practice and policy, and therefore requires agricultural solutions. As
agriculture is the main livelihood strategy for the poor, it is they who are disproportionately affected by
these health and trition problems. For CRP4 to adequately tackle tlobsdlengestheprogram team
carefullyassessethe opportunitieghatexist within the current (and future) research portfolio of the
CGIAR and its partneris orderto leverage agriculture to improweitrition and health and to exploit
their potentially powerful synergigs achieve the common goal of imprawg thenutrition and health of
the poor.

Research Objectives

The CRP research objectives across the different components are as follows:

1. Generatknowledge and technologies to improve the nutritional quality and safety of foods
along value chains (Components 1, 2, and 3).

2. Develop, test, and release a variety of biofortified foods, as well as other ntitfefttods
that are affordabléor the poo and accessible to the{Components 1 and 2).

3. Generate knowledge and technologies for the control of zoonotichimoe, wateborne,
and occupational diseases (Component 3).

4. Develop nethods and tools to improve the effectivenefficiency, and timelhessof
surveillance and monitoring systems and to permit meaningful evaluation ofecompl
multisectoral programs and policies (Componer43.1

5. Produce evidence of nutritional and health burdens and benefits and of the returns to different
interventionsm different sectors (Componentsil

6. Assess and document changes in dietary and nutritional patterns and risks of agriculture
associated diseases among poor people in intensifying systems, and identify and test
agricultural options to enhance nutritiomighealth benefits and mitigate risks of agriculture
intensification in these populations (Components 1 and 3).

Impact Pathways

Figure 2 presents the overall program impact pathway. CRP4 is expected to enhance the contribution of
agriculture research quits to nutrition and health impacts through three major impact pathways and their
respective actorgl) value chainghat provide more nutritious and safer foo@;development

programsthat successfully integrate agriculture, nutrition, and health(@mpolicy that promotes a
supportive and enabling cressctoral policymaking process and investment environment. Expected
outputs from CRP4 are value chains that provide more nutritious and safer foods accessible to the poor;
stronger and more effecéhintegrated ANH programs; and better cresstoral policies, investmentnd
regulation.CRP4 will contribute to largecale sustainable impacts by developing strong linkages with
developmehimplementers, including valeghain actors and ANH program peementers, and with

enablers such as international and natipotitymakes and governments.



Figure 2. CRP4 Program Impact Pathways
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Partnerships

Ef fective partnerships and new partnership practi

research outputs and development outcarel impacts. Adartnership strategwill be developed

initially, to create the best conditions for carrying out the research and making full use of the subsequent
findings. The unique complexity of CRP4, which requires working across sectors, caltarigeaf
partnership types anghrtnershiplepths. CRP4 will work with four broad categories of partners: enablers
(policymakers and decisionmakerdgvelopment implementers, valabain actors, and research

partners. We are committed to a partnershjegss that incorporates strategic thinking, systematic
processes with partneisnovativebehaviors and resources, and implementation of best partnership
performance practice®Ve regard partners as the essential ingredieatsuccessful joint effort.

Research Components: An Overview

Component 1: Value Chains for Enhanced Nutridiosill focus on increasing the demand for nutritious
foods among poor rural and periban households, and on identifying leverage points along the value
chain where innovate/ nutrition interventions can be incorporated to stimulate both the supply and the
demand for nutritious food#.will build on work on value chains carried out by the CGIAR and other
partners on nutritious (usually higlalue) foods. Specifically, it wil

A developinnovativea ppr oaches and tools to analyze the
combined with a consumer focus.
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A implement research to identify leverage points to enhance the nutritional value of select
nutrientrich foods.

A develop tools t@assess and correct information asymmetries reganditigion among
different valuechain actors, including consumers.

This componentdés i mpact wil/ result from (1)
created among valeghain actors, includingonsumers, and (2) the greater selection of affordable
nutrientrich foods availablend accessible to the pabrough informal and formal markets.

Component 2: Biofortificatiod will develop and tedbiofortified nutrientdense staple crops and make
thesenovel crops available to the poor and undernourished. This component will have the desired impact
via an increased production and consumption of biofortified staple foods; an increased intake of iron,
zinc, and vitamin A; and gesulting eduction in therevalence of iron, zinc, and vitamin A deficiencies.

Component 3: Prevention and Control of Agricultdtssociated Diseaséwill enhance environmental
sustainability, reduce poverty, increase food security, and contribute to the health of poor combyunities
assessing, preventing, and mitigating agricutasgociated health risks, through research for improved

food and water safetgontrolof bacterial, viral, parasitic, or fungal diseases that can be transmitted from
animals to humans (zoonoseasidmanaging agoecosystems for better heaflthis component will find

and develop solutions and innovations to reduce the riskgriultureassociated diseasesderstand

and support appropriate institutions and incentives that will make ¢fffests sustinable; assess the

impact of interventions; and develop communications, advocacy, and influence strategies that will enable
the uptake and use of those interventions.

Component 4: Integrated Agriculture, Nutrition, and Health Programd Policie® will exploit and

enhance the synergibstween agriculture, nutrition, and health through operational and policy research
that permitg1) more effective integrated communigvel programming, an(2) the cultivation and
strengthening of an enabling policy andtitutional environment to support relevant actibhis

component will harness both the synergy of integrated programming and the potential for sustained policy
commitment, to best realize the benefitagficulture, nutrition, and health

Cross-cutting Issues

Gender

Throughout much of the world, women are the guardians of household food security and nutrition. At the
same timebiological andcultural factors can put women and girls at particular risk of undernutrition,
micronutrient malnutrition, andoor healthespecially during the reproductive peri@bodagriculture,

nutrition, and healtprogramming must therefore account for gender issues at all stages of the project
cycle, from participatory assessment and analysis through surveillance, enp¢ion of interventions,
monitoring, and evaluation. CRP4 will focus on the following broad argagefder analysis of needs

and differential exposure to riskg) fosteringvo mendés par t i ci p atagrouiturd, n and
nutrition, and healt programs; 8) empowering women and increasing thagcess to assets

(4) promoting equitablentrahousehold food allocation @nonsumptiorfor all members(5) ensuring
gendesfriendly technology and delivg systems; an@b) building capacity.

Capaciy Strengthening

Capacity strengthening i s-teanaodrmore sustdinabielingenent f or
essential for program scalg and sustainability. Implementing CRP4 will require adequate capacity for
translating research methods and owgjwito adopted technologies and institutional and policy changes.
Just as important, it will mean developicrgssdisciplinary capacityat various levels, including

government and development agencies as well as educational and research institutiarch Reses
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working on CRP4 will undertake, as a preliminary step, comprehensive assessments of capacity gaps and
needs in targeted countries and institutionsieteelop an appropriate capaettgvelopment strategy.

Innovation

Bringing together agriculter;, nutrition, and health is not a new idea, but CRP4 wilhbevativein a
number of areas. It will

A fosternew partnerships to ensure that agriculture, nutrition, and health are integrated and
delivered at the community level, in large development pratgaand in policymaking.

A undertale cuttingedgeresearch to meet emerging challed@yésr instance, it will work with
partners to design mechanisms for enhancing nutrition along the agricultural value chain and
to apply new molecular biology tools informbd population biology and social research to
improve our understanding of how agricultural intensification can be more sustainably
managed.

A investin designing new tools and approaches to build the evidence base to usefully guide
policy and practice aoss sectors.

Management Structure

The governance and management arrangements for CRP4 follow the guidelines set out in the CGIAR
Strategic Results Framework. IFPRill be the lead center, amidll have overall fiduciary and

operational responsibility fahe implementation of CRPZhe International Livestock Research Institute
(ILRI) will play a strong supporting role, providing the Chair of the Planning and Management
Committee (PMC) for the initial two years. ThME will oversedhe planning, managemen
implementation, and monitoring and evaluation of the GRPndependent Advisory Committee
composed ofix members representing scientists and program development ewplépsyvide advice

on research program performance, research priorities and,fand management and partnership issues.

Monitoring and Evaluation

Indicators for tracking and assessing achievements will be constructed according to the SMART
frameworld specific, measurable, achievable, relevamgtime-bound allowing for clear, reults

based management of the CRP. A monitoring and evaluation plan will be developed under each
component and subcomponent. The plans will provide a framework to track both the process of
implementation and the attainment of interim targets. They willilecmilestones for activities, outputs

(such as publications, datasets, training materials, and training activities), communication, dissemination,
and networking (to ensure appropriate uptake of project outcomes). Plans will also specify corrective
actions to be taken if milestones are missed.

Conclusion

The CGIAR has long played a unique role as an internationally coordinated agricultural research system
that provides international public goods. With its partners, it is well equipped to provide lgadersh
developing new technologies, evidence, and applied field research for leveraging agriculture to improve
nutrition and health. The CGIAR can work closely with partners in all three sectors to develop innovative
and evidencdased solutions, strategies and pol i cies. Fully wutilizing
and reputation in this complex interdisciplinary area and its vast collaborative network at all levels of the
impact pathway, CRP4 will achieve meaningful outcomes and tremendously demétiaith and

nutrition status of poor people, especially women and young children.



2. STATEMENT OF OBJECTIVES AND STRATEGIC FRAMEWORK

Hunget" malnutrition, and poor health are wigesad and stubborn development challenges. Agriculture

has made remaagkle advances in the past decades, but progress in improving the nutrition and health of

poor farmers and consumers in developing countries is lagging behind. The recent IFP&IN2&2Mhce
AfLeveraging Agricul tur e f (NewDelmpOdlbwughtdgogetheraboutt i on a
1,000 stakeholders to think through how agriculture could be energized to become a more powerful tool

to tackle the persistent problems of food insecurity, malnutritind poor healttBuilding on the

momentum createlly those discussiond)g Consultative Group on International Agricultural Research

(CGIAR) Research Program on Agriculture for Nutrition and Health (CRP4) is designed te fill th
existinggapbetween agricultural development and its unfulfilled healthrartdtional benefits

21 The Potenti al Contribution of CRP4 t o -teveke Achi e
Outcomes (SLOs)

Agricultural practices and interventions can be better adapted to maximize health and nutrition benefits
and to reduce healthskis. This concept the starting point for CR4reflects the new vision of the
CGIAR Strategic Results Framework (April 2011). Improving human nutrition and health is one of the
four strategic objectives of that Framework, along with reducing rural pouagyoving food security,
and achieving sustainable management of resources. The CGIAR thus recognizes that nutrition and health
are global priorities, and that agricultural research can have a profound influence on both of these
outcomes

Thus, while CRP4ill contribute to the achievement of all four CGIAR strategic objectives, its
primary focus will be on improving human nutrition and health. In order to achieve this goal, CRP4 is
designed to bring together research and development professionals leeagsculture, nutrition, and
health (ANH) sectors to jointly tackle key challenges and design joint solutions. The program recognizes
that increasing agricultural productivity is not sufficient in itself to improve health and nytatidrthat
the thre sectors need to join forces in tackling their common development goals. The persistence of high
rates of maternal and child undernutrition, especially inSaffiaran Africa and South Asia, calls for new
approaches and new partnerships across the ANBrseSimilarly, there are persistent health risks
associated with agricultudesuch as waterelated, fooeborne and zoonotic diseasg@ghat also require
joint solutions to be managed between the agriculture and health sectors. The CGIAR has long played a
unique role as an internationally coordinated agricultural research system, and, with its partners, it is well
equipped to provide leadership in developing new technologies, evidence, and applied field research for
leveraging agriculture to improve nutriti@nd health.

2.2 CRP4 Objectives

CRP46s strategi c g ooadhievits strategie goatinetprogtamiisrorgaBined 1 .
aroundfour components, listed in Tablealong with their overall objectives.

Box 1. CRP46s strategic

CRP4 is a research and development program thatweatk to accelerate progress in
improving the nutrition and health of poor people by exploiting and enhancing th
synergies between agriculture, nutrition, and health through four research components
chains, biofortification, control of agricultu@essociated diseases, and integrated A
development programs and policies.

! See Appendix 1 for a glossary of nutrition and health terms used in this proposal.
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Table 1L CRP4 componentsand objectives

Component Objective

1. Value chains for enhanced nutrition and health | everage the value chain for select nutrigoh foods to
increase the demand for, accessatal consumption of
affordable and nutritious foods for the poor

2. Biofortification Develop and test nutrietense staple crops through
biofortification; make these novel crops available to tF
poor and undernourishgeeiither as individual staple
crops or as part of a food basket

3. Prevention andapntrolof agricultureassociated  Prevent and control agricultusssociated diseases
diseases through research for improved food safety, water
quality, agricultural practices, and better control of
infectious (zoonotic and emerging) diseases

4. Agriculture, nutrition, and healt® Integrated Exploit and enhance the synergietween agriculture,
programs and harmonized policies nutrition, and healththrough operational and policy
research thagupportq1) more effective integrated
communitylevel programmingand(2) the cultivation
and stengthening of an enabling policy and institution
environment to support relevant action.

The CRP research objectives across the different components are as follows:

1. Generate knowledgandtechnologies to improve the nutritional quality and safetipodls
along value chains (Components lagdd 3)

2. Develop, testand release a variety biofortified foods,as well awther nutrientrich foods
that are affordable and accessible to the poor (Components 1.and 2)

3. Generate knowledge amechnologiegor the control of zoonotic, foedorne waterborne
and occupational diseases (Component 3)

4. Develop nethods and tools to improve the effectiveness and efficiency of surveillance and
monitoring systems arto permit meaningful evaluatioof complexmultisedoral programs
and policies (6mponents 4).

5. Produce evidence of nutritional and health burdens and besmaditsf thereturns to different
interventions in different sectors (Component#)1

6. Assessand documenthangsin dietary anchutritional patérns and risks of agriculture
associated diseasasong poor people in intensifying systeiausd identify and test
agricultural options to enhanoaitrition andhealth benefits and mitigate riskbagriculture
intensification in these populations (Compotsd and3).

Thefour researcitomponent®f CRP4were selectelased ora broad consultatioprocesswith
representatives from 12 CGlAdenters and with a wide range of partners who participated in the CRP4
planningmeeting in July 2010s€ehttps://sites.google.com/a/cgxchange.org/mp4/hoiraking into
consideration the CGI Adtdénmponents mgraaselected by akingidte ant ag e,
consideration the following key questioit$) what is the nature, scopgimensionand causesf the
nutrition and health problems that the CGIAR needs to address in order to achieve its strategic goal of
improving health and nutrition through agricultu§®; what opportunities existithin the curent (and
future) research portfolio of the CGIAR and its partners to leverage agriculture to improve nutrition and
health; and3) how can CRP4est se these opportunities éxploit the potentially powerful synergies
between agriculture, nutritipandhealthandto achieve the common goal of improved nutrition and
health.These considerations led the team of partnesslecithe four broad researdomponentsisted
in Table 1
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23CRP406s Strategic Framewor k

Figurel presents the overall strategicrfrework of CRP4. The key development challestbat the
programis addressing arde stubbrn problens of undernutrition and ill health that affawillions of

poor people globallyRoot causes of poor nutritiand healthnclude poverty, food insecuritgender
inequity and limitechccess to water, sanitatiand health service$ackling undernutrition and poor
health will thus require joifANH solutions each sector is essential but insufficibptitselfto solve the
nutrition and health challengésced by the poofThis CRP aims at bringing these three sectors together
in research, development prograsd policy.

It is well recognized thatgor-quality diets and related micronutriefeficienciesare a much
more widespread nutritional probletran the lack of foodor calories) Althoughestimatesrom FAO
suggesthatthe number of hungry people (lacking calories) is close to 1 b{lk&® 2009a) WHO
estimates thaanemi@® which is largely caused by iron deficiedcwffects1.62billion peopleworldwide
and cost US$50 billion in GDP losses each ygavHO 2008a). Vitamin A deficiency also affedt€3
million children or close to onghird of children living in developing countrigaCC/SCN2010).Poor
diet quality and related micronutrient daincies are also a major cause of the staggering nawiber
stunted children in the developing world (see Appegddr alist of 36 countrieshataccount for90
percent of the total burden of childhood stuntifige agriculture sector must providedsitionsdesigned
not just to producenore food but toimprovep o o r  p aEaess towitdtisus foodsSimilarly,
agricultural solutions are required to redtite severe disease burden from fdmine infections and
zoonotic diseasewhich areassociatd with changes in agricultural practice and polggcause
agriculture is the main livelihood strategy for the poor, it is they who are disproportionately affected by
thesehealth and nutrition problems.

Improving health and nutrition requires actionseveral sectors, but CRP4 will focus on the
CGlI AR6s comparative advantage, which starts with
improve nutrition and health of the poor through four research components that will directly address the
problemsof poor diet quality and of vulnerability to agricultesesociated diseases of the poor.
Components<B f ocus on pragmatic nutrition and health s
nutritious and safe foods and to reduce agricuassnciated healtlisks. Component 1 focuses on
opportunities to improve nutrition along value chains, from production through to consumption;
Component 2 aims at improving the availability, access, and intake of nutdetiofortified staple
crops for the poor; andomponent 3 addresses food safety issues along the value chain, including the
control of zoonotic diseases and the better management of agricultural systems to reduce risk of human
diseases. Component 4 addresses the need for integration among the agmulition, and health
sectors, at both the pragn level and the policy level (8components 4.1 and 4.2). More specifically,
the inputs generated by researchiGomponents 43 will be incorporated into integrated ANH programs,
which will be tested, evaated, and scaled up undeomponent 4 (§bcomponent 1 on integrated ANH
programs)Finally, evidence generated throug@lomponents #4.1and through policy research
(Subcomponent 4.2) will be used to create and sustain an enabling environment, to idstigitipnal
capacity, and to foster synergies between agriculture, nutrition, and health at the policy level.

The lower part of Figure 1 highlights some of the development impacts that will be achieved
through CRP46s wor k, bition, and health intavaluercliping deveiopment t ur e,
programs, and policies. Biofortification research and value chains focused on enhancing the nutrition and
safety of foods and on stimulating the demand for such foods will lead to new options that éanteontr
to increasing the availability, accessibiJignd consumer awareness of the benefits of-gigility and
safe foods. Higher quality diets combined with lower risks of agrieiéasociated diseases in the
population will result in healthier, betteourishedand more productive men and women farmers. Better
access to nutritious food, and better information about nutrition and food safety, will yiela ctiirsg
benefits to poor consumers and producers.
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To achieve theprogramobjectives, researchers@RP4will coordinate andnitiate cuttingedge
research on catalyzing nutriti@amdhealth outcomes-orging partnershipwill be an essential element
for strengthening the connect®between agriculture andtalth organizationandfor exploiting
synergies in research, policy, and practizelivering impacts wilrequireexaminingthe context of the
broader agrifood productisystemand value chaiandengagng critical actors through different impact
pathwas.

Within thehealth sectqrthe program focuses on two main areas of imJdwt.firstareais
promotingoverall improvement in the health of women, infaatsd young children through better
nutrition, by exploitingthe window of opportunity for improvig nutritiond the thousand days between
conception and t hé andlyiafgetidggirls and womandat al stages bf difa y
cycle The secondreais reduéng agricultureassociated diseases through improved food safety, better
agriculturd practicesand water managemeuats well ady controlling zoonosegndemic and
emerging. This focus area targepeople from all population groups and atstélgef thelife cycle.

In addition, nore specific targeting efforts will increase progriampact in particular regions
These target areas will includeinstreaming HIV/AIDS in heavy burden countries, addressing the
rapid rises irobesity andelatedchronic disease riska countries undergoing rapid economic growth and
changing agrifoodystemsTheseadditional health outcomes, although important, will not be a main
research focus in the initial phase of the program.



2.4 Target Population

This program will target two specific populations: gbjor, foodinsecureand malnourishegopuhtions,

and (2) populations affected by agricultural intensification. Increasing population, incomes, and
urbanization are driving increasing demand for food, which in turn has led to an intensification of
agricultural production. The expansion and intéceion of agrifood systems has had enormous benefits
for farmers, market agents, privagector business, and consumers. However, in many rapidly
intensifying systems, these benefits have been accompanied by negative environmental, nutritional, and
healh effects, including foodborne and zoonotic diseases. At the same time, despite the overall trend
toward dynamic change and intensification in develofiogntry agrifood systems, many areas have
been left behind, and people in remote and marginal anelasoaflict zones have been particularly
disadvantaged. In many cases, population has increased more rapidly than the capacity of agricultural
production and value chains, leading to chronic food and nutrition insecurity and poor health.

A Thefirst target goup consists of poor populations wéuffer from food insecurity, low diet
guality and related poor micronutrient intake, amalernutrition.These populations may be
servedby social protection and development progrdrand CRP4 will work on leveraging
theseprogramswith betterintegrated ANH interventions to achieve improved health and
nutrition. For those left behind, CRP4 will focus on reaching them and improving their access
to either biofortified staple crops, or new and better targeted integrateldofddrams.

A The second target group consists of populations that are exposed to changing and intensifying
agrifood systems in various regions of the developing wBddearch must answaeitical
guestions tassestherapid changs indietary patternandlifestyles of these populations
and the associated changeféalth risks Understanding these shifts is critical f@sring
appropriatepolicies, technologies, and institutional arrangementsattlaenhanceautrition
and healttbenefits and migjate risks for the poor. CRP4 will take a forws#odking
perspective, given the rapid changes in masyntriesin its geographic focal regions.

2.5 Geographic Focus

CRP4 will focusparticularly on SukBaharan Africa and South A8iahe tworegions vith the highest
burden of poverty, food insecurity, undernutritiand poor healthThe latesState of Food Insecurity in
the Worldreportfrom the Food and Agriculture Organization of the United Natiif&O) estimates that
in 2005/07 202 million people (8 percent of the population) were undernourished inSaltaran
Africa, and 333 million people(33 percent of the pagation) in South Asia (FAQ010).The same two
regionsare hometét he vast majority of t héppendix2preséntsthe3déder nou
countrieswith a prevalence of child stunting greatieanor equal to 20 percerbgetherthese countries
account for 90 percent of the global burden of childhood sturBiexgeral of these countries are currently
the focus of new globahitiatives, which require a strong commitment to nutrition from the participating
Governments. One such initiative is the ScaligNutrition (SUN) movement
(http://www.unscn.org/en/scaling_uputrition suny, which was launched in 2010 to stimulate leaders to
focus more on nutrition and to adopt effective national policies to reduce undernutrition during the most
vulnerable 1,000l ay peri od of a chil dés | eafselhefHiglhavel pr egnanc
Meeting on Nutrition hosted by the United Nations (UN) secreganeral at the General Assembly in
September 2011, which provided an overview of progress one year after the launch of the movement,
showed that 20 countries (includingh-burden countries such as Bangladesh, Ethiopia, Nepal, and
several countries in StBaharan Africa) have joined, and several others are in the process of doing so
(see Appendix 2 for a list of SUN countries). This result reflects an unprecedenteaf lewaimitment
from developingcountry government leaders.

Other initiatives such as théN 6 s R EEndind Child Hunger and Undernutrition) program
alsosupport country efforts to reduocadernutrition Similarly, the USgovernmend Beed the Future
initiative is an agriculturefocused prograrthatsuppors country-driven approaches to addregsthe root
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causes of hunger and povefiytp://www.feedthefuture.gov/countries.h)mCRP4 will partner wth
these initiatives and their networks of stakeholders in severabhiglen countrieDuring its first year
of implementationCRP4 team members will develop a plan for engaging with theésgivesand other
emerging regional or global initiatives the areas of agriculture, healéimd nutritionin several high
burden countries

CRPA4will also link with research conducted in other CRRsluding CRP3.7valuechainwork

on

1 highvalue animal source foods Ethiopia, IndiaMali, Senegal, Tanzanidlgandaand Vietham
(Component 1);

1 communitybased ANH programs implemented by nongovernmental agencies such as Helen
Keller International KIKI), Concern Worldwide, Save the ChildreamdCatholic Relief Services,
as well aggovernments and other partagin Burkina FasoNepal, Zambiaand other locations
(Component 4); and

9 institutional commodity procurement for food emergesby agencies such as the World Food
Programme (Component 3 on mycotoxins).

Targeted work will be carried out in select regimf Latin America, especially on biofortificati¢see

component 2.2)Within these targeted regions, specific sites for research will be selected according to the
l ocations of our partnersd work on.value chains

11


http://www.feedthefuture.gov/countries.html

3. JUSTIFICATION OF THE PROGRAM

3.1 Agriculture, Nutrition, and Health: Essential Links

The worl dés pavedeen arditin recem yparsy Fobd and financial crises have

undermined food securitpringingthe number of hungry people @ooundl bilion (FAO 200%).

Progress in combating neginal and child undernutrition and micronutrient deficienbes stalled in

many highburden areas, leading to leteym irreversibledamage tahe cognitive and physical abilities

of many people in developirguntrie® anddiminishingt hose countries® economic
Bank 2006). Maternal and child undernutrition contributes to more thathodeof child deaths and 10

percent of the global burden of disease (Black et al. 2008). Zoonotic diseasassing unprecedented
concern, threatening pandemics and placing an esp
people. Agricultureelated health losses are massive, accounting for up to 25 percent of all disability

adjusted life yearkst (DALYs) and 10 percent of deaths in lemcome countries (Gilbert et al. 2010).

The economic toll of these health losses is also huge. For example, severe acute respiratory syndrome
(SARS), a zoonotic disease associated with food safety, cost an es®®@:260 billiorf (Aguirre and
Gomez2009), and a major avian influenza pandemic could cost more than $1 trillion ,(Bamnder

Mensbrugghe, and Timm&008). The cost of undernutrition to economic development is estimated at

$20-30 billion annually (UNCEF 2006). Without weltlesigned investments, programs, and policies to

address these challenges, the human and economic costs will continue to be enormous.

Agriculture plays a key role in the interrelationship between nutrition and health. It is tleyprim
source of human energy and essenti al nutrients; i
poor; and it is an essential element of human life, health, and culture. On the other hand, livestock and
wild animals are the source of the greajarity of human infectious and emerging diseases, and
agricultural products and practices can pose serious health risks. And while increased agricultural
development is fundamental for sustaining the nutrition and health of billions of people, it also
contibutes to many challeng&ssuch as population growth, urbanization, and climate cléaitogt
threaten the availability of water, | and, and oth
are rural people who are trapped in a combinationvefdmductivity agriculture, poor health, and
undernutrition (Ahmed et al. 2007).

The importance of agriculture for nutrition and healih terms of both benefits and rigkss
recognized now as never before. The unprecedented enthusiasm and commitrakahofdgrs from all
three sectors at the landmark IFPRI 2020 Conference on this topic in earlgt201dly indicatéhat a
global consensus from the development community is emerging on the need to act(tfefdkiy201).

Yet a lot needs to be donedesign the approaches and tools needed to bring the three sectors together to
achieve their common goals. Linmnongthe ANH communities have traditionally been weak,
jeopardizing the effectiveness and efficiency of efforts to improve health and nutritimymes.

Indeed, agricultural conditions and interventions may sometimes undermine health and nutrition.
Agricultural intensification, for example, has the potential to exacerbate the spread of agriculture
associated diseases and to spur the develogrhaetv ones. The failure of agriculture to provide access
to nutritious foods and highuality diets may aggravate the widespread problem of micronutrient
deficiencies. For exampleagpt agricultural policies have focused on increapnogluctionof stape
cereals, without commensurate investments in productivity increases for other food comnhediieg,
to lower prices of food staples and higher prices for nutriehtfoods such as pulsd3ietaryenergy
thus becamenore affordable to the pooug wntil the recent food price rises), while dietauyality
bea@me more expensive (Bouis, Eozenand Rahman 20)}1The need for greater understanding of
these links will become even more critical as countries face the double burden efamdder
overnutriton, and the emergence of obesity aelhtedchronic diseases among the poor.

