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EXECUTIVE SUMMARY

Introduction

Growth potential is strang for the production of horticultural
commodities in underdeveloped and emerging-aconomy
countries of the world. Development of horticultural crop
production promises to provide these countries with the
ability to meet domestic food needs and diversify income
saurces, In addition, horticulture affords excellent cpportunities
for improvernent of human health, and farmer household
economic and social advancement. Horticulture commodities
are ideally suited to accomplish these objectives because of
their high economic and nutritive value, and because they
can often serve as an engine for agricultural and economic
diversification.

While growth in the horticultural sector presents many
opportunities for growing rural economies and improving the
livelihcods of many of the world's poer, the rapidly changing
dynamics of horticultural markets often act as barriers to
participation in the value chain for small farms and firms.
Because horticultural development and marketing are strongly
dependent upon knowledge, human capital and technical
inputs must be pravided if interventions and growth are to

be sustainable. Small producers and processing firms are
frequently eliminated from markets for failure to understand
market dynamics or, because of their inability to meet new
production, sanitary and guality standards. A dedicated
ermphasis on research and development initiatives focused on
integrating producers and firms into the growing horticuliural
marketplace will centribute to alleviating poverty, growing
economies, and enhancing the quality of life for a significant
portion of the world’s population.

Successiul investments in programs aimed to enhance
herticultural production in the developing world should be

based upon a strategic assessment of the primary constraints
faced by farmers. The awareness of these constraints must
be coupled with an analysis of the local challenges for human
health, as well as the demands of economic and ecosystem
sustainability. In contrast to other areas of agriculture,
horticulture has not received significant attention from the
development community.

In September 2004, the University of California, Davis, AVRDC-
The World Vegetable Center, Michigan State University, Purdue
University and University of Hawaii, Manea, initiated an in-
depth, highly collaborative analysis of the cppertunities and
challenges for global horticultural development, the first study
of its kind. As a result of this assessment, we are preposing
activities that can form a priority listing for a horticultural
research and capacity building agenda. We believe that such
an agenda can provide the basis for USAID's portfolio in global
horticultural development.

Assessment Methodology

The Global Horticulture Assessment was designed to be highly
responsive and heavily reliant on participatory methods, using
the following three-phase process:

l. A synthesis workshop to define U.S. stakeholder needs
and inputs, and determine global priorities.

Il. A series of three regional workshops and an independent
survey to determine stakeholder priorities, constraints and
oppartunities,

Il. The analysis, integration and publication of results to guide
future collaborative research and development activities in
global horticuttural development.

Executive Summary 1



EXECUTIVE SUMMARY

Results

More than 750 participants from B0 countries pravidad

direct input to this assessment, either through participation

at one of the four workshops or through completion of the
survey. This procass resulted in the identification of sight
significant issues, or primary issues, that aither constrain

the grawth of horticultural development or represent core
social considerations acrass all regions. The term primarny
fssure refers to an encompassing issue of core importance to
horticultural development that is highly relevant to a diversity of
stakeholders across all scales of activity,

While priorities and constraints vary within and across regions,
the following eight primary issues, shared throughout the
regions, emerged from the assessment:

= Market systems

=  Postharvest systems and food safety

= (Genetic resources consarvation and development

* Sustainable production systems and natural rescurces
management

*  Capacity building

#  Enabling environment

= Gender equity

= MNutrition and human health

A description of these eight primary issues is provided
below and is followed by an analysis of regicnal differences,
a summary table of proposed research and development
activities, and a description of the recommended
implementation process designed to address these issues,

1. Market systems

The production and trade of agricultural cormmeadities,
particularly highly perishable horticultural products, requires
that producers have a working knowledge of local, regional and
export markets and the ability to readily access those markets
and the essential market information. The modern markat

for horticulture is changing rapidly and new procurement
strategies, fueled in part by the growth of supermarkets around
the world, increasingly requires producers to meet stringent
quality, consistency and quantity standards. In the develoning
warld, local and regional market outlets are undeveloped, and
accessing markets is often impossible for lack of adequate
inputs and infrastructure. This Is a special challenge for small
producers because they have neither the resources nor the

2 Global Horticulture Assessment

skills to access and interpret market information, nor adequate
financial, human or social capital to develop the linkages
needed to succeed in the market, Coordination and infermation
exchange between all elements of the value chain (producers,
marketers, exporters, etc.), the creation of stronger producer
organizations, targeted investment in market infrastructure, and
a combination of carefully focused and well integrated research
and development activities will be required to help producers
gain access to markets moere effectively.

2. Postharvest systems and food safety

Poor postharvest management and lack of knowledge about
required technologies, quality standards and food safety
protocols severely limit many producers’ access to markets.
Improper harvest and postharvest procedures in developing
countries result in losses that amount to more than 50 percent
for perishable horticultural crops. Quality deterioration due to
improper harvest and postharvest operations causes short
shelf life, rejection by consumers, and contamination risks.
While vertical integration has meant that larger producers

and wholesalers in the horticuftural industry do most of their
postharvest management "in-house,” smaller producers and
firms often lack access ta critical postharvest knowledge,
technology and infrastructure, Research and development of
appropriate postharvest technologies for small and medium-
sized producers, value-added processing technigues, food
safety protocaols and quality standards for horticultural
commaodities can help to reduce postharvest losses, improve
food safety, and contribute to increased producer incomes and
the subsequent development of rural economies.

3. Genetic resources conservation and
development

Quality seed and planting stock represent a package of genetic
technology that is the foundation of a sound horticulture

supply chain. Currently, inadequate effort is expended in
research and development of appropriate, locally-adapted
modern and traditional varieties of horticultural crops, resulting
in decreased productivity. The development of high-quality
seed and planting stock programs, focused on locally-
adapted and market-demanded varieties, will lead to greater
yields and higher market values, Because many developing
regions are rich in endemic horticultural diversity, they could
take advantage of the growing demand for indigenous and
traditional crops in local, regional and export markets. In order
for regiens to exploit the richness of their endemic horticultural
diversity, traditional knowledge and native horticultural varieties



must be identified, characterized and consarved. Small
local producers have neither the knowledge nor the skills to
accomplish these major research and development projects.

4. Sustainable production systems and natural
resources management

Compared to cereal crops, most horticultural crops demand
high levels of inputs, water and agrochemicals. Megative
envircnmental impacts are inevitable from misuse or
mismanagement of chemical inputs. Producers in developing
regions often lack access to appropriate inputs and the
necessary technical production skills due to inadequate

input and credit markets as well as weak extension systems.
Research and development of locally-adapted, integrated crop
management strategies to address production demands of
small producers is critical to ensure sustainable production
systems that will meet market demands in the future, Improving
access to appropriate inputs and information resources,
aspacially in rural areas, can help farmers raise productivity
and contribute to sound natural resource management.

5. Capacity building

Horticulture is perhaps the most knowledge intensive and
dynamic agricultural system. Short-term growth and long-
term viability are critically dependent cn access to technical
knowledge, the ability to adapt that knowledge to local
conditions and the flexibllity to develop new preduction
systems as market conditions change. Capacity building is an
integral component of each identified primary issue. Lack of
human, institutional, and research capacity inhibits innovation,
technology adoption, and the development of solutions to
address key constraints in the horticultural industry. The
development of efiective education and extension networks,
involving public, private, and civic sector collaborations, will
strengthen the technical capacity of horticultural producers
and improve the efficiency of current production and marketing
systems. Training horticultural experts in participatory research
methodaologies will build local research capacity and develop
relevant solutions to horticuttural constraints, Enhancement of
capacity at all levels and along all stages in the valua chain,
from production to postharvest and marketing, is critical to the
creation of a dynamic and sustainable horticultural industry.

6. Enabling environment

An enabling environment can be defined as the set of
interrelated economic. social, and political elements
necessary for development. A structured, reliable enabling

environment plays an especially critical role in determining
success in modern horticulture, Horticulture requires a sound
legislative and policy framework, adequate local and regional
infrastructure, and institutions with a focus on capacity
building, management instruments, and monitoring and
evaluation. Social and political stability are also necessary
components of a secure enabling environment. Examples of
important policy considerations include regulatory systems
for horticultural standards; clarification and application of
intallectual property rights agreements; secure land tenure
and credit markets for small producers and agribusinesses;
water use systems; and postharvest and food safety protocols.
Significant research will be required to determine the effects
of intellectual property rights on production cheices; the
conseguences of trade liberalization and market aggregation
for small producers and households; credit markets; and
operation of up-to-date phytosanitary monitoring systems.

7. Gender equity

In today's herticultural industries, women play significant roles
as farmers, agricultural business laborers, entrepreneurs, and
consumers, Women face unigue constraints in horticultural
production systems including inadequate or unequal access to
land, credit, technology, information, and working conditions.
Mevertheless, women have much to gain by investment in the
harticuttural industry, including increased opportunities for
employment and incarme generation. Gender-based research
has informed development agencies of the critical importance
of the specific roles and needs of women to ensure a project’s
success. The knowledge intensive nature of horticulture will
require that women have access to educational opportunities
and that technical information is delivered in a gender sensitive
manner, Future horticultural development must consider
women's roles and needs in culturally-specific food systems,
emphasize research on women's participation in small-

scale production for export; include comparative research

on gendered dimensions of horticultural production across
regions and market levels; and document women's particular
constraints and opportunities in the horticultural sector

8. Nutrition and human health

Horticultural crops play a valuable role in food systems by
diversifying diets and increasing dietary consumption of
micronutrients and other plant products known to benefit
human health (fiber, antioxidants, etc.). Supplements

and fortified foods can effectively address micronutrient
deficiencies in the shori-term, but food-based solutions, such

Executive Surnmary 3
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as increasing the consumption of vegetables, legumes, and
fruits represent the most sustainable method of reducing

and controlling micronutrient deficiencies in resource-poor
communities. Analysis of the nutritional properties of select
indigenous and traditional crops and varieties, and the
bioavailability of specific nutrients from enhanced mineral rich
foods and food mixtures can help to determine which crops
should be promoted and marketed for their health benefits.
Research into hew processing affects the bicavailability of
certain nutrients and the limitations for utilizing crops as
supplements for high-risk groups will permit the design of
effective food-based nutrition interventions. Cropping systems
research, including the effects of =oil quality and fertilizers

on the mineral content of food, as well as manipulation of

the cropping mix to foster dietary diversity, optimization of
Irrigation and fertilization regimes, postharvest handling and
starage and control of pests and diseases can all contribute to
the density of nutrients in a diet.

Regionally-Specific Context and
Focus

In addition to the eight primary issues that are equally relevant
to all regions, regionally-specific priorties were also identified
by stakeholders.

Sub-Saharan Africa

Although horticultural production has risen steadily in most
regions of the world over the past few decades, the average
annual growth in per capita supply of horticultural produce
was negative in sub-Saharan Africa between 1971 and 2000
(Weinberger and Lumpkin 2004). Stakeholders in sub-Saharan
Africa highlighted the need to develop local and regional
markets because inadequate transportation Infrastructure
and inability to comply with EUREPGAFP standards limits their
participation in expaort markets throughout the region. Many
producers lack access to even their local and regional markets
making the development of cold-chain, transportation, and
communications infrastructure critical to linking producers
with these markets. Stakeholders throughout the region
emphasized the impertance of accessing and promaoting the
untapped wealth of indigencus crops and genetic resources
for improving nutrition and incomes, Capacity building for
horticultural business management, as well as training for
scientific capacity and research, were also Identified as
priorities. Horticultural crops represent an opportunity for
enhancing the diets of pecple living with HIV/AIDS, as well as

g Global Horticulture Assessment

for increasing the incomes of women, the traditional producers
and marketers of hericultural erops throughout the region,

Latin America and the Caribbean

Latin America and the Caribbean currently export a high
percentage of their horticultural products, especially ta the
United States; Mexico supplies the majarity of the fresh
vegetables consumed in the U.S. Despite some notable
successes involving small producers, howeaver, the majority
of LAC smallhelders remain disenfranchised from the thriving
export market. Stakeholders in Latin America and the
Caribbean stressed the necessity to create opportunities for
smallholders to access niche export markets for high-value
and brand-marketed products such as Fair Trade and certified
organic products. The ability to mest strict phytosanitary
standards of export markets will be accomplished only with
increased extension assistance and with local adoption

of Good Agricultural Practices (GAP) and Good Handling
Practices (GHP). LAC stakeholders emphasized the need for
research, consarvation and increased commercialization of
Indigenous fruits. Research and extension for management
of natural resources and cultivation on hillsides and other
marginal land, as well as appropriate crop selection, testing,
certification and quality assurance programs are of crifical
importance to all producers, large and small and is essential
to reverse widespread environmental degradation. Despite
their prominence in export horticulture, most Latin American
countries consume inadequate amounts of fruits and
vegetables as a result of limited access, poor quality and
inadequate safaty of the available produce. While there is
significant potential for expansion of local preduction and
consumption, product quality and reliability must be enhanced
and there must be a coordinated public education campaign
to emphasize the benefits of fruits and vegetables before this
potential can be realized. Programs aimed at children are
especially important if the dramatic increase in child health
problems of malnutrition and obesity are 1o be reversed.

Asia and the Near East

The Asia and the Mear East region is a remarkably
heterogenous area characterized by a great diversity of
agroclimatic zones, allowing for the production of almost

any crop species and supporting a considerable richness in
dietary diversity and Iindigenous species of regional interest.
Most of the region suffers from poor market distribution, lack
of adequate water (except in the humid tropics), a low level
of market development, and generally poor infrastructure and



human capital development. Stakeholders in ANE stressed
the importance of protecting intellectual property rights and
conducting research to characterize and commercialize
promising indigenous herbs and medicinals, Participants and
respondents emphasized the need for varieties adapted o the
diverse agroecological zones throughout the region, especially
cultivars adapted to the climatic extremes of drought and high
humidity, and the expansion of protected cultivation techniques
to reduce seasonality. Appropriate water management was

a priority throughout the region; research and development

of strategies to maximize water use for smallholders will be
important to ensuring the growth of the industry.

Research And Development Priorities

Table 1 provides a summary of the primary issues and sub-
issues that constrain horticultural development, and tha
principal global and regional research and development
activities needed to address these issues. Horticulture is a
knowledge-dependent and highly integrated activity; the
success of any individual research and development activity is
intimately dependent on the efficient operation of each stage
in the production chain. Capacity building and knowledge
generation is of core importance to all aspects of horticultural
development.

Conclusions and Recommendations

The potential benefits of horticulture for the developing world
are numerous. Economic growth in horticultural products has
far exceeded the growth of other agricultural commaodities, and
the demand for horticuttural produce continues to accelerate

in both domestic and international markets. This growth is
fueled by afflusnt urban consumers in developing countries,

as well as by consumers in developed countries whose diets
are increasingly incorporating greater amounts of horticultural
products. Simultaneaus with this growth in demand is an
increasing relocation of production from the developed world
to the developing world. Many parts of the developing world
have a relative advantage in the production of horticultural
crops by virtue of the relatively high labor-to-land ratio. Small
growers can usually earn much higher farm incomes cultivating
horticultural products compared to cereal crops, and
horticultural production results in rural economic growth and
the creation of off-farm jobs through value-added industries
and the lecal marketing of these goods. Horticultural crops also
have the potential for benefiting human health by increasing

dietary diversity and alleviating micrenutrient deficiencies. Crop
diversification and proper management of horticultural crops
can lead to significant benefits to the environment as well,
Women, the traditional producers and marketers of horficultural
crops throughout the world, stand to benefit greatly from
investment and research in this sector.

The bensfits of horticulture have not favored the average small
grower. While growth and development in the horticultural
sector may present many opportunities for small farmers

and rural economies, the rapidly changing dynamics of

the global horticultural market often act as barriers to their
participation in the value chain. Exporters and supermarket
chains require increasingly stringent food safety, quality and
reliability standards that small producers and businesses are
often unable ta mest. Horticultural preduction is knowledge
intensive, highly integrated, dynamic and highly site and
market specific. This represents a particular challenge for the
rural poor who tend to lack education and resources, Despite
its obwvious importance, there has been very little adaptive
horticultural research and essentially no research on non-
commercialized indigenous species in the developing warld.

Addressing the challenges and realizing the opportunities

of harticulture for development will require significant and
well-coordinated investmeant in research, human capacity
development, technical support and enabling environments.
To succeed, each activity must be conducted with keen
awareness of the complexity and interrelatedness of the
horticultural production chain,

There are a number of mechanisms that could be proposed to
address the issues and realize the opportunities of horticultural
development. Whatever mechanism is developed must
recognize the relative advantage of the LS. universities, must
be responsive te USAID-Washington and USAID Missions, and
should play a role as an integrator of horticultural development
knowledge and as a key partner in program development in the
horticultural sector.

Given the dependence of harticulture on knowledge
generation, human capacity building and integration across
scale and discipline, it would be inefficient to fund isolated,
targeted or site-specific activities in the absence of a core
integrating program. The development of a core pragram in
horticulture would provide for a degree of program integration,
synergy and efficiency that is currently lacking. Short and mid-

Executive Summary 5
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term targeted activities will continue to play an important role
in harticultural development, but their benefit will be greatly
enhanced through coordination and integration.

A successful harticultural development activity must have the
following characteristics:

1. Horticulture is a highly technical, knowledge dependent
and dynamic industry. To sustain growth in horticulture
there is a fundamental need for investment in human
capacity building and knowledge generation. The
development of a local capacity for independent and
creative knowledge generation s essential,

2. The production and marketing of horticultural products is
a vertically integrated and strongly interdependent activity.
All activities and interventions must reflect this context,

3. A diversity of scales and modes of interventions will be
required. Thus activities may address local and/or global
scales and may include the continuum of activities from
short-term infrastructure investment and technology
transfer to long-term research and capacity building.

4. Creative mechanisms for program coordination,
knowledge sharing and adaptive research must be
emphasized so that coordination of projects is maximized
and lessons learned in one activity can infarm and improve
activities elsewhera,

5. Public-private partnerships will be critical to the equitable
development of horticultural enterprises. The private
industry has a unique role and interest in the provision of
inputs and service for horticulture. Public agencies have
an obligation and an opportunity to ensure these inputs
are made available to the poor and to ensure the use of
inputs is environmentally appropriate.

6. Activities must strive fo reduce poverty, stimulate
economic growth, improve the environment and support
gender and social equity.

Any horticultural investment must develop a cadre of

people and a pool of knowledge that can adapt to changing
production constraints and market demands. A successful
harticultural enterprise is characterized by its ability to adapt,
innovate and compromise,

A Collaborative Research Support Program in Horticulture

is proposed. This CRSP would be designed to provide the
research, capacity building and knowledge extension support
essential for the development of the global horticulture sector,
The new Horticulture CRSP will partrier closely with tha World
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Vegetable Center and its CGIAR partners in the newly developed
Global Horticulture Initiative. This partnership ensures synengy

and efficiency of programs and directly enhances the capacity to
identify and implement key development programs in horticulture.

In addition to its role as a center for knowledge generation,
capacity building and integration, the Horticulture CRSP would
also partner with individual, regional and global consortia

of Missions, and private and public pariners to design and
implement specific targeted short and mid-term projects that
address the core challenges in horticulture identified in this
analysis. These projects would be selected on the basis of
their regional or global relevance and would be implemented
with a goal to develop a product that can be adapted for use
by missions globally. The following projects are provided as
illustrative examples of high priority projects:

1. Development of Phytosanitary and Postharvest Protocols
for the Small Producer.

2. Development of Small Scale Agrochemical and Sead
Supply Micro-enterprises

3. Establishment of a Global Horticulture Knowledge Bank
and Extension System

The initiative would strengthen the ability of USAID-Washingtan
and the Missions to develop and implement effective
programming in the horticulture sector; would strengthen
existing USAID funded programs that have a horiculture
component and would serve a coordinating and integrating
role, The initiative would also pariner with existing CRSPs to
strengthen their ability to achieve their development goals. A
core principle of this initiative is to support USAID and missions
by providing program design and implementation advice,
technical expertise and coordinated knowledge generatien and
extension programs.
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INTRODUCTION

Making the Case for Investment in
Horticulture

Development experts and donars agree that research

and development investmeant in agriculture is essential for
economic growtih in the developing world and to meet the
UK. Millennium Development Goals (Rubin et al. 2005,
EIARD 2004), The new USAID Agricultural Strategy concludes
that “in many developing countries, the agricultural sector's
performance determines overall economic growth, trade
expansion and increased income-earning opporiunities”
(USAID 2004). Amongst all agricultural sectors, the production
of horticultural crops - fruits, nuts, vegetables, herbs, medicinal
plants and ornamentals - represents a particularly promising
opportunity for income generation and food production in
developing and emerging economies. Horticultural crops

are an invaluable instrument for agricultural development
because of their high economic and nutritive value, and

thelir latent ability to serve as an engine for agricultural and
economic diversification, especially for smallholders who

can gear production to specific local, regional or export
markets. Horticulture, however, is a highly technical and
knowledge dependant process and success is contingent
upon the adoption of appropriate cultivars and management

technologies, knowledge of market requirements and praclices,
and apprapriate investment in inputs and infrastructure. Unless
and until farmers in developing countries can access reliable
infarmation and possess the technical skills to apply it, they will
be shut out of the boom in horticultural production.

Current and Growing Horticultural Market
Opportunities

During the last decades, economic growth in horticulture has
far exceeded that in most agricultural commodities. Since

the 1970s, annual growth rates for vegetable supplies have
surpassed cereals by 200 percent to BOO percent, with much

of this acceleration occurring in the 1990s (Table 2). The
increasing world consumption of hortlcultural products is
driven by rising incomes, urbanization, awareness of health,
and changing labor practices (Rubin et al. 2005; EIARD 2004).
Developments in production practices, postharvest technology,
shipping and storage allow for sourcing of materials throughout
the world, providing year-round product availability, and
increased market opportunities. Urbanization and changes in

Table 2. Average annual growth rates (%) in fruit and vegetable and cereal supply (per capita)

Fruits and \Vegetables Fruits and Vegs Cereals
1971-1280 1981-1990 1981-2000 1971-2000 1971-2000
China 1.5 7.5 2! 8.2 08
South Asia 0.7 0.8 2.5 1.2 05
East and Southeast Asia 3.4 0.5 1.1 1.2 0.5
Lafin America and Caribbean 0.2 1.6 1.4 09 0.2
Sub-Saharan Africa 0.6 <04 -0.1 -0.3 04
World 0.9 1.8 3 16 0.4

Source: Weinberger and Lumpkin 2005.
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the labor market, including the expanded presence of women
in the workforce, amplify the demand for convenience foods
(prepared salads, fresh-cut fruits, restaurant food, atc.) as
well as novel and exotic horticultural products that will play a
significant role in future demands of high-value products.

Accelerated global vegetable and fruit production since 1960
has resulted in an approximate doubling of per capita supply
in developed countries and much of the developing world, with
the notable exception of Africa (Figure 1). The vast majority

of expansion in horticultural production has cccurred through
increases in land areas devoted to these crops and greater
investment in inputs (irrigation and fertilization), but thera

has still been only marginal improvement in yields for most
species (Weinberger and Lumpkin 2005). In comparison to the
significant yield increases in cereal production, the slow and
low growth in horticultural yields mirrors the lower levels of
research invesiment in these crops and implies a tremendous
unredlized potential for yield improvements,

The United States and the European Union, followed by
Japan, are the world's three |argest importers of fruits and
vegetables. Most horticultural crops imported by these markets
are grown in Latin America and the Caribbean (LAC), and
Africa, respectively. The strong growth in global markets for
horticultural products in both the developed and developing
world over the past 30 years has occurred during a period of
rising labor costs, escalating environmental constraints and
competition for land from urban expansion in the developed
world. Elevated costs and scarcity of farm labor have
significantly impacted profitability of crops in much of the
developed world (white asparagus in Germany, stone fruit in
South-East Australia, fresh tomato and citrus in the U.8., etc.)
The consequence of these pressures has been the transfer of
much herticultural production from the developed world to the
developing world, resulting in a ten-fold net increase in imports
of horticultural products into the developed world’s markets
(Table 3; FAQOSTAT Data 2004).

Major world markets are subject to considerable competition
and price protection. Though export markets are potentially
very lucrative, high transaction costs and the lack of necessary
technological sophistication limits the participation of many
small and meadium-sized producers and firms. For much of
the developing world, the greatest economic opportunity

for horticultural products is in expanding local and regional
markets. An estimated 95 percent or maore of the world’s

12 Global Horticulture Assessment

herticulture produce and market activity is local (Reardon
2003). Even in Mexico, which emphasizes horticultural
production for export with over 3 billion U.S. dollars in fruits
and vegetables exported to the U.S. in 2003, more than 85
percent of all horticultural trade occurs locally (USDA 2004).
Lecal and regional markets for horticultural products in the
developing world can be expected to increase for many of

the same reasons that they have burgeoned in the developed
world, namely, education and recognition of health benefits,
increased urbanization, improved production technologies
and market capacity, and more sophisticated retailing.
Perhaps a more telling indicator of the potential of local and
regional markets in the developing world is population growth,
particularly in urban areas, coupled with low current levels of
horticultural consumption. The combination of increasing local
and giobal demand for horticultural products, the declining
ability of developed countries 1o mest their own consumption
damand, and the relative advantages of land and labor

offered by developing countries, represents a very significant
opportunity for harticultural growth and econemic expansion in
developing countries,

Market trends indicate continued growth in horticultural
production and trade. Horticulture promises substantial
economic, social, health and environmental benefits to
smallhalders, the rural poor (especially women) and the agro-
ecosystems of developing countrigs. The degree of economic
and social benefits actually derived from the transition to and
diversification of horticultural production will depend on many
factors, including local agre-ecological and environmental
suitability, level of technical skill andfor support services and
access to a viable market,

Horticulture for economic development and
poverty alleviation

In the developing regions of the world, an estimated three
billion pecple exist on less than two U.S. dollars per day
(AVRDGC 2004a). For the vast majority of small land-holders a
focus on the production of staple crops provides very limited
prospects for generation of higher incomes. Transition to and/
or diversification of horticultural crops can help to revitalize
rural economies and alleviate poverty through increased farm
profits, employment generation and economic diversification.

Farmers engaged in high-value horticultural crop production
can earn higher net farm incomes than those growing staple



crops (Table 4). Fruit and vegetable producers in India
generate five to eight times more in profits than cereal farmers
{Subramanian et af. 2000). In Kenya, farmers producing fruit,
vegetables or flowers for export can eamn six to twenty times
more than maize growers (Gabre-Mahdin and Hagglade
2003; Minot and Ngigi 2003). The greatest benefits accrued
to Kenyan producers of green beans for the European export
market, who benefit from a faverable confluence of ideal
growing conditions, technically supported growers, excellent
infrastructure and strong expart market demand.

In addition to the economic benefits of horticulture for the
praducer, the high labor demands of horticultural production
and related processing industries have the added benefit of
local employment generation. Per hectare, the praduction of
harticultural crops creates more than twice the number of jobs
that cereal production generates (Ali et af. 2002). In regions
where labor is abundant, horticulture represents a valuable
employment cpportunity, both for family members during crop
growth periods, and hired labior during planting and harvest.
A thriving horticulture industry also provides landless laborers

Figure 1. Per capita fruit and vegetable supply

and smallholders the opportunity to earn extra incomea on large
farms or in related agro-processing firms (McCulloch and Cta
2002; Weinberger and MSuya 2005).

Horticulture generates economic benefit beyend the farm
through associated services and industries. Such farm-related
business could include provision of seeds; agrochemicals

and infrastructure {irrigation, sheds, etc.); the development of
value-added industries such as jams, pickles, dried product,
packaging, storing; and transportation of products. Waomen
could potentially benefit mest from horticultural employment
opportunities because they comprise a majority (S0 to 91
percent) of the horticultural labor supply in most developing
countries (Barrientos 1998; Hamilton et al. 2001; Korovkin
2003: Dolan 2004). In Mexico, 80 to 90 percent of all individuals
involved in packaging are women; evidence from Africa
illustrates a similar pattern (Dolan and Sorby 2003; AVRDC
2004a). Additional opportunities for income ganeration and
preduction diversification may decreases risks for smallhalders
and ultimately increase food security.
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Table 3. Nettrade in fruit and vegetable and food products (billion USE)

Latin Amer,
East and SE And Sub-Saharan Developed

Year China South Asia Asia Caribbean Africa Couniries
Fruits and vegelables

1970 0.38 0.04 0.1 0.51 0.05 -2.54

1980 1.04 0.2 1.04 1.82 0.07 -8.19

1990 1.97 0.05 1.6 5.68 -0.01 -18.67

2000 2.56 -0.03 1.24 83 D.32 -20.04
Al faod products

1970 0.52 0.03 -0.45 427 1.52 -7.65

1980 -1.07 1.35 -0.24 1526 1.96 -16.26

1990 1.84 0.92 0.58 15.27 Q.76 -24.38

2000 3.11 1.93 -3.21 16.08 -0.44 -12.85

Source: Weinberger and Lumpkin 2005

Horticulture for improved health

The increased demand for horticultural products in the
developed world is driven by the recognized health benefits
of a diet sufficient in fruits, vegetables (including vegetable
based oils) and nuts. Many vegetables and fruits are rich in
beneficial phytonutrients including lycopene, beta-carotene
and other antioxidant compounds that can reduce the risk of
chronic disease by pretecting against free-radical mediated
damage (Southon, 2000). Obesity, epidemic in the developed
world and rapidly gaining in the developing world, is best
combated by shifting consumption from processed, starch-
based foods towards consumption of fresh horticultural crops
(LS. Dept, of HHS 2005). The new USDA dietary guidelines
call for the consumption of five to ten servings of fruits,

nuts and vegetables each day. These recommendations
correspond to a combined consumption of 700 to 1200 grams
per day, an increase of more than a 200 percent over current
LLS. per capita consumption (U.5. Dept. of HHS 2005). The
recagnition that greater consumption of fruits and vegetables
has beneficial health outcomes is becoming increasingly
widespread in the developed world and underscores the
ikelihood of increased demand.

In many parts of Asia, Africa and Latin America the
cansumption of fruits and vegetables is inadequate for health.
Diets low in fruits and vegetables are typically deficient in

a range of nutrients, vitamins and phytonutrients essential

tor human health. Micronutrient deficiencies, which affect
more than two billion people worldwide, increase disease
susceptibility in all populations and compromise the

14  Global Horticulture Assessment

development of cognitive capacity in children. The impacts

on human development, as well as clinical symptoms
resulting from micronutrient deficiencies, disproportionately
affect women and children in the developing world, thereby
exacerbating the cycle of poverty (Demment et al. 2003),
Economic losses resulting from decreased human capacity
and productivity as a result of micronutrient deficiencies are
so substantial that economists at the Copenhagen Consensus
agreed that alleviating this concern should be one of the
highest priorities among warld development initiatives, second
only ta relieving the HIV/AIDS crisis (Economist 2004).

Increasing consumption of fruits, vegetables and nuts is

the mast sustainable strategy for mitigating micronutrient
deficiencies. Biofortification of staple products and
development of genetically modified cereal grains, while
potentially effective, doas not offer the suite of health benegfits
that are attained by an increase in consumption of fruits, nuts
and vegetable. Increased production of horticultural crops
can facilitate access to a range of nutrients, vitamins and
phytanutrients essential for human health while improving
smallholder incomes.

Paradoxically, abesity is becoming an increasing problem

in many developing countries and is particularly worrying in
transitional countries. In 2000, 115 milion of the estimated 300
million abese individuals resided in developing and transitional
countries; in Thailand the prevalence of childhood obesity rose
from 12% of the population to 18% in just 2 years (WHO 2000).
From 30-40% of all adults are overweight in the developing and



Table 4. Net farm income per family member of horicultural
versus non-horticulutral smallholder farms.

Country Difference in farm income (%)
Kenya 487

Bangladesh 29

Cambodia 117

Lao PDR. 380

Vietnam (northern) 20

Vietnam (southern) 189

Source: Weinberger and Lumpkin 2005.

transitional nations, including Chile, Mexice, Peru, Colombia
(FAO 2005). Increased consumption of fruits, vegetable and
nuts is recognized as an important component of a leaner,
healthier diet.

Horticulture for an improved environment
Horticultural production is invariably more intensive and input
dependent than staple or broad acre crop production, and
consequently, can increase risk of environmental degradation
if managed improperly. However, appropriate horticultural
management can yield significant environmental advantages.
Crop diversification, planting of nitrogen-fixing species and
specias that enhance carbon sequestration and increase soil
arganic matter, and those that reduce soil erosion, all benefit
the environment. Horticultural cropping systems have the
potential to provide great flexibility in planting decisions, allow
for almost continuous vear-round ground cover and cantribute
to greater degrees of biodiversity than mono-cropped cereal
production, In Asia, the AVRDC-The World Vegetable center
has introduced the cropping of mung bean during the short
fallow season after harvesting wheat and before planting rice to
alleviate many of the problems associated with intensive cereal
production. Mung beans also enhance the diets of farming
communities as they are rich in iron and other micranutrients
necessary for human development and health. In the Indo-
Gangetic plains of India, economic studies indicate that
farmers practicing mung bean rotation have increased their
incomes up to 27 percent, due in part to the increased rice
yields asscciated with the nitrogen-fixing benefits of mung
bean rotation (AVRDC 2004k). In the Sudano-Sahel, ICRISAT
is collaborating with local researchers on projects to introduce
perennial horticultural species inta annual cereal rotations

to improve soil health, arrest desertification, contribute to
biodiversity, and raise producer incomes (See Case Study &:
MNew Cropping Systems for the Sahel).

