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Pouteria caimito (Ruiz et Pavon) Radlk (Sapotaceae), known as abiu, caimito or egg fruit, is
native to Amazonia and was domesticated by Native Amazonians long before European
conquest. The wild populations have small (20-40 g) fruit with abundant latex in the rind,;
domesticated populations have medium to large (up to 500 g) fruit with less latex. In western
Amazonia there are two landraces, differentiated by fruit shape: the more common has the typical
egg shape and can weigh as much as 400 g; the less common has a spherical shape and weighs
more than 500 g. Early chronicles highlight the popularity of abiu throughout Amazonia, where it
was reported to be commonly present in the homegardens of both Native Amazonians and
colonists. Today it is still a popular homegarden fruit, although not very important in the market.
(Photo credit: EK. Akinnifesi.)
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Preface

Agriculture is at the core of rural livelihoods. The viability of rural livelihoods in
many developing nations is threatened by several interconnected factors which
reduce options for smallholder farmers and rural community dwellers. These
include: inadequate food and nutritional imbalance in diets; narrow opportunities
for off-farm and off-season income, especially for women and children; and
depleting production systems. These negative impacts of modern agriculture are
further exacerbated by the loss of biodiversity of wild forest resources due to
deforestation, overexploitation and the ‘tragedy of the commons’.

Historically, fruit trees were the earliest source of food known to mankind
and wild-harvesting of indigenous fruit trees predated hunting and settled
agriculture. There are also strong links with culture and religion, starting with
the biblical ‘fruit tree of life’ in the Garden of Eden. Jewish history documents
how the spies sent to the land of Canaan in 1490 BC had seen and collected
fruits from cultivated or domesticated grapes, pomegranates and figs from the
Valley of Eshcol (Numbers 13:23). An Indian king was reported to have
encouraged the cultivation of mangoes, jackfruits and grapes in 273-232 BC,
while in AD 300-400, Vatsyana commented on the importance of fruit trees in
his book on Hindu aesthetics (Chapter 4, this volume). Coconut cultivation was
documented by a Persian traveller visiting the Malabar Coast of Kerala in
300-100 Bc (Chapter 4, this volume). More recently, mangosteens from Asia
were the preferred official fruit at banquets in England during the reign of
Queen Victoria (1837-1901) (Silva and Tassara, 2005). Today, these fruits are
cultivated, commercialized and found in supermarkets world-wide.

The indigenous fruit and nut trees (IFTs) of the tropics, have been described
as ‘Cinderella species’ because they have been overlooked by science and
development (Leakey and Newton, 1994). They now represent a unique asset
that could be developed, domesticated and owned by farmers. In this sense,
IFTs differ from the conventional tropical and subtropical horticultural tree crops
such as mango (Mangifera indica L.), orange (Citrus sinensis L.), coconut

xiii
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(Cocos nucifera L.), breadfruit (Artocarpus spp.), mangosteen (Garcinia
mangostana L.), rambutan (Nephelium lappaceum L.), banana (Musa spp.),
papaya (Carica papaya L.), cashew (Anarcardium occidentale L.), cacao
(Theobroma cacao L.), avocado (Persea americana Mill.), guava (Psidium
gugjava L.), oil palm (Elaeis guineense Jacq.) and coffee (Coffea arabica L.),
which are not covered by this book. These species were typically developed as
crops by research institutes as part of the gains of the colonial era, a process
which has continued since independence, although often with substantially
lower levels of public investment. These fruits have become ‘cash crop’
commodities in the global market, and have been improved more with the
needs of overseas consumers in mind than those of the local people who
produce them. It is often assumed that there is no need for new tree crops, but
in recent years the domestication of IFTs has been seen as an opportunity to
meet the needs of poor smallholder farmers and thereby to enhance the
livelihoods of more than 50% of the world population living on less than US$2
per day. To realize this potential role of IFTs in rural development and to raise
their international profile as new crops, Simons and Leakey (2004) proposed
that the products of these new tree crops should be called Agroforestry Tree
Products (AFTPs) to distinguish them from Non-Timber Forest Products (NTFPs),
which are extractive resources from natural forests.

Up until the late 1980s there was almost no scientific work on indigenous
fruit trees and little was known about their biology, ecology or social impact on
rural populations, and it was generally thought that they are not amenable to
cultivation. However, subsistence farmers have been the custodians of these
IFTs, and in many societies these species have deep cultural significance, often
associated with taboos and community regulations around their conservation
and use. Since the early 1990s, the domestication of IFTs has become a new
and active field of research and development led by the World Agroforestry
Centre (ICRAF) and partners around the world. New concepts and approaches
have been developed, case studies have been produced, and evidence-based
research is being undertaken on the potential and feasibility of domesticating
IFTs and commercializing their products, for the benefit of rural communities.

In this book we focus on the ‘underutilized’ indigenous fruit trees in order
to further promote recognition of the role they can play in meeting the rural
development goals of the new millennium. This role is currently being
highlighted by the International Assessment of Agricultural Science and
Technology for Development (IAASTD), which recognizes that sustainable
agriculture is dependent on the multifunctionality of farming systems,
supporting environmental and social sustainability, providing food, enhancing
health and nutrition, while at the same time promoting economic growth.
Although the concepts and principles presented in this book are not unique to
the tropics, we have chosen to concentrate on the IFT species of the tropics
and subtropics, as they have the greatest underutilized potential. This volume
has gathered together contributions providing state-of-the-art information on
IFT research and development to complement existing knowledge — principally
from proceedings of conferences and technical meetings (Leakey and Newton,
1994; Maghembe, 1995; Leakey and Izac, 1996; Shumba et al., 2000), special
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issues of scientific journals (Leakey and Page, 2006), and a range of research
articles, species monographs and agroforestry textbooks. The studies reported
in this book span a wide range of approaches and practices. The authors have
experience in all facets of the fruit-tree supply chain — from wild collection to
the nursery (propagation, cultivation), utilization and marketing; from academic
research to the practical needs of farmers, marketeers, industry, policy makers
and investors.

The 21 chapters cover a wide spectrum of topics. The book begins with
general principles, methods and practices that are cross-cutting (Chapters 1-3).
and a series of case studies across subcontinents (Asia — Chapters 4 and 5;
Latin America — Chapter 6; Oceania — Chapter 7; and Africa by region:
Southern Africa — Chapter 8; West and Central Africa — Chapter 9; the Sahel
zone — Chapter 10; and Eastern Africa — Chapter 11). These are followed by a
set of studies (Chapters 12-21) in southern Africa aiming to understand the
AFTP supply chain from production to the market (markets, economics,
nutritional value, enterprise development and feasibility assessments of IFTs —
Chapters 12-16), institutional policy and indigenous knowledge in utilization of
IFTs (Chapter 17), ecology and biology, germplasm production and pest
management (Chapters 19-20). The final chapter (Chapter 21) provides a
synthesis of the concepts, principles and methods, practices and results, and
how IFT research can be of direct benefit to farmers, scientists, development
communities and investors when developing, managing and commercializing
these natural assets. Readers need to appreciate that IFT domestication must
be viewed within the context of wider natural resource management at the farm
and landscape level.

This book links the exploration, husbandry and domestication of IFTs with
the markets, and broader transdisciplinary concern on the promotion of growth
and poverty reduction for rural farmers. We hope it will improve understanding
of smallholder needs, constraints and priorities, as well as the practices for the
development of technological and market-oriented solutions aimed at
improving the livelihoods of smallholders. Four questions may assist the reader:
(i) How can farmers and entrepreneurs benefit from IFT domestication and
commercialization? (ii) How can the experience and knowledge gained so far
be integrated into smallholder farming systems? (iii) What research topics are
emerging as priorities for the future? (iv) What are the drivers of change in the
domestication and commercialization of IFTs in the tropics?

As the development sector refocuses its attention on poverty, food security
and malnutrition, it is important to think again about the potential contribution
of the ‘Cinderella fruits’ of the tropics. In what we hope is a turning point in
tropical IFT research and development, this book brings together authors from
Africa, Asia, Oceania, Latin America and Europe, with rich experience on
domestication and commercialization of IFTs, in order to broaden and deepen
our understanding of the challenges and opportunities facing these ‘hidden
commodities’, and the constraints that prevent poor farmers from getting out of
poverty. The book is an appropriate example of how cooperation between
research, investors and communities can signal a beacon of hope to farmers in
the development of new crops.
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We hope that this book will not only provide information on the extent to
which indigenous fruit trees have been researched and understood, but also
show the extent of domestication and technological solutions, the relevance of
creating and expanding markets, and how institutional property rights and
policy interventions can facilitate the process, and encourage further research
and investment in this important area.

Festus K. Akinnifesi and Roger R.B. Leakey
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Foreword

This book on indigenous fruit trees in the tropics documents some of the ways
in which the use of indigenous fruit trees in traditional and modern agroforestry
systems can substantially contribute to achieving the Millennium Development
Goals in low-income countries, by creating new cultivars of high-value trees,
new enterprises and market opportunities for tree products, and crop
diversification and maintenance of biodiversity on-farm.

Domesticating indigenous fruit trees is an alternative avenue to unlocking
the potentials of genetic materials and indigenous knowledge in rural
communities. A research and development strategy is advocated that reduces
their dependency on the few primary agricultural commodities, based on
creating new and superior fruit tree crops, with potential for establishing value-
added products and tapping into emerging market opportunities.

Indigenous tree crops are a major opportunity for asset building for
smallholder farmers. Most market studies reported in the book have pointed to
women and children as the major beneficiaries of indigenous fruits and fruit
product enterprises. Domestication and commercialization interventions will
help increase returns and market shares to this segment of the rural population
and help address gender inequality in income and farm opportunities.

The domestication of kiwi fruit (Actinidia chinensis) was a classic case of a
new horticultural fruit of international significance. It was first grown
commercially in New Zealand in the 1930s, despite its more than 1000 years’
history in China. That success was achieved by farmer-led domestication and
commercialization efforts. The selection of the macadamia nut (Macadamia
integrifolia) from Australia also began in 1934, motivated by promising market
interests. The domestication of many other trees of the tropics was triggered by
globalization, especially during the colonial conquests, followed by growing
market demand that promoted research and cultivation.

For tropical indigenous fruit trees, farmer-driven and market-led participatory
domestication can cut short the long cycles of improvement and slow market
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Foreword

development to create novel cash crops and opportunities for smallholders. This
was the major thinking behind the Agroforestry Tree Domestication Programme
pioneered by the World Agroforestry Centre (ICRAF) since the early 1990s. Tree
domestication is now one of the key pillars of the global programmes of the
centre, building on the efforts of smallholder farmers and our partners. The centre
implements its domestication research and development work in eastern,
southern, western and central Africa, south and South-east Asia, and Latin
America.

The World Agroforestry Centre defines tree domestication as encompassing
the socio-economic and biophysical processes involved in the identification,
characterization, selection, multiplication and cultivation of high-value tree
species in managed ecosystems. The term has now been expanded to include
not just species but also landscape domestication. This concept encompasses
the whole set of activities required to cultivate, conserve and manage
indigenous fruit trees in an ecosystem, including agroforest and forest gardens
of the humid regions of the tropics.

Readers of this book will recognize the importance of indigenous fruit trees
in providing economic benefits to smallholder farmers and small-scale
entrepreneurs in low-income countries in the tropics. The market advances of
new crops such as peach palm (Bactris gasipaes), guarana (Paullinia cupana),
camu camu (Myrciaria dubia), acai (Euterpe oleracea) and Brazil nut
(Bertholletia excelsa) in Latin America, durian (Durio zibethinus) and tamarind
(Tamarindus indica) in Asia, and shea (Vitellaria paradoxa), marula
(Sclerocarya birrea), safou (Dacryodes edules) and cola nut (Cola esculentum)
in Africa, are a few of the success stories of indigenous fruit tree domestication.
The range of work on domestication and commercialization of these ‘hidden
treasures’ of the wild, and how they have been brought into cultivation and
marketed in local, national, regional and international markets, has rarely been
documented in one single book.

This volume systematically reviews and documents tree domestication
experiences in the tropics. The authors are renowned scientists on indigenous
fruit tree domestication and agroforestry. The book provides a solid foundation
on which new science, partnerships and market opportunities can be further
developed. It is geared to researchers, academics and students in agroforestry,
horticulture, and forestry interested in creating new opportunities for
smallholder farming communities. As the 21 chapters of the book show, there is
much to be learnt and discovered. The hard work and dedication of the
authors have resulted in a work of such comprehensiveness that is assured to
stand for many years as an important landmark in the literature of indigenous
fruit domestication, utilization and commercialization.

Dennis Garrity

Director General

World Agroforestry Centre
23 April 2007
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1.1 Introduction

Priority setting in agricultural research has received considerable attention over
the years (Contant and Bottomley, 1988; Alston et al., 1995; Kelly et al., 1995;
Braunschweig et al., 2000). The objective of prioritizing agroforestry tree
species is to determine the species for which domestication research (that is,
research on the selection, management and propagation of a plant (see Simons
and Leakey, 2004)) would be likely to have the highest impact. Impact, in turn,
needs to be defined in terms of specific objectives, such as increasing the
incomes of resource-poor farmers or conserving biodiversity. Formal priority-
setting procedures based on the calculation of producer and consumer
surpluses have been applied to a range of agricultural products (Alston et al.,
1995). However, such procedures require time-series data on the quantities
and values produced and consumed. Such data are not readily available for
most agroforestry products in the developing world.

In classical plantation forestry, the selection of species for improvement is
straightforward — a single end-product is involved, much information is available
about economically important species, and the clients, who are mostly
companies and governments, have close control over the genetic improvement
process. In agroforestry, in contrast, the choice of species is much more complex
and the clientele is very heterogeneous, consisting of many small-scale farmers
with differing needs. Farmers use many different tree species, and little scientific
or economic information is available for most of them. Moreover, farmers may
use a single species in several different ways and the products (e.g. fruits or

© CAB International 2008. Indigenous Fruit Trees in the Tropics: Domestication, 1
Utilization and Commercialization (eds F.K. Akinnifesi et al.)
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timber) and services (e.g. windbreak or shade) are often difficult to value
(Franzel et al., 1996).

In the past, researchers’ own interests and opinions on the importance of
particular species were probably the most important criteria in setting research
priorities when choosing between tropical agroforestry tree species. This in turn
led to a focus on a few exotic species, e.g. Eucalyptus spp. and Leucaena
leucocephala (Lam.) de Wit, in many areas at the expense of valuable, but little
known, indigenous species. The priority-setting exercises conducted in Africa
and reported in this chapter, in contrast, provide a more objective and
systematic approach to dealing with setting priorities and arriving at a best
possible set of research activities. The priority-setting exercises encouraged the
participation and integrated the views and expertise of various stakeholders:
rural households, research scientists, development practitioners and policy
makers.

This chapter presents examples of the setting of priorities among
indigenous fruit species for domestication research in three regions of Africa:
the humid lowlands of West Africa (Franzel et al., 1996), the semi-arid Sahelian
zone of West Africa (ICRAF, 1996), and the miombo woodlands of southern
Africa (Maghembe et al., 1998). An example is also given from southern Africa
of setting priorities among indigenous fruit products. First, the methods are
discussed. Next, we present the results from each of the three areas. Finally, the
priority-setting process is assessed and we present the lessons learned.

1.2 Approaches for Priority Setting

Priority setting is not just an analytical process — it also seeks to bring about
agreement and consensus among the various stakeholders involved in research
on indigenous fruits (Franzel et al., 1996). Simplicity, transparency and
collaborative appraisal are three features of an effective priority-setting
approach. These features encourage the participation and support of the
various partners in the priority-setting process, including scientists of national
and international research institutions, policy makers, donor agencies, and
farmers. The challenge of priority setting is to design a procedure that combines
simplicity, transparency, participation and analytical rigour in order to ensure
that the right decisions are made and that suitable conditions are created for
successfully implementing them.

The methods used in the priority-setting procedures presented in this
chapter are summarized in Franzel et al. (1996). The priority-setting exercises
took place in the humid lowlands of West Africa in 1994/1995, in the Sahel in
1995, and in the miombo woodlands of southern Africa in 1997/1998. Over
time, alterations to the priority species have been made, as conditions and
markets have changed. The priority-setting procedure involves seven key steps,
although there has been some variation in the methods used in each zone
(Fig. 1.1).
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Fig. 1.1. The priority-setting process for indigenous fruit species. Note that steps 2 and 4 can
be initiated before the workshop, but the consensus on the results of these steps should be
achieved in the workshop. Feedback is important at each step.

1.2.1 Team building and planning

In each region, workshops were held to build an effective team among the
participants and different institutions. Most participants were from national
research institutes, national extension services, universities, and ICRAE
Participants developed a consensus on the application of the priority-setting
approach and the modifications that would be required. National teams
designed and implemented the surveys in their respective countries. The teams
met periodically in regional meetings to compare findings. The team in
southern Africa decided to restrict their initial surveys to preferences among
indigenous fruit trees, whereas participants in the Sahel and the humid
lowlands of West Africa examined preferences among all indigenous trees.
Recent surveys in southern Africa have assessed preferences among both
indigenous and exotic fruit trees.
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1.2.2 Defining client groups

A review of secondary information was used to define user groups, and identify
their main problems and the agroforestry products that may best meet their
needs. User groups were defined by agroecological zone, e.g. the humid
lowlands of West Africa extend from Senegal to Congo, including parts of 11
countries with altitudes below 1000 mm, rainfall above 1500 mm, and growing
periods over 220 days. User groups were also defined by socio-economic
variables. For example, in the Sahel, three distinct user groups within the
Sahelian agroecological zone were identified: women, young men, and older
men. Survey data were disaggregated by these three categories.