2 All dollar figures are USD.
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A focus on agricultural developmethtuspresents enormous opportunitfes improving health
and nutrition.The health and nutrition of vulnerable populations can be vastipiragby managing
agricultural intensification in a sustainable way. Better food safety, water quality, and control of
occupational, zoonotignd emerging diseases can rediheerisk ofdebilitating diseases. Greater access
to more nutritious and divefad diets can address maternal and child undernutrition and help tackle the
huge burden of micronutrient deficiencies. Improved nutrition and health, in turn, can reduce poverty for
the 1.4 billion people living on less than $1.25 a day (World Bank 281@neater focus on the role of
women in agricultur@ as potential mediators of household and individual food and nutrition sécurity
could accelerate improvements in the nutrition and health of women and young children. The key is to act
now, as the ANH comunities are beginning to recognize that they cannot meet these challenges in
isolation. Only welcoordinated efforts can offer any hope of meeting the shared goals of reducing
poverty, undernutrition, and ill health.

3.2 A Unique Opportunity

A successin of alarming recent eve@sglobal food price rises, threats of pandemics, and the spread of
animal diseases and pests across established bouddaaies threatened livelihoods, health, and
nutritionworldwide These chall enges haeeness ofthe prebiemh of peatbral c y ma k e
boundaries between disciplines and ministries, i s
The need for mulsiectoral approachésools, programs, and polici@go achieve impacts at
scale is now well recognéd among stakeholders in all three sectorsigmmled bya burgeoning of
multisectoralglobal initiatives: on nutrition and health, t8ealing Up Nutrition (SUN) movement and
the 1,000 Days Initiative; on agriculture and food security, the High LesesTk For ce on Food S
Comprehensive Framework for Action (CFA), the Committee on World Food Security, the
Comprehensive Africa Agriculture Development Progr&@AADP), and the recently funded Global
Agriculture and Food Security Programs (GAFSP)infectious diseases, the One Health Initiative; and
on food safetyseveralglobal food safety alliances, suchtaeWorld HealthOrganizatio® s Foodbor ne
Disease Burden Epidemiology Reference Group (FERG), the Global Food Safety Initiative (GFSI), and
the Partnership for Aflatoxin Control in Africa (PACA).
Severalnational governments have also realized the importance of building stronger links
between agricultural growth and improved nutrition. The Indian Prime Minister, for example, has
expressed greéaoncern regarding the persistence of high rates of undernutrition among Indian children,
in spite of significant agricultural grotvbver the past decade. China formed a national food security and
nutrition committee and is planning to set up a reseasthute on food and nutrition under the Chinese
Academy of Agricultural Science. NEPADGO6s African
Nutrition Security Day on October 32010.
The IFPRI 2020 Conference providechachneededlatform for sharindknowledge and
practice in linkingagriculture, nutrition, and health identified a huge task ahedilling knowledge
gaps, designing and scaling up innovative joint ANH programs, and creating an enabling environment for
joint policy based on solid paerships and mutual accountability.
The CGIAR, with its partners, is uniquely positioned to draw on its collective experience and
research capacity in all three ar@asgriculture, nutrition, and heafihto start filling some of the critical
knowledge gapand to generate and communicate evidence and learning on the linkages between
agriculture, nutritionand healthThis CRP is designed to make a difference to the lives of the rural poor
by (1) taking a systematic view of hagriculture, nutrition, anddalthinteract globally, nationally, and
locally; (2) developing a strong body of evidence based on rigorous research to help decisionmakers
evaluate tradeffs between different investments and policy options; (3) conducting action research to
develop tebnologies that induce positive changehe lives of the poor; and (4) fostering effective
approaches that bridge sectoral boundaries. Within the CGIAR, this CRP represents an opportunity for
collective action with partners at all levels of the impathyway, from research discovery to
development outputs, for achieving meaningful outcomes for poor people.
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4. IMPACT PATHWAYS

4.1 Research Strategy

CRPM is designed tatrengthen the role of agriculture in improving human nutrition and héaitugh
bothenhancing itpositive benefits and reding its potentially negative effectén creating critical
linkages between agriculture, nutritiand health, CRPhas two overarching strategies. The first is to
influence agricultural research and developtregforts to more actively pursue nutrition and health
outcomes. The second is to influence the health and nutrition communities to consider and include
agricultural solutions for improving nutrition and health outconiéss CRP will seek to influence dn
catalyze interactionamongthe ANH sectordn both directions

In influencing the agricultural research communityaous onbetter nutrition and health
outcomes, the emphasis will be on broadening the paradigm of agricultural productivigiuechain
research to ensure that food produced is more nutrisafes; andaccessible to the padfor the
agriculture and nutrition communitieis work will involve developingoint solutionsfor thedelivery
of better nutrition througlproduction of hjjherquality foods(such adiofortified, nutrientrich staple
crops)andthroughnutrition-sensitive value chairiBetween thegriculture and health communities
researchwill focus on joint programgor thecontrolof agricultureassociated diseas@SAD). CRP4 will
also undertake joinmesearchhat brings the three sectors together to desificient and effective cross
sectoralapproacheto achieve commoANH impacts This will work through two maimreasof research
partnershipto develop tools iad solutions for development implementeaad togenerag knowledge,
evidenceand options for policy and decisionmakers.

This research agenda will requineorporatingnnovativeelementsnto the workof planning
and implemernng researchNew emphasi will be placed omommunication and improved information
systemsjntegration of actions across tA&H sectors; tools and approaches for cresstoral policy and
decisionmaking; studying agriculture intervention options (through testing, evaluatiomelatation,
and scalingup) to provide evidence on health and nutrition outcomes; and integraédt-bprograms
into the broader social protection agenda for margirchzel vulnerable populations.major incentive
to crosssectoral cooperation forlahree sectors is the potential far greater returns to investment and
muchlarger impactsascompared tanterventions in single sectors.

4.2 Impact Pathways

Figure2 highlights he strategyeading fromresearch outputs to development impaCRP4 outputs,

outcomes and contribution to the CGIAR systee vel outcomes are presented |
indicators matrix (Appendix 3CRP4 will enhance the contribution of agriculture research outputs to

nutrition and health impacts through thraajor impact pathway$1) value chainghat provide more

nutritious and safer food&) developmenprogramsthat successfully integrate agriculture, nutritiand

health and(3) policy that promotes a supportive and enabtingsssectoral policynaking processnd

investment environment.

3 Nutrition-sensitive value chains are defined here as value chains that incorparititnrabjectives and interventions to
enhance the nutrient content of foods and prevent nutrient losses along the value chain; and focus on educating the different
valuechain actors, including the consumers about the nutritional benefits of the tdogeted
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Figure 2. CRP4Impact pathway
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4.2.1 Value-chain Impact Pathways
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CRP4(Component Lfocuses orenhancing and protectirige nutritionalcontent of nutritious foods
along the value chawwhile mitigating key food safty risks. CRP4 will add value &xisting researchy
bringing focused attention tbe quality and safety of foods in value chains. This will include
collaborations wittvaluechainwork conducted on highly nutritious foodach as livestock and fish
(CRP3.7), legumes (CREF5), and fruits and vegetables (C&RVorld Vegetable Centeand the Global
Horticultureinitiative), as well ason enhancing the nutritional value and safety of staple cereals, roots

and tubers (CR®1, 3.2, 3.3, 3.4and 3.6).

Figure 2 highlightsfour principal wayghat CRP4 researcWill contribute to value chains
A Providing food producertechnical and knowledge inputs produce more diverse and higher

nutritional value food¢Components 1 and 2)

A Enhancing or protecting thitritional value of foods along the value chdimom production
to postharveshandling andtoragethroughprocessing and distribution to consumdriis
will involve identifying entry pointsand methods to protect or enhance the nutritional value
of foods andexit pointswhere nutrient losses can be preverfeamponent 1)

A Providing information and knowledge to consumers to positively influence behavior in
seeking more nutritious and safer foods (Components 1, 2, and 3).
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A Helping regulatorsssess safg risks of food at different points along the value chains
developing appropriate and effective methods for mitigating public healthafsles
optimizing economic benefits to poproducers and market agent®(@onent 3).

There are several points @ftry along the value chain where CRP4 research outputs can be used
by differentvaluechainactors. Thesalue chains important to poor peopl® highly diverserandng
from smaltscale, informal value chains involving only a few actersh agarmerstradersand
consumers)o more formal value chains involving a much larger numbegalfechainactors {ncluding
input providers, farmers, market agents, processors, distributers, transporters, rataitenssumers).
Many of the value chainSRP4will engage in will béocal and informal markets in rural areas. Over
time, as urban demand increasasre complex value chains develbpingingboth new opportunities
and greater challenges for the poor.

There are great potential benefits to links veithibusiness in developing more efficient and
effective input and output markets, including the capacity to meet ndwketndor nutritional quality
and food safetgtandardsbut such a strategy poses the risk of leaving behind small producers and poor
consumersTwo objectives ofCRP4research will be to support the abilityfdor producerso
participate in these new market opportunjtaex to ensure that nutritious and safe foods are available,
accessibleand affordable to poor consumers.

At the policy level, gidence from nutritionand food safetyocusedvalue-chairs research would
inform policymakers, regulatoygandpublic and privaténvestors on the nutritional, health, incaraad
other benefits and risks e considered in any decisimaking on value chains.

4.2.2 Development Program Impact Pathway

Research outputs fro@omponentd-3 will provide important inputgor integraton into currentand
future ANH programsthroughevaluation activities bgevelopment partnefSubcomponent.1).
Enhanced monitoring, evaluatigand learning by development partnexgpported by CRR4ill include
testing anchdaptingand scalingup some ofthe research findings of other program compondiiiis will
require CRP4 t@rovideinputs at criticaktages in the progradesigntargeting, planning,
implementation, evaluatigiscaleup, and assessment cycle.

Outputs from Components 1 and 3 are expected to contribute to other, more specific agriculture
nutrition and agriculturdealth programs impleemted by development partners. For example, research in
Component 3 would contribute to the public health programs for zoonotic and emerging diseases.
Research in Components 1 and 2 could contribute to specific nutrition interventions by being integrated
into development programs implemented by partners sutte &nding Child Hunger and
Undernutrition REACH) partnershipthe Global Alliancdor Improved Nutrition (GAIN), and other
nutrition development actors.

4.2.3 Policy Impact Pathway

Researcloutpus from Components 1, 2, and 3 &bcomponent 4.1 will provide the evidence base,
knowledge, toolsand technical inputs to help decisionmakers make better investment and policy choices.
In particular, better approaches for data collection, analysisnatrits to assess cressctoral outcomes
will be needed. CRP4 researchers will collaborate with universities, other advanced research institutes,
and key developing country research institutions in this area. The ability of the CRP4 partnership to
engagegpolicymakes and national governments in evidethesed process will be critical to initial
success in the first few years of the program.

While better evidence fatecisionmalng is necessary, it is far from sufficient in achieving
policy impacts. One speis that evidence needs to be communicated effectively so that it is useful to
decisionmakers. At the moment, there is strong international and national consensus on the importance of
leveraging agriculture for improving nutrition and health, which idewvted by major international and
national initiatives such as the SUN, REACH #&mel WHOFERG initiative on food safety, and a variety
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of One Health initiatives for zoonoses and emerging diseases c&utrdthis support can only be

sustained effectively it fits with policymakng processes. The role of CRP4 will be to bring the eross
sectoralANH knowledge and tools into broader policy processes, in close partnership with CRP2. These
processes must closely align and support broader policy approacttesakely, there is increasing scope

for doing this in Africa through the AMIEPAD CAADP process that links broader continental and
regional policy processes to specific policies and implementation plémsnattional level Appendix4
provides furthedetails of how CRP4 can link to the CAADP process. For the other major CRP4 target
region of South Asia, important efforts to engage governments in policy processes will be built upon,
both at regional and national levels. IFPRI has very strong linkspeiitymakng processes and with
economic research institutions in the region.

While the CRP4 research partnership can play a catalytic role in evidasedoolicymakng,
sustaining and deepening impacts along this pathway will require a concertetbestorhgthen the
capacity in national governments for analysis, planning, program dasidmevaluation of crossectoral
agriculturenutrition-health. Efforts have already started to develop a coalition of research and capacity
training partners for ik purpose. In India, the Public Health Foundation of India will be a critical partner
in the interface between capacity, poliapd practice for agricultuneutrition-health interventions.

4.2.4 Longer-Term and Broader Impacts

CRP4will only be able t@ontribute to largescale sustainable impacts through strong linkages with
effective development implementers and enablers, including national governments. There are strong
indications that development implementers and enablersoaremore than ever bef committed to
scalingup ANH interventions. There also seems to be much enthusiasm, expressed at both the CRP4
partnership meeting in developing this proposal and the recent IFPRI 2020 Conference in NgilvdDelhi
CGIAR research is considered importandb st r engt hen agricultureds contr
and health and providing research evidence to guide interventions, paliagsractice.

For CRP4 to be successfuldontributingto these impact pathways, its research must add value
to some specific and neglected areas of evidenuefift addressebow agricultural interventions can
reach the malnourished and ill. This will require research that informs programs and policies that work for
the poor. Clearly, gender and social sciemsmarch will be critical components of thifiekecond
addressebow interventions caanhancdood and nutrition securithy i ncr easi ng the poor
and demand for nutritious food& major neglected research area that this CRP will tackle id¢imand
and thepracticesof poor consumers with respect to nutritious and safe fobdgpiogram willalso begin
to address priority issues around &mvironmental sustainabilitgf agriculture linked to better nutrition
and health. There will be twoitral priorities. The first will be tdmprove ourunderstanding of the
diversity of foods that can support nutritious dighe seconavill be to lookat thehealth riskdinked to
rapid and uncontrolled intensification africultural production systeandfood systems.

At thelFPRI 2020 Conferencéhere was an overwhelming consensus that-bigility research
is missingon the impacts afultisectorainterventionsand programsThus, a strong data and evidence
research focus is planned for the fitateeyears of the program. Results will be critical to catalyze and
support thestrong current momentum for national governments and international agencies/Adiind
initiatives. CRP4 will work toward catalyzing impacts at different scales, accorditiggtievel of
partnership. At regional and international ley@hpacts are potentially faeaching. Potentially large
scale impacts, to be further refined in initialaaxte impact assessments, can be achieved through global
partnerships of several kisdSome examples include

- The generationf research outputs to inform and support major international development
initiatives in nutrition These includéhe previously mentioned SUMNovementplannedo
operate irB6 countrieandcover 2.8 billion peoplé356 million undernourishedhildren);
REACH, focusing ora minimum of10 African countries andimingto include a large
agriculture for improved nutrition componeanhd a number of national government
programs.
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- Supporting integrated AN programming irplemented by governmeagencies and
nongovernmental organizationdGOsg. This wouldbuild onthe previous experiencef
CGIAR centeravorking with some large international NG@sich as Helen Keller
International and ConceiVorldwide

- Thepovisionofevi dence and good practice fimr food
partnership with institutions iselectAfrican and Asiancountries.

- Collaboration with international zoonotic and emerging disease control initiatives, programs,
and networks (such as ©hlealth and Ecohealth initiatives) through Werld Organization
for Animal Health QIE), FAQ, and WHO.

- Collaboration withmternational NGOs anidtergovernmental development agencies on
complexmultisectoraldecisionmaking in policy, regulations, aimdestments

- Leveraging major CGIAR agricultural research investments within the new CRP portfolio.
Those most likely to go to scale are (1) supponigigechainwork in other CRPs to
enhance their impacts on improving nutritiord drealth and (2) proiding information for
the scalingup of biofortified staple crops in value chains andHprograms.

The examplesisted showthat CRP4will focus itseffortson generating regional and international
public goodqIPGs) consistingf knowledge, technologseand evidence for decisionmaking and
investment. Thespublic goodswill be developed with and relevatatactors working at national and
local leves, with a focus on thosgoodswith the widest applicatiorThis IPGstrategywill also involve
working closely with international initiatives as vehiclies applyingCRP4 outputs and outcomes for
both nutrition and health as widely as possible. Using the consultative planning process described for year
1 (see Sectiomb and 6) CRP4 will furtherco-developspecific activities leading to priority outputs and
outcomes with partners around these IPG principles and examples.

In the impact planning for CRP4 caitical element for achievingpngerterm and more
sustainable impacts is through the contributmaapacity strengtheninghe CGIAR, working with its
research partners, has a comparative advantage in supporting devetapitryagricultureresearch
organizations and researchexith long experience ofvorking collaborativelyin programs to strenigén
the capacity obothdevelopment enablers and implementérsapacitystrengthening consortiuim
being developed to includaiversities and research institutions from developed and developing countries
linked to CRP4.
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5. PARTNERSHIPS

5.1 Principles and Practices

Agricultural research can improve the lives of the poor only by workingdwaiid throug

implementing partner$p help shape research strategies anrhttslate opportunities into impacts.
Effective partnershipsind new partnership mticeswill thereforebe essential for achievilgR P 4 0 s
ambitious research outputs and development outcomes and infpaetsnership strategyill be

developed initiallywi t h support from | FP ®kréate the lzest tonditionsfbi p Co o
carrying outthe researcand making full use ahe subsequent findingEhe partnership strategy will
include a roadmapa plan of actionand a partnership monitoring and tracking sys@neof the first

steps in implementing the strategy will bedtma stakeholder mapping and a landscape analysis of public
health, agricultureand nutrition research and development actors, and to identify opportunities for
partnerships. This will be done both at the international level and at the level of therpfocua

countries.

A key strategic concept ievelopinghe partnership strategy is value additibhe lead role in
defining, designing, and implementing local policies and programs must be taken by the relevant
decisionmaking organizations and theirkstiaolders at all levelsncluding research organizationise
role of CRP (and the CGIAR) is to add value to the efforts of these stakeholders. The concept of value
addition allows CRRto focus on its mandate as provider of international public goduk ansuring
local relevance in implementation.

The CGIAR centers involved in this program have considerable experience in partnerships across
the types oflevelopment processiw/olved in CRR (support tgpolicy and decisiomalers,
development implemeats andvaluechainactorg. In addition, d have experience iapecific domains
of ANH linkages, through previous and ongoing research and resgaretopment partnerships well
as collectively, through the CGIAR Agriculture and Health ResearclidPhat(See
http://programs.ifpri.org/ahrp/ahrp.ai&p further information)

This impressive body of experience will be critical in fulfilling the partnership requireraents
this programwhich are mah broader and bolder thanevious endeavors. CGIAR centbizs/e
considerable depth of knowledge of partnerstips: HortonPrain, and Thielé2009 for a recent review
of partnership literatureandILRI6 2006 Partnership Strategy for partnershippracc es. At t he pa
meeting held in July 201@s part of the process developing this proposal, tremendous enthusiass
expressedor partnering withCRP4 as well asolid agreement on its broad framework and components.
(The proposal planning damentation is available https://sites.google.com/a/cgxchange.org/mp4/

This enthusiasm reflects the growing interest and investment in the critical linkages between agriculture,
nutrition, am health andit is evident in many initiatives described in this prop@selluding the IFPRI
2020 Conference noted ear)ier

We identifyfour broad categories giartners(1) enablersgolicy anddecisionmakrs);

(2) developmenimplementers(3) value-chainactors éndrepresentativespnd(4) research partners
Theunique complexity of CR& which requires working across sectaal]s forarange of partnership
types and depth®artnerships will be dynamicangng from joint fundraising and planing to
implementationincludingcommunication and dissemination of outpdisey will entailshared financial
and human resourceSomewill be extensive and profoundthers may be limited to common research
interests anthe sharingof knowledge and irfrmation. Partnership relationships can also change over
time, as initial research outputs move to outcomes.

In managing partnership€RP4will focus on and monitor a number of principles and practices:

A Mutual accountability for achieving strategic goasatcomes, and impacts

A sharel goakto create international public goods that will contribute to the achievement of
the vision of the CGIAR, with an emphasis on improving human health and nutrition
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Mutual respectwith open and transparent discussionsveen partners

Emphasis on identifying and meeting the needs of partners for evidence, innaadion
other research outputs

Clear guidelines and practices for joint communication, publication, and sharing of credit
based on comparative advantage antseasus

o Do To Do

Priority supportor developng country institutions and partners in building capacity and
skills

5.2 Nature and Types of Partnerships

CRP4 will work with four broaaategories of partners: enablatsyelopment implementergluechain
actors and researctpartnersEach category is described bel@along with examples qgirospective
partners.

1. Enablers. Thesepartnerdnclude policy and decisionmakers as well as investors at different
levels.

0 Intergovernmental organizationgngaged in policy ahregulations related to
nutrition and health, such as WHtbhe World Food Programe (WFP), FAO, and
OIE (World Organizatiorfor Animal Health).

Intergovernmental agencies have increased their coordinatielevantareas: nutritionthrough
the Subcomiittee on Nutrition (SCIN the SUNmovementand the REACH initiativefood safety
through @dex alimentariuand SPS technical standards for WTO; and zoonoses and emerging diseases
around the One Health initiative. CGlAfRRnters have engaged with thesgamizationsndividually,
around major programmatic areas, as well as collectively through the Agriauiirealth Research
Platform.

o Continental, regional, and subregional organizatiois the ANH sectors that
supportdecisionmaking related folicy, regulatiors, and investment.

Recent years have seen a strengthening of capacity in these organizatiogiatéth
harmonization of actions and political commitment, offeregvopportunities for engagemeiftor
examplemajor progressan be seeim the development and implementation of CAADP, at several
levels: AU/NEPAD; regional economic communities (RECs); FARA and subregional organizations
(SROs); and national governments.

CRMhas several mechani sms t o endrengtleenpoics, h CAADP.
decisionmaking, and capacity development. Thikwiild on the strong and wedistablished role of
IFPRI with AU/NEPAD in this area, as well as on the important role played by the regional centers for
strategic analysis and knowledgepport (RESAKSShassociated witthree hubs (hosted by ILRI, [ITA
andthe International Crops Research Institute for the Semdi Tropics [CRISAT]/the International
Water Management Institutef/MI]). Several regional and national actors in public heailitalso be
engaged, such as the West African Health Organization (WAHO) and the Public Health Foundation of
India (PHFI).

o International and regional development banks and other major bilateral investors
support the regional and national enablgre:Wald Bank, the African Development
Bank, the Asian Development Bardnd the IntelAmerican Development Bardee
significant investors in research and development in this area.

o National governmentwill be partnered for crossectoral policymakingstratedc
planning and capacity development, either directly or mediated through regional
processes, as appropriate.
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o Civil society organizations and various public and private organizatior be
supported with knowledge and evidence relevant to key argmdicy and
advocacy.

2. Development(or program) implementers Several of the participating CGIAR centers in
CRPM have extensive experienceworking closely withrelevantgovernment departments
and nongovernmental organizatighatwill play a critical rde in the impact pathway for
CRP4 The ambition is to expand, enhanaed deepen these partnerships.

o Government ministrieengaged in agriculture for improved nutrition and health
programgsuch as the Ministries of Agriculture and Health in Ugaaddother
countrieswho have important crossectoralANH activities; and government
ministries engaged in broader development programming focused on poor and
marginalareals uch as Kenyads Ministry of Northern

o United Nations and other globahitiatives thatbring networks of organizations
together to achieve a common goal. Examples include the global initiatives that
promotemultisectoralapproaches to reduce poverty, food insecurity, undernutrition
and poor healtrandthosethatsupport cantry-owned processesich as the closely
linked SUN movement, thREACH initiative, theGlobal Horticulturenitiative, and
the OneHealthinitiative.

0 NGOs civil societyorganizations and farmers group&ngaged in agriculture and
rural development pgyams to improvéNH outcomes, such as Catholic Relief
Service CRS) Helen Keller InternationgHKI), Concern Worldwide, Save the
Children and World Vision(WV), at both the international and local partner level.
CRP will support evidencdased programing, including research to enhance
program design, targeting, monitoring, evaluatamd scahg-up. For relatively
small marginal investments, the program can help generate and disseminate
knowledge and learning and improve impacts imiical develgment domain
potentially leveragindpillions of dollarsof outsideinvesiment

3. Value-chain actors and their representatives CRP4 will work with researchers amdlue
chainactors and partners &md valueo their work by focusing on the quality andessfof
foods in value chains.

o0 Privatesector companies and publgrivate initiativesworking to enhanchealth
and nutrition through agriculture. Only a few initiatives in this area have focused on
nutrition value chains and biomedical research partiMapr entry points for
expansion will be along value chains for staple foods for both nutrition and health
outcomes, working principally around food safety, in collaboration with other CRPs.
We will expand our relationships with publicivate partnershipgngaging with
GAIN in the area of agriculture and nutrition and wtike Global Alliance for
Livestock Veterinary MedicinesSSALVmed) on zoonoses.

0 Assaociations and groupgrovide a conduit for working with producexsluechain
intermediariesand conamers. We will work with special interest grousr (
example consumer8associationsas well as state and othetitiesbringing
together stakeholdersuych asational dairy boards

4. Research partners CRP4 will expand beyond existigriculture-nutrition and
agriculture-healthpartnerships to develop new research partnersigbsvork acrosall
three areas. CRP4 will build on existing partnerships and develop new onesweithl
types of research partners:

0 Advanced research institutes an@¢ademnic institutions (universities)will be key
partners. Many of these are already veslfablished collaborators with CGIAR
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centers around nutrition and health issues, including (for agriculture and nutrition
issues)heUnited States Department of AgricukugJSDA), Cornell University, the
University of California at Davis, and other universities; and (for agriculture and
health issueghe Agricultural Research Developmgi@IRAD), the International
Centre of Insect Physiology and Ecoldipipe), and the Wiversities of London,
Basel (Swiss Tropical and Public Health Institute), Edinburgh, Cornell, Guelph, and
others.The new Leverhulme Center for Integrated Research on Agriculture and
Health (LCIRAH) coordinated by the London International Developmentti@en
(LIDC), will be a key CRP4 research partner, especially as it is currently in the
process of creating a University Network on Agriculture, Nutriteoxd Health for
Development.

o Developingcountry research institutes and universiti@gll be an imporant
element of the CRP research partnerships. Current partnerships in this area will be
expanded, particularly relating to zoonoses, food safety, and ecomatith
universities in eastern and southern Africa and South and Southeast Asia. In India,
key patners in research on agriculture and nutrition issues include the Tata Institute
of Social Sciences, the Institute of Dalit Studas] the Sitaram Bhartia Institute of
Science and Research. Another type of partnership opportunity is offered by regional
initiatives, such as the Southern Africa Center for Infectious Disease (SACI®DS)
virtual center servingeastern and southern Africa.

5.3 Partnership Engagement and Development Process

During the consultative process for developing this proposal, papnevided comments online, and
many attended a repulingintweimpordant voondakichdl acgomplishments. First,
partners contributeth, and took ownership pthe research program development prodestudingthe
design of the overbtonceptual framework, priority settingnd selection and definition of the key areas
of research. Second, CGIAR centers and partners developed and shared an inventory of current interests,
activities, and capacities to be considered for inclusion iprihgram ascaptured in the workshop
documentationhttps://sites.google.com/a/cgxchange.org/mpdie partnership development process
resulted in strong support and agreement on the ovenaéWwark and research plan for CRP4.

While not part of the CRP4 planninteIFPRI 2020 Conference on ANH alpoovided a forum
for key stakeholders working at the interface between agriculture, nutatidrhealth tshare
perspectiveandbuild commitmet and consensus on the way forward.

CRP will build on these partnerships Bgvelofng a partnership strategipr various stages of
the impact pathways well as a detailed implementation and monitoring plathéooverall program and
its componentsrad subcomponentSocial network analysis tools will be used to describe and evaluate
the science and implementation networks emerging from AQRB4rogranwill consider and choose
from a variety of potential strategic partnership mechanisuth aknowedge and information
platformsandcommunities of practiceand will explore how to engageisting platforms of international
organizationgsuch asVHO and FAQ or ReSAKSS, in whichseveral participating centers aleeady
activegd and possibly expandhieir scopeCRP4may also develop new platforms to supgaattners in
agriculture and rural development who serve as champions in developing evidence and advocacy related
to crosssectoralANH interventions. Critical in this will be supportigalitionsof developingcountry
organizations.