The benefits of investment in research and
human capacity building

Horticulture has the proven potential to stimulate economic
growth, reduce poverty, and address issues of inequity and
environmental degradation in developing countries. While

there is significant potential for horticulture to contribute to

a variety of development geals, the conditions for success

and sustainable growth are complex and not well articulated,
underscoring the need for research investmant. Production
systems for horticultural crops in much of the developing
warld have not been adequately researched and most growers
lack a sufficient technical knowledge base. Furthermore, the
complexities of marketing perishable produce, minimizing
storage and transport losses and complying with strict sanitary
and phytosanitary standards are beyond the capacity of most
smallholders. The natura of the madern horticultural production
and market system demands that producers, shippers and
marketers of horticuitural products be technically competent,
and able to respond quickly to market opportunities and
coordinate information transfers threughout the value chain.

Technical knowledge and the ability to adapt to changing
market circumstances are paramount to the success of
horticultural industries and only very few low and middle-
income countries have managed to sustain long-term growth
in horticulture, The nations that have been able to maintain
growth and profitability have done so by developing the
research, training, infrastructure and technologies critical to
sustaining this success, notably Chile, Mexico, Kenya, and
Egypt. One striking aspect of the Chilean horticuttural industry
since 2000 has been the marked increase in non-governmental
extansion services and industry-supporied research programs.
This outcome, was only possible as a result of public sector
investment in universities and governmental coordination and
oversight of research programs. Countries that failed to invest
in research and hurman capacity building have experienced
short-term growth or growth in a limited number of highly
targeted crops, but have not achieved sustained growth and
development in this sector.

Because of the technical, knowledge dependent and dynamic
nature of horticulture, growth cannot be sustained without a
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well trained workfarce and a local capacity to conduct both
original and adaptive research in all aspects of production,
handling and marketing.

Despite the clear benefits of horticultural crop production

for developing nations, horticulture has received vastly less
development and research investment than cereal grains.
Between 1968 and 1996, USAID was one of the largest donors
to international research centers focused on cereal crops such
as rice, wheat and maize (IRRI, WARDA, CIMMYT), During this
same period, LUSAID provided centers focusing on tropical
fruits and vegetables, such as INIBAP and AVRDC, with less
than one-tenth the amount Invested in the staple crop centers
(Weinberger and Lumpkin 2005). Although the Consultative
Group on International Agricultural Research (CGIAR) has
recently expressed interest in high-value horticultural crops,
investrment in the sector is still inadequate, In 2003, the
CGIAR invested 118 million U.S. dollars in research for
cereals compared with only 15.7 million U.S. dollars for fruit
and vegestable research (Weinberger and Lumpkin 2005),
Mevertheless, growth percentages far horticulture currently
axceed all other major commodities, and on a global level the
value of all fruits and vegetables traded is more than double the
value of all cereals traded (Diop and Jaffee 2005; Weinberger
and Lumpkin 2005). The potential of the horticultural sector

to stimulate economic growth of developing economies

and reduce poverty has only recently been recognized.
Consequently, horticulture has become an expilicit priority in
the recent development agendas of most donors, research
and implementing agencies (Rubin et al. 2008). Many of the
priority issues in horticultural development identified by this
assessment link to the strategic themes outlined in USAIDs
Mew Agricultural Strategy (see Table 5).

Summary

Imespective of the scale of preduction or target market (lecal,
regional, international), the Global Horticulture Assessment
revealed significant opportunity for the expansion of
horticulture in developing countries. In order for this expansion
to succeed, and more importantly, for that expansion to benefit
the rural poor in those countries, many challenges must be
addressed through a combination of targeted research, human
capacity enhancement and integrated development activities.
Given the complexity and interrelatedness of all aspects of
horticultural production, the efficiency and effectivaness of
development interventions will depend not anly on how well

16  Global Herticulture Assessment

they are designed and implemented, but on how well they are
integrated from research to field application and from farm

to fork. Though research is often viewed as an expendable
and non-assential component of the development process,

it Is in fact critical ta the most efficient use of development
dollars. Investment in research is an investment in project
design, implementation and integration. Relevant new
information, obtained through targeted research, is essential
to understanding the context in which interventions will be
implemented. The average rate of return to public agricultural
research and extension is 81.3 percent (Alston et al. 2000).

Given the technical nature of horticulture, investment in
research, extension and human capacity building is of
paramount importance. Only from this base can econamic
growth in horticulture be sustained.
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Il. METHODOLOGY

Introduction

The Global Horticulture Assessment was designed to be

highly responsive and focused on prioritiss determined by
stakeholders. Specific development, capacity building and
research recommendations have been proposed. The resulting
research and development project suggestions are problem-
oriented models built on a foundation of true collaboration. The
following principles, developed from previous experience in
similar activities, guided the assessment methodology:

=  Acombination of fop-down and bottom-up input is key
to identifying globally relevant themes and locally adapted
priarities.

*  Regional participation is an essential companent of the
process in order to develop a portfolic of challenges and
opportunities that are current and pertinent.

*  Recommendations should be collaborative, efficient
and sustainable,

* Researchable issues should be developed into problem
models that comprehensively define the challenging
problem to be addressed and aim to provide practical
solutions.

These principles, also employed in the Global Livestock
Collaborative Research Support Program (CRSP) portfolio
and endorsed by the CRSP Administrative Management
Review Team (USAID 1937), place considerable importance on
stakeholder input, team building and planning.

Stakeholder Input

The horticulture assessment was guided by input from three
sets of stakeholders. The first level consisted of the USAID
Washington, U.S. Universities, Congress and the domestic

18  Global Horticulture Assessment

horticulture industry. The national research institutes in
developing countries, the National Agriculture Research

and Extension Systems (NARES), governmental agencies,
national universities, and USAID Missions comprised the
second level, The third level of stakeholders included the
users of research products in the field, including farmers,
households. consumers, private sector stakeholders including
but not limited to packers, traders, supermarkets, processors
and suppliers of ancillary goods and services (certifications,
irrigation, cooling, etc.). The Global Horticulture Assessment
sought input at all thres levels through a highly participatory
process involving workshops, surveys, and integration of
outside documentation reparis and reviews.

Lazin AAmerica &

Caribbean

Figura 2. This diagram is an cutling of the assessment process utilized for the
Global Horticulture Assessment.



Partnership

The Advisory Committee (Planning and Coordinating
Committes) consisted of representatives from University

of California, Davis; AVRDC-The World Vegetable Center;
University of Hawail at Manoa; University of Michigan; and
Purdue University, as well as USAID delegates and ather
experts In the field of horticulture and development. (See
Appendix Vil for list of committee members.) This Advisory
Committee planned, coordinated and carried out the nine-
month assessment. UC Davis accepted primary responsibility
far the structural development and facilitation of the regional
workshops, organization and Implementation of the Synthesis
Workshop and publication of its results, plus preparation of
the final assessment document. AVRDC-The World Vegatabla
Center crganized the regional meetings in partnership with
assizstance from the AVRDC-Africa regional office in Arusha,
Tanzania, Zamorana LUniversity, in Honduras, and ICARDA in
Cairo, Egypt.

Process
A three-phase sequence was designed to gather and analyze
stakeholder input (Figure 2). The phases included:

I. A synthesis workshop to define LS. stakeholder needs
and inputs and determine global priorities.

Il. A series of three regional workshops and an independent
survay to determine stakeholder, priorities, constraints and
opportunities.

. Analysis, integration and publication of results to guide
future collaborative research and development activities in
global horticulture,

Phase I: Synthesis Workshop on Global
Horticulture Challenges and Opportunities

October 18-19, 2004 — University of Califernia, Davis

The objective of the workshop was to identify the primary
challenges and opportunities for global development in
horticulture in order to alleviate poverty, mest domestic
human nutritional needs and stimulate ecenomic growth in
emerging economies. Leading experts and professionals in
various aspects of horticulture and development participated
in the synthesis workshop, including: USAID-Washington,
USDA, university horticultural scientists, horticultural industry

private sector representatives, NGO's and donor agencies (see
Appendix |l for a list of participants). Participants provided
input on global themes and geographic emphases and helped
to set the broad agenda for the program that would satisfy the
interests and needs of USAID, Congress and the domestic
private sactor.

Synthesis Workshop Structure

The workshop included invited presentations as well as
discussion groups arranged by theme and region. (See
Appendix | for the workshop prospectus.) Prasentations
highlighted such major issues in horticultural production as
supermarkets, food safety, sustainable production, and gender.

Participants then joined discussion groups based an the
following themes:

(1) Biodivarsity and Biotechnology

(2} Markating and Global Standards

(3) Human Mutrition, Food-Safety, and Postharvest Chains
(4} Sustainable Production, Abiotic and Biotic Stresses

Group members identified the opporunities and challenges
within each of the thematic areas and discussed strategies

for addressing priority issues, Presentations to the plenary
session encouraged dialogue and information sharing between
groups. During the second day of the werkshep, small groups
discussed opportunities and challenges for horticulture
development in each of three regions: Latin America and tha
Caribbean, Asia and the Mear East, and sub-Saharan Africa.
Participants also suggested ways to broaden the scope of
stakeholder input at each of the three subseguent regional
workshops. General consensus among participants led to the
development of the survey, discussed in Phase |1,

The information gathered at this workshop set the stage for the
regional workshops and the development of global priarities for
research and development.

Phase Il : Regional Workshops and Survey

February 14-16, 2005, Arusha, Tanzania
March 24-26, 2005, Zamorano, Honduras

April 12-14, 2005, Cairo, Egypt
The regional meetings gathered diverse groups of stakeholders

including scientists, development specialists, govarnment
ministry representatives, NARES, IARCs and CGIAR, Mon-

Methodology 19



METHODOLOGY

governmental Organizations (NGOs), USAID Missions, host

country universities, private sector, and producer organizations.

(Sea Appendix |l for lists of participants from all meetings.)
Advisory committee membears, USAID missions, and national
governments nominated invitees. Program sponsorship,
through travel support and/or waived registration was
provided for approximately 35 participants at each workshap;
regisiration fees for the remaining participants were minimal.
Workshop locations were chosen on the basis of available
USAID Mission support, as well as by the existence of local
organizing institutions such as the AVRDC - Regicnal Center
in Arusha, Zamorano University in Honduras, and ICARDA in
Caira, Egypt.

Primary regicnal workshop objectives were to identify and
describe the priority research and development issues facing
horticultural development in the region. Results are presented
in Section Il of this document,

Regional Workshop Structure

The warkshops were designed to elicit equitable and active
participation from all attendees. A clearly defined process
replicated at each of the three meetings ensurad continuity of
results across the regions. Introductory presentations set the
context for the workshop and highlighted emerging regional
trends in the horticulture sector. Small groups divided by
geographical sub-region then participated in a facilitated
series of exercises for the purpose of identifying the primary
issues that constrained the development of harticulture in their
region. For the purposes of this assessment, the term "primary
issue” refers to an encompassing issue of core importance to
horticultural development, that is highly relevant to a diversity
of stakeholders across all scales of activity. Subregional
groups then developed and ranked research and development
priorities for their regions based on the fellowing the following
criteria {in no particular order):

*  Probability of success
«  Returns on investment
= Targeted sectors

*  Gender

*  Poverty alleviation
= Nutrition

*+  Scale

Each group modified the criteria listad above to include
factors such as sustainability, replicability, the environment,

20  Global Horticulture Assessment

[ Invited Presentations ]

1

Breakout groups divided by sub-region:
Identify primary issues constraining horticulture

! |
Groups identify criteria for project selection
and pricritization

[

Groups [dentify and prioritize researchable issues
and interventions to address each primary issue

|

Group presentations and discussion

Figure 3. Diagram of the regicnal workshop structura. The process enabled
full participation from workshep attendees and allowed the assessment feam to
capture the inpul.

and originality, among others. The regional sub-groups
presented their results to the plenary session on the final day
ta stimulate debate and discussion. A field trip to several
nearby horticultural operaticns closed each of the three-day
waorkshops.

Regional Workshop Details

Sub-Saharan Africa

The sub-Saharan Africa (354) regional workshop, held in
Arusha, Tanzania, February 14-18, 2005, brought together 72
leading experts and key stakeholders from 21 countries,

To facilitate the process, participants were divided into five
subregions based on geopolitical and linguistic considerations.
The subregional groups and countries reprasented are as
follows:

*  Francophene/West Africa - Rwanda, Mali, Senegal, Nigeria,
Cameroon, Benin, Niger, Cote d'lvoire, Burkina Faso

= East Africa A - Kenya, Tanzania

+  East Africa B - Kenya, Tanzania

+  East Africa C - Ethiopia, Uiganda, Eritrea

=  Sputhern Africa - Tanzania, Mozambigue, South Africa,
Malawi, D. R. Conge, Zimbabwe

Simultaneous translation for all plenary sessions ensured
effective communication and participation between French and
English speakers (Figure 4).



Table 6. Mumber of regional workshop participants and number of
survey recipients and respondents

S5A LAC AME

Participants from Region 5 - =

Workshop

gional Countries
Represanted @ 19 18 18
Workshap
Survey Recipients 336 447 a3
Survey Respondents 122 a7 a4
Countrigs Represented in ap - -
Suvey

Latin America and the Caribbean

The Latin America and Caribbean Regional Werkshop

took place in Zamorano {Escuela Agricola Panamericanaj,
Honduras, during March 29-31, 2005. Over ninety participants,
representing seventeen different Latin American and Caribbaan
nations contributed to the numerous discussions and
outcomes during the course of the three day workshop. During
the workshop, the participants were divided geographically into
five different working groups, each consisting of 12-18 people:

s Central America 1 - Nicaragua, Costa Rica, Honduras, El
Salvador, Guatemala, Mexico

= Central America 2 - Nicaragua, Costa Rica, Honduras, El
Salvador, Guatemala, Mexico

= Central America 3 - Micaragua, Costa Rica, Honduras, El
Salvador, Guatemala, Mexico

s Caribbean - Jamaica, Trinidad and Tobago, Belize, Haiti,
Guyana, St, Vincent and the Grenadines

= Andean - Columbia, Peru, Ecuador, Bolivia, Paraguay

By virtue of the workshop location, a large propertion of
participants were from Central America. Each Central American
group contained a representative sample of all of the Central
American nations represented (Figure 5),

Asia and the Near East

The ANE workshop was held in Cairo, Egypt, April 12 to

14, 2005, Attendees at the AME regional workshop were
subdivided into four subregions: Morth Africa, Near East,
South Asia, and South East Asia. Biophysical and cultural
conditions determined these subregional designations. USAID's
existing subregian ‘Mear East' is divided mto Morth Africa and
Mear East due to the large represaentation from this area (Figure B).

Representation in the assessment |

Survey

Canral Alrica
Easi Africa

- I
§.
g

Pasticipaton in
regional workshop

Figure 4. Map of Africa showing the representation of individual countries in the
astessmaenl Survey responses were recelved from countries with subragional
shading. A dot within a country indicates thal the country was reprasanted at the
regional workshep.

The subregions and countries represented were:

= Morth Africa — Tunisia, Egypt

* Mear East - Iraq, Jordan, Lebanon, Oman, Palestine, Syria,
U.AE., Yemen

*  Sputh Asia - India, Sri Lanka, Bangladesh, Pakistan

*  Sputheast Asia - Philippines, Indonesia, Mew Zealand,
Cambodia

Survey

During the synthesis meeting held at UC Davis, stakeholders
expressed concemn that three regional workshops would

not generate a wide enough variety of stakehalder input.
Various participants suggested that a survey, distributed to
stakeholders in each of the three regions, would help to reach a
larger number and variety of people and institutions than would
be able to attend the regicnal workshops, and the Advisary
Committee concurred.

Beginning in January of 2005, the survey, developed by the UG
Davis team, (see Appendix |ll) was distributed via email to maore
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Representation in the assessmant
Survey
L0 Caribbean
Bl Mescamenica

B south America

Participation In

®  egional workshop

Figure 5. Map of Latin America and the Caribbaan (LAC) showing the
represantation of individual countries in the assessment. Survey responses
were received from cauntries with subregicnal shading. A dot within a country
indicates that the country was represented at the regional workshop,

than 2500 individuals and institutions in sub-Saharan Africa,
Latin America and the Caribbean, and the Asia/Near East
regicns. The International Society for Horticultural Science
(ISHS), Advisory Committee members, and participants in
the Synthesis Workshop helped to identify survey recipients.
Subsequently, survey recipients forwarded and distributed
the survey to colleagues and recommended invitees for the
regional workshops. The response rate was approximately
twenty percent.

In addition to substantially enlarging the breadth of stakeholder
input, the survey data represents a level of crop-specific

detail not reached at the regional workshops. Due o the
broad geographic areas covered at the regional warkshaops,
participants were often hesitant to make recommendations or
prioritize crop-specific constraints such as pests and diseases,
as these tend to vary widely across agro-ecological regions.

In contrast, survey respondents generally represented just

one country and elaborated on the crop-specific constraints

in detail. A database has been created to house the extensive
survey information about institutions, horticulture research

and development projects, important and undenutilized

crops, as well as general and crop-specific constraints to
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horticulture develepment. Survey data, including the most
important and highest potential crops, as well as the most
severe constraints to horticultural production, were presented
at the regional worksheps to help ensure that a broad range

of input was included in the final recommendations drafted by
workshop attendees. Survey data has been integrated into the
recommended research and development priorities described
in section Il of this decument. Analysis of regional survey data
can be found in Appendices IV, V and VI.

Phase llI: Analysis, Integration and Publication
of Results

The structure of the final document and the recommendations
herein were defined by the cutcome of the workshops and
surveys, and from key literature. The bottom-up primary
issues identified at the regional workshops and in surveys

are integrated with the top-down analysis from the synthesis
workshop in order to create the primary issue problem models
described in Section Il of this document.

A prablem model' is a detailed description of a development
issue that defines the problem, as well as the underlying
processes that produced that problem. The problem-model
focus ensures that the research and development activities
recommended are geared toward addressing priority issues
identified by stakeholders. As the primary issues and
recommended activities ware consistent across regions, the
problem models represent a synthesis of input gathered at

all workshops. Distinct regional priorities and recommended
activities are highlighted at the end of each primary issue
saction and survey results in Appendicies V-Vl supplement the
regional analyses. The Recommendations and Conclusions,
Section IV suggests a framework within which stakeholders
can collaborate through research and development activities to
address the constraints identified during the Global Horticulture
Assessment.

"The problem model framawork, developed by the GL-CRSP, consists of;
(1} a problem dedinition; (2} a hypathesis about how to address the problem;
(3} resaarch and devalopmant actiities needed 1o resolve the problam.



Representation in the assessment ~ 50

Survey
"] Morth Africa and Mear Enst
Turkey (included in Near East)

Figure 6. Map of Asia and the Mear East {ANE] showing the representation of
individual countrizs in the assessment. Survey responses were received from
countries with subregional shading. A dof within a country indicates that the
country was represented at the regional workshop.

Conclusion

The methodology used for the Global Horticulture Assessment
stressed participation and involvement of a wide variety of
stakeholders. Phase | of the Assessment elicited top-down
input from International experts in the field of horticulture,
develcpment, and marketing as well as representatives

from industry and NGOs. Fhase |l gathered bottom-up input
from stakeholders based in developing countries, whose
perspectives, expertise and involvement are critical to
developing applicable research projects as well as sustainable
and appropriate development initiatives. Workshop participants
and survey respondents have expressed interest in continuing
the dialogue begun with this assessment. Individuals and
institutions working in the field of horticulture have much to
learn from one another; shared successes and challenges can
help to drive innovation and inspire change.

Methodology
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Introduction

As noted earlier, more than 750 participants from over 60
countries provided direct input to this assessment, via
participation at the workshops or through complation of the
survey. This process resulted in the identification of eight
significant issues, or primary issues, that either constrain the
growth of horticultural development or represent core social
considerations across all regions. These primary issues ara:

= Market systems

= Postharvest systems and food safety

= Genelic resources conservation and development

=  Suslainable production systems and natural resources
management

= Capacity building

*  Enabling environment

= Gender equity

= Mutrition and human health

Each primary issue is comprised of a number of sub-issues

and constraints of varying importance among the three regions.

In the following pages, each of the eight primary issues (and
sub-issues) is articulated and its impact on horticultural
development is discussed. A problem modal format, consisting
of a hypothesis statement and key research activities is
presented to help frame the issue and identify the key activities
required to address the issue. Each primary issue analysis

and problem model articulation is followed by an analysis of
the region-specific context, including consideration of the
importance of particular activities within the region and the
identification of additional region-specific activities.'
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Il. Market systems

Successful production and trade of horticultural crops requires
an understanding of the fundamantals of market structure and
function. Knowledge of buyer demands, preducer supplies,
consumer preferences, and international and domestic
standards are critical to success in highly competitive markets.
The need for market information and effective market linkage
is essential for profitability of growers, both large and small.
The challenge for small producers is particularly acute because
they have neither the resources nor the skills 1o access and
interpret this market information, nor adequate financial, human
or social capital to develop the linkages needed to succeed in
the market. Due to the rapid and dynamic nature of the modern
market for horticultural goods, smaller farmars will need new
and innovative technologies for accessing market information.
Success, for growers large and small, will depend on their
ability to access diverse markets and to respond promptly to
changes in market conditions.

Much of the world's poor live in the developing regions of
Africa, Asia and Latin America, areas that are experiencing
rapid transformations in their agri-food systems. Primary
causes for these changes are! (1) increasing urbanization,

{2) growth of supermarkets, and (3) increase in expart market
opportunities. One well-documented shift in market function
is the rapid expansicn of supermarket chains (Reardon &t af.
2003). The growth of the supermarket has had repercussions

“Enabiing enviranment’, ‘Gender equity” and ‘Nutrition and human health’ do
not include an analysls of the region-specilic context as these ssues were not
discussed in detail al the stakeholder mestings.



throughout the agri-food system, both directly through its effect
on traditional markets and all aspects of the feod production
system, and indirectly by altering consumer expectations for
guality, safety and presentation. Analysis of the supermarket
phenemenaon provides useful insights into changes throughout
the focd supply chain and their impact on the rural poor.

The praliferation of supermarkets in developing countries
creates both challenges and opportunities for rural producers.
Supermarkets may contribute to higher demand for
horticultural products, while simultaneously excluding small
producers from participating in supermarket procurements and
contracts. Latin America has led the way among developing
regions in the growth of the supermarket sector (Reardon
2003), rising from 10 to 20 percent of national retail food sales
in the 1980s to 50 to 60 percent in 2000 and in scme urban
areas are approaching the 70 to 80 percent share comman to
the United States and France. In Southeast Asian countries,
including Indonesia, Malaysia, and Thailand, supermarkets
account far 33 percent of the market, while the figure is closer
to 63 percent in the East Asian countries of Republic of Korea,
Taiwan, and Philippines. In South Africa, supermarket sales
account for roughly 55 percent of overall food sales (Reardon
2003). Whereas it took fifty years for supermarkets to achisve
dominance in the US market, the changes observed in the
developing world have occurred in just the past two decades,

The procurement practices of supermarkets significantly affect
rural agricultural development and pose new challengas,
particularly for small, undercapitalized growers. Reardon
describas “four pillars of supermarket procurement system
change,” which are used as competitive tools in the retail
sector and as a means to coordinate quality and consistency,
and reduce costs in the supply chain.

1. Shift from local, decentralized procurameant to
centralization and regionalization of procurement

2. Shift from the use of traditional wholesalers to specialized/
dedicated wholesalers as agents of procurement for the
supermarket

3. Shift from the use of spot markets to use of preferred
supplier systems

4,  Shift from informal standards or lack of public standards to
the establishment of private standards of guality and food
safety

Empirical data and emerging trands llustrate that these
buying practices and procurament systems have significant
consequences for farmers and suppliers. First, the
ceniralization and regionalization of procurement puts

lecal producers in direct competition with other producers
across their awn country and region. To stay in the system,
the producer must be competitive at the national and

regional level, rather than just at the local level. Secand,

the shift to specialized, dedicated whaolesalers may result

in the development of a relationship with the buyer that is
formalized and potentially more secure. These buyers may
also provide technical assistance, sometimes credit, and
often transport. Buyers, however, will demand compliance
with product quality and phytasanitary standards, will monitor
volume and consistency standards, and may cancel purchase
contracts if these conditions are not met. Third, the shift to
preferred supplier systems means that producers are either
represanted on the supermarkets’ procurement lists, or they
are not—in which case they are excluded from the market,

As supermarkets supersede urban markets, access becomes
increasingly determined by a producer’s ability to meet
transactional and technological requirements specified by the
large retailers’ requirements.

The predominant procurement practices of the supermarket
sector, and the even more tightly constrained practices in the
export sector, represent a profound challenge to the small
grower who is unlikely to have adequate knowledge, technical
skills or capital to understand or meet these terms of trade.

In the absence of a pool of qualified and responsive small
growers, supermarkets, export companies and wholesalers
often deal exclusively with wealthier large-landowners who
have the capacity to meet quality standards and contractual
infrastructure requirements demanded by the market.

While these changes in the marketing chain due to the rise

of supermarkets present an enormous challenge, the strong
growth in horticultural demand, both regionally and worldwide
also provides great cpportunity for preducers. “A central
issue for donors is to identify what appropriate research and
intervention strategies can support small holders in their
greater integration into this segment of the ... market” (Rubin
et al, 2005). Though supermarkets control large segments

of the entire food chain, mare than 75 percent of fresh fruits
and vegetables are still sold in traditional open-air markets
and small, independent stores (Reardon and Berdegue 2002).
These markets are much more than physical locations to sell
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Case Study 1. Producers’ incomes
increased by organizing for market
integration in Egypt

Lack of current market information and poor
lagistical coordination can limit smallholders'

access to markets. USAID's Agricultural Exports
and Rural Inceme (AERI} — El Shams program in
Egypt is overcoming these hurdles by organizing
producers into farmer associations (FAs) that link
them with markets. |n nine gavernates in Upper
Egypt. El Shams has effectively aggregated growers
te enhance market power and facilitate capacity
building. An FA serves as a center for training, as
well as providing a mechanism to market product as
a community. Producers receive market information,
and technical training in sustainable production

and postharvest quality methodologies. As a group,
Egyptian FAs link with domestic and export contracis
for their produce. Products include fresh cut green
beans, melons, tomatoes, onions, and garlie.

As of March 2005, 79 FAs have been formed in
Egypt, affording 2 400 growers direct training during
cross-visits, and impacting an additional 1,200
farmers through diffusion of methodaologies. El-
Shams has also facilitated linkages with 31 exporters
andf/or buyers handling commaodities produced by
smaltholders. To date, more than 100 high-value
contracts have been signed. Horticultural sales have
increased by 16.575 million Egyptian pounds and
production has increased by 13,142metric tons.
The average FA member's income has improved by
226 percent to 7,251 Egyptian pounds per year. The
horticuitural sector has created 2,972 new jobs on
farm and 5,994 jobs off farm.

harticultural products; in many locations they are integral
parts of the community and the society. How can these
traditional markets compete with the supermarkets and their
regional distribution systems? How will further globalizatian
of the horticultural sectar impact the poor, and what can be
done to make traditional markets both competitive with the
supermarket and profitable for smaller producers? Future
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studies and development must take these questions into
consideration so that smaller producers are included rather
than excluded In the new, complex marketplaces,

Priority research and development activities

1. Increase access to market information

Small and medium-sized farmers often lack access to
information regarding product demand, existing supply,
standards and prices that Is available to larger, wealthier
preducers. Such information is essential to making informed
decisions regarding production and marketing. Inadequate and
asymmetric market infaormation simultaneously limits the ability
of smaller producers to compete in sophisticated markets and
diminishes their ability respond to dynamic market fluctuations.

Hypothesis: The development and delivery of market
infarmation and interpretation systems will allow producers to
plan their horticultural production cyele to meet specific market
demands.

Activities

Analyze existing market policies, intelligence, and
information delivery systems to develop market
intelligence at the local, national and global levels.
Identify quality. pricing, demand and other relevant
cenditions for major and promising horticultural products
in local, domestic and international markets.

Develop systemns to collect, analyze, and deliver real-
time market information to specific target audiences
(producers, processors, researchers, developers, policy
makers) through appropriate media such as cell phones,
text messaging, faxes or the internet.

Increase partnerships between producers, public
institutions, and industry to facilitate market information
exchange and develop capacity.

Promete communication and exchange of information
throughout the marketing chain by developing partnerships
between producers, pubilic institutions, NGO's and private
industry.

Monitor and evaluate the utilization and impact of market
information on production, research and extension
pragrams, and income generation.



2. Strengthen producer and marketing organizations
Strict safety regulations, quality standards, and market
demands for specific quantities and delivery dates restrict
small producers' access to potentially profitable export and
regicnal markets. Additionally, many cerlification processes
{e.g., Fair Trade), which open opportunities in niche markets,
require strong farmer organizations. By aggregating preduction
and consalidating marketing through farmer organizations,
smallholders may be able to overcome these constraints,
Farmer organizations could also benefit members by
addressing issues such as collective bargaining, contract
farming, and advocacy for policy improvements.

Hypothesis: The strengthening of farmers' organizations will
increase the participation of small-farm-holders in the dynamic
horticulture market by increasing market competitiveness,
facilitating transfer of market information, and advocating for
favorable smallholder governmental palicies.

Activities

= Analyze the impact of producer organizations on
expanding smallholder’s access to markets.

* Identify and adapt successful models of producer
organizations to specific regional and cultural contexts.

* Enhance capacity and competitiveness of farmer
organizations through targeted training of skill sets,
including business management and accounting, and
increased linkages with external sources of information
and the private sector.

3. Impact of changing market systems on small producers
and firms

While Increasing access 1o market infermation and
strengthening producer arganizations may help small holders
and firms to participate more effectively in the modern
marketplace. the full impact of changing market systems on
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small producers, firms, and traditional market avenues is not
well understood.

Hypothesis: Researching the impact of changing agri-food
systems and markets on small preducers and firms will lzad to
effective policies and programs that facilitate and ensure their
continued participation in a variety of market avenues.

Activities

=  Analyze the costs and benefits explicit and implicit to small
farmers and processing firms to produce for and sell to
the modern food industry segments (supermarkets, export
distributors) compared to traditional market channels.

= Examine the types of competitive pressures fram the
madern food industry that might lead to local farmer loss
of market share or constitute a barrier to local farmer entry
in retail markets.

*  Determine where modern food industry segments and
campanies are successfully sourcing from small farms
and firms and the conditions for this success, Determine
the avenues for accessing small farms and firms: directly;
via associations or groups; packer-shippers; specialize/
dedicated whalesalers,

*  Develop alternative market avenues for small producers
and firms by impraving and modernizing traditional
markets.

4. Investment in marketing infrastructure

Insufficient infrastructure (deficient roads, inadequate
distribution channels and cold storage chains, and lack

of communication infrastructure) prevents producers from
receiving essential information and critical inputs, and limits
their ability to deliver products to market in a timely manner.

Hypothesis: Targeted investments in critical infrastructure will
reduce costs for critical inputs {fertilizers, seed) and increase
the quality and quantity of marketable crop.

Activities
*  Assess market infrastructure to determine priorities for
investment.

= Develop appropriate low-cost techneologies and
infrastructure investments to promote efficiency in
communications and facilitate input access.

= Pariner with agrochemical and seed distributors to
enhance access to inputs by developing small-scale local
supply systems.
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Market systems -- Region Specific Context and Focus
The preceding issues and activities, important to all areas, are
supplemantad by the following regionally important issues.

Sub-Saharan Africa (S54)

Of all the regions examinad, SSA presents the greatest
challenge in linking producers to information and markets.
Inadequate infrastructura severaly limits the competitiveness of
local production and hinders producers” ability to compete in
the export market. SSA’'s capacity for generating power is less
than half that of Asla or Latin America on a per capita basis
and the cold-storage chain is virtually non-existent in many
regions. One-fifth of its population is landlocked, meaning

that producers in Africa face great transport distances to the
nearest large markets and road conditions throughout the
region are deteriorating. SSA's rail freight is under 2 percent

of the world's total, air freight less than 1 percent, and marine
freight capacity is 11 percent (mostly foraign owned) (NEPAD
2003). Given these constraints to market infrastructure, it is not
surprising that only a few sub-Saharan African countries have
been successful in the highly competitive export horticultural
market, which demands rigorous quality standards that many
S5A producers are unable to meet.

Kenya has achieved considerable success in the exporting to
the EU, with fruit and vegetable exports to Europe increasing
fourfold since 1974. However, while 70 percent of rural
households in Kenya sell some horticultural preduce, only 2
percent market for export, and by farm-gate value, domestic
sales are at least four to five times greater than exports
(Tschirey et al. 2004). Domestic and local markets, which

have great potential for benefiting smallholders and poor
consumers, have been neglected by governmeants and private
investors. Intra-regional markets have tremendous potential for
growth in sub-Saharan agricultural products, but these market
linkages remain largely untapped. Inadequate infrastructura
(substandard rural roads, market facilities and communication
networks) increases transaction costs and pravents many
producers and consumers from accessing local and regional
markets effectively. Ultimately, increased investment and
productivity in the local and regional market sectors may
generate funds that can be used to enhance production
gfficiency and improve market infrastructure to enable export
markets in the future,



Activities

+ Improve traditional wholesale and retail markets in
the areas of security, efficiency, hygiene, grades and
standards, and price infarmation by grade.