1.2.3 Assessment of species preferred by clients

Since no data on user preferences were available, semi-structured field surveys
were conducted in which randomly selected farmers listed the trees they valued
most and explained why. Stratified random sampling methods were used, with
criteria for stratification varying by region. In the humid lowlands of West Africa,
eight land-use systems were defined using criteria such as population density,
crops grown, and access to forests and markets. Sample villages were then
selected using area sampling methods. In Malawi, in southern Africa, researchers
selected one district from each of the country’s eight silvicultural zones. The
districts were selected based on the knowledge that indigenous fruits were
abundant there. Extension agents then helped to select a village in each district,
using the same criteria. Local leaders or extension staff prepared lists of all
households in the villages and 15 names were randomly selected for interview
(Malembo et al., 1998). Sample size varied considerably between regions, from
94 to 470, depending primarily on resource availability (Table 1.1).

In all three regions, representatives from each country developed
standardized survey protocols for interviewing farmers about their preferred
indigenous fruit species and the traits they wished researchers to improve.
Farmers were first asked to list the indigenous species in their area. Next they

Table 1.1. Sample sizes in surveys to assess farmer preferences among tree species.

Proportion
Number of of female
farmers farmers Countries where farmers
Region interviewed interviewed (%) were interviewed
Humid lowlands of 94 25 Nigeria, Cameroon,
West Africa Ghana
Sahelian zone of 470 39 Senegal, Mali, Niger,
West Africa Burkina Faso
Miombo woodlands of 451 24 Zambia, Zimbabwe,
southern Africa Malawi and Tanzania?

2 Mozambique was included in a separate survey.
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were asked which species were most important to them and why. They also
ranked them in order of importance and provided information on managing,
utilizing and processing indigenous fruit. Finally, they specified the fruit and tree
traits they wished researchers to improve.

Focus group discussions were also conducted with traditional leaders,
children and other key informants. Participatory tools were used in the group
discussions, such as village maps to show the locations of indigenous fruit trees,
and seasonal calendars to show the times that fruit trees flowered and were
harvested. The data were analysed by country so that the priority species of
each could be identified and compared. Two measures were used to indicate
the degree of species importance (importance and preference are used
interchangeably in this chapter): the percentage of farmers mentioning the
species as important, and the average preference score (10 = most preferred, 9
= second most preferred, etc.). Average preference scores were computed only
for those mentioning the species as important. The scores thus measure the
degree of preference among those who find the species important.

1.2.4 Product prioritization

Here, tree products and services are ranked in order of their current and
potential importance and value to clients. Participants used information about
trends and market opportunities, including some that most farmers were
probably not aware of. In the humid lowlands of West Africa, this exercise was
conducted in a stakeholder workshop (Franzel et al., 1996). In the other two
regions, product prioritization was not conducted because the priorities were
only being set for indigenous fruit trees.

1.2.5 Identification of key species

In addition to information on clients’ preferences, participants in the priority-
setting process needed additional information for identifying priority species. In
the humid lowlands of West Africa, participants refined their list further by
ranking species according to three other criteria:

1. Their ‘researchability’, that is, the potential of research to achieve impact in
domesticating the species.

2. Expected rates of adoption, based on ease of regeneration, adaptability
across the region, and commercial potential.

3. The degree to which women in the community were likely to benefit from
domestication of the species.

1.2.6 Valuation and ranking of priority species

In the humid lowlands of West Africa, researchers conducted household surveys to
collect detailed data from farmers and markets to estimate the value of products of
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the remaining species and to update the information on farmer preferences,
researchability and adoption. The survey involved 152 farmer interviews in
Nigeria and Cameroon. These surveys were not undertaken in the Sahel or in
southern Africa because they were considered too costly to undertake.

1.2.7 Choice of species to focus domestication efforts on

Here, the results of each of the regional priority-setting exercises were synthesized
in a workshop and the choice of priority species was reviewed and approved.

1.2.8 Choice of commercial products on which to focus research and
development activities

This step was not included in the original priority-setting procedures but was
added to the process in southern Africa in 2003. In that year, researchers
organized a workshop in Harare, Zimbabwe, of stakeholders from the private
sector, NGOs, and academia to determine the fruit species and products they
preferred to process. Next, workshops were held in Magomero, Malawi, for local
fruit-processing groups from Malawi and Zambia, and in Tabora, Tanzania, for
groups there to assess their preferences among fruits and products to process.
Participants set priorities among all fruits in the Malawi and Tanzania workshops
but only among indigenous ones at the Harare workshop (Ham, 2004). A total
of 97 people, mostly women, attended the three workshops.

The product prioritization process for the Harare workshop was based on a
process developed by FAO (Lecup and Nicholson, 2000) in which products are
evaluated according to indicators in four categories:

1. Ecological, including availability of trees, ease of regeneration, pest
resistance, variation in fruit taste between trees, and willingness to plant trees.
2. Socio-economic, including suitability for community processing, experience
with processing, opportunities for adding value, employment creation potential,
and gender impact.

3. Market, including extent and quality of existing information, market
demand, market readiness of the product, financial viability, and competition.
4. Technical, including ease of processing, availability of equipment and infra-
structure, product shelf life, availability of skills, personnel, and packaging material.

1.3 Regional and Country Priority-setting Results
1.3.1 Humid lowlands of West Africa

Farmer preference survey

There was considerable variability among farmers’ priority species within and
between the countries surveyed: Cameroon, Nigeria and Ghana (Table 1.2).



Table 1.2. Farmers’ most important tree species in the humid lowlands of Nigeria, Cameroon and Ghana.

Nigeria Cameroon Ghana
Rank Species %  APS Species %  APS Species % APS
1 Irvingia gabonensis 86 7.8 Irvingia gabonensis 86 6.0 Artocarpus communis 67 45
2 Chrysophyllum albidum 56 6.8 Baillonella toxisperma 77 6.0 Annona squamosa 58 3.5
3 Dacryodes edulis 64 6.2 Dacryodes edulis 67 4.6 Chrysophyllum albidum 46 3.0
4 Milicia excelsa 64 5.8 Ricinodendron heudelotii 67 4.1 Tetrapleura tetraptera 54 2.9
5 Vernonia amygdalina 62 56 Alstonia boonei 63 3.6 Garcinia afzelji 29 2.0
6 Garcinia kola 39 46 Guibourtia demeusi 37 34 Ricinodendron heudelotii 42 1.9
7 Treculia africana 28 3.9 Endrandsphaga cylindricum 60 2.6 Dacryodes klaineana 25 1.9
8 Dennetia tripelata 30 37 Milicia excelsa 37 1.8 Synsepalum dulcificum 42 1.8
9 Neubouldia laevis 30 3.0 ‘Esok’ 33 17 Spondias mombin 42 1.8
10 Occimum gratissimum 11 25 Raphia spp. 23 1.5 Solanum indicum 33 1.8

% = percentage of households mentioning the species; APS = average preference scores for those households mentioning the species,
‘10’ indicates a ranking of 1st, ‘9’ a ranking of 2nd, etc.

BOLY Ul Se1oads buowe saniiold buijjes
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The number of species mentioned in each of the three countries as among the
ten priority species by farmers ranged from 60 in Cameroon to 172 in Nigeria.
No single species ranked among the top ten in all three countries. Three
species, discussed below, ranked among the top four in at least two of the
countries. All three were important as both food and cash earners (Adeola et
al., 1998).

® [rvingia gabonensis ranked first in both Nigeria and Cameroon. Also called
‘bush mango’, it is prized for its cotyledons, which are used as a constituent
of sauces. In addition, the fruits of some varieties are eaten. I. gabonensis
was not ranked among the top ten species in Ghana, although its fruits are
being widely harvested (and grown in a few areas) for export to Nigeria.

® Dacryodes edulis, also called ‘bush butter’ or ‘prune’, ranked third in both
Nigeria and Cameroon. The fruit is boiled or roasted and is an important
food during its brief fruiting season. The species is not known in Ghana.

® Chrysophyllum albidum, also called ‘star apple’, ranked second in Nigeria
and third in Ghana, but is unknown in Cameroon. It is consumed as a
fresh fruit.

Two other species, Ricinodendron heudelotii and Milicia excelsa, featured
among the top ten species in at least two of the countries. R. heudelotii kernels
are ground and used as a constituent of sauces; Milicia is a timber species.
Garcinia kola was the only species that ranked among the top 15 in all three
countries. G. kola nuts are prized as a stimulant.

Ranking of products

The farmer preference survey confirmed that food was by far the most
important use of priority species; out of 30 species comprising the top ten
species in the three countries, food was named as the main use for 21 (69%)
species. Timber and medicine were each the main use of four (13%) species.

In the stakeholder workshop, food received the highest rating of any
product. The potential for making impact through research on food was
considered to be high, as principles developed for industrial tree crops could be
applied. For example, extending the harvesting period or improving fruit
quality could be achieved in a reasonable period of time. Moreover, the
mandates of the institutions participating in the priority-setting exercise gave
high priority to food production. Other products and services considered in this
ranking included soil fertility, fodder, medicine and timber. Soil fertility and
fodder received low ratings, mainly because of their low present value to
farmers. Medicine scored low because it had little relevance to the institutional
mandates of the government services participating in the workshop. Timber
scored low because of the long period required to produce it.

Team members advanced ten species to the next stage. Of the six species
mentioned above as being rated highest in the farmer preference survey, only
one, Milicia, was excluded — because the long time required to reach maturity,
up to 50 years, would reduce farmers’ interest in planting it. Five other food-
producing species were included - Artocarpus communis and Annona
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squamosa, because they were the highest-ranking species in Ghana, and Coula
edulis, Tetrapleura tetraptera and Spondias mombin, because they were
believed to be important across the region, even though they did not rank
particularly high in the farmer preference survey.

Screening on basis of researchability

D. edulis and 1. gabonensis rated highest on researchability in the survey of
researchers (Table 1.3), as they did in the farmer preference survey. Both
species are known to have a high level of genetic variability, and the knowledge
base concerning them is high relative to the other species. Both have short
reproduction cycles; they can each bear fruit within 5 years (I. gabonensis only
through vegetative propagation). C. albidum ranked fifth, receiving low to
medium ratings on germplasm availability, knowledge base, and the level of

Table 1.3. Weights of criteria on researchability and mean scores of tree species on criteria.

Level of Uniqueness
genetic  Knowledge Germplasm  Speedof  ofresearch ~ Total  Ordinal
Criteria variability2 ~ base® availability® reproductiond  efforts® score’  score
Weight? 3 2 2 2 1
Mean scores"
Dacryodes edulis 3.0 2.0 22 3.0 2.3 25.7 High
Irvingia gabonensis 2.8 1.7 2.0 3.0 2.7 24.5 High
Spondias mombin 2.3 1.25 1.7 3.0 3.0 21.8  Medium
Tetrapleura tetraptera 2.4 1.25 1.7 2.0 3.0 20.1  Medium
Chrysophyllum albidum 2.0 1.25 1.0 3.0 3.0 195  Medium
Artocarpus communis 1.5 1.3 1.0 3.0 3.0 18.1  Medium
Coula edulis 25 1.25 1.5 1.0 3.0 18.0  Medium
Annona squamosa 1.0 1.0 1.0 3.0 3.0 16.0 Low
Garcinia kola 1.5 1.3 1.6 1.0 3.0 15.3 Low
Ricinodendron heudelotii 1.0 1.4 1.25 2.0 28 15.1 Low

@ Includes number of provenances, phenotypes and differences in fruit size, quality and
growth rates.

b Includes all information available on the species, including knowledge about sexuality,
flowering/fruiting habits, pests and diseases. Indicators include number of publications and
number of researchers working on it.

¢ Indicates whether collections have taken place, numbers of accessions in gene banks, ease
of collection, fruiting frequency, and storeability of seed.

d0-5 years = 3, 6-10 years = 2, 11+ years = 1. Through vegetative or other methods of
propagation.

¢ Considers whether other research groups are already working on the domestication of the
species and whether there is a risk of duplication of effort.

f Each criterion score is multiplied by the weight of the criterion to arrive at a weighted
criterion score.

9 As determined by the priority-setting team.

h 3 = high, 2 = medium, 1 = low. Twelve researchers rated the species but not all rated each
species on each criterion.
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genetic variability. G. kola and R. heudelotii ranked ninth and tenth,
respectively. They received low to medium ratings on the above three criteria,
and have medium to long reproduction cycles. The range in ratings was
considered to be narrow enough so that priority was still given to the five
farmer-preferred species.

Valuation and ranking of five priority species

In the humid lowlands of Nigeria, I. gabonensis was grown or collected by the
greatest percentage of households (75%) and had the highest value of
production per grower/collector per year, US$124 (US$ = Naira 40, June
1994) (Table 1.4). However, values were extremely variable and coefficients of
variation for the value of production were more than 70%. Nationwide, D.
edulis ranked second and C. albidum third in percentage of households and
value per grower/collector (Table 1.4). In Cameroon, D. edulis ranked slightly
higher than I. gabonensis in terms of percentage of farmers growing/collecting
and value per grower/collector. R. heudelotii ranked second in percentages of
households growing or collecting, but values per grower/collector were only
one-fourth those of I. gabonensis and D. edulis. G. kola was grown or collected
by only 37% of the households but had a high value per grower/collector, over
double that of R. heudelotii. Two methods were used to estimate quantities
harvested: farmers’ recall, usually expressed in terms of local measures, and
multiplying the numbers of trees by tree yields obtained from secondary data.
The two methods vielded fairly similar estimates; for example, in Cameroon,
mean values for D. edulis quantities differed by 8% between the two methods,
for I. gabonensis by 25%, and for G. kola by 36%.

By extrapolating sample values to the estimated number of agricultural
households of the humid lowlands of Nigeria, I. gabonensis’s farm-gate value
for the humid lowlands is estimated at US$145 million, D. edulis at
US$78 million and C. albidum at US$16 million (Table 1.4). Because of the
high variability in the data, there was no significant difference between the
values for I. gabonensis and D. edulis, though both were higher than

Table 1.4. Region-wide values of production for main tree products, humid lowlands of
Nigeria and Cameroon.

Central, south and east

Humid lowlands of Nigeria provinces of Cameroon
90% confidence interval 90% confidence interval
Mean Upper Lower Mean Upper  Lower
(US$ million) limit limit (US$ million) limit limit
Irvingia gabonensis 145 230 59 17 24 11
Dacryodes edulis 78 101 55 22 28 15
Chrysophyllum albidum 16 21 11 0 0 0

Ricinodendron heudelotii 0 0 0 5 11 1
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C. albidum (P < 0.05). For the central, south and east provinces of Cameroon,
the areas covered in the survey, values were US$21.6 million for D. edulis,
US$17.5 million for I. gabonensis, and US$4.9 million for R. heudelotii (Table
1.4). Again there were no significant differences between D. edulis and I
gabonensis, but both were higher than the third-ranking species, R. heudelotii
(P < 0.05). All five of the priority species are found in other countries of
western and central Africa (Aiyelaagbe et al., 1997; Ndoye et al., 1998), but
data on their value are scant. In an extensive nationwide survey of Gabon,
farmers ranked I. gabonensis first and D. edulis second in importance among
agroforestry and forestry species (D. Boland, 1995, personal communication).
None of the other species mentioned above ranked among the top seven
species. In Ivory Coast, I. gabonensis is grown in the west, south and south-
west regions of the country and is widely traded in urban areas (Bonnehin,
1998). I. gabonensis is also an important component of regional trade; exports
to Nigeria are reported from Cameroon, Central African Republic, Benin,
Ghana and Ivory Coast. Ivory Coast also exports to Liberia and Sierra Leone.
Gabon imports from Cameroon and Equatorial Guinea (ICRAF, 1995). D.
edulis fruits and G. kola bark, an additive to palm wine, are exported from
Cameroon to Gabon (Ndoye et al., 1998). All species had additional uses, e.g.
for firewood, fodder, timber and medicine, but the value of these appeared to
be relatively low.

Concerning expected rates of adoption, I. gabonensis and D. edulis ranked
about equally. I. gabonensis was the most widely grown species in Nigeria,
whereas D. edulis was the most widely grown in Cameroon. In terms of spread,
I. gabonensis plants were grown or collected by over 50% of the farmers in all
six surveyed land-use systems, D. edulis in five. I. gabonensis was the preferred
species for future planting in Nigeria (49% of the farmers versus 18% favouring
D. edulis) while D. edulis was preferred in Cameroon (51% versus 27% for I
gabonensis). G. kola ranked third in both countries. Gender roles varied
somewhat across the different species and tasks. Men, women and children were
generally all involved in harvesting, and females dominated processing. In
Nigeria, all 12 key informants reported that females received cash from I.
gabonensis sales, whereas only five reported that men also received cash.
Results were similar in Cameroon, where all five key informants who responded
to the question reported that females received more cash from fruit sales than
did men. Concerning seed sales, five of eight informants reported that women
received more cash from seed sales than men did. In Cameroon, all nine
respondents claimed that women or children were the main beneficiaries of R.
heudelotii sales. Men tended to receive most of the cash earned from G. kola
and C. albidum, while receipts from D. edulis appeared to be shared about
equally. The results were consistent across countries, although there was some
variation within each country.