We find great enthusiasm as well asegsiveopportunities to enhance partnerships in this area.
We are committed to a partnership process that incorporates strategic thinking, systematic processes with
partners, nevbehaviors and resources, and implementatidresfpartnership performance practides
the essential ingredients of a successful joint efldré roles that CRPtakes up with partners will be
guided by the strategic directions in this propeselfurtherdeveloped into specific activities with
partners in the first years of the program. Changes in partnership roles will be guided by the CRP4 focus
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on agricultural solutionsandresearch oimternational public goasto support developmenand
comparativeadvantage. As in any partnership arrangement, CRP4 teams will also be responsive to the
demands of clients and partners as they fit with its overall focus.

In Year 1, a major activity will be to develop a partnershiptegy, whiclwill engage a specific
plan for engaging and workingith thekey groups of partners identified above. Taisivity will include
definingoverall partnership principles, research priorijtesdtheroles of different partnersThe strategy
will then be used to proceed withint work planning with agreed roles, responsibiliti@sd resource
allocationsamong partners.

Within the overall partnership strategyear guidelines will be provided for:

1. internal CGIAR partnerships and the value that CRP4 can add teorairsresarchand
programs in other CRPs

2. key partnerships in value chainssassewvith public and private valuehain actorsfor both
nutritional quality and food safety,

3. partnerships on aflatoxins witlontinental regiona) and national programs, other CRPs
agribusinessand public health agencies,

4. strengthenin@f researchdevelopment partnerships for development programs in which
agriculture nutrition, and health issues are critical to livelihopds

5. research networks with developiaguntry researchersupported by key developirgpuntry
institutional research leadets identify and develop key metrics and evidence, and

6. partnerships witkexisting strategic analysis and knowledge support systems in Africa (SAKSS)
linked to AUNEPAD and the Public Heal Foundation of India (PHFI) to develop mechanisms
for usingresearch knowledge and evidemasupport policymakers and investors.

The partnership approach can be illustrateshore detailvith partnerships for value chains to
enhance nutritional qu} and foodsafety. Thenitial focus will be to work with prgrams (particularly
CRP3.7) that support valuehain development for complementary foods (in this case milk,, st
fish). The partnering value chain will develop the overall frameworkofgkihg at the value chaiit will
alsohelp convene the key public and private participantidentify the role of key participantthe
capacities they neednd key research and development priorities. CRP4 will idgmtifytsalong the
value chairet which nutrition or food safety can be enhanced, identify the roles of key actors in those
nutrition and health improvements, proggpecific information on consumeend support the key actors
throudh knowledge, toolsand evidenceAn importanttask d CRP4will be to define aeas in which other
national and international enablers saipportthe valuechains actorbeyond CRP4Initial experiences
with value chaingor complementary foods will be extended to fruits and vegetables and legumes and
thento biofortified foods coming from the Harvest Plus varietal development pipeline.

Appendix4 provides an example of partnershipspolicy support using the example of
CAADRP. Buildingon currentCGIAR experiencevith providing research evidence to support
policymaking and priority settingCRP4will add specific nutrition and health inputs into the overall
agriculture policy process and support links between the agriculture and public health sectors

Combining partnerships with capacity building is certsdCRP# supportfor developing
country institutions. Appendes13 and 4 provide further information on specifics of capacity
development that relate to proposed research outputs, outc@mdmpact areas.
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6. MAIN ACTIVITIES PROPOSED TO GENERATE OUTPUTS, OUTCOMES,
AND IMPACTS

This section describes the four components and their subcomponents (Se) Taldef CRP46s r es e
program.

Table 2. CRP4 components and subcomponents

Component Subcomponent

1. Value chaisfor enhanced nutrition and héal

HarvestPlus
Agrosalud

2. Biofortification

3. Prevention and control of agriculture
associated diseases

Improving food safety
Zoonotic diseases and diseases emerging from anin
Other health risks in agroecosystems

4. Agriculture, nutrition and health Integrated
programs and harmonized policies

Integrated programs
Harmonized policies

NP e Db

A critical challenge at #aproposal developmestages to definespecific research activities with
milestones and partner rolé€dearly, it is impossible tachieve tle level of specificity needed to start
implementatiorwithout extensive discussions with partners regarding their role, the nature of the
different partnerships needed to carry out the reseanclinformation on funding flowsas well asa
careful jointresearch prioritization exercigeor this reason, CRP4 will spend a significant amount of
time designing its implementation plan in yéarelying onextensive consultation with current and
potential partners, starting with other CRP teams. At this stegybave identified a set of countries
where activities pertaining to the four components of CRP4 are either ongoing or wilusiiagtthe first
year of implementatiorsée Table8). We expecthe programo expand rapidiyduring the first year, as
tean members start engaging fully with partners and other CRPs. Below we present an oveiiview of
most promising partnerships and areas of resdaioh pursued in the short term and of the sequencing
of partnership engagement and research prioritizatiothé different CRP4 components. More
information is provided in the following sections, which describe each component in more detail.

For research within the vaheahain impact pathway, research viiitially focus onnew activities
onvalue chains foanimal source foodsnd on enhancing and scalimg research on orangeshed
sweet potatoes (OFSP) in collaboration with HarvestPlus. In both cases, the foceshamting the
nutrition and health of mothers and childserunger than age tw€RP4 wil thus collaboraé witha
subset of the target value chainsCRP.7 fish value chain in Uganda in the first year), nomadic dairy
value chain in Senegal (jointly with CRP2), and OFSP in Mozambique and Uganda with HarvestPlus and
its partners. During itBrst year of implementation, CRP4 will explore potential collaboration with other
CRP3.7 target value chains suctsamll ruminant meat ikthiopia andviali, pig meat in Uganda and
Vietnam andmilk in Tanzania and nortbast IndiaActivities will focus on developingndapplying
dietary surveys, market surveys, studies of consumer knowledge and perceptigitsn assessment
tools and food safety assessmealisng these target value chains in years 1 afd&ddition to these
target value chain§RP4 willemphasie activities for the control of mycotoxins in value chains. The
role of CRP4 willbe todevelop an overall risk framework foritigatingaflatoxin in key value chains
(such as maize and groundnuts with CRPs 3.2 and 3.3p aedelop rek assessment methods and
mitigation options to be applied in larger initiatives such as the Program for Aflatoxin Control in Africa
(PACA). The relative roles of approaches and technologies need to be harmonized in year 1 with the
leaders and key scientssof CRB3.2 and 3.5.
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Beyond year 2valuechainactivitiesin CRP4will expand to include otharutrientrich foods
such adruits and vegetabk(with AVRDC), legumes With CRP3.5) andnewbiofortified cropsas they
become available (with HarvestPinsComponent 2 CRP4 will document theobls and approaches
developedwidely disseminateesults through peaeviewed journals, research and policy briafsd
workshops and seminai@nd train stakeholder® ensure thathese tools and approactesused to
replicate, scale y@and motivatdutureinvestmenin value chaisfor nutrition and food safety.

For research within the program impact pathway, nutritional assessment methoslseand
applicable strategies for assessing and controllggiaulture-associated diseaswill be applied within
the broader development program planning and implementationtiesled by partners. Initial activities
in CRP4 willfocus onbeginningnew workwith CRP1.3on aquatic systems and livelihoads
Bangladshand Zambiaexpandingongoing partnerships with Helen Keller Internaticinain Burkina
Faso to Nepal, and strengthening partnerships with Concern Worldwide in Zamysar 1, we will
actively explore opportunities to engagih other development itiatives (for examplgfollowing up on
initial discussions with REAR). Priorities for specifiagricultureassociated diseaswill be established
with existing food safety and zoonotic disease platforms in Africa (SACIDS, Afrique One) and Asia
(PHFI inIndia and a variety of programs Southeast Asia).Through discussions with partnerss w
expect to develop clear strategy for how CRP4 can support development partners for both nutrition and
health programs by the end of yeatr2many cases, CRP4 agties will be able to take advantage of
already established or developing partnership platforms.

Research activities within the policy impact pathwal start in year 1 by exploring
complementarities angbtentialpartnerships with neywolicy researciprograms in the are®f
agriculture and nutrition and knowledge management in nutrifibatwo new DfID-fundedproject®
TransformNutrition (TN), asix-partnerconsortiumled by IFPR] and Leveraging Agriculture for
Nutrition in South Asia (LANSA), aix-partnerconsortium led by th&waminatharResearchoundation
and including IFPRI as a key partéeprovidean excellent opportunity for collaboration with CRP4.
Both projects aim dmprovingnutritionin SubSaharan Africa (TN) and South Asia (both paif)by
scaling up direct nutrition interventions and leveraging other sectors, especially agridultundia, a
similar opportunityis offered by thenewIFPRI-led Partnerships and Opportunities for Strengthening and
Harmonizing Actions on Nutritio(POSHAN) supported by BMGgeeBox 10 Section6.4.4for ashort
description of these projects)

Given the novelty of crossectoral policymakingesearch under this componevill be
developed over a loegperiod of time. In AfricaCRP4 will develom clearer action plan in
collaboration with AUNEPAD by the end of year @dwill link to countrylevelimplementation plans
for regional economic communities. These activities will buildr@existing capacity of the Strategic
Analysis and Knowledge Spprt (SAKSS) programs linking the CGlAdnters and the CAADP
initiative. In South Asia, CRP4 will rely on existing agricultural policy efforts linked to the PHFI. A
strong element of improved policymaking and investment decisions is the evidence base for
decisionmakingDuring the first year, CRP4 will develop a strong research network of academic partners
in universities and research institutes in its target regions of Africa and Asia and in developed countries.
The goal will be to havim placea usefulset of metrics, toolsand approaches to support the policy
impact pathway by the end of year 3.
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Table 3. CRP4 focus countries in first yearof program implementation

Component 1

Component 2

Component 3

Component 4

Value chains

HarvestPlus

AgroSalud

Food safety

Zoonoses

Other risks in
agro-ecosystems

Programs Policies

Africa

Kenya

- Enteric pathogens

- Emerging disease (RVF) (4 projects)

- Zooroses in western Kenya

- Mycotoxins (several projects)

Uganda

- Fish value chain (with CRP3.7)

- OFSP value chain and dissemination
(with H+)

- Food safety in smallholder pig chain

Mozambique

- OFSP value chain and dissemination
(with H+)

Zambia

- ANH programs with Concern

- Provitamin A in maize

- Possible ANH work with CRP1.3 on fis
and livelihoods

Senegal

- Nomadic dairy value chain (with CRP2

Burkina Faso

- ANH programs with HKI

DRC

- Provitamin A cassava and iron beans

Rwanda

- lron beans

Nigeria

- Provitamin A cassava

Multiple countries (Africa)

- Participatory epidemiology (2 projects)

- Harmonization of milk hygiene
regulations irEast Africa

X
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Table 3.(continued)

Component 1 Component 2 Component 3 Component 4

Other risks in
Value chains HarvestPlus AgroSalud | Food safety| Zoonoses | agro-ecosystemg Programs Policies

Asia

Bangladesh

- Fish sysems, fish ponds, programs and
livelihood (with CRP1.3) X

- Zincinrice X

- Agriculture, food security, and nutrition
policies (with Feed the Future IFRRd
program) and Dflbfunded LANSA and
Transform Nutrition (TN) X

India

- Zinc in rice X

- Agriculture and nutrition policy researc
with LANSA and TN X

- Milk safety in Assam X

Pakistan

- Zinc in wheat X

- Agriculture and nutrition policy researc
with LANSA X

Nepal

- ANH with HKI and Save the Children X

- Agriculture and nutrition policy researc
with TN X

Vietham

- Food safety in smallholder pig value
chains X

Multiple countries (Southeast Asia)

- Ecohealth (6 countries): Cambodia,
China, Indonesia, Laos, Titend,
Vietnam X X X

Latin America

Brazil

- High-iron and highzinc beans and rice X

Colombia

- High-iron and highzinc beans and rice X
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Additional details of activities, outpytand outcomes are in TakldComponemn 1), Tablessi 10
(Component 2)Tables 2, 14, and B (Component 3)and Tables 8 and20 (Component 4).

To meet the overall milestones that will be further specified with partners in detailed discussions
in year 1, capacity development across the rahgesearch activities and partnership development
activitieswill be critical. Research activitieinkedwith broader organization activitigsilestonegor
partnershipsand key capacities to be developedlasted in Table2l.

6.1 Component 1: Value Chains for Enhanced Nutrition
6.1.1 Rationale, Objective, and Research Questions

Rationale
The challenge of addressing food security is not simply a matter of ensuring that all people have enough
foodd or energy (calorie$) to live a healthy life. A much ore daunting problem is to ensure that poor
people havaccess tautritious' and highquality diets Typically, poor households subsist on
monotonous staplbased diets; they lack access to nutritious foods, such as fruits, vegetables, animal
source foodgfish, meat, eggs, and dairy products), or wild foods of high nutrient content. Lack of
diversity in the diet is strongly associated with inadequate intake and risks of deficiencies of essential
micronutrients (Ruel 2003; Leakey 1999; Arimond eR@alLQ. The resulting deficiencies have-far
reaching health and nutrition consequences, both in the short and the long term. Economic constraints,
lack of knowledge and information, and related lack of demand for nutritious foods are critical factors
thatlimtpoor popul ationsdé6 access to such foods.

Food production is just one factor in the consumption and availability of nutriematd.i§stored,
distributed, processed, retailed, prepaeed! consumed in a range of ways that affect the access,
acceptabilityand nutritional quality of foods for the consumer. Producing for consumption in the home
or for local markets remains important in many plabestoday, the more marketiented nature of
agricultural policies means that more farmers ardowd buyersand arghusaffected by commercial
markets.

Value-chainconcepts andpproachehave beenvidely used in international developmegand in
the CGIAR) with the objective afnhancing the livelihoods of food producek#though they often
address food sefy issuesyaluechain analysegrely incorporate nutritional and other health
considerationgHawkes and Rue€011).The food supply chain isost ofterdiscussed from the
perspectivef valuechainactor® thesupplyside Little emphasis is placed omWw informed consumers
can play a role in influencing the value chains, and how changesdertendor specific foods can
influence the processes and outputs of value chiinese is also little emphasis on how actors along the
value chain can be bett@formed on how to enhance nutritional value and safety of foods as they move
along the value chain.

This component will buildnwork on value chains carried out by the CGIAR and other partners
on nutritious (usually higivalue) foods

Altwilldeveloplew approaches and tools to analyze the
combined with a consumer focus.

A rtwill implement researclho identify leverage points to enhance the nutritional value of
select nutrientich foods.

“Nutritiousri(ooho)infusadsenare defined as foods high in essentia
eggs, and dairy products), fruits and vegetables, biofortified staples, fortified foods, and traditional |ecd s from

biodiverse system@ncluding neglected and underutilized species and wild foods). Specialized processed and/or fortified foods

for populations with special needs (acutely malnourished chilgesple living with HIV/AIDS infants) are alsscluded in

nutrientrich (or nutritious) foods. Medicinal plan@ithough not classified as foods, represent an additional potential set of

commodities that may be explored in this component, in partnershifoRiE6
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A it wil developtools to asess and correct information asymmetries regarding nutrition among
differentvaluechainactors, including consumers.

Component 1 will focus on increasing the demand for nutritious foods among poor rural and peri
urban, marginal households, and on idgimg leverage points along the value chain where innovative
nutrition interventions can be incorporated to stimulate both the supply and the demand for nutritious
foods.

Boxes2i 5 present casstudiesthat illustrate some emerging work incorporatingition
considerations and interventions into value chains (Hawkes and Ruel P&y show thavaluechain
concepts and approaches offer considerable potential for enhancing efforts to improve nutrition, and they
provide a framework for identifying anthplementing opportunities to leverage agriculture for improved
nutrition.

The first case study (BaX describes an ongoing program aimed at strengthenirget®/alue
chain in Uganda, to foster both nutrition and income gains amongsca#dl farmindgiouseholds. We
note that 7’percentof farmers involved in the production, harvesting, and marketing of beans in the
study area are women, atiditwomen also play a central role in decisions regarding food preparation
and distribution as well as child ®#ieg and care. The program thus has great potential to improve the
food security and nutrition of household members, and especially of young children.

Box 2. Gase Study 1: Enhancing nutritional value and marketability ofoeansthrough
researchand strengthening of key valuechain stakeholders in Uganda

lowa State University (ISU) and its Ugandan partners have been working on improving the bean
value chain to imppve agricultural production, income, health, and nutrition among stalk
farming households in the Kamaliigrict of Uganda. Beans are a major food and cash crop in
Uganda. Their relatively high nutritional content and high market price mean thdidie the
potential to improve both nutrition and income among producer households.

The potential nutritional and economic benefits of beans are diminished, however, by
inadequate preand postharvest handling techniques. Late harvest exposes beamgus, fu
damage, and breakage during threshing; high levels of insect infestation occur during storage.
Moreover, bean preparation generally requires long preparation time (with significant fuel use),
resulting in decreasing bean consumption especially ampergrban and urban residents.

In view of the interrelated nature of problems that extend along the valued dinaim
production to postharvest handling, processing, marketing, and consumption (c&niend)
project adopted aarticipatory market chain appach (PMCA). The goal was to understand
barriers to participation and consumption, and to develop solutions for producers and consumers
in different parts of the bean value chain, through participatory research involving improved
management practices arethnologies, development of training materials, peer extension and
outreach, and monitoring and evaluation. By developing solutions for key points along the value
chain, coordinating these activities so that they reinforce each other, and including diverse
sectors and partners (including consumers), the project reflectwvaloeechain concepts and
theories and has good prospects for effectively promoting sustainable change and development.
It also highlights the clear potential of value chains to leveragyéculture for improved
nutrition.

Note The project was implemented under the framework of the USAfided Dry
Grain Pulse collaborative Research Support Program (CRSP)-{2)08

Source Mazur et al2011; Hawkes and Ruel 2011

In thesecond case study (B8Y, avaluechainapproach was used to ate a market and
stimulate the demand #@rand consumption éf a new type of sweet potata:biofortified, vitamin A

29



rich orangefleshed sweet potato (OFSR)Uganda and Mozambique. This study is an excellent example

of a value chain for a newly introducedtritious product that includes specific nutrition goals: to

increase not only production of OFSP but also its consumption, as well as the vitamin A intake and status
of poor households, with a focus on women and young children. The rigorous evaluatezhat in

both countries shows that the approach was highly successful in enhancing production, market
opportunities among sméfrm producers, and consumption of OFSP, resulting in greater vitamin A

intake among particularly vulnerable gro@psothers infants, and young children.

Box 3. Case Study 2tncreasing production, availability, and consumption ofvitamin A-rich
orangefleshed sweet potato (OFSk) Mozambique and Uganda

Most sweet potatoes consumed in Africa are whitshed. Replacing these in the diet of the rural and
urban poor with orage-fleshed varieties, rich in vitamin A (betarotene), has the potential to reduce
vitamin A deficiency. To help achieve this potential, the HarvestPlus préjeete a ¢ hi n g ,0 En
undertook a series of activities to increase the production, avéylabihd consumption of orangkesh
sweet potato (OSFP) among rural produueuseholds. The project aimed also to raise the income ¢
producers, who can sell excess production, and to stimulate consumption by nonproducing houseli
thus increasing demd for this excess production. Actions were taken to develop the value chain
OFSP at all three levélsfarmer, trader, and consumer.

A At thefarmerlevel, it was important to build confidence that market demand existed, to increase
skills in marketing, ad to ensure that there was a market for the produce.

A At thetraderlevel, it was important to raise awareness of the nutritional advantages of OFSP, tq
identify where it could be sourced, and to define the role traders could play in promoting
consumptionlt was also importartb show traders that they could make higher returns from
selling OFSP, as diagnostic work indicated that it was aftdehat a higher price. This was
substantiated by willingneds-pay studies with purchasers.

A For consumers, it wastaltoraise awar eness of OFSPO6s nutritdi
replacement oivhite-fleshed varieties with the vitamin-8nhanced orange variety.

The results showed that it was possible to create a market for OFSP and to stimulate consumpt
among both producers and net consumers. In Mozambique, the percentage of orange (compared
white) sweet potatoes sold rose fragroin 2006 to 18ercentin 2008 and to 5@ercentin 2009. As
many as 82 percent of sweet potato purchasers indicatechéyaiwvbuld buy OFSP in the future,
largely because of its nutritional and health benefits, which they understood from the educatig
messages. A rigorous impact evaluation showed that the project led to large increases in t
consumption of OFSP and, moregontant in vitamin A intake among women, infantnd young
childrerd the key target groups because of their high susceptibility to vitamin A deficiency (Hotz et al
2010.

The valuechain approach was particularly useful in this study, to help coordauditens across the
supply chain and to engage with a range of vah&in actors, including producers, trademad
consumers. Agriculture was linked to nutrition, not just through greater production, but also throug
market linkages created in the valokain. Value was conceptualized esonomic valuefor the
producers and traders, and mstritional and health valuefor the consumersOf importance,
consumers were willing to pay more for the product when they were made aware of its nutritional arj
healh benefits.

Source:Coote et al. 2011; Hawkes and Ruel 2011.

In the thirdcase studyBox 4), demand and suppfgr traditional green leafy vegetablegere
raised in tandem, byorking with producers within existing local production and consumption systems
The project aimedl) to pranotenutritious,traditional foods to increase demaadd (2) to open markets
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to respond to this demand, pWadmenrconiinaetdbgthemmmanci ng
actors in African leafy green vegetable production and marlé&tingositive asgct that can bkeveraged
to enhancéhe economic empowermeoit women.

Box 4. Case Study 3Traditional African green leafy vegetabldmd their way to
formal markets

African leafy vegetables (ALVs) are an important source of essential maand
micronutrients. fiey also offer a source of livelihood when marketed, and they contribute
to crop biodiversity. Sutsaharan Africa contains a large variety of nutritious, leafy
vegetabled an estimated 831,000 species. In Kenya, where approximately 210 species
are availake, only about 10 find their way to markets (mainly African nightshade, leafy
amaranth, cowpeas, and spigéaint).

Bioversity works with resourepoor vegetable farmers on the outskirts of Nairobi,
in periurban areas. Together they have inventoried leafjetable species and identified
the key issues hindering their cultivation, conservation, and marketing. Other activities
include nutritional and agronomic studies, distributing seeds to farmers, and disseminating
local recipes featuring leafy vegetabkesstimulate demand. With support and training
from the project, farmers on the outskirts of Nairobi began growing leafy vegetables.

Results from a 200&tudy commissioned by the Global Facilitation Unit for
Underutilized Species (GFU) show the tremamigrowth of the ALV market within
Nairobi over the last decade: the market gross value increased by abqér2dstfrom
2001 to 2006. The campaign for traditional vegetables between 1997 and 2007 brought
notable positive changes in growing, consumptimarketing, and nutritional awareness
of ALVs.

The growth of this market has been greatly influenced by increased consumer
demand that has been stimulated by a number of facitwsse includepromotional
strategies of local NGOs and international orgations; increased health awareness and
consciousness of Nairobi dwellers; livelihood effects of HIV/AIDs; and improved ALV
presentation in supermarkets as well as upmarket groceries. Supply has in turn been
enhanced: by promotion of production in perban and upcountry areas, by international
organizations and local NGOs; by external marketing support provided by NGOs; by
far mer so Cc a p@anization; armdohby imprevenient of telecommunication
technology.

Work is now under way to understand hthwese foods contribute to improved diet
diversity and micronutrient intake in these communities.

Source Gotor and flungu 2010; Gotor et a82010.

The last case study (Box &jidesses some of tlonstraintso preserving the nutritional, safety
and monetary value dshery productén Bangladesh. Fish valt@hain analysisllowedthe
identification of alternative processing techniques that can help preserve nutritional value, prevent losses
along the value chain, ensure the safety of the products, and stimulate d@maldish, eaten whole,
area particularly rich sourcef essential micronutrients and canused to enrich maternal and child diet
atalow cost.
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Box 5. Case Study4: Improving processingand preparation of fish to preserve
nutritional quality andimprov e c¢ hi | dimBanglddeshdi et s

Fresh fish supply chains are often inefficieetause ofack of electricity for refrigeration or ice
making. Roasting and smoking are common metludgsesering fish, althoughtheyresult in

nutrient loss and use scar fuelwood. WorldFish has initiatied esearch on processing
technologes that canadd both nutritional and monetary value to fishery produttese
technologes include solar dryers as well as new methods of salting, pickdind, fermenting

that draw ontraditional, regional, or local methods. Processed products such as fish powder,
added to staple foods, represent a promising means of enriching maternal and infant diets using
locally available products. Ongoing research, supported by Danida, is iatiestithe potential

for improving child nutrition by using nutriemich fish to improve the nutritional quality of
complementary foods for young children (MoFA Denmark 2010).

Objectives
The overall objective of this component ida@gerage the value chain for select nutrgci (high value)
foods to hcrease the demand forcass toand consumption adffordablenutritiousfoodsamongpoor
rural and perurban marginal households, with a particular focus on benefiting vulnerable women
infants and young children.

The specific objectives are listed below and illustrateeigure3.

Specific Objectives
1. Characterize the dietary pattewfsvulnerable and marginal populations and communities;
identify the availableutrientrich foodsthat could be made more accessible to these
communitieghrough value chains

2. Understand irdrmation gaps and constraintstie consumption ofiutrientrich foods
(economic, social, and cultal).

3. Develop, tes and evaluate new tools to increase awareness saccegormation, ad
knowledge among consumecsstimulate demad for nutritious Dods.

4. Identify nutritionentry points (where nutrients are gainadylexit points (where atrients
are lost) at differentpoints alonghe value chain; test nemvodels to enhanaar protect the
nutritional value of foods (including fortification) duriqpgstharveshandling, pocessing
and preserving, transportation, distribution, stoyage food preparation

5. Evaluate thémpad and costeffectiveness of thapproabes devalped and tested in
objectives 3 and 4in enhaning demandor, ard acces$o, these targeid nutrientrich foods
amongrural and perurban poor populations

Figure3 shows a simplified value chain. On thght are shown some of its key actors; on the left
are the list of objectives and the related broad categories of actigitiesundertaken under this
component. The figure shows that the starting gaittiis approach is the consumer rather than the
producer(as in typicalvaluechainwork); the ultimate gal is to stimulate demand and increase access for
the poor to nutritus food, instead of the usual focus on enhancing production and producer income.
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Figure 3. Research strategy for enhancing nutrition along the value chain
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Activities

Research Questions

Objective 1. Characterize dietary patterns and identify available nutrdgah foods

A

A

A

What are the dietary patterns of consumption and use, in target populations, of traditional
local foods, animal source foods, fruits and vegetables, biofortified staple &oats
processed (including micronutriefartified) foods?

How do thes@atterns differ across different groups of consumers, as defined by gender,
education, household composition, income level, culture, geographic location, access to
markets, and levels of food sal@ifficiency?

What are thehanges in dietary patterns amatritional quality of foodgroduced and
consumeassociated withitferent patterns of agriculture intensification along value chains?

What is the nutritional value of these nutrigich foods (both nutrient content and functional
properties)? How is #ir nutritional valueaffected bypostharveshandling processing
storage, and food preparation

Candiversifiedagriculturalproductionbe scaled for commercial use while maintaining
biodiversity and ecosystems, and improving human nutrition and h&dlth?does
agricultural biodiversity imply for pefiirbanvalue chainsand what do trends jeriurban
markets imply for potential success of agricultural biodiversity?

How adequatés the supply (quantity, quality, and seasonality) of nutiitht foods at
informal and formamarkets?

What is the cost of these nutrigitth foods in these setting¥Phatcontributions dahey
make (or could they mak@) the diet of the poor? Which nutrient gaps do they (or could
they) fill, especially for vulnerable woen and young children?
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A Whatis the potential of biodiverse systems in providing aicth variedsources of nutrients
for foods? Hw does this contribute to household consumpiotdiet quality or income
generation?Examples of such systems includet and tuber crop diversity in the Andes
sweetpotato in PapaNew Guinealeafy greenvegetablesn Kenya andminor millets in
India.)