+ Develop and support contract parinership programs that
link smallholders with reglonal processing industries and
supermarkets.

= Assess the ability of cities to meet the produce needs of
growing urban populations; improve linkages and develop
sustainable systems to help cities supply urban markets
with perishable horticultural crops.

* |dentify comparative advantage and market demand of
crops within regions and promote intra-regional trade of
horticulture crops in sub-Saharan Africa.

=  Promote domestic consumption of underutilized
horticultural crops (papaya, avocado, indigenous
vegetables, etc.) through educational programs focusing
on the nutritional importance of diversifying the diet with
fruits and vegetables.

Latin America and the Caribbean [LAC)

Latin America and the Caribbean combine to make up the
largest horticultural trade partner of the US, and as such, they
face unique market systems challenges. Export markets, with
their stringent quality and phytosanitary requirements, demand
producer contracts that regulate all aspects of production, from
exacting growing conditions, variety and quality standards,

Traditional markat in Asia.

to specific dates and quantities of product delivery. Such
stringent market conditions presuppose an established market
infrastructurs, and require the producer to gain a considerable
level of market knowledge. Within a single praduction area, it
is essential that every individual grower adhere to the standard
protocols of the market to which the product is being exported.
Even a single case of non-compliance (especially if it results

in human illness) can result in the closure of the entire export
market for that crop, with devastating conseguences for all
market participants. To maintain this degree of compliance
requires high levels of producer understanding, technical
knowledge, testing, monitering, and oversight.

One consequence of the export market domination of LAC
production has been the growth of large-scale contract
production and the subsequent displacement of small and
mid-size producers from the market. This phenomenaon, which
has resulted in escalating inequity, was identified by workshop
participants and survey respondents as a high prionty
constraint to horticultural systems devalopment in LAG.

Other regions besides LAC are beginning to market to the US,
resulting in downward price pressures and increasing demands
for quality and diversity in products. To sustain their prosperity,
LAC producers must continue ta innovate, offer a product of
consistently higher quality, and develop production systems
that are exceedingly responsive to changing consumer
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demands. They should also be able to take advantage of
opportunities to increase sales locally and regionally, where
fruit and vegetable consumption is amaongst the lowest in the
warld, but is currently on the rise. Another potential market
opportunity for growers in LAC is supplying indigenous and
traditional crops to the growing immigrant population in North
America.

Because tourism is the major industry in the Caribbean, the
supply of produce to hotels and cruise lines represents a
significant potential market for Caribbean produce. Currently,
most major hotels or cruise lines source their produce from
the US (which may include LAC produce) citing limitations
of safety, quality and quantity as the primary reason for this
decision. To enter this market, Caribbean producers would
need to make very substantial investments in marketing
systems and food safety compliance systems. The potential
for growth in regional production of high quality produce for
market to the tourist trade is substantial,

For the small producer in LAC, access to high-value markets
iexport, supermarket, tourism, crganic, Fair Trade) and
production of unique or regionally-favored products represents
significant potential for rural economic development, but
guality, consistent packaging, compliance with standards and
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Bean packaging In Egypt for expont
markels.

reliable delivery are essential. Participation in these markets
will require creative market development as well as the
development of new technologies, specialized postharvest
practices, packaging and labeling, and capable personnel
within the preduction system.

Activities
= |dentify high-value and niche markets accessible to small
producers,

= Promote Nerth-South partnerships between the “ends”
of the production chain, linking importers and distributors
with farmers and farmer organizations,

*  Provide training and access to information and technology
to successfully exploit higher value markets and meet
buyer and consumer demands.

= Develop policies to encourage the tourism industries 1o
source local products, provided standards and quantity
constraints can be satisfied.

Asia and the Near East

AMNE has the capacity to serve as both the source and the
sink for many of the horticultural products grown in the region.
Demand is growing because increasing incomes allow the
population to indulge in the historically high dietary intake

of fruit, nuts, and vegetables. China dominates the regional



horticultural industry with 20 percent of its arable land
dedicated to horticultural crop production, supporting

47 percent of the world’s vegetable production, East and
Southeast Asia increased their net trade of horlicultural
commeadities by 1.2 billion US dollars in 2002, while South Asia
has become a net importer of fruits and vegetable (Weinberger
and Lumpkin 2005).

While acknowledging that the primary obstacles 1o ANE market
linkages are inadequacies in organization of producers, market
intelligence, and value-added processing, it must be noted

that the lack of market standards in the region impedes trade
due to widely varying preduct quality. ANE suffers for lack of
universally recognized marketing standards to gauge and judge
product grades. Because standards differentiate commodities
and reward producers of high-quality products, they provide
incentives for improvemeants in quality and help to ensure
marketable praduce.

Activities

o  Set up a multi-disciplinary team consisting of marketers,
postharvest physiologists, and production experts o
establish regional quality standards for harticultural
cammodities,

*  Train producers, extension agents, processors, and
marketars regarding quality defects and mathodologies to
avoid them.

=  Create public/private partnerships to link producers to
high-value markets, including export and high-end local
outlets such as tourist hotels.

+ Develop maturity indices to ensure highest quality at time
of marketing.

Results-Market Systems
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Il. Postharvest systems and food
safety

Postharvest

Postharvest technology is traditionally defined as all processes,
pracedures and operations that take place between harvest
and consumption of a horticultural commadity. It includes
harvesting and handiing techniques, maturity and quality
standards, cleaning, sorting, grading, packing and packaging,
storage, treatments for disease contral, ripening, insect
disinfestation, transportation and supply logistics, and display
conditions in stares. In recent years, this definition has been
expanded to incorporate value-added processing as well,

From field-to-fork, a large proportion of horticultural produce

is lost. In developing countries, estimates are that 50 percent
or more of fruits and vegetables are lost during postharvest
(FAQ 1981; National Academy of Sciences 1878). In addition
to discarded product, deterioration of quality (appearancs,
texture, flaver and nutritive value) and subsequent decreases in
market value are significant factors. Quantitative and qualitative
postharvest losses can be reduced through the adoption of
appropriate management practices, both before and after
harvest. Any reduction in postharvest losses serves to increase
food availability to burgeoning human populations while
decreasing the total land area needed for production, thereby
conserving natural resources (Kader 2003).

Postharvest handling practices are crucial to maintaining
quality during all stages of the value chain. Providing optimal
ranges of temperature and relative humidity is the most
important element for maintaining commeodity quality and
safety, thereby minimizing respiration and water loss (Cantwell
and Reid 1993; Gross af al. 2002; Kader 2002; Nell and Reid
2000; Thompson et al. 1998). In addition, many fresh market
horticultural commaodities are highly susceptible o mechanical
injury commonly inflicted during packing, shipping and
handling, and resulting in bruising, cuts, or opportunities for
infection. Although weight loss and mechanical injury diminish
product, many postharvest quality and handling characteristics
are determined by preharvest conditicns. Strategies for loss
praventian include the use of genotypes that have a longer
postharvest life, adequate fertilization and irrigation regimens,
effective insect and disease control, uniform harvest dates, and
suitable harvest maturity indices.
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Postharvest capacities and demands vary for small, medium
and large-scale growers, processors, distributors and market
destination—local, regional, or international. Many postharvest
technologies are capital intensive and impractical for small-
scale producers and processors. Large-scale storage and
transportation dictates climate control (humidity, temperatura,
and possibly controlled atmospheres) and regulating the
amounts of ethylene and carbon dioxide gases. Furthermare,
due to the extended time en-route to export markets,
fungicides, including methyl bromide, are necessary for

some commodities. Nevertheless, small and medium-scale
producers and processors could prevent significant crop losses
and damage with simple, low-input technologies. For example,
proper temperature management, including harvesting

during cooler parts of the day, or even at night; protection
from exposure to the sun; adequate ventilation in containers
and non-refrigerated transport vehicles; use of simple and
inexpensive cooling procedures, such as evaporative cooling
and cool-night ambient air; and expedited handling, can all
significantly reduce postharvest losses.

Small-scale and low-cost postharvest technigues can be highly
productive, particularly when coupled with effective training
programs and the availability of appropriate technology. The
International Society for Horticultural Science workshop

on Postharvest Technologies for Developing Countries
concluded that the most important current issue in postharvest
technology for developing areas is the provision of extension
training on simple, low-cost applications. In most cases,

for commaodities already widely grown, solutions to existing
problems in the postharvest handling system require use of
available information rather than any new research. However,
thers is little basic postharvest information available for many
indigenous vegetables, fruits, medicinals and ornamentals with
potential market development.

Food safety

Assuring food safety throughout the postharvest handling
chain is critical to successful marketing of produce, particularly
to the export market. Food safety for fruits and vegetables
demands special attention since they are often consumed

raw or with minimal preparation and there are no effective
intervention strategies that can completely eliminate food
safety risks of uncooked produce (Bracket 19589; Kitinoja

and Gorny 1898). The guiding principle for addressing this



challenge is to prevent contamination of fresh produce with
human pathogens, dangerous levels of chemical residues, or
physical contaminants. Prevention is much more reliable and
less expensive than interceding with corrective action once
contamination has occurred (USFDA 1998). Commansense
practices during production, harvesting, packaging and
marketing provide the best prevention measures. These
postharvest practices combine to provide layers of protection
at successive steps in the handling system and any breaches
in their application can lead to cross-contamination, resulting in
an unsafe product.

Fruits and vegetables have a high susceptibility to
contamination by infected fieldworkers, use of contaminated
irfigation water, contact with contaminated soil, use of
inadequately composted manure, or careless harvest and/or
postharvest handling. Good Agricultural Practices (GAPs) and
Good Handling Practices (GHPs) along the preductive chain
represent key steps that can prevent produce contamination.
Amongst the most critical elements is the availability and use of
clean, disinfected water for preharvest (foliar applications) and
postharvest (washing, cooling and applications) operations.
Bath training to ensure high standards of employee hygiene
and proper animal waste management are vitally important
steps in any food safety program.

In a modern market system, postharvest management cannot
be separated from commadity marketing and it represents a
critical element linking producers to markets. Priarities within
the postharvest sector of developing countries have evalved
from a primarily technical focus geared toward the reduction
of losses to a more holistic approach designed to link on-farm
activities to processing, marketing, and distribution, Despite
this evolution in trends, fundamental problems and concerns
remain unchanged. High postharvest losses, poor marketing
systems, weak research and development capacity, and
inadequacies in policies, infrastructure, and information exchange
are still considered the major constraints to foed production in
developing regions of the world (Mrema and Rolle 2002).

Priority research and development activities

1. Develop and disseminate appropriate postharvest
technologies for small, medium, and large-scale producers
Postharvest requirements differ based upon the ultimate
produce destination and market characteristics. Although
creating new technologies is a priarity here and in other

assessments, in many cases, solutions to existing problems

in the postharvest handling system require adaptation of
available information rather than any new research (CIDA 2003;
DFID 20085). Insufficient knowledge, limited resources, and
lack of adapted technigues prevent many small and medium-
sized producers and processors from adopting appropriate
postharvest technologies and practices.

Hypothesis: Insufficient knowledge of postharvest
management and deficient local technologies result in
substantial postharvest losses of horticultural preducts.
Prevention of postharvest losses will result in greater quantities
of marketable praduce and increased profitability.

Activities

s«  Examine the production-market supply chain on a
commeodity and regional basis, and determine points of
greatest product loss, whare cost effective interventions
ara possible.

« |dentify, develop and/or adapt appropriate harvest,
storage, transport, processing, and packaging
technologies for targeted small and medium producers
using locally available materials.

¢« Develop innovative networking models for shared
packaging and transportation of produce from small-
scale producers to holding and accumulation centers and
markets.

* Develop and institute shart-term training of individuals
involved in postharvest handling, logistics, storage,
and safety, Good Handling Practices (GHF) and Good
Manufacturing Practices (GMP).

* Establish and implement Integrated Farming Systems
(IFS), product and handling standards such as European
Good Agricultural Practices{GARP), British Retail Consortium
(BRC), and food safety systemns at the farm level.

+  Provide extensive scientific training to appropriate
personnel on principles and applicable postharvest
methodologies, These personnel will serve as adapters and
developers of new knowledge to address ever-changing
standards and new agricultural challenges.

*  Enhance in-country postharvest resources by providing
opportunities for students to obtain higher degrees.

e (Generate knowledge about basic postharvest data on
indigenous vegetables, fruits and ornamental crops with
market potential.
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2. Enhancement of value-added processing technigues
and opportunities

Value-addition processing industries provide an alternative
market niche far small producers. Value-added processing
such as canning, freezing, and drying could help growers
enhance profitability and create local jobs, but the technical
know-how prevents producers from accessing these potantial
markets.

Hypothesis: Adding value through processing decreases
producer risk, increases profits, and creates employment
apportunities, especially for women.

Activities

*  Assess viable value-added markets, favorable production
areas, and sultable processes; facilitate market linkages.

= |dentify, develop and adapt appropriate, low-cost value-
added processing techniques for small-scale producers,

adapted to local resources,

= Enhance farmers’ capacity to participate in valus-addition
by demanstrating alternative cultivars or more amenable
production practices,

*  Build capacity of rural workforce to provide labor for value-

addition industries,

Identify and encourage public/private market linkages

to promote the development of agro-processing micra-

enterprises for local and regional markets.

* Provide necessary cradit infrastructure for small farmers
to invest in appropriate technology for value-added
producticon.

3. Development and extension of food safety protocols and
guality standards for horticeltural commodities

The establishment of food standards, testing and certification
systems, and the provision of the training and infrastructure
needed to attain these goals is an impertant first step in the

Case Siudy 3. Food Safety and Food Trade: Guatemalan raspberries and Cyclospora

The Guaternalan raspberry industry began exporting
to the United States in the late 1980s to fill a market
niche in the spring and fall when supplies were low. By
1996, Guatemalan raspberry exports had risen to 250
metric tans. In the spring and summer of 1998, the US
Centers for Disease Control and Prevention (CDC) and
Health Canada received reports of over 1,465 cases
of fcod-borne iliness from Cyclospora cayetanensis,

a protozoan parasite. A second outbreak was also
reperted in the spring of 1997, and eventually both
outbreaks were linked to Guatemalan raspberries.
Guatemala imposed a voluntany halt to exports in May
of 1987, but not before substantial adverse publicity
had occurred. Subsequent to these outbreaks, many
buyers opted to no longer purchase Guatemalan
raspberries. The Cyclospora outbreak also affected
Guatemalan blackberry exports, which by 2002 were
only 50 percent of 1996 |evels, In 1996, prior to the
contamination problem, raspberry production was
approximately 250 tons; by 2002, only three growers
remained in the industry supplying a total of just 45 tons,

4
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The raspberry-associated Cyclospora outbreak was
a critical event in the produce industry. Praducers
everywhera noted its devastating impacts.

The entire industry |zarned four important lessons:

1] Any delay in addressing a potential problem
may adversely affect an industry’s exports and
reputation,

2) The FDA can dictate trade restrictions, even
without physical evidence,

3) Reliable traceback may confine trade

restrictions o individual growers, rather than
the entire industry.

4} Strong grower organizations can improve
an industry's ability to deal with food safety
outbreaks.

(adapted frem IFPRI, Focus 10, 2003)



development of a market-ready horticulture industry. Preducers
supplying supermarkets and export markets must mest a
variety of GAR, GMP, HACCP, and $PS regulations. In local

and national markets, food saiety and quality standards are
often undefined andfor not enforced. Nevertheless, pressures
are mounting to adopt stricter standards as supermarkets
absorb an increasing share of the market. A frend toward broad
adoption of safety and quality protocols is in the best interest
of all producers as it facilitates transition into higher-valus
markets and prevents contamination of export chains with poor
guality product. APAARI (2002) identifies food safety practices
as especially impeortant in Asia, but the availability of safe and
nutritious food is of great benefit to everyone.

Activities

s Study the levels of pesticide exposure, agrochemical
residues and sanitary and phytosanitary conditions of
marketed produce, along with related managemeant
practices, on a ragional basis to determine areas af high
risk and potential intervention.

= Develop participatory training pregrams to enable
farmer groups to implement Goed Agricultural Practice
{GAP) and Goed Handling Practice (GHP) to meet the
standards required for domestic marketing as well as for
supermarkets and export markets.

= Create a multi-disciplinary team consisting of marketers,
postharvest physiologists, and production experts
to establish regicnal standards for all horticultural
commedities.

= Develop effective extension mechanisms to inform
producers, marketers and retailers about existing
standards and safety protocols, and provide training on
how to implement those standards and protocols.

s Develop phytosanitary testing capacity and certification
programs including simple low-cost rapid assays and
monitaring methods for pesticide levels and microbial
contamination at the wholesale level,

#  Expand the U.S. IR4 program model to the developing
world to regulate and provide guidelines for proper
agrochemical use for horticultural crops.

= Institute a multi-faceted, integrated extension program
to enhance farmers' ability to recognize and aveoid
micrabial contamination and pesticide abuse, and increase
consumer awareness of contamination risks.

Region Specific Context and Focus

Sub-Saharan Africa

The high level of postharvest loss is one of the main
constraints to the development of horticulture in sub-Saharan
Africa. Postharvest infrastructurs, especially transportation
and cold chain technologies, is inadequate ar non-existent

in maost regions, preventing producers from delivering quality
products to local, regional and export markets. There is great
potential for the development of the horticultural sector in
Africa, particularly with increasing consumption and demand
for "indigenous” leafy vegetables, traditionally planted in home
gardens and now demanded by a growing Lrban population,
The expansion of trade and commercialization of indigencus
vegetables is hindered by a lack of appropriate postharvest
and processing technigues specific to these valuable crops.

Small and medium-sized stakehelders throughout the value
chain have difficulty complying with rigorous quality standards
required by European export markets. As the number of
European importers demanding EUREGAP certification
increaseas, countries that do not support their producers in
meaeting these requirements reduce their chances of accessing
valuable EU markets.

Activities

*  Provide short-term training to individuals in postharvest
safety, Good Handling Practices (GHP) and Good
Manufacturing Practices (GMP) with the intention of
meeting EUREPGARP standards for export.

* Develop realistic local and regional standards for
haorticultural products.

*  Suppart the development of agro-processing and value-
added industries for local and regional markets.

* Develop appropriate postharvest technigues for
processing, packaging, and storage of indigenous leafy
vagetables for both regional export and local consumption.

Latin America and the Caribbean

LAC has a higher percentage of total horticultural production
geared towards high-value and export markets than the other
regions in this asssssment. These up-scale markets have
stringent postharvest requirements. Producers must meet
phytosanitary requirements for entry into the marketplace.
The Guatemalan raspberry Cyclospora outbreak in 1996-7
illustrates the food safety risks associated with perishable
harticultural products and the economic consequences for an
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industry that fails to guarantee food safety (See Food Safety
and Food Trade, Case Study 4). This disastrous experience
underscores the importance of each supplier, at every point in
the supply chain of an export industry, meeting phytosanitary
standards through GAP and effective postharvest technigues,

Activities

= Create training centers where producers, packinghouse
managers, cooperative members can learn through hands-
on demonstration the GAF, GMP, and HACCP systems.

=  Provide growers with educational materials illustrating the
risks of non-compliance with market standards for food
safaty.

Asia and the Near East

In ANE, home ta the waorld’s two most populous countries,
approximately 53 percent of the population works in the
agrarian sector, ranging between 12 percent in Jordan and 76
percent in Cambodia. Fully 60 percent of the ANE population
resides and farms in rural areas, with great variability and
inconsistency in commodity chain handling (FAQSTAT

data 2004). Significant direct investment in infrastructure
must accompany horticultural development because of

the great distances which products travel. Because of the
inherent perishable quality of fresh market produce, poor
road conditions, hot climates, and vast transport distances,
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Traditional papper drying mathod,

improved infrastructure would play a key role in enabling
producers to access markets and maintain quality ance
product has arrived. China has achieved gains in the apple
market by increasing their production almost 500 percent in the
past 14 years, from 4,557,334 metric tons 1891 to 20,503,000
metric tons in 2004 (FAOSTAT data 2004). These impressive
advances have accrued from infrastructure investments,
including processing.

AME, which has a long history in the preduction of horticultural
crops, has developed a complex of culturally-determined
market standards that evidence significant regional variability.
This complex of regional standards has compromised the
development of a strong export market in many potentially
viable species.

Activities

=  Far high potential species, assess the commiodity chain
from field-to-fork to Identify constraints to the efficient
delivery of a high-quality product,

=  Develop postharvest handling and processing technigues
appropriate to the diversity of crops and cultivars in ANE.

= Develop adapted postharvest storage, transportation, and
distribution facilities for high potential crops

¢ Create regional market standards for export-oriented crops.



Ill. Genetic resources conservation
and development

Horticultural production is dependent upon the optimization
of diverse genetic rescurces to obtain uniform, high-

quality products and to adapt those products to changing
environmental constraints and market demands. Untapped
genetic resources also offer unigue potential to develop
new commercial opportunities, such as innovative crops or
additional products within existing crops. Nowvel exctic fruits
can be developed as a unigque market segment, as illustrated
by the introduction of *kiwi™ fruit {(Actinidia chinensis), which
has grown fram a largely unknown crop in the mid-1870s

to a production of 451,000 metric tons in 2000 (FAS 2003).
Alternative products can also be developed, such as fruits
of smaller and more uniform size (papaya, watermelon),
seedless varieties (papaya, watermelon), different colored
varieties (carrots), and varieties with higher nutrition or flavor
{strawberries).

Regional, commercially unimproved germplasm exists in
many parts of the world. These heritage cultivars frequently
reflect long-lasting selection by farmers and consumers alike,
for local adaptation and culinary ar consumer preferences,
While generally not asseciated with the high yields of modem
commercial varieties, these traits are important for future
breeding and adaptive research. As demand for horticultural
products continues to grow, productivity and growth of

the industry will depend on the appropriate utilization of
genetic resources and on the genetic diversity that sustains it
(Weinberger and Lumpkin 2005).

Genetic diversity is maintained within landraces', weedy
relatives, and progenitor species that store genstic diversity.
These sources of genetic variation are under threat from loss of
habitat for wild and progenitor species, and from the conversion
from landraces to bred varieties developed for a narrow range
of highly marketable traits. Though landraces and locally
selected cultivars represent an important part of regional or
cultural identity for many farmers, local varieties are frequently
less productive, less predictable in harvest date, and less
compatible with market standards, compared with improved
varieties. In much of Africa, indigenous™ leafy vegetables, such
as amaranth and Ethiopian cabbage, are important to local
diets. These species, however, are ofien incompatible with
modern harticultural systems due to low or variable productivity,
and problems in storage and transportation. In the absence of

investment in research and crop improvement, these species
will surely be replaced by less nutritious but more 'compatible’
species, This failure would represent the loss of a potentially
valuable species of cultural importance, and a squandered
prospect for product differentiation and hence, market
opportunity,

Opportunities, to characterize landraces of major horticultural
crops for traits of interest, such as disease resistance or
drought tolerance, are rapidly diminishing, as these resources
are lost through degradation or replacement. In the highly
competitive world of global horticulture, it would be a tragedy if
the developing world lost access to its unique genetic advantage.

This Global Horticulture Assessment clearly indicates that
current efforts to consearve, improve and disseminate local
varieties are failing. Proper utilization and characterization of
the genetic diversity present in both landraces and unexploited
horticultural crops in developing countries represents an
enormous opportunity for the horticultural sector within the
region and globally. A strong and dynamic program of genetic
resource development will set the foundation for increased and
improved production, marketing and profitability of horticulture
generally. The following research and development focuses
begin to address these areas of need,

Priority research and development activities

1. Development of high-guality seed and planting stock
programs

High-quality planting material requires advanced multiplication
and protection systems, breeding for adapted germplasm,

and ceriification and regulation to ensure quality standards,
These requirements are beyond the capacity of most

individual growers, and for many horticultural crops there is no
investment by private industry to meet the demand for planting
materials. Standardization and certification programs are often
inadequate at the national and regional levels,

Hypothesis: Increasing the availability of high-quality, locally
adapted, market-demanded seed and planting stock will
improve productivity of commercially important commadities.

* Crog o cullivar that has been genetically improved by tarmer selection, and not
influenced by modaern breeding techniques.

! Many spacies refarred to as indigenous may not be native to the region but hawve
developed urigue regional impartance over meny years of use.
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Activities

= Acquire, develop and evaluate cultivars for target
horticultural crops and different production systems.

= Develop seed certification and distribution programs at the
regional and/or national levels.

= Select and breed local varieties adapted to environmental
conditions and disease and pest resistance.

=  Establish nursery systems for the distribution of quality
planting stock to address commercial demand.

= Facilitate the developmeant of local seed companies and
nurseries to provide low-cost, locally adapted seed and
planting materials; provide extension and mentaring
to these companies to improve competitiveness and
probability of success,

2. Exploration, collection, conservation and utilization of
indigencus genetic germplasm and knowledge systems
Sub-Saharan Africa, Latin America and the Caribbean, and the
Asia/Near East regions are the centers of origin for the majority
of the world's commercially important horticuttural crops. The
rich diversity of indigenous germplasm in these regions is a
critical resource for the development and improvement cf
horticultural crops in varied agro-ecological zones across the
globe, Yet much of this resource, In the form of locally adapted,
and unique, indigenous species and cultivars, is quickly
disappearing from farmers’ fields, markets, and diets. Most of
this valuable germplasm has not been characterized, properly
preserved, or protected against extinction.

Hypothesis: Canservation and evaluation of indigenous
genetic resources will lead to improvements and local
adaptation of important horticultural crops, as well as the
utilization and commercialization of traditional indigenous
varieties and species.

Activities

*  Document and inventory indigenous horticultural crops
(fruits, vegetables, and medicinals) and knowledge about
their use and cultivation at the regional or national level

* Develop replicable propagation systems for select
indigenous crops.

= Study the resistance of native relatives to abiotic and biotic
stresses for use in breeding programs.

* Develop participatory in-situ conservation strategies for
landraces of commercially important horticultural crops.

* Improve access to germplasm varieties through novel
distribution channels,

*  Enhance policy and regulatory mechanisms to protect
genetic material and intellectual property rights.

*  Develop postharvest and packaging technigues far
indigenous crops.

* Documentation of the betanical information of thousands of uselul plants
is already underway through the PROTA and PROSEA projects in Adrica and
Southeast Asig, respectively. Both are spansored, in part, by Wageningen
University,

Case Study 4. Genetic Diversity of Avocados in Mesoamerica: Foundation of a Global Industry

The avocado has been cultivated in Mexico for more than 10,000 years {Lahav and Whiley 2002). (The Spanish name for
avocado, aguacate is derived from the Nahuat| Amerindian word ahuacat!.) By the time of Spanish conguest, avocados
had adapted into three geographically distinct landraces, spread throughout Mexico and CGentral America. The diverse
agroecological conditions in which the avocado was domesticated and evolved have resulted |n a number of landraces
that form the basis of many modern varieties, now cultivated on six continents. Mexico has contributed diverse and
valuable genctypes to modern avocado cultivar development. In 1911, Carl Schmidt (a Californian spensored by Los
Angeles nurseryman Carl Popenoe| brought the cultivar ‘Fuerte’ to the US from Mexico. Fuerte enjoyed instant success
and was the industry’s standard variety for over 40 years before the Hass avocado, a scion of a western Guatemala
variety, succeeded t. These two varieties of avocados are now planted worldwide. Together they comprise 85 percent of
US avecado production, with a farm value of more than 400 million dollars.
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Region Specific Context and Focus

Sub-Saharan Africa

Stakeholders repeatedly emphasized the need to improve the
availability of high-quality seed and planting stock throughout
S5A. Inadequate government regulation and organization,
coupled with insufficient input markets and infrastructure,
severely limit rural producers’ access te planting materials.

In addition, many of the available horticultural crop varieties
are not adapted to the diverse biophysical constraints of eco-
regions In SSA, like drought and low soil fertility,

Despite these constraints, SSA Is ripe for expanded cultivation
of its underutilized and indigenous crops, including leafy
vegetables and perennial fruit, vegetable and medicinal
species. The rich horticultural resources of SSA are largely
untapped, in part because the majority of commercialized
harticultural crops have their origing elsewhers. 534 is home
to between 2800 and 1,000 species of widely-cultivated or
gathered ‘indigenous’ leafy plants that play a significant role in
the food security, nutrition, and incomes of people in rural and

Nightshade
(Solanum scabrum)

urban settings across the continent. Indigenous, in this sense,
refers to a crap species or variety that is genuinely native to

a region or one that has, over time, adapted and evalved to
local conditions, although it may not be native. Examples of
S5A indigenous vegetables include Amananthus spp, Spider
plant (Cleome gynandra), and African eggplant (Sajlanum
aethiopicurm and S. macrocarpon). In the Sahel region of West
Africa, a number of unique perennial species are well adapted
to the arid conditions and have gained considerable attention
in local and export markets, such as the vitamin C-rich

rosalle (Hibiscus sabdaniffa), the apple of the Sahel (Ziziphus
mauritania), moringa (Moringa oleifera), and date palms. As
people move to cities and modern varielies replace traditional
landraces in commercial agriculture, the role of indigenous
harticultural crops in iImproving diets and enhancing rural
incaomes is threatened. Nevertheless, there is great potential
to expand the markets for these valuable crops for local and
export markets, as well as for growing urban centers.

Family: Solanaceae

Line: 55 042

Evaluation of indigenous vagelabla
cultures in East Africa.
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Activities

=  Develop horticultural crop varisties adapted to the diverse
agroclimatic conditions of 354,

= Promote trade of indigenous horticultural crops between
regions.

* |ncrease consumer awareness of the nutritional and
cultural importance of traditional vegetables and fruits
in order to increase food security, nutrient intake, and
incomes.,

*  Analyze the nutritional and beneficial properties of selact
indigenous vegetable species,

= Create regional and national databases of indigenous
horticultural crops to include fruits, vegetables,
ornamentals and medicinals.

Latin America and the Caribbean

The two centers of agricultural origin in LAGC are Mesoamerica
iMexico to Panama) and South America (coastal regions). Many
important horticultural crops have arisen from these centers
{Cacap, avocado, tomato, chila peppers, pineapple, papaya,
and squash, among others). Numerous LAC horticultural
species are currently underutilized and show potential for
intensive cultivation, including many native fruit species
—anonnas spp., mombin, sapote, mamancillo, guava, etc.
While these indigenous fruit species are cultivated in home
gardens and available at informal markets, little effort has been
invaested in improving their production systems. The genetic
diversity of crops originating in Latin America is an invaluable
resource for breeders, both within the region and around the
globe. Underutilized LAC tree fruits represent opportunities to
generate new markets, like the creation of the “kiwi" market.

Because the export market accounts for a greater proportion
of horticultural production in LAC than in any other region of
the waorld, much of LAC’s productive land has been converted
to crops that meet US supermarket demands. This widespread
planting of US-destined export crops has resulted in the
displacement of species of local value. The shortage of quality
seed for many indigenous species has exacerbated this trend.
With growing competition for the US market and a recognized
need for greater local and regional consumption, the
development of indigenous crops and novel export products
become increasingly important.
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Activities

*  Document and characterize indigencous and underutilized
horticultural species and compile regional knowledge of
species cultivation and traditional usage at a regional and
national level.

* Conduct feasibility study to determine local and
international market potential of indigenous fruits.

=  Create participatory fn-situ conservation systems for
landraces of horticultural crops of significant impartance
{tormato, Capsicum, pineapple, papaya, etc.).

* Harmonize IPR and PVP across the region.

Asia and the Near East

AME is the center of origin and diversity of many of the

world's major horticultural crops. Much of this germplasm

has not yet been characterized and little effort is currently
extended to preserve genetic resources and protect local
cultivars from extinction. Conservation of genetic resources is
critical, both for the improvement of economically important
crops and for the possible intreduction of new crops into
international markets. Farmers throughout ANE have extensive
knowledge of indigenous crop varieties and their utilization,

as well as familiarity with the wild relatives of cultivated
horticultural crops, but most of their knowledge has never been
systematically assessed. The germplasm and knowledge is a
latent rescurce, which may prove essential for the future of the
industry.

The range of germplasm in ANE covers many fruit and
vegetable species; this region is particularly rich in species with
medicinal or pharmaceutical properties as well as many herbs,
spices and flowers. The region has a strong cultural history of
employing herbs, spices and medicinal plants. Consequently,
there is a wealth of ethnobotanical knowledge and a long oral
and written history of uses of these plants. Much of the ANE
regicn lacks adequate systems and mechanisms for protecting
indigenous germplasm and the associated Intellectual
property rights. Because international laws and treaties, such
as the International Treaty on Genetic Resources, consider
genetic resources the possession of the country in which they
exist, these treaties can potentially be used to preserve a
country's right to benefit from its genetic resources. In reality,
plant species are rarely confined to political boundaries;

most speciss of economic or cultural interest have been
widely dispersed throughout the world, The real value of an
indigenous plant species results fram the commercialization

of the species, or the compounds derived from that spacies.