Farmers’improvement objectives

Farmers had very clear ideas on how researchers could improve their preferred
trees. Concerning Irvingia, farmers in Nigeria were mostly interested in
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reducing the height of the tree; in Cameroon interest was mainly in bigger fruit
and earlier maturing trees. Nigerian farmers’ interest in shorter trees probably
reflects the scarcity of land and thus greater competition of these trees with
crops in the crop fields and homegardens. The long period before maturity,
10-15 years, explains farmers’ interest in reducing this period. Concerning D.
edulis, reduced height was an important consideration in Nigeria and Ghana
because the trees are frequently grown in homegardens. Bigger fruits were
desired in all three countries. Fruit size is especially important in southern
Cameroon, where farmers receive a high price premium for fruits being
exported to Gabon. Other important criteria included taste (some trees give
sweeter tasting fruit than others do) and early maturity (trees take about
5-7 years to bear fruit).

Choice of priority species

I. gabonensis and D. edulis had the highest overall ratings on value of
expected benefits from domestication (Table 1.5). I. gabonensis had the
highest financial value in Nigeria, ranked second in Cameroon, and was
extensively traded among countries in the region. In addition, it had high
researchability, a high expected rate of adoption, and it directly benefited
women. Dacryodes ranked first in Cameroon on financial value and second in
Nigeria and had similar ratings to I. gabonensis on other criteria, except that it
benefited males and females about equally. C. albidum, R. heudelotii and G.
kola each received an overall rating of medium. G. kola had a broader
geographical spread and range of products but relatively few farmers used it in
any particular region compared with C. albidum and R. heudelotii. C. albidum
rated higher on researchability and R. heudelotii had greater benefits for
women.

In 2006, 10 years after the initial priority-setting exercise was completed, the
list of priority species included the same five indigenous fruit species mentioned
above, plus several others (Table 1.6). One indigenous fruit species had been
added, three medicinal trees, one vegetable, two spices, and one species used
for edible oil. New species were added on the basis of farmers’ interest and the

Table 1.5. Value of expected benefits from domestication, humid lowlands of West Africa.

% increase Gender Overall
Current annual  Current annual in value Expected receiving  value of
value of main  value of other  expected from rate of most expected
product products domestication adoption  benefits benefits
Irvingia gabonensis High Medium High High Female High
Dacryodes edulis High Low High High About equal High
Chrysophyllum albidum Medium Low Medium Medium  Male Medium
Ricinodendron heudelotii  Medium Low Low Medium Female Medium
Garcinia kola Medium Medium Low Medium  Male Medium

Adapted from Franzel et al. (1996).
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Table 1.6. Priority indigenous species for the African humid tropics, 2006.

Scientific name Common name(s)
Fruit trees
Irvingia gabonensis Andok, bush mango
Dacryodes edulis African plum, atanga, safou
Ricinodendron heudelotii Essang, njanssang
Garcinia kola Bitter cola, onie
Chrysophyllum albidum White star apple
Cola spp. Cola
Medicinal plants
Prunus africana Pygeum
Pausinystalia johimbe Yohimbe
Vegetables
Gnetum africanum Afang, eru, okasi, okok
Spices and edible oils
Afrostyrax lepidophyllus Country onion
Monodora myristica Faux muscadier
Allanblackia spp. Nsangomo
Other
Annickia chlorantha Moambe jaune
Macronetum combretum Liane de vers

Source: ICRAF (2006).

potential of the tree product to earn cash income for poor farmers, especially in
response to favourable market opportunities (A. Degrande, 2006, personal
communication).

1.3.2 Semi-arid Sahelian zone of West Africa

The area surveyed extends across Senegal, Mali, Burkina Faso and Niger at the
southern margins of the Sahara desert. Rainfall ranges from 350 to
850 mm/year and altitude from 0 to 350 m above sea level. In listing the top
14 or 15 species in the four countries, the maximum number of species could
have been 59 had there been no species in common among countries, whereas
with complete agreement between countries, only 15 would have been listed.
The actual number of 28 (Table 1.7) shows that there is general interest
throughout the region in a number of species and this augurs well for regional
tree domestication initiatives. Most striking is that baobab (Adansonia digitata)
is a clear favourite across the region, closely followed by karité (Vitellaria
paradoxa) and tamarind (Tamarindus indica). Seven species were mentioned in
all four countries, one was mentioned in three countries, eight were recorded in
two countries, and 12 were recorded in only one country. Interestingly, only
two of the 28 species are exotic to West Africa and even those have been
widely naturalized there (Azadirachta indica and tamarind).

As in the humid lowlands of West Africa, trees providing food dominated
farmers’ choices among species. In Mali, for example, eight of the top ten
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Table 1.7. The 15 top species in each of the four Sahelian countries, ranked according to the
proportion of respondents mentioning the species as important.

Rank in country

Species Burkina Faso Mali Niger Senegal
Acacia macrostachya 14

Acacia nilotica 14
Adansonia digitata 5 2 1 1
Azadirachta indica 10
Balanites aegyptiaca 8 11 2 6
Bombax costatum 6

Borassus aethiopum 10 6

Combretum nigricans 13

Cordyla pinnata 9 2
Detarium microcarpum 1 14 15 9
Diospyros mespiliformis 10 3

Faidherbia albida 7 6 10 3
Ficus gnaphalocarpa 15 13
Ficus iteophylla 8
Hyphaene thebaica 9

Khaya senegalensis 8 14

Landolphia senegalensis 15

Lannea microcarpa 3 5

Parinari macrophylla 8 12
Parkia biglobosa 2 3 12 7
Pterocarpus erinaceus 13

Saba senegalensis 13

Sclerocarya birrea 12 7

Sterculia setigera 11
Tamarindus indica 4 4 11 4
Vitellaria paradoxa 1 1 4

Vitex doniana 5

Ziziphus mauritiana 9 12 7 5

Source: ICRAF (1996).

priority species were important because of their edible fruits. Two also provided
leaves as food (Sidibé et al., 1996). On average, 39% of the interviewees were
women and they expressed different preferences from those of the men. Men
ranked Balanites aegyptiaca and Faidherbia albida very highly, whereas women
consistently ranked baobab as the most valuable species. Men however, were
not a homogeneous group, and older and younger men showed differences in
preferences for species such as tamarind and Ziziphus mauritiana.

Some of the most threatened species in the region, including Bauhinia
rufescens and Prosopiis africana were not included in the top 15 species in any
of the countries, even though they are important fodder species. Work on
species that really need to be conserved will have to be carefully balanced
against work on those with more immediate prospects for improvement
because of farmer-led demand for food species.
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1.3.3 Miombo woodlands of southern Africa

Farmer preference surveys

The area surveyed in southern Africa was the miombo woodlands, which is
characterized by a single rainy season (800-1200 mm/year) and altitude
600-1200 m above sea level. Four countries were included in the survey:
Tanzania, Malawi, Zambia and Zimbabwe. There was considerable agreement in
the perceived importance of species across countries (Table 1.8). Three species
were widely regarded as important. In all four countries, Uapaca kirkiana was
mentioned as important by over 50% of farmers, Parinari curatellifolia was
important for at least 40% and Strychnos cocculoides for at least 30%. All three
species were among the top five in all four countries, as measured by the
frequency with they were mentioned as a priority species. U. kirkiana also had
the highest average preference score in the three countries where such scores
were computed. This shows that it was highly preferred among those
mentioning it. P curatellifolia had the third highest preference score in each of
the three countries and S. cocculoides was rated ninth in Malawi, fifth in

Table 1.8. Overall ranking and importance value of the top 20 miombo fruits selected for

domestication by farmers in Malawi, Tanzania, Zambia and Zimbabwe.

Malawi Tanzania Zambia Zimbabwe
Species name % APS % APS % APS % APS2
Uapaca kirkiana 77 9.3 53 9.3 85 9.5 70
Parinari curatellifolia 55 8.4 43 8.9 80 9.0 57
Strychnos cocculoides 32 7.0 64 8.2 52 7.7 78
Anisophyllea boehmii 0 0 0 0 75 7.9 0
Azanza garckeana 20 6.6 0 0 11 5.4 52
Flacourtia indica 29 7.4 3 7.0 19 6.5 26
Syzygium guineense 11 7.4 1 8.0 39 5.4 0
Strychnos pungens 0 0 0 0 16 5.0 31
Physalis peruviana 2 6.5 0 0 35 4.7 0
Uapaca nitida 1 1.0 0 0 35 6.0 0
Ximenia americana 7 7.6 1 6.0 27 4.0 0
Diospyros mespiliformis 0 0 0 0 8 8.6 28
Tamarindus indica 10 5.9 33 8.9 7 8.3 0
Vangueria infausta 19 7.3 16 6.5 3 9.0 4
Annona senegalensis 19 8.1 1 7.0 5 8.4 7
Vitex payos 1 7.0 0 0 0 0 34
Adansonia digitata 12 8.5 1 8.0 10 9.5 3
Syzygium spp. 0 0 0 0 0 0 28
Vitex mombassae 0 0 46 9.0 1 5.0 0
Vitex doniana 8 6.4 26 8.1 1 55 0

% = percentage of households mentioning the species.

APS = average preference scores for those households mentioning the species: ‘10’
indicates a rank of 1st, ‘9’ a rank of 2nd, etc.

a Data on average preference scores were not available for Zimbabwe.

Source: Kadzere et al. (1998).
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Tanzania, and ninth in Zambia. In fact, many of the species with the highest
preference scores were mentioned as important by only a few farmers. For
example, Adansonia digitata was mentioned as important by only 10% of the
sample in Tanzania, reflecting its limited geographical spread. Nevertheless, it tied
with U. kirkiana for the highest preference score, reflecting its importance among
the farmers who used it (Kadzere et al., 1998). Azanza garckeana and Flacourtia
indica were important for at least 10% of farmers in each of three countries in the
region: Malawi, Zambia and Zimbabwe. However, they had relatively low
preference scores: Azanza ranked 11th in Malawi and 13th in Zambia and
Flacourtia ranked sixth and ninth. A few species were very important in only one
or two countries. Anisophvllea boehmii was important for 75% of the
respondents in Zambia, with the eighth highest preference score, but was not
mentioned in any other country. Vitex mombassae and Tamarindus indica were
preferred by 46% and 33% in Tanzania, respectively, and received the second
and third highest preference scores in that country (Kadzere et al., 1998).

The survey also revealed important findings about the processing of the
different indigenous fruit species. Among the five most important species across
the region (U. kirkiana, P curatellifolia, S. cocculoides, A. garckeana and F.
indica), four are made into jams, and three each are used to prepare alcoholic
drinks or juices, or are ground into powder for mixing with other foods
(Kadzere et al., 1998). Two are dried, two are used to prepare porridge, and
from one (P curatellifolia) oil is extracted from its nut. Of major importance is
the finding that all five of the most important species are harvested just before
or during the region’s ‘hunger period’ (Akinnifesi et al., 2004). Farmers have
confirmed that indigenous fruits are indeed important components of the
‘coping strategies’ that farmers use during times of famine (Akinnifesi et al.,
2004). Indigenous fruit pulp and nuts of P curatellifolia and sometimes U.
kirkiana are pounded and mixed with small amounts of cereal flour to make
the regional food staple (‘sadza’ or ‘nshima’) (Kadzere et al., 1998).

Like most agroforestry trees, all five of the most important species had
multiple uses; all were used for medicine, crafts, fuelwood and construction.
Two each were used for shade, as ornamentals, or for browsing by livestock.

Farmers’improvement objectives

Farmers mentioned fruit and tree traits that they wanted researchers to improve.
Concerning the fruits, farmers’ priorities focused on improving taste and
increasing size. Other characteristics that farmers wanted improved were more
species-specific and included U. kirkiana’s vulnerability to infestation by fruit-fly
maggots, P curatellifolia’s foul smell, and S. cocculoides’ high ratio of pericarp
to fruit pulp. Concerning the trees, farmers’ highest priority was to reduce fruit
precocity — the period between planting and fruiting — because many of the trees
require 10 or more years before fruiting. Other desired improvements included
reducing tree size and increasing fruit yield. Farmers want smaller trees because
they are easier to harvest and they compete less with adjacent crops.
Interestingly, extending the seasonal availability of fruits was not mentioned as
important, perhaps because different fruits are available at different seasons or
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because fruiting seasons of the same species vary by latitude (Kadzere et al.,
1998). Other household surveys identified other critical problems for research to
address: reduced fibre content in Azanza garckeana, pest and disease resistance
for P curatellifolia, and longer shelf life for Flacourtia indica, P curatellifolia, U.
kirkiana and Ficus sycomorus (Akinnifesi et al., 2006).

Dynamics in users’ preferences among priority fruit species: 1995-2004

In order to understand whether farmers’ preferences of indigenous fruit tree
species are the same throughout the region, we collated priority-setting
information collected by different researchers at different times and locations in
the region. These included both household surveys and market surveys done
between 1995 and 2004 (Table 1.9). A new prioritization exercise was also
carried out for Mozambique in Tete and Manica provinces. The results were
triangulated to obtain regional priority species. The results showed that priority
species vary with location in the region, but a common thread can be seen in the
first three priority species that is similar to the earlier results (Table 1.7). The five
most preferred indigenous fruit trees across the countries were analysed and
ranked as follows: Uapaca kirkiana, Strychnos cocculoides, Parinari curatellifolia,
Ziziphus mauritiana and Adansonia digitata. Of these, U. kirkiana, S. cocculoides
and P curatellifolia remain the three most preferred species in the region,
confirming the validity of the previous regional survey in four countries by
Maghembe et al. (1998). In addition, Z. mauritiana and A. digitata broke into the
top-ranking species in the new analysis. Fruits from these two species are unique
in that they would store better than most miombo indigenous fruits. Z. mauritiana
is well traded in Malawi (Kaaria, 1998; Schomburg et al., 2002) and Zimbabwe
(Ramadhani, 2002), and is probably one of the most widely traded local fresh
fruits in the region after U. kirkiana.

In Malawi, Adansonia digitata has been commercialized as ‘mlambe’ juice
which is sold in supermarkets. Strychnos cocculoides seems to be more
strongly preferred than Uapaca kirkiana in Zimbabwe. In Tanzania, Vitex
mombassae and S. cocculoides are important, followed by Parinari
curatellifolia and U. kirkiana. Because of the commercial potential of
Sclerocarya birrea, it was also included in the domestication programme in
southern Africa (Akinnifesi et al., 2006); however, it was not captured as a
high-priority species by communities in the five countries. This is the
shortcoming of priority setting based on surveys, as communities are seldom
knowledgeable about regional or global markets outside their own country.

Many of the species-preference surveys undertaken in the region
deliberately omitted exotic fruits from the ranking lists (Kwesiga and Mwanza,
1995; Kadzere et al., 1998; Maghembe et al., 1998; Ramadhani et al., 1998;
Rukuni et al., 1998). This was a major shortcoming because it was difficult to
identify the relative preferences for different indigenous fruit trees in situations
where investors or development agencies were interested in identifying the fruit
species most relevant to communities’ livelihoods. We carried out two new
surveys during 2002-2004 to assess the relative preference for all fruits by
smallholder farmers in southern Malawi (Table 1.10). This was also compared



Table 1.9. Priority indigenous fruit trees in southern Africa.

Country Type of survey Rank 1 Rank 2 Rank 3 Rank 4 Rank 5 Reference
Malawi 1. Household (n = 128)2 Uapaca Parinari Strychnos Flacourtia Azanza
kirkiana curatellifolia cocculoides indica garckeana Malembo et al. (1998)
2. Market survey? Uapaca Casimiroa Parinari Azanza Flacourtia
kirkiana edulis curatellifolia garckeana indica Minae et al. (1995)
3. Farmer survey (n= 155)2 Uapaca Casimiroa Annona Ziziphus Strychnos F.K. Akinnifesi (unpublished
kirkiana edulis senegalensis mauritiana cocculoides data)
4. Farmer survey (n = 223)° Uapaca Ziziphus Adansonia Strychnos Parinari J. Mhango and F.K. Akinnifesi
kirkiana mauritiana digitata cocculoides curatellifolia (unpublished data)
Mozambique Household (n = 156)2 Adansonia Ziziphus Tamarindus Uapaca Strychnos E.C. Sambane
digitata mauritiana indica kirkiana cocculoides (unpublished data, 2004)
Tanzania 1. Household (n = 70)2 Strychnos Uapaca Parinari Vitex Vitex Ramadhani et al. (1998)
cocculoides kirkiana curatellifolia mombassae doniana
2. Market survey (n = 118)° Vitex Vitex Strychnos Parinari Syzygium Mumba et al. (2004)
mombassae doniana cocculoides curatellifolia guineense
Zambia 1. Household (n = 153)° Uapaca Parinari Anisophyllea Strychnos Syzygium Simwaza and Lungu (1998)
kirkiana curatellifolia boehmii cocculoides guineense
2. Market survey (n=132)° Ziziphus Adansonia Uapaca Tamarindus Diospyros Kwesiga and Mwanza (1995)
mauritiana digitata kirkiana indica mespiliformis
Zimbabwe 1. Household survey (n= 118)2  Strychnos Strychnos Azanza Parinari Uapaca Rukuni et al. (1998)
cocculoides pungens garckeana curatellifolia kirkiana
2. Household survey (n=113)%  Strychnos Uapaca Parinari Azanza Vitex Kadzere et al. (1998)
cocculoides kirkiana curatellifolia garckeana payos
Regional Various surveys as above Uapaca Strychnos Parinari Ziziphus Adansonia F.K. Akinnifesi (unpublished
kirkiana (39)0  cocculoides (27)  curatellifolia (18) ~ mauritiana (15) ~ digitata (11) data)

2Based on weighted mean; ® based on mean rank order values as per Franzel et al. (1996); ¢ based on percentage mentioned as top priority;
dfigure in parenthesis is a weighted average estimated by multiplying the number of times ranked among priority species and the rank
nominal value.
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Table 1.10. Relative preference of indigenous and exotic fruit species in the southern and central regions of Malawi.