Objective 2Understand information gaps and constraints to consumption

A What are the main constraints to consumptiath @se, in target populations, of traditional
local foods, animal source foods, fruits and vegetables, biofortified staple foods, and
processed foodsincludingcultural, economic, availabilitgndinformationconstraint®
What are the constraints betteruseof local knowledge obiodiverse system® improve
thenutrition of household?

A what are the opportunities and barriers to increasing demand for and consumption of these
nutrientrich foods among the poor? What is the role of women in decisionmadgagding
food purchases aridtrahousehold distribution?

A What is the current level futritional knowledge and awarenessaoinsumersnd actors
along the value chain regarding nutrition, dunases ofood processing, handlingnd
preparatio? Whatsources of information dihey trusthe mostor information regarding
healthy diets and nutrition? How is information diffused and acquired? What is the role of
social networks in knowledge diffusion?

A whatis the willingness of poor rural and perbanconsumers to pay for foods that aih
in nutriens? How can their willingness to pay be increased (for example, through education,
information dissemination, and media)

A How do the previous fouquestionsvary across different groups of consumers, finee by
gender, education, household composition, income level, culture, geographic location, access
to markets, and level of food sel@ifficiency?

Objective 3. Develop, test, and evaluate new tools to increase knowledge and awareness
regarding nutrition among keyalue-chain actors

A What are the most efficient amedfective approaches, methotisols andmedia outlets to
disseminate informatioand raise public awareneaisout nutrientich foods? How can the
value chains be leveraged to infovaluechain actors, including consumers?

A How canwomenparticipatemore actively in various processasng the value chain and
play a greater role in producitigh-quality nutrientrich (and commercialproducts as well
as in shaping the demand for such foods?

A what is the nutritional i mpact of commerci al
poor?
Objective 4. Identify nutrition entry and exit points, and test new models to enhance nutrition
along the value chain

A For nutrientrich foods, what arehe potential points of entry to enrich, replamepreserve
nutrients along the value chain?

A what exit pointsalong the value chaishould be mitigated to avoid nutrient loszes
A What is the added cost of making nutrieich foods more nutritious alortge value chain?
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A How can local value chains be used to produce specialized products for populations with
special needss@ch asindernourishedr pregnant mothers, persons living with HIV/AIDS
andinfants)? Strategies might includeadyto-use therapeutifoods fortified blended foods,
biofortified crops, and improved corgmentary foods

A What nutritious products could be developed promotedrom available local foods and
underutilized crop® What scale would be appropriate and adgtctive for lo@l production
from biodiverse systenw affordable, highquality, specialized foods for thegelnerable
population groups?

How can women farmers be linked in asqureersand processorsf nutrientrich foods or
as ingredient suppliers to commercialmatacurers of pecialized foods?

How are different entry and exit points likely to change with intensification of production and
increasing length and complexity of value chains?

Objective 5Evaluatethe impact and coseffectiveness of the approachdsveloped under
Objectives 3 and 4

A whatis the impact of the approaches developed in Objectiand 8 on availability, access,
and consumption of nutrienich foods among the target populatioik®v does the impact
differ across groups of consumersda$ined bygendergeducation, household composition,
income level, culture, geographical location, access to markets, and level of feod self
sufficiency?

What is the impact on particularly vulnerable subpopulation groups, such as the poorest of the
poor am women and young children within poor households?

What is the coseffectiveness of the different approaches developed?

What are the lessons learned for other value chains in other contexts, and at a greater scale?

To o Do Iw

How are the tradeffs addressed betweeaonomic gains for producers and other actors
along the value chain for nutrierich foods and the higher cost for consumers? Are
consumers willing to pay for additional nutritional value of foods? Which consumers? What
happens to the poorest of the gbor

Researchable Hypothesis

This component will test the main hypothesis that value chains are a feasible, effeutieos

effective approach to improve the suppfyand demand for select nutritious foods among poor

populations and nutritionally vulnable individuals such as women and young children. Several

excellent tools and methods exist to analyze value chains for poverty reduction or to increase small
farmer sdé access to mar ket s, but none hange been de
nutrition goals and interventions into valdeain developmentCRP4 will take up the challenge and

develop and test these tools in order to answer the key development question of whether or not

leveraging value chains is a c@dtective way of impoving nutrition outcomes among the poor.

6.1.2 Impact Pathway

This component will have the desired impact @antributes tancreaing the demand f& and access
tod a larger variety of affordable nutritious foods, among vulnerable and marginalizeshiotisn
rural and perurban areasrhis will result from (1) enhanced nutritional knowledge and awareness
created amonygaluechainactors, including consumers, and (2) the greater selection of affordable
nutrientrich foods available through informahd formal markets. The pathway to achieving these
impacts will be mediated through tf@lowing three outcomeg@sshown in Figuret):
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1. Tools developed to enhance consumer knowledge, awareness, and willingness to pay for
nutritious foods are used broadtycreate demand for such foods among the poor.

2. Models developed and tested to enhance nutrition along the value chain are adapted and used
for other commodities, as well as for replication and saplen other contexts.

3. Nutritional considerations, alyais, and interventions are increasingly incorporategiloe
chainresearch and development.

Figure 4. Impact pathway of Component 1
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1. Tools to enhance consumer knowledge,
awareness, willingness to pay for
nutritious foods used broadly to create
demand among the poor

2. Models to enhance nutrition along the

value chain are adapted and used for
other commodities, replication and
scale-up in other contexts

3. Nutrition is increasingly incorporated in
value chain research and development

Impacts

* Greater nutrition
awareness and knowledge
among value chain actors,
including consumers

+ Greater choice of nutrient-
rich foods available in
informal and formal
markets

* Increased demand for, and
access to nutritious foods
for poor, rural and peri-
urban households

Commodities with intrinsic nutritional value that are typically out of reach for poor consumers
(and that tend todbsold for income rather than consumed by producer households) will be prioritized for
valuechainanalysis and improvement. Research outputs from work on these selected food commodities

will fall into three categories:

1. detailedinformation on diets, comsnption patterns, and access constraints for the poor to

nutritious foods

2. new tools and approaches to measure and increase consumer awareness, knowledge, and
willingness to pay for nutritious foods

3. new costeffective models to improve the nutritional walof these foods through the value

chain
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The research in this component will be closely linked with food safety reseatomiponent 3
to provide outputs to enhance nutritional quality and food safety along the value chain. This will require
significart engagement with three key stakeholder groups involvedluechainwork.

1. The CGIARand other research institutions working on highly nutritious food value chains.
For example, close linkages are planned with CRP3.7 for meat, aladifish along withheir
partnersand with CRP2 and partners for ir@motion ofnutrientrich food production

2. Development actonisivolved in social protection programs or in integrad@tH programs
promoting healthy diets and increased demand for nutritious.foods

3. Theprivatesector fooechain actorswhich are increasingly engaged in the production,
processing, distribution, and marketing of specialized foods and nuidbribods

Privatesector initiatives include programs focusing on the distribution and demeatiborfor
specialized foods and locally produced fortified products targeted to vulnerable groups such as pregnant
or lactating women, young children, or other individuals with special needs. A key actor will be
pharmaceutical companies involved in nigritproduct development and in fortifying foods with
essential micronutrients, such as DSM, Nutriset, and others. The Global Alliance for Improved Nutrition
(GAIN), which facilitates privatesector investment in adding nutritional value to foods alongahes
chain, will be an important partner and enabler for this compo®¢mer key actors include the United
Nations (UN) REACH initiative, WFP and its development assistance programs, and governments and
nongovernmental organizations implementing sqmiatection and targeted nutrition programs, to name
a few.

6.1.3 Activities, Outputs, and Outcomes

The proposed activities, with related outputs and outcomes are presenaddeib, listedby objective.

These activities, outputs and outcomes arelstthdly defined, but specificity will be achieved when

they are applied to the target value chains selected for research under CRP4. A tentative plan for target
value chains, countries and key partnemneinf or CRP4
Table4 by year of implementation. This plan will be revised during the first year of implementation, after
extensive discussions with a broad range of CRP4 partners are held, including with teams from other
CRPs. As notedbove CRP 4 6 s nwalugchainavidl e toi build on the work carried out by the
CGIAR and its partners on value chains for nutrigett food and to incorporate nutrition in existing

work, rather than developing a new value chain research portfolio. An example of thehppab&RP4

will use to complement other CRP work on vatihin is presented in AppendiXdr tilapia and catfish

in Uganda in collaboration with CRP3.7. The example illustrates the types of activities, outputs and
out comes that CR Ps4vorkand how thigjant ok wilCaddPvalue Todhe work of

both CRPs and enhance their impacts on the nutrition and béaltlor populations. Appendix 6

presents another example of potential research that may be undertaken in collaboration witityRiavers
value chains for nutritious local and traditional foods and neglected and underutilized species.
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Table 4. Preliminary list of value chains and countries that will be included irthe CRP4 value
chain for nutrition research in the first five years of the program

Country Value chain Main partner Links with other CRP4 components
Year 1
Uganda Fish CRP3.7 - Food safety
Uganda OFSP HarvestPlus - Biofortification
- Integrated ANH programs
Mozambique OFSP HarvestPlus - Biofortification
- Integrated ANH prgrams
Senegal Dairy (nomadic populations) CRP2 - Food safety

Year 2 (countries still to be determined; options are listed)

Mali Small ruminant meat CRP3.7 - Food safety
Ethiopia - Integrated ANH programs
Uganda Pig meat CRP3.7 - Food safety
Vietnam - Integated ANH programs
Tanzania Milk CRP3.7 - Food safety
India - Integrated ANH programs

Year 3-5 (countries and specific commodities to be determined)

Thd Fruits CRP6 - Integrated ANH programs
Vegetables World Vegetable Cente

Thd Legumes CRP3.5 - Integratel ANH programs

Thd New biofortified crops HarvestPlus - Biofortification

- Integrated ANH programs

Notes:Abbreviations: ANH = agriculture, nutrition and health; OFSP = orange fleshed sweet potatoes; Thd = to be determined

6.1.4 Priority Setting and Sequencing of Activities

The first activity in this component will e finalize the selection dfuitable value chains and contexts
to initiate research on integrating nutrition considerationdgraedventions into valuehain research and
development. Initiediscussions with partners led to the selection of the four value chains listed iMTable
for year 1, but additional discussions are needed to make a final selection of value chains to initiate work
in years 2 and beyond. The team will therefore orgamireeting of relevant CGIAR centers, CRPs, and
other partnersvho are working on value chains for nutriemnth foodssuch as animal source foods,
legumes and fruit and vegetabl&xamples of experts and partners for this workshop include those
working cn CRP3.7 on meat, dairgnd fish and on CRP3.5 on grain legumes; experts working on
biodiversity (including staff from Bioversity and partneistaff and partners fronme World
Agroforestry Centre (ICRAF) and the World Vegetable Cewtaking onfruits andvegetables; staff
working on biofortification Component 2 of this CRP); and development partners such as REACH
GAIN, and private companiesterested irworking on value chains for enhanced nutrition. The outcome
of this initial workshop will be theonfirmation of plans regarding the selected value chains for year 1,
theselection ofour to five additionalalue chaindor startup research in years 2 and 3; and plans for
sequencing these value chains in the course of the first 3 years of trenprégtowup workshops with
each value chain team will be conducted to draw a detailed work plan.

The criteria fovaluechainselection will include a series of factors, includ{bgt not limited t9
the potential to effectively reach the poor and impriieir access to nutritious foods, the likelihood of
success in working witlialue-chainactorsonincorporating nutritionnterventionsand the goal of
working in adiversity of environments, contexts, countrigésd populations, including populations
exposed to different stages of economic development, market zamoesgyroecological zones.
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Once value chains and contexts are selected, work will be phagedonghly the order in
which the activities are listed ifable5. Research und@bjectives 1 and 2 will be launched in Years
1-2; this will include a series of assessments using quantitatiltdevel surveys, qualitative enquiry,
social network censuses, nutritional analysis of foods (where relevant), asdmen methods to assess
consume s &6 accept ance a-dadhfoeds Thisaidh informatienfwill bewsed, startimd in
Year 3to addres©bjectives 35. Tool and method development and impact evaluation (starting with
baseline inYear 3) will be implemented gradually irfférent contexts in Years 8 andwill takeperhaps
threeto-five years to completelepending on the scope and rigor of the evaluation methods selected. We
therefore envisiorat a minimumatenyear process to complete a full set of case studietoayeherate
the planned research outputs and outcomes.

6.1.5 Methods

A variety ofquantitative and qualitative methods will be used to address the five objectives of this
componentTable6 provides an overview of methods and indicators that will be usedbr objective.
Notethat all analyses will generate gendiégsaggregated data, where relevant.
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Table 5. Activities, outputs, outcomes and impactsof Component 1, by objective

Activities

Outputs

Outcomes and Impacts

Objective 1. Characterize the dietay patterns of vulnerable and marginal populations and identify the available nutrientrich foods that could be
made more accessible to thesmmmunities through nutrition-sensitive value chains

Years 12: for 5-8 value chains/contexts

9 Dietary surveys andualitative research to
characterize dietary patterns of target populations

1 Lab analyses of nutrient content of food (including
lesser known, traditional and local foods) and losse
during processing (if value chain with Bioversity is
included in year 2)

1 Market surveys on availability and cost of target
foods (and other nutriemich foods) within markets;
and on market access of target populations

(Senegal (dairy) and Uganda (fish) in year 15 éther
commodities/contexts in year 2,including posdipitif
work on biodiversity; information on OFSP in
Mozambique and Uganda already available)

1 Data on food consumption patterns, use of target a
other nutrientrich foods, determinants of use, and
nutrient gaps among target population

1 Database on nutriihal value of lesser known and
local foods (if work on biodiversity is included)

1 Data on dynamics of food purchases, gwaduction,
purchase and sales of nutrieith foods, cost, market
access among the poor

Evidence regarding availability, accessguprocessing
(and nutrient content) of foods; and identification of
nutrient gaps in targeted populations and individuals
Senegal, Uganda, Mozambique, anfl dther
countries/contexts)

Methods and tools to generate this evidence tested a
well-docunented

Methods, data and evidence used to design
programsl/initiatives to increase access to nutritious
foods by the poor

Impact: programs to increase access to nutritious
foods are better designed

Objective 2. Understand information gaps and constraint$o consumption of nutritious foods (.g, economic, social, cultural constraints)

Years 12: for 5-8 value chains/contexts

1 Qualitative and quantitative research on consumer
knowledge, attitudes, awareness, preferred source
information

T Nonsurveymethds t o assess
valuation and willingness to pay for nutriemth
foods

1 Quantitative and qualitative research to assess foo
preparation and storage methods, knowledge,
awareness, attitudes, sources of information, and t
identify knowledge gaps

(Senegal (dairy) and Uganda (fish) in year 15 éther

commodities/contexts in year 2; information on OFSF

Mozambique and Uganda already available)

co

fData on poor consumer sé
about nutritious foods; and preferred sms ofi and
channels for information on nutrition and health

fTools to assess, and
willingness to pay for nutritious foods and
preferences (types, format) of these foods

1 Data on food preparation and storage methods anc
knowledge gps identified in this area

de

mproved understanding c
awareness, preferred sources of information, and
willingness to pay for nutritious foods (in Senegal,
Uganda, Mozambique, and5lother contexts)
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Information used to design effést behavior change
and communication (BCC) strategies to improve
demand for nutritious foods and to tailor supply of
attractive, culturally acceptable and convenient
nutritious foods for targeted populations

Impact: BCC strategies to stimulate demand fo
nutritious foods among targeted poor populations are
better designed and more effective

(continued)



Table 5. Activities, outputs, outcomes, and impacts of Component 1, by objectiyeontinued)

Activities Outputs Outcomes and Impacts

Objective 3. Develop, test, and evaluate new tools to increase awareness, access to information, and knowledge among consumers to stimulat
demand for nutrient-rich foods
Implementation starting in Yearsi®; completion in Years BL0for 5-8 value chains/contexts

1 Resarch in collaboration with program implemente Y1 Tool s t o i ncrease poor Toolsandmaterials widely used by private sector,
to test and evaluate tools and materials to increase ~ promote consumption of nutritious foods developec NGOs, governments, and consumers to increase
consumer knowledge and awareness of, and stimu  tested and evaluated nutrition interventions identific consumer awareness and stimulate demand fatiougr

demand for nutritious foods and prioritized for reseah under this component foods by the poor
9 Portfolio of information, education and
(Senegal (dairy), Uganda (fish) in year 154ther communication materials developed and available Impact: Poor have greater demand férand consume
commodities/contexts iyear 2; information on OFSP it a larger variety of nutritious foods

Mozambique and Uganda already available)

Objective 4.ldentify nutrition entry points (where nutrients are gained) and exit points (where nutrients are lost) along the value chainnd test new
models to enhance or protect the nutritional value of foods duringostharvesthandling, processing and preserving, transportation,
distrib ution, preparation, and storage

Implementation starting in Yearsi®; completion in Years 610 for 5-8 vdue chains

1 Value chain analysis to assess points of entry/exit { Top performing technologies identified and tested t f Tools and technologies developed to enhance

where nutrient content can be enhanced/protected  enhance nutrition along the value chain for target nutrition along the value chain are used by a variet
select value chains nutritious foods of value chain actors

1 Testing and evaluation of tools and technologies tc 1 Evidence of théeasibilityof enhancing nuition
prevent losses, increase nutrient content of nutritio Evidence generated from&value chains of th along the value chain motivates use of methods, to
foods alonghe value chain feasibility of leveraging value chains to improve acce:  and technologies by different stakeholders for new

to nutritious foods by the poor value chains
(Senegal (dairy), Uganda (fish); and>other Impact: Value chains provide a greater variety of
commodities/contexts) nutritious foods that are more accessible to the poc

Objective 5. Evaluate theimpact and costeffectiveness of the approaches deloped under Objectives 3 and 4
Implementation starting in Yearsi®; completion in Years 610 for 58 value chains

9 Design and carry out impact and ceffectiveness 1 Evidence generated from at least 5 contexts of imp  Evidence generated regarding the impact and cost

evaluation of approaches develope®@iand 4 and costeffectiveness of leveraging value chainsto  effectiveness of enhancing nutrition through value
improveaccess to nutritious foods (supply) by the chains in at least 5 contexts |lsad greater
(Senegal (dairy), Uganda (fish) ; a selection of 3 or sc¢  poor and to stimulate demand for such foods throu  investments in value chains and BCC to improve
other commodities/contexts for impact and €ost successful BCC (demand) nutrition, and use of tools and methods developed
effectiveness evaluation) large number of stakeholders

Impact: Poor have greater accessit@nd consume a
larger variety of nutritious foods
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Table 6. Methods and ndicators for Component 1

Methods

Examples of indicators

Objective 1. Characterization of dietary patterns and nutrient composition of foods

Quantitative representativhousehold survey® collect basic information on

(1) household demographics, sogioaomic conditions, consumption/expenditure,
agricultural production, access to services and mar&etspod security(2) detailed

information on food consumption and acquisition; &jbenderdisaggregated dietary

intake datausing detailed 24ourrecall nethods, food frequency questionnaires,

dietary diversity assessmendsidanthropometric measuremenas well abiomarkers

(for micronutrient status) where appropriate

Quantitativecommunity survey$o collect information on community characteristics

andavailability of services
Market surveygo collect data otheavailability and cosbf nutrientrich foods

Laboratory methods to estimate the maened mcronutrient content of selected
traditional local foods

Agriculture, ecosystem, and biodivitystools to characterize the food diversity of
agriculture landscapes and etHmmtanical characteristics of potential food sources

Linear programming to (1) identify nutrient gaps and (2) select diets (based on loc ~

foods available in markets) that i a set of nutritional constraints
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Total expenditure; food expenditure; budget shares for different nutréticis
other foods

Household food security indicators (household hunger scale, household foo
insecurity access scale, coping strategies)

Quantified food production (types and amounts of different foods produced;
percenttonsumedpercentsold,and so forth)

Intake of energy, protein, fat, and select micronutrients by vulnerable individ
(such as women and young children); nutrient gaps (at household and indivi
level)

Anthropometric measurements (weidbt-ageZ-scores, heightor-ageZ-scores,
weight-for-heightZ-scores; stunting, wasting, underweight), focusing on womnr
and young children

Biomarkers of micronutrient status, where relevant (such as serum retinol fo
vitamin A, haemoglobin for anemia, serum zinc for zinc status), focusing on
women ad young children

Reported illness symptoms in past two weeks (focus on child)

Community characteristics (number of schools, health facilitiager source,
agriculture,and the likg

Food supply; food prices, market processes; mapping of foods available in
markets

Data on calories, protein, fat, and micronutrient content of traditional foods ¢
importance in the population, which are not included in food composition tat

Specieswumbers, abundances, densities
Shannordiversity and evenness indices
Number of uses per species and species per use category

(continued)



Table 6. Methods and indicatorsfor Component 1(continued)

Methods Examples of indicators

Objective 2. Understand information gaps and constraints to consumption of nutrientich foods

Quantitative:surveys inObjective 1 will also collect relevant data on knowledge, Knowledge scorébased on knowledge test)
practicesandattitudes in relation to nutrition/nutious foods; perceived constraints t¢ - Practices scales (for different dimensions of practices)

use of nutritious foods; preparation and storage of nutritious foods; sourcesingses - Lists (and quantification) of constraints identified
preferences regarding knowledge acquisition and information gathering (using soc - Lists (and quantification) of social networks, sources and providers of
network census approaches) information,and so forth

Qualitative to be stectedfrom a variety of potential approacheégpending on context - In-depth information on knowledge, attitudes, and practices regarding nutriti
and specific questions addressedamples of approaches include focused ethnograj food use, intake, preparation, and storage. Information on constraints to ints

studies; focus group discussionsgiepth structurd semistructuredandunstructured nutritious foods (such aciological, cultural, economie, and genderelated)
interviews; dservations; shadowing and on preferred sources of information relating to issues around food use.
Topicssameasfor quantitative surveys

Survey methods 0 a s s e s saccepance andilingress to pay fonutrientrich - Measures of expected willingness to pay as compared to existing market pri

foods based on different leval§information Methodsinclude hypothetical nonmarke This will be developed across the income distribution to control for low abilit
stated preference methods (SPMs) encompassing both contingent valuation and ¢ pay (ATP).

experiments (see Alfnes et al. 2006); real nonmarket valuation methods, such as - Measurement of the nutritious attributes more valued by consumers.
Vickery and BeckeDegroote and Marsettk experimental auctions (Train and Wilso - Measures of the effects of better information about the nutritional attributes «
2011; Plot and Zeiler 2005; Horowitz and McConnell 2002; Shogren et al. 2001); a food.

real market randomized experiment methods to understand the effects of informat

about nutritious attributes of food, includitfeeir effect on the WTP (Masters and

Sanogo 2002; Birol, Roy, and Torero 2010).

Objective 3. Develop, test, and evaluate tools to increase consumer awareness, access to informatiahknowledge about nutrientrich foods

Formative researchvill be used to develop new education/behavior change approa - Impact will be evaluated on the same indicators as above: knovdedge
Data collected under Objectives 1 and 2 will also be used to design education practices test scores; changes in constraints; changes in use of information;
interventions. changes in use of nutrierith food

Rigorous evaluation methoasll be used to compare and evaluate approgciess
component 4or description of evaluation methods, including impact, process and ¢
evaluation Qualitative data collection will be used to assess constraints to adoptior
use of recommended practices, amihterpret results of evaluation

(continued)
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Table 6. Methodsand indicators for Component 1(continued)

Methods Examples of indicators

Objective 4: Identify nutrition entry and exit points and test new models to enhance or protect the nutritional value of foods along thelue chain

Valuechainanalysis This actvity will first define the value chain for analysis by - Key commodities to be targeted to imprawatrition at key entry and expoints
identifying key commodities that could be sensitive to increases in nutritional conte - Costbenefit analysis by commaodity of potential interventions to enhance
Once the key commaodities are identified, a mapping of the specific value chains w nutrition at specific entry points and to prevent losses at exit points along the
done with key stakeholdg and field instruments will be developed to identify key e: value chain

and entry points of nutritional content across the value chain. The detailed analysi - Best pradtes identified in improving the nutritional content of value chains
the value chain will include measuring its performance and evaluating the benefits

costs associatiewith nutrition upgrading options. Then we will identify opportunities

and mechanisms for small farmers to benefit, based on the WTP studies of consu

we will pilot possible interventions and assess their impact, in terms of costs and

benefits to prodcers and consumers of the upgrading options implemented.

Laboratory evaluation methodsll be used to quantify the losses/increases in nutrie

content along the value chain, to enable comparisons and evaluation among differ

models/interventions.

Objective 5. Evaluate the effectiveness and cosgfffectiveness of the approaches developed in Objective43

Rigorous evaluation methods will be used based on sound program impagt tisemy - Impact indicators: household consumptandindividual intake of targeted
process evaluation and casfectiveness assessmergsgComponent 4or details on nutritious foods; contribution of these foods to changes in micronutritaike
methods) andmicronutrient status, and possititychild growth and morbidity symptoms

(depending on the micronutrient)
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6.1.6 Partnerships

In addition to CG centers anlde World Vegetable Centéan international agriculture research center
focusing on vgetables),te listof potential partnerr this componenincludes a wide variety of
stakeholders, includingARES, NGOs 6uch a<CRS, Concern WorldwidendHelen Keller
International) jntergovernmental organizationd| agenciesand programs such &\0, WHO, and
REACH), government institutions, foundations, and academic institutions. Beyond these partners, many
regional and locally specific partnerships and stakeholders have been identified under individual research
activity descriptions.

A strong cdiaboration with the private sector will be pursued under this research component for
testing sustainability of methods and tools along case study value chains-pPvhlie partnerships will
be fostered in collaboration witBAIN. Strategic alliances Wibe pursued with existing agricultural
investment projects, such as those supportdtidinternational Fund for Agricultural Development
(IFAD) (like the Orissa Tribal EmpowermeandLivelihood Program), by GAIN, and by the foadd
retailindusties(Table7).

Table 7. Examples of partnerships for Component 1

Development

Enablers implementers Value-chain actors Research partners CGIAR centers
IFAD NGOs: - Private sector - World Vegetable Center Bioversity
FAO - CRS (e.g., La - LCIRAH CIAT
WHO - Concern Worldwide - GAIN - NARES CIMMYT
REACH - HKI CIP
Gain ICARDA
Government ICRAF
institutions in ICRISAT
countries of emphasis IITA
ILRI
World Fish

6.2 Component 2: Biofortification
6.2.1 Rationale, Objectives, and Research Questions

Rationale
A primary underlying cause of malnutrition is poor diet quality, characterized by high intake of food
staples and low consumption of foods rich in vitamins and minerals, leading to widespread micronutrient
malnutrition among people who cartrafford to buy (or manage to produce) more nutritious foods. By
developing staple crop varieties whose edible portions are richer in bioavailable nutrients (through a
process called biofortification), agricultural research can provide farmers withamiefies that can
readily improve nutrition for millions of people (Nestel et al. 2006).
CRP4 will encompass two programs designed to do just that: HarvestPlus, and AgroSalud. Since
2003, the Consultative Group on International Research (the CGIAR) pasrtd HarvestPlus, the
CGIAR Challenge program on biofortification. HarvestPlus has produced promising varieties of seven
nutrientrich staple crops, poised to be released within the next three years. HarvestPlus is now
performing nutritional testing otese crops in target areas in Africa and Asia, to ensure they deliver
bioavailable nutrients. AgroSalud is undertaking biofortification work for the Latin American region. In
addition, AgroSalud proposes to explore the possible impact of the produdicnraumption of
several biofortified crops in the food basket that represents the typical staple crop diet in Latin America.
HarvestPlus and AgroSalud are independent programs with their owastadtlished goals,
visions, governance, management, amling base. Nevertheless, the two programs work closely and
share research methods, protocols, germplasm, scientists, and communication capabilities. Published
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nutrition studies under both programs have added to the growing body of evidence that badfontifi
can reduce micronutrient malnutrition in a eeffective way. In particular, biofortified beans (developed
at CIAT) and biofortified maize (developedthe International Maize and Wheat Improvement Center
[CIMMYT]) contribute to variety developmieglobally.