Countries that harbor valuable germplasm and a wealth

of indigenous knowledge on its use, need to protect tha
economic value of that rescurce. They must maintain the
diversity of the species through in-situ and ex-situ preservation,
by documenting and cataloging indigenous knowledge, and
where appropriate, by legally protecting the species’ known
medicinal properties. Public policy development is needed
throughout ANE to promote the just and ethical exchange and
protection of genetic resources.

Activities

* Promote partnerships between private enterprises and
growers of indigenous crops to preserve germplasm and
cultural resources.

= Develop institutions to negotiate and enforce intemational
treaties addressing farmers’ intellectual property rights.

=  Establish regulatory mechanisms to systematize the
exchange of plant genetic resources across geopolitical
boundaries,

= Conduct research to document ethnobotanical knowledge,
to determine the physico-chemical basis of potential
medicinals and to develop patentable commercial
products.

IV. Sustainable Production Systems
and Natural Resources Management

Haorticultural cropping systems are usually diverse and
dynamic, and as such, they represent an inherently more
sustainable farming system than monoculture cereal
production. Horticulture also threatens the environment,
however, because the large demand for and frequent misuse
of agrochemical inputs in horticultural cropping can have
significant negative impacts on ecosystem services, Ultimately,
horticulture's impact on the environment will depend upen

the manner in which inputs are utilized and the prevalent
environmental conditions. Mismanagement can resuit in
damage to ecosystemn health and the subsequent erosion

of the natural resource base. On the other hand, producers
employing good agricultural practices (GAP) can provide
valuable ecosystem benefits. As markets become maore
sophisticated, demands far product quality and safety provide
a clear incentive for environmental stewardship.

Detrimental Effects of Horticulture on
Sustainability and Natural Resource
Management

Amongst the rural poor, where the human capital and
information sources necessary for the wise use of agricultural
inputs is largely absent, the adoption of horticulture without the
requisite training or menitaring can result in the degradation

of natural resources. Consequences of horticultural
intensification may include loss of biodiversity, water resource
depletion or contamination, erosion, deforestation, and/or loss
of soil productivity. These effects are the result of three primary
mechanisms:

= Defrimental envirenmental impacts due to the
misapplication of inputs, both agrochemicals and water,
cantributing to contamination of soils and water resources

s  High-intensity horticultural industry’s utilization of non-
recyclable, non-biodegradable plastics far protection,
production and packaging

*  Soil depletion and erosion
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Agrochemicals

In developed countries, fertilizers and pesticides are applied
dispropertionately an horticultural crops (Weinberger and
Lurnpkin 2005). Over the past thirty years, there has been a
rising trend of similar herticultural intensification and fertilizer
use in developing countries, namely in Latin Amearica and Asia
(FADSTAT data 2004). Mismanagement of toxic compounds,
can result in damage to human health and dire environmental
effects, and can lead to market exclusion if products fail to
meet phytosanitary standards. Inappropriate timing and volume
of applications may result in leaching of fertilizers into the
groundwater and acidification of soils. Overuse of ammonia
fartilizer can accelerate soil acidification, limiting the availability
of some plant nutrients and degrading soil quality. Abuse of
pesticides disrupts the ecosystem balance by killing non-
target insects, compromising natural biological contral and
degrading groundwater, compromising health for downstream
users. Deleterious health effects on infants and adults are
linked to nitrate leaching into the groundwater, Appropriate
agrochemical management requires a sound understanding
af the principles of use, plus careful monitering of cutcomes.
Efficient use of agrochemicals is complicated because
chemical efficacy is sensitive to a variety of environmental
factors, such as temperature, soil type, and water availability.

Improper agrochemical disposal, impacting water resources in Latin America and
the Caribbean.
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Water content being highly desirable. As with all irrigated craps,
Export-guality harticultural preduction demands high quantitiss  management of sail salinity and chemical-ion exchange is

of quality water throughout the growing season. While the critical to long term sustainability of horticultural production,
actual quantity depends on crep/agroecological couplings,

the nead is usually greater when planting horticultural crops Plastics

as compared to cereals. Inappropriate timing and volume High-value, high-intensity horticulturs is increasingly dependent
applications exacerbate water demand. Throughout the upon plastic, either in protected production systems (shade
developing world, there is a general need for low-cost, low- and greenhouses, etc.}, as soil cover o reduce weeds and
technology irigation systems such as drip irrigation. Although evaporation, or to suppress soil pathogens. Greenhouses and
access to the adequate quantities of water is a prereguisite, soll covering are tremendously valuable technologies, altering
water quality is also important, with low salt and heavy metal temperature and humidity levels, and thereby facilitating

Case Study 6. New Cropping Systems for the Sahel

The Sudano Sahel is a region about 600 kilometers
wide, stretching a wide swath acrass northern Africa,
from Mauritania on the Atlantic to Eritrea and Somalia
an the Indian Ccean. Sahel's agricultural production
is limited due to infrequent rainfall and persistent
drought. Mevertheless, people in the region rely

on subsistence rain-fed agriculture based cn such
drought-tolerant species as serghum and millet,
Poverty and land degradation are pervasive.

The Mew Sahel is a program devised by (CRISAT,
and supported in part by USAID-WARE to transform
the Sahel's subsistence agricultural system into a
diversified, sustainable and market-oriented system
through the intraduction of new crops and farming
system models.

The African Market Garden (AMG) is a low-caost, drip-
irrigation farming system that requires |ess than $100
in initial investment and can pay for itself within the
first year. Utilizing the management practices and
technology of the AMG, farmers can grow a wide
range of high-value horticultural crops, including

the date palm (which can yield $200/year/ires),
papaya (550/vear/tres), table grapes, figs, citrus,
pomegranates and vegetables like tomato, lettucs,
collards, onion and a new ‘zipper' variety of cowpea
(for green peds). Approximately 1,000 AMGs have
been established, and plans are underway for an
additional 10,000 over the next few years.

The second medel system, the Sahelian Eco-farm,

is rain-fed and based on the integration of a large

number of multi-purpose perennial tree species,

each of which provide different marketable products
and services in a single field. Crops. adapted to the
local climate and capable of coping with low, or
poaorly distributed, rainfall, include pomme de Sahel
(iziphus mauriniana), Acacia colei, moringa (Moringa
oleffera), roselle (Hibiscus sabdariffa) and sesame
[Sesamum indicum). Annual grains, pulses and
melons sown among the trees and shrubs contribute
to househeld food security and livestock feed. Yields
are increased by improved soil fertility from mulching
with Acacfa colel and from crop rotation. This model
system can generate an estimated $680 per hectare
orce established — more than thirteen times the $50
typically eked out of the traditional millet menoculture,

These farm model programs are coupled with
information and communication technology initiatives
that link farmers 1o profitable local and export
markets, as well as disseminate technical assistance
and capacity building to help them reduce land
degradation, conserve biodiversity and alleviate
poverty throughout the region.

Reference: The New Sahel: Transfarming Sahelian
Agriculture Through the Infensification of Rain-Fed
and Irrigated Systems. Abstract of a Presentation at
the Science and Technology Conference in Burkina
Faso: June 21-23/2004. Dov Pasternak, PhD ICRISAT
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off-season production. Plastics can result in significant
environmental enhancement because they reduce the demand
for agrochemicals. Motably, plastic soil coverings decrease

the need for methyl bromide, a non-selective gas used for
sterilization of both soil and postharvest storage facilities.
Methyl bromide, an ozone-depleting chemical, is being phased
out worldwide, in accordance with the Montreal Protocol (Miller
and Bird 1999). The phase out of methyl bromide presents a
particular challenge to small growers in developing countries
who lack the technical skills to develop alternatives and yet
must meet the same rigorous export market standards applied
to developed markets (COTF 2005). Plastics provide a viable
alternative for smallholders. Plastics are also common in
irrigation equipment, pots and planting bags, Re-use of these
plastic materials can cause the spread of plant diseases and
pests, but efficlent and cost-effective recycling markets and
technologies are poorly developed.

Beneficial Effects of Horticulture on
Sustainability and Natural Resource
Management

Althaugh the mismanagament of horticultural intensification
affects envircnmental services negatively, horticultural cropping
systems can exert positive influences on natural resource
management and ecological sustainability. These benefits
include: decreases in erosion; increased carbon sequestration;
efficient use of resources; and enhanced ecosystem functian,
including increased genetic diversity and stability.

Haorticulture delivers a far greater suite of species and plant
architectures than cereal crops offer. This diversity affords
flexibility in planting designs that enhance soil management,
including agroforestry, contour planting, and integrated
cropping systems, which can limit erosion. Diversity can

also aid in pest management by increasing numbers of
beneficial organisms which attack pests and by hindering the
ability of pasts to locate their host plants, Agroforestry and
perennial systems can contribute to reduced soil erosion,
while mixed cropping techniques enhance soil fertility and
health if nitrogen-fixing legumes are used. Legumes, which

fix atmospheric nitrogen, reduce the need for fertilizer N input
and can be intercropped with non-fixing species. Legumes not
only provide nitrogen; they also bolster soil health, and in many
cases provide forage for animals or additional food for the
household.

4
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Horticultural cropping systems contribute significantly to
carbon sequestrations; in many environments mare efficiently
than cereals (Ponce-Hemandez 2004). The particular benefits
of horticultural crops, in compariscn to cereal crops, arise from
their relatively low harvest index and their suitability to no-till
and low-till cultivation. Additionally, carbon can be sequestered
in the increasing biomass of perennial crops, hence providing a
lang-lived carbon sink.

The diversity afforded by horticulture increases the stability of
the agricultural ecosystem. Various horticultural plant species
may be intercropped for a more complementary utilization of
resources, such as in traditional intercropping of beans and
sqguash in Latin America. Adjustments in cancpy height and
rooting depth are common adaptations to maximize resource
acquisition. Additionally, diversified horticultural systems may
provide resilience and ecological sustainability because the
complexity of the systems facilitates their persistenca in light of
environmental perturbations. For example, diverse agriculiural
systems were less prone to flood damage from the recent
tsunami off Sumatra (De Clerk 2005).

Horticuttural intensification is input intensive and has the
potential to inflict detrimental or beneficial effects on natural
resources. Appropriate knowledge and monitoring of inputs is
essential if horticultural intensification is to be sustainable.

Priority research and development activities

1. Development of integrated crop management strategles
to address horticultural production demands

Integrated crop management (ICM) is a systems-based
approach to crap production that integrates technical solutions
to pest, disease, soils, nutrition and weed problems with

an understanding of the agroecological, sociological and
economic context in which farmers operate. The development
of locally adapted, integrated crop management practices will
increase productivity and quality of horticultural crops while
reducing stress on natural resources.

Technical information required to produce guality traditional
and non-traditional crops is accessible in the developed world,
but Is unavailable in the developing world or has yet to be
adapted for |ocal cropping systems or specific agroecological
zenes, The development and adaptation of this information

to the local context is a complex challenge that will require



the close involvement of developing country scientists and
producers, The importance of establishing sound integrated
crop management systems, specifically in resource-limited
environments, is widely recognized (IAC 2004; CAADP 2003;
Johnson et al, 2004; UN 2005a; ICARDA 2003; SPAAR/FARA
2000 cited in Rubin et al. 2008).

Hypothesis: The optimization of integrated management
programs for local agroecological conditions will help minimize
ecosystem degradation and improve crop quality to link small
holders to the modem food industry’s dynamic market.

Activities

* Encourage research, development, and training in ICM
practices at educational institutions and extension services
to improve information dissemination to producers.

s Evaluate the effectiveness of ICM technigues at impraving
soil fertility, water availability, pest and disease control and
the production of horticultural crops.

s Establish and optimize best management practices
for new praduction techniques including protected
cultivation [greenhouses, plastic houses, net houses,
shade production) and hydroponic cultivation to reduce
seasonality of production and limit input needs.

s Collaboratively research and develop locally and
regionally-appropriate IPM practices for important
horticultural crops.

¢  Document and evaluate the effectiveness of indigenous
cropping systems, and pest and disease control measures,
to increase crop productivity.

*  Research and develop integrated plant nutrient
management systems to minimize nutrient losses and
leaching of nutrients into the groundwater.

e Research, develop and implerment sail fertility and
conservation measures (supported by FARA 2004 Volume
[l APAAR| 2002) compatible with horticultural preduction.

= [Develop and disseminate technigues to optimize water use
efficiency for local horticultural crops, valume and timing
(Rubin ef &, 2005).

¢ Improve training and knowledge transfer by providing
extension agents, NGOs and others with training in curment
ICM practices including IPM, soil fertility, and water use
efficiency.

»  Develop participatory farmers’ training programs to
improve access to information about ICM practices,
and the training necessary for sustainable and profitable
production.

2, Access to appropriate inputs and resources

Fertilizers and pesticides are frequently inaccessible to
producers in rural areas. Where they are available, high costs
and low quality may render these inputs unaffordable. The
technology, knowledge and policy environment to effectively
manage water resources is lacking in much of the developing
world.

Hypothesis: Increasing access to inputs and providing
the necessary technical support for their use will enhance
productivity and minimize misuse and waste.

Activities

= |dentify gaps in input and credit markets on a national and
regional basis; develop innovative ways to provide credit
to small producers to purchase essential inputs.

*  Assist in the development of local, private agribusiness
enterprises to provide seed and agrochemical inputs to
small and mid-size horticultural producers.

+ |n collaboration with suppliers of agricultural inputs,
develop mechanisms and safeguards to ensure delivery of
accurate advice to rural producers.

+ Support the development of local biopesticide industries.

* Provide producers with access to information and training
about Good Agricultural Practices (GAF) standards, and
the safe and appropriate use of agrochemicals.

* Support development of valuntary producers’
arganizations to facilitate group precurement and
extensian strategies. Explore the development of
micro-enterprise certified input applicators to assume
the responsibility of fee-far-service management of all
agrochemical inputs.

s  Research, develop and implement efficient irrigation
systems to reduce water use and optimize crop quality.

Region Specific Context and Focus

Sub-Saharan Africa

Water shortages, insufficient irfigation systemns, and poor soil
guality are major constraints to the development of sustainable
horticulture production systems in SSA. The majority of arable
land in 554 is dependent upon inadequate and irregular
rainfall. Less than 3.7 percent of sub-Saharan agricultural

land is irrigated, compared with 10 percent in South America,
29 percent in Southeast Asia, and 41 percent in South Asia
(MEPAD 2003). Furthermore, 16 percent of all scils in Africa
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are classified as having low nutrient content, while that figure
is anly 4 percent for Asia (NEPAD 2003). Technologies such as
water harvesting, drip irrigation, and improved plant varieties,
combined with appropriate soil and water management
practices, could increase production efficiency, but these
technologies are aften inaccessible or not adapted to the local
sociceconomic and environmental conditions prevalent in SSA.

Activities

*  Analyze the economic and production feasibility of a
variety of water management technigues (drip irrigation,
scil management strategies, etc.) for enhanced
horticultural production.

*  Disseminate information about appropriate water
harvesting technigues to optimize and conserve water
resources in horticultural production systems (deficit
irrigation, ete.).

*  Develop cost-effective imigation systems (micro-
irrigation, drip irrigation systems) and rainwater harvesting
technologies appropriate for small producers,

*  Devise and promate effective cropping systems to achieve
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Protected production systams of
tamatoes in Asia.

maximum water use efficiency.
+ Breed select species for increased drought tolerance and
efficiency of water use.

Latin America and the Caribbean

Due to the high density of export and high-value market-
oriented production systems in the region, there has been a
greater focus on input-intensive agriculture and adoption of
export-oriented crops in LAC than elsewhere in the developing
world. When these ‘market driven’ crops and production
systems are not well adapted to local agro-ecological
conditions, their praduction has resulted in significant
environmental degradation throughout LAC,

In regions striving to produce crops for an export market or
lecal supermarkets, the question of “What to grow, where and
when?' is complex. Answers require knowledge of markets,
agroecological zones, prevalent biotic and abiotic stresses,
availability of required agrochemicals and processing, and
shipping capacity. In areas where crops must be aggregated
for sale, there is an absolute need for consistency in cultivar



selection and management of planting and harvesting
windows. To realize the agricultural and ecological benefits
of integrated cropping systems, the selection and timing of
the mixture of species/cultivars is vital. These decisions are
bevond the capacity of small producers to manage effectively
in the absence of adequate information and training.

One of the priorities raised by workshop participants, and
addressed by previous assessments, is the management of
natural rescurces for the region (Rubin et al. 2005). This is
especially importamt for the rural poor, who are cultivating on
marginal lands, such as hillsides. Most prior extension and
preduction research in the region has been geared toward the
larger producers, who farm the most productive solls.

Activities

*  Collect and develop the knowledge base required for
affective decision-making.

* Develop a decision support system that integrates
available agroecological data with market demand
analysis.

*  Promote alternative horticultural crops suited for specific
production zones. Encourage crop diversification through
farmer seed networks and field demonstrations.

*»  Adapt technolegical packages to meet local needs.

s  Emphasize technologies and management practices for
hillside agriculture, especially soil managameant.

Asia and the Near East

In many parts of Asia and the Mear East, water is a critical
factor affecting human health and crop production. FAD
(2003a) noted that enhanced water use efficiency is of the
highest imporiance to the region and indicated that water

use may be the primary limiting factor in alleviating poverty in
ANE. Two widespread problems in horticultural production are
inefficient water use caused by inadequate irrigation practices,
and soil salinity due to insufficient drainage of irrigation water,
Irrigation systems in ANE range from rain-fed agriculture (no

irrigation) to furrow and sprinkler irrigation. To date, only a small

proportion of small to mid-sized horticultural producers use
drip systems. Water quality is another critical issue in many
parts of AME. Irigation water is often high in sodium and heavy
metals, so groundwater contamination caused by horticultural
activity can adversely affect human and ecosystem health,
Inadequate water management is often a major constraint

to horticultural productivity. Promoticn and implementation

of efficient water-use strategies will increase herticultural
praductivity while protecting product and water quality, as well
as human health.

Stakeholders throughout ANE also emphasized the need for
improved protected cultivation strategies in order to produce
horticultural crops off-season and early in the season to

take advantage of high prices and new markets. Protectad
cultivation can range from low-input plastic coverings or net
houses to highly sophisticated greenhouse systems. Currently,
many producers lack access to or knowledge about these
technologies and technigues.

Activities

= Establish and optimize best management practices for
new horticultural production systems, including covered
praduction (greenhouse and plastic houses), shade
praduction and hydroponic cultivation.

= Design/adapt low-tech, low-cost irrigation methods and
technigues to promote more efficiant use of irigation
water,

* Implement hydroponic cultivation and water recycling
systems in protected horticultural production.

» Develop and utilize crop varieties with high tolerance to
salinity, drought and waterlogging.

s  [For protected cultivation methods, design low-cost
structures made with locally available materials.
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RESULTS

V. Capacity Building

Because modern horticulture is a knowledge and technology-
based enterprise, limited hurnan and institutional capacity
inhibits innowvation, technolegy adoption, and the ability to
address key constraints in the horticultural industry. Any
initiative aimed at horticultural development will require

ongoing capacity building programs that are both dynamic and

relevant. In the Global Horticulture Assessment, stakeholders
identified capacity building as the core component of

each global primary Issue, and deemed it essential to the
improvemeant of the horticultural sector on an individual as well
as institutional level,

Information sharing

The information and technology needed for effective
horticultural preduction and marketing is complex and
dynamic. To be truly effective, information must be sharad
freely between those involved in all stages of the production
chain, from farm to retail store. To address this issue, major
praducers and marketers of herticultural products have
increasingly developed vertically integrated purchasing
systems that allow for contral of the production system from
farm to consumer. For a small grower this market integration
does not exist and consequently, new production knowledge,
standards, regulations and innovations do not reach small
praducers. In the absence of this information, small producers
are at an economic disadvantage and often find their product
axcluded from the marketplace for lack of compliance with
poorly understood regulations. Farmers' organizations,
which can act as a nexus for information exchange and
increase market access, are often inadequately prepared

to communicate effectively with wholesalers, traders and
processors. This absence of communication between all
stakehaolders in the value chain reduces the efficiency and
productivity of the sector as a whole and increasingly favors
the large producer to the disadvantage of the smallest,

maost resource poor growers. Each of these problems is a
direct result of limited educational opportunity, inadequate
communication infrastructure and the absence of viable public
and private extansion networks.

Strengthening extension systems

In many regions, the absence of an effective, well-trained
extension network is a significant constraint to the
develapment of the horticulture industry and the capacity
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Challenges for tarmwaorker safety in agrochernical application.

of small producers in particular. Research institutions and
extension and education services are hamstrung by resource
constraints, and particularly by insufficient funding. With

limited resources, institutions are unable 1o conduct adequate
research, and lack necessary equipment and qualified
persannel. Similar funding concerns may restrict an institution’s
ability to provide extension services to test and share findings.
Other challenges associated with gender, culture, and language
may prevent extensionists from reaching those most in need of
assistance. Program delivery deserves special consideration.
While excellant research and technology may be available,
poorly adapted information can prevent its adoption and limit
use of new knowledge and techniques.

Irrespective of the mode of delivery of extension information
(public, private or NGC), the development of a pool of well-trained
extension individuals is of core impartance to a viable
horticulture system,



Research and institutional capacity

Limited capacity and funding for horticultural ressarch
represents a long-term constraint to the development of

the industry. Many MARES, overextended financially, lack
sufficiently trained personnel to address the issues of the
horticultural sector. Historically, most research has focused
on the improvement of cereal crops; institutions and funding
focused on horticulture are limited. Market infarmation
systems, improved postharvest systems, the development of
improved and adapted cultivars, the protection and utilization
of indigenous germplasm, and the development of integrated
cropping systems are all activities that will require significant
scientific training and collaborative parinarships between
universities, MARES, international organizations and the private
sactor, As the majority of horticultural producers in these
regions are smallholders, research should be participatory

in nature and practically-oriented towards the needs of the
smallholder.

Priority research and development activities:

1. Information management and knowledge sharing
systems for the horticultural value chain

Lack of access 1o current information about production and
postharvest practices, consumer demands, prices, and quality
standards severgly limits producer access to markets. Effective
information dissemination systems are underdeveloped or
inaccessible as a result of infrastructure and technology
constraints (telephone, electricity, computers), or inadequate
communication between players in the production and
rmarketing chain. Timely access to appropriate information
allows producers and marketers to respond fo changes
affecting production, such as weather or changes in market
demands.

Hypothesis: Enhanced information sharing throughout the
value chain (producers, wholesalers, marketers, exporters,
researchers) will lead to increased production and econamic
growth in the herticultural indusiry.

Activities

»  Design an information database to provide technical production
and marketing information to all levels of producticn.

¢« Develop networking and information exchange 'best
practices’ for retailers, wholesalers, growers and other
participants in the production chain.

s Design low-cost and innovative methods of infermation
sharing, including cell phones, text messaging, radios, and
computer technalogy.

*  Strengthen the role of farmer arganizations as information
brokers.

* Develop public/private partnerships to facilitate
information exchange among and between institutions,
industry, and producers.

2. Strengthening human capacity through the development
of innovative, effective extension and education networks

Ineffective and inaccessible extension and education netwarks
have resulted in inadequate human technical capacity

and expertise throughout the herticultural market chain in
developing countries. The horticultural industry changes
rapidly, and extension and education networks must have
effective mechanisms to ensure that all parts of the markeat
chain are trained in currently required methodologies and
practices. The donor community, NGO's and private sector
must be involved in helping to train existing extension
agents or to deliver information and impart technical skills
where extension systems are weak. The development and
strangthening of new and existing educational networks will
increase knowledge and skill levels in producers, thereby
enhancing productive capabilities and competitiveness on
regional, national, and international levels,

Hypothesis: Improvement of extension delivery mechanisms
will help to strengthen capacity throughout the horticultural
value chain.

Activities

»  Develop MNorth-South and South-South partnerships
between research institutes, universities, and extension
agents to enhance learning and build research capacity.

=  Ensure educators are well informed about appropriate
infarmation and technologies and the most effective
means of delivering information to stakeholders,

*  Examine the potential of the modern fcod industry
segments and companies or buyers, to provide
technology dissemination services to improve small farmer
competitiveness and profitability.

* ldentify the technical assistance activities that, if replicated
in part or in whole, would assist government/donor/private
sactar in profitably linking small farmers to the modern
food industry.
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3. Strengthen local research capacity with a focus on
participatory methodologies

Many growers fail to adopt new technologies and management
practices because they do nct see the relevance of remote
research projects to their particular constraints and conditions,
Participatary research, in contrast, is carried out in farmers'
fields in collaboration with local growers, researchers, and
extension agents. This process validates research to farmers
so that producers are more likely to adopt new practices. The
producers involved in this process become researchers and
problem-sclvers in their own figlds and can more effectively
overcome future constraints to horticultural production and
marketing,

Hypothesis: Participatory research leads to appropriate
solutions for production and marketing constraints, facilitates
farmer training, and enhances the probability of technology
adoption and implementation.

Activities

= Enhance cpportunities for regional scientists to gain
advanced degree training in the fields of production,
postharvest management, marketing and trade with a
focus an participatory research methodologies,

*  Provide training in critical production management
strategies; design mechanisms to enceurage farmer
participation and innovation.

*  Evaluate the impact of participatory research on
technology adoption and improved management
practices.

4. Develop local capacity to conduct advanced research
and development and to train the necessary extension
personnel, private consultants and industry leaders
Horticulture is complex, knowledge intensive and dynamic.
Short-term technical assistance and training programs, while
essential, cannat provide the human skills needed to guide
the development of harticulture over the long term. Ongeing
training in the fundamentals of horticultural science and
research and leamning methadalogies are essential for long-
term viability. Investrment in research and training facilities is
essential o the local development of human capacity and the
development of improved crops and cropping systems.

Hypothesis: The development of local scientific capacity and
provision of associated infrastructure and support is essential
for the ongeing health of the horticultural system.



Activities

s Develop creative, cost-effective and relevant long-term
training programs to foster local human capacity, ensuring
long-term viability of the industry.

=  (Create public-private partnarships to ensure long-term
viability of local research and training facilities.

* Develop North-South and South-South research and
training programs.

+ Develop the enabling environment to ensure long-term
support for human capacity development.

Capacity Building - Region Specific Context and
Focus

Sub-Saharan Africa
In addition to the pricrities mentioned above, stakeholders

throughout the region identified management skills training for
entrepreneurial development as an important component of
capacity building in tha horticultural sector. Horticulture is a
competitive, market-driven industry, meaning that stakeholders
throughout the value chain must have business management
skills and be able to communicate effectively with one another.
Management training for micro-enterprise development would
in turn, help to promote small agro-processing industries

that may fuel local economic growth and increase marketing
optiens for producers. Limited investment and commercial
development in the horticultural sector may be due, in part, to
lack of training for business development. Improved training in
management of horticultural enterprises will improve producer
competitivenass and encourage the development of local and
regional horticuttural value chain industries.

SSA also needs increased capacity in the National Agricultural
Research and Extension Systems. Of the 6,000 NARES
scientists in the region, 50 percent work for three countries:
South Africa, Migeria and Sudan. The remaining 3,000
scientists work for the rest of the NARES, many employing
fewer than 70 scientists with MSc and above qualifications
(Rubin et &/, 2005), The research programs, many focused

on cereal crops, are spread too thin in terms of funding and
personnel, and the development of national agricultural
research programs suffer as a result.

Activities

= Develop effective extension mechanisms for impraving
management and entraprenaurial skills among producers
and entrapraneurs. Involve the private sector in the
creation, dissemination and training of these management
extension modules,

=  [Increase opportunities for high-level education and training
in the field of business management throughout the
horticulture value chain.

«  Build North-South, South-South and public-private
partnerships in research and development.

Latin America and the Caribbean

Given the existing and increasing market demand for testing,
certification and compliance with standards, the presence of
thase services has become a prerequisite for market success.
Throughout LAC, cerlification and compliance services

are poorly organized, badly integrated and inconsistent in
quality. With no viable public sector to provide these services,
expensive private businesses fill that gap for the wealthier
growers and international enterprises. The absence of a public
ar semi-private services sector represents a real barrier to
market participation for the poorer grower and for resource-
limited farmer organizations. Strengthening the existing
horticultural services sector through additional partnerships
with research institutions and regional networks would help
to make testing, certification and guality assurance programs
more effective and accessible for smallholders.

Activities

= Determine the capacity of institutions serving the
horticultural industry to reach smallholders, especially
those institutions that provide a quality and compliance
certification function.

s Provide technical training and tools needed to test and
regulate commodity standards.

Asia and the Near East

There are very great differences across ANE with respect to
hurnan capacity in horticulture. Egypt and India benefit from
a wealth of agricultural knowledge and PhD-level scientists,
but they lack coordinated information dissemination systems.
Much of the rest of the ANE region, however, is characterized
by a dearth of scientific and institutional capacity.

Across all regions, appropriate utilization of information
technology was identified as a critical challenge. Listed as
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underutilized opportunities for information dissemination
were: text messaging and TV in South East Asia, and

radio transmission in the Mear East and Morth Africa, Both
South East Asia and MNorth Africa emphasized the need to
build human capacity and identified lack of skilled labor

and inadeguate knowledge of GHP and GAP as significant
constraints to effective utilization of horticultural crops. South
Asian participants emphasized the nead to build institutional
and scientific capacity in order to enhance their ability to
develop and adapt new technologies. North-South and South-
South training and knowledge exchange could utilize available
distance and digital learning facilities.

Activities

- Assess the human capacity needs on a country-by-
country basis.

- Develop long-term training partnerships to adapt
technologies in-country.

- Integrate informaticn technologies to facilitate the
rapid transmission of information across the region as
a whale.

- Create regional training programs utilizing the local

knowledge base.
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VI. Enabling Environment

An enabling environment can be defined as the necessary

set of interrelated economic, social, and political elements
including legislative frameworks, policies, infrastructure, and
institutions which support the research and development
initiatives highlighted in the above sections. Appropriate

Irade agreements, the regulation and protection of intellectual
praperty rights and the support of fair policies and institutions
are critical for the development of a horticultural industry that
encourages aconomic growth while providing opportunities for
smallholders and other disenfranchised members of society.

Brazil, Chile, Kenya and Mexico, leaders in fresh and value
added fruit and vegetable exports, illustrate the need for stable
political and economic conditions and favorable terms of

trade for horticultural production and marketing (Jaffee 1993).
Trade agreements, such as the North American Free Trade
Agresmeant (MAFTA), other treaties within the Pacific Rim region
{Chile and Singapore, for example), and African, Caribbean,
and Pacific (ACP) economic partnerships with the European
Union (EW), have unfalded within and across regions with a
distinctive set of opportunities and challenges to nations,
markets and producers. Trade agreements, however, do not
necessarily ensure equity or growth and there is evidence

to suggest that treaties such as the EU-ACP treaty favor
developed nations as opposed to developing nations and in the
short and medium term, are harmful towards smaller producers
and subsistence farmers (IFPRI 2005). Prior to implementation,
policymakers need to critically evaluate the impacts associated
with subsidies, tarifis, quotas, required measures, and price
structures for both developed and developing nations.

Although the genetic resource base for much of the warld's
horticultural crops is found in developing countries, there has
been an increased emphasis in developed countries on a
westem-based framework of Intelleciual Property Rights (IPRs)
for genelic resources. Patenting of these resources continues
to be controversial and not well articulated at the global

level. Recenl examples highlight these problems, as seen

in the patenting of neem extracts by both US and Japanese
companies resulting in widespread protest in India, and is the
patenting of the Encla yellow bean by a US firm (Gepis 2004).
Recent international treaties, such as the Convention on
Biological Diversity (CBD), Trade-Related Intellectual Property
Rights (TRIPS) and Plant Variety Protection (PVP) have met
wilh limited success at initiating IPR frameworks for individual



countries that both protect national rights to those resources
and simultaneously stimulate and encourage research.

Effective and equitable socio-political and economic policies
and institutions are critical for encouraging economic growth
and promoting the participation of marginalized sectors of
society. Prerequisites for a thriving horticultural industry
include secure systems of land tenure, reliable cradit markels
gearad towards resource limiled producers and firms, equal
opportunilies for education, and adequate infrastructure.
Effeclive policy frameworks aimed at improving agricultural
production and poverly alleviation will also take into account
the “critical triangle” of how agricultural growth and poverty
affect natural resources (Vosti and Reardon 1987 ). Regulatory
mechanisms for protecting natural resources, worker and food
safety, and the rights of small producers and firms in contractual
relationships with larger companies will promote a sustainable
and just horticultural sector,

The above section highlights constraints to horticultural
production. All proposed activities in this assessment aim to
alleviate constraints in the enabling environment. Success

in any individual horticulture enterprise will occur anly if there
is an enabling environment at each stage of the commadity
production-consumption chain. Proposed activifies will be
developed with recognition that the environment at every stage
of production must be considered, a prion.

Hypothesis: An enabling environment is the foundation for

a fair and sustainable horticultural industry. Both the private
and public domains must collaborate on appropriate strategies
for market access to producers, efficient market function and
on methods lo strengthen capacity of players throughout the
horticultural value chain.

Activities

» |dentify public policies and options needed for the
development of efficient and competitive agricultural
markets, and improve the access of small farmers, women
and traders to these markets.

» Facilitate and promate market alternatives to poor farmers
who face the effects of global restructuring of food and
agricultural, such as direct exchanges between rural and
urban counterparts.

