Tree domestication

The indigenous fruit ‘safou’ has been targeted for participatory
domestication in Cameroon.
Photo: World Agroforestry/Charlie Pye-Smith
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Highlights


Tree domestication can improve agroforestry functions: farmers’ incomes, food
and nutritional security, and wider product and service delivery



Tree domestication can be approached in context specific centralised and
decentralised ways



Participatory domestication has had success in enhancing adoption and
agroforestry development



‘Mainstreaming’ tree domestication requires appropriate links with ‘demand’
and market structures

3.1 Introduction
The domestication of trees is essential to enhance the products and services provided by
agroforestry systems1. A range of domestication methods has been developed over recent
decades. These methods are context specific and include a participatory domestication
approach involving scientists and farmers working in close collaboration. This approach has
had positive impacts on incomes, diets and in rural business development. However, to be
more widely successful, agroforestry tree domestication still requires greater attention to
scaling-up approaches, working with a wide range of partners in different partnership models.
Future domestication work will also require more specific consideration of a wider range of
traits related to ecosystem services’ provision, with the appropriate mobilisation of genetic
diversity.
Enhancing product and service provision from trees to improve livelihoods, increase
productivity, combat malnutrition and adapt to anthropogenic climate change2,3 involves their
domestication — the genetic changes involved in bringing a plant into cultivation and in its
continued development as a planted resource, through both unconscious and deliberate
selection and breeding — to adapt them to meet human needs. The process of domestication
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began over 10,000 years ago for annual crops4, and a few millennia ago for selected food
trees5,6,7,8, but the vast majority of the Earth’s > 80,000 tree species are still essentially wild or
only incipient domesticates9.
This chapter outlines approaches for tree domestication and the benefits realised, as well as
some of the dangers involved, and concludes by exploring requirements for future work. In
particular, it will explore the domestication of food trees to address the problems of food and
nutritional security in Sub-Saharan Africa10. Many of the world’s nations with the highest
burden of child under-nutrition are found in the region and, in particular, the consumption of
fruit and healthier (non-starchy) leafy vegetables is overall well below global averages11.
Conversely, a wide range of trees producing foods rich in micronutrients, fibre and protein is
located in the region, which could support enhanced, biodiversity-based food solutions12.

3.2 Methods of tree domestication
Appropriate domestication methods vary by tree biology, the planting environment, tree use
and user, the value of the product and/or service provided, the available research and
implementation partners, landscape configurations and the level of infrastructure
development13. Two basic approaches have, however, been described (Figure 3.1). The first is
a centralised approach involving field trials, controlled crosses and, in some cases,
biotechnological methods to carry out genetic improvement14,15 while the second makes use
of more decentralised community-driven strategies16. The first approach is relatively
straightforward to coordinate, has been applied to a few dozen timber and fruit trees often
grown in plantations as well as on smallholdings12, and has been boosted recently by
advances in technology that have greatly reduced the costs of characterising and
manipulating tree genomes. These advanced methods are being used increasingly to
characterise ‘orphan’ (less researched, under-invested) trees as well as major plantation tree
species, through initiatives such as the African Orphan Crops Consortium17. The challenge,
though, is to link these advanced approaches effectively with downstream application: the
results of centralised characterisation and breeding efforts often do not filter down to smallscale farmers, who face high transaction costs in obtaining external farm inputs such as tree
planting material and the information needed for specific cultivars’ management 18,19. Bridges
to farmers can be generated by working with them in priority setting, germplasm evaluation
and in planting material multiplication20. A ‘low input breeding’ approach, involving integrated
conservation, breeding and delivery, has been designed to overcome some of the challenges
involved in linking genetic improvement and germplasm multiplication to smallholders’
production21.
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Figure 3.1 Examples of
two routes to tree
domestication

In recent decades, the second major approach to effectively mobilise genetic diversity has
focused on decentralised, holistic tree domestication. One method, referred to as
participatory domestication, has been developed in close collaboration between scientists and
farmers. It involves combining scientific advances in genetic selection, propagation, processing
etc with local communities’ experience in tree management and has been used in Africa,
particularly, to bring indigenous fruits and nuts into wider cultivation22. The initial focus of this
approach is on satisfying immediate household needs for tree foods and other tree products,
with expansion then occurring through farmers producing planting material for sale to other
growers, and by tree product commercialisation23,24. The approach provides the conceptual
‘building blocks’ for domesticating a whole range of trees chosen by farmers themselves,
based on family and market requirements and other considerations. Since it provides for a
focus on multiple species, it buffers production and market risks that may result from the
domestication of a single tree species25. The implementation of the approach is supported by
rural resource centres that are managed by local communities. These train farmers in how to
propagate and manage trees, hold stocks of plants for vegetative propagation, provide
product-processing facilities and business training, and act as venues for farmers to meet and
form associations that allow them to market their products and obtain farm services more
effectively (Figure 3.2).
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Figure 3.2 Market and production functions of rural resource centres26