Component 2 proposes to channel investments into these two geographically distinct but related
subcomponents:

A Subcomponent HarvestPlusWww.harvestplus.ofg

A Subcomponent Biofortified Food Basketdr Latin America and the Caribbean
(www.AgroSalud.ory

Objectives
The objective of Component 2 is to develop and test nuitiemse staple crops through biofortification
and to make these novel crops available t@tw@ and undernourished.

Research Questions
For biofortification to be successful, four broad questions must be addressed:

1. Can plant breeding and modern agricultural biotechnology techniques increase the nutrient
density of food staples to target leviiat can potentially have a measurable and significant
impact on human nutritional status?

2. When consumed under controlled conditions, will these extra nutrients be bioavailable and
absorbed at sufficient levels to improve the nutrient status in targelatiops?

3. Will farmers adopt the biofortified varieties?
4. Will consumers purchase/eat the biofortified varieties?

Researchable Hypothesis

New and egoing work in biofortification is testing the hypotlethat breeding nutrierdense staple

crops throug biofortification is feasible without affecting yield and other positive crop
characteristicghat farmers will adopt, that consumers will conspamsl thathe nutritional status of
targeted populations will improve. Although the proof of conaépheimpact oforangefleshed

sweet potato on vitamin étatus has been demonstrated few countriesnuchremains to be done

to test theshypotheses for other target nutrierits,other cropsand in other countries. The science
behind this research iselv developed, but different nutrients, crppad environments will bring new
challenges that this CRP will address in partnership with the different commodity CRPs (CRP3 suite).

6.2.2 Impact Pathway, Outputs, and Outcomes

Figure5 shows the impact platvay for biofortification. Outputs and outcomes revolve around (1) the
release of biofortified crop varieties, (2) their use by the farm households, and (3) subsequent distribution
through the marketing system. Details are provided for individual cros dedgelopmentindereach
subcomponent.

Agricultural research scientists (at CGIAR centersdational Agricultural Research Systems
[NARS]) develop highyielding, highnutrient lineghatare tested in target countries for agronomic
performance. If theyest well, the next step is for nutritionists (from both developed country and target
country institutions) to test that the varieties can improve micronutrient status under controlled conditions
through efficacy trials. Finally, dissemination of biofagd varieties is organized through partnerships
with agriculture and healtkoriented NGOs, government extension agencies, and communications
experts.
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Figure 5. Impact pathway of Component 2

Jutputs

* High-yielding, high-nutrient staple
crop varieties developed through
plant breeding

Jutcomes

New high throughput, low cost
methods developed and tested to
measure minerals and vitamins in
staple crops as harvestedand in
foods as eaten

Evidence generated from
bioavailability and efficacy trials that
establishes that biofortified varieties
can improve the micronutrient status
of deficient women and children

Knowledge generated from consumer
acceptability studies and pilot
dissemination programs on the most
cost-effective methods and messages
to promote adoption and
consumption of biofortified varieties

6.2.3 Subcomponent 2.1: HarvestPlus

1. High-yielding biofortified
varietiesreleased in target

Impacts

countries.

* Increased production and
consumption of biofortified
staple foods

* Increased intakes of iron,
zinc, and vitamin A

* Reduced prevalence of iron,
zinc, and vitamin A
deficiencies

Approved in 2003, HarvéRlus was one of the first Challenge Programs supported by the CGIAR. Since
its inception it has been heralded as a successful institutional innovation, invigorating both
interdisciplinary research and cressctoral investment in the CGIAR. HarvestPlusagonvened by

two of the CGIAR centers: the International Center for Tropical Agriculture (CIAT), vagtdquarters in
Cali, Colombiaand the International Food Policy Research Institute (IFPRI), with headquarters in
WashingtonDC. As a Challenge Progm, HarvestPlus is designed and managed as dbtionad,
independentigoverned program of higimpact research that targets the CGIAR goals in relation to
complex issues of overwhelming global and/or regional significance, and requires partnershipa among
wide range of institutions in order to deliver its products.

Rationale, Objectives, and Research Questions

Rationale

Since 2003 HarvestPlus has built an alliance of over 200 scientists in 40 countries who breed nutrient
dense crops and test these crapsititritional efficacy and effectiveness. In its next phase, HarvestPlus

will focus its efforts on designing and building effective partnerships to disseminate these new nutritious
crops in nutritionally challenged regions of Africa and Asia. In this \MayyestPlus seeks to harness the

full potential of agricultural, nutrition, and marketing sciences to develop and disseminate more nutritious
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staple foods in order to directly address the persistent problem of micronutrient malnutrition, especially
for the poor.

Objectives
The goal of HarvestPlus is to improve the health of poor people by breeding staple food crops that are
rich in micronutrients, a process referred to as

micronutrients that are widely regioized by the World Health Organization (WHO) as limiting in diets
of the poor: iron, zinc, and vitamin A. While spillover benefits are expected to extend beyond national
borders, seven focus country crop products make up the HarvestPlus patelipendix 7):

Zinc rice for Bangladesh and India

Zinc wheat for India and Pakistan

Provitamin A maize for Zambia

Provitamin A cassava for Nigeria an@mocraticRepublic ofCongo
Iron pearl millet for India

Iron-rich beans for Rwanda and DR Congo
Provitamin Asweet potato for Uganda and Mozambique

= o To To o To =

Research Questions

Who are the hungry, what do they eat, and will biofortification have an impact?

For biofortification to be most effective, HarvestPlus crops must be tailored to the needs and local
context of the ndernourished. HarvestPlus researchers must determine who the hungry are, where they
live, and what they are consuming. They must estimate existing consumption patterns as well as potential
contributions from biofortified products to determine which crapdent combination would generate the
most impact for which populations. These initial questions have been largely answered during the first
five years of the program; for these and other research findiisgsvww.harvestplus.org

Can HarvestPlus breed nutrients into staple crops without negatively effecting yield?

The ultimate end users of HarvestPlus crops are farmers as well as consumers:basedral
nutrition interventions, the new crops must first aneéffioost be attractive to farmers, with yields equal to
or greater than current varieties. Intensive plant breeding has been devoted to ensuring acceptable yield
and other positive characteristics of biofortified varieties. For each crop cycle, breedets work
incrementally increase the level of nutrient in the edible portion of the staple crop, aiming for a level that
nutritionists have determined to have a measurable nutritional impact. HarvestPlus employs the latest
agricultural research technolaijdevelged within the CGIAR, in international institutions and
universities around the globe, and at national agricultural research systest@een germplasm, breed
crops, and test and disseminate the new nutritious staple crops.

Will these crops improve nitional status?

Improving the nutritional quality of food is a complicated endeavor. People eat food, not
nutrients; and the complexities surrounding the absorption and bioavailability of nutrients from foods still
represent, to some extent, an unchastdence. HarvestPlus nutritionists are applying the latest
understanding of nutrient inhibiting and promoting compounds that exist in foods and in humans, to
maximize the bioavailability of the micronutrients added via biofortificétiamd advancing the by of
knowledge in this area is one of several public goods emerging from the program. Two other critical areas
of program research are testing the efficacy of HarvestPlus crog®iriralled settingand testing their
effectiveness in improving nutritial status in @ommunity setting=inally, the nutritional quality of
foods often gets compromised as food is stored and prepared. HarvestPlus nutritionists are testing the

48


http://www.harvestplus.org/

retention of the nutrients under local conditions and have discovered, amonthioipgrthat nutrient
retention isin fact, a heritable characteristic. This has therefore become an additional breeding objective
for HarvestPlus plant breeders.

What are the determinants of farmer adoption of biofortified varieties in differentgs&ttitthat will be
the incentives and disincentives for consumers to purchase/eat the biofortified varieties?

There are two main strategies for introducing a new prodaetpushstrategy is supphdriven.
It focuses on the supply of seed and relies ondimgehigh nutrients into agronomically superior and
high-profit varieties. Theull strategy focuses on the demand for biofortified crops or processed products.
Well-designed consumer communication and mass media campaigns will play a major role iimgenerat
consumer demand.

Impact Pathways
The impact pathways for biofortification adescribed in &ction6.2.2 aboveFigure6 presents the
specific research steps involved.

Figure 6. Steps in research process for biofortification

DISCOVERY

DEVELOPMENT

DELIVERY

Measure crop adoption & improvements in nutritional status

The research processoives three phases: discovery, development, and delivery.
Discovery
Appropriate target populations for biofortification are determined through analysis of cropping patterns,
consumption trends, and prevalence of malnutrition. This intersentiturn, determines the selection of
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focus crops and the areas where biofortified varieties should be directed (Arsenault et al. 2010; Zapata
Caldas et al. 2009). Nutritionists work with agricultural scientists to establish nutritional breeding targets
based on seval factors: the food intake of populations in need; nutrient losses during cooking, storage,

and processing; bioavailability of nutrients, related to the presence or absence of complementary
compounds; and the probability/difficulty of breeding for specifitrients (Hotz and McClafferty 2007).

Once targets are set, the global germplasm banks of the CGIAR institutes, as well as the germplasm banks
held in trust by national partners, provide a reservoir of staple germplasm to be screened for nutrient
genetic diversity Pfeifferand McClafferty 2007)available to be drawn on for breeding programs

(Beebe Gonzalez, and Rengiz000).

Development

To date, the largest research endeavors under biofortification have focused on crop development,
including esting for nutritional bioavailability, efficacy, and effectiveness. Crop development includes all
breeding activities to produce varieties with the desired farmer and consumer charaéténgticsed
nutrient content, ideal consumer quality features,fanderpreferred agronomic performandeféiffer
andMcClafferty 2007) Along with breeding, nutrition studies are of paramount importance to establish
that the nutrients added through biofortification will in fact be absorbed by the human body, through
extensive and complex research into bioavailability, efficacy, and effectiveness.

Delivery

Varietal release regulations differ by country. Registering new varieties of crops required ptioat (

the variety is new and distinguishable, aBdthat it adis value. After registration and release comes the
least understood/most challenging aspect of biofortification: ensuring farmer and consumer acceptance of
nutrientrich staple crops. Sustainable extension and seed production systems are the fouralation of
delivery process that will helpushthe products into mark&tbut welldesigned marketing and demand
creation techniques must also be employed to genamutitey consumers. Attention to consumer
acceptance is particularly important when the additionaiant is visiblé as with provitamin A,

consumer behavior change must then be part of the delivery strategy. Finally, biofortified products must
be disseminated in an enabling public policy environment. Advocacy campaigns for biofortification can
help crate space for this new nutrition intervention, in both the agriculture and public health sectors.

Activities, Outputs, and Outcomes

Table8 presents a summary of broad activities, outputs, and outcomes for HarvestPlus. The emerging
HarvestPlus delivery pgram is ambitious. The first pilot launches will concentrate on delivering
provitamin A maize in Zambia, irerich bean in Rwanda, provitaminich cassava in Nigeria, and iron

rich pearl millet in India. During its first delivery campaign, HarvestPios @o reach 100,000raers

with these pilot crops by 2013. Lessons learned from this initial delivery exercise will be applied to
continued expansion in those areas as well as rollout of other crops in other target regions. HarvestPlus
will disseminate wps through strategic partnerships with the private sector, civil society, and
governmental organizations.

Table9 provides some detail relating to research on specific crops and the delivery of key
biofortified varieties, through 2015. Beyond 2015, strategy envisions three broad areas of activity: to
establish breeding for minerals and vitamins as a core activity at CGIAR centers and NARS; to scale up
delivery in additional nottarget countries; and to carry out follay surveys to measure impact.
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Table 8. Overview of HarvestPlus activities, outputs, and outcomes

Activities

Outputs

Outcomes

Continued crop improvement, including evaluati Improved lines of seven biofofigd parents

of Genotype X Environment Interactions on
nutrient density of edible portions
Nutrient retention and bioavailability studies

Nutritional efficacy studies on human subjects

Release and delivery of HarvestPlus crops.

introduced into the product pathway

Nutritious crops that will overcome losses during
storage, progessing, and cooking

Published evidence that micronutrients in
HarvestPlus crops are bioavailable and that the
crops are efiacious in improving micronutrient
status (for targeted micronutrients) in humans

Biofortified crops rich in bioavailable nutrients ar
available on the market and/or available to poor
farmers via the public seed distribution system.

New nutritious crops are made available to
NARES and implementing partners in Africa anc
Asia.

HarvestPlus crops are available that deliver
nutritional benefits to the consumers.

HarvestPlus crops will be nutritionally efficaciou:
and are assured to have a positive impact on
human nutritional status.

Farmers and consumers have access to new
varieties of nutrientlense maize, cassava, bean,
and sweet potafb andconsume them regulatly
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Table 9. Some cropspecific HarvestPlus activities, outputs, and outcomes

Activities Outputs Outcomes

Provitamin A Sweet Potato (Uganda)
Pilot studies completed in 2010 Orange sweet potato dissemination scalpdased
on lessons learned from initial pilot studies
Iron beans (DR Congo, Rwanda)
1 CIATS continue to develop varieties higher in First releases expected in 2012 in Rwanda, later First trial packets of bean seeds distributed in 20

iron with best agronomic properties; send DRC; second wave, even higher in iron, availabl¢ by collaborating NGOs and government agencie:
multiple finished lines each year to Rwanda a for dissermmation
DRC for GXE testing Government Health Ministry supports efforts to

Published evidence that higton beans are dissemimte high iron beans.

1 Rwanda and DRC NARStest \arieties for o 0 L .
efficacious in improving iron status in humans

breeding for higkiron lines; select most
promising varieties for submission for varietal
release; complete efficacy trial in 2012

Iron Pearl Millet (India)
1 ICRISATS continue to develop varieties highe First release of an OPV expected in 2012; fiigh  First packets of OPVs sold in 2012 by private set
in iron with best agronomic properties; share hybrids distributed asuthfully labeled by private conpanies
germplasm with private seed companies in In. companies in 2014
for development of high iron hybrids; provide
finished OPV lines fonational testing Published evidence that iron in higlon pearl High-iron pearl millets used in public food
{1 India NARSS breeding for higkiron lines, millet is bioavailable and that higlhon pearl millet distribution programs.

select most promising varieties for submissior is efficacious in improving iron status in humans

for varietal release; complete bioavailability at
efficacy trials in 2012

Provitamin A Maize (Zambia)

1 CIMMYT and IITA3 continue to develop First releases expestt in 2012 in Zambia, later First trial packets of maize seeds distributed in
varieties higher in provitamin A with best second waves Zambia by collaborating NGOs and private seed
agronomic properties; send multiple finished companies in 2012
lines each year to Zambiar GXE testing Published evidence that provitamin A maize is

efficacious in improving vitamin A status in Government Health Ministry supports efforts to

Zambia NARS test varieties for adaptability t
T D v humans disseminate higiprovitamin A maize.

growing environments, breeding for high
provitamin A lines; select most promising
varieties for submission for varietal release;
complete efficacy trial in 2012 in Zambia

(continued)
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Table 9. Some cropspecific HarvestPlus activities, outputs, and outcomdsontinued)

Activities

Outputs

Outcomes

Provitamin A Cassava (DR Congo, Nigeria)

il

IITA and CIAT® continue to develop varieties
higher in provitamin A with best agronomic

properties; send multiple finished lines each year t

Nigeria and DRC for GxE testing
Nigeria and DRC NARS test varieties for

adaptability to growing environments, breeding for

high-provitamin A lines; select most promising

varieties for submission for vietal release; complet
efficacy trial in 2013 in Kenya; collaboration with

INSTAPA

Zinc rice (Bangladesh, India)

il

IRRIO continue to develop varieties higher in zinc

with best agronomic properties; send multiple

finished lines each year to Bangladesh and India f

GXE testing
Bangladesh and India NARStest varieties for

adaptability to growing environments, breeding for
high-zinc lines; select most promising varieties for
submission for varietal release; complete efficacy

trial in 2012 in Bangladesh

Zinc wheat (India, Pakistan)

il

CIMMYT 9 continue to develop varieties higher in
zinc with best agronomic properties; send multiple
finished lines each year to India and Pakistan for

GXE testing
India and Pakistan NARStest varieties for

adaptability to growing environments, breeding for
high-zinc lines; select most promising varieties for
submission for varietal release; complete efficacy

trial in 2012 in India

First releases expected in 2011 in Nigeria, lati
in DRC, and later second waves

Published evidence that provitamin A cassave
efficacious in improving vitamin A status
humans

First releases expected in 2012 in Bangladesl|
later in India, plus second waves

Published evidence that higinc rice is
efficacious in improving zinc status in humans

First releases expected in 2013 in India, later
Pakistan, plus second waves

Published evidence that higinc wheat is
efficacious in improving zinc status in humans

First trial stems distributed by collaborating
NGOs in 2012 in Nigeria

Government Health Ministry supports efforts to
disseminate higiprovitamin A cassava.

First ®eds distributed in 2013 in Bangladesh by
collaborating NGOs and government extension
agencies

Government Health Ministry supports efforts to
disseminatédigh-zinc rice

First seeds dtributed in 2013 in India by
collaborating NGOs and government extension
agencies
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Research Methods

Biofortification strategy ideally follows clear stages of discoyesvelopment, and delivery. However,

as products advance down the impact pathway, further research findings may necessitate revisiting
previous stages to assure the highest quality nutrigmproduct. Methods used at the ten distinct stages
of the resarch process are as follows.

1. Identify target populations and set nutritional breeding targets

Cropping and food consumption patterns, the incidence of micronutrient malnutrition,-and ex
ante benefitost analysis are applied to determine where HiGtu varieties should be targeted.
Breeding targets are set for specific micronutrients and crops.

2. Validate nutrition and micronutrient deficiency data

Nutritionists carry out surveys to assess the levels of food staple consumption and nutrient
intakes, by age and gender grolipey also measure the effects of processing, storage, and cooking
methods for nutrient retention in biofortified crops and identify retefftiendly practices used by target
populations. They also study to what extent thigients bred into crops are absorbed by the body
(bioavailability) as well as the prevalence of micronutrient deficiencies. These studies guide plant
breeders in confirming or refining their breeding targets.

The analysis of retention of minerals and vitasrafter storage, processing, and cooking involve
the use of the following methods:

For minerals (from most accurate to least accurate):
Inductively Coupled Plasma (ICP)

X-ray Fluorescence (XRF)

Atomic Absorption Spectrophotometer (AAS)
Nearinfrared spetroscopy(NIRS)

For provitamin A (from most accurate to least accurate):
High-performance liquid chromatography (HPLC)

Thin layer chromatography (TLC)

Nearinfrared spectroscopiNIRS)

3. Screening and applied biotechnology

The global germplasm bankstbe CGIAR institutes and other partners provide a reservoir of
staple crops germplasm to be screened and drawn on by HarvestPlus. Plant breeders identify the genes
that are important in the synthesis of vitamin A and translocation of minerals. They devalegures to
implementmarkea s si sted selection to Aflagd the desired t
micronutrients. Upstream transgenic research is also conducted in the case of nutrient targets that are
challenging to reach through conventiobe¢eding

4. Crop improvement

Crop improvement includes all breeding and product development activities to produce new
micronutrientr i ch crop varieties that perform wel/ i n fai
while also providing better nution.

5. Test genotype x environment interactions

How genotypes interact with different environments can greatly influence genotypic performance
across different crop growing scenarios. HarvestPlus researchers evaluate crops in target countries to
ensurehigh and stable expression of the micronutrient content in different environments where the crops
may be grown. Scientists also look at farming practices that can improve crop nutrient content by
enhancing the uptake of nutrients in the edible portiohettop.

54



6. Test nutritional efficacy

Nutrition teams develop appropriate indicators of micronutrient status; they conduct controlled
feeding trials to evaluate whether vitamins and minerals from biofortified foods are bioavailable and
whether biofortifed foods improve the nutritional status of target populations. To evaluate bioavailability,
minerals and vitamins in the biofortified foods are labeled using stable isotopes and fed to subjects over a
fixed number of days. Blood is drawn and absorptiothefminerals is evaluated. The evaluation of the
nutritional efficacy of biofortified crops in improving nutritional status is done using randomized
controlled trials with treatment (fed biofortified crops) and control group (feebiaiortified crops) ina
tightly controlled environment to assess impact across individuals. The relevant biomarkers, for iron,
zinc, or vitamin A status, are used to measure efficacy and impact.

7. Identify factors driving farmer adoption and consumer acceptance

Researcherdisdy the factors that affect whether farmers and consumers will adopt biofortified
crops or products. Crop varietal maps are developed for this purpose and to provide baseline data for
assessing impact at a later stage. This applies particularly to vidanigh foods that tend to be orange in
color, and thus unfamilidooking to consumers.

8. Release biofortified crops in target countries

Varieties are identified for selection and submission to registration trials in countries of first
release. Followig this, procedures are followed to ensure their successful formal release. Proof that the
variety is new, distinguishable, and value adding must be assembled in order to register new crop
varieties. CGIAR centers work with NARS to gather the relevantnmition for registration and formal
release of biofortified crops in target regions.

9. Facilitate dissemination, promotion, and consumer acceptance of crops

Delivery managers ensure that seed production, dissemination, and training and extension
systemsaare in place to promote these new crops. Advocates are identified who can pave the way for crops
to be accepted by consumers and adopted by farmers. Branding and other marketing strategies are created
to increase demand for biofortified crops and foodsdnsumers.

10.Measure impact and changes in nutritional status of target population

Baseline and followp surveys are conducted to measure the number of farming households that
have adopted biofortified crops, as well as any improvements in nutrisitatas. This will help
determine the ultimate impact of biofortified crops on public health.

Partnerships

Several CGIAR centers have been and will continue to be key in HarvestPlus crop development. In 2010
those CGIAR institutes included CIMMYT, CIAThe International Institute of Tropical Agriculture

(ITA), IFPRI, Bioversity, CIP, IRRIthe International Center for Agricultural ResearchheDry Areas
(ICARDA), and ICRISAT. Target country NARS partners are also partners for conducting adaptive
reseach andgene by environmenG(XE) analysis, as the crops are transferred from the CGIAR
laboratories to the field. HarvestPlus also partners with a number of public health research institutes on
the nutrition research, including, among oth@usrnell Univesity, University ofCaliforniai Davis,

ETHZ Switzerland, Wageningen Agricultural University, Makerere University, Micronutrient Initiative,

and USDA. Impact analysis is conducted by external consultants as well as by CGIAR impact specialists
within the cerers. Advocacy trainings employ international consultants and work with institutions in the
HarvestPlus target countries.
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6.2.4 Subcomponent 2.2: AgroSaludd Biofortified Food Basket for Latin America and the
Caribbean (www.AgroSalud.org)

AgroSaludhas longexperience with bringing enhanced nutritional crops to the Latin AmeGeaibbean
region. In the past five years, AgroSalud partners have implemented successful commercial releases
throughout the region: 21 maize cultivars with higher tryptophan aimkliesvels in Bolivia, Colombia,

El Salvador, Guatemala, Haiti, Honduras, Mexico, Nicaragua, and Panama,; 8 rice cultivars with higher
iron in Bolivia, Cuba, and Panama; 5 bean cultivars with higher iron in Bolivia, Brazil, Cuba, and
Guatemala; and 8 sweambtato cultivars with more betarotene in Brazil, Cuba, Dominican Republic,
Haiti, and Peru (AgroSalud 2011). An additional ten nutritionally enhanced cultivars are in the pipeline,
to be released in seven countries in 2@001.

Rationale, Objectives, and Research Questions

Rationale
According to the World Health Organization (2004), the leading nutrigtated causes of disability in
Latin America and the Caribbean (LAC) are childhood and maternal underweigkdefiociency
anemia, zinc deficiencynd vitamin A deficiency. An estimated 66 million children and women in LAC
are anemic (WHO 2008a); and 8.9 million children and pregnant women are vitamin A deficient (WHO
2009). Often, individuals suffer from multiple nutritional insults simultaneouslyalak et al. 2000).
The economic cost of these nutritional deficits in LAC in 2009 was estimated to exceed $20 billion, based
on the average GDP for LAC countries (World Bank 2009): 46 percent is attributable to underweight, 32
percent to iron deficiengyl2 percent to vitamin A deficiency, and 10 percent to zinc deficiency (Salomén
Pérez, CIAT, personal communication). In sum, there are severe problems of food and nutrition insecurity
in Latin America and the Caribbean.

The impact of a single crop biotdied with a single nutrient has been demonstrated in three
cases: amino acid bioforitfd maize (Gunaratna et al. 200®on biofortified rice (Haas et al. 2005); and
betacarotene biofortified sweet potato (van Jaarsveld et al. 2005; Low et al. Z6@gg biofortified
crops have improved the nutritional status of people who consumed them.

LAC provides an ideal setting to test the impaatnodtiple crops biofortified withmultiple
nutrients. First, the region suffers from multiple nutrient defidesmand consequences, including zinc
deficiency, anemia, and stumg (IZINCG 2004; WHO 2004). Second, the combinations of foods targeted
for biofortification make up the traditional combined diet, such as maize and berice and beans
(FAO 200%). Third, advances have already been made in breeding and releasing biofortified crops in the
region, through the AgroSalud project, as noted above.

Objectives

1. Improve food and nutrition security among the rural and urban poor in six countries (Brazil,
Colombi, Guatemala, Haiti, Honduras, and Nicaragua), through the release and
dissemination of biofortified germplasm and the promotion of newly and previously released
nutritionally enhancedultivars in those countrie$he combinations that will be promoted
are specifically related to the nutrition problems in each country and to the foods commonly
consumed: higher iron and zinc rice and beans to address iron and zinc deficiencies in Brazil,
higher iron rice and beans to address iron deficiency along withriagteerice, beansand
maize, as well as high tryptophan and lysine maize to address zinc deficiency and stunting in
Colombia, Guatemala, Haiti, Hondurasd Nicaragua; and higher provitamin A cassava and
sweeftpotato to address vitamin A deficiency iiikl.

2. Improve food and nutrition security among the urban poor through biofortified food products
produced and sold locally in two countries, to be selected from the following: Brazil,
Colombia, Cuba, Haiti, Nicaragua, and Panama.
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3. Strengthen ongoing breied efforts to 1) increase yield, disease resistance, and nutritional
guality as compared to crops currently available; @hoffer improved biofortified breeding
populations for use by NARS in their breeding programs.

4. Evaluate the agronomic, economand nutritional impact of biofortified crops and food
products when consumed in combination.

5. Strengthen capacity of institutions in the target countries with regard to breeding, seed
dissemination, product development, market evaluation, and impactrassegs

Research Questions

The key research question for this subcomponent is: What is the impact (agronomic, socioe@oiomic,
nutritional) of farmers producing biofortified crops and consumers eating biofortified food products in
combination (for exampl rice and beans together)? Integrated planning and implementation between the
impact evaluators and the specialists (in the areas of breeding, seegwohact development, and

market chains) will ensure that timely and relevant impact studies apgeateth

Impact Pathways
The AgroSaludgubcomponent follows the same impact pathways as those descrisadidm6.2.2 for
biofortification.

Activities, Outputs and Outcomes
Tablel10 presents a summary of broad activities for AgroSalud. TEbprovidessome detail related to
research on breeding and nutrition and the delivery of key biofortified varieties for target crops.