* |dentify and analyze constraints and alternatives to the rural
harticultural industry including postharvest activities, credit,
infrastructure, and institutions for product certification.

Critically evaluate the impacts associated with subsidies,
tariffs, quotas, and trade agreements for both developed
and developing nations.

Develop and implement appropriate IPR frameworks that
protect a nation's rights to equitable profits from utilization
of their genetic resources, while encouraging research and
development of those resources.

Communicate and make public strategies and policy
options derived from research at the national and
international levels,
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VIl. Gender and Horticultural in vegetable, cut flower and fruit sectors (Barrientos 1999;
Develupment Hamilton et al. 2001; Korovkin 2003; Dolan 2004). The
demographics of this sector are predominately young women
Histarically, research and development institutions have from ages 15 to 30, who are either single or de facto single
overlooked or slighted women's roles in household food female household heads. Education levels range from 0 to 12

production. Only recently have researchers begun to highlight years, and most of these women are landless or land poar.
the critical roles women play in food systems. Gender-

based research has also illuminated how women are often Women face a variety of constraints in horticultural production
neglected in agricultural development projects. A landmark systems including:

study by Ester Boserup (1870) emphasized the fact that
despite women's vital contributions to farming systems across

i : , Land
Africa, the majority of the continent’s female farmers were not : i
experiencing significant improvements in their quality of life as
a gy i oy *  Knowledge

a result of their increasing agricultural commercialization. Future
horticultural development must consider women's roles and needs
in culturally specific food systems,

+  Credit and technology
+ Organizations and networking

In today’s horticultural industries, women participate as Gender-based research has informed development agencies
farmers, agricultural business laborers, entrepreneurs, and of the critical importance of the specific roles and needs of
consumers. In horticultural agribusiness, including fruit, women to ensure a project’s success, The following section
vegetable and flower production, women compose a majority highlights women's unigue constraints, as well as some

{50 to 91 percent) of agribusiness horticultural labor supply specific apportunities in the horticultural sector,

Warman s=lling produce Ina traditicnal
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Land

Globally, women control much less land then men. How
women benefit from profitable horticultural production can
often depend on whose land they farm and their rights to that
land. In Guatemala, snow pea and broccoli export production
has increased opportunities for women in landhaldings and
decision-making. In Africa, where horticultural production

has traditionally been a female activity, increased profits have
displaced many wamen from their traditional farming lands
(Wooten 2004). Some women lose traditional horticulture
usufruet rights on household land when men enter export
markets (Dolon 1897). Wooten's (2003) case study on market
gardens in rural Mali highlights land constraints faced by

rural women. He found that market gardening has become a
lucrative option for rural farmers who can meet the demands
for specialized horticultural produce. Women participating in
market gardening (considered traditionally women's work) have
been systematically marginalized to smaller plots, often lacking
access to water.

Labor

Women's work in agribusiness includes figld and greenhouse
producticn, packaging and processing. Although women

are preferred for these types of tasks because of their care,
patience, dexterity, commitment and collaboration with fellow
employees, they are generally concentrated in lower-waged,
non-permanent positions. For example in Kenya, women do
72 percent of farm labor and receive 38 percent of the income
{Dolon 1297). In women-run enterprises, women are often
less well-financed to hire labor and they control less of the
family labor. On the other hand, women may be better able

to negotiate family labor exchanges and may hawve stronger
social capital networks for sharing labor than de men. In

the Dominican Republic tomato-processing sector, women
constitute approximately half of the labor force. Laura Raynolds
(2002) has reported that women who benefit from tomato
harvesting or processing have more power in househeold
decisions, higher self-esteem, and are more likely than men to
spend their earnings on household nesds,

Knowledge

In much of the developing world, formal education is male
biased. Furthermore, women have baen marginalized fram the
benefits of agricultural training, extension, and export market
communications. In some regions, women agriculturalists

prefer working with and would thus benefit most from female
extension agents (Moore et al. 2001). In many parts of the
world, such as Tanzania, Iran, Madagascar and Afghanistan,
harticultural crops are “women's crops” rendering the women
in those countrigs reservoirs of horticultural production and
marketing knowledge and experience.

Credit and technology

Largely due to cultural barriers, women are less likely to
possess the traditional collateral required by formal banking
institutions. Furthermaore, if women do not have equal
access to credit, they will also suffer from unequal access to
technology development and dissemination.

Organizations and networking

Women face a number of constraints in organizing and
networking. Although wamen's netwarks may be well
established in doemestic production in local markets, export-
orientated production and marketing institutions are male
dominated in many settings. Women's organizations may not
meet production capital requirements for export production
and contracting, thus marginalizing women from the benefits of
horticultural production.

Gender differentiated contral of production factors limits not
anly women's productivity, but also their ability to respond

to market incentives, and to generate and control income.
Their effectiveness as agents of sustainability and health is
also limited by gender differentiation, because women ara
more likely to respond to adverse health affects of pesticide
use will implernent IPM strategies. Women's access and
contral of factars in production can enhance the supply chain
of products, environmental sustainability, economic growtih,
poverty reduction, and overall well-being.

There have already been tremendous payoffs for reducing
gender inequalities in household food production. But there is
continued work to be done in reducing constraints faced by
women in the horticultural sector, such as:

« concentration in lower-waged and temporary jobs

+* pccupational health and safety

+ avallable recourse to enforceable fair labor standards
= husbands, fathers controlling women's wages
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RESULTS

Horticultural sectors may be the best or only wage
opportunity for women in rural areas. They often get equal
pay for equal tasks, receive medical and social bensfits,
and have Increased visibility as economic providers. A
potential solution to constraints faced by women may be
te link women's production to NGOs, providing literacy
and basic education, leadership skills, knowledge of
agrarian code legal framewarks, and the advocacy of

women's property rights.

Trends in horticultural production include satisfying
growing urban demands for horticultural products and

the integration of small farm businesses into the agro-
industrial sector through the use of production contracts.
This trend can result in a heightened demand for

women's farm labor. Raynolds (2002) has highlighted this
phenomenon in her study of tomato contract farming in the
Dominican Republic. She reports that 79 percent of male
growers draw on their wives' labor and that processing firm
managers typically refuse to sign contracts with single men.

The bottom line for gender and horticultural development
is that women are experienced producers and value-
adding agribusiness employees who are poised to
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increase productivity and expand the horticultural market.
Hoerticulture offers women unique opportunities to impreve
their own and their families’ standards of living. The following
highlights a gender based research agenda that will be
pervasive throughout all proposed activities. This is essential
to ensure that women benefit from horticultural development,

Hypothesis: Women in developing countries are the traditional
cultivators and marketers of horticultural crops. For equitable
distribution of the benefits of and increased decision making
power in harticultural production, women require equal access
ta horticultural resources, such as land, labor, credit and
networks.

Activities
= Actively recruit female farmers, scientists and engineers for
participatory research.

= Emphasize research on women's participation in small-
scale export production.

*  Prioritize comparative research on gendered dimensions
of horticultural production for export and for domestic
production and marketing in all regions.

+=  Document region-to-region variations of women's
constraints and opportunities in the horticultural sector.




VIIl. Nutrition & Human Health

Micronutrient deficiencies, and associated complications
resulting from poor dietary quality, hinder the develepment

af human capacity and creativity, which is the foundation

for economic growth, and ultimately, poverty alleviation.
Horticultural crops play a valuable role in food systems by
diversifying diets and fostering increased dietary consumption
af micronutrients and other plant products known to benefit
human health {fiber, antioxidants, etc.).

Changes in production systems over the past 40 years faver an
increase in cereal-based diets. The emphasis on staples has
resulted in reduced dietary diversity and the displacement of
traditional crops that were important sources of micronutrients
such as iron, vitamin A, B-12 and zinc. In South Asia, whera
cereal production has multiplied four-fold since 1970, the
production of iron and zinc-rich pulses such as mungbeans,
has declined by approximately 20 percent (Demment et af,
2003). In other parts of the developing world, the consumption
of fruits and vegetables is also declining (UM 2004). This
reduction in dietary diversity has aggravated existing
micranutrient deficiencies, particularly among women and
children. Today, more than two billion people suffer from these
deficiencies (UN Standing System Committee on Nutrition
2004). Staple grains such as rice and wheat cannol provide a
healthy diet by themselves due to their inherently |ow density of
some nutrients that are critical for human health. Consumption
of horticultural crops such as vegetables, fruits and pulses,

are essential for enhancing the health and productivity of
populations.

Mutrient deficiencies disproportionately affect resource-poor,
rural communities that derive the majority of their income from
subsistence farming (Aphane et al. 2002). Vitamin A deficiency
{VAD) affects 40 percent of children in developing countries,
increasing their risk of dying from infectious diseases such

as diarrhea, measles, malaria and HIV/AIDS [Sommer and
Viest 1998). VAD is also a major cause of preveniable visual
impairment and blindness, which affects 250,000 to 500,000
children each year {Aphane et al. 2002). In South Asia. VAD is
most severe during seasons when vitamin A- rich foods, such
as leafy greens and mangos, are unavailable. Iron deficiency
is perhaps the most widespread nutritional disorder, affecting
batween 2 billion and 2.5 billlon people around the world
(Demment et al. 2003). In developing countries, 52 percent of
pregnant women, 38 percent of children under the age of 4,

and 48 percent of children between 5 and14 years of age may
suffer from anemia due to inadeguate consumption of iran-rich
foods and foods rich in ascorbic acid (fruits), which enhance
iron absorption, FAC data suggsest that approximately one-third
of the world’s population is at risk of low zinc intake.

There are hidden consequences to micronutrient deficiencies
that ultimately affect a population's productivity and its
potential for economic growth (Demment et al. 2003).
Inadequate nutrition sevarely limits a person's ability to
develop skills and capacities through education and ultimately
reduces the productivity of his or her labor. Micronutrient
deficiencies early in life (6 to 24 months) can cause stunted
growth, which correlates to low physical activity, impaired
motar and mental development, lowered immune function, and
higher youth fatality rates, These early deficiencies can impair
cognitive development, leading to behavioral problems, a
reduced capacity to learn, and ultimately a reduction In lifetime
productivity (Welch and Graham 1989, Demment et al. 2003).
The World Bank estimates that deficiencies of vitamin 4, iran
and zinc decrease the GDP of developing countries by as
much as 5 percent (Bouis et al. 1999; Demment et &l 2003).

In the past, donars have favored fortification and
supplementation strategies to alleviate micronutrient
deficiencies. While these strategies often afford short-

term results, they have limited efficacy. Supplementation,
often a necessary componeant of therapeutic treatment for
severe nutrient deficiencies, is difficult to supervise where
infraztructure is lacking (Vijayalakshmi et al. 2003). Fortification
can be a cost-effective way to enhance micronutrient
availability for large populations, such as vitamin A fortification
of sugar in Central America, but it requires sophisticated
management, quality-contral, communications, and monitaring,
as well as a favorable palicy environment (Demment et al.
2003). Food-based approaches, such as dietary diversification,
require long time commitments, but are more likely to be
sustainable because they are a part of a development process
that leads to long-term econamic growth. Appropriate
intraduction of marketable horticultural species has the
potential to simultanacusly boost income and improve diets.
So, while supplements and fortified foods can be effective
ways of addressing immediate micronutrient deficiencies,
food-based solutions such as increasing the consumption

of vegetables, legumes, and fruits, are the most sustainable
ways of reducing and controlling micronutrient deficiencles

in resource-poor communities, and at the same time helping
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grow economies (Aphane et al. 2002). The effectiveness of

this approach is well documented. Daily consumption of
cooked, pureed green leafy vegetables or swest potatoes has
been shown to have a positive effect on vitamin A stores in
populations at risk for vitamin A deficiency. A recent study In
MNepal concluded that eating pureed green leafy vegetables or
cooked pureed carrots was equally as efficacious as vitamin A
capsules for treating night-blindness in women of child-bearing
age (Haskell et al. 2004; 2005). Mungbeans, when prepared in
combination with foods capable of enhancing its bicavailability,
was proven to alleviate iron deficiencies in Indian school-
children (Vijayalakshmi et al. 2003).

The aim of food-based approaches is to increase access

to micronutrient-rich foods, as well as to increase the
consumption and bicavailability of micornutrients that can be
absorbed and utilized by the body. Food-based approaches
can include:

(1) Increasing production and therefore availability of
micrenutrient-rich horticultural crops;

(2) Increasing the intake of micronutrient-rich foods thraugh
education;

(3) Enhancing the bioavailability of micronutrients in foods
through proper preparation and food combinations;

(4) Developing cultivars that increase the amount of
micranutrients, decrease content of inhibitors, or increase
content of substances that promote absorption.

These methods have the advantage of addressing several
deficiencies at once. In addition, the physiclogical interactions
between vitamins and minerals in foods enhance the body's
ahility to absarb essential micronutrients.

Increased consumption of horticultural crops can also enhance
the well-being and longevity of people affected by HIV/AIDS,
as well as prevent obesity and related diseases, which are
emerging proeblems in the developing world. The Jeint United
Mations Programme on HWV/AIDS (UNAIDS) estimates that,
globally, 38 million pecple live with HIV and the rate of infection
is rising, particularly in sub-Saharan Africa and Asia (UN AIDS
2004). The Food and Agriculture Organization (FAQ) and the
Wiorld Health Organization (WHO) continue to study the role

of micronutrients in combating HIV. Evidence has emerged
that increased intakes of vitamins A, B-complex, C, and E,

as well as iron and zinc, can help to combat weight loss and
diarrhea and improve immune status, especially in nursing
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mothers. The effectiveness of antiretroviral therapy (ART) is
also enhanced by a well-balanced diet (FAQ 2003). Increased
consumption of less calorie dense foods can help to prevent
and control cbesity related diseases; rezearch has shown

that consumption of bitter gourds can help to control Type Il
diabetes (Platel ef & 1997). Fruits and vegetables are also rich
in antioxidant compounds, which reduce the risk of chronic
diseases (Southon 2000).

FAQ and AVRDC-Regional Center in Africa are collaborating
to combat vitamin A and iron deficlencies through increased
production and consumption of indigenous vegetables, The
incerperation of indigenous vegetables into the local diet has
several advantages: Indigenous vegetables are especially
micronutrient rich and when consumed together with cereals,
they can enhance the bioavailability of nutrients in staple
crops (Aphane et al. 2002); cultivation of indigenous varieties
protects local biodiversity; the species themselves are easy

to grow, resistant to local pests and diseases, acceptable to
local tastes; and the diversity of species allows for year-round
production (Aphane ef al. 2002). Encouraging home and school
gardens, which can incorporate indigenous vegetables, is a
food-based strategy aimed at improving food security and
alleviating micronutrient deficiencies by ensuring direct access
to a diversity of nutritionally rich focds, increased purchasing
power through sale of surpluses, and food security in times

of seascnal lean periods (FAC 2005b). Selective and targeted
plant breeding for increased nutritional value is another
example of a food-based strategy to alleviate micronutrient
deficiencies. Agronomic and genetic improvements have

led to the development of varieties with increased nutritional
properties that are easily cultivated and accepted by local
communities.

The sustainability of food-based solutions to nutritional
deficiencies is derived in part from Its inherent educational
value. Recognition by consumers of the importance of dietary
diversity, the health benefits of sound diet, and the linkage
between child development and nutrition will help perpetuate
the system, and represents a lesson in human nutrition that
could not easily be delivered in any other way.

Research and education play important roles in alleviating
micronutrient deficiencies and contribute to building the

health and capacity of the people in the developing world,
Collaborative research between agricultural scientists and
nutritionists will result in more effective, integrated approaches



to both agricultural production and the enhancerment of health
and nutrition. Educating consumers, industry, and policy
makers about the importance of dietary diversity and the role of
micronutrients In improving health and economic growth is also
an essential component of any development activity,

Hypothesis: Nutritional improvement is a core objective of

all harticultural activities and an expected outcome of any
imvestment in fruit and vegetable production. The improvement
of human health and nutrition through increased consumption
of horticultural crops will optimize the capacity for individuals
to contribute to economic growth.

Activities

#  Evaluate select indigenous horticultural crops and cultivars
for their nutritional properties.

*  Analyze the bicavailability of specific nutrients from
enhanced mineral-rich foods and food mixtures, and
examine the effects of food processing and postharvest
technigues and the effects of soilfertilizers on mineral
content of foods.

* Conduct integrated cropping systems research with the
explicit goal of enhancing dietary nutrignt consumption.
Manipulation of the cropping mix, optimization of irmgation
and fertilization regimens, postharvest handling and
storage and control of pests and diseases can all contribute
10 the density of nutriants in a diet,

*  Analyze the constraints to utilizing horticultural crops to
enhance nutritional status of high-risk subgroups such
as women and children. Examine limiting factors, such
as amount consumed, absorption, how infection affects
bioavailability, and the influence of culture.

*  Examine ways to enhance the bicavailability of certain
crops through processing to reduce volume and fit within
cultural norms.

*  Invelve women and families in the establishment of home
gardens, coupled with nutrition education to promote the
health of families and increase incomes fraom the sale of
surplus produce.

* Investigate the possible ranges of dietary consumption
by different age groups and the cultural acceptability of
consuming different horticultural crops.

®  Conduct a public awareness campaign to encourage
consumgtion of balanced, nutrient-dense diets.

Develop a rapid appraisal system for food systems to
determine the constraints on adequate and balanced
nutrition in communities. The appraisal system would
identify produection, processing, purchasing and policies
that impede consumption. The analysis would be a

rapid means to provide information for effective design of
intervention at various spatial and social scales to solve
micronutrient malnutrition and grow local economies.

Fesults-Mutrition & Human Health 59



IV. CONCLUSIONS &
RECOMMENDATIONS

The Global Horticulture Assessment has identified the primary
issues that canstrain horticultural development worldwide,
The GHA has also articulated the research and development
activities that must be addressed if investment in horticulture
is to reduce poverty, stimulate economic growth and improve
human well-being. Horticultural production is complex and
dynamic, and involves a chain of closely interdependent
activities from crop production to consumption. To address the
development needs of harticulture will require the application
of the full range of development instruments including
infrastructure and institution building, technology transfer and
development, creation of an enabling environment, technical
training programs, research and capacity building. Research
and development activities that address these global issues in
an integrated and cohesive way are essential if development
investments are to have a significant positive effect on global
production and economic grawth.

The great potential for horticulture to contribute to economic
growth in the developing world, coupled with the complexity of
the issues to be addressed and the diversity of skills that are
needed, provides opportunity for the participation of a2 wide
diversity of NGOs, development companies, NAREs, IARCs
and universities. NGOs and development companies are well
suited to conduct broad-based, on-the-ground interventions,
while IARCs and universities are better equipped to help
generate new knowledge, integrate and interpret information,
and provide capacity building. To date, there has been very
little investment into research for horticultural production in the
developing countries. Many current USAID-funded activities
have a short-term focus and do not strive to develop the
human resource base or new knowledge essential for program
sustainability. There has also been very little coordination
between U.5.-based programs and the Missions.
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Horticulture is a highly technical, knowledge dependent and
dynamic industry. Sustained growth in horticulture requires
investment in human capacity building and knowledge
generation. Investments in the horticultural education and
research in Chile in the 1960s through the 1980s, for example,
were instrumental in developing a core resource of local
scientific capacity and strong public and private institutional
support that has facilitated the many Chilean innovations
and changes in production systems that were essential

to sustainable grawth. Only a few nations have achieved
sustained growth in their horticultural markets over the past
decade, namely Mexico, Chile, Kenya, Brazil, and China.
Significantly, each of these countries has made a substantial
investment in human capacity and knowledge generation

to support horticultural innovation. These observations
support the conclusion that investment in capacity building
and knowledge generation provides the highest return on
investment of any development activity (Alston 2000).

The potential contributions of horticulture to regional economic
development and human well-being are clearly significant,

and yet assistance programs dedicated to this goal are
uncommon and uncoordinated. The goal of the Global
Horticulture Assessment was to “develop a framework for

the implementation of 2 new research and technical support
program in horticulture that will provide a mechanism for
USAID, U.S. universities, and commercial enterprises to
contribute 1o the development of global horticultural capacity™
{Horticulture Sector Development Grant, UC Davis 2004),

It was not the mandate of this assessment to provide a list of
high-impact, ready-to-implement projects (although a select
few such projects were identified by participants). Rather the
process was designed to highlight the primary issues and



identify the broad project needs of highest pricrity, with the
expectation that this information will be used to guide the
subsequent project development and selection.

The selection of project activities should commence with

a planning and assessment process that would encourage
broad, flexible team-building and result in the development

of detailed descriptions of development problems and their
underlying processes. The project assessmant process would
not only involve researchers in the development of projects, but
also identify and seek out stakeholders and policy makers as
full members of the team.

Implementation Guidelines

Several options could be considered for implementation of an
aggressive horticulture research and development strategy. It
is clear, however, that the chosen implemeantation vehicla must
recognize the following principles:

1. To sustain growth in the highly technical, knowledge-
dependent and constantly changing horticulture industry,
there is a fundamental need for investment in human
capacity building and knowledge generation. The
development of a local capacity for independent and
creative knowledge generation is essential.

2. The production and marketing of horticultural preducts is
a vertically-integrated and strongly-interdependant activity.
All activities and interventions must reflect this context.

3. Adiversity of scales and modes of interventions are
necessary. Thus, a portfclio of activities that address
local and/or global scales and includes the continuum of
activities from short-term infrastructure investment and
technology transfer to long-term research and capacity
building will be reguired.

4. Creative mechanisms for program coordination,
knowledge sharing and adaptive research must be
emphasized so that coordination of projects is maximized
and lessons learned in one activity can inform and improve
activities elsewhere.

5. Public-private partnerships are critical to the equitable
development of horticultural enterprises. Private industry

has a unigue role and stake in the provision of inputs and
sarvices for horticultural production. Public agencies have
an ochligation and an oppertunity to ensure that these
inputs are made available to the poor and that the use of
inputs is environmentally appropriate.

6. Activities must strive to reduce poverty, stimulate
economic growth, improve the environment, and support
gender and social equity.

Recommendation
Establishment of a Horticulture CRSP

A number of mechanisms could be proposed to address the
issues highlighted by the Global Horticulture Assessment and
to realize the opportunities of horticultural in development.
Whatever mechanism iz developed must recognize the relative
advantage of the U.S. universities, must be respansive to
USAID-Washington and USAID Missions, and should play a
role as an integrator of horticultural development knowledge
and a key partner in program development in the horticultural sector.

Given the dependence of horticulture on knowledge generation,
human capacity building and integration across scale and
discipline, it would be inefficient to fund isclated, targeted

or site-specific activities in the absence of a core integrating
pragram. The development of such a core program in
horticulture would provide for a degree of program integration,
synaergy and efficiency that is currently lacking. Short- and mid-
term targeted activities will continue to play an impaortant role

in horticultural development but their benefit would be greatly
enhanced through coordination and integration.

A Caollaborative Research Support Program should be
established for a renewable multi-year term at a major U.8.
university with preeminent capacity in horticulture, The new
Horticulture CRSF will partner closely with the World Vegetable
Center and its CGIAR partnars in the nawly developed Global
Horticulture Initiative. This partnership ensures synargy and
efficiency of pregrams and will directly enhance the capacity

to identify and implement key development programs in
herticulture,

In addition to its role as a center for knowledge generation,
capacity building and integration, the Horticulture CRSP would
also partner with individual, regional and global consortia
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CONCLUSIONS & RECOMMENDATIONS

of Missions, and private and public partners o design and
implement specific targeted short and mid-term projects that
address the core challenges in horticulture identified in this
analysis. These projects would be selected on the basis of
thair regional er global relevance and would be implemented
with & goal to develop a product that can be adapted for use
by missions globally. The following projects are provided as
illustrative examples of high priority projects:

1. Development of Phytosanitary and Postharvest Protocols
for the Small Producer.

2. Development of Bmall Scale Agrochemical and Seed
Supply Micro-enterprises

3. Establishment of a Global Horticulture Knowledge Bank
and Extension System

This initiative would be designed to provide the research,
capacity building and knowledge extension support essential
faor the development of the global horticulture sector. The
initiative would strengthen the ability of USAID-Washington and
the Missions to develop and implement effective programming
in the horticulture sector, and strengthen existing USAID
funded programs that have a horticulture component and serve
a coordinating and integrating role. The initiative would also
partner with existing CRSPs to reinforce their ability to achieve
their development goals.

A core principle of this initiative is to support USAID and
Missions by providing program design and implementation
advice, technical expertise and coordinated knowledge
generation and extension programs.

The principal role of the Horticulture CRSP would be to:

1. Coeordinate USAID funded activities in horticultural
research and training;

2. Integrate lessons learmed and provide technical support;
and

3. Conduct collaborative research, training and development
activities to support USAID Mission activities in the field of
horticulture.

As such, the Horticulture CRSP would serve as the principal
ligison with USAID on matters relating to development in the
horticulture sectar, and as liaison between the U.S. university
community and other donors in this sector
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The cora funding for the Horticulture CRSP would be provided
by USAID-Washington, with supplemental funding to be
obtained in collaboration with USAID-Missions and third-
party agencies. The Horticulture CRSF would also pursue
independent funding opportunities in support of its mission,

Horticultural development has the potential to increase human
well-being for much of the developing world. The realization of
this promise will require adherence to the principles established
in the Global Horticulture Assessment and prioritized
investment to address the identified primary issues.

The adopticn of the the Horticulture CRSP initiative would
provide a mechanism for an exciting and mutually beneficial
engagement between U.S, universities and USAID and its
Missions.
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SYNTHESIS WORKSHOP ON GLOBAL
HORTICULTURE CHALLENGES

UNIVERSITY of CALIFORNIA, DAVIS
October 18"-19" 2004

This workshop will bring together leading
experts and key stakeholders to discuss the
potential of horticulture to enhance the well
being of developing countries and their peoples.
The specific goal of the workshop is to develop
the guidelines for implementation of a 9 month
regional assessment project that will help to
inform USAID activities in this sector.

Workshop Goal: Identification of the primary challenges and
opportunities for global development in horticulture to: alleviate
poverty, meet domestic human nutritional needs and stimulate
economic growth in emerging economies. ldentification

of target regions, appropriate technologies, region specific
constraints, opportunities, and unifying themes. Development
of regional workshop themes, structure and identification of
key partners.

Attendees: | eading development colleagues including:
LUSAID-Washington, USDA, university horticultural scientists,
horticultural industry private sector representatives, NGO's and
danor agencies.

Location: Buehler Alumni Center, Alpha Gamma Rho Lecture Hall
October 18%
Program:

7:45am Registration and Coffee

815 Welcome and Introduction

8:25

a8:55

9:30

10:05

10:25

11:35

Williamm Lacy, Vice Provost — University Outreach and
international Programs, University of Califarnia Davis

Keynote Addrass

‘US AID's Mew Agricultural Strategy”

Emmy Simmons, Assistant Administrater of Economic
Growth, Agriculture and Trade, USAID

'Food Security for the Smallhclder: Opportunities in
Horticulture'

Dr. Debarah Delmer. Associate Director, Rockefeller
Foundation

‘Food Safety, Global Standards and Postharvest
Biclogy. Challenges for the Resource Poor Farmer’
Dr. Deven Zagory, Senior Vice President, Davis Fresh
Technologies.

Coffes

‘Dynamic Transformation in Domestic and
Internaticnal Horticulture Markets in Developing
Regions: Focus on Retail and Wholesale Sector
Change and Opportunities and Challenges for
Farmers'

Or. Thomas Reardon, Professar, Michigan Stale
University

“Gender Issues in Development'
Dr. Sarah Hamilton, Director, M.A. International
Development, Denver University

‘Horticulture and Sustainable Production Systems’
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Dr. Louise Jackson, Professor, University of Cafifornia
Davis
12:10  Closing remarks
Dr. Patrick Brown, Director, International Programs,
University of Calffornia Davis

12:30 Lunch

Afternoon Concurrent Sessions

1:30-3:30

Session 1A: Biotechnology, Biodiversity and Horticulture
Development: Panel Discussion

Session 1B: Marketing of Horticultural Crops, Global Standards
and Opportunities: Panel Discussion

3:30 Coffee Break

3:50-5:50

Session 2A/28: Human Mutrition and Food Safety, Postharvest

Technology, Value Added Chains, Transport: Panel
Discussion

Session 2C: Sustainable Production Systems, Abiotic and
Biotic Stress: Panel Discussion

5:80 Closing

6:00 Cocktail and Social Hour, Moss Patia

¥:00 Dinner at Moss Patio, Buehler Alumni Center
B:30 Meeting with Moderators and session recorders

October 19" 2004
Location: Buehler Alumni Center, Alpha Gamma Rho
Lecture Hall

8:15 ‘AVRDC - The World Vegetable Center and the Global
Horticulture Initiative'
Dr. Thomas Lumpkin, Director General, World
Vegetable Center.

8:45 ‘The New Sahel: Horticultural Transtormation of

Agricultural Systems in Semi-arid Areas’
Dr. Barry Shapiro, Director, Project Development and
Marketing, ICRISAT
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915  Presentation of thematic session outcomes
Morning Concurrent Sessions (Region selection is currently
underway)

10:15  Hegion 1- Africa: Development of Workshop Structure,

Program and Participants

Region 2 - Latin America/Caribbean: Development of
Workshop Structure, Program and Participants

Region 3 - Asia /Near East: Development of Workshop
Structure, Program and Participants
12:30 Lunch
1:30 Summary Session

3:00 Program Completion



SUB-SAHARAN AFRICA

Global Horticulture Assessment

Africa Regional Workshop

Arusha International Conference Center, Arusha,
Tanzania

February 14-16, 2005

Workshop Goals: |dentify the primary challenges and
opportunities for regional development in horticulture to;
alleviata poverty, meet domestic human nutritional needs,

and stimulate economic growth in emerging economies.
Identify and prioritize principal and potential crops constraints,
For each crop-specific constraint identified, appropriate
iechnologies, potential partners and beneficiary are identified,
Criteria will then be developed in arder 10 rank these potential
projects. Logistic framework models will be completed for the
highest-ranking projects.

Attendees: Leading African horticultural scientists, horticultural
industry private sector representatives, NGOs and donor
agencies,

Program:
Maonday, 14 February

7:45 Registration

8:15 Official OpeningWelcome

O Thomas Lumpkin, Director General, AVRDC - The
World Vegetable Canter

B:30 Keynote Address: Growth of Horticulture in Africa:
Status, Opportunities and  Challenges - A Case Study
of Kenya

Prof. Stephen G. Agong, Deputy Vice Chancellor
(Administration, Planning and Development), Jomo
Kenyatta University of Agriculture and Technology

9:00 Intarnational Society for Horticultural Science (ISHS)
Initiatives

Dr. Norman Looney, ISHS President

9:20 Results from the opening Synthesis Workshop for the
Global Horticulture Assessment held at UC Davis,
October 18-19, 2004

Dr. Farbod Youssefi, University of California Davis

9:50 Break

10:15  Results from the pre-workshop survey

Erin Hardie, Kraig Kraft, and Todd Rosenstock,
University of California Davis

10:45  Overview of the Workshop: Objectives/process/schedule
Or. Pawl Marcotte, University of Califernfa Davis—
Workshop Facilitator

11:15  Organizational aspects and logistics

Or. Grag Luther, AVRDC - The World Vegetable Center
- Program Coordinator

11:20  Establish Regional Working Groups

12:15  Working Lunch: Participants remain in groups to
begin identification of everarching constraints and
opportunities in horticulture for their respective
regions

2:00 Regional Groups Reconvene: Define overarching (or
meta-) issues related to horticulture; establish 'rich
hypotheses' and develop potential projects to address
constraints and capitalize on ocpporiunities

4:30 Plenary sessicn: Presentation from each of the
regional groups

Evening Finalize descriptions of meta-issues and potential
projects by region

Tuesday, 15 February

B:15 Priority Setting Exercise in Regional Groups
Establish and rank criteria for pricritization
Select and rank projects based on criteria

12:00  Lunch

1:00 Revisit Priority Setting Criteria: Each group will revisit

their critaria discussion in light of their respactive
issues/opportunities to ensure that the selected
projects are representative of the regional needs
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3:00 Logical Framework Project Planning Exercise:
Complete logical framework for the highest-ranking
projects

5:00 Break for Dinner

6:30 Dinner reception

Wednesday, 16 February

8:15 Plenary Presentations:

Each regional group presents their final issues/
opportunities, selection criteria and prioritized
projects; each group will be given 30 minutes for their
presentation with a 15-minute discussion period

12:00  Lunch

1:00 Summary/Conclusian
Or. Thomas Lumpkin, Director General, AVRDC - The
World Vegetlable Center

2:00 Closing Remarks

300 Field Trip: Tour of local horticulture farms/industries
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LATIN AMERICA AND THE
CARIBBEAN

Global Horticulture Assessment

Latin America and Caribbean Regional
Workshop

Centro Internacional de Capacitacion W.K.
Kellogg, Zamorano, Honduras

March 29-31, 2005

Workshop Goals: |dentify the primary challenges and
cpportunities for regional develapment in horticulture to
alleviate poverty, meet human nutritional needs, and stimulate
econamic growth in emerging economies. The workshop seeks
to identify and prioritize present and potential crop constraints,
For each crop-specific constraint identified, appropriate
lechnologies, potential partners and beneficiaries should

be identified. Criteria will then be developed to rank these
potential projects. Results framework models will be completed
for the highest-ranking projects.