Southern region?

Southern regionP

Central region®

Total weighted  Mean rank Weighted Weighted
Rank Species score order value  Species average Species average
1. Mangifera indica 678 3.02 Mangifera indica 121 Citrus sinensis 259
2. Persea americana 472 2.12 Persea americana 98 Mangifera indica 177
3. Citrus sinensis 291 1.30 Citrus sinensis 93 Psidium guajava 136
4. Uapaca kirkiana 269 1.24 Uapaca kirkiana 63 Musa paradisiaca 116
5. Carica papaya 234 1.09 Psidium guajava 55 Carica papaya 115
6. Musa paradisiaca 199 0.89 Musa paradisiaca 51 Citrus reticulata 105
7. Psidium guajava 198 0.91 Citrus reticulata 46 Citrus limon 73
8. Casimiroa edulis 198 0.89 Carica papaya 46 Uapaca kirkiana 51
9. Citrus reticulata 164 0.74 Prunus persea 35 Persea americana 47
10. Ziziphus mauritiana 158 0.71 Annona comosus 25 Strychnos cocculoides 42
11. Annona senegalensis 89 0.40 Casimiroa edulis 20 Prunus persea 33
12. Prunus persea 51 0.23 Passiflora ligularis 17 Casimiroa edulis 18
13. Annona comosus 47 0.21 Annona senegalensis 12 Annona senegalensis 13
14. Flacourtia indica 42 0.19 Citrus limon 10 Malus domestica 12
15. Malus domestica 39 0.17 Ziziphus mauritiana 9 Flacourtia indica 9
16. Vangueria infausta 29 0.13 Malus domestica 8 Syzygium cordatum 8
17. Adansonia digitata 28 0.13 Strychnos cocculoides 4 Azanza garckeana 4
18. Citrus limon 24 0.11 Flacourtia indica 3 Ficus natalensis 3
19. Strychnos spp. 22 0.10 Tamarindus indica 3
20. Vitex spp. 15 0.07
21. Parinari curatellifolia 13 0.06
22. Azanza garckeana 13 0.06
23. Tamarindus indica 10 0.04
24. Cocos nucifera 9 0.04

2J. Mhango and F.K. Akinnifesi (unpublished) (n = 223); ® F.K. Akinnifesi (unpublished) (n = 155), ¢ Minae et al. (1995).
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with the survey conducted by Minae et al. (1995) in the central region of
Malawi. The two studies in the southern region agreed that the top four fruit
species were Mangifera indica (mango), Persea americana (avocado), Citrus
sinensis (sweet orange) and Uapaca kirkiana (wild loquat), in decreasing order
of magnitude. The central region study identified C. sinenses as first, M. indica
as second and Psidium guajava (guava) as third preference. In general for all
the three studies in Malawi, mango (M. indica) is the most preferred, followed
by sweet orange (C. sinenses), avocado (P americana), guava (P guajava),
banana (Musa paradisiaca), pawpaw (Carica papaya), tangerine (Citrus
reticulata) and wild loquat (U. kirkiana). However, in the two studies conducted
in the southern region, U. kirkiana was ranked in fourth position of all species
and eighth position in the central region, but first among the indigenous fruits.
The non-exotic fruit-tree species that were mentioned in the top ten preference
list were: U. kirkiana, Z. mauritiana, Casimiroa edulis (Mexican apple) and
Strychnos cocculoides. It is interesting that S. cocculoides was only ranked in
17th-19th position in the southern region, but in tenth position in the central
region (Table 1.10). This may be due to the fact that S. cocculoides is now rare
in the southern region.

Compared to the previous surveys, the results showed that several factors
determine users’ preferences for different fruit-tree species, including the
geographical location and availability of fruits.

Assessing priority products to commercialize

As commercialization of fruit production is becoming a high priority for the
development community and farmers, it became necessary to decide which fruits
to help communities to commercialize and which products to help them market.
Workshop participants in Malawi, Tanzania and Zimbabwe set priorities among
products they already knew. At the Zimbabwe workshop each participant was
asked to list at least three products and the products mentioned most often were
selected as top priority. In the Tanzania and Malawi workshops, participants were
first asked to list as many species and product combinations as possible and from
this list they ranked those that they most preferred (Table 1.11).

There was considerable variability among countries. At the Malawi and
Tanzania workshops, participants assessed both indigenous and exotic species,
but while the top four products at the Malawi workshop were exotics (mango
and tomato products), all of the top four in Tanzania were indigenous species.
The large number of exotic fruits included in the priority lists raises the question
about the need to include exotic fruit trees in current domestication
programmes. Exotic fruits such as mango could be used as the driver for a
domestication and commercialization programme, and indigenous fruits could
be introduced as complementary products.

It was noted that marula (Sclerocarya birrea) products were strongly
promoted by the more commercially orientated participants of the Harare
workshop. In contrast, marula products received a much lower rating by the
community processing groups who attended the Tanzania and Malawi
workshops.
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Table 1.11. Participants’ priority products in workshops held in Magomero (Malawi), Tabora
(Tanzania) and Harare (Zimbabwe).

Magomero Tabora Harare

Mango juice Baobab juice Parinari oil
Mango dried Groundnut butter Strychnos jelly
Mango jam Strychnos juice Marula oil
Tomato jam Parinari wine Marula jelly
Baobab wine Vitex jam Ziziphus fruit leather
Baobab juice Syzygium juice Uapaca jam
Uapaca wine Marula wine

Uapaca juice Flacourtia jam

Marula wine Mango juice

Marula juice Guava jam

Source: Ham (2004).

The participants from the Zimbabwe workshop also focused strongly on oil
products, while the Tanzania and Malawi participants did not list oils as
preferred products. This could possibly be attributed to the higher level of
technology required for oil processing, which is not available at community
level. The markets for oils seem to be mostly export-orientated and community
groups are not aware of these markets or do not have access to them.

Tables 1.12-1.14 show participants’ rankings of priority products on four
sets of criteria: ecological, socio-economic, market potential and technical
requirements. The ecological evaluation was conducted in order to determine
the impact of harvesting on the fruit supply, but also to look at aspects such as
fruit availability and ease of harvesting. In Malawi, exotic fruits such as mango
were rated the highest, while the Tanzania workshop participants felt that
indigenous fruits would have a more positive ecological impact. Both workshops
gave the lowest ecological ratings to marula products. The differing ecological
rankings probably reflect variations in the distribution and availability of the
fruit-tree species.

The socio-economic evaluation determines how beneficial these products
would be to development and the degree to which they can serve as vehicles

Table 1.12. Overall ranking of products identified during the Magomero, Malawi, workshop.

Mango Tomato Mango Mango Uapaca Baobab Uapaca Baobab Marula Marula

jam jam dried  juice juice juice wine wine juce  wine
Ecological 1 4 1 1 5 7 5 7 9 9
Socio-economic 2 1 4 3 6 8 5 7 9 10
Market 2 1 5 7 4 3 10 6 9 8
Technical 1 4 2 6 5 3 7 8 9 10
Sum 6 10 12 17 20 21 27 28 36 37
Overall ranking 1 2 3 4 5 6 7 8 9 10

Source: Ham (2004).
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Table 1.13. Overall ranking of products identified during the Tabora, Tanzania, workshop.

Syzygium Guava Strychnos Vitex Groundnut Mango Marula Parinari Baobab Flacourtia

juice jam juice  jam butter juice  wine wine juice jam
Ecological 1 9 3 4 10 6 1 5 6 8
Socio-economic 3 1 3 8 2 5 10 8 6 7
Market 2 4 4 6 1 3 10 9 8 6
Technical 3 1 6 3 10 9 3 2 6 6
Sum 9 15 16 21 23 23 24 24 26 27
Overall ranking 1 2 3 4 5 5 7 7 9 10

Source: Ham (2004).

Table 1.14. Overall ranking of products identified during the Harare, Zimbabwe, workshop.

Ziziphus fruit Marula Marula  Parinari  Uapaca Strychnos

leather jelly oil oil jam jelly
Ecological 2 5 5 3 1 3
Socio-economic 3 4 1 2 6 5
Market 3 2 1 4 4 6
Technical 2 1 5 5 4 2
Sum 10 12 12 14 15 16
Overall ranking 1 2 2 4 5 6

Source: Ham (2004).

for development. The commercial processors attending the Harare workshop
rated the high-value oil products as most beneficial to socio-economic
development, with jam and jelly products as the least beneficial. The
community processors at the Malawi and Tanzania workshops rated the lower-
value products, such as jams, as having a higher socio-economic potential than
the higher-value wine products. This probably reflects their lack of experience
in processing products into wine.

Mango, guava, groundnut and tomato products were rated the highest by
community processors. The reasons for this could be that the fruits are easily
accessible and abundant and that they were more familiar with the processing
of these fruits than with indigenous fruits. This again highlights the need to
focus on exotic fruits in addition to indigenous fruits in domestication and
commercialization programmes. The Zimbabwe workshop participants had
much greater exposure to international markets than the Malawian and
Tanzanian participants. Therefore they rated marula products the highest.
Marula is one of the best-known natural products in southern African and has
been made popular by the Distell Corporation’s production of Amarula Cream
liqueur in South Africa. The community groups in the Malawi and Tanzania
workshops rated marula products last. This indicates a need for a differentiation
in marketing strategies when dealing with the marketing of fruit products at
local and regional/international levels. The technology evaluation shed some
light on the reasons that community processors at the Malawi and Tanzania
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workshops rated high-value oil and wine products lower than low-value juice
and jam products. Community processors are aware of the value of oil and
wine products but they do not have access to the skills and technology required
to process them. It also seems that people are more familiar with the
technologies required to process exotic fruit products than indigenous fruits.

The overall product rating for Malawi indicated that mango products were
the most preferred. Only one indigenous product, Uapaca juice, was rated
amongst the top five products from Malawi. In the Tabora workshop, Syzygium
juice was rated as the overall most preferred product along with two other
indigenous products, Strychnos juice and Vitex jam, amongst the top five
products. The Zimbabwe group rated the high-value oil products highest,
followed by Ziziphus fruit leather (puréed then dried) and marula jelly.

There were some differences between the ‘spontaneous’ preferences of
participants (Table 1.11) and the overall rankings from the assessment of
products on ecological, socio-economic, market and technical aspects (Tables
1.12-1.14). In the Tanzania workshop, bacobab juice dropped from first place in
the spontaneous ranking to ninth in the more detailed assessment, performing
poorly on all four criteria. In contrast, guava jam rose from tenth to second,
performing particularly well on socio-economic and technical criteria. In the
Zimbabwe workshop, Ziziphus fruit leather rose from fifth to first and Strychnos
jelly fell from second to sixth. In Malawi, there was little difference between the
rankings in the two exercises.

1.4 Conclusions

Several important lessons were learned from the priority-setting exercises.
These can be divided into two areas: the role of priority setting in
domestication research and methods for setting priorities.

1.4.1 The role of priority setting

First, the hypothesis that there would be some degree of consensus among
farmers in the different countries of an ecoregion as to which species they
preferred proved to be valid. In the Sahel and southern Africa there was
considerable consensus. In the Sahel, one species appeared in the top five of
all four countries and two were in the top five of three countries. In southern
Africa, three species appeared in the top five of all five countries. There was
less convergence of views across countries in the humid lowlands of West
Africa. No species appeared in the top five of all three countries but four
appeared in the top five of two countries. A regional approach to conducting
dissemination research is valuable because it allows tasks to be divided among
countries and experiences to be shared, making the best use of scarce resources
for conducting research.

The prioritization procedure proved to be an effective tool for developing a
shortlist of target species for domestication research and for setting priorities
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among them. It also proved useful for improving linkages between institutions
involved in the process and for building a spirit of partnership. These
contributed to rapid progress in germplasm collection and propagation studies,
involving many of the same people who participated in the prioritization
exercises. Through the process of setting priorities, the teams conducting
domestication research gained sound evidence for defending their choice of
species on which to conduct research. This contributed to greater motivation
among team members, stronger linkages with policy makers, and greater
confidence among donor agencies that domestication research would vield
fruitful results.

1.4.2 Methods for setting priorities

The main method used in the priority-setting exercise — the survey of farmer
preferences among species — proved to be popular among participants in the
exercise as a means of justifying the choice of species to conduct domestication
research on. In contrast, the valuation survey was only conducted in one
region, the humid lowlands of West Africa, where it yielded the same rankings
as those from the survey of farmer preferences. Researchers in the Sahel and
southern Africa thus decided it was not worth the cost of conducting such a
survey in their own regions. In fact, while the surveys do give useful
information on values of production, it is probable that in most instances these
values will reflect the rankings obtained in preference surveys.

One weakness of the priority-setting exercise was that it did not explicitly
assess the market potential of different species and products. Survey
respondents could not be expected to be aware of marketing opportunities,
especially international opportunities, and nor could researchers. In fact, many
of the species that have been added to lists of priority species following the
priority-setting exercise have been added because of market opportunities. In
the humid lowlands of West Africa, for example, Prunus africana was added
because an extract of its bark could be sold for export to Europe, where it is
used in medicines for treating benign prostatic hypertrophy, a common disease
in men (Cunningham et al., 2002). The assessment of priority products to
commercialize in southern Africa, as discussed above, was important and
added new species, albeit exotics that had been excluded from the original
surveys. It also highlighted the differences that exist between different locations
in a region and between rural processors and urban ones, especially when
priority setting is based on product preferences (Ham, 2004). Such an exercise
should be part of all priority-setting procedures. In addition, formal assessments
of market opportunities could be added to the exercise, and the results of these
could be shared with stakeholders, who should ultimately decide whether new
species and products should be targeted.
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2.1 Introduction
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Increasingly, agroforestry trees are being improved in quality and productivity
through the processes of market-driven domestication (Simons, 1996; Simons
and Leakey, 2004; Leakey et al., 2005d), based on strategies that consider:
(i) the needs of the farmers, their priorities for domestication (Maghembe et al.,
1998; Franzel et al., Chapter 1, this volume) and an inventory of the natural
resource (Shackleton et al., 2003a); (ii) the sustainable production of
agroforestry tree products, including fruits, nuts, medicinals and nutriceuticals,
timber, etc.; (iii) the restoration of degraded land and reduction of
deforestation; and (iv) the wise use and conservation of genetic resources.
These approaches to tree domestication are being implemented in southern
and western Africa (Akinnifesi et al., 2006; Tchondjeu et al., 2006).

There are two main pathways within a domestication strategy (Fig. 2.1).
Domestication can be implemented on-farm by the farmers (Phase 1), who
bring the trees into cultivation themselves (Leakey et al., 2004), or through
programmes of genetic improvement on research stations (Leakey and Simons,
1998). In recent years, however, scientific approaches are also being
introduced into on-farm domestication through the application of participatory
approaches to tree improvement (Phase 2). In this approach, researchers
typically act as mentors, helping and advising the farmers, and sometimes
jointly implementing on-farm research. Participatory approaches have
numerous advantages (Leakey et al., 2003), building on tradition and culture
and promoting rapid adoption by growers to enhance livelihood and
environmental benefits (Simons and Leakey, 2004). Both these pathways to
domestication should be targeted at meeting market opportunities, which
should examine traditional as well as emerging markets (Shackleton et al.,
2003b).

© CAB International 2008. Indigenous Fruit Trees in the Tropics: Domestication,
Utilization and Commercialization (eds F.K. Akinnifesi et al.)
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Fig. 2.1. Two pathways for the domestication of agroforestry tree products.

In practice, agroforestry plantings are often constrained by the lack of

genetically superior seed sources, the traditional source of planting stock
(Simons, 1996). Consequently, one of the first decisions in developing a
domestication strategy for a particular species has to be whether to use seed
and reproductive processes or vegetative propagation to achieve genetic
improvements. Foresters have generally adopted seed-based tree breeding
approaches, while horticulturalists have adopted clonal vegetative propagation
and the development of cultivars. The following economic and biological
situations have been identified as favouring a clonal approach (Leakey and

Simons, 2000; Akinnifesi et al., 2006):

The occurrence of individual trees in a wild population, which have a
rare combination of traits such as large fruit size, sweetness, precocity,
early fruiting, delayed or extended fruiting season and desirable kernel
characteristics.
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The need to combine many desirable traits for simultaneous selection and
improvement.