Research Methods

Research methods for AgroSalud are broadly similar to methods used in HarvestPlus, as elaborated in
Section 6.2.48 Sub c omponent d RafoRified FogdrBasBeafor luadin America and the
Caribbean. o0 To develop biofortified crops, conven
CGIAR centers, as followsnternational Center for Tropical Agricultu(€IAT) for beans, cassava, and

rice; CIMMYT for maize; and thinternational Potato Cent€CIP) for sweet potato (AgroSalud 2011).
Validation and farmer trials will be completed by NARS in each country, with technical support from the
CGIAR centers. Geagphic information systems tools will be used to updatkénenatlases with

nutrition, crop production, and socioeconomic status, showing potential sites for biofortification
interventions (Zapat€aldas et al. 2009). Farmers will be trained in testetioastof nonconventional

seed production to develop quality and timely seed (AgroSalud 2011). Seed dissemination will be carried
out by partners such as NARS, NGOs, Ministries of Agriculture, and UN agencies through their food and
nutrition security progras Foodprocessing specialists from tBeazilian Agricultural Research
CooperatiofEMBRAPA) and CLAYUCA will work closely with industry partners, to determine what, if
any changes, are necessary to protocols in order to substitute biofortified cnopstiavfortified crops

in product formulations. Urban distribution channels for biofortified crops and for processed foods
developed with biofortified crops will be assessed and enhanced distribution channel&iestedand
posthocevaluations (agramic, socioeconomic, and nutritional) will be completed to determine the
impact of simultaneous consumption of two or more crops biofortified with the same nutrient (for
example, beans, maize, and rice biofortified with zinc) (AgroSalud 2011). Findlyethi

communication models will be enhanced, developed, and employed to generate demand for biofortified
crops and food products by different consumer populations.
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Table 10. Overview of AgroSalud activities, outputs, and outcomes

Activities

Outputs

Outcomes

In partnership with CRP3: develop cultivars and
complete validation and farmer evaluation trials.

Put existing biofortification atlases online, with ai
interactive feature.

Support partners in seed production and
dissemination and commercial release of crops.

Work with stakeholders to establish feod
processing technologies and protocols.

Assess distribution chaels in urban markets; pilo
and evaluate enhanced distribution channels.

Complete several impact studies for 2+
combinations of different crops and food product

Develop and disseminate communication module
for different audiences.

Nutritionally and agronomically improved rice,
beans, cassava, maize, and sweet potato cultiva
developed and tested.

Online analysis tool available to target
biofortification activities in cantries.

Seed multiplied, disseminated, and commerciall)
released in countries.

Commercially prepared biofortified food products
developed.

Biofortified crops and commercially prepared
biofortified food products distributed in urban
centers.

Quantitative evaluations of the socioeconomic ar
nutritional impacts of 2+ combinations of
biofortified crops and food products.

Diverse communication modules produced and
disseminated through different media.

Iron-, zinc, provitamin A and amino acid
biofortified cultivars are made available to reduce
food and nutrition insecurity in LAC.

Informed geographic targeting of biofortification
activities.

Strengthened seed prodioct and dissemination
systems.

Urban consumers have access to biofortified foc
products.

Access to and consumption of biofortified cultiva
and food products by urbaomsumers.

Information generated dhe benefits and costs to
farmers and consumers of biofortification.

Demand for biofortified crops arfdod products
by informed farmers, consumers, extensionists,
health professionals, and decisionmakers.
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Table 11. Some cropspecific AgroSalud activities, outputs, and outcomes

Activities Outputs Outcomes

Higher-iron and i zinc beans (Brazil, ColombiaGuatemala, Haiti, Honduras, Nicaragua)

ll

CIAT to lead bean breeding work; country Release of biofortified varietie2012 Brazil, In 2013, foodindustry @rtners to deliver food
NARS to conduct adaption prelease trials Colombia; 2013 Guatemala; 2014 Haiti, Hondure products with biofortified beans as an ingredient

By 2012, complete simulation analyses in all Nicaragua at least one country

countries to estimate dietary impact of crops.

By 2013, complete an efficacy trial bigher
iron beans and rice in one country.

Government, NGOs, and privasector partners
to multiply and disseminate seeds

Higher-iron and i zinc rice (Brazil, Colombia, Guatemala, Haiti, Honduras, Nicaragua)

f
il

CIAT to lead rice breeding work Release of biofortified varietie2013 Brazil, In 2014, foodindustry partners to deliver food
Country NARS to conduct adaption preease C_olombia; 2014 Guatemala; 2015 Haiti, Hondure products with biofortified rice as an ingredient in .
trials Nicaragua least one country

By 2012, complete simulation analyses in all
countries to estimate dietary impact of crops

By 2014, complete an efficacy trial of higher
zinc maize, beans, and rice in one country

Government, NGOs, and privasector partners
to multiply and dsseminate seeds

Higher-zinc maize (Colombia, Guatemala, Haiti, Honduras, Nicaragua)

|l

CIMMYT to lead maize breeding work; countr Release of biofortified varietie®014 Guatemala, In 2015, foodindustry partners to deliver food
NARS to conduct adaption prelease trials Honduras, Nicaragua; 2015 Colombia, Haiti products with biofortified maize as an ingredient

By 2012, complete simulation analyses in all at least one country
countries to estimate dietary impact of crops

Government, NGOsnd privatesector partners
to multiply and disseminate seeds

(continued)
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Table 11. Some cropspecific AgroSalud activities, outputs, and outcomeggontinued)

Activities Outputs

Outcomes

Higher-tryptophan and i lysine maize (Colombia, Guatemala, Haiti, Honduras, Nicaragua)

ll

CIMMYT to lead maiz breeding work; country Release of biofortified varietie®012 Guatemala,
NARS to conduct adaption prelease trials Honduras, Nicaragua; 2013 Colombia, Haiti

By 2013, complete an efficacy trial of higher
tryptophan/lysine maize and higheinc maize,
beans, or rice in one country

Government, NGOs, and privasector partners
to multiply and déseminate seeds

Provitamin A-rich cassawa (Haiti)

il

CIAT to lead cassava breeding work; country Release of biofortified varieties in 2013
NARS to conduct adaption prelease trials

By 2012, complete simulation analyses in all
countries to estimate dietary impact of crops

By 2014, complete an efficacy trial of higher
provitamin A cassavand sweet potato in Haiti

Government, NGOs, and privasector partners
to multiply and disseminate seeds

Provitamin A -rich sweet potato (Haiti)

|l

CIP to lead sweet potato breeding work; coun Release of biofortified varieties in 2013
NARS to conductdaption prerelease trials

By 2012, complete simulation analyses in all
countries to estimate dietary impact of crops

Government, NGOs, and privasector partners
to multiply and disseminate seeds

In 2012, foodindustry partners to deliver food
products with biofortified maize as an ingredient
at least one country
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Partnerships

Three CGIAR centers will lead the highlighted activities (CIAT, CIMMYT, and CIP), along with
CLAYUCA (a publicprivate consortium operating out of CIAT) and EMBRAPA (the Brazilian NARS).
Breeding activities will be completed by CIAT for rice, beans, ars$ava; by CIMMYT for maize; and

by CIP for sweet potato. Seed activities will be led by CIAT, which will also lead the market research,
geographic targeting, and impact assessment. CLAYUCA and EMBRAPA will lead therodukction
activities.

The AgroSald project had significant success in bringing together partners from diverse sectors,
including Ministries of Agriculture (research and extension units), Ministries of Health, universities, the
private sector, local municipal governments, and NGOs, amibrggs. At a regional level, partners
included HarvestPlus and UN agencies. The same partnership model is proposed for this subcomponent,
with subcontracts negotiated with country partners to complete specific activities, and jointly funded
activities orgaized with regional partners. Annual partner meetings will be held to review achievements
and plan activities for the coming year.

6.3 Component 3: Prevention and Control of Agriculture-Associated Diseases

6.3.1 Rationale
Addressing the scourge of agriture-associated disease (AAD): Rationale and scope

AAD sickens and kills millions of poor people.

In poor countries, diseasesasiated with agriculture (BoX have important health impacts. Food that
nourishes can also sicken and kill. Zoonoses (destransmissible between animals and man) and

diseases recently emerged from animals make up 25 percent of the infectious disea3&besadtn

developed countries (Gilbert et al. 2010). Other urgent problems include fungal toxins (mycotoxins) in
stapk crops and animal source foods; plant toxins; use of wastewater for agriculture; misuse of
agricultural chemicals and antibiotics; and health impacts of agricultural alteration of ecosystems (such as
irrigation practices that promote malaria).

AAD has multiple burdens that are not fully understood.

As well as adverse health impacts, the direct economic, social, and environmental costs of AAD are of
major importance, as suggested by economic assessments of individual problems. For example, beyond
their hedth impacts, mycotoxins lead to trade losses of up to $1.2 billion a year; and the SARS epidemic
cost $50100 billion through economwide effects (Aguirreand Gome2009)? Indirect effects are also
important: impaired human health lowers labor produgti®nd human capital accumulation (as through
schooling and training) worsening livelihood outcomes in both the short and the long run. Disease and
malnutrition burdens are closely related: for example, research has identified nutritional risk factors for
diarrhea, the negative impacts of diarrhea on nutritional status, and the importance of dietary therapy
during and after enteric infection (Brown 2003). Diseases also interact in complex ways: for example,
aflatoxin exposure and hepatitis infection areandgk factors for liver cancer. For these reasons, the
guestion of how agriculture might be better managed to reduce risk is a complex one; our limited ability
to assess and attribute the multiple burdens of AAD constitutes a major impediment to resioumale
allocation (Roth et al. 2003). This presents an important opportunity for CGIAR research to contribute to
human health research and development.

5 Disease burden is measured inlD# (Disability Adjusted Life Years)defined agears of life lost due to deagimddisability.
& All dollar figures are US$.
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Box 6. Agriculture -Associated Diseases: What they are and why they matter

Food-borne disease (FBD)Diarrhea is one of the top three infectious diseases in most poor cou
responsible for loss of 72.8 million DALYs (WHO 2008a) and killing an estimated 1.3 million children g
(Black et al. 2010). Most of this is the resulicontaminated food and water. Meat, milk, eggs, and fish arg
foods most likely to be implicated (Lynch et al. 2006); contaminated irrigation water is a presjezuially
in intensifying systems (Drechsel et al. 2010). FBD is estimated to cost An$dri? billion and Nigeria $3
billion each year (Scharff 2010; Okik&race, and Hussgi010). Fungal toxins (especially mycotoxins) are
important food safety problem, leading to acute, chronic, and cumulatikeailth; the Center for Diseag
Control estimates that over 4.5 billion people may be chronically exposed to mycotoxins, and aflatoxi
play a causative role in 5 to 28 percent of all hepatocellular carcinoma cases (Liu and Wu 2010). LikK
food-borne pathogens, mycotoxins can also casiskness and death in livestock. International trade
crop$ particularly maize, groundnytand child is also affected, due to food safety standards

Plant toxins associated with common foods, including legumes, cassava, and yams, cause Sp€
non-specific disease. At least tens of thousands are affected by konzo and lathyrism, two neurodegg
diseases that persist among the poorest and most marginalized communities. Contamination of fq
agricultural chemicals urgently requires more aesk to understand the health, socioeconomic, and ecolo
impacts and to develop better management

FBD also imposgcosts on animal production, the food industry, and trade (Bennett and ljpelaar
Inability to meet food safety standards threatengxclude small producers from higher value markets
forces them to incur the transaction costs associated with work in the informal sector. Food safety cari
addressed effectively by considering the entire risk pathway from field to fork

Zoonatic and emerging diseaseAt least 61 percent of all human pathogens are zoonotic (Tdydtham,
and Woolhouse2001). Endemic zoonoses that prevail in poor countries are among the most ne
diseases. To give just one example, echinococcosis (chysegeworm larvae) is responsible for 1 millig
lost DALYs, in addition to humaassociated economic losses (including medical costs and lost wages) ¢
billion, and livestock losses of $2.1 billion (Maudlikisler, and Welburr2009). Sleeping sickmss, rabies,
leishmaniasis, cysticercosis, brucellosis, and leptospirosis are zoonoses of similar impact.

Most emerging diseases (75 percent) jumped species from animals to humans, [a@ye@m, and
Woolhouse2001), and the actual and potential cost tman health and webeing is enormous. HMAIDs,
which originated in nothuman primates, has probably sickened and killed more people than any other
in the history of mankind. As natural ecosystems come under more pressure, and as technolotgytlse
keeping of unprecedented numbers of livestock in unprecedented ways, the rate of disease eme
accelerating currently, one every four months (Jones et al. 2008).

Other health risks of agroecosysytemdviany other diseases and health risksa®ociated with agriculture
Agriculture can create conditions suitable for diseases, or directly expose people to health bézzads.
vectors often persist due to poor design or management and harmful agricultural practices (Boelee ang
2006; Duk-Wasser et al. 2006). For example, irrigation and water storage systems provide breeding
for, and exposure to, vectors of watefated diseases such as malaria, schistosomiasis, and cryptospor
(Erlanger et al. 2005; Keiser et al. 2005#einmann et al. 2006). People working in agrifood systems|
directly exposed to a range of biological, chemical, and physical hazards. Misuse of agrochemicals (e
pesticides) causes thousands or tens of thousands deaths a year, while thr®@derdcorded fatal injurie
in agriculture annually (Cole 2006).

Many other emerging issues occur at the submicroscopic level (the gene) or thedivptaal level (the
ecosystem). For example, the use of antibiotics in farm animals can selecsisteinee that can then Q
passed on to human pathogens by plasmids (Shea 2003); agricultural use of insecticides can foster
in the vectors of malaria (IITR011). At a different scale is the role of ecosystems in regulating human h
with the potential for shaping agriculture in ways that aregmor and that better support human health
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AAD risks can change with agricultural intensification. While much of the burden of AADslls

on poor and marginal populations, different risks emerge with intensification of agricultural production
(for exampleviral infections associated with intensifying pig production) and longer and more complex
value chains (for exampl&ARS).Componehn3 will focus on specific agricultural entry poirits

changing AAD risk and link to the larger health commubigjooking at scenarios for predicting and
preventing infectious disease riskshefuture
(http://www.genomicsnetwork.ac.uk/innogen/resbéinnogenresearchprojectsa
z/projecttitle,2516,en.html

Successful assessment and management of AAD requires inputs from agriculture research.

The One Health (and Ecohed)tthinkingd now prominent in the health commurétyecognizes

agriculturebased iterventions as a key componeninailtidisaplinary? approaches for managing many

AAD, for several reasons. Fodmbrne disease requires management throughout thadiébak risk

pathway; controlling zoonoses, in most cases, requires eliminating disgagee animal reservoir; and

agriculture practices that piarmworkers at risk obviously require farfavel intervention. Many

important diseases, such as HIV and the influenza pandemic of 2009, emerged from animals and research

into disease emergenaeiin agroecosystems could contribute to averting future disease threats.
Component 3 will generate evidence and develop and test the methods, tools, and approaches that

partners need to better support disease management, including prevention of diseasesgyniehlture

based actions are important. The resulting benefits are potentially large: for example, an ex ante

assessment by IWMI in Ghana found that an integrated package-bassl measures could avert up to

90 percent of the estimated 12,000 DA that result from wastewater irrigation, at a cost of less than

$100 per averted DALY (including expenditures to promote and ensure uptake).

Agricultural research must include socioeconomic, gender, and ecological understanding.

From farm to fork, food is gendered commodity: women and men have different roles in production,
processingand retailinghatexpose them to different health risks and offer them different benefits
(Kimani et al. 200@). Gender roles are also an important determinant of exptsamonotic disease,
healthseeking behavior and ultimately health burdénderstanding the gender and social determinants
of AAD is a prerequisite to developing more appropriate solutions. Similarly, understanding economic
incentives, ecological relatis, and policy determinants must inform epidemiological assessments and
interventions for AAD.

What agricultural research can contribute to improved human health.

CGIAR centers have traditionally focused on accentuating the positives rather than elgmtin
negatives of agriculture. This component offers an opportunity to direct existing research coalitions to
new problems. It can also bring the CGIAR understanding of farming systems to the health community
with potentially farreaching benefits, as shio by a case study from Kenya. Driven by a combination of
vested interests and genuiaéthoughill -founded, public health concemregulation required all milk to

be pasteurized. CGIAR research showed that this imposed costs on milk traders andredrb8®ne

million annuallyd without creating health benefits, as consumers boil milk before consumption (Kaitibie
et al. 2008). A coalition formed by ILRI was able to generate evidence and support advocacy for a new
approach that is prpoor and delivers suger food safety outcomes (Leksmono et al. 2006). Similarly,

Il FPRI 6s recent research in Kenya and in Mal:@ has
and groundnutsespectively. Awareness of aflatoxins is low among ssedle producers, wieitesting

of produce in local markets is almost nonexistent. Further research is underway to idenéffectise

"One Health has been defined as the collaborative effort of multiple disciplines to attain optimal health for peopleaadimals,
our environmentEcohealths definedas systemic, participatory approaches to understanding and promoting health and well
being in the context of social and ecological interactions. They have much in common and are increasingly aligned; both
emphasizenultidisdplinarity and the importance of agriculture and ecosydtesed interventions (Waltn@oews 2009).

8 Multidisciplinary is used herein thebroad sense of involving several areas of research, palicypractice.
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and locally appropriate interventions and regulatory frameworks that inform both producers and
consumers, and incentivize farmers to invegroducing crops safe for home consumption as well as
local markets.

The CGIAR has a solid track record ingortant areas of AAD (see Tal&). The program will
initially build on these areas of expertise (especially food safety and zoonosesjathgriing health
partnerships and increasing the relevance of research to the health community. Other important areas of
AAD will be developed in the medium to long term. One Health/Ecohealth will provide both a framework
and a bridge with the health comnityncrucial to the researehto-use pathway.

Research subcomponents, priority diseases, and sequencing
Development of a research agenda was guided by three principlése (mpact of the problem on
human health and livelihood®)(the relevance of aigulture research to assessing and managing the
problem; and3) the track record, current engagement, and anticipated opportunities of CGitkiRsdr
addressing the probleas set out in Tablel]l. On this basis we identify two initigriority
subconponents, food safety and zoonoses, to be addressed immediately and with substantial investments.
We combine, as a third subcomponent, some other health risks of agroecosystems that are either emerging
areas for exploration or areas, whathoughimportan, have lower levels of CGIAR involvement
(< $250,000 per annum); work in these areas will be exploratory or at smaller scale (medium priority). As
further evidence emerges, some of these areas may become more important in the research agenda.
Within the hiree subcomponents, we target for initial engagement a selective list of risks to human health,
based on high potential for getting traction immediately and resithi a five-year timeframe.

These components have subcomponents whose priority isigiVetle P:

A Food safety: fungal toxins (mycotoxins), biological hazards, plant toxins, chemical hazards
A Zoonoses: neglected zoonoses; emerging diseases

A Other health risks adgraecosystems: watessociated disease; occupational hazards; drug
and chemickresistance; ecosystem services; climate change and disease; shaping
agreecoystems for health outcomes

6.3.2 Subcomponents of Component 3

Subcomponent 1: Improving food safety (Initial priority)
Foodborne diseases (FBD) have enormous impacts on healtlivalihoods and are of great concern to
consumers, producers, and policymakers. Risk analysis (assessing, managing, and communicating risk)
brings a set of common concepts and tools to addressing FBD of different origins (plant, livestock, fish)
and indifferent value chains, presenting an opportunity for creating synergy between centers- Science
based measures to reduce exposure along the food chain are urgently required and mushg@mhdnd
with appropriate policies, institutions, and incentivasaidoption. The WHO Reference Group, assessing
the burden and attribution of important FBD, provides an entry point for bringing CGIAR research on
prevalence, impact, and management of FBD to the arena of global governance of food safety.

Under this subcoponent, we identify three food safety health risks that can have significant
implications for health, nutrition, and livelihoods in developing countries, and that are generally agreed to
require agriculture or valuehain inputs for effective management.

1. Initial priority: Mycotoxinsare fungal toxins that contaminate staple foods, feeds, and animal
source foods in most of the humid tropics; they cause acute poisoning as well as chronic
disease.

2. Initial priority: Biological hazardscause the great majority fmod-borne disease and appear
to be increasing in recent years; many are zoonaotic (transmissible between man and animals)
and many are algpansmitted through water
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3. Medium priority: Plant toxinsare naturasubstances in plants that can harm healdgeh
include antinutritional factors in some legumes and cyanogenic glycosides in cassava.
Chemical hazardfom pesticideesidues also hariuman health andffect trade in
agricultural products.
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Table 12. Initial priority research areas and relevant CGIAR experience

much less
important than
biologicd). Costs
not fully assessed.

9 Role of
3 Priorities Impact agricultural CG track record and opportunities Priority risks Level of engagement
3 research
Mycotoxins ~ Medium health Agricultural A Ext ensi v-endposthakesto r Aflatoxins in staple
impacts$ notin research key to technologies to manage risk, including  cropsandother food
GBD mycotoxin biocontrol (IITA, ICRSAT, CIMMYT);
Costs millions of management breeding for reduced toxin _ _
dollars at national content/resistance to fungal _|nfect|on Important area with
level (“TA’. ICRISAT, CIMMYT); risk substantial ongoin
maping and assessment; cost T ngoing
effectiveness of mitigation strategies W(_)rk_' high initial
(ICRISAT, IITA, IFPRI, ILRI); behavioral priority
analysigto identify incentives for farmers
to adopt aflatoxin mitigation measures
(IFPRI). Opportunities to partner with
ongoing initiatives,including PACA and
EMBRAPA.
1 Biological Very high health Agresearchkeyto A Ri sk assessment & Animal source foods
S hazards impact$ major management of fooc and meat hazards along the value chain in five value chains
; contributor to safety on farm and (ILRI, IFPRI); assesmentand in CRP3.7
= diarrheal illness in  along value chain; management ofdzards invastewater
*% GBD other research (IWMI, IFPRI, ILRI); pro-poor risk Wastewater (CRP5)
- important for management through policy and
g&f;fsbgtll'g;isog;l hou;ehold and orgqniza_tional change (ILRI, I_FPRI);
level medical certification and collective action to
management address food safety and consumer
willingness to pay for safe food (ILR
IFPRI). Opportunities to link with
CRP3.7, CRP5and WHO FERG group
Planttoxins  Health impacts less Ag research key to Risk-management through plant breeding Cassava, legumes Focused area with some
Chemical extens_ive red_ucing plant _ (ICARDA, IITA) on_go_ing work: mdium
hazards (chemical hazards - toxins and chemical Pesticides and other chemical hazards in priority

hazards on farm food

(continued)
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Table 12. Initial priority research areas and relevant CGIAR experience(continued)

9 Role of
& Priorities Impact* agricultural CG track record and opportunities Priority risks Level of engagement
S research

Neglected Higho combined  Agricultural Risk assessment, technology developmer Taenia solium Important area with

Zoonoses GBD and costs research key for for classicakzoonoses includingaenia significant ongoing

probably management of solium(ILRI) . Opportunities to link with work: high initial
N comparable with  disease in animal ~ WHO priority
S malaria or HIV reservoirs
o
(%]
& Emerging High potentiad Agricultural A Risk and economicRVF
ﬁ disease HIV in GBD, costs research role in flu and risk management (ILRI, IFPRI);
(] millions of dollars  understanding assessmerandtechnology development
per pandemic emergence and for Rift Valley Fever (RVF)
managing at source  Opportunities to link with climate
change

Water Higho water Agricultural ASystemvide program on malaria but Scoping work Emerging area with
- assaiated associated disease research one of overall less extensive in this area: Vector control some ongoing work:
3 disease many research agroecosysterhased vector control in medium priority
g Occupational inputs_ into water . lowlandsetting(IITA) Pesticide toxicity
73 . associated disease; . :
& | disease important role in Integr{:\ted pest management to improve Resistance to
§ Resistance drug resistance and pesticide use (CIP, crop centers) agrochemicals
S Ecosvstem eposystemelated Assessment and management of drug
§ Y disease resistance (ILRF)malaria vectors (IITA)
2 servicesand .
o) change Ecosystem services for health (ILRI); heal
2 in the context of climate change (IFPRI,

ILRI).

Notes:Boldedareas indicate priority research ardam. many AADs, the impact in terms of Global Burden of Disease (GBD) or economic losses has not been assessed; ratings reflect our current
knowledge.
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Subcomponent 2: Zoonotic diseases and diseases emerging from animals (Initial priority)

The whole world bears the burdendi$eases that originaite animals (such as HIV/AIDs and swine flu).
The crucible for emergence of thetiseased and thus the opportunity for improving prevention and
early detectiod is dften located in agroecosystems in poor countries that are either intensifying or
degrading. Richer countries are motivated by-isedfrest to deal with the problems of emerging disease
and pandemics at their source, as the examples of bird flu and hagioifdvers demonstrate, often
leveraging donor concern for ppmor impacts. However, the risks and benefits from emerging disease
control may be very different for rich and poor countries, as thepanti effects of bird flu control in

some places hagthonstrated (Rolandolst, Epprecht, and Ott2008). CGIAR research can help correct
this imbalance of impacts.

Alongside emerging disease is the problem of established zoonoses that are controlled elsewhere
but that persist at high levels among the psioaad most neglected populations. These neglected
zoonoses include the pig tapeworfiaénia soliury, zoonotic tuberculosis, and brucellosis. The CGIAR
has a key role in bringing to the global arena its understanding of disease impacts on the poor.

The sucessful control of zoonoses, whether tuberculosis in Ireland, rabies in continental Europe,
or brucellosis in Canada, has always relied on interventions at animal level. For zoonoses of livestock,
this means intervention along the fatoafork production pthway. The lesson from these experiences
was largely forgotten until the waka call of bird flu. It is now generally accepted that control of
zoonoses is best managed by multisectoral initiatives grounded in epidemiological studies, with an in
depth unérstanding of the variables that influence disease emergence and transmission (Schelling et al.
2007). Effective interventions must be grounded in the local context as well as in knoofledggase
transmission pathways; participatory methods have prayamverful tool for engaging stakeholders and
fostering positive change.

Subcomponent 3: Other health risks in agroecosystems (Medium priority)
In addition to fooeborne disease and zoonoses, agriculture in ecosystems poses a number of risks to
human hedh.

Irrigation and dam construction expose millions to the vectors of malaria and other diseases. The
reduction of health risks from exposurenaterassociated disease vectdras to be carefully balanced
with supporting the livelihoods of farmers. Imped and innovative agricultural and water management
practices can help reduce crop contamination, farmer exposure, vector breeding, and vector resistance.
Rural populations can be protected while reducing costs for the public health sector.

Occupationahealth in agriculturee nd among t he worl ddéds poor remai
research is needed to understand the current situation and best practices, as well as variations in liability
and insurance policies. CGIAR research on integrated pest managemetés an entry point.

Other issues at the intersection of human, aniama environmental health include emerging
resistance to chemicals used in agriculture, the effect of climate on diseases associated with agriculture,
ecosystenrelated health seices, and shaping agriculture to attain health goals.

Other health risks of agriculture are becoming increasingly important, and new areas are
emerging where the CG has a comparative advantage based on systems understanding and biotechnology
research. Gien the need for an initial focus on a few lead areas, engagement in this research area will be
initially exploratory and could expand in the medium term.

6.3.3 Objective and Research Questions

Objective

The objective of this component is to enhance enwvitental sustainability, reduce poverty, increase food
security, and contribute to the health of poor communities by assgssmgntingand mitigating
agricultureassociated health risks, through research for improveddogdvatesafety,animatbase
zoonoses control, andanaging agroecosystems for better hedilnch focus will be on poor and
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marginal communitiesbut given the rapid changes in developing countries, Component 3 will also look
at changing AAD risk and mitigation associated withmstécation of agricultural production and longer
and more complex food chainkhis work will fit into the broader global challenge of infectious disease
foresight studieshftp://www.bis.gov.uk/foresight/ouwork/projects/publishegrojects/infectious
diseases/reporandpublications.

Research Themes

The research guestions address the technical issues of prioritization, innovation, technology development,
and impact assessment, as well as methodological ismiegan approach that emphasizes

undersanding and evaluating novel partnerships and approa@uestions will initially focus on the two

initial priority subcomponents (1 and 2) focusing on food safety and zoonoses, as identified il Table 1

and linked to the impact pathwaysRigure?7.

A Prioritization and systems understandiighat are the critical AAD for the pook¥hich
AAD require or can benefit from international agricultural reseavehat is the social and
policy contextfor developingOne Health/multidisciplinary approachisit camasess and
managehe CGpriority AAD? What is the evidence for impact? What is the specific impact
on women, the poor, and other vulnerable groups?