Attendees: Leading Latin American and Caribbean horticultural
scientists, horticultural industry private sector representatives,
NGOs and donor agencies.

Program:
Tuesday, 29 March

8:00 Registration
8:30 Official Opening/Wealcome
Fauwl Tushner, Mission Director, USAID/Henduras
8:40 OpeningWelcome from the Host
Dr. Kenneth Hoadley, President, Zamorano Univarsity
8:45 Introduction and Welcome
Dr. Thomas Lumpkin, Director General, AVRDC - The
World Viegetabis Center
8:00 Keynote Address: Retos Para Competir en la

Produccion Horticola Dirigida por el Mercado -
Challenges to Compete in Market led Horticultural
Froduction

Dr. Andrew Medlicalt, Director, Fintrac CDA, Honduras



930

10:05

10:10

10:30

10:50

11:10

11:30

12.00

3:00

3:15

4:00

Invited Address: The Challenge for Small and Medium
Producers to Access and Compete in Dynamic,
Supermarket Driven Markets — Regionally and Globally
Dr. Thomas Reardon, Michigan State University

Organizational aspects and logistics
Dr. Greg Luther, AVRDC - The World Vegetable Center
- Pragram Coordinator

Break

Results from the opening Synthesis Workshop for the
Global Horticulture Assessment held at UC Davis,
October 18-19, 2004

Dr. Patrick Brown, University of California Davis

LAC survey results presentation
Erin Hardie, Kraig Kraft, and Todd Rosenstock,
University of California Davis

Owverview of the Waorkshop: Objectives/process/schedule
Dr. Paul Marcotte, University of California Davis—
Workshop Facilitator

Establish Regional Working Groups

Working Lunch: Participants remain in groups to
begin identification of overarching constraints and
opportunities in horticulture for their respective
regions

Regional Groups Reconvene: Define "meta-issues”
related to horticulture — Utilizing visualization
technigue, list and group related issues including
constraints and opportunities for horticultural
development in the region

Break
Regional Groups continue to meet
Recenvens Plenary

Fresentation of "meta-issues” by each of the regional
groups (15 min. each)

Evening Finalize descriptions of overarching issues and

potential projects by region

Wednesday, 30 March

8:30

10000

10115

12:00

1:00

2:45

3.00

5.00

5:30

Priority Setting Exercise in Regional Groups -
establish and rank criteria for prioritization

Break

Develop researchable issues & interventions that
address the group's "meta-issues”

Lunch

Apply Pricrity Setting Criteria; Select and rank
research issues and interventions based upon
selected criteria

Break

Results Framework: Complete results framework for
highest ranking issues/interventions

Ereak for Dinner

Dinner reception at Kellogg Center

Thursday, 31 March

8:30

115

10:25

11:00

11:30

1:00

Plenary Presentations:

Each regional group presents their final issues/
opportunities, selection criteria and prioritized
projects; each group will be given 20 minutes for their
presentation with a 15-minute discussion pericd

Ereak

Plenary presentations continue
Summary/Conclusion

Dr. Thomas Lumpkin, Director General, AVRDC = The
World Vegetable Center

Lunch

International Society for Horticultural Science (ISHS)

Initiatives
Dr. Norman Looney, ISHS Presidant
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1:20 Clasing Remarks: USAID, Workshop Facilitator, others
2:00 Fiald Trip: Tour of local horticulture farma/industry
ASIA AND THE NEAR EAST

Global Horticulture Assessment

Asia and Near East Regional Workshop
Helnan Shepheard Hotel, Cairo, Egypt
12-14 April 2005

Workshop Goals: Identify the primary challenges and
opporiunities for regional development in horticulture to
alleviate poverty, meet human nutritional needs, and stimulate
economic growth in emerging economies. The workshop seeks
to identify and prioritize present and potential crop constraints,
For each crop-specific constraint identified, appropriate
technologies, potential partners and beneficiaries should

be identified. Criteria will then be developed to rank these
potential projects. Results framework models will be complated
for the highest-ranking projects,

Attendees: Leading Asia and Near East horticultural scientists,
horticultural industry private sector representatives, NGOs and
donor agencies.

Program:
Tuesday, 12 April

B:.00 Registration

B:30 Official Opening/\VVelcome

Dv. Thomas Lumpkin, Director General, AVRDC - The
World egetable Canter

850 Keynote Address: Herbal Products as a Natural
Source of Healthcare

Dr. Adnan A. Badwan, Director General, Jordanian
Pharmaceutical Manufacturing Co., Naor, Jordan
9:20 Invited Address: Horticulture: A Tool for Sustainable
Development and VWelfare

Frof. Dr. Ayman E Abou Hadid, Professor of
Horticulture, Ain Shams University, Cairo

9:50 Invited Address: Opportunities for Fruits and

Global Horticulture Assessment

Vegetables in Asia with Emphasis on Market and
Supply Chain Management
Dr. Murugappan Chandrasekaran, Professor of
Agricuftural Economics, Tamil Nadu Agricultural
University, Coimbatore, India
1310  Organizational aspects and logistics
DOr. Greg Luther, AVRDC — The World Vegetabie Center
- Program Coordinator

1:15 Break

10:30  Results from the opening Synthesis Workshop for the
Global Herticulture Assessment held at UC Davis,
Cctober 18-19, 2004

Or. Patrick Brown, University of California Davis

10:50 AME survey results presentation

Erin Hardie, Kraig Kraft, and Todd Rosenstock,
University of California Dawvis

11:20  Overview of the Workshop: Objectives/process/schedule
Dr. Paul Marcotte, University of California Davis—
Warkshop Facilitatar

11:50 Establish Regional Working Groups

12156 Working Lunch: Participants remain in groups to
begin identification of overarching constraints and
opportunities in horticulture for their respective

regions

Regional Groups Reconvene: Define “meta-issuss”
related to horticulture — Liilizing visualization
technigue, list and group related issues including
constraints and opportunities for horticultural
development in the region

4:00 Reconmnvene Plenary

Presentation of "meta-issues” by each of the regional
groups (15 min. gach)

Evening Finalize descriptions of overarching issues and
potential projects by region



Wednesday, 13 April

8:30

10:00

12:00

1:00

3:00

6:30

Priority Setting Exercise in Regional Groups -
establish and rank criteria for pricritization

Develop researchable issues & interventions that
address the group’s “meta-issues”

Lunch
Apply Priority Setting Criteria: Select and rank
research issues and interventions based upon

selected criteria

Aesults Framework: Complete results framework for
highest ranking issues/interventions

Dinner reception (Cruise on the Nile)

Thursday, 14 April

8:30

11:15

11:45

12:05

12:30

2:00

Plenary Presentations:

Each regional group presents their final Issues/
opportunities, selection criteria and prioritized
projects; each group will be given 25 minutes for their
presentation with a 15-minute discussion period

Summary/Conclusion

Dr. Thomas Lumpkin, Director General, AVRDC - The
World Vegetable Center

International Society for Horticultural Science (ISHS)
Initiatives

Dr. fan Warrington, ISHS Vice President

Closing Remarks: USAID, Workshop Facilitator, others

Lunch

Field Trip: Tour of local horticulture farms/industry
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Participants at the Synthesis Workshop
Global Horticulture Assessment
Davis, Calfornia, 18-19 October, 2004

Advisory Committee Members

Brown, Patrick

Professor of Pomology, and Director, International Programs,
UC Davis

phbrown8uecdavis.adu

Christiansen, Scott

Senior Agricultural Development Advisor, USAID, Asia and Near
East Bureau, Office of Technical Services, Environment Team
(USAID/ANE/TS/ENV); USDA/ARS schristiansen@usaid.gov

Clay, Dan
Professor and Director of the Institute of International
Agriculture at Michigan State U. clay@msu.edu

Demment, Montague (Tag)
Professor, Agronomy and Range Sciences,
UC Davis; Director, Global Livestock CRSP
mwdemmentB8ucdavis.edu

Hamner, Todd

Agriculture & Trade Advisor, USAID Latin America and
Caribbean Bureau

thamner@usaid.gov

Lumpkin, Thomas

Director General, AVRDC - The World Vegetable Center
lumpkin@avrdec.org
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Miller, Timathy

EGAT, USAID; Office of Agriculture, Team Leader of Agricultural
Techneology Generation and Outreach, CTO for the Horticulture
Assessment and Collaborative Research Support Program
tirmiller@usaid.gov

Paull, Robert E.

University of Hawaii at Manoa
Tropical Plant and Soil Sciences
paull@hawaii.edu

Aubin, Deborah S.
Co-Director of Cultural Practice, LLC
drubincp@aol.com

Satin, Michael

Agriculture Specialist/Agricultural Economist

USAID, Africa Bureau, Office of Sustainable Development
msatin@afr-sd.org

Weller, Stephen

Professor, Department of Horticulture and Landscape
Architecture, Purdue University

weller@purdue.edu



Workshop participants

Beer, John

Director of Agriculture and Agraoforestry, Tropical Agricultural
Research and Higher Education Center, CATIE
Jbear@catie.ac.cr

Bliss, Fred

Professar Emeritus, UG Davis

Sr. Director, R&D Special Projects,
Seminis Vegetable Seeds, Woodland, CA
Fred.Bliss@3eminis.com, FBliss@dcn.org

Blumwald, Eduardo
Professor of Cell Biology and Will W. Lester Chair, Department
of Pomology, UG Davis eblumwald@ucdavis.edu

Bowrnan, John

Development Alternatives Inc. (DAl) DAIUSAID; Chief of Party,
ISAID RAISE 3PS Project

john_bowman@dai.com

Bradford, Kent

Professor, Department of Vegetable Crops and Director, Seed
Biotechnology Center, UC Davis

kjbradford@ucdavis.edu

Brown, Tom
Cwner of Zeraat International, Enterprise Works
zeraat@sbeglobal.net

Cantwell, Marita

UC Cooperative Extension Postharvest Specialist
Dept. Vegetable Crops [Plant Sciences), UC Davis
micantwell@ucdavis.edu

Chromy, John W.
CHF International
jchromy&chfhg.ong

Cock, James
Leader of Fruits Program, CIAT; Independent Consultant
j.cock@cgiar.org

Costello, Jehn
President, CNFA Inc.
jcostelle@cnifa.org

DeDatta, 5. K.

Assoclate Provost for International Affairs, Director of the
Office of International Research, Education, and Development,
Virginia Tech

dedatta@vi.edu

Delmer, Debaorah
Food Security,
The Rockefeller Foundationddelmer@rockfound.org

Ehsan,. Ehsanullah
AVRDC, Afghanistan
ehsanullahe@yahoo.com

El-Beltagy, Adel

Directer General, International Center for Agriculutral research
in the Dry Areas (ICARDA)

a.el-beltagy@cqgiar.org

Erbaugh, J. Mark

Assistant Director IPA & Adjunct Assistant

Professor Department of Human and Community Resource
Development , Ohio State University

erbaugh.1@osu.edu

Evans, Erik
Director, Business Development, CNEA Inc.
eevans@cnfa.org

Fouche, Benny

University of California Cooperative Extension

Small Farm & Specialty Crops Advisor-San Joaguin County,
UCCE

bfouche@ucdavis.edu

Ganry, Jacky

Deputy Director research; Cirad-Flhor (Tropical Fruits,
vegetables, horticulture)

jacky.ganry@libertysurf.fr

Goldsbrough, Peter

Department of Horticulture and Landscape Architecture,
Purdue University

galdsbrough@purdue.edu
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Granville-Ross, Sean

Mercy Corps- Deputy Chief of Party, Gobi Regional Economic
Growth Initiative, Mongolia; Five Year Funded USAID program
sean@gobi.initiative.org.mn

Grote, Kristin

M.5. student in International Agricultural Development, UC
Davis

krgrote@ucdavis.edu

Hamilten, Sarah L.

Associate Professor and Director of the International
Development Program, Graduate School of International
Studies, U. Denver

shamiltc@du,edu

Handa, Avtar K.
Purdue University
handa@purdue.edu

Hardie, Erin

M.5. student in International Agricultural Development;
Assistant Director, International Pragrams, CARES, UC Davis
eshardieBucdavis.edu

Hasegawa, Mike
Purdue University
paul.m.hasegawa.1@purdue.edu

Havener, Robert D.
Board Member, AVRDC
r.havener@cgiar.org

Herren, Hans R.
Chief Executive and Director General, International Centre of
Insect Physiology and Ecology (ICIPE)hheren@icipe.org

Hess, Charles
Professor Emeritus, University of California Davis
cehessBucdavis.edu

Hillis, Vicken

M.S. student in International Agricultural Development, UC
Davis

avhilisBucdavis.edu
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Hobgood, Thomas
UsalD
thobgood@usaid.gov

Hummer, Kim
Research Leader and Small Fruit Curatar, USD& ARS NCGR
khummer&ars-grin.gov

Jackson, Louise

Professor and Extension Specialist, Land, Air, and Water
Rescurces Dept., UC Davis

lejackson@ucdavis.edu

Johnson, James (Ding)

Professor of Entomology, and Head,

Department of Plant, Soil and Entomelogical Sciences,
University of ldaho

djchnson@uidaho.edu

Kader, Adel
Protessor, Department of Pomology, UCDavis
aakaderBucdavis.edu

Kaloo, G.C.
ICAR
kalloog@icar .nic.in

Kelley, Kathleen
Pennsylvania State University
kmk17@psu.edu

Khush, Gurdev
Adjunct Professor, Dept of Plant Science, UC Davis
gurdev@khush.org

Kitinoja, Lisa

Training Specialist in Pastharvest Technology, Extension
Systems Intermational

kitinoja@redrivernet.com

Kleinhenz, Matthew

Department of Horticulture and Crop Science, The Ohio State
Univ., OH Agricultural Research and Development Canter
[OARDC), Associate Professor, Extension Vegetable Specialist
kleinhenz.1@osu.edu



Karnegay, Julia
Professor and Head of the Department of Horticultural Science,
Morth Carolina State U/, julia_kornegay@ncsu.edu

Kraft, Kraig

Graduate groups in Ecology (PhD) and International Agricultural
Development (M.5.) - Assistant Director, Office of International
Programs, College of Agricultural & Emvironmental Sciences, UC Davis
khkraft@ucdavis.edu

Kramer, Fritz
Chief Operating Officer, IDE International (NGO)
fkramer@ideorg.org

Kuyper, Edye
MS student in International Agricultural Development, UC Davis
emkuyper&ucdavis.edu

Lowenberg-DeBoer, Jess
Purdue University
ckujawa@purdue.com

Lumsden, Rabeart
Plant pathologist, consultant World Coceoa Foundation
rdlumsden@msn.com

Luther, Gregary

Caonsuttant, IPM, Development Program, The World Vegetable
Center, AVRDC

goluther@avrde.ong

McCalla, Alex

Professor Emeritus, Department of Agricultural and Resource
Economics, UC Davis

alex@primal.ucdavis.edu

McDonald, Miller Professar, Department of Horticulture and
Crop Science, Ohio State University
medonald.2&osu.edu

McMamara, Kevin T.

Professor, Department of Agricultural Economics, Purdue
University

menamara@purdue.edu

MeMeil, Melody
Agri-business Advisor, CRS/Afghanistan
melodymeneil@yahoa.com

Melgar-Quinonez, Hugo

Department of Human Nutrition, Assistant Professor, Ohio
State Univarsity

melgar-guinonez.1@osu.edu

Mizelem, Jose
Zamorano University
jmiselem@zamorano.edu

Mitcham, Elizabeth J.
Pomology Department, UC Davisejmitcham@ucdavis.edu

Maorris, Robert L.
Horticulture Specialist, University of Nevada Cooperative
Extension, Las Vegas, Nevadamorrisr@unce.unr.edu

Myers, Jim

Baggett-Frazier Professor of Vegetable Braeding, Cregan State
Univarsity

myersja@science.oregonstate.edu

MNelson, Larry A,
MNorth Carolina State University
larry_nelson@ncsu.edu

Neubert, David
ARD, Inc.
denl1547@yahao.com

Ngouajio, Mathieu
Department of Horticulture, Michigan State University
ngougjio@msu.edu

Olsen, Jeff

Professor, Department of Horticulture, Oregon State University
Extension Service

jeff.clzen@oregonstate.edu

Oluoch, Mel
Training Specialist, AVRDC-Waorld Vegetable Center
molucch@avrde-rea.co.tz

Ortiz, Oscar

Division Leader for Integrated Crop
Management, International Potato Center (CIP)
o.ortiz@cgiar.org
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Perry, Ed
Enterprise Works
parrye@anterpriseworks.org

Perry, Ron
Professor and Chairperson (since Oct 2000) Department of
Horticulture, Michigan State U. perryr@msu.edu

Poiito, Vito

Professor and Chair, Department of Pemology,
UC Davis

vspolito@ucdavis.edu

Raman, Kandukuri
Cornell University
kvl @cornell.edu

Reardon, Thomas

Professor, Department of Agricultural Economics, Michigan
State University

Reardon@msu.edu

Rosenstock, Todd

International Agricultural Development, M.S. student;
Agroecology, PhD student; Assistant Director International
Programs, Coordinator

Afghanistan GRAPE project. trosenstock@ucdavis.edu

Rowell, Brent

Extension Vegetable Specialist, Associate Professor,
Department of Horticulture, University of Kentucky
browell@uky.edu

Sammons, David

Senior Advisar on University Relations and Agricultural
Research, Training, and Outreach, USAID; Associate Dean of
Agriculture and Director, Office of International Agriculture,
Purdue University

dsammoens@usaid.gov

Sanchez, Guillermo
(CADA
gsanchez1@intelnet.net gt

Scott, William

Agland Investment Services
wscott@aglandinvest.com
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Shapira, Barry
ICRISAT
b.shapiro@cgiar.org

Simmons, Emmy

U.5. Agency for International Development, Assistant
Administrator Bureau fer Economic Growth, Agriculture and
Trade

Imoore@usaid.gov

Simon, Philipp

Professor & USDA-ARS, Dept. of Horticulture, University of
Wisconsin-Madison

psimon@wisc.edu

Smith, Theadore

Managing Director, Morocean American Trade & Investment
Council

trsmith@silverstar.com

Smukler, Sean
PhD student in Agroecology, UCDavis
smamukler@ucdavis.edu

Townsend, Paul W.
Catholic Relief Services
ptownsend@crsecuador.org.ec

Van Kessel, Chris
Professor and Chair, Department of Plant Sciences, UC Davis
cvankessel@ucdavis.edu

Voss, Ron

Extension vegetable specialist, Department of Vegetable
Crops, UC Davis

revoss@ucdavis.edu

Wabule, Mary
Assistanl Director, Horticultural and Industrial Crops, KARI
resource.center@kari.org

Wassimi, Masrat

Executive manager of
ICARDA-Afghanistan program
M.Wassimi@cgiar.org



Weatherspoon, Dave

Associate Professor of Agribusiness Management, Director
of Partnerships for Foed Industry Development - Fruits and
Vegetables, Michigan State University

weathed2@msu.edu

Widders, Irvin
Michigan State University
widders@msu.edu

Wien, Hans C.
Prafessar of Horticulture, Cornell University
hew2@cornell.edu

Wirth, Cathy

M.S. student in International Agricultural Development, UC
Davis

cbwirth@ucdavis.edu

Youssefi, Farbod

Consultant, International Programs Office,
UC Davis

doctoryoussefi@yahoo.com

Zagory, Deven
Davis Fresh Technaologies, LLC.
dzagony@davisfreshtech.com

Zaornerizer, Heather

M.5. student in International Agricultural Development, UC
Davis

hzornetzer@ucdavis.edu

Participants at the Sub-Saharan
Africa Regional Workshop

Global Horticulture Assessment
Arusha, Tanzania, 14-16 February, 2005

Alemu, Akdilu Shimeli

Ethiopian Agricultural Research Crganisation (EARQ)
Ethiopia

rarc@telecom.net.et

Abebe, Tsegaye Adugna

Ethio Flora Company

Ethiopia

bnfZetf@telecom.net.et, wmekasha@acdivocasth.org

Abrha, Fitsumbirhan Kidana

Horticulture Development Enterprise
Ethiopia

h.e.d@telecom.net.et, fok2020@yahoo.com

Abrhan, Bellay Tadesse

Awassa Greenwaood plc. Ethiopla
Ethiopia
awassagreenwood@telecom.net.et

Agong, Stephen Gaya
Department of Agriculture- JEKUAT
Kenya

sgagong@nbnet.co.ke

Aluma, John

MNational Agricultural Research Organization
Uganda

ddgr@infocom.co.ug

Assan, Keita

Office du Niger (ON), Mali

Mali

C/o Yacouba Santara (Bamako/AEG) <ysantara@usaid.gov>

Ayigko, Milton

Were Tegemeo Institute of Agricultural Policy and Development
Kenya

mwayieko@tegemeo.org
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Badebo, Lemma Dessalegne
EAROC

Ethiopia
narc@telecom.net.et

Bealy, Ato Taddes
Greanwood PLC

Ethiopia
yilma_global@yahco.com

Bosch, Chris H.
PROTA, Metherands
Metherlands
chris.basch@wur.nl

Bouare, Seydou

Cffice de la Haute Vallee du Miger
Mali

chvnagro@hotmail.com

Bujulu, Joe! Elvania

Tropical Pesticides Research Institute (TPRI
Tanzania

elbujulu@yahoo.co.uk

Chadha, M.L

Regional Center for Africa, AVRDC-The Waorld Vegetable
Center, Tanzania

Tanzania

michadha@avrdc-rca.co.tz

Challa, Etissa Edossa
EARO

Ethiopia
narc@telecom.net.el

Chambers, Michael
Gomba Estate Ltd. (GEL)
Tanzania

mike@gel.co.tz

Chinkhuntha, Glywyns J.
Tikendwe Freedom Garden
M alawi
drechinkhuntha@hotmail.com
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Del Franco, Djalou
TECHNOSERVE
djalou@yahoo.com

Draw, Clive 0.

USAID APEP

Uganda
clive@apepuganda.org,

Erbaugh, J.M

Ohic State University
LUsa
erbaugh.1@osu.edu

Essah, Samuel
Colorado State University
usa

sessah@lamar.colostate.edu

Fofana, Mamby
ICRISAT-MAMEY

Niger
mamby.fofana@cgiar.org

Fondriest, Steven M
LISAID/Tanzania
Tanzania
sfondriest@usaid.gov

Gamby Kadiatou Touré
IER
Mali
gambi@afribone.net.ml

Ganry, Jacky
CIRAD

France
jacky.ganry@cirad.fr

Hardiz Erin

International Programs Office UC Davis

USA
eghardie@ucdavis.edu



Herron, Carcline
IITA

Tanzania
c.herron@cgiar.org

Hodder, Alison

FAC

Italy
alison.hodder@fac.org

Izmail, Flora AR

University of Dar Es Salaam
Tanzania
ismailf@udsm.ac.iz

de Jager, Andre

Wageningen University and Research Center
Metherlands

andre.dejager@wur.nl

Jama, Bashir A

Warld Agroforestry Center (ICRAF)
Kenya

b.jama@cgiar.org

Janick, Jules
Purdue University
Lsa
janickEpurdue.edu

Kanyeka, Eva K.

Ministry of Agricuiture and Food Security
Tanzania

ekanyeka@hotmail.com, drd@ud.co.tz

Karangwa, Patrick
ISAR-RUBCNA

Rwanda
karangwapatrick@vyahoo.fr

Karanja, Mancy M .
LURBAM HARVEST, CIP
Kenya
nancy.karanja@cgiar.org

Kebede, Mengistu D.

Ethiopian Fruit & Vegetable Marketing Share Co.
Ethiopia

etfruit@telecom.nat.at

Kimani, Paul M

CIAT- University of Nairobi
Kenya
kimanipm@nbnet.co.ke

Assogba-Komlan, Francoise
INRAB

Banin

fakvineG0@yahoo.fr

Kouame, Christophe

CMNEA

Cote D'lvoire

abj.cnra@aviso.ci, cnra@africaonline.co.cl

Kraft, Kraig H.

International Programs Office, Univarsity of California, Davis
LisA

khkraft@ucdavis.edu

Kyamanywa, Samuel
Makerere University
Uganda
kyamaywa@infocom.co.ug

Levasseur, Virginie

AVRDC-WARDA Project, AVRDC-The World Vegetable Center
Mali

vievasseur@cgiarorg

Ldhr, Bernhard
ICIPE
Kenya
blohr@icipe.org

Looney, Morman E.

International Society for Horticultural Science
Canada

Looneyn@agrgc.ca
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Lowenberg-Deboer, James
Purdue University

usa

lowenbej@purdue. edu

Lumpkin, Thomas A.

AVRDC-the World Vegetable Center
Taiwan, ROC

lumpkin@avrde.org

Luther, Gregory

AVRDC-the World Vegetable Center
Talwan, ROC

gelutherBavrde.org

Maerere, Amon P
Sokaine University
Tanzania
maerere@yahoo.co.uk

Marandu, Wilson Y.

IPGIR-Sub Saharan Africa Group

Tanzania

w.marandu@cgiar.org, w.marandu@avrde-rca.co iz

Marcotte, Paul L.

UC Davis

USA
plmarcotteB@ucdavis.edu

Masambu, Hudson
USAIDYREDSO/ESA
Kenya
hmasambud@usaid.gov

Maundu, Patrick M.

International Plant Genetic Resources Institute
Kenya

p.maundu@cgiar.org

Mendlinger, Sam

Ben-Gurion University of the Negey
Israel

mendling@bgumail. bgu.ac.il
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Miller, Timothy

USAID (EGAT/AG/ATGO)
USA

timiller@usaid.gov

Mitawa, G.M.

Ministry of Agriculture and Food Security
Tanzania

drd@ud.co.tz

Mushambanyi, Thecdaore Muryuli

Mational Center for Research in Natural Sciences
Congo

munyulitheo@vyahoo.ir

Mwasha, Adah M.

Ministry of Agriculture and Food Security
Tanzania

admwasha@hotmall.com, admwasha@yahoo.com

Mgouajio, Mathieu
Michigan State University
LISA

ngougjio@msu.edu

MNiane, Amadcu

Director, FRUITEX

Mali

hschartup@trademali.com; fruitex@lapaste. net

Nono-Womdim, Rémi S,
TECHMISEM-TROPICASEM
Senegal
womdim@technisem.com

Nyambo, Brigitte T.
ICIPE

Kenya
bnyambo@icipe.org

Myomara, Agnes M.S
University of Dar es Salaam
Tanzania
anyomora@hotmail.com

MNzioka, Timothy

Kenya Gatsby Trust

Kenya

tnzioka@hotmail.com, tnzioka@kenyagaisby.org



Ogbonnaya, Chuks |.

Abia State University, Uturu, Migeria
Migeria
chuks_ogbonnaya@yahoo.co.uk

Oluoch, Mel

Regional Center for Africa, AVRDC-the World Vegetable Center
Tanzania

molucch@avrde-rea.co.iz

Ortiz, Rodomiro
CIMMYT
Mexico
rotiz@cgiarorg

Paull, Robert E.

Dept. of Tropical Plant and Soil Sciences, University of Hawaii-
Manoa

LISA,

paull@hawaii.edu

Patts, Michas|
CIP

Kenya
m.potts@cgiar.org

Reinhart, Adam

Bureau of Economic Growth, Agriculture & Trade, USAID
usa

areinhart@usaid.gov

Rosenstock, Todd 5.
University of California, Davis
UsA
trosenstock@ucdavis.edu

Rouamba, Albert

Vegetable Plant Program, INERA

Burkina Faso

albert.rouamba@fasonet.bf; alsanou@fasonet, bf

Saleh, Brhan K.

Mational Agricultural Research Institute of Eritrea
Eritrea

brhan200220@yahoo.co.uk

Sarmali, Njau Silvest

Horticulture Research Institute (HORTI-TENGERLU)
Tanzania

silivesta@yahoo.com

Santana Afonso, Rui
Technoserve
Mozambigue
santana@teledata.mz

Silue, Drissa

Regional Center for Africa, AVRDC-the Woarld Vegetable Center
Tanzania

dsllue@avrde-rea.co.tz

Stewart, Paul

Technoserve

Tanzania

paul. stewart@tnstanzania.org

Swai, lgnas S.

Horticultural Research Institute-Tengeru
Tanzania

isswal@yahoo.co.uk

Thiart, Sanetta

ARC-Roodeplaat, Vegetable and Omamental Plant Institute
South Africa

sthiart@arc.agric.za

Tomekpe, Kodjo
CARBAP

Cameroon
tomekpe@camnet.cm

Turner, Anne
ADAR/Chemaonics International
Rwanda
aturner@chemanics.com

Uronu, Asnath B.

Tropical Pest Research Institute (TPRI)
Tanzania

auronu@yahoo.com
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Uwimana, Brigitte

ISAR

Rwanda
uwagumbu@yahoo.co.in

Van Rooyen, Andre
ICRISAT-ZW
Zimbabwe

a.vanroayen@cgiar.org

Wabule, Mary N.

Kenya Agricultural Research Institute

Kenya

mnwabule@kari. org; resource.center@kari.org

Wangia, Caleb

Citizens Network for Foraign Affairs - Agricultural Market
Development Trust

Kenya

cwangia@agmarkkenya.org

Ward, Andrew

DFID Crop Protection Programme
UK

award@nrint.co.uk

Weinberger, Katinka

AVRDC-The Waorld Vegetable Center
Taiwan ROC

weinberg@avrde.org

Weller, Stephen C.
Purdue University
LSA
weller@purdue.edu

Williams, John

University of California, Davis
LISA

Inwill@ucdavis.edu

Youssefi, Farbod

University of California, Davis
Chile
doctoryoussefi@yahoo.com
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Participants at the Latin America and

Caribbean Regional Workshop
Global Horticulture Assessment

Zamorano, Honduras 29-31 March, 2005

Arce, Jorge
EARTH University
Costa Rica
j-arce@earth.ac.cr

Barahana, Victor Manuel

Cooperativa de Horticultores de Siguatepeque (COHORSIL)

Honduras
insumoco@yahoo.es

Barrera, Victor H

INIAP

Ecuador
vbarrera7 0@ hotmail.com

Blandon, Jose A.
University of Guelph
Canada
jplandon@uoguelph.ca

Brown, Patrick

University of California, Davis
JSA
pbrown@ipo.ucdavis.edu

Bustamante Orafegui, Juan de Dios

Mational Institute for Forestry, Agriculture and Livestock
Research (INIFAF}

Mexico

Bustamante. juan@inifap.gob.mx, oranegui@yahoo.com

Caceres Rivera, Orlando
PROMIPAG

El Salvador
promcoor@telesa.net

Chang, Cheng-han

ROC Embassy in Honduras

Honduras

c/o Huang, Tien-shin™ <mtchina@unete.comz



Chesney, Palrick

Maticnal Agricultural Research Institute
Guyana

pchesney@conservation.org

Chirinos, Eduardo
USAID/Honduras
Honduras
echirinos@usaid.gov

Clark, Richard Lee
MSLU PFID-FAV
Guatemala
Clarkri1i@msu.edu

Clarke-Harris, Dionne

CARIBBEAN AGRICULTURAL RESEARCH & DEVELOPMENT
INSTITUTE {CARDI)

Jamaica

dclarkeharris@yahoo.com

Clay, Danigl C. (Dan)
Michigan State University
UsaA

clay@msu.edu

Cock, James H
CIAT

Colombia
j-cock@cgiarom

Contreras, Mario
Zamorano University
Honduras
mecontreras@zamorano.adu

Cruz, Jose Angel

Agricultura y Medio Ambiente
El Salvador

jeruz@crs.org.sv

Duarte, Odilo
Zamarano Univarsity
Honduras
oduarte@zamorano.edu

Escobar De Ledn, Jorge
CA

El Salvador
Jorge.escobar@iica.int

Espinal, Raul
Zamorano University
Honduras

Fleischer, Shelby
Pennsylvania State University
USA

sif4@psu.edu

Flores, Aracell Sanchez
COTAS

Mexica
cotasac@terra.com

Flores, Edwin
Zamorano University
Honduras
edflores@zamoranc.edu

Fleres, Luis Gustavo
Seminis Vegetable Seeds
Honduras
gustavo.flores@seminis.com

Fuentes, Porfirio
USAID/Honduras
Honduras
pfuentes@usaid.gov

Gabrie, Carlos E Mendoza
COHORSIL

Honduras
insumoco@yahoo.es

Gallo, Ernesto
Zamoaorano University
Honduras
egallo@zamorano.edu

Gandarillas, Antonio
Fundacion PROINPA
Bolivia
gandaril@proinpa.crg
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Garcia, Julio

Tukan Agro Products
Honduras
tukanagro®@aol.com

Hamilton, Sarah L. (Sally)
University of Denver
LS4,

shamilto@du.edu

Hamner, Todd
LISAID/LAC/RSD/BEBEG
LISA
thamner@usaid.gov

Hardie, Erin

University of California, Davis
USA

echardie@ucdavis.edu

Huang, Tien-Shin

Misicn Tecnico de Taiwan
Handuras
mtchina@unete.com

Irschitz, Frank

Fural Development Institute (IDA)
Micaragua
frank.irschitz@idr.gob.ni

Kraft, Kraig H.