A requirement for high product uniformity to ensure profitability and to
meet market specifications. This contrasts with the genetic heterogeneity
that is a characteristic of seedling progenies of outbreeding trees.

The products are highly valuable and can thus justify the extra expense
and care required to ensure quality and productivity, especially when the
risks of market saturation are minimal.

The species to be propagated is a shy seeder (i.e. does not flower and fruit
every year or produces only a very small seed crop).

The propagation material is limited, as for example in: (i) the progeny of a
specific controlled pollination made in a breeding programme; (ii) the
products of a biotechnological manipulation such as the transmission of
genetic material; or (iii) the result of hybridization where segregation would
occur in the Fo generation and beyond (hybrid progenies are also often
sterile, so further propagation has to be done vegetatively).

The timescale in which results are required is insufficient to allow progress
through the slower process of breeding. This is particularly relevant in fruit
trees with a long juvenile period prior to the attainment of identifiable
superiority and sexual maturity, as vegetative propagation can be applied
to shoots from trees that have already shown their superiority, and that
have already acquired sexual maturity. Such shoots will retain both this
superiority and their maturity when propagated vegetatively.

The seeds of the chosen species have a short period of viability (i.e. they are
recalcitrant) or very low viability, and hence cannot be stored for later use.
Knowledge of proven traits is acquired through either the indigenous
knowledge of farmers or a long-term experiment. This situation is plagued
by the problems of propagating mature tissues vegetatively. Currently, the
usual procedure is to use grafting/budding if the mature traits are required
(i.e. fruiting ability) and to coppice the tree if rejuvenation is required.

A participatory tree domestication programme is planned. This is because
farmers do not generally have the time or genetic knowledge to implement
a breeding programme.

The antithesis of these situations is that sexual propagation is preferable when
the requirements are for large quantities of genetically diverse, low-value plants
with unlimited seed supplies.

2.2 Developing a Strategy for Creating New ‘Cultivars’ Vegetatively

The increased interest in vegetative propagation has arisen from the desire to
rapidly acquire higher yields, early fruiting and better quality fruit products in
agroforestry trees. The development of cultivars through cloning also results in
the uniformity of the products, as all the trees of a given clone are genetically
identical. This is beneficial in meeting the market demand for uniform products.
A range of vegetative propagation techniques can be utilized to achieve this
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(Leakey, 1985; Hartmann et al., 2002), including grafting, stem cuttings,
hardwood cuttings, marcotting (air-layering), suckering and in vitro techniques,
such as meristem proliferation, organogenesis and somatic embryogenesis
(Mng’'omba et al., 20074, b).

The decision to pursue the clonal opportunities offered by vegetative
propagation necessitates the formulation of a strategy, as there are a number of
factors associated with the process of cloning that need to be considered. These
factors relate to: (i) the methods of propagation; (ii) the level of technology that
is appropriate; and (iii) the effects of using juvenile or mature tissues (Leakey,
1991; Leakey and Simons, 2000).

2.2.1 Methods of propagation and the cloning process

The principal reason for cloning is to take advantage of its ability to capture
and fix desirable traits, or combinations of traits, found in individual trees. By
taking a cutting or grafting a scion onto a rootstock, the new plant that is
formed has an exact copy of the genetic code of the plant from which the tissue
was taken. In contrast, following sexual reproduction seedlings are genetically
heterogeneous, each seed having inherited different parts of the genetic codes
of its parent trees, with segregation of genes among the progeny. Vegetative
propagation is thus both a means of capturing and utilizing genetic variation
and of producing cultivars to increase productivity and quality (Mudge and
Brennan, 1999; Leakey, 2004). Vegetative propagation results in the formation
of clones (or cultivars), each of which retains the genetic traits of the original
tree from which cuttings or scions were collected. Both on-farm and on-station
approaches to tree domestication can involve vegetative propagation and
clonal selection, but with a growing interest in the participatory domestication
of agroforestry trees (Leakey et al., 2003; Tchoundjeu et al., 2006). There is
now great interest in vegetative propagation using stem cuttings (Leakey et al.,
1990; Shiembo et al., 1996a, 1996b, 1997; Mialoundama et al., 2002;
Tchoundjeu et al., 2002) and grafting for Uapaca kirkiana and Strychnos
cocculoides (Akinnifesi et al., 2006) and Sclerocarya birrea (Holtzhausen et al.,
1990; Taylor et al., 1996). Vegetative propagation gives the tree improver the
ability to multiply, test, select from, and utilize the large genetic diversity present
in most tree species. It should be noted that, contrary to some misguided
opinion, vegetative propagation does not in itself generate genetically
improved material. Only when some form of genetic selection is employed in
tandem with propagation will improvement result.

To capture the first asexual propagule from proven and mature field trees
that have already expressed their genetic traits, it is necessary to use either
grafting/budding or air-layering techniques. Alternatively, coppicing can be
used to produce juvenile material. The latter is preferable for clonal timber
production, whereas the former is more suitable for fruit trees (Leakey, 1991).
Grafting produces many more individuals with less effort than air-layering,
although many more individuals can be produced from stem cuttings if the tree
resprouts copiously after coppicing. Once clonal stocks have been obtained, the
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resulting shoots can either be used to provide rooted cuttings for transplanting
to the field, additional material for clonal seed orchards, or scions for grafting
onto suitable rootstocks. Evidence from simple tests suggests that the majority
(probably more than 90%) of tropical trees are amenable to propagation by
juvenile stem cuttings (Leakey et al., 1990). In southern Africa, some high-
priority indigenous fruit trees are propagated by grafting (e.g. U. kirkiana,
Strychnos cocculoides, Sclerocarya birrea, Adansonia digitata and Vitex
mombassae), while others (e.g. S. birrea) are easily propagated by large,
leafless, hardwood cuttings or stakes/truncheons. Parinari curatellifolia is easily
propagated by root cuttings.

2.2.2 Appropriate technology

Low-cost non-mist propagators have been developed for the rooting of leafy stem
cuttings. These do not require electricity or running water and are extremely
effective, meeting the needs of most tree improvement projects in developing
countries in both the moist and dry tropics (Leakey et al., 1990). In
technologically advanced countries, mist or fogging systems are available for the
rooting of cuttings. Alternatively, where laboratory facilities are available in vitro
culture techniques can be used, but these require highly trained staff and regular
power supplies, and are capital-intensive. In many cases, in vitro techniques have
resulted from empirical testing of different media and plant growth regulators. As
a result, inadequate knowledge about the long-term effects of treatments on the
field performance has caused some major failures of field performance. In the
same way, the vegetative propagation of mature tissues by marcotting, or air-
layering, requires a lower level of skill than grafting and budding. The low-
technology options are especially appropriate if the participatory approach to
domestication is the preferred strategy. In this situation, farmers vegetatively
propagate their best trees to create selected cultivars.

2.2.3 Choice between mature and juvenile tissues

An advantage often ascribed to propagation from mature tissues is that by the
time the tree is mature it has demonstrated whether or nor it has superior
qualities. However, it is not always easy to take advantage of this proven
superiority, as propagation by mature stem cuttings is notoriously difficult. This
is in contrast with the rooting of juvenile tissues, which is typically easy.
Another important advantage of propagating mature tissues is that they are
already capable of reproductive processes, and so will flower and fruit within a
few years, reducing the time before economic returns start to flow. Plants
propagated from mature tissues will also have a lower stature. On the other
hand, timber production requires the vigour and form associated with juvenile
trees, making propagation by cuttings attractive and appropriate. For timber
trees, propagation from mature trees is generally limited to the establishment of
clonal seed orchards within breeding programmes.
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The use of juvenile tissues

Seedlings, coppice shoots and root suckers are the sources of juvenile tissues. For
tree domestication purposes, coppice shoots from the stumps of felled trees have
the advantage that it is possible to propagate trees that have already proven to be
superior, as it is possible to determine the phenotypic quality of the tree prior to
felling. This is highly beneficial in the domestication of trees producing all kinds of
agroforestry tree products, but has the added advantage in dioecious fruit tree
species that it allows cultivars to be restricted to trees. Nevertheless, there are
three reasons why the use of seedlings may still be preferred over coppicing from
trees of known phenotype (Leakey and Simons, 2000):

® The population of mature timber trees may be dysgenic because the elite
specimens may have been removed by loggers, which means that seedling
populations have a better array of genetic variation.

® The felling of large numbers of mature trees for the purpose of generating
cultivars may not be acceptable to the owners. In addition, felling the
mature trees may be environmentally damaging.

® The use of seedlings allows the screening of far larger populations, with
much more diverse origins, maintaining genetic diversity among the cultivars.

Whether using seedling or coppice stumps as stockplants, it is important to
ensure that they are managed for sustained, cost-effective and easy rooting.
The way in which stockplants are managed is probably one of the most
important determinants of the long-term success of a cloning programme.
Good rooting ability is maintained by encouraging vigorous orthotropic growth
of shoots from regularly pruned stockplants. This requires a much greater level
of knowledge than is available for most, if not all, tree species. Good progress
has been made in starting to unravel the sources of variation in rooting ability
(Leakey, 2004). For example, it has become clear that cuttings taken from
different parts of the same shoot differ in their capacity to form roots (Leakey,
1983; Leakey and Mohammed, 1985; Leakey and Coutts, 1989) and that this
is influenced by cutting length (or volume). In addition, there are influences on
rooting ability that originate from factors between different shoots on the same
plant (Leakey, 1983). These factors are also affected by shading, which
determines both the amount and the quality of light received by lower shoots.
Both the quality and the quantity of light independently affect the physiology,
morphology and rooting ability of cuttings from differently illuminated shoots
(Leakey and Storeton-West, 1992; Hoad and Leakey, 1996). To further
complicate this situation, the nutrient status of the stockplant interacts with the
effects of light and shading (Leakey, 1983; Leakey and Storeton-West, 1992),
with shading and a high level of nutrients combining to enhance rooting. Light,
especially light quality, also affects the relative size and dominance of different
shoots on managed stockplants (Hoad and Leakey, 1994). There are also
interactions between stockplant factors and the propagator environment.

The complexity of the stockplant factors affecting rooting ability means that
for the production of large numbers of cuttings from stockplants it is important
to develop a good understanding of these factors. This level of knowledge is
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not common for tropical and subtropical tree species. However, from work on a
few tropical tree species it does appear that some generalizations are possible
(Leakey et al., 1994; Leakey, 2004) and that through a modelling approach
(Dick and Dewar, 1992) it is possible to predict the best management options
for new species. It is, however, usually necessary to start out by propagating a
larger number of clones than is needed, as some will be lost while going
through the various rooting and multiplication cycles.

From the above, it is clear that, in addition to economic considerations, in
formulating a strategy for clonal forestry it is advisable to consider which forms
of propagation have the lowest risk of failure. It seems that the low-tech system
of rooting stem cuttings is the most robust.

The use of mature tissues

As trees grow they develop a gradient towards maturity (ontogenetic ageing)
and after a time reach a threshold above which the newly developing shoots
have the capacity to fruit and flower, while those below the threshold are still
juvenile. The transition from the juvenile to mature state is called a ‘phase
change’, and the coppicing of mature trees is generally regarded as the best
way to return to the juvenile state. Because of the difficulty in rooting cuttings
from mature tissues, the most commonly used vegetative propagation methods
for mature trees of horticultural and cash crops are grafting and budding
techniques (Hartmann et al., 2002). Using these techniques requires skill, as the
close juxtaposition of the cambium in the scion and rootstock is necessary if
callus growth is to heal the wound and reconnect the vascular tissues. Failures
also result from dehydration of the tissues.

These techniques can, however, result in severe and often delayed
problems because of incompatibility between the tissues of the rootstock and
scion, in which graft unions are rejected and broken, sometimes after
5-10 years of growth. This is a form of tissue rejection, and it is less common
between closely related tissues (Jeffree and Yeoman, 1983). Mng’omba et al.
(2007a) have recently shown that graft incompatibility is caused by the
presence of p-coumaric acids, and that greater incompatibility can be expected
for heterospecific than for homospecific scion/stock combinations. Another
common problem with grafting and budding is that shoots can develop and
grow from the rootstock. If not carefully managed, growth from the rootstock
dominates that of the scion, which dies, resulting in the replacement of the
selected mature cultivar with an unselected juvenile plant.

Once mature tissues are successfully established as rooted propagules, be
they marcotts, cuttings or grafts, they can be used as stockplants for subsequently
harvested cuttings. With good stockplant management, good rooting treatments
and an appropriate rooting environment, mature cuttings from these stockplants
can usually be rooted easily. Nevertheless, it is clear that the need to propagate
from mature tissues does pose a severe constraint and challenge to domestication
strategies, especially of fruit trees.

In vitro culture techniques hold some promise of circumventing the
problems of maturation, as some rejuvenation of in vitro cultures has been
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reported (e.g. Amin and Jaiswal, 1993), but the mechanism remains unclear. In
vitro micrografting has also been used to rejuvenate shoots (Ewald and
Kretzschmar, 1996).

2.3 Developing a Strategy for Clonal Selection

Cultivar development relies on three processes: selection, testing and breeding.
Selection identifies certain genotypes for cultivar development; testing exposes
the new cultivars to appropriate environments; and breeding creates new genetic
variability. Within the overall domestication strategy, three interlinked populations
are conceptualized: the gene resource population, the selection population, and
the production population (Fig. 2.2). The gene resource population is often the
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Fig. 2.2. Relationships between a domestication strategy, a genetic resources strategy and
strategies for vegetative propagation and clonal selection.
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wild or unimproved population from which new selections can be derived. The
selection population is the somewhat improved population of genotypes which
are being tested and which are used in subsequent breeding programmes to
create the next generation of potential cultivars. A wide range of genotypes may
be kept in this population as long as each has at least one characteristic of
possible future interest. The production population consists of the highly selected
genotypes, which are used for planting.

As mentioned earlier, there are two basic approaches to the genetic
improvement of trees: the seed-based breeding approach typical of forestry,
and the clonal approach typical of horticulture. The seed approach typically
involves the selection of populations (provenance testing) and/or families
(progeny testing) (Zobel and Talbert, 1984; Leakey, 1991). While this approach
could be taken for indigenous fruit trees, it is very likely that an examination of
the ten situations outlined in the Introduction would indicate that a clonal
approach is more appropriate. There are basically two ways to select the best
individual trees for cloning from broad and diverse wild populations: (i)
selection from a pool of seedlings of virtually unknown quality in a nursery or
field trial (although it may be known that the pool originates from a good
provenance or progeny); and (ii) selection of proven mature trees in wild or
planted populations (Fig. 2.2). In scenario (i), genetic improvement in yield per
hectare will undoubtedly require a series of tests, each spanning many years.
Typically, there are four levels of testing (Foster and Bertolucci, 1994):

1. Initial screening with large numbers, preferably tens of thousands, of
seedlings or, if seedlings have already been cloned, a few ramets per clone.

2. Candidacy testing with large numbers of cloned genotypes fewer than with
initial screening (preferably hundreds or thousands) and two to six ramets per
clone.

3. Clonal performance trials with moderate numbers of clones (e.g. fewer than
200) and large numbers (e.g. 0.1 ha plots) of ramets per clone.

4. Compatibility trials with small numbers of clones (e.g. 20-50) with very
large plot sizes.

It is important to recognize that there is a trade-off between the accuracy of
genetic value estimation and the intensity of selection (i.e. greater accuracy is at
the expense of numbers of families, individuals per family, or clones). For cost-
effective clonal tree improvement programmes with limited or fixed resources, it
has been found that the best strategy is to plant as many clones as possible
with relatively few ramets per clone.

To short-circuit the lengthy process of field trials, Ladipo et al. (1991a, b)
developed a predictive test for timber tree seedlings in which the initial
screening is done on young seedlings in the nursery; it is then possible to jump
straight into clonal or compatibility trials with some confidence. To date there is
no similar opportunity for fruit trees.

Like the predictive test, scenario (i) is an alternative and much quicker
option. In this case, mature trees, which have already expressed their genetic
potential at a particular site over many years of growth, are selected and
propagated vegetatively and the propagules are planted either in clonal
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performance trials or directly into compatibility trials. This raises the question of
how the superior mature trees should be identified, especially if it is desirable to
select for multiple traits. This can create a problem, as many traits may be
weakly or negatively correlated (e.g. fruit size and kernel size in S. birrea;
Leakey, 2005). Consequently, as the number of desirable traits increases, the
number of genotypes superior for all traits diminishes rapidly. Thus, the
selection intensity (and also the number of trees screened) must be substantially
increased, or the expected genetic gain will rapidly decline. For this reason,
only the few most economically important traits (e.g. fruit flesh or nut mass,
taste) should be concentrated on in the early phases of selection.

Two techniques can be used to assist in the identification of superior
mature trees (sometimes called ‘elite’ or ‘plus’ trees) producing indigenous
fruits and nuts. The first is to involve indigenous people in the domestication
process and to seek their local knowledge about which trees produce the best
products. Local people usually have good knowledge about the whereabouts of
elite trees, and this knowledge often extends to superiority in a number of
different traits, such as size, flavour and seasonality of production. However,
access to this knowledge has to be earned by the development of trust between
the holder of the knowledge and the potential recipient. Ideally, the recipient
should enter into an agreement that the intellectual property rights of the
holder will be formally (and legally) recognized if a cultivar is developed from
the selected tree. Unfortunately, at present the process of legally recognizing
such cultivars is not well developed and requires considerable improvement.