A Risk and socioeconomic assessméfitatare thenealth impacts dhe diseases in the two
priority subcomponetson the poor (absolute and relative to other prob)@iighat is the
evidence thatheseAAD create other economic, livelihood, equity, and ecological burdens
(multiple burdens)Mow do sociocultural factors differentially expose men and women to
risk?

A Innovation and ristbased managememv/hattechnological, organizationand social
innovations can improve the detection and assessment of the multiple bur@&spridrity
AAD? How can these be developed, tested, and adapted to improve eventual Wtake?
new sciencédased diagnostics, technologies, breeds, biological control, animal vaccines,
methodologies, and other innovations can improve the management of CG priority AAD
(without reducing production and productivityiow can these be developesksted, and
pre-adapted to improve eventual uptaké®v can women, often the primary managers of
family health and nutrition, have more access to innovatiditsa are the factors preventing
poor producers and consumers, male and female, from adoptimgiticggktion and
innovations? What type of informational, behavioral, or institutional mechanisms would
promote adoption of better management strategies?

Researchable Hypothesis

This research component will test the key hypothesis that internatiorallagel research can develop
agriculturebased interventions that contribute to the prevention and control o KARays that are
acceptable, cosffective, scalableand sustainable. There is widespread recognition that human health
depend®n animaland environmental health and that management of complex health problems with an
agricultural interface (such as food safety and emerging disease) séqpirts from multiple sectors and
stakeholders. This CRP will evaluate how and what agriculture obsean contribute.

Impact Pathway, Outputs, and Outcomes

We will assess the genddisaggregated risks &ADs, particularly among the poorest producers and
consumers; find and develop, jointly with the stakeholders, solutions and innovations to redace th
risks; understand arslipport appropriatistitutions and incentives that will make these sustainable;

° Throughout this component veress thainnovationincludes not only new technologies but also new institutions,
configurations, partnerships, policies, misets, attitudes, behaviors, and practices; and that combinations of these are usually
required to bring about prpoor improvenents in health.
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assess the impact of interventions; and develop communications, advocacy, and influence strategies that
will enable their uptake and use.

Outputs
Prioritization and systems understanding:

A Maps and rankings of AADhatidentify important risks where CGIAR research can make a
difference

A Contribution to metrics and assessmentthefmultiple burdens of higpriority agriculture
associated risks.
Risk and socioeconomic assessment:

A New surveillance and diagnostic tools that allow for a better understandinigritfy
diseases.

A Assessments of health risks and econogtcial, and ecological impacts of priority diseases,
disaggregated by gender.
Innovation and riskbased management:
A Development of novel technologjesethodsandstrategiesevaluation of thesas well as

existing riskmanagement options terms of disease burden reduction, cost, feasibility,
gender and equity, and policy implitats.

A Evaluations and impact assessments presented in conferences and documented in peer
reviewed publications
A Widespread adoption fostered through development programs and value chains.
Crosscutting:

A Advocacy meetings, briefs, website, and repagsaininating research findings.

Outcomes

These research outputs will be developed in collaboration with, and to meet the demands of, the two
major categories of research users: public and civil society programs, charged with improving health and
livelihoods; and theraluechainactors, faced with increasing demands for managing disease risks (see
partnership discussion). This engagement provides a mechanism for linking research to use by including
in the design discussions those who rely on evidence aadrah outputs to attain their own

organizational goals. Outcomes will thus be at two levels:

1. Research outcoméschanging minesets and practice in development programs and value
chains, through direct engagement and joint development of research outputs

2. Development outcoméschanging minesets and practice among the poor dependent on
agriculture, achieved through development programs and value chains

The research outputs will contribute to the following specific outcomes:

A Improved understanding of thergierdisaggregated risks and livelihood impacts of AADs
by farmers and key stakeholders

A Increased understanding of the poverty, social, gender, and behavioral determinants of
adoption ofrisk-mitigating measures among key stakeholders

A Change in awarenesassessment, and management of the risks of AAD attributable (partially
or wholly) to CGIAR research
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A wide use of new technologies for better assessing, diagnosing, preventing, and managing
AAD, attributable to CGIAR research

A New One Health/multidisciplingrpartnerships that multiply and scale up the results of
CGIAR research, leading to better assessment and management of AAD

As shown inTable 2, we distinguish between two initial priority subcomponents (1 and 2),
where work is ongoing and substantive amaor impacts are anticipated within 3 years, and a third
component covering emerging or important areas wher€@hkas less current investment.

Figure7 shows the impact pathway for all subcomponents. There are three main strands of
activities, summazed as prioritization, assessment, and management of risk;otribiss) activitiesare
capacitybuilding and risk communicatioRrioritization involves understanding the system context and
comparative risk assessment (risk ranking) to identify whids tis tackle first. This is linked to
assessmerf risk and identification of risk factors and control points. That in turn informs the
development of costffective risk management methods with partners, including assessing their potential
impact and prmoting uptakeAppendix8 presents a summary of existing and planned activities on the
prevention and control of AAD.

In practice, these strands will be sequenced iteratively and not linearly. For some hazards, risk
assessment and management activitiesageing; the question of their relative importance and
prioritization would be dealt with as part of the development of metrics, prioritization, and decision
support.

This research will be conducted in partnership with the anticipated users of résteatis,
development programs and value chairmsd will respond to their needs and concerns. In turn, they will
bring to the research design an awareness of changes in knowledge, attitudes, and behavior of the poor
who are afflicted by AAD or involved ingttransmission. The ultimate impag& useful and substantial
reduction in the multiple burdens associated with AAD, a reduction that can be attributed to CGIAR
research inputs.
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Figure 7. From research to impact: Multiple pathways in a risk management antext
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6.3.4 Principles

il

Improved understanding of the gender-
disaggregated risks and livelihood impacts of

AADs by farmers and key stakeholders.

Increased understanding of the poverty, social,
gender, and behavioral determinants of
adoption of risk-mitigating measures among
key stakeholders

The research will embody three underlying principles:
1. multidisciplinarityd involving different disciplines, policymakers, and communities

2. participatio® including communities and decisionmakers in research design, implementation,

and evaluation

3. gender equity and social and economic fairness

Multiple disciplines bring multiple perspectives to understanding the epidemiology, prevention,
and management of AAD, addressing the ecological, economic, social, and political subsystems that

influence health (Lebel 2003).

Cooperation and Collaboration

Collaborative, comprehensive research strategies are a hallmark of the CGIAR approach (3eEdBox
food safety impacts (fbcomponent 1), critical actors will vary with the stagealfiechan

development. CGIAR Centers already have experience and links with multiple actors along the food
chain and in the enabling environm&rfor example, national research organizations, pulhd private

Impacts
Reduced
burdens of
diseases

sector service providers, civil societies, NG@&sdpolicymakes. For many poor people, informal
mar kets are developing, and the

them, the policy context is often disabling, and engagement with policymakers will be key to achieving

ma i

n

actors

shifts to more equitable and effective policy and regulation. As markets formalize, {s@cabe

companies become more important. For AAD relating to animals (subcomponent 2), public health and
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veterinary services are important actors. In all cases, actibiseveingaged directly in each target syst

or country. In other areasyBcomponent 3), partners for engagement will be intergovernmental agencies
such as WHO, FAO, and OIE and their specific programs for food safety and disease control. The
research wilinclude technology, policy, and institutional work needed to achieve outcomes. In addition,
crosscutting policy and methodology research required for better-sexgsral engagement and
decisionmalng will be implemented in Component 4.

Partners are keto our impact pathway, anvde envisage a twpronged partnership strategy
consising of strong collaborative relations with a small number of strategic partmerdd five),
complemented bgn outreach strate@f two-way communication with a broadenge of relevant
partners. For some activities, strong and {stamding partnershigdreadyexist; for others, explorations
and discussions will be held in the fisit months to better understand and identify strategic and relevant
partnersKey partnes already identified includ&/HO FERG, WHO TDR, LIDCSwiss Tropical and
Public Health InstituteTPH, CSRS, and EMBRAPAViapping the partnership landscape will be an
important initial activity.

Box 7. Existing collaboration efforts

The Aflacontrol project brings together scientists and economists from IFPRI, ICRISAT
CIMMYT with national reseech centers, universities, and nonprofit partners to conduct risk analysig
aflatoxins in groundnuts and maize, in Mali and Kemgspectively. The research includes surveys (
smallscale farmers to ascertain their willingness to pay for the biocdetbhology under development
by IITA. Further collaborative work is planned with ILRI to link those results with their analysis of
maize cattlefeed value chain.

The Systemwide Program on Integrated Pest Management is an initiative involving terkR CQ
Centers and two associated Centers, designed to develop innovative solutions to the contamina
foods, feeds, and the environment with pesticides and mycotoxins

6.3.5 Methods

The keystone of this componéstagriculture research, bringing innovation to improve management of
AAD and developing and testing technological, organizational, and social innovations. Epidemiology,
with its focus on health in populations, has for long been the foundation on whiahhmaith decisions

are developed, implemented, and evaluated (IOM 1988). Risk analysis is tistaguldrd approach for
addressing food safety as well as diseases of trade; it contributes to the conceptual framework of the
impact pathway and will be aajor research approach. Risksed analytic approaches will need further
development to better integrate considerations of participation and equity and to be a practical application
for all levels ofvaluechainactors (Grace et al. 2008). Behavioral agalyill helpidentify information
approaches and market access incentives for farmers to adopt mitigation mefakinessing the

complex problems of AAD from farm to fork will therefore require contributions from many disciplines,
including economics,ceiology, gender studies, and ecology. Similarly, the development, testing, and
dissemination of risk assessment and management tools and strategies will require the contributions of
biology, genetics, molecular epidemiology, bioinformatics, food techgptmgnmunications, extension,

and other specialties. The interface of human health and agriculture is a meeting ground for many
disciplines and appaches, as illustrated in B&and in each subcomponent.

6.3.6 Subcomponent 1: Improving Food Safety (initial priority)

Foodborne disease is one of the most important health problems in developing countries. Under this
sulzromponent we addrefisreecritical areas of agriculturassociated health risks

1. Mycotoxins are fungal toxins that contaminate staple$padimal feeds, and animal source
foods in most of the humid tropics.
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2. Biological hazardgincluding micreorganisms and parasitesuse the great majority of
food-borne disease and appear to be increasing in recent years. Most arise from
contamination ofoods (mainly livestock or fish sourcejth human pathogers from food
borne zoonoses.

3. Plant toxins are natural substances in plt#rdscan harm health; these incluaeti
nutritional factorsn some legumes and cyanogenic glycosides in casSheaical hazards
from pesticide residues can also harm human health and affect trade in agricultural products.

Rationale, Objectives, and Research Questions

Mycotoxins: Rationale

Mycotoxins are produced as secondary metabolites by several pathogenic asyubitzae fugi. They
affect almost onguarter of global food and feed (Dohlman 2004). They are found in a wide range of
foods, including certain cereals, legumes, root crguses, tree nuts, and dry fruitsanimals eat
contaminated feed, they malga be present in animal source foods. The highslsicrops are maize,
groundnuts, and cottonseed. Aflatoxins are one of the most potent naturgldoxitie most potent
carcinogens known today among mycotoxiddRC 1993) Other mycotoxinsincludingfumonisins,are
also widespread in tropical areddostare less well researchadd their impacts less well understood
than aflatoxins.

Mycotoxin contamination affects the lotgrm health of humans and animals. Chronic effects
include growth retardatio(Gong et al. 2004), immune suppression (Jiang et al. 2005), reproductive
problems (Shuaib et al. 2010), and cancer. Consumption of high doses can result in acute illness and
deathin 2004, more than 125 people died in Kenya. Mycotoxins also negatifedy mutritional status
by interfering with proteirenergy metabolism aray affecting the synthesis of vitamins A and D as well
as zinc and selenium (Williams et al. 2004). However, more research is required to understand the
interactions between vitamiiron/zinc deficiency, diarrhea, and mycotoxin expoducenditions that
frequently ceexist in childrenwho lackaccess tadequatgood food. Such an understanding will help in
accurately mapping and measuring the mycotoxin health buddether imporantareafor
multidisdplinary research is the link between aflatoxins and stunting @pox

Box 8. Links of aflatoxins and stunting

The affect of aflatoxin on retardation of gribwand reduced productivity in livestock is well
established (Williams et al. 2004; Halhd Wild 1994; Ubosi et al. 1985However, the affect of
aflatoxin on growth retardation and immune suppression among exposed human populations is les
establisked Strosnider et al. 2006). The use of biomarkers that measure actual exposure to aflatox
the diet enable a direct impact assessment of aflatoxin risk mitigation strategies as well as on healtl

A number of studies in West Afiac(Benin and Togo: Ganet al. 2004; Gong et al. 2002; Jolly et
al. 2006) have demonstrated exceptionally high aflatoxin exposure among children using expd
biomarkers, showing a startling 2f&ld increase in aflatoxin exposure among children at weaning whe
they are shiftig from milk to solid foods. These studies show a significant association betwsg
aflatoxin exposure and stunting, although the mechanism remains unclear (Gong et al. 20
Partnering the CG competencies on agricultural systems with researchers in hetition and
demography will be highly synergistic, allowing for further evidence on health impacts that will play
important role in convincingolicymakes as well as consumers and producers to invest in strategi
and regulatory systems to redwaftatoxin exposure

Mycotoxin contamination alsaffectsthe agricultural economy through loss of produost
access to marketand management costs (Shane 1994). Mycotoxinalsoeoxic to livestock, lowering
production and productivittCommercial food and feed sectors, large institutional buyers such as the
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World Food Programe, and national food reserve agendtesreforeall require mycotoxirsafe maize,
which often meande exclusion of small farmers from this market.

Contribution of CGIAR A number of strategies are currently being developed and evaluated to
address the problem. These include pralpostharvesimeasures as well as dietary strategies:

A Development of mgotoxintolerant cultivars (especially maiamdgroundnut) (Gardner et
al. 1987; Brown et al. 1999; Holbrook et al. 2008; Menkir et al. 2008; Waliyar et al. 2003)

A Competitive exclusion technology for biological control (CoRyobst, and Jaim@arcia
2008; Atehnkeng et al. 2008

A Dissemination ofippropriate preandpostharvestechnologies that reduce the risk of
food/feed contamination (Hell et al. 2008; Waliyar et al. 2008a), includingtst; effective
storage interventions

A various food processingarctices (Fandohaidell, and Marasa2008)

A Development of simple diagnostic toglscluding biemarkersto raise an exposure alarm
and indicate severity of contamination (Waliyar et al. 2008b)

A combination of some of these cadfective strategies carduce mycotoxin burden in
vulnerablepopulations. Earlier work by TIA and partnergdentified local maize processing practices that
can reduce mycotoxin expa® (Cardwell and Henry 20R4ntegration of public health (Strosnider et al.
2006) and agridtural strategies (Menkir et al. 2008) is a promising strategy to reduce mycotoxin
exposure in developing countries.

Priority research areaPriority will be given to aflatoxins in staple crops grown by poor farmers
in SubSaharan Africa for household carmption, sale, and other uses. The key research challenge is to
determine how costffective, prepoor, and appropriate risk management can be scaled out for wide
reaching impacts.

Biological hazards: Rationale

Foodborne disease is one of the most intgor health problems in developing countriesponsible for
4 billion annual episodes of gastrointestinal disease (UNEP 28&®)uchas 70 percent of deaths
among children under fivarelinked to biologically contaminated food and watenfgvehrand
Hirschorn 2000). In 20 3 percent of cases, severe and disabling-teng effects result, including joint
disease, kidney failure, or cardiac, retjmaneurological disorder (Lindsay 1997). These often
permanent effectalthoughlittle noticed bypolicymakersmay wellrepresent an even greater health and
economic burden than the acute disease. Parasitidofmo@ zoonoses(ch aysticercosigsnd
echinococcosis), largely absent from rich countries, cause important losses in poor éoumthies
range of millions of DALYs and billions of dollais medical costs, lost productivitgnd losses to the
livestock sector (MaudlirEisler, and Welbur@009).

In countries where detailed attribution data exists, the burden obimug disease is mostlye
to pathogens (Thorns 2000), most of which are zoooticigin (Schlundt et al. 2004).rAmal source
food poses the greatest risk to human he@dek et al. 2005; Lynch et al. 2006). In developing
countries, much less is known abewery aspecicauses of diarrhegrevalence of foodorne diseases,
high-risk foods risk factors (including behavioralpr the costind other impactsf iliness (Kaferstein
2003).

As with other AAD, biological hazards in food can impose additional burdens on theltagéd
and livestock sector and evire ecosystenitself. The economic impact in poor countries is largely
unknown, but evidence from developed countries shows that costs can be very high. A US study
estimates the total economic impact of fdmine illnessat $L52 billion annually (Scharff 2010), while
work from ILRI indicates that bedforne disease alone costs Nigeria more $iabillion per year
(Okike, Grace, and Huss@010). Food safety policies and regulation can edsoya high cost, in
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excludng smaltscalevaluechainactors or shifting them to informal markets with higher risks and fewer
gai ns ( KcnaneganceRahdel007).

Innovative riskreduction approaches are needed. The use of polluted irrigation water, for
example, supports éhivelihoods of between 20 and 50 million farmers and feeds up to one billion
consumerd while creating a risk of disease wherops are eaten raw. In such instances, risk reduction
and livelihood support have to be carefully balanced. Water pollutantdsmaimpair the health of
livestock andhatof the consumers of animal products, within a complex system that includes links
betweerwaterborneand foodborne diseases.

Contribution of CGIAR A number ofapproaches and strategies are being used tesazisd
manage biological hazards

A Assessment of risk posed by biological hazards in food, combining a number of methods
ranging from participatory epidemiology to stochastic modelling (Grace et al. 2007) as well
as research into the association betweenlgeand food safety

A Surveys, contingent valuation, and behavioral observation to assess willingness to pay for
food safety: studies across seven countries demonstatel®d percenfpremium for safety
assured produc{dabbayBaker, and Fadig2010)

Training and certification of informasector milk traders, and evaluation of the resultant risk
reduction and economic benefits (Kaitibie et al. 2008)

Nontreatment interventions to reduce the risks of farming, trading, and consuming
wastewateirrigated veetables

Understanding the benefits of inforrssctor food to livelihoods, and the effects of food
safety policy both on consumer safety and on the livelihoods of those in informal food
production

Priority research areaThe initial research focus will kenimalsource foods in seven of the
eight highpotential smallholder value chains targeted by CRP3.7 (fish and pigs in Uganda, milk in
Tanzania and India, pigs in Vietnam, sheep and goats in Ethiopia and Mali). The key research challenge
will be to improwe food safety while maintaining smallholder market access.

Plant toxins and chemical hazards: Rationale

Some common food crops are associated with plant toxins arauaritional factorsCassava contains
cyani de; gr aGBA pN@@wlal bdamisoprépionic acid); faba bean contains
tannin, vicine, and convicine; yams have alkaloids; and most of the food legume crops contain phytate
and raffinose family oligosaccharides. Sheplant toxins and antutritional factors reducte nutritive
value of food crops, and if taken in large quanditgra long periodcauseserious health problems in
humans and animal&hile alsoloweringthebioavailability of dietary minerals andiononutrients (such
as iron and zinc)lens of thousands of people are affected by konzo and lathyrism, two-twtidamnal
neuracdegenerative diseastdmtpersist exclusively among the poorest and most marginalized
communities (Tshal&gatumbay and Speer2007) Similarly, overconsumption of grass pea in an
unbalanced diet for a period thiree to foumonths causes lathyrism in up to 6 percent of the population
within its production zone (Spencer 19954vismis a medical condition caused dgficiercy of the
erythrocytelocated glucosé-phosphate dehydrogenase (G6®Bi2 predisposes individuals to anemia
as a result of consumirfigba beansThe condition is most common in people who Bveund the
Mediterranean, and it generally affects men nustenthan womenSimilarly, presence of phytic acid in
food legumes reduces the bioavailability of iron and zinc (Spear and Fehr 2007).

These crops are grown over significant areas: cassavanl@; grass pea, 1.50.im; faba
bean, 2.67 nha. In most areas, they are irreplacedylether crops. Cassava and grass pea are adapted to
adverse agroclimatic conditions such as drought and waterlogging, and to the-defi@ent soils
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which arefrequent, widespreadnd persistent in South Asi84) and SubSaharan Africa (SSA) (Kumar
et al. 2010).

Chemical hazards from pesticides and from other agricuityvatscan also contaminate food,
harming human health and affecting trade in agricaltproduce.

Contribution of CGIAR Over the pas?5years, in collaboration with NARS parthe@GIAR
centershave developed safer grass pea and faba bean (ICARDA) as well as cassava (lITA).

A centers are developing strategies that refladticular challeges in SA and SSA, where the
production of these crops is often dominated by marginal farmers, with women comprising
much of the workforce.

A Pesticider el at ed heal t h problems continues to be pa
complex systems

Priority research areaThe initial priority for plant toxin research will like development and
evaluation of lowtoxin or toxin-free varietieof grass pea, cassava, and faba beaaoHiplication of
guality seeds, demonstration of improved agronomic pracaoestraining on food processing methods
for poor farmers in South Asia and S8hharan AfricaWork on chemical residues in food will be
addressed through the integrated pest management resdaiathseeks to reduce the use of pesticides in
order to meetbjectives of improving occupational health and food safety, decreasing input costs,
protecting the environmerdand slowing the development of resistance.

Objectives

The objectiveof this componenis to contribute to the assessment, prevention, atigation of the

multiple burdens of foothorne disease in developing countries, through derdeamen, prepoor

research into agriculture, |l i vest ock, and agroeco
experience and expertise.

Research Themes
Throughout the three subcomponents, the same set of research questions will support learning and
transformation, to contribute to the overall impact pathway:

A Prioritization and systems understandighich hazards are of greatest concern for the poor
in develging countries (in terms of health, loss of incoar livelihoods)? What is the
relativeprevalenceisk? How can agriculture research and One Haalihidisciplinary
approaches add value to risk reduction? How can they address the issues of geibhder, equ
participation, and ecosystem impacts? What partnerships, coalitions, and engagement are
needed to influence actors in developmenttandein markets to better support risk
management?

A Risk and socioeconomic assessméfiat is the epidemiology ofgnsmission, exposure, and
vulnerability? What are the social, gender, and environmental determinants of risk and
disease impact? What are the impactagmecosystems? What are the risk pathways
between hazard origin and human victiviiRat are the risk f@ors and control points for
reducing each risk along the food chain from farm to fémk@ how does this vary by
ecological zone or size of producdiinally, how can interventions at farm level and along
the value chain protect consumers?

A Innovation andisk-based managemenwhat has been learned about these hazards, and
what are the key gaps? How is risk currently managed, and what surveillance is in place? Are
there coseffective methods to reduce the risk (to health, income, and livelihoods) without
reducing productivity for smaland mediurrscale producers? What new sciehesed
diagnostics, technologies, breeds, biological control, animal vaccines, methodologies, and
other innovations can improve the mitigation, surveillaaoel management of k8 How
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can these innovations and technologies be developed, tested, evaluated (for both economic
and social benefits), scalegh, and disseminated? How can policy alternatives and
implications be effectively conveyed to decisionmakers?

Impact Pathway of the Subcomponent
The overall impact pathway follows the approd@grammed in Figuré majoractivities include
prioritization and system understanding; risk and socioeconomic assessment; and innovation and risk
based management. At the same time, thesfan three specific health risks under this subcomponent
allows for a more targeted approach. For each health risk, research results will shape technological and
other innovations as well as information for dissemination. These innovations will be dicsyna
assessed, and the results will be fed back into the development of increasingly appropriate solutions in an
iterative manner. This feedback approach allows for more permanent and sustainable solutions, as well as
increased adaptive capacity for ¢farterm development

The outcomes of the research will be methods, approaches, innovations, and models tested and
available to scale out to other communities. The adoption of these approaches in the targeted communities
and beyond will reduce the risks human health from mycotoxins, biological hazards, and plant toxins,
while safeguarding or enhancing agricultural production and productivity. This will contribute to the
ultimate impacts of improved health, nutritional status, and rural livelihoods.

Improving Food Safety: Activities, Outputs, and Outcomes

Tablel13 provides detail of the activities, outputs, andcomes for this subcomponeRefer to the key
provided to identify the specific research area fohesttivity, output, and outcome pfendix9 gives an
expanded version of this table at a higher level of detail.
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Table 13. Activities, outputs, and outcomes for @component 1 Food safetyd High initial priorities (by research theme)

Activities

Outputs Outcomes

Prioritization

1 Assesgnycotoxincontamination in key crops across agroecological zones

1 Maize (Kenya) and groundnut (Nigeria) survey (IFPRI, CIMMYT, ICRISAT)

1 Maize survey across Tanzania and Keayd dairy feedurvey in high risk areas
of Kenya (ILRI)

1 Conduct comparative risk assessmentrioritize foodborne disease
1 Foodborne disease in smallholder pig system in Uganda and Vietnam (ILRI)

Conduct survey of foetorne hazards along value chains
Assess the multiple burdens of febdrne disease

1 Risk maps for mycotoxins in key crops
1 Risk maps for groundnut (Nigeria) and maize (Kenya
1 Risk mapdor dairy feed chain in Kenya
1 Value-chain maps for groundnut, maize, and sorghum

1 Risk maps for different foetorne disease used fc
risk targetingoy government

1 Resource allocation better reflects risk and costs
food-borne disease

1 Assessment of the impactees producers and

Dependent on activities not currently funded consumers

Metrics and assessments of multiple burdens of-fuwrde
disease over producers and consumers

Risk-targeting decision support tools

Risk & socbeconomic assessment

1 Assess mycotoxins in soil, crops, and livestock

1 Analyze the impact of aflatoxin contamination on the livelihoods and health ¢
people in Kenya (maize) and Mali (groundnut§PRI, CIMMYT, ICRIAT)

1 Establish ngcotoxin diagnostic platform in KenyH Rl Improve understanding
of human health impacts of mycotoxins

9 Develop and test biomarker stud¢sPRI)

9 Study relation stunting and mycotoxins in Kenya (IFPRI, ILRI)

1 Monitoring blood aflatoxin loads Malawi (ICRISAT)

1 Conduct integrated health risk and economic assessments feodoue disease
1 Smallholder pork in Vietham and mycotoxins in dairy feed (ILRI)

1 Identify critical control points for food safety along value chains

1 Poultry slaughterhouséa Vietnam and Thailand (ILRI)

Develop and test new detection methods for fbothe hazards
Assess retention of toxins during processing
Develop and test surveillance models for fdmutne hazards and diseases

1 Evidence from integrated health and economic
assessments influences policy and practice

1 Prediction models used by government agencies
and national and international organizasion

1 New costeffective detection tools used routinely
by actors along the value chain, including
exporters

1 Better surveillance and reporting of febdrne
disease

1 Evidence for policy influence

1 Mycotoxin detection improved

1 Estimate of mgcotoxin exposure iselected human
populations

1 Elucidation oflink between mycotoxins and
malnutrition in children

Dependent on activities not currently funded
Novel rapid tests developed, tested, and shared
Surveilance systems and prediction models
Evidence to influence policy and practice

(continued)
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Table 13.Activities, outputs, and outcomes for Subcomponent 1: Food sa&§@ High initial priorities (by research theme) (continued)

Activities

Outputs

Outcomes

Innovation and rislbbased management

1 Biological control for mycotoxins:alelop, testand enable commercialization

1 Development andommercialization obiological control of aflatoxins in 5
African countries (IITA) and Zambia (IITA and ICRISAT)

1 Develop and test control innovatiofts mycotoxin management

1 Identify costeffective control measures to reduce exposure to aflat@&RRI,
CIMMYT, ICRISAT)

1 Postharvest tdmology in Malawi and Tanzania (ICRISAT)

1 Marketbased innovations for food safety in informal markets
1 Assess impact of training and certification of informal milk in India (ILRI)
1 Food safety as an opportunity for value addition in East Africa (ILRI)

Evaluate, test, and disseminate low toxin strains of legumes and other
Researclinstitutional arrangements to improve adoption and-etisttiveness
Health, social, economic, and other impacts assessment

1 Biocontrol trialed in new countries
1 Bio-pesticide rgistration workshop with specific focus
on the use of native beneficials for aflatoxin control

Dependent on activities not currently funded

Simple, rapid technologies fdood-borne hazardetection
at field leveland along value chains

Alternative ugs of contaminated products identified and
promoted

New country or regionspecific strains for biocontrol
identified

9 Evidenceshown to influencgolicy in a prepoor
direction

9 Widespread adoption of improved management
the target regions

1 Increasedncome from safer agricultural produce

1 New strainf atoxigenic fungapromoted and
commercialized

1 10% farmers in selected areas adopt recommen
mycotoxinmanagement

1 Mycotoxin reduced by 70% and exposure by 80¢
in selected areas

Capacity and

skills

1 Build capacity of NARS and graduate students

9 PhD students (3) in Kenya (ILRI)

1 Develop and test riskommunication strategies

9 Targeted dissemination to decisinrakers, private sector, NGOs, research
community, donors and others

1 Communitybased capacityuilding

1 Policy advocacy platform
1 Publication of peer reviewed research articles, datase
and learning materials

9 Shift in mindsets toward prpoor and riskbased
food safety policyandpractice

9 Behavioral changes of vakahain actors in high
risk areas

9 Enhanced access for the poor to safe food
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Methods for Food Safety

Box 9 summarizes the various methodological approaches that will be drawn upon in implementing this
component.