University of California, Davis
USA

khkraft@ucdavis.edu

Krigsvold, Dale

Honduran Foundation for Agricultural Research (FHIA)
Honduras

dkrigsvold@fhia.org.hn

Kuo, C. George

AVRDC-the World Vegetable Center
Taiwan

gkuo@avrde.org
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Lardizabal, Ricardo
CDA-FINTRAC
Honduras
raca@fintrac.com

Looney, Morman E.

Internaticnal Society far Horticultural Science (ISHS)
Canada

looneyni@agr.gc.ca

Lopez Montes, Julio
PROMIPAC
Micaragua
promcoor@telesa net

Lopez Zarate, Gerardo

Ministerio de Agricultura y Ganaderia
Paraguay

gecalozar@hotmail.com

Lumpkin, Thomas A.

AVRDC-the Warld Vegetable Center
Taiwan

lumpkin@avrdc.org

Luther, Gregory

AVRDC-the World Vegetable Centar
Taiwan

geluther@avrde.org

Marcotte, Paul L.

University of California, Davis
LsSA,
plmarcotte@ucdavis.edu

Maul, Fernando

ICADA-Universidad Del Valle

Guatemala

terramaya@terra.com.gt, fermaul@hotmail.com

MecGlashan, Daon

Ministry of Agriculture - Technical Services Directorate
Jamaica

dhmeglashan@moa.gow.jm



McMamara, Kevin T.
Purdue University

LsA
mecnamara@purdue.edu

Medlicott, Andrew P,
FINTRAC CDA - USAID
Honduras
andy@fintrac.com

Membreno, Tomas

PFID

Micaragua
membreno@cablenet.com.ni

Menocal, Octavio

Instituto Micaraguense de Tecnologia Agropecuaria (INTA)

Micaragua
omenccal@inta.gob.ni

Miselem, Jose Maria
Zamarano University
Honduras
jmiselem@zamaorano.edu

Matis, Tim M.

Educational Concerns for Hunger Organization
USA (based in Haiti)

tmotis@echonet.org

Motsenbocker, Carl E.

Louisiana State University AgCenter

USA

cmots@lsu.edu, cmotsenbocker@agetr.lsu.edu

Marvaez, Cesar

Seminis Honduras International
Honduras
cesarnarvaez@seminis.com

Ortiz, Carmalo
COTAS

Mexico
cotasac@terra.com

Ortiz, Oscar Ernesto
International Potato Center (CIP)
Peru

o.0rtiz@cgiarorg

Paull, Robert E.

University of Hawaii - Manoa
usa

paull@nawail.edu

Paz, Pablo E

Escuela Agricola Panamericana (Zamarano)
Honduras

pepaz@zamorano.edu

Pedroza, Manuel Enrigue (Henry Pedroza Pacheco)
Private Consultant

MNicaragua

hpedroza@ibw.com.ni

Picado, Salvadaor

APEN-Nicaragua

MNicaragua
informacioncomercial@apenn.org. ni

Polar, Perry Adrian
CAB Internaticnal
Trinidad
P.Polar@cabi.org

Ramirez, Denis

Fundagcion Hondurena de Investigacion Agricola (FHIA)
Honduras

fhia@hondutel.hn, dramirez@fhia.org.hn

Ramirez, Vicente Santiago
COTAS

Mexico
cotasac@terra.com

Reardon, Thomas
Michigan State University
LSA

reardon@msu.edu
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Rivera -C., Jose Mauricio

Fundacion Hondurena de Investigacion Agricola (FHIA)
Honduras

mrrivera@fhia.org.hn

Roca, Maria Mercedes

Escuela Agricola Panamericana (Zamaorano)
Honduras

mmroca@zamoranc.edu

Rodas, Raul
OIRSA-Honduras
Handuras
modas@ocirsa.org.hn

Rosenstock, Todd 5.
University of California, Davis
LSA
trosenstock@ucdavis.edu

Rueda, Alfredo

Escuela Agricola Panamericana (Zamorana)
Honduras

arueda@zamorano.edu

Samayoa, Carlos
Zamarane University
Honduras

Sanchez, Guillermo (Willy)
ICADA

Guatemala
gsanchezl@intelnet net.gt

Scheldeman, Xavier AA,
IPGRI-Regional Cffice far the Americas
Colombia

x.scheldeman@cgiar.org

Schoonhoven, Aart

CIAT

Colombia
a.schoonhoven@cgiar.org
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Schwartz, Michael
Chemonics International
Guatemala
mkschwartz@chemonics.net

Slerra, dalia Alejandra
DICTA

Honduras
asierra@sag.gob.hn

Sinha, Anil

Caribbean Agricultural Research & Development Institute
(CARDI)

Belize

cardi@btl.net

Suaza, Donaldo
PLANTAFLORH
Honduras
dosu2DEhatmail.com

Titus, Pathleen

Caribbean Agricultural Research & Development Institute
(CARDI

Bt Vicent and the Grenadines

cardisvg@caribsurf.com

Velez, Luis F

Zamorano University

Honduras

Weller, Stephen C.
Purdue University
usa
weller@purdue.edu

Youssefi, Farbod

University of California
LSA
doctoryoussefi@yahoo.com

Zurita, Stalin

World Vision Honduras
Honduras
szurita@cablecolorhn



Participants at the Asia and Near East
Regional Workshop

Global Horticulture Assessment
Cairo, Egypt 12-14 April, 2005

Abdel Salam, Ayman K.
CARE International/Egypt
Egypt
asalam&egypt.care.org

Abdulsattar, Wadea
USAID

Republic of Yemen
alsattarw@state.gov

Abou-Hadid, Ayman
Ain Shams University

Egypt
ruafah@rusys.eg.net

Alabrk, Aly Mostafa
UPEHC

Egypt
Mail@upehec.org.eg

Al-aghbari, Abdulwahed 0. Mukred
Agricultural Research Authaority
Republic of Yemen
awmukred@yemen.net.ye

Al-Harthy, Abdul Aziz

Ministry of Agriculture and Fisheries
Oman

omar95&yahoo.com

Ali, Mubarik

AVRDC-The World Vegetable Center
Taiwan, ROC

mubarik@avrdc.org

Atroosh, Khader B

Arabian Peninsula Regional Program
Republic of Yemen
kbatraosh@hotmall.com

Badwan, Adnan, J.

ordanian Association for Pharmaceutical Manufacturars
Jordan

jpmé@go.com.jo

Barakat, Mohamed Reda
Cairo University

Egypt
reda_barakat99@hotmail.com

Ben Mimoun, Mehdi

INAT (Mational Institute of Agronomy in Tunis)
Tunisia

mehdibenmimoun@yahoo.com

Brown, Allison

American Society for Horticulture Science; Pennsylvania State
University

Thailand

cardoon1313&yahoo.com

Brown, Patrick

University of California, Davis
UsA

phbrown@ucdavis.edu

Chahine, Hala

Lebanese University
Lebanon
hala.chahine@inco.com.|b

Chandrasekaran, Murugappan
Tamil Nadu Agricultural University
India

mesekaran@hotmail.com

El Assi, Najib

The University of Jordan
Jordan
najinasi@ju.edu.jo

El-Behairy, Usama
Ain Shams University

Egypt
behairy@clac.claes sci.eq, el_behairy2003&yahoo.co.uk
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El Habashy, Yasser M
CARE International / Egypt
Egypt
yhabashy@egypt.care.org

Elleuch, Amine

INAT- Faculty of Science of Sfax
Tunisia

aelleuch@ibmep.upv.es

El-Mahhal, Yasser

Envirecnmental Protection and Research Institute
Palestine

¥_el_nahhal@hotmail.com

Hajj Dib, Talal Ali

CHF International — Lebanon
Lebanon
thajjdib@chilebanon.com

Hardie, Erin

University of California, Davis
Usa

eshardie@ucdavis.edu

Hautea, Desiree
UPLB
Philippines

hautea@ign.csi.com.ph, dmhautea@ipb-uplb.crg.ph

Herlehy, Tom
CARE-Egypt

Egypt
therlehy@egypt.care.org

Hussein, Awad
Alexandria University

Egypt
aphc@link.net

Ibrahim, Abdo Badawi
Mahdet Masr Company

Egypt
n_misr@link.neat
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Jamra, Setta Abu
UsSAID/AJardan

Jordan
stutundjianBusaid.gov

Jasim, Raied

Ministry of Agriculture

Iraq
saba_alkhafaji@yahoo.com

Kasrawi, Mahmoud
University of Jordan
Jardan
kasrawi@ju.edu.jo

Kouki, Karima

INAT (Mational Institute of Agronomy in Tunis)

Tunisia
karima.kouki@laposte.net

Kraft, Kraig H.

University of California, Davis
USA

khkraft@ucdavis.edu

Kudagamage, Chandrasiri
Department of Agriculture
Sri Lanka
kudagamage@sltnet.lk

Lumpkin, Thomas

AVRDC, The World Vegetable Center
Taiwan

lumpkin@netra.avrde.org.tw

Luther, Gregory

AVRDC-The World Vegetable Center
Taiwan

gcluther@avrde.org

Makkouk, Khaled
ICARDA

Egypt
k.makkouk@cgiar.org



Marcotte, Paul L,

University of California, Davis
UsA
plmarcotte@ucdavis.edu

McMNamara, Kevin
Purdue University

LUSA
menamara@purdue.edu

Miller, Timaothy
USAID

LSA
timiller@usaid.gov

Maorgan, Larry C.
Chemanics International

Egypt
Imorgan@aeriexports.net

Mortada, Hesham E.
UPEHC

Egypt
hes_mortada@hotmail.com

Matsenbocker, Garl E.
Lauisiana State University
Usa,

cmots@lsu.edu

Moustafa, Ahmed T.
ICARDA

United Arab Emirates
a.moustafa@cgiararg

Marciso, Josefina O.

Univ, of the Philippines - Los Banos

Philippines

Jonarciso@ipb-uplb.org.ph, jonarciso@yahoo.com

MNgin, Chhay

Ministry of Agriculture, Forestry and Fisheries

Cambodia
Chhay.ipm@cnline.com.kh

Mugraha, Udin

Indonesian Vegetables Research Institute (VagRl)
Indonesia

udin_nugraha@yahoo.com

Pande, Suresh
ICRISAT

India
s.pande@cgiar.org

Paull, Robert E.
University of Hawail
USA
paull@nawaii.edu

Prain, Gordan
Internaticnal Potato Center
Peru

g.prain@cgiar.org

Rafea, Mohamed Wael
Horticultural Export Improvement Association (HEIA)

Egypt
wael@heia.org.eg

Ragab, Mohamed
Ain Shams University

Egypt
mechamedragabd8&hotmail.com

Raghothama, K.G.
Purdue University
USA

ragu@hort. purdue.edu

Rahim, M.A.

Bangladesh Agricultural University
Bangladesh
pdrrahim@yahoo.com

Rai, Mathura

Indian Institute of Vegetable Research
India

pdveg@&@up.nic.in
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Rhayif, Abdulamir H.

Ministry of Agriculture

Irag

C/o. Paiman_Ayoub@dai.com

Rosenstock, Todd S.
University of California, Davis
usa
trosenstock@ucdavis.edu

Salem, Magda A.

Ministry of Agriculture

Iraq
ma_flower_2005@vyahco.com

Samy, Mchamed M.
MUCIA-AERI

Egypt
samy@uiuc.edu

Schroder, David

USAID West Bank-Gaza Mission
Palestine

dschroder@usaid.gov

Shanmugasundaram, Subramanyam
AVADC-The Worid Vegetable Center
Taiwan, ROC

sundar@avrdc.org

Shuman, Mchammad Firas
IPGRI

Syria
FSHUMAN@CGIAR.ORG

Sithanantham, Srinivasan
ICIPE

Kenya

ssithanantham @icipe.org

Suzuki, Masaaki

AVRDC - The World Vegetable Center
Thailand

arc_wvc@ksc.th.com
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Warrington, lan

Masseay University

Mew Zealand
i.warrington@massey.ac.nz

Weller, Stephen C.
Purdue University
LISA
weller@purdus.edu

Wetzel, Peter L
CARE International/Egypt

Egypt
petewetzel@yahoo.com

Widagdo, Handoko

‘Warld Education

Indonesia

weindo@indo.net.id, handokowidagdo@hotmail.com

Williarns, Anne N.
USAID/Egynt/PSD/ACE
USA
AWilliams@usaid.gov

Yousseafi, Farbod

University of California, Davis
LISA
doctoryoussefi@yahoo.com
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SURVEY LETTER

—
o

Dear Sir or Madam:

In September 2004, the University of California, Davis, in
partnership with the World Vegetable Center - AVRDC, and
supported by USAID, initiated an in-depth, highly collaborative
analysis of regional horticulture sectors. The production of
harticultural commaodities, including fruits, vegetables, nuts,
and ornamentals, offers potential 1o alleviate poverty, meet
domestic human nutritional needs, and stimulate growth in
emerging economies of the world.

The yearlong global assessment will include three regional
workshops to take place during the Winter and Spring of 2005
in Latin America, Africa and Asia. These workshops will provide
local stakeholders with the opportunity to discuss and analyze
the constraints associated with horticultural development in
their regions. As space will be limited and travel to the meeting
sites may not be possible for many stakeholders, we have
developed this survey to ensura that a broad range of input is
included in the regional workshops and final assessment. Your
participation in this survey is critical to our accurate analysis of
the opportunities and constraints associated with horticultural
production and marketing in your region.

Identifying the Priorities for Investment in Africa’s
Horticulture Industries

Goal: The purpose of this survey is to obtain accurate
information aboul the local and regional constraints and
oppertunities for horticultural development in Africa, Latin
America and the Caribbean and Asia and the Near East
regions. Participants in this survey have been selected from
diverse backgrounds including farmers, farmer associations,
researchers and government agencies and the business sector.
Your answers to these questions should be based on your
own knowledge, There is no expectation that you will provide
information on crops or regions outside your own expertise.

Outcome: The results of this survey will be used as the basis for
a Regional Horticulture Workshops to be held in Arusha, Tanzania
in February of 2005, Zamorano, Honduras in March 2005, and
Cairo, Egypt in April 2005, The survey and workshop will then
be used to define the primary challenges and opportunities for
development in horticulture in Africa and will be used to guide
funding in this area.

Benefits to Participation:

* Sponsorship is avallable for individuals to attend the
Regional Horticultural Workshops. Individual participants
will be selected from survey respondents.

*  Your analysis of the important issues in your region will
help define development investment in horticulture in Africa,

s Al participants will given access to the project Global
Horticulture Web site and to the reports generated from
this activity,

* A database of participants will be developed to allow
for rapid communication of new epportunities and
development of new partnerships.

Thank you for taking the time to complete the survey. We
welcome your assistance in distributing this survey widely and
in collecting information from others involved in horticulture in
your region.

Sincerely,

Patrick H. Brown, Ph.D.

Professor, Department of Pomology

Director, International Programs

College of Agricultural and Environmental Sciences
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UCDAVIS e
W The Warld Vegetable Center
Global Horticulture Sector Development Survey
Please return by e-mail, fax or mail to:
Erin Hardie, Assistant Director, International Programs
College of Agricultural and Environmental Sciences
University of Califarnia
260 Hunt Hall; One Shields Avenue
Davis, CA 95616-8571
530-752-9480 (office)
230-T54-T160 (fax)
eehardie@ucdavis.edu (email)
hitp.//www.caes.ucdavis.eduwintlprgrms
Please fes! free to use additional pages, if necessary, and contact us if you would like an electronic copy of the survey.
I: Institutional Infarmation
Mame:
Pasition/ Title:

Institution/Company:

Contact Information:
1. Please identify the regions / locations and corresponding agreecological characterization where your institution cperates;
2. Please identify your institutions' major stakeholders invalved in the horticulture sector:

3. Please list and briefly deseribe the current horticultural activities / projects of your institution (Please indicate if they are funded
by or affiliated with any existing USAID programs);

4. Please provide us with names and contact infarmation of individuals with whom we should consult as we attempt to
understand horticulture in your region. The most appropriate individuals will be sponsared for participation in a regional workshop
on this topic in early 2005,
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Mamea Institution Contact Information

5. What, in your opinion, are the most important horticultural crops/markets (fruits, vegetables, and ernamentals) in your region?
Please list at least five crops/markets:

6. What, in your opinion, are five underutilized but potentially valuable horticultural crops/markets in your region? Please list the
craps and explain their potential and current constraints:

7. In your opinion what are the top 5 constraints to horticultural production in your region? For each constraint, please identify
whether the sclutions are short-term, medium-term, or long term,

8. Please describe any additional issues, concerns or opportunities related to horticultural-development not addressed in the
survey and that you feel are a high priority for a regional workshop on herticulture sector constraints to take into consideration.
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APPENDIX IV

PRIMARY ISSUES AND
CONSTRAINTS OF INTER-REGIONAL
AND INTRA-REGIONAL IMPORTANCE

The following information was consolidated from survey
responses and used to determine priority sub issues within
primary issue results.

The degree of impact of each primary issue and specific
caonstraints within each issue varies between regions and
subregions. Figures 1, 2, 3, 4 represent the frequency of
mentions of each of the six primary issues identified at the
regional workshops. These graphs are based upon survey
responses to question 7: In your opinion what are the fop 5
constraints to horticultural production in your region? This
analysis should be examined intra-regionally for each primary

issue. Thus, primary issues with consistent response rates
across divisions may suggest coardinated effort on a regional
or global scale, whereas, large variations between regions
suggests a need for targeted interventions towards specific
subregions or regions.

Tables 1, 2, 3, 4 provide a greater specificity of information
concerning the constraints to horticultural production within a
region. Respondents also identified these constraints in their
responses to question 7 of the survey, but the answers are not
aggregated to the primary issue level. They remain discrete
constraints to compare the most important constraint within
primary issue inter-regionally and intra-regionally.

Figure 1. Frequency of Mentions af
the six primary issues in the three
ragions. The graph is based on the
constraints mentioned in the survey
responses across al regions. The total
number of named constraints, each
of which was assigned to ane of the
primary-issues, was 2376; 1006 from
Sub-Saharan Africa, 452 fram Asia
and the Near East, and 878 from Latin
frmerica and the Carbbean.

50
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N Asia and Near East
—~ 40 - [ Sub-Saharan Africa
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Constraint Sub-Saharan Africa Asia and Near East B Am?rica a0xl the
Caribbean
Market Linkages
Market information * . ‘
Organization . . .
Access to markets e 4 s
Postharvest Systems and Food Safety
Standards . . +
Food safety . . .
Processing ++ ++ .
Infrastructure +++ i —
Postharvest practices + + 4+
Genetic Resource Development and Conservation
Germplasm conservation ++ + +
Adapted varieties ++ + +F
Fropagation +++ +4 +
Sustainable Production Systems and Natural Resource Management
Agrochemicals . . +
Pests and diseases 4 ++ e
Appropriate technology + +++ 4+
Climate . . .
Water ++ ++ +++
Sail + . +
Productivity + . ++
Capacity Building
Lack of informaticn ++E . ++
Skilled labor ++ ++ s
Extension + ++ ++
Research + + #
Enabling Environment
Capital / Land +Ht +++ 4
Palicy + . .
Risk . - .

Table 1. Impertance of the different constraints to horticultural production across all regions. Tha symbals in the table indicate the relative frequency
at which the specific constraint was mentionad in the survey as a properiion of the averall survey resporses received from the regian. Hare +++ indicates
that the constraint was in the firsl quartile (top 25%) of all reglonal survey respanses, whila constraints marked ++, + and » were in the sacand, third and
ferth quartile, respectively (fallowing the top 25% in intervals of 25%),
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Figure 2, Freguency of mentions of
the six primary issues in the four
subregions of sub-Saharan Africa,
Tha graph (s based on the canstrainis
mentioned in the survey responses
from sub-Saharan Africa. The total
number of named constrainis was
999, each of which was assigned to
one of the primary issues: 135 frem
Central Africa, 228 from East Adrica,
281 lrom Southern Africa, and 355
from Wast Africa.
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Constraint Central Africa East Africa Southern Africa West Africa
Market Linkages
Market information . L] L] ®
Organization ® . . .
Access to markets +++ +++ + 4+ +4+
Postharvest Systems and Food Safety
Standards ° | + . .
Food safety . . . +
Processing + ++ ++ g
Infrastructure +4+ +++ +++ | et
Postharvest practices ++ ++ +4 +4
Genetic Resource Development and Conservation
Germplasm conservation +++ + ++ ++
Adapted varieties + +4 + ++
Propagation +++ +++ + 44 +4
Sustainable Production Systems and Natural Resource Management
Agrochemicals . L) . .
Pests and diseases +++ +++ ++ +++
Appropriate technology + ++ + T
Climate . . + +
Water + + +44 S
Sail + ° s +
Productivity | * + + +
Capacity Building
Lack of information +++ +++ +++ +++
Skilled labor + & ++ +
Extensicn + ++ + ®
Research ® +4 + .
Enabling Environment
Capital / Land ++ +++ +++ ++4
Paolicy + . ++ .
Risk . . a .

Table 2. Importance of the different constraints to horticultural production in the subregions of sub-Saharan Africa. The symbels in the table
indicate the relative frequancy, at which the spacific constraint was mentioned in the survey, s a proporion of the overall survey responses recaived from
the subregion, Here 4=+ indicates that the constraint was in the first quartile (top 25%) of all subregional survey responses, whike constraints marked ++,
+and * ware in the second, third and forth quartile, respectively (following the top 25% in intervals of 25%6).
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Figure 3. Frequency of mentions of
the six primary issues in the three
subregions of Latin America and
the Caribbean. The tatal number

af LAC constraints named in the
survey was 878, each of which was
assigned to one of the pimary issues:
116 fram the Carnbbean, 427 from
Mesoamerica, and 335 from South
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Constraint Caribbean Mesocamerica South America
Market Linkages
Market information . + .
Organization . . +
Access to markets +++ +++ EREaER
Postharvest Systems and Food Safety
Standards + ++ .
Food safety L] - .
Processing . . .
Infrastructure ++ +++ +
Postharvest practices ++ +++ +
Genetic Resource Development and Conservation
Germplasm conservation + + +
Adapted varieties +++ Eahd &
Propagation . + ++
‘Sustainable Production Systems and Natural Resource Management

| Agrochemicals ++ . +
Pests and diseases +++ Lt s
Appropriate technology +44 +++ +++
Glimate ] . .
Water + +4++ ++
Soil . + +
Productivity ++ ++ +

Capacity Building
Lack of information ++ ++ oo
Skilled labor + ++ +++
Extension ++ + +
Research ++ . +
Enabling Environment

Capital / Land + ++ +
Policy . + N
Risk . . s

Table 3. Importance of the different constraints to harticultural production in the subregions of Latin America and the Caribbean. The symbols
in {he table indicate the relative frequency, at which the specific constraint was mentioned in the survey, as a proportion of the overall survey responses
received fram the subregion. Here ++= Indicates that the constraint was in the first quartile (top 25%) of all subregional survey respanses, while
consiraints marked ++, = and * were in the secand, third and forth quartile, respectively {fallawing the top 25% in intervals of 25%).
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Figura 4. Freguency of mentions of
the six primary issues in the three
subregions of Asia and the Near
East. The total number of constraints
far ANE named in the survey was 442,
each of which was assigned o ona

of the primary issues: 94 from North
Africa and the Mear East, 228 from
South Asta, and 123 from Soulheast
Asia
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Market Linkages
Constraint Morth Africa / Near East South Asia Southeast Asia
Market Linkages
Market information * . .
| Organization + N .
Access to markats +++ +4++ +++
Postharvest Systems and Food Safety
Standards . ] . ++
Food safety . ' . .
Processing -+ P 4+
Infrastructure ++ e +4+
Postharvest practices -t ok -
Genetic Resource Development and Conservation
Germplasm conservation G + -
Adapted varieties + e -+
Propagation - -+t =
Sustainable Production Systems and Natural Resource Management
Agrochemicals - + +
Pests and diseases ++ o o
Appropriate technology + ++ -
Climate * - +
Water +++ ++ -
Soil . + .
Productivity . - .
Capacity Building
Lack of information - . +
Skilled labor ek ++ ++
Extension +++ ++ .
Research ++ ++ +
Enabling Environment
Capital / Land i + bt
Policy . - .
Risk . . .

Table 4. Importance of the different constrainis to horticuliural production in the subregions of Asia and the Near East. The symbols in the table
indicate the relative frequancy, at which the specific constraint was mentioned in the survey, 8s a propartion of the overal survey responses received Trom
the subregion. Here +++ indicates that the constraint was in the first quartile (top 25%) of all subregional survey responses, while consiraints marked <+,
+and « were in the second, third and forth quartile, respectively fallowing the top 25% in intervals of 25%¢),
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APPENDIX V

CROPS

Survey recipients were asked to name the moslt important
crops for their region, and also crops with high potential for
their area (questions 5 and 6). Respondents named a total

of 212 commoditias as most important, and 189 as having
high potential. Although a great many creps were mentioned,
the top ten to fourteen crops represented nearly 50% of the
responses in each of the regions and subregions. The following
graphs show the distribution between commodity groups and
the rankings of the most important crops and commeodities on
the global, regional and subregional scale. Following, a listing
of all of the crops mentioned is included,
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Most important crops in Sub-Saharan Africa

Whole region
Indeidual crops
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Figure 3. Most important crops for sub-Saharan Africa and the four subregions, as mentioned by the survey respondents, The ple charls show the relative
frequency of the four main commeodity groups among the responses, whie the bar graph illustrates the ralative frequencies of the 1en most requently mentioned
individual erops, Mumber of responses: Entire region n=1510, Central Africa n=171, East Africa n=392, Southern Africa n=445, Wast Africa n=495.
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Underutilized or high potential crops in Sub-Saharan Africa
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Figura 4, Underutilized or high potential crops in Sub-Saharan Africa and the four subregions, as mentioned by the survey respondents. The pie chart shows
1her relative frequency of the four main commodity groups ameng ths respanses, while the bar graph illustrates tha relative frequencies of the 1en most frequenthy
mentioned individual crops, Number of total responzes: Whole ragion n=759, Central Africa n=58, East Africa n=178, Scuthern Africa n=192, West Africa n=2588,
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Most important crops in Latin America and the Caribbean

Whaole region Caribbean
. indFeidual crops by crop type - indeviduml crops
£ £
=ae [ =
:Eﬂnml:&iw%] _m"mﬁz I
PR THI
Mesoamerica South America
by crop type = indivicual crogs by crop type indfvidual crops
?i.
=
P gy
g3 i B

Figure 5, Most impartant crops for Latin America and the Caribbean and the three subregions, as mentioned by the survey respandents. The pie charts shaw
the relative frequency of the four main commedity groups amang the responses, while tha bar graph iTustrates fhe relative frequencies of the ten most frequantly
mentioned individual crops. Number of responses: Enlire region n= 1145, Carbbean n=184, Mesocamerica n=573, South Amardca nad48,
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Underutilized or high potential crops in Latin America and the Caribbean

Whaole region Caribbean
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Figure 8. Underutilized or high patential crops in Latin America and the Caribbean, and the three subregions, as indicated by the survey respondents, The
pie chart shows the refative frequency of the four main commedity groups among the responses, while the bar graph ilustrates the relative frequencies of the 1en most
frequently mentioned individual creps. Mumber of fotal responses: Entire region n=S50, Caribbean n=68, Mesoamarica n=287, and South America n=235.
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Most important crops in Asia and the Near East
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Figure 7, Most important crops for Asia and the Near East, and the three subregions, as mentioned by the survey respondents, Tha pie charts show the relative
frequency of tha four main commeodity groups ameng the respanses, while the bar graph llustrates the retative frequencies of the ten most frequently menticned
individual crops. Mumber of rasponses: Entire region r=783, Norlh Africa and the Near East n=134, South Asia n=3%6, Southeast Asia n=200.
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Underutilized or high potential crops in Asia and the Near East
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Figure 8. Underutilized ar high potential crops in Asia & the Near East and the three subregions, as mentioned by the survey respendents. The pie chart
shows the relative frequency of the four main commodity groups ameng the responses, while the bar graph (lustrates the relative frequencies of the ten most
trequently mentioned individual crops. Number of todal responses: Entire region =335, Mear East and MNorth Africa n=73, South Asia n=158, Southeast Asia n=74,
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HORTICULTURAL CROPS MENTIONED IN THE SURVEY

Fruit crops

Botanical name

Actinidia deliciosa (A.Chev.) C.l.Liang
Aegle marmelos Correa
Anacardium occidentale

Ananas camosus L.

Annona cherimala Mill.

Anncna cherimala Mill.

Annona muricata L.

Artocarpus altilis

Artocarpus heterophyfius Lam.
Averrhoa carambola L

Baccaurea sapida Musll.-Art
Bactris gasipaes HBK.
Butyrospermum parkil (Don) Kotschy
Byrsonima crassifolia HBK.

Carica papaya L.

Casimiroa eduwius Liave.,

Castanea sativa Mill,

Cereus peruvianus

Citruflus lanatus Masf,

Citrus aurantifolia Christm,

Citrus limon L.

Citrus paradizi x Citrus reticulata
Citrus reticulata

Citrus reticulata Blanco

Citrus sinenss L.

Citrus spp.

Citrux maxima

Cocos nucifera L.

Coffea arabica L, Coffea robusta L.
Corylus avellana L.

Cucumis meio L,

Cucumis melo L.

Cyphomandra betacea Sendt.
Dacryodes edulis

Detarium sensgalensis
Dimocarpus longan Lour,
Dioscorea sylvatica (Kunth) Ecklon
Diospyros kak Thunb.

Durio zibethinus L.

Embilica officinalis Gaertn syn. Phyllanthus emblica L.

Emblica officinalis Gaertn. syn. Phyllanthus emblica L.

Eriobotrya faponica Thunb,
Euterpe cleracea

Fejjoa sellowiana Berg.
Ficus carica L.

Fragaria virginiana
Garcinia indica

vernacular name
Kiwi

bael, wood apple
cashaw

pineapple

attemoya, custard apple
chermoya
guanabana, soursop, Dutch durian
breadfruit

jackfruit

starfruit, carambola
Burrmese grape, lutqua
pejibaye, peach-nut
Sheanut

nance

papaya, paw paw
zapote, sapole
chestnut

pitaya

watermeion

lime

leman

tangelo

mandarin

tangering

orange

citrus

pamelo

coconut

coffes, café

hazelnut

cantaloupe

melan

tree tomato

african pear

ditah

longan

Elephant's foot apple
persimmon

durian

aamla, aonla

Aonla

loguat

Assai

feijoa, pineapple guava
fig

strawberry

kokum

Appendix ¥

117



APPENDIX V

Garcinia kola

Garcinia mangostana L.
Hancarnia speciosa Gomes
Helficonia spp.

lrvinga spp.

Juglans nigra L. (black), Juglans regia L. (Persian)
Litehi chinensis
Macadamia integrifolia
Malus domestica

Malus domestica Borkh,
Mammea americana L.
Mangifara indica L.
Manichara zapotilla Gilly
Melicocca bijuga L

Musa spp.

Musa spp.

Musa spp.

Myrciaria dubia

Nephilium lappaceum L.
Qilea europaea L,

Cpuntia spp. L.

FPassiflora edulis Sims.
Fassiflora spp.

Phoenix dactylifera

Physalis ixocarpa Brot. ex Hormem
Physalis peruviana

Pistacia vera L

Pouteria lucuma O, Kize.
Prunus amygdalus Batsch,
Prunus armemniaca L.
Prunus cerasus

Prunus domestica L,
Prunus persica C, Schneider
Prunus persidca L.

Psidium guajava L.

Psidium guajava L.

Punica granatum L,

Pyrus communis L,
Rheadia eduwlis Tiana & Planch,
Rubus idaeus L.

Rubus spp.

Saba senegalensis
Scierocarya birrea

Solanum quitoense Lam.

Spondius duicis Farst, syn. Spondius cythersa Sonn.

Spondius mombin L.

Spondius Pinnata L.

Tamarindus indica L,

Theobroma cacao L.

Theobroma grandifiorum Schuman
Vaccoinfum corymbosum L.
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bitter cola
mangaosteen
mangaba
heliconia

irvinga spp
walnut

lyches
rmacademia
Apple

apple

mamey

mango

sapadilla
mamancillo
Apple banana
banana

plantain
camu-camu, rumberry
rambutan

olive

prickly pear, tuna
passion fruit
granadilla

date

tomatillo

cape gooseberry
pistachio

lucumo

almand

apricot

chermry

plum

nectarine

peach
araca-pera
guava
pomegranite
pear

mameyite, arrayan
raspberry
blackberry
wedga

marula, wild plum
naranjilia
ambarella
mamizin

heg plum
tamarind

cacao, chocolate
cupuagu, cupassu
blueberry



Vaccinfurm macrocarpon Ait.
Vaccinfurm myrtilius L

Vitis spp.

Vitus =pp.

Vitus spp.

Ziziphus jujuba Mill.
Ziziphus jujube Mill,
Zizyphus jujuba Mill.

Vegetable crops
Botanical name
Agaricus bisporus
Allium cepa G. Don
Allfum cepa L.

Allfurn cepa L.

Allfurn cepa L.