The second technique for identifying mature elite fruit and nut trees has
recently been extended to a study on marula (Leakey, 2005) following its
development in Cameroon and Nigeria (Atangana et al., 2002; Leakey et al.,
2002, 2005c). This technique involves the quantitative characterization of
many traits of fruits and kernels, which are associated with size, flavour,
nutritional value, etc. This characterization also determines the extent of the
tree-to-tree variation, which is typically three- to sevenfold, as found in marula
(Leakey et al., 2005a, b), as well as the frequency distribution, which is
typically normal in wild populations but tends to become skewed in
populations subjected to some selection. The characterization data can then
be used to identify the best combination of traits (the ‘ideotype’) to meet a
particular market opportunity (for an example see Fig. 2.3). The development
of single-purpose ideotypes (Leakey and Page, 2006) provides a tool for the
development of cultivars with different levels of market focus and
sophistication (Fig. 2.4). In addition to advancing the selection process for
multiple traits, the ideotypes also provide information about opportunities to
select for better partitioning of dry matter between desirable and undesirable
traits. For example, in marula 90% of the dry matter in nuts is typically found
in the shell and only 10% in the valuable kernel, although the range of
variation is 3-16%. The shell : kernel ratio is therefore a trait which could
usefully be included in the ideotype. However, the inclusion of each additional
trait in a multi-trait selection process greatly increases the number of trees that
need to be screened, especially if the traits are independent or only weakly
related.
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It is clear from the above discussion that in the early phases of domestication
there is sufficient genetic variation in most tropical tree populations to allow
considerable progress in the development of cultivars, but a strategy for clonal
agroforestry should not forgo any opportunity for creating new variation.

The selection of clones is not a once-and-for-all event. Domestication is a
continuous process, which in wheat, rice, maize, oranges and apples, for
example, started thousands of years ago and continues today. Thus, a series of
clonal selection trials should be established to seek the best individuals from
new accessions of genetically diverse populations or progenies (Fig. 2.2). It is
also important to discard old clones as they are superseded, although some of
these should be retained in the gene resource population. In the first instance,
clones may be selected for yield and quality. With time, this can be extended to
include nutritional quality, disease/pest resistance, component products (oils,
flavourings, thickening agents, etc.). This continued turnover of the selected
clonal population will further ensure the diversity of the commercially planted
clones and prevent excessive narrowing of the genetic base. Indeed, it can be
argued that in this way clonal plantations of 30-50 superior but unrelated
clones can be more diverse than seedlings. This is because seed-lots typically
originate from a number of related mother trees and share some genetic
material.

Because domestication is a continuous process, commercial plantings have
to be made with whatever material is best at a given time, knowing that they
will be superseded later. Having a succession of increasingly good planting
stock is one of the ways in which the diversity of the genetic base can be
maintained, although of course this has to be rigorously enforced as one of the
objectives of a breeding and selection programme. For species with existing
provenance selection and breeding programmes, clones should be derived
from seed collections sampling a wide range of the known variation, as it is not
uncommon for a few elite trees to be found with poor provenances.

As the selection process intensifies with time, new traits will be introduced
into the programme (e.g. seasonality of production, early fruiting, disease
and/or pest resistance and drought tolerance). Capturing variation in the
seasonality of production and expanding the harvesting season are likely to be
among the best ways of supporting market growth. As the price of end-of-
season fruits is likely to be better than the mid-season price, it is also a good
way to enhance the benefits of producing households that need sources of
income throughout the year. The further the domestication process proceeds,
the more important it becomes that the combination of traits being selected is
targeted at a particular market (Fig. 2.4). This again is where the ideotype
concept can be useful, and ideally advice should be sought from industrial
partners who are aware of which characteristics are important in the
marketplace or in product processing (Leakey, 1999).

Using the example of Sclerocarya birrea, fruit-producing cultivars could be
developed that have large fruit flesh/juice mass (Leakey et al., 2005a) and are
nutritious (Thiong’o et al., 2002) as raw fruits, or are good for traditional beer-
or wine-making, or meet the needs of the distilling industry. Likewise, other
cultivars could be developed for the size and quality of the kernel, with a low
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shell : kernel ratio and with either nutritious or medicinal qualities for eating, or
with oil yield and quality traits of importance in the cosmetics industry (Leakey,
2005; Leakey et al., 2005b). Similarly, superior phenotypes of U. kirkiana with
heavy fruit loads, large fruits and high pulp content have been identified by
communities during participatory selection in Malawi, Zambia and Zimbabwe
(Akinnifesi et al.,, 2006). Thus, it is clear that in the domestication of
multipurpose tree species, highly productive, single-purpose clones or cultivars
are probably the best option. To maximize the market recognition of, and
farmer interest in, cultivars, it is a good idea to name them. In Namibia every
marula tree already has a name, so it is easy to give a name to a cultivar
derived from any particular tree. The name can also be used to recognize the
person or community holding the rights to the cultivar.

2.4 Opportunities for Introducing New Variation

A clonal selection programme seeks to utilize as much of the existing variation
as possible within wild populations, or within progenies from breeding
programmes. However, after the initial phases of selection, the opportunity will
arise for controlled pollinations between proven elite clones. In this way it may
be possible to take advantage of specific combining ability in unrelated superior
clones and to produce progeny with heterosis in desirable traits that exceed
what is found in the wild populations. The vegetative propagation of new
genotypes can become a second clonal generation. The philosophy of adding
new variation in clonal populations in the future can also be extended to the
possibility of using genetically manipulated materials arising from
biotechnology programmes.

Ideally, to make rapid progress in a second-generation breeding
programme, means of inducing early flowering in superior clones are needed in
order to shorten the generation time (e.g. Longman et al., 1990).

2.5 The Wise Use of Genetic Variability

The genetic resource of a species is the foundation of its future as a wild plant
and as a source of products for human use. It is therefore crucial to protect and
use this resource wisely. Within the domestication process, whether clonal or
not, one of the first requirements of an appropriate strategy is to conserve a
substantial proportion of the genetic variability for future use in selection
programmes and, subsequently, through breeding to broaden the genetic base
of the cultivars in the production population. This also serves as a risk-aversion
strategy should it be necessary to breed for resistance to pests and diseases in
the future. There are three actions which each contribute to genetic
conservation: establishing a gene bank; the wise utilization of the genetic
resource in cultivation; and protecting some wild populations. These will be
discussed in the following sections.
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2.5.1 Establishing a gene bank (ex situ conservation)

The strategy for building up the base population will, to some extent, be
influenced by whether or not there has been a tree improvement programme
for the species in question, and how far it has gone towards identifying
genetically superior stock. If, from previous tree improvement work, the
population has been subdivided into provenances and progenies, it is easy to
ensure that a wide range of unrelated seed sources and clones are set aside for
the establishment of a number of living gene banks established at different sites
to minimize the risk of loss if a site fails or is destroyed by fire or some other
event. If possible, the material conserved in the gene bank should encompass
the full geographical range of the species and be obtained from sites with
differing soils, rainfall, altitude, etc. The latter is desirable for the subsequent
selection of clones that are appropriate for different sites.

In the same way, for species without an existing tree improvement
programme, clones for field testing should originate from seed collections
spanning the natural range of the species, particularly including populations on
the edge of the range and any isolated subpopulations that may be important
in a later breeding programme between selected clones. Ideally, each collection
area should be represented by identifiable half-sib progenies of individual
mother trees. The first round of germplasm collections of this sort were made
for Sclerocarya birrea and U. kirkiana in eight SADC (Southern Africa
Development Community) countries in 1996 (Kwesiga et al., 2000) and
established in multilocational provenance trials (Akinnifesi et al., 2004, 2006).
In both of the above instances, the individual trees to be included in the gene
bank should be selected at random from unrelated origins and vegetatively
propagated to form as large a clonal population as possible. The unused
seedlings should be established at different sites as living gene banks for future
use, whether directly by subsequent coppicing and cloning or indirectly through
their progeny. The identity of plants within gene banks of this sort should be
maintained and different seed-lots should be planted such that cross-pollination
between plants of different origins is likely. In this way the gene pool will be
maintained with maximum diversity.

Ex situ conservation can also be achieved in species producing seeds,
which retain their viability in storage, by creating seed banks. Species differ in
their amenability to seed storage at different temperatures and moisture
contents, including cryopreservation. The Genetic Resources Unit of the World
Agroforestry Centre (ICRAF) contains material of several fruit-tree species. In
southern Africa, clonal orchards have been established for the production of
superior U. kirkiana clones. Numerous studies have also been made on the
germination of indigenous fruit tree species (Maghembe et al., 1994;
Phofeutsile et al., 2002; Mkonda et al., 2003; Akinnifesi et al., 2006).

It needs to be appreciated that new material should be brought into the
gene resource (gene bank), selection and production populations whenever
possible (see Fig. 2.2), so that genetic diversity is being continually enhanced.
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2.5.2 The wise utilization of genetic resources in cultivation
(circa situ conservation)

A wise genetic resource strategy will ensure that the production population is
based on a diverse set of cultivars, and that this set of cultivars is continually
being supplemented with new and better cultivars from the ongoing screening
of wild populations, provenances, progenies, a programme of intensive tree
breeding, and the regular replacement of cultivars that are no longer the best.
In this way selected, highly productive but unrelated clones can be used
commercially for agroforestry. Indeed, ten well-selected and unrelated clones
may contain as much, or more, genetic variation as a narrowly based sexually
reproducing population.

This strategy will also ensure that the cultivars being planted are well
adapted to their environment — and thus fully expressing their genetic potential
— while at the same time minimizing the risks associated with intensive
cultivation. These risks are perhaps greater when indigenous trees, rather than
exotics, are planted in the tropics in areas where the complexity of forest
ecosystems has been disturbed; for example, by shifting agriculture. The
minimization of risk therefore requires that the trees are planted in situations
that ensure a minimum of damage to the nutrient and hydrological cycles, food
webs and life cycles of the intact ecosystem.

In clonal tree domestication programmes, final yield is strongly influenced
by the adaptation of the trees, individually and collectively, to the site. This
adaptation has two components: clonal development, and clonal deployment
or the stand establishment process (Foster and Bertolucci, 1994). Clonal
development approaches, including breeding, testing and selection, largely
affect the genetic quality of the resulting clonal population available for
planting. Clones must be developed which are highly selected for growth and
productivity traits, but which display substantial homeostasis and so can adapt
to their changing environment. Clonal deployment, on the other hand, must
strike a balance between the need for efficiency of management for the
economic production of products, and the need to deploy populations which
are genetically buffered against environmental changes, including pests.

Clonal development relies on three processes: breeding, testing and
selection. However, despite its overwhelming importance, little research has
been conducted to investigate the effects of different deployment strategies on
the health, growth and vield of forest stands. This type of research requires a
large amount of resources and a long period of assessment. Foster and
Bertolucci (1994) identified the following major questions:

® How many clones should be in the production population, and how many
should be deployed to a single site?

® Should the clones be deployed at a single site as a mixture or as mosaics of
monoclonal stands? This is important both for operational reasons such as
planting, and to maximize yield through the optimization of inter- or
intraclonal competition.

® What are the key attributes of the clones themselves that cause them to be
used either as mixtures or in monoclonal plots?
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The question of the number of clones to be deployed has two aspects: the
number of clones within the production population, and the number of clones
planted per site. Based on probability theory, 7-30 clones provide a reasonable
probability of achieving an acceptable final harvest. There is continued debate
on the wisdom of releasing a few rather than many clones to optimize gains
and minimize risk. The arguments about susceptibility to environmental
disasters when only a few clones are deployed may apply more rigorously to
agroforestry trees, given the risk-averseness of small-scale farmers and their
possible desire to maximize stability of production rather than production per
se. Consensus among tree breeders and forest geneticists indicates that
production population sizes of 100 genotypes or fewer are acceptable. Actually,
the absolute number of clones is less important than the range of genetic
diversity among the clones. Ten clones which share the same alleles for a
particular trait would express no genetic diversity, in contrast with five clones
each of which has different alleles for the same trait. Hence, by sourcing
material from diverse origins, the tree breeder must emphasize genetic diversity
for traits associated with survival and adaptation while exercising strong
selection pressure on production traits. Following rigorous testing, new clones
should be added to the production population each year. In the case of
dioecious species such as Sclerocarya birrea, it is important to include male
trees in the production population in order to ensure adequate pollination. This
is especially important for kernel production as there is some evidence that the
number of kernels per nut may be constrained by inadequate pollination
(Leakey et al., 2005b).

There is perhaps one situation in which an exception to the above strategy
to broaden the genetic base of the production population may be acceptable.
This situation arises when there are good market reasons to preserve regional
variations in the quality of the product. For example, in the wine industry,
regional attributes of the wine (‘appellation’) are a result of gene combinations
specific to different regions. Nevertheless, within each region processes to
maintain a broad genetic base are still important.

2.5.3 Protecting some wild populations (in situ conservation)

A conservation programme for any species would be incomplete without a
strategy for the protection of wild populations, which represent ‘hotspots’ of
genetic diversity. One advantage of this approach is that a species is conserved
together with its symbionts (e.g. mycorrhizal fungi), pollinators and other
associated species; something that is not so easy in ex situ conservation and
which is important for circa situ conservation. Molecular techniques now
provide a powerful tool to identify these hotspots rapidly (e.g. Lowe et al.,
2000), although of course the data can only be as good as the sampling
strategy will allow. In southern Africa, molecular studies have been completed
for U. kirkiana and S. birrea (Kadu et al., 2006; Mwase et al., 2006).
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2.6 Socio-economic and Environmental Context for this Strategy

In the introduction to this chapter it was stated that a domestication strategy for
clonal forestry/agroforestry in the tropics should take into account not only the
commercial production of agroforestry tree products but also the need to provide
the domestic needs of rural people, encourage sustainable systems of production,
and encourage the restoration of degraded land. There is debate in southern
Africa about the impacts of poverty on the natural resources of very many African
countries, especially those in southern Africa. The domestication of indigenous
plants as new, improved crop species for complex agroforestry land uses offers
the opportunity to return to more sustainable polycultural systems, to build on
traditional and cultural uses of local plants, and to enhance the income of
subsistence farmers through the sale of indigenous fruits, medicines, oils, gums,
fibres, etc. (Leakey, 2003). Indeed, it has been argued that the biological and
economic constraints on the wider use of indigenous trees in agroforestry can be
overcome by cloning techniques and that the economic incentives should
promote cultivation with the ecologically more important indigenous species. This
approach to agroforestry has been recommended as a sound policy for land use
in Africa (Leakey, 2001a, b). Potentially, through enhanced food and nutritional
security, the domestication of indigenous fruits may even have positive impacts
on HIV/AIDS (Swallow et al., 2007), by boosting the immune systems of sufferers
(Barany et al., 2003). Consequently, the application of the strategies developed
in this chapter is important if the people of Africa are to benefit from the
domestication of indigenous trees.

2.7 Conclusions

This chapter presents three interacting, multifaceted strategies for the develop-
ment of clonal fruit trees in southern Africa. These strategies are the foundation
of a sustainable domestication strategy for indigenous fruit trees based on the
establishment of three interlinked populations: a gene resource population for
genetic conservation; a selection population for the achievement of genetic
improvement; and a production population of trees for farmers to grow. The
practice of domesticating a species using these strategies is cyclical and
therefore continuous.

Vegetative propagation is a powerful means of capturing existing genetic
traits and fixing them so that they can be used as the basis of a clonal cultivar,
or in a different role as a research variable. The desirability of using clonal
cultivars in preference to genetically diverse seedling populations varies
depending on the situation and the type of trees to be propagated. However,
the advantages of clonal propagules outweigh those of seedlings when the
products are valuable, when the tree has a long generation time, and when the
seeds are scarce or difficult to keep in storage.

There are many opportunities to enhance agroforestry practices through
the wise application of vegetative propagation and clonal selection. These
techniques in turn offer many ways of creating new and greatly improved crop



Domestication Strategy for Indigenous Fruit Trees 45

plants. The potential for increased profits from clonal techniques arises from
their capacity to capture and utilize genetic variation. The consequent
uniformity in the crop is advantageous in terms of maximizing quality, meeting
market specifications and increasing productivity, but it may also increase the
risks of pest and disease problems; consequently, risk avoidance through
the diversification of the clonal production population is a crucial component of
the strategies presented. The application of these strategies should lead to
benefits that encompass many of the rural development goals of development
agencies, as specified in the Millennium Development Goals of the United
Nations. Achieving these benefits will, however, require the large-scale
adoption of the techniques and strategies presented here in ways that will meet
the needs both of farmers and also those of new and emerging markets. This
makes it important to ensure that policy makers get the message about good

domestication strategies (e.g. Wynberg et al., 2003).
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3.1 Introduction

Indigenous tropical fruit trees are distributed over a substantial part of the
Earth’s surface (the tropics extend from 23°N to 23°S), grow in the most
biologically diverse environments in the world, ranging from tropical rainforests
to savannahs and drylands, and are well adapted to their environmental
conditions. These species are especially important in the drylands, where other
fruit tree species cannot be cultivated easily. Fruit trees have been recognized as
important components of forestry, horticulture and agriculture for the last
100 years, but unfortunately these trees are under-researched and therefore
remain underutilized (Gebauer et al., 2002). However, there have been some
recent international initiatives for the domestication of trees producing
agroforestry tree products (AFTPs) (Leakey et al., 2005a).