3.3 Positive impacts of tree domestication
A crucial component of bringing new trees into cultivation is to increase their productivity and
their ability to provide environmental services. This allows them to compete effectively with
other crops and plants when farmers decide what they will plant on their land so that they can
become properly established on farms to support production, lead to higher agrobiodiversity
and contribute to resilience27. Fortunately, the large size of the gene pools of many tree
species means that significant genetic gains can be obtained quite easily through selection
and breeding. The case of indigenous tree fruits is informative28, with > 2-fold variation
common in nutrient content (for example, in marula29) and > 4-fold variation in yield (for
example, in allanblackia30) across trees. Some of the variation observed in such cases is due to
the environmental heterogeneity of the tree sample locations included in the comparisons
but common garden field trials indicate an important proportion of variation has a genetic
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basis. Lower but still important genetic variation is also observed in other important food
traits31. Large gains in timber32 and tree fodder33 yield and quality are also possible through
straightforward selection and/or breeding. In the case of high value vegetatively-propagated
trees, the use of simple cloning methods that have been adopted by farmers can result in
gains in multiple traits simultaneously, addressing markets’ particular preference
combinations34. In addition, with vegetative propagation, the time between planting and crop
maturity can be reduced for fruit trees compared to plantings from seed, decreasing the time
gap between farmers’ investments and their returns, which is important for adoption16,35.
In the humid forest margins of Central Africa, where indigenous fruits and nuts are highly
valued36,37,38, the adoption of the participatory domestication approach has resulted in
significant improvements in incomes, in diets and in rural business development, improving
the overall well-being of the involved communities24,25. A multifaceted approach by which
agroforestry can be mainstreamed to support food and nutritional security, and provide other
products and services, involves the following steps: first, provide support for soil-fertility
replenishment technologies to improve overall farm productivity and increase staple crop selfreliance; second, undertake participatory tree domestication of more nutritious fruit and nut
trees (and of other trees providing high-value products); and, third, encourage
entrepreneurship and value-addition to increase returns from the sale of tree products and
tree planting materials39. Work on the allanblackia tree (a range of species in the Allanblackia
genus), found wild in the humid forests of Africa, provides a model for the involvement of
private-public partnerships in sustainable business development28,40. The seeds of
allanblackia yield edible oil with significant potential in the global food market and wild
harvesting, cultivation and market development are being promoted in parallel through a
wide consortium of partners41.

3.4 Potential negative impacts of tree domestication
Since domestication processes result in shifts and/or losses in underlying genetic diversity in
tree populations, this can have implications for the sustainability of their cultivation. The
impacts on genetic diversity depend on the domestication method. Cloning, for example, may
lead to significant diversity bottlenecks, potentially mimicking commercial monocultural tree
plantations that may be more vulnerable to pests and diseases42 and other environmental
catastrophes13. Risks are, however, reduced in participatory domestication when different
villages each clone their local superior tree types for planting because a range of types are
maintained in the wider landscape. To be avoided, though, are production systems where a
new tree crop takes over the farming landscape to the detriment of other crops, to
biodiversity more generally, and to the provision of a wide range of environmental services, as
has for example been observed widely in palm-oil production systems43,44 and, in some
locations, in cocoa production45. This reinforces the need to seek the domestication of
multiple trees and not to focus only on single species. As multi-functional, multi-species
agroforestry systems are often favoured by small-scale farmers25, this reduces overall
production risks associated with losses of genetic diversity in any one tree species planted for
a particular use. Another cautionary issue to be aware of during tree domestication is any
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possible negative relationship between mutually desirable product traits, such as fruits’ yields
and nutritional qualities.
Although tree domestication to promote tree cultivation is seen as a strategy for protecting
forest resources by taking pressure off the natural resource base, this link should not be
taken for granted. Indeed, tree planting may result in less priority being placed on the
sustainable management of natural stands (which begin to be seen only as ‘stopgap’
supplies46), may stimulate the development of markets and infrastructure that unintentionally
‘capture’ wild resources as well as serving the harvest of planted stands47 and may, if
profitable, trigger forest and woodland clearance for further cultivation. Avoiding such
impacts means placing tree domestication activities within wider landscape governance and
management, ensuring appropriate policies and practices addressing a wide range of social
and economic factors are in place to minimise unintended consequences48. Detailed research
to establish when and where positive results for the conservation of forest resources can be
realised through tree cultivation is required. This research should involve case study trees
such as pygeum and allanblackia (Box 3.1). Market demands for product traceability,
sustainability and uniformity may be factors that promote beneficial links between cultivation
and forest conservation49.

Collectors sorting allanblackia seed. Photo: World Agroforestry/Charlie Pye-Smith
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Box 3.1 Can domestication and cultivation of trees in agroforestry systems preserve
them in natural forests?
Two interesting case studies where exploration of links between domestication, cultivation