Allivm sativem L.
Apium graveolens
Arracacia xanthorrhiza Bancr.
Asparagus officinalis L.
Beta vulgaris

Beta vulgaris Lam.
Brassica oleracea L.
Brassica oleracea L.
Brassica oleraces L.
Brassica oleracea L.
Brassica parachinensis Bailey
EBrassica spp.
Capsicum annuum L.
Capsicum spp.
Carchorus olitorius L
Cichorium endiuia Lam.
Cichorium intvbus L,
Cleome gynandra
Colocasia esculenta L.
Corchorus olitorius L.
Coriandrum sativum L.
Crassocephalum spp.
Cucumis sativus
Cucurbita pepa L.
Cucurbita pepo L.
Cucurbita pepo L.
Cynara scolymus L,
Daucus carota Hofim,
Dioscorea alata L.
Glycin max L.

cranberry
bilberry

grape (table)
grape (raisin)
grape (wine)
Jujube

masan, jujube
ber, pitni, bari

vernacular name
mushrooms
shallot

onion

scallion

scallion

garlic

celery

arracacha, Peruvian carrot
asparagus
beetroot

chard

broccoli

cabbage
cauliflower

kale

chinese cabbage
brassica

sweet pepper
paprika

jute mallow
endive

radicchio
spiderplant

taro

corchorus, nalta jute
cilantro

Ebolo, ragleaf, Yoruban bologi
cucumber
squash

pumpkin

Squash

artichoke

carrot

yam

soybean

Appendix V

119



APPENDIX YV

Hibiscus esculznta
lpomes aquatica
lpomea aquatica
lpomoesa batatas
Latuca sativa L.
Lepiadenia hasiata

Luffa acutangula (L.) Roxb., L. cylindrica (L.) Roem, Lagenaria sp

Luffz acutangula L.
Lycopersicum esculentum

Lycopersicum esculentum Mill. syn. Solanum esculentum L.

Manitot esculenta
Cpuntia spp. L.
Perssa americana
Phasealus vulgaris L.

Phaseolus vulgaris L., Phasaclus lunatus L.

Phseolus vulgaris L.
Pisum sativim L.
Pisum sativum L.
Raphanus sativus L.
Rheum=hybridum Murray
Sechium edula
seshania grandifiora L,
Solanecio asthipicum
Solanum aethipicum
Solanum macrocarpon
Solanum melongena L.
Sofanum tarderematum
Solanum tuberasum L.
Spinacia oferacea L.
telfsiria occidantalis
Vigna subterranea L.
Vigna unguiculata L.
Zea mays L.

Zea mays L.

Herbs & Spices

Botanical name

Zingiber afficinale Roscoe

Acacta cyclops A. Cunn, ex. G. Don
Aloe ferox Mill,

Brassica napus L.

Camellia sinensis (L.) Kuntze
Capsicum spp. L.

Capsicum spp. L.

Cassia tora L. syn, Cassia obtusifolia L,

120 Global Horticulture Assessment

okra

kangkuna (lpomea aguatic)
kangkuna (lpomea aquatic|
sweel potato

lattuce

Leptadenia hartata

gourd

luffa

tomato

chemy tomato

cassava

nopal cactus, nopales
avocado

french bean

beans

green beans

pea

snow pea, Chinese pea, sugar snap pea

radish

rhubark

chayote

West Indian pea

indigenous African |leafy vegetable
solanum aethipicum

gboma, African eggplant
eggplant, aubergine, brinjal
african nightshad

potato

spinach

fluted pumpkin, oysternut
groundnut

cowpea, long bean, black-eved pea
baby com

sweet corn

vernacular name

ginger

fynbos

aloe ferox

Rape, colsa

fea

green chilles

hot pepper

Cassia tora, chakod, charota



Cinnarnanium zeylanicum Garc. ex Blume
Conandrum sativum L,

Curcuma longa L.

Elettarla cardamornum (L.} Maton.
Helfanthus annuus L.

Mentha spp.

Moringa ofeifera L.

Myrciaria spp.

Phyllanthus embiica Linn,

Piper nigrum L.

Pogastermom cablin

Rumex acetoselia

Ssaceharum officinarum L.
Syzygium cumini Skeels

Vanilla planifolia Andr.

Ornamentals
Botanical name
Aglaonema spp.
Alstroemeria spp.
Amarathus spp.
Anthurium spp.
Bauhinia spp.
Bougainviflea spectabills Willd.
Brassica spp.
Calendula officinalis L.
Celosfa argentina L.
Chrysanthemums spp.
Delonix regia

Dianthus caryophyllus L
Fernaldia pandurata
Gerbera jamesonii
Gladiolus spp.
Hibiscus spp.
Jasminum spp.

Lifium spp.

Limanium spp.
Orchidacea

Paeonia spp.
Palmaceas
Palmaceae
Palmaceas

Polianthes tuberosa
Rosa spp.

Rumahra adiantiforrmis
Tulipa spp.

cinnaman

coriander

tumeric

cardoman

sunflower

rrint

maringa

murta, myrtle

nelli, Indian gooseberry, uririkai
black pepper

patchouli

samel

suUgar cane

jambul, Indian blackberry, Java plum
vanilla

vernacular name
silver queen
alstroemeria
amaranthus
anthurium
bauhinia
bougainvillea
crucifers
marigald

celosia
chrysanthemums
Flamboyant, royal poinciana
carnation

loroco

gerbera
gladiolus
hibiscus

jasming

lilium

limanium

archid

peony

fan palm

palm

palms

tuber-rose

rose

lzatherleaf fern
tulip
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APPENDIX VI

COMMODITY CONSTRAINT
ANALYSES

A commaodity constraint analysis allows for penetration into the
dynamic interactions between crops and constraints. Survey
respondents ranked constraints to specific crops impaortant to
their region using eleven different categories and designating

a score between one and five (1=mild, 5=severe), Tomato was
chosen as an illustrative example to compare inter-regional
constraints because that commodity was identified as the most
impartant horticultural crop in the world, In addition, tomato
was the sixth most frequently mentioned crop, displaying latent
potential for its utilization. Censtraints to tomato supply are
described for each region. Following tomato, five additional
crops per region are detailed, based upon regional significance
and accompanied by descriptions of specific issuss.

TOMATO

In Sub-Saharan Africa, all components of the supply chain
exert significant stress upon the successful production of
tomato, but respondents identified biotic stress as having

the greatest impertance. Specific issues mentioned include:
Fhytoptera, viral diseases (especially Tomato Yellow Leaf Curl
Virus), Nematodes, Aiternaria, Fusarium, Heficoverpa, and
Bemisia. Many of these diseases and pests are controlled with
fungicides and pesticides. Alternative production metheds
such as soil solarization, and genetic improvement were
suggested as possible opportunities to reduce agrochemical
use and abuse. Agrochemical use is exacerbating food safety
issues because farmers spray fungicides to extend postharvest
life. Rapid quality degradation is common to many areas

with inadequate infrastructure, Fresh tomato requires cold
starage in order o reach export markets, and storage-life is
enhanced through proper handling practices. The demand

122 Global Horticulture Assessment

for cold storage was prevalant, but simple practices like

using appropriate containers and not over-packing boxes
would also be effective. \alue-added processing presents

an cpportunity for tomato paste production in remote areas,
but investment and access to credit for building the proper
facilities is insufficient. Some respondents mentioned that
tomato production has the capacity to empower women in the
production system.

In Latin America and the Caribbean, survey respondents
highlighted biotic stress, food safety, and postharvest
lechnigues as equivalent constraints to tomato production.
Postharvest and food safety concerns centered around
transportation and infrastructure inadequacies, including
difficulties in logistics, cold storage and transportation. While
standards and grading are prevalent for product destined for
the export market, local markets do not differentiate product
quality. Food safety protocols, including pesticide residues,
phytosanitary issues, and knowledge of global standards
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are not well dispersed. Lack of information aggravates
agrachemical misuse, particularly in efforts to control pests
and diseases. White flies and Gemini virus impose significant
restrictions on production. In addition, respondents mentioned
Pseudormaonas and Ralstonia. In the area of seed supply,
there is a lack of genetic diversity of commercial varieties,
improved seed availability is low, and indigenous varieties
are not available. Irregularity of water availability is an issue.
Respondents mentioned that fluctuating water supply is
exacerbated by detericration of watersheds, which also
impacts arable land through erosion.

In Asia Mear East, while biotic stress, postharvest, global
standards, and supply chain/marketing were the most
significant constraints to tomato, the entire production-supply
chain affects the commedity. Most constraint ranks wera 3 or
4 out of 5, suggesting moderate to severe constraints. As in
SS5A, the viral diseases and bacterial wilts received particular
attention, but many insects were also named, notably aphids,

tomateo fruit borer, and leafminers. Protective plastic house
production systems were suggested to minimize use of
chemical sprays and to regulate inputs. In addition, genetic
improvement, through both biotechnelogy and traditional
breeding, might prove valuable to building resistance to these
pests. Many of the cultivars desired in the global marketplace
are unavailable in ANE. Information concerning global
standards of microbial contamination, agrochemical residues,
and grading is not well distributed. In many places, quality is
not rewarded in the marketplace. Instituting standards may
lead to product differentiation, enhancing marketing and
rewarding producers. The primary hindrance to marketing was
identified as a lack of farmer organizations.
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SSA - Leafy/indigenous Vegetables, Mango,
Cabbage, Potato, Pineapple

Indigenous/African leafy vegetables (Amanranthus spp.,
Solanum spp. eic.)

Indigenous/African leafy vegetables were mentioned frequently,
both in surveys and at the workshops, due to their nutritional
value and the potential to improve the livelihoods of small
farmers throughout the region. Survey respondents notad
opportunities for exploiting the wide range of indigenous
germplasm throughout the region, but there are few centralized
efforts aimed at collection and conservation, and knowledge
associated with their production and use is scarce. Production
is constrained due to lack of recommended agronamic
practices. Postharvest constraints, the most severa limiting
factor for indigenous vegetables according to figure 2, include
phytosanitary issues like the use of clean water in processing
to prevent consumer illnesses due to water-borne diseases.
Other postharvest issues include accessing local markets
quickly as the leafy vegetables deteriorate rapidly after harvest.
Stakehaolders also mentioned the need for cold storage
facilities, as well as drying and other methods of processing
leafy vegetables to prevent postharvest nutrient loss. Marketing
of leafy vegetables is constrained by a poverty stigma that

is attached to the consumption of indigenous vegetables,
Women stand to benefit most from increased production of
leafy veqgetables, because they often produce and market the
vegetables from their homes.

Mango (Mangifera indica)

Mango is identified as one of the most important crops in all
four subregions, as well as being listed as an underutilized,
but high potential crop in Central, Southern and Eastern
Africa. Survey respondents stated that few varieties of mango
are available, especially varieties suitable for drying and
juicing. Biotic stresses, such as fruit flies and powdery mildew
destroy crops both preharvest and postharvest. Limited
water availability is a constraint in many areas. There are faw
standards in place for postharvest grading, handling, and
storage. The lack of cold-storage facilities severely limits the
shelf life of this crop. While respondents noted the marketing
potential for dried manges and juice, the required processing
facilities are limited and costly.

Cabbage (Brassica oleracea)
Survey respondents throughout sub-Saharan Africa identifled
cabbage as one of the top 2 10 5 crops. Biotic stresses in
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cabbaga can be severe as the crop is highly susceptible to
pests, resulting in producer abuse and misuse of pesticides.
Food safety is a concern due to high levels of pesticide residue
as well as water-borme diseases that result from washing the
crop in unsanitary water. Storage facilities, especially cold
storage, is limited throughout the subregions and can limit

rural producers' access to markets. Respondents noted that
little is known about potential value-added methods. Cabbage,
generally sold locally, is not highly constrained by export
standards,

Potato (Solanum tuberosum)

Potato, which appears as both an important and currently
underutilized crop throughout sub-Saharan Africa, differs from
the other crops in that genetic rescurces is mentioned as its
largest constraint. Potato is a New World crop and a fairly
recent arrival on the African continent. Survey respondents
mentioned the need for higher availability of quality germplasm
and varieties adapted to specific 55A agroecological zones.
Tolerant varieties are needed to withstand heat and drought,
while other varieties were requested to withstand climatic
conditions during the rainy season, Overall, new varisties
should be less susceptible to pests and disease, specifically
red spider mites and early and late blight. Respondenis also
remarked on the need for clean germplasm, noting problems
with bacterial and viral contamination, Stakeholders noted the
marketability of potatoes and constraints related to postharvest
activities and value-added products. Marketing begins with
producers choosing a variety that processors find favorable

- high dry matter content, big tuber size, quality of frying and
crisping, and perhaps most important, taste. Respondents
noted that refrigerated storage and processing facilities are
scarce, and while local quality standards may be in place, they
are not enforced. Some people felt that domestic and local
markets should be targeted because competition in the global
potato market is fierce. Opportunities do exist on the local level
for potate drying, with financial suppart.

Pineapple {Ananas comosus)

Respondents noted the availability of few cultivars. Pasts and
poor soil fertility were mentionad most in terms of production
constraints. In some areas, the |ocal, fresh market was
limited while canning was most important. Few standards for
grading exist for exporting to markets, especially to Europe.
Processing, specifically drying, and storage facilities, could
increase shelf life and improve export opportunities.
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LAC - Avocado, Citrus, Peppers, Potato, Onion

Avocado (Persea Americana)

The avocado was first domesticated in the Americas, and only
relatively recently commercialized. Globally, the single most
economically important avocado variety is the Hass. The Hass
and the Fuerte varieties comprise over 85% of the world's
export production of avocados. Latin America, with over 50%
of the warld's export Hass avocados criginating form Mexico
or Chile, is competing globally with Australia, the U.S., South
Africa, Israel, and Spain.

Within the commeodity constraint analysis, the highest
constraint to avocado production was global standards. The
L.S. has extreme protectionist measures in place to ensure

that California and Florida avocado growers have minimal
competition from overseas. These measures are enforced in
the form of strict phytosanitary regulations. The second highest
avocado production constraint was postharvest. Postharvest
is paramount for avecados because a variety of diseases
[Anthracnose, Dothiorella stern rat) can cause severe reduction
in saleable fruit, and because avocados are notorious for
bruising. Hass is the number one variety in the world for its
postharvest gualities because it packs and transports well.
Many varieties of avacado are not so amenable to shipping or
packing and must be consumed locally. Producers also cited
as severe constraints the market/marketing chain, and lack of
value-addition. The marketing constraint is related primarily to
the global standards issue. In Maxico, a few producers make
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guacamale for expart, but that is the extent of value-addition
opporunities.

Citrus (Rutaceae spp.)

Citrus species (lemon, orange, lime, tangerine, etc.) were
ranked the region’s third most important commedity (Fig

d). Within each subregion, citrus was never lowear than sixth
highest and was ranked as the third most important in the
Caribbean region. As illustrated in the bubble graph, social
constraints ranked as one of the highest limiters of citrus
production, although there is no one emerging social issue,
Individual surveys discussed a variety of issues, from land
tenure issues and size restrictions in El Salvador, to few
farmer organizations for these commodities. Cther significant
impediments to the development of the citrus industry in the
region are global standards, postharvest and sustainable
production. In many cases, standards exist for expart but

few are applied and few growers attempt to target the export
market. Many survey respondents cited the complete lack of
postharvest infrastructure for this commodity (packing houses
and packing material). The absence of synchronized production
and mismanaged agrochemical usage were cited as examples
of the imperative to move towards more environmentally
sustainable production systems,

Peppers (Capsicum spp.)

This commodity constraint analysis refers to both pungent
and non-pungent farms of pepper, or chile. Aggregating

the two would place them among the top three crops in the
entire region. Capsicurm (the two varieties combined) ranks
as the maost important crop for the Central America and
Mexico subregion. Respondents identified biotic stresses

as the greatest limiting constraint for Capsicum. A number

of diseases and pests were mentioned - viruses, especially
Gemini viruses transmitted by the whitefly Bemisia tabaci;
fungi, such as Phyfophthaora, Verticilium; pests such as mites,
Aphis gossipeae, and thrips. Other constraints identified as
limiting Capsicum development were postharvest and supply
chain/marketing issues. Postharvest constraints are the lack
of adequate storage facilities and the lack of postharvest
information. One salient example of how all of these constraints
interact and interrelate is the nead for postharvest fumigation,
a requirement for peppers expaorted to the LS. Fumigation
meets standards and enables market access, but raises the
cost of production. Postharvest and market constraints often
act in concert, and this is certainly true for Capsicum peppers
across Latin America,

126 Global Horticulture Assessment

Potato (Solanum tuberosum)

Potato is a crop of global importance with origins in South
America, specifically in Peru, which harbors a rich archive of
potato genetic diversity. This genetic diversity could potentially
contribute to improved and locally-adapted varieties and
potato cultivars with increased frost and drought tolerance.
Insufficient knowledge of global standards, sustainable
production, postharvest, food safety and biofic stress, ars

the largest constraints to potato commedity development in
the region. The use of highly toxic pesticides is a stumbling
block to compliance with global standards, food safety, and
sustainable production. Marketing of potato is limited to local
areas, and the crop is not being utilized for niche marketing

or in value-added production. Postharvest losses can be high
because of poor storage practices and transport, which further
limit market options. Biotic stresses can be intense in tropical
areas, but throughout its growing region, potato production
may be limited by endemic diseases and insects, such as late
blight, Andean potate weevil and potato tuber moth. Potato
production may also be constrained by diseases caused by
Ralstonia solanacearum, Erwinia carotovora, and Streptomyces
bacterias, among others, The potato is a food staple in the
Andean highlands, where populations are vulnerable to
unstable harvests.

Onion {Allium cepa)

Onien was ranked as the tenth most important commodity

in the LAC and the seventh most impaortant in South

America. The commodity constraint graph displays the top
three constraints as postharvest, supply chain/marketing

and biotic stress. Postharvest constraints are inadeguate
infrastructure, and insufficient storage and curing facilities.
Low input, inexpensive bulk-curing systems, using a

fan and slatted floors, may be appropriate for on-farm
storage in some areas (Kitinoja and Kader 2002). Marketing
constraints are consistently emphasized as a lack of regional
marketing options, Value-added production is also cited as a
constraint. Lack of knowledge and experience in value-added
strategies, insufficient resources and lack of credit, further
limit producers’ options for value-addition. Biotic stresses
such as fungus-related diseases and pests, including thrips,
Pseudormanas, pink rot and purple blotch are problems in the
LAC region. Inappropriate and limited genetic material may
be exacerbating fungus-related diseases in tropical regions.
Sustainability of production was also cited as a constraint,
including environmental contamination and mounting costs of
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preduction, especially the high cost of seed, Sccial constraints
were mentionad relating to lack of farmer arganization and
insufficient qualified labor for onion production.

ANE - Mango, Banana, Potato, Hot Peppers,
Eggplant

Mangeo (Mangifera indica)

Wango ranks as the second most important commaodity in
ANE and within the top five most important crops for each of
the subregions. As illustrated in the graph, postharvest and
marketing constraints remain the most significant impediments
to mango utilization, especially when attempting to gain
access to export markets. Generally, farmers have insufficient

knowledge concerning global standards. Quarantine of

fresh product due to the possibility of pest and disease
transmission demands significant postharvest treatment.
Minimal postharvest procedures include hot water baths and
infrared radiation to control white fly and fruit fly larvas. Other
postharvest issues for mango producers are inadequate
knowledge of prime harvest maturity, insufficient storage
facilities and packaging materials, and subsequant damage
to the fruit in transport. Many respondents mentioned food
safety as a significant factor but mostly in regard to pesticide
residues, Commonly cited pest and disease organisms include
Anthracnose, Bactrocera zonata, and fruit flies. Chemical
sprays employed to control the calamites exacerbate food
safety concerns, There was little or no mention of microbial
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contamination. Opportunities in value-added products,
including juice and dried fruit, are offset by the multitude

of varieties cultivated. Respondents often noted that there
was a significant amount of untapped genetic resources for
mango, especially in South Asia. The lack of human capacity
capable of utilizing impreved horticultural techniques prohibits
functional improvement via this resource.

Banana (Musca spp.)

Banana ranked as the third most important crop in ANE,

and within the top five in both South East Asia and South
Asia. Postharvest and biotic factors were identified as the

two most constraining issues in banana. Forty percent of the
crops are lost postharvest due to poor packing, storage and
transportation systems. Value-added processing in the form of
banana chips, dehydration and fibers are opportunities within
the banana market, but processing facilities are insufficient to
address volume and food safety demands. Food safety and
global standard concerns centerad upen lack of infermation
and mismanagement of agrochemicals. Biotic pests dictate
the use of pesticides and fungicides to control viral diseases
and their vectors, nematodes, Fusarium wilt, Sigatoka,
Erwinia, Pseudemonas, and Banana Bunchy Tap Virus (BETV).
Maintenance, evaluation, and characterization of germplasm
may provide the key to developing resistance to many of
these biotic constraints. Unfortunately, due to the fruit's
unigue physiclogy, traditional methods for conservation and
improvement are difficult to implement, therefore biotechnology
and tissue culture might be the best ways to address this
problem.

Potato (Sefanum tuberosum)

Potato, which ranked as the fifth most important crop in ANE,
is mostly constrained by postharvest issues. Not anly is there
a lack of information about the crop and limited transportation
systems, but cold storage is either non-existent or inadeguate
throughout much of the region, leading to substantial loss.
Biotic factors intensifying this loss are late blight, bacterial
wilt, potato tube moth, and leaf miners. Aphids and their role
in viral transmission were of particular concern. Sustainable
production was mentioned in the context of the general
dearth of information and lack of access to technologies
concerning integrated crop management, such as, nutritional
mismanagement and plant protection. Marketing and global
standard concerns mention both the absence of standards and
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the often-restricted trade in fresh product. “French fries” or
“chips" might present value-added opportunities.

Chile (Hot) Peppers {Capsicum spp.)

Chile peppers are among the top ten most important crops

in South East Asia and South Asia and Capsicum was listed
as a crop with high potential in North Africa/MNear East. Chile
pepper supply is moderately constrained by marketing and
production gaps. Inadequate knowledge severely affected all
aspects, through global standards, food safety, and pesticide
satety. Integrated crop management is needed to help mitigate
low fertility soils, erosion, lack of quality irrigation water, and
pest problems. Pest and disease pressures include fruit flies,
Anthracnose, thrips, mites, fruit flies, fruit and bud borer and
leafhoppers. The abundant germplasm available may possess
keys to resistance, but no coordinated effort has been made
across the region to harmess that resource.

Eggplant (Solanum melongena)

Eggplant was ranked as the tenth most important crop in the
region, but the production of eggplant is constrained in much
of the supply chain. Marketing impacts include: lack of grading,
standards, fransportation, and storage. Although value-addition
processing facilities are poor or unavailable, pickles are a
possibility. High levels of chemical residues, resulting from
contrel measures for fruit and shoot berer, require particular
attention. In addition, bacterial wilt, little leaf, and damping off
are significant issuas.
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Regional Priority Project Charts

During the regional workshops, subregional breakout
groups ranked their highest priority projects. They used
the criteria they had identified for judging projects as a
filter for their choices (see Methodology section for further
explanation). In many cases, this process concluded

with four or five projects honed from approximately
twenty. The following are priority project charts divided by
primary issues and classified by subregion.
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Sub-Saharan Africa: Arusha, Tanzania, February 14-16, 2005

Table 1
Market Linkages

Easl Africa A Commodity-based market chain analysis; Develop market information, collection and
dissemination systems,

East Africa C Study range of markets, their characteristics and requirements and Identify new
opportunities they offer horticultural production.

Southern Africa Improve harvest and post-harvest handling of lomatoes for sale on local markets.

Postharvest Systems and Food Safety

Wesl Africa/Francophoneg Improve postharvest, storage and processing methods for horticultural crops.

East Africa A Identify appropriate postharves! technologles that minimize losses in quantity and
quality of produce; asses market demand for value-added horticullural commodities;
market survey to determine pesticide/microbial contamination of currently marketed
fruits and vegetables.

| East Africa C Determine appropriate harvest, slorage, transport, processing and packaging

technologies for small and medium scale producers.

| Southern Africa

Improve harves! and postharvest handling of tomatoes for sale on local markets.

Genetic Resources Development and Conservation

West Africa/Francophone Development of varieties adapted to local conditions, viruses and other diseases.

East Africa A Varielal development and multiplication systems.

East Africa B Tomato cullivar adapiability and nutritional evaluation; design and execule a holistic
pragram ko enhance the preduction and consumption of indigenous vegetables.

East Africa C Study seed/plant reproduction systems to develop techniques for maintenance, rapid

rultiplication and distribution of priority hericultural crops.

Southern Africa

Improve the availability of indigenous horticultural crops through documentation,
assessment, and conservalion.

Sustainable Production Systems and Matural Resources Management

West Africa/Francophane Develop strategies to combat the principal pestsidiseases of horticultural crops with
minimal use of pesticides.

East Africa A Development of integrated crop management systems.

East Africa B | Develop effective natural methods of pest control (bio-pesticides) for eco-friendly
horticulture and health.

East Africa C Study the application of integrated crop management practices, including the effect of

cultural practices and the efficacy of IPM sirategies, for an improved yield, quality and
sustainahbility in key horticultural crops.

Southern Africa

Parlicipatory assessment of Iraditional pest and disease management syslems.

Capacity Building and Region Specific Issues

West Africa/Francophone Promote the utilization of horticultural crops in the fight against HIVIAIDS.

East Africa A Strengthen local horticultural support institutions for research, training and
developrment; Capacity building of service providers for continuous market survey and
information dissemination; capacity building of market chain participants to access and
utilize market information.

Easl Africa B Improve information flow, knowledge exchange and organizational arangements to
enhance smallholder livelihoods.

East Africa C Identify and study capacily of key stakeholders in the horticultural supply chain, and

their respective roles.
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Latin America and the Caribbean: Zamorano, Honduras, March 24-26, 2005

Table 2

Market Linkages

iCentral American Group 1

| Analysis of market frends and opportunities of horticultural products.

{Central American Group 2

Consolidated and transmissible information regarding local, regional and international
markets.

Central American Group 3

Slimulate market research and develop marketl intelligence of horticultural products in local,
regional and international markets.

Andean Group

Develop market access, including capacity to diversify production based on sludies of
market and consumer preferences.

Caribbean Group

Identify niche market opportunities for expansion and development for fresh and value-
added Caribbean horticultural products, including linkages of hoteltourism markets to local
producers.

Postharvest Systems and Food Safety

Central American Group 1

ldentification and implementation of postharvest management strategies.

Andean Group

Develop postharvest system to meet market demands, and develop postharvest pilot
projects to teach farmers cold chain technologies.

Caribbean Group

Provide appropriate postharvest handling and safety information to all levels of the
postharvest chain, including linkages to transfer of appropriate technologies.

Genetic Resources Development and Conservation

Central American Group 3

Utilization and conservation of native crops species and appropriate intraduced species,
including genetic improvemenis of cullivars.

Andean Group

ldentify useful germplasm for use in improved seed produciion.

Caribbean Group

Identify, develop, manage, and utilize genetic resources for suslainable horticulture,

Sustainable Production Systems and Natural Resources Management

Central American Group 1

Develop sustainable, market-crientated production systems based on crops and crop
clusters.

Central American Group 2

Promotion and innovation of horticultural production technology geared lowards small and
medium- sized farmers.

Central American Group 3

Establishment of a regional center to study and analyze disease risks of horlicultural
commodities.

Andean Group

Establish a data base, accessible to producers, on which cultivars grow where, in the
hopes of increasing production alternatives and diminishing praduction risks.

Caribbean Group

IFM systems for disease/pest problems.

Capacity Building and Region Specific Issues

Central American Group 1

Farmers Field & Postharvest Training School models.

Central American Group 2

Organize small and medium-sized growers into business-orientated entities, which will
increase their capacity in production, administration and marketing or products.

\Central American Group 3

Specialization of human resources along the agricultural production chain, including
organization of small and medium-sized producers lo strenglhen social capital and
business capacity.

Andean Group

Strengthen farmer organization and business capacity.

Caribbean Group

Coordinate the delivery of horticultural services, including information, extension
services, technology and research, o growers, processors, handlers and technicians.
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Asia and the Near East: Cairo, Egypt, March 12-14, 2005

Table 3
Market Linkages
Maorth Africa Institute 2 database system facililating greater access to market information.
MNear East Promote market intelligence and transparency through establishment of proper information
systems.
South Asia Assess and develop market infrastructure to address the issues of the value chain for

horliculture commodities.

South East Asia

Strengthen market intelligence systems (content and delivery).

Postharvest Systems and Food Safety

MNorth Africa Creation of a postharvest market assurance team to assess standards and aid in certification
Processes.

Near East Proper practices for postharvest, value-added and processing management at the farmer,
packinghouse and markel level.

South Asia Understand and develop appropriate post-harvest technologies for horticulture commeodities 1o

ensure quality, safety and value,

South East Asia

Develop participatory training programs to enable farmer groups to implement GAP and GHP
to meet the standard required for domestic, supermarkets, and export markets.

Genetic Resources Development and Conservation

Morth Africa Introduce new species of traditional and non-traditional horticuliural commodities.
Mear East Collection, conservation and utilization of horticultural genetic
resources
South Asia 1) Development of quality seeds and planting materials preduction and distribution systems. 2)

Trait-specific germplasm enhancement using novel crop improvement and biotechnological
appraaches.

South East Asia

Development of praduction technologies for valuable local plant species including the transition

Sustainable Production Systems and Natural Resources Management

from wild gathering to domestication.

MNorth Africa | Optimizing production through utilization of protected systems {e.g. greenhouses)

MNear East | Application of integrated production & protection management in horticulture production to
elevate farmer income.

South Asia Assessment of peri-urban horticulture production system for sustainable food supply for urban
populations.

South Easf Asia Research and development of off-season varieties and production systems including protected
cultivation (plastic roofs, net houses, eic.)

Capacity Building and Region Specific Issues

Morth Africa Design a database system addressing natural, human, technical, and marketing information.

South Asfa Empowering farmers, especially women, in technology generation, transfer, adoption and
capacity building sub-systems through participatory approaches.

Enabling Environment

South Asia Empowering farmers, especially women, in technology generation, transfer, adoption and
capacity building sub-systems through participatory approaches.

South East Asia Analyze policies (nationalflocal government, donors, etc.) that affect the horticultural sector

{land tenure, human capacity, credit, infrastructure, tariffs, import/export barriers) to determine
areas of need for policy change, advocacy, lobbying, and capacity building to promoate policy
changes.
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ISHS Membership

The objective of the Society is the advancement of horticulture through improvement of international
cooperation in science and technology. Besides through its members other means available to the
Society for the achievement of the objective are:

the holding of International Horticultural Congresses at least every 4 years.

the setting up of:

- Sections dealing with groups of horticultural plants

- Commissions engaged in various scientific and technical aspects of horticulture

- Working Groups having interest in special horticultural science areas or activities within the
Sections and Commissions

the organizing of symposia on specific topics for scientists and other specialists

the publishing of the proceedings of such symposia and other relevant publications

The ISHS distinguishes three kinds of members:

Individual members being individual persons engaged or interested in horticultural science or
technology.

Member organizations being societies, associations, ministries, institutes, agencies, firms or
sections of any of these concerned with the advancement of horticulture.

Country/State members being countries/states from where the annual dues for this membership
are paid and who nominate up to 3 individual members as members of the Council, representing
the scientific horticultural community in the country/state concerned.

ISHS Membership benefits include:

A free copy of the annual edition of the ISHS membership list containing address information of
over 6,000 specialists in horticulture worldwide + an overview of ISHS Sections and Commissions
membership.

A subscription to the quarterly magazine Chronica Horticulturae. Each issue contains thorough
coverage of events in the ISHS horticultural scientific community, research news, book reviews,
etfc.

A discount of 20% (30% for Organization Members) on every purchase of Acta Horticulturae® and
Seripta Horticulturae®.

Free credits to download Acta Horticulturae® full text articles from www.actahort.org (10 credits
with each Individual Membership application/renewal or 3 credits for Student Membership).
Take part in any ISHS mailing list of your choice.

Significantly discounted registration rates at ISHS Symposia.

The possibility of active participation in research and management through the scientific and tech-
nical structures of ISHS (Sections, Commissions and Working Groups) focused on your specific
field of interest.

The privilege to have scientific horticultural papers -presented at an ISHS symposium- published
in an issue of Acta Horticulturae® free of charge.

The possibility to organize ISHS symposia or other scientific meetings (organization members
only).

The privilege to have a vote in the General Assembly.

The Society has 9 Sections, 13 Commissions and 90 Working Groups.

Sections Commissions

e Pome and Stone Fruits ¢ Engineering ¢ Education and Training

o Nuts and Mediterranean Climate Fruits e Plant Protection » Economics and Management

o Vegetables o Plant Substrates o Nomenclature and Cultivar Reg.
e Ornamental Planis o Protected Cultivation ¢ Plant Genetic Resources

* Medicinal and Aromatic Plants ¢ Landscape and Urban Horticulture

¢ Root and Tuber Crops o Quality and Post Harvest Horticulture

o \ine and Berry Fruits ¢ Biotechnology and Molecular Biology

s Tropical and Subtropical Fruits ¢ rrigation and Plant Water Relations

s Citrus ¢ Sustainability through Integrated and Organic Hort.

5