3.1.1 Why stimulate the adoption of indigenous fruit trees?

50

Many researchers have identified the value of these indigenous fruits as a
source of income and household nutrition (Maghembe et al., 1994; Hegde and
Daniel, 1995; Doran and Turnbull, 1997; Leakey and Simons, 1998; Huxley,
2001; Stevens et al., 2001; Schreckenberg et al., 2002, 2006; Hughes and
Haq, 2003; Lengkeek et al., 2004, Leakey et al., 2005b; Akinnifesi et al.,
2006). Fruit trees provide food, improved nutrition, oil and fuel for cooking,
and many other products, including fodder, medicine, fibre, mulch, timber,
saps and resin. They also maintain the environment by sequestering carbon,
trapping pollutant particles from the air, and promoting biodiversity and
agroecosystem functions. Fruit trees provide shade, reduce surface runoff of

© CAB International 2008. Indigenous Fruit Trees in the Tropics: Domestication,
Utilization and Commercialization (eds F.K. Akinnifesi et al.)
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rainwater, and in some species nourish the soil through nitrogen fixation. Fruit
trees often have mystical and religious significance for human beings and are
used in spiritual ceremonies. Local people still have knowledge of these
indigenous tree species, but scientific information on them and the use of their
products, is inadequate. Despite recent successful initiatives to promote these
species (Lovett and Haq, 2000; Akinnifesi et al., 2006; Tchoundjeu et al.,
2006) many of these species remain neglected and underutilized.

People have adopted tropical fruit trees, such as avocado from tropical
America, coffee from Africa, and mango and citrus from Asia, to maintain a
reliable supply of a variety of foods (Smith et al., 1992). In recent years some
effort has been made to encourage a wider use of fruit trees in agricultural
systems, as research has shown that mixed cropping systems may be
economically less risky than monocropping systems, and thus the land could
become more productive (Moss, 1994). The utilization of fruits for product
diversification has enhanced the importance of indigenous fruit trees in both
developing and developed country marketplaces (Akinnifesi et al., 2005, 2006).

A number of processes are involved in the adoption of indigenous fruit, such
as the selection and multiplication of quality planting material, development of
economically viable, culturally acceptable production systems, postharvest
handling and processing, and correct storage and marketing of good-quality
products. In recent years progress has been made towards implementing these
processes with a small number of species at a few locations.

There are many constraints which affect all processes within the commodity
chain described above and these limit their uptake by the relevant stakeholders.
Ways must be found to loosen or remove these constraints in order to promote
the adoption of tropical indigenous fruit tree species. This chapter reviews these
constraints and the progress made towards solutions to overcome the problems
in the context of the role that indigenous fruit trees play in sustainable
agricultural systems.

3.2 Constraints to the Adoption of Indigenous Fruit Trees

Hughes and Haq (2003), the International Centre for Underutilised Crops
(ICUC, 2003) and Haq (2006) have highlighted some important constraints to
adopting indigenous fruit trees. By contrast, Tchoundjeu et al. (2006) have
reported some success in implementing participatory domestication initiatives
across several West African countries. They have addressed and overcome
various constraints, as a result of intensive research efforts undertaken in
parallel with participatory village-level activities. However, the following
constraints still need to be addressed.

3.2.1 Unavailability of high-quality planting material

Access to good-quality planting materials is typically a major constraint for rural
and urban farmers. In addition, suitable multiplication methods for many
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species have not yet been fully developed. The quality of products depends on
good-quality planting material, and there is a strong need to carry on
production and processing activities in parallel so that good-quality raw
materials are available for processing and marketing so as to generate income
for household farms.

Recent work on intraspecific variation in indigenous fruits and other AFTPs
has shown that there is three- to sixfold variation in almost every trait
investigated, whether these traits are morphological, physiological and/or
chemical/physio-chemical. A participatory selection of superior germplasm has
been undertaken with diverse users across countries in southern Africa
(Akinnifesi et al., 2006), and improved cultivars have been established in fruit
orchards developed by clonal methods. A similar selection for ideotype
candidate trees was also reported in West Africa (Lovett and Haqg, 2000). This
offers an opportunity for multi-trait selection and the development of market-
oriented ideotypes through domestication procedures based on the vegetative
propagation of superior trees, and the consequent development of cultivars.

3.2.2 Limitations in production systems

Agroforestry systems developed by researchers, such as alley cropping, have
been found to be limited in terms of adoption by farmers (Sumberg and Okali,
1988). Mixed systems with economic crops have been reported as a viable
alternative to slash-and-burn agriculture (Palm et al., 2005). Many of these are
agroforests that include a range of indigenous fruit trees (Kindt et al., 2004;
Schroth et al., 2004; Degrande et al., 2006). There are relatively few fruit-
tree-based farming systems that have been well researched, although the use of
indigenous fruit trees as an income-generating, shade-producing canopy for
cocoa is common in western and central Africa (Leakey and Tchoundjeu, 2001).
However, Hocking et al. (1997) reported economic yield depression from their
investigation in Bangladesh when they included trees in rice and wheat
production systems. They reported that there was a variable depression in rice
(Oryza sativa) and wheat (Triticum aestivum) yields, ranging from 16 to 40%,
when grown under the tree species Acacia catechu, Artocarpus heterophyllus
and Mangifera indica. Similar studies are needed in agrosystems where
comparative costs and benefits can be assessed between the loss of crop vields
and the gain in tree products of high value, mainly fruits and fodder. Izac and
Sanchez (2001) compared the relative benefits of high yield in cash crops and
high profitability with high biodiversity in mixed systems. They also reported
that, in order to derive the greatest benefit from mixed systems, greater flexibility
is needed in the selection of crop species than in traditional farming. Gockowski
et al. (1997), Gockowski and Dury (1999) and Palm et al. (2005) have reported
cost benefits from fruit trees and agroforests. However, in all cases there is a
need to consider environmental advantages in a cost-benefit analysis.
Agriculture in the tropical world, with a few exceptions, has suffered from a
lack of mechanisms to introduce, test and understand less important species.
However, when a number of such species were tested, the germplasm base was
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often narrow (Williams and Haqg, 2002). Mannan (2000) reported a large
diversity in homegardens in Bangladesh, where fruit trees are selected mostly
by farmers. Similar observations have been made by Fondoun et al. (2002)
and Leakey et al. (2004, 2005b).

3.2.3 Limitations in harvesting methods

At present, farmers use traditional methods of fruit harvesting, such as shaking
the branches or using sticks to knock the fruits to the ground, which often result
in heavy losses. Wilson (2002) reported that indigenous fruits are often picked
either when immature or at an advanced stage of maturity, when inherent
physiological developments render them more susceptible to injury if subjected
to rough handling during harvest and transportation. Kadzere et al. (2006)
examined the impacts of the time of harvesting on fruit quality, and postharvest
handling in Uapaca kirkiana.

3.2.4 Limitations in postharvest methods

Heavy postharvest losses of indigenous fruits occur due to poor packaging and
inappropriate transport conditions. Although the technology is available for
commercially important exotic species, it remains unused for indigenous fruit
trees. Commodities in their fresh state are very vulnerable to postharvest losses,
both in quantity and quality, during transportation and storage. Postharvest
losses occur at all stages of the marketing chain and observations indicate that
they could be as high as 40-60% of the harvested crop (Wilson, 2002). It is
important, therefore, to develop, adapt and transfer technology that will
minimize these losses.

3.2.5 Limitations in processing

In general, indigenous fruits are processed and used locally by families for
home consumption and for sale in the locality (Ramadhani, 2002).
Nevertheless, many of these fruits have greater potential for processing and
marketing of their products. The methods used for home-level processing are
likely to be those that have been in use for generations and are based on trial
and error rather than on scientific knowledge (Akinnifesi et al., 2006; ICUC,
2006). However, it is likely that the technologies applied to the more
commonly marketed fruits can also be adapted to indigenous fruit species.
Processing of fresh fruits immediately after harvesting may also reduce losses
and transportation costs, as this will require less space.
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3.2.6 Limitations in marketing

The short production period of some indigenous fruit trees results in the
simultaneous ripening of all fruits, thereby causing a glut in the market and low
prices, followed by relative scarcity and high prices. A major problem of
homestead farmers is the capacity to market fresh produce and the loss in quality
during storage and transportation to the final market. Farmers often have to wait
for traders before harvesting, which presents a particular problem during peak
production periods and results in losses throughout the market chain. Another
problem facing the marketing of indigenous fruits is a consequence of their being
wild or semi-domesticated; this leads to very substantial tree-to-tree variation in
fruit characteristics and thus to a lack of uniformity in quality. As a result, the
wholesalers will not pay a good price because a basket of fruits is sourced from
many different trees (Leakey et al., 2002). However, many indigenous fruit trees
produce fruits out of season, and this creates the opportunity for the development
of cultivars which will extend the season. The ‘Noel” cultivar of Dacryodes edulis
in Cameroon (Leakey et al., 2002) is a good example.

The promotion of commercially viable processing industries for indigenous
fruits requires the availability of raw materials (i.e. a regular and reliable supply),
product uniformity and consistently good quality, marketability of products,
availability of technology to meet processing and market requirements, necessary
machinery and equipment, and adequate and easy access to the necessary
information and support services, including credit (Wilson, 1998).

Most fruits are sold by farmers immediately after harvest because of lack of
storage facilities and the growers’ need for cash. The majority of farmers sell
their products in weekly markets for food, medicinal, religious and other
cultural purposes, although some sell them in daily markets. However, the price
received by farmers will depend on whether they take the fruits to market
themselves, or sell to an intermediary. The main advantage of the latter
practice for farmers is that they receive payment in bulk and also cut down on
labour and transport costs. However, the practice does not allow for price
setting according to supply and demand. There is usually a large price gap
between the grower and the end consumer. In general, households tend to
practice this form of selling in response to difficulties with cash flow and are
therefore usually in a weak position to negotiate prices. The intermediary may
pay a fixed (usually low) price for fruit trees, sometimes approaching the farmer
at preharvest, negotiating a price for the tree and paying 50% in advance to
the farmer. The intermediary then takes responsibility for the crop and will
dictate the harvesting time. This usually coincides with a time when the market
price for the fruit is high, rather than according to the maturity index, leading to
the sale of poor-quality fruits. However, the role of the intermediary is often
very significant in assisting the grower to market the produce. In some
countries, such as Nepal, most indigenous fruits are collected from the wild
throughout the season and used locally or taken in small quantities to the local
market, with only a very few reaching the wholesale markets. This is due
primarily to problems of transportation where rural communities are a long way
from urban centres.
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Product quality and consistency of quality are major factors in the
successful marketing of products. Different fruit crops have different
characteristics and different uses, even in the same country. Therefore the
utilization (including the addition of value), processing and marketing strategies
and consumer requirements will be different, and for many small-scale
producers, these remain unknown. Farmers will often sell the excess produce
from indigenous fruits for extra income, but they have to depend on the market
chains because of the present limited commercial uses for these fruits. By
combining well-established principles and appropriate equipment with good
standards of quality and hygiene, small-scale food processing enterprises can
produce high-quality and marketable products (ICUC, 2006).

3.2.7 Financial limitations

Lack of access to credit is also commonly cited as a constraint to small-scale
production. The majority of small-scale farmers and processors, especially
women, face a variety of problems when seeking credit, including lack of
information, high interest rates, lack of collateral, bureaucratic difficulties and
misunderstandings, prejudice against women and small-scale farmers and
processors, and lack of government support in accessing credit (Azami, 2002).
However, progress in domestication and appropriate village-level product
development may overcome these problems of financial limitation (Tchoundjeu
et al., 2006). Better utilization of indigenous fruit trees will provide opportunities
to improve family diets and to raise household income by trading and
processing.

3.2.8 Poor agricultural policy

There is a need to develop a strategy for the wider-scale cultivation of
indigenous fruit trees. Attention has been given to conservation and better use
of the botanical diversity in traditional agroecosystems and natural forest
systems, but support (both technical and financial) for sustainable production,
product development and marketing at the regional, national and international
level has been very limited. Policy guidelines (Wynberg et al., 2003) and the
development of AFTP domestication programmes by the World Agroforestry
Centre (ICRAF) and other organizations (Leakey et al., 2005a), will encourage
policy makers to take account of recent progress. Williams and Haq (2002)
have suggested that for any strategic development to succeed, the socio-
economic well-being of the farmers and communities needs to be taken into
account, and agricultural policy linked to forestry and export policy, which
currently provides huge incentives for local people to cut down indigenous tree
species for veneer and timber production stimulated by the demands of the
furniture industry. Recent studies have examined the impacts of the
commercialization of indigenous forest products (including indigenous fruits) on
the natural, social and cultural aspects of rural livelihoods and have identified a
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number of requirements that are needed in order to ensure that communities
are ‘winners’ and not ‘losers’ from the more intensive use and marketing of
products such as indigenous fruits (Shackleton et al., 2003).

3.2.9 Inadequate information, dissemination, knowledge sharing and training

Access to information is lacking throughout the production pathway, from
germplasm resources to consumption. Many planners and policy makers are
possibly aware of the contribution of indigenous fruit trees to rural
development and livelihood, but there is a lack of information on the
community-driven benefits. Access to information on technologies is a major
constraint to small-scale production. Farmers and potential users of indigenous
fruits are unaware of the benefits of the crop and the technologies that may be
appropriate to their needs. The particular challenge here is to develop
information that can be effective in countries with high levels of illiteracy.

3.3 Methods and Challenges of Stimulation

In order to promote the adoption of indigenous fruits, there is a need to focus
on a number of key areas. The following sections focus on these areas.

3.3.1 Research and technology development

Research carried out on indigenous species is variable, and information
documented on their germplasm resources, reproductive biology, growing
habits, management practices, processing and utilization is scant and scattered.
Gundel (2002) has suggested several reasons why various sectors have
neglected these underutilized crops, some global and others regional in nature.
However, it is the national agricultural research systems (NARS) which
influence the crop production in each country (ICUC, 2003). If the NARS
includes a species in its national programme, then the funds will be allocated
for research and development. Although most have invested resources to
improve their staple foods, research has lagged behind on indigenous fruit
crops which could improve household farming and generate extra cash. The
scientific and development community started to promote the need to
investigate underutilized crops from the mid-1970s. However, the number of
national programmes involved with indigenous fruit crops is small, albeit
growing. Research is often carried out in isolation, with the findings restricted to
internal reports, grey literature or academic journals, and the dissemination of
information to a wider audience is poor. Recently, ICRAF and its partners have
started a systematic research programme to develop technology which will
encourage the NARS to include research areas to develop and commercialize
indigenous fruit species (ICRAF, 2005).
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3.3.2 Selection, domestication and multiplication of high-quality planting
materials

Tree habitats, such as bush fallow, homegardens, compound farms, farm
wood-lots, etc., have valuable resources, which frequently meet part of the
subsistence and income needs of local communities. Hence, the indigenous
fruit trees from the forest as well as from other ecosystems can provide
household income for both rural people and peri-urban communities. The
domestication of fruit trees would provide more opportunities for integrating
various fruit tree species into agricultural systems. The species that produce
locally valued commodities are new sources for domestication.

However, the domestication process of tree species through selection and
breeding takes a long time and is expensive. Commonly, genetic selections are
made on the basis of provenance, progeny variation and breeding, whether
they are forestry, agroforestry or household farm species (ICUC, 2003).
Because of the large investment of time and capital required, the cultivation of
most fruit tree species is neglected and they remain underutilized. Recent
interest in the ethnobotany and use of forest and agroforestry species has
resulted in the need for domestication of some multipurpose indigenous fruit
trees. As a result, scientists have been looking into the options for rapid
domestication. Leakey and Newton (1994, 1995) described an alternative
process for domestication which involves the capture of the existing
intraspecific variation within any population, and its maintenance through
vegetative propagation of individual favoured types. Thus an individual with
superior characteristics can be mass-produced. Through a series of ongoing
and increasingly intensive selection processes, it is also possible to achieve
rapid and substantial genetic improvements. In recent years, progress has been
made in the assessment of the genetic resources of underutilized indigenous
trees to capture the genetic diversity for use in the domestication process
(ICUC, 2003). It is essential that a systematic programme be established for the
domestication of indigenous fruit trees and that studies on the diversity of
species and selection of superior clones be conducted. The models developed
by Tchoundjeu et al. (2006) and Akinnifesi et al. (2006) can be tried in other
geographical areas in order to scale-up their methods.

Improvement for higher vield and other favourable characteristics is more
likely to be achieved if there is high genetic variation. Leakey et al. (2004)
suggest that intraspecific variation is high at village level and domestication of
this variation will allow the selection of superior cultivars. It is important that
the domestication of selected trees involves the conservation of genetically
variable strains in germplasm collections (ex situ) or in the field (in situ)
coupled with effective management of selected types to protect the
environment, avoiding dependence on chemical pesticides and fertilizers and
making effective use of water resources. A detailed knowledge of the genetic
variation within the species is essential in order to design a strategy to promote
the use and conservation of indigenous fruit trees through on-farm cultivation.