Box 9. Methodological approaches

A multidisciplinary approach, combining scientific research with innovative participatory and socioeconomic research, i
strength of thisulcomponent a& is for the entirecomponent.

Epidemiology, with its focus on assessing health in populations and testing health solutions, is the foundation for unde
disease in populations and for informing, implementengd evaluating public health decisions (IOM 19&3%k analysisis the

gold-standard approach for addressing food safety; effective implementation will require integrating participation approa
equity considerations (Grace et al. 2008)isk-based approacis more effectivefor mitigating health hazards in resouipeor

cowntries,andit can also be a bridge joining food safety and livelihood concerns. Uptake of mamgitigetion strategies in
developing countries has been limitaddapproaches need to be adaptetetter meet stakeholder needs and improve adop
ILRI is developing methods of Participatory Risk AssessrfleRA), helping to characterize risks associated with informa
marketed food and suggesting new methods of risk management, based on indigemoitigaisén practices rather than extern
techndogy. Similarly, | FPRI is developing a risk analysis appr og
adopt and to pay farlow-cost mitigation technologies, based on their knowledgf@udes and perceptions of rislOn health

risks related to wastewater irrigated food, IWMI and partnveitsapply innovative risk assessments such as QMRA and QC|
as complements toisting epidemiological methods.

Economic, sociological, gender, and ecological researbhing essentiaperspectivesind tools to address the complex proble
of AAD; adoption will depend on effective communication, influence, and advocacy. Innovations in experimental be
economics cashedlight on the effectiveness of risk communication strategies and othevaapesfor chandgng producer and
consumer behavipin the face of known hazards and reduced market access due to food safety prbiglgroan als@uide
policies for reducing information asymmetrieBconomic and social assessments are essential ferstaddinghe nonhealth
impacts of diseaséoreover, assessments afst benefit and cosffectiveness must accompany impact effectiven€ssnder
roles are a major determinant of exposure to risk, health seeking behavior, and health burden. M@me®rere often the
custodians of family health and nutrition; as a result, gender research is needed to address the different healthvaseses
and men and ensure equitable health results.

Innovation and technology Agriculture research has a clezontribution to make in developing new technologies to be
assess, manage, and communicate risk. At the heart of this component are the traditional strengths of the CGIAR, yiratabd
onfarm research: breeding for better disease continf) dewelopment of diagnostics, control, and prevention methg
Revolutions in genetics, molecular epidemiology, and bioinformatics will bring new tools to help solve-tiid pgeblem of
food-borne disease. New technologies applicable to informal markeds &smilk vessels with an antimicrobial coating) als
offer promising solutions. Genomics, metagenomics, and bioinformatics can improve surveillance and pathogen trad
provide insights into possible risk, transmission, pathogenicity

To increasehe likelihood that new technology is conteensitive andwvill be adopted by stakeholders, it is essential
involve producers and consumers and other actors along the value chain in framing the aesisattihg prioritiesas well as in
risk assesment and evaluating improved technologies. The three principles oftismiiginarity, participationand equity will
underpin the methodological approaches. Likewise, aeftesttiveness framework for innovative mitigation strategies is esse
to ensure environmental sustainability and econdieésibility.

Scientific research into new and innovative tedbgies and diagnostic tools builds on the
strengths of the CG and partner NARs. A further crucial component of this CRP will begbaling
and adoption of these innovations by farmers and other actors along the value chain. This aspect will
require otler partnerships, with public, private, and hongovernmental service and information providers,
as well as innovative research through iterative processes to adapt existing technologies so they are
socially and politically as well as technically feasible aosteffective.

Partnerships for Food Safety

Mycotoxins

ICRISAT, CIMMYT, IITA, ILRI, and IFPRI are the main centers involved in mycotoxin research.
Established partners includevanced research institui@Rls), universities, EMBRAPAand NARS.
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The conponent will facilitate linkages and synergies among partners to work together. The Bill and
Melinda Gates Foundation $imitiated a Partnership for Aflatoxin Control in Africa (PACA), bringing
together many institutions, donors, and other stakeholdeesltwe the aflatoxin burden in Africa. The
partnership includes key regional actors in Africa, including COMESA and thewddlis being
promoted within the CAADP framework as a key issue in food secilitisy CG centers involved in
aflatoxin-related reseah are playing a key role in shaping and informing this partnership and the
priorities for research and actidngether with Africarpolicymakes and research centers.

Biological hazards

ILRI, IWMI, and IFPRIare the three centers most active in thisa¥@HO, FAO, and OIE all have
mandates for food safetWHO currently has a Reference Group working on attribution and burden of
FBD and are seeking collaborators (FERG)well as a strong water, healihd sanitation program to
which IWMI is closely lirked The World Bank has done some initial, largely qualitativekwath the
University of Guelplon cost of compliance to meet increased private standards. ARIs in Europe and
America are involved in ongoing projects.

Plant toxins and chemical hazards

Overthe pask5years, in collaboration with NARS partners, ICARDA and IITA have developed safer
grass pea and faba bean (ICARDA) as well as cassava (IITA). Partners are NARS in target countries and
ARIs in Belgium,the United StatesSpain and China. Amongevelopment partners, NGOS, private
sectorsand national seed agencies in South Asia andSaihlaran Africa will be involved for transferring
technologies. For policy and knowledge partners, WHO, FAO, and IFAD will be partnered for awareness,
risk assessent, and communicatioThe CGIAR Centers, in particular lITA, ICRISAT, CIP and IRRI,
have worked over many years with NARS, otlmernational Associations of Research of Cancer
(IARCs), and the private sector on alternative technologies to harmfutipestio reduce risks of
residues on agricultural produce and occupational hazards. To better coordinate their work, in 1996, the
CGIAR Centers have established the Systemwide Progrdntagrated?est Management.

Examplesf partnership arrangements tais component are presented in Talle 1

Table 14. Examples of @rtnership arrangements forfood safety

Development

Research theme Enablers implementers Value chain Research CGIAR

Mycotoxins WHO PACA Seal producers EMBRAPA ICRISAT
Codex MoA Foodandfeed NARS CIMMYT
alimentarius MoH industry ARIs IITA
DFID IFPRI
Food regulators ILRI

Biological hazards WHO WwB Food industry NARS ILRI
FAO MoA SSAFE ARIs IWMI
OIE MoL Developing IFPRI
Codex MoH country
alimentarius universities
WB
EU
Food regulators

Plant toxins WHO MoA Food industry NARS ICARDA
FAO MoH Seed industry ARIs IITA
IFAD
Food regulators

Chemical hazards WHO MoA Pesticide NARS IITA
FAO MoH industry ICRISAT
Codex CIP
alimentarius IRRI

Food regulators
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6.3.7 Subcomponent 2: Zoonotic and Emerging Diseases (initial priority)

Rationale, Objectives, and Research Questions

Zoonoses are an important cause of sickness and death in poor countries

Improving the health of the poor requires reducing the threat and burden of zoonosesn@Rerace
2009),since in leastleveloped countriegzoonosegand diseases recently emerged from anip@asount
for 25 percentof the Disability Adjusted Life Years (DALY8&) much greater than the combined burden
of malnutrition and food associatéakins (WHO 2008). Around 60 percent of all human diseases are
zoonotic (Tayloy Latham, and Woolhous001). Zoonoses are responsible for most of the burden of
food-borne disease (Schlundt et al. 2004), and the majority (75 percent) of emerging diseases have
jumped speciesdm animal hosts. Of the 35 leading communicable causes of death, 15 are either
zoonoses or have a zoonotic component (Ecker et al. 2005).

Dollars as well as DALYS: The multiple burdens of zoonotic disease

By definition, DALYs only measure the disutilitg the individual of being ill. They do not capture
medical costs of illness to the individual or sociétgl(dingcost of medicatiomndprovision of
healthcare infrastructure). Indirect costs include loss of production and productivity as thef result o
illness, as well as costs of averting hazafdiséxample mosquito nets).

Zoonoses have resulted in significant economic impacts. A study by Roth et al. (2003) shows
that reviewingboth private and public costs of human iliness and costs borne Iyetteck sector,
only 10 percent of the benefits of control accrued to the public sector. Rispasaying from animals,
while probably costing less than endemic zoonoses, oftennhangediscrete effects: the severe acute
respiratory syndrome (SARS) staan estimatefi50 billion, while a probable influenza pandemic could
cost$2 trillion (World Bank 2008).

Agriculture-based interventions are essential for the control of zoonoses

The successful control of zoonoses, whether tuberculosis in Ireland; irabiEntinental Europer

brucellosis in Canada, has always relied on interventioiie ahimal leved as well asfor zoonoses of
livestock, intervention along the farto-fork production pathway. The lesson from these experiences was
sometimes forgodin, until bird flu came as a wakgp call. Control of zoonoses is best managed by
multisectoralnitiatives grounded in epidemiological studies that identify the variables that influence
disease emergence and transmission (Schelling et al. Z¥tettiveinterventions need to be

contextually adapted to local conditigs the basis of knowledge of disease transmission pathways.

Objectives

The objective is to contribute to the assessment, surveillance, control, and prevention of the multiple
burdens of zonoses, both actual and potential, through deradaivén, prepoor research into
agriculture, livestock, and agroecosystem research that builds on CGIAR experience and expertise.

Researchguestionsand approaches
A. What are the priority zoonotic and emegydiseases that constrain groor development?

0 What is the prevalence and burden of zoonotic and emerging disease?
0 What are theisk factors and control points?

o What are the options for control? What are the likely-risk tradeoffs, costs and
benefts, and coseffectiveness of control?

B. How to better predict, plan for, and prevent diseases emerging from agroecosystems?
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o How can surveillance, response, prevention, and preparedness systems be more
effective, integrated, and sustainable?

0 Which respons strategies can improve adoption of control strategies?
C. How can agriculturdased interventions contribute to control of neglected zoonoses?

o How to build and teginultisectoral integrated zoonoses control packages?
o How to develop new technologies t@et current gaps in disease control?
o0 How to promote uptake, adoption, anansformingknowledge into use?

Impact Pathway of Subcomponent 2

The impact pathway assuntbsitresearch will cegenerate evidence, mettspend tools in collaboration
with partnes, who in turn will use the research outputs to improve policies, programs, and services for
pro-poor management of zoonotic and emerging diseases. The major strands of activitthilhattern
previouslyset out(Figure7). Major activitiesareprioritization (burden assessment and investment
opportunities around neglected Zoonoses); assessment (pathogen detection platforms and surveillance);
management (disease control tools, methods, delivangdcapacitystrengthening and policy
engagemenss cros-cuttingprocessesrlhe outcomes delivered will contribute(fig better detection and
surveillance of disease®) better prevention and control of zoonoses through integrated and
multisectoral approaches, af8 more resilient ecosystems that redthmrisk of disease transmission

and emergencédhis will contribute to the ultimate impadf betterhealth, nutritional statysural
livelihoods, and ecosystesustainability.
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Activities, Outputs, and Outcomes

Table 15. Activities, outputs, andoutcomes of $ibcomponent 2 (by research theme)

Activities

Outputs Outcomes

A Review and rank multiple burdens and control options for zoonoses

A Identification and priorization of A Greater awareness of health

A Develop policy tool box for emerging zoonoses in east, west, and southe
Africa (ILRI)

[2]
% A Mapping, examining, and anticipating future risks of vettome diseases Zoonoses in systems partners of the importance of
‘g > in eastern Africa (ILRI) A Contributions tanethodologies for zoonosesrad need for agriculture
0 c A Integrated health and socioeconomic assessment of the multiple burden betterassessment of the multiple based interventions
% % zoonoses in Kenya, Ghana, Sierra Leone, Zambia, and Zimbabwe (ILRI burdens of zoonoses and A Funding opportunities developed
c B A Integrated health and economic assessment for control options for Rift \ intervention opportunities support intervention opportunities
29 Fever in Keng (ILRI) A Detailed assessment of multiple
I = A Identification of disease in systems and-bémking samples in Kenya and burdens of one or two known
-‘g’ Uganda (ILRI) priority diseases (RVF)
= A Work with international organizations to complement and ground truth ongoi
studies

A Understand epidemiology and risk of neglected zoonoses and emerging dise A Surveillance and control options A Tools and guidelines used by
E A Assess risk factors for zoonegeansmission in western Kenya (ILRI) based on improved understanding  national and regional partners
S A Understand drivers and crucibles of disease emergence of disease epidemiology and risk A Shift in mindsets and policies
§ = A Develop agenbased models to deliver quantitative estimates of RVF factors toward ecohealth/one health
g g epidemiological dynamics (ILRI) A Diagnostics that take into account  approaches
'g a A ?/Ieas)uring and mapping drivers of emergence of zoonotic dige&smya variants in circulation available
o O ILRI
2 § A Develop pathogen detection platforms and diagnostic tests
_{g A Establish a genomics platform for highroughput screening of samples
% from a wide varieties of hosts and vectors for the detection of known anc

pathogens in Kenya (ILRI)
A Developand test rapid tests for cysticercosis (ILRI)

A Understand the role and effectiveness of current institutionstagashizationso A Understandig of the institutional A Institutional change in programs
o monitor and control zoonosis and emergimgpdses barriers and bridges to better for zoonoses prevention and
20 A Mapping, examining, and anticipating future risks of vedtome diseases control of zoonoses and emerging  control
-5 in eastern Africa (ILRI) disease A Tools and guidelines being used t
S g A Capacity strengthening and evidence generation for participatory A Evidence, tools, and methods for national and regional partners
52 epidemiology for better control of diseases in Africa (ILRI) integrated zoonosis control tried b A Shift in mindsets and policies
BS A Co-develop and test fagrated zoonosis control for one or more priority diseas  development partners toward ecohealth/onehealth
3 E A Integrated control of zoonoses and emerging infectious disease in 6 cou solutions
£ in SE Asia (ILRI)

Key: italics funded activities for 2022015 with place and lead center specified.
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Methods
An overarching approacts One Health, a collaborative and multidisciplinary approach, that recognizes
the interdependence of human animal and ecosystem hEadthesearch approach will integrate

A epidemiology (risk analysis; risk factor studies; prevalence and incidence sunvegst
assessment; diseases modeling; participatory approaches)

A biotechnology (genomiandmetagenomics; bioinformatics; development drugs, vaceinds
diagnosticstransgenic; population genetics; manipulation of microbial genomes)

A economics (cost Ioefit and effectiveness analysis; value chain; behavioral economics)

A sociology (gendeandsocial determinants of health; headbeking behavior; innovation
systems; uptake and adoption)

A environment (ecosystem health; one health/ecohealth; wildlifebivlesnterface natural
resource management

Priority research area The initial priorities will be Rift Valley Fever as an exemplar of emerging
infectious disease and cysticercosis as an exemplar of neglected zoonoses.

Partnerships for Zoonotic and Emerging Diseases
Zoonotic diseases is a complex area, and many actors and multiple partnerships will be needled aroun
research, developmeimind policy enablement. Key research partners include CIRA, universities with
veterinary, public health, and biomedicasearch (STPH, IG&pondonRoyal Veterinary College
[LondonRVC], London School of Hygiene and Tropical Medicih&HTM], Oxford, Guelph, and
others), International Ecohealth Society and Alliance for Ecosystem Health; and national agricultural
research, pholic health and biemedical research institutes and universities. Development partners include
international NGOstlfe International Union for Conservation of Natuke@N], the World Wildlife
Fund WWF], and Oxfam); privatsector companies; publrivate partnerships (FIND, GALVmed);
national NGOs; anthe private sector. Knowtige and policy partners inclu#\O, WHO (FERG), OIE,
theUni t ed Nat i on $UNICBER, teglonad argarszatibns (suchthge African Union
Interdrican Bureau for AnimaResource$AU-IBAR], the Economic @mmunityof West African States
[ECOWAY, and WAHO); PROMEE; the Joint United Nations Program on HIV/AIDSNAIDS);
national governments.

Table B presents some examples of partnerships for zoonotic and emergingsliseas

Table 16. Examples of partnerships for zoonotic and emerging diseases

Development

Enablers implementers Value chain Research CGIAR
WHO IAH FIND NARS ICRISAT
OIE Ecohealth Alliance GALVmed STPH CIMMYT
FAO ICUN IGS ITA
AU-IBAR WWF RVC IFPRI
ECOWAS OXFAM LSHTM ILRI

Oxford

Universty

Guelph

University

1YPROMED is a global electronic reporting system for outbreaks of emerging infectious diseases and toxins.
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6.3.8 Subcomponent 3: Other Health Risks in Agroecosystems

Rationale, Objectives, and Research Questions

Other important issues arise at the intersection of health and agriculture that are noti&lighianities:

they are not currently a major focus of research investment (in terms of budget and personnel), and some
are emerging issues that are newly being explored. Nevertheless, CGIAR Centers have ongoing research
in these areas and have potdribeexpand, as further evidence and resources become availablsuéh
potentially significantareas are identified:

1. Waterassociated diseases

2. Occupational health

3. Resistance to pesticides, antibiotics, and other agricultural chemicals
4. Agroecosystem prosion of health services

5. Links of aflatoxins and stunting

In the development of this subcomponent and subcomponent 2, we will focus on health effects of broader
agroecosystem change and the delivery of ecosystem selMeesill develop ollaborations wih other

CRPs (particularly CRP&nd 6) and other partners interested in the health risks ckagsystem

management and change.

Waterassociated diseases

Contamination ofrrigation water with domestic or industrial wastewat@nintroduce pathogens or

chemicals that may affechfimers and enter the food chain. This important problem is considered along

with Subcomponent 1 on Food SaféBrechsel et al. 2010). A second major riskiterrelated

diseasesmalaria kil 1.1 million people annualfyothers includeschistosomiasis and emerging diseases

such as cryptosporidiosis, giardiasis, and buruli ulcer (Erlanger et al. 2005; Keiser et al. 2005a; Steinmann
et al. 2006; WHO 2007 hesediseases may be fostered by poorly designed or managed irrigation

water storage systems (BoeksmMadsen 2006; DiukVasser et al. 2006).

Occupational health

People in developing countries bear more thape30entof the global burden of occupational disease

and injury, and the agricultural sector is one of thetrhazardous (ILO 2000Further, according tthe
International Labor Organization (ILO), the agricultural sector is one of the most hazardous to health
worldwide (see also Loureiro 2009). Occupational hazards in agriculture range from simple conditions
like heat exhaustion to complex diseases like respiratory disease, zoonotic disease, and poisoning from
agrochemicals. It is estimated that 2 to 5 million people suffer acute poisonings related to pesticides
annually, of whom 40,000 die every year; anddhame 170,000 recorded fatal injuries in agriculture
annually(Cole 2006). In spite of such striking numbers, occupational health in general, and in agriculture
in particular, remains neglected in most developing countries because of competing sodaljccem
political challenges (Nuwayhid 2004)

Resistance t®esticidesAntibiotics, and Other Agricultural Chemicals

Excessive use of pesticides can also lead to resistanoedically important insects, such as mosquitos.
Malaria in particular, cananlonger be handled only through existmgansasmosquitoes have become
resistant to agricultural insecticid@3iabate et al. 2002), while the parasite itself is increasingly resistant
to antimalarial drugs. Hence the health sector has sought cotiaboséth professionals in the areas of
water management and plant disease control (Townson et al. 2005). There is vast experience of relevant
agricultural interventions that can help mitigate negative health impacts (Keiser et &i. 0Q%rtney
et al.2007).

Using antibiotics (especially growAtromoters) in farmed animals has been shown to generate
resistance to antimicrobials of human importathed carspread to humanwith the potential to cause
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major harmResistance to other veterinary druigeluding insecticides, acaricides, and trypanogides
also has potentiab affect human health.

Agroecaystem health provision and shaping agriculture for better health outcomes

Health risks are created by many activities whose primary aim is food prodactighat alter natural
ecosystemsThemost problematipracticesnvolve wildlife, water management, land use, and animal
husbandry:

A fragmentation of wildlife habitat, unsustainable harvesting of wildlife, and sale of wildlife in
wet markets

changes ithe distribution and availability of surface waters, as through dam construction,
irrigation, and stream diversion

agricultural laneuse changes, including proliferation of both livestock and crops and greater
use of monocultures; uncontrolled urbanizatim urban incursion into agricultural areas

keeping animals in densely habited areas
climate variability and change

To o o Do D>

movement of people and animaausingntroduction of pathogens and pests

Objectives

Theobjective of this subcomponeistto assesesmeging health risks related to agricultuhat are
currently less prominent or less studied, and to conduct and develop research to identify their multiple
impacts andmitigate the multiplessociatetburdensas appropriate

ResearchQuestions
The esearh questions include

A How does agriculture influence tleeidemiologyof known and emerging diseasé¥Rat is
the risk contribution of agricultural managemegiativeto other risk factors for the same
disease? Where are interventions most-etisctive?

A which diseaseeducing management interventions are effective;effisient (also in
reducing public health expenditure), and most suitable foriab@nsive mixed farming
systems and intensifying agricultural systems?

Impact Pathway of Subcomponent 3

Research in thisulcomponent will focus on thegricultureassociatedisease$or whichinnovative
partnerships and approaches can have the highest impact. These will lauitiiexpandbng-standing
collaborationsfor examplethe agricultural healthlatformand history of IWMI aa WHO

Collaborative CentgrThese powerful partnerships have an advantage over individual organizaditins,
in applying innovative risk assessments ancointributing toHealth Impact Assessments by developing
practicalrecommendations for mitigation. Likewise, the partnerships draw on social marketing
approaches to increagee adoption of riskmitigation measures.

The research outcomes of more efficient programs, reduced exposure tasgatdated disease,
and heahier environments will lead to improved health not only for farming communities but also for
rural and urban consumers affected by agriculture associated disease. Improved health in turn will
contribute to improved livelihoods and more sustainable ecosygste
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Activities, Outputs, and Outcomes

As this subcomponent is designed as scoping divekted towardhe longer term, the activities, outputs
and outcomeshownin Table I aremerelyindicative theywill be developed over timas the program
rolls out.

Methods

Forwaterassociated disease and occupational health, there will be a strong emphésislisciplinary

and participatory Health Impagssessments, complementaryetdasting epidemiological and biological
methods. Participatory assessmetscritical in developing practical recommendations for mitigation
addition,innovative risk assessments suclasntitative Microbial Risk AssessmeQNIRA) and
Quantitative Comparative Risk AssessméIERA) will be applied.Understanding drug rsstance

requires broad inputs from molecular epidemiology, modeling, ecology, and economics. Understanding
agroecosystems will draw on ecosystem health and related disciplines.
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Table 17. Activities, outputs, and outcomes for Subcomponent 3 (by researcheme}

Risk and
socioeconomic

Innovation

Prioritization

and risk
management

assessment

ACTIVITIES

OUTPUT OUTCOME

A Determine relative contribution of agriculture tc A Quantified relative risk posed by agriculture A Increased knowledge of the roleatfriculture

disease burdeassociated with health risks of
concern(compared to other environmental
factors)

A Improwerisk prioritization and management by
national paners

factors inselecteddiseases

A Better understanding of the role of CG researc
in health issues related to agriculture

A Better targeted healttrategies

A Risk analysis for better managing diseases A Methodology and results shared with A After 3 years: Risks and benefits assessment
related to agroecosystenms¢luding promoting implementorgor developnent of guidelines agricultural water management interventions
appropriate levels of protection based on the A Improved sectoral productivity analysis that evaluated undeCRP5

multiple burdens of disease

integrates health burdens with health benefits « A Riskassessmenfer specified health risks with
agricultural diseasmanagement agricultural drivers, carried out and used by
decisionmakerand implementers

A Development and scientific evaluation of
agricultural water management options that
reducerisks ofagriculturerelateddiseases and
enhance health benefitsadriculture

A Recommendations for coesffective A Scientifically evalated options for increasing
interventions to reducéealth risks human health througbetter management of
A Targeted uptake strategy to guide disseminatic  agricultural health risks
initiated at project inception A Better collaboration between the public health
and agricultural sectors; improved integrated
disease control

& Specific activities, outcomes, and impacts edaio malaria are shown Figure 8.
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Figure 8. Research on agricultural practices and malaria risks

Research on agricultural practices and malaria risks

Outcomes and impacts

1l
1l
1l
1l
1
1l

| mpr ove f aandboostspiodubtieita | t h

Create synergidsetweeen environment, health, agriculteedcommunities
Reduce use of pesticide through introduction of biological control

Create ew market niche for safe agricultural productsupportfarmer®income
A sustainable approach to poverty reductiotaiget agricultural communities

Policies and decisionmakers from the ministries of agriculture, environmedthealth
sensitized on this holistic approach for reducing poverty through integrated activiti

Agriculture ProductivityEnvironmental PratctionDisease Control

Source: IITA 2010

Key research areas for addressing malaria risks

The experiences | earned from I CIlIPE
agricultural sector can help address health and vice versa. Malaria is a major|
public halth problem among rice farming communities and needs attention in
the following areas:

Integrating malaria control interventions with development strategiesThe
guiding principle in this study is that interventions aimed at assisting
communities shouldéparticipatory, integrated, and phased according to the
technology to be used and local socioeconomic circumstances. A process fof
developing longerm solutions has been initiated to ensure sustainability of
interventions, including related education aradning for target communities

and building the needed research and scientific capacity among the relevant
communities.

Rotational cultivation of rice and soybearas an agroecosystem strategy for
enhancing household incomes and nutritishile reducingmalariavector
breeding. Seasonal rotation of rice cultivation with a dryland crop could lead t
opportunities for enhancing household incomes while directly contributing to
reduction of malaria risk. Soybean is a leguminous plant (also classified unde
annual oil seed cropshatproduces seed with high protein and oil content. The
legume crop enhances soil fertility.

Role of intermittent irrigation in promoting mosquito productivity and
malaria burden in riceland ecosystems. Vector productivity is clpselated to
the water management regimen in irrigated agriculture. We seek to develop
water management strategies that will reduce the window period for vector
productivity while still enhancing rice production.

Livestock keepingas a strategfor improved farmer incomelso servess a

sink for vector bites and malaria transmission in rice agrosystems. Livestock
keeping, as a complement to rice cultivation, would improve human nutrition,
health, and household incomes, while at the same time havingaidipact on
malaria risk. The presence of livestock influences the feeding behavior of ady
mosquitoes and has important implications for mosquito breeding habitat.

Source: ICIPE 201(Qorovided by IITA)
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