For instance, despite germplasm collection and research activities on a
number of indigenous fruit trees across southern Africa, little is known concerning
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genetic structure at a regional level, with no wide-scale molecular work yet
undertaken that could help develop regional management programmes (Kadu et
al., 2006). Without an awareness of useful traits in indigenous fruits and then the
dissemination of information both on desirable types or strains and on their
multiplication for farm planting, this variation cannot be used.

Farmer participatory surveys have been carried out in many countries to
identify and select planting material stock for multiplication (Azad et al., 2007).
It has been found that women play a major role in selection of the desired
type(s) for multiplication and production (ICUC, 2003). The women’s choices
depend on the utilization of the fruits, but they also consider characteristics
such as drought tolerance, disease resistance, ability to withstand wide
temperature ranges, and growth on marginal lands. Above all they give priority
to those fruit species which can be grown in mixed cropping systems.
Organizations such as the World Agroforestry Centre (ICRAF), the International
Plant Genetic Resources Institute, the International Centre for Underutilised
Crops (ICUC), and the Royal Botanic Gardens (Kew) have been involved in
community participatory selection schemes for planting materials (ICUC,
2003).

In many cases tree species are multiplied by seed. However, desirable
characteristics cannot be adequately controlled or transferred to the offspring
through seed propagation. The benefit of known strains or cultivars with
consistent growth and yield has still to be emphasized in developing farming
systems and must be supported by training in methods of propagation and
supply of planting materials (using, for example, the series of manuals
published by ICUC and the Commonwealth Secretariat). The growing of
planting materials itself can also become a profitable nursery industry (Haq,
2002; Tchoundjeu et al., 2006).

Hence the key aspects of improving the selection and domestication of
indigenous fruits are:

® Farmer participatory surveys to identify species of interest for a particular
group of producers and consumers. Farmer participatory research to
identify good mother stock and for sustainable production and processing
technologies so as to promote consumption at the household level. This
will empower the farmers to implement the domestication programmes for
themselves, to work on species of their own choice, and to develop their
own cultivars of those species based on their own selection criteria (with
guidance for ideotypes) derived from research. These farmers will be able
to protect their rights over the germplasm.

® Rapid methods for propagation of quality planting materials (whether it is
seed, seedlings or saplings, cuttings, marcotts or grafts). There is current
demand for planting materials and special efforts are required by resource-
poor rural farmers to multiply and supply them in order to maintain the
growth of indigenous fruit trees.
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3.3.3 Production

Indigenous fruit trees need to be assessed for use in crop diversification
research programmes, as these satisfy not only the need of small farmers but
also of commercial enterprises for diversified products. The inclusion of
indigenous fruit trees in production systems reduces the risks inherent to
monocultures of staple food crops, such as susceptibility to pests and diseases,
soil nutrient depletion, price fluctuations, and reliance on a single crop for
income. Hughes and Haq (2003) pointed out that income from underutilized
fruit trees in China, Nepal and the Philippines is much higher than from
traditional agricultural crops. Furthermore, high cropping intensity risks soil
degradation, with an associated reduced production. The development of land-
use systems where the soils are managed effectively is an important goal of
sustainable agricultural systems. Management schemes need to take account of
changes in crop spacing, use of water shading and variation in yield when
combinations of crops are grown in mixed systems. This can only be developed
with further trials on systems which combine some or all of the following
elements: domestic crops, cash crops, and presently underutilized indigenous
fruits.

It has to be recognized that the promotion of particular high-yielding strains
is likely to bring about changes. For instance, market forces will provide rapid
incentives for higher production and the need for new cultivars and, as a
consequence, the maintenance of traditional agriculture incorporating
underutilized crops may suffer. However, a small swing towards traditional
mixed cropping involving indigenous fruits has been noted, and this may
increase in the future when more domestication of indigenous fruits occurs.

3.3.4 Marketing research

Key points in the development of indigenous fruit marketing research include:

Analysis of the marketing environment.

Size of the potential market.

Competitive analysis.

Consumer attitudes towards processed products.
Attractiveness of processed products to consumers.
Distribution of processed products.

Potential viability of agroprocessing ventures.
Marketing mix development.

Leakey and Izac (1996) suggested that there is a need for simultaneous work
on domestication and commercialization for the development of indigenous
fruits.
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3.3.5 Tools for market development

With effective product development and marketing, indigenous fruits may
increase income, as they can be sold easily in local markets. If these perishable
underutilized fruits are processed into shelf-stable products at the commercial
level, growers can obtain greater financial returns, with additional benefits for
those engaged in adding value.

The potential market for indigenous fruit products in India has been
summarized by Lobbezoo and Betser (2006). Many of these fruits have high
medicinal value and have considerable marketing potential. The high
nutritional value and medicinal properties of some fruits can be exploited by
producing products for niche markets, such as health foods or natural products.
Several products have been developed in some countries from a range of fruits
with high medicinal values, such as baobab, jujube and emblica (Parmar and
Kaushal, 1982; Pareek, 2001; Sidibe and Williams, 2002).

Suppliers, which includes growers and collectors, have low bargaining
power because they enter a highly competitive market with many substitute
products, i.e. the same kind of product but from other fruit, where larger brands
already have their place. Branding and targeting specific markets both seem to
be very important and both require capital input. The potential for providing
semi-processed products, such as pulp, to the competitors is probably greater
than full processing by the suppliers themselves. In countries where competing
substitute products are already available, manufacturers need to make potential
buyers aware of the extra value of their products in enhancing health or beauty
or saving time (Lobbezoo and Betser, 2006).

3.3.6 Developing information systems

Access to information for the utilization and improvement of indigenous tree
species is lacking throughout the production pathway. Information can be
presented in different media according to the requirements of the target
audience and the technology available. Each has its merits. As mentioned
earlier, due to the scattered nature of research findings (reports, grey literature,
academic literature), it is often difficult to gather comprehensive information on
a potential crops. However, attempts have been made (by the ICUC and
others) to develop a series of monographs. In addition, the information on
research results should be made available not only to researchers but also to
producers and small-scale processors. It must also be made available in a
suitable format for policy makers, providing correct and targeted information
for those involved in decision making for research, farming and rural
development.

In order to put into practice selection, production, processing and
marketing, it is necessary to provide practical information or advice on the
techniques involved in bringing a product to market through the production
chain. This can be achieved through the distillation of research studies in the
form of a technology manual. It is necessary to summarize relevant research
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information and write in an accessible style without inappropriate technical
jargon. Leaflets, with processes and techniques illustrated and annotated, are
useful and can be used easily for training. If supported by more detailed
background information, they can also be a valuable tool for trainers.

It is also important to support those communities where literacy and
numeracy is poor or non-existent; training tools can be created using pictorial
representations of techniques. Experience of how activities can be illustrated
most effectively is useful, and it must be remembered that different
communities will interpret pictures differently. This emphasizes the importance
of trainers with sensitivity to local attitudes. Information provided in the native
language of the audience is particularly important.

A valuable development in the dissemination of information is the
increasingly widespread use of computers and the Internet. Information initially
made available on CD-ROM, video or DVD can subsequently be more easily
distributed than paper products where postal or transport services are poor or
costly. The facility to easily browse material in electronic format can be a
valuable benefit in searching for information and also for selecting specific
areas for training. Where Internet access is available, the difficulties of
distribution of research and education materials can be avoided altogether. It is,
however, necessary when designing websites, online databases or other digital
products, to consider that the older hardware or software likely to be
encountered in the target areas can make websites inaccessible, and cross-
compatibility between products is vital. Key areas where information should be
supplied are:

® Policy briefs to increase awareness among policy makers. The policy
should include adequate producer prices and credit facilities aimed at
increasing production, storage and marketing of underutilized crops (Peiler,
2004; see also www.agroforestry.net/pubs/PIIFS Policy Briefing.pdf).

® Training of community workers (including women’s groups) in culturally
appropriate methods for food and product processing and marketing.
Education programmes for local food preparation and processing,
including publication of recipes and ideas for increased consumption.

® Workshops and seminars to increase national and regional awareness.

3.3.7 Policy change

Favourable policy design is central to sustainable agricultural production, land
tenure patterns, management of natural resources and poverty alleviation
(Wynberg et al., 2003). Short-term project support to indigenous fruit crops
research is unlikely to lead to clearer policy definition, especially when
experience shows that a relatively longer time frame is needed to develop and
commercialize indigenous fruit crops. Also, research requires many inter-
sectoral linkages, since programmes may relate to maintenance of
agrobiodiversity at the local level, to appropriate production in marginal areas,
or extend to supplying market needs for specific products.
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Research on indigenous fruit species will only be successful when national
priorities are sensitized to the needs of local communities, industries and
consumers. Additionally, countries are party to a number of international
conventions and agreements, which are often dealt with outside the agricultural
sector. It is widely recognized that facilitating mechanisms for underutilized
crops has a major role to play in developing national strategies.

3.3.8 Developing cooperatives and finance initiatives

Indigenous fruits are difficult to obtain in adequate quantities and it can be a
daunting problem to supply them through collection from the wild because of
the quality requirement. One way to overcome this problem is to bulk up
quality planting materials and then supply them to the farming community.
However, commercial organizations are unlikely to be involved with such
materials. It also becomes a problem for the public sector to be involved in the
multiplication of planting materials, due to limited budgets which may already
be allocated for specific research. None the less, past experience has shown the
value of village nurseries and local seed banks, as they are sources for the
maintenance of local agrobiodiversity. These are mostly not related to secure
national supply systems, but such pragmatic solutions to the problems of
sustainability are far more viable when due consideration is given to the pricing
of products and provision of credit.

Community enterprise development by non-governmental and community-
based organizations and other community groups, such as women'’s cooperatives
in India, are making impacts through local product development and local and
regional marketing (ICUC, 2006). The marketing of new products can be difficult
because of the lack of availability of storage, processing and distribution facilities.
Where producers can be supported at various stages in the production chain,
such as by involvement with cooperatives, there is a greater likelihood of a new
product being successfully introduced in the market. There is also greater
bargaining power for obtaining credit in order to develop enterprises, for
negotiating with dealers or processors, or in arranging transportation.

3.4 Impacts

As indicated earlier, the importance of tropical fruit tree species in sustainable
livelihoods has been highlighted by many researchers (Hegde and Daniel,
1995; Doran and Turnbull, 1997; Leakey and Simons, 1998; Huxley, 2001;
Stevens et al., 2001; Hughes and Haq, 2003; Leakey et al., 2005a, b). With
particular reference to food security and nutrition, fruits and nuts provide a
variety of foods and food products that are rich in vitamins, minerals, proteins
and antioxidants. They improve palatability and contribute to the diets of the
poor in improved nutrition and variety. They are particularly valuable sources
of food and nutrition during emergency periods of food shortage, such as
flood, famine, drought and war. Depending on the seasonal harvest from fruit
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trees, they may provide an additional dietary supplement during peak times of
agricultural labour. They provide oil and fuel for cooking, and a wide range of
local medicines that contribute to health. The supply of fuelwood and oils can
influence nutrition through their impact on the availability of cooked food
(Falconer, 1989). Impacts of the promotion of indigenous fruit trees are
discussed in the following sections.

3.4.1 Influence of research outputs

There are a number of examples from major species which can be followed by
those promoting indigenous fruits and particularly by those designing and
implementing appropriate research, whether on crop diversification,
maintenance of agrobiodiversity, or meeting the needs of industries and/or
communities.

The research and development of any crop requires a multidisciplinary
approach. It is pertinent to investigate a range of species and also to focus on
any special needs in the areas where indigenous fruit crops are to be grown. A
wide range of species show different degrees of domestication and/or genetic
changes from the original wild species or progenitors as domestication
pathways vary tremendously and proceed along different lines. There is much
to be gained in developing research plans by those working on indigenous fruit
crops if they are aware of current advances in research in associated plant
sciences and even in human cultural research. To illustrate this, it is helpful to
consider species in varying stages of domestication (Rindos, 1984), for instance
the studies of baobab (Sidibe and Williams, 2002), shea-butter tree (Lovett and
Hag, 2000) and Moringa spp. (Harlan et al., 1976) in Africa.

There are many local varieties available, which need systematic
characterization and evaluation. Diverse examples are found in the genera
Tamarindus, Ziziphus, Dacryodes and Irvingia (David, 1976; Gunasena and
Hughes, 2000; Pareek, 2001; Kengue, 2002; Anegbeh et al., 2003). Research
on these species requires an understanding of the local agroecology and
patterns of genetic changes which have occurred and can be used further.

Multidisciplinary research may require a very strong ecological input
because data on limitations on the site adaptability are essential when
recognizing that some indigenous fruit species will grow well in entirely new
environments, while others often need to be adapted by specific management
or genetic selection.

The impact of research can influence the policy makers’ decisions. For
example, influenced by the Global Programme on Fruits for the Future created
by ICUC, jackfruit was included in the national research programme of the
Nepal Agricultural Research Council (NARC). Similarly the Indian Council for
Agricultural Research (ICAR) created a new cell, the All India Co-ordinated
Network on Underutilized Fruits, which includes eight underutilized fruit species
for research and development.
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3.4.2 Increased production and trading

Commercial interest in several underutilized fruits has resulted in increased
cultivated areas in many parts of the world, particularly in developing countries
(Pareek et al., 1998). The export of fruits from Asia alone has been increased by
12% annually (Singh, 1993) although the potential for export earnings is much
higher. The increase in production through systematic programmes, such as the
Underutilized Tropical Fruits in Asia Network (UTFANET, 2003), has facilitated
the development of high-quality planting materials for jackfruit, mangosteen and
pummelo through farmer participatory surveys and the evaluation, collection
and characterization of these species. Farmers’ choices included characteristics
for sweetness, juicy fruits, high vield, small stature and quality timber. Additional
characteristics, including tolerance to drought and disease, and the ability to
withstand extreme temperatures and grow on marginal lands, were maintained.
Approximately 1100 accessions of jackfruit, 230 of mangosteen and 300 of
pummelo were collected, with further plants identified in the field (ICUC, 2003).
From those, approximately 130 jackfruit, 10 mangosteen and 40 pummelo have
been selected for propagation trials (ICUC, 2003).

3.4.3 Improved processing and marketing

Various indigenous fruits are processed at different levels of sophistication.
Fruits such as tamarind, jackfruit and pummelo are processed in various forms
for domestic consumption. Traditional methods of preservation have developed
into cottage industries in some areas, with produce sold in urban domestic
markets. Some cottage industry operations also engage in supplying larger
processing plants with semi-processed products (ICUC, 2006).

Processing of added-value products can also be lucrative, as demonstrated
by a women’s group in Thailand. By making use of ‘dropped’ pummelo fruits,
which can attract fruit flies to the orchard, in processing into candies, the group
has managed to establish a stable business, expanding its membership from
seven to 45 women. The group earns a decent salary and has also started to
train other local groups (Muang-Thong, 2002). Women play a major role in the
harvesting, processing and marketing of underutilized indigenous tree products
(Ruiz et al., 1997). Such extra income, controlled by the women, is likely to be
spent on education, nutrition and health, and this brings greater respect from
their families and communities.

Some farmers or community groups, however, make the decision not to
sell their produce to an intermediary, but to market their own products. The
Ikalahan people are a forest-dwelling community living in the northern
mountains of the Philippines. After producing quality jams and jellies from
locally gathered wild forest fruits, they decided to sell their products in local
towns. Through a process of trial and error and with help from the local
university, the community has been successful in its endeavour and is
producing and successfully marketing locally produced products (Rice, 2002).
The Ikalahan people were fortunate to enlist the help of others in their quest to
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sell their products, and this has demonstrated that training and education in
business and development skills for rural communities would improve the
earning potential of many indigenous fruit products. By combining well-
established principles and appropriate equipment with good standards of
quality and hygiene, it has been demonstrated that small-scale food processing
enterprises can produce quality, marketable products.

3.5 Conclusions

Most indigenous fruit trees have multiple uses and play a vital role in crop
diversification programmes and household systems. Their inclusion in production
systems reduces the risks inherent to monocultures of staple food crops, such as
pest and disease outbreaks, soil nutrient depletion, price fluctuations, and reliance
on a single crop for income. The systematic domestication of indigenous fruit
trees can improve their production. Several authors have already reported the
progress made in domestication of various African species (Atangana et al., 2001;
Leakey et al., 20053, b, c, d; Tchoundjeu et al., 2006).

A start has been made in understanding the producer-to-consumer chain
system so as to stimulate the adoption of indigenous tropical fruit trees. The
particular components of this system are: (i) the identification of quality
planting materials through farmer participatory surveys, and collection and
evaluation of germplasm, readily available to farmers; (ii) knowledge of
propagation and production systems to integrate into diverse farming systems;
(ili) technology for postharvest processing, product development, storage,
packaging, quality assurance and marketing; (iv) appropriate national policy;
(v) access to credit; (vi) training in technology relevant to production, food
processing and marketing, in particular for small entrepreneurs’ development;
and, above all, (vii) information dissemination for all these areas. Once we
progress on these issues, the incorporation of indigenous fruit trees into
agricultural systems to improve rural livelihoods will become easier.
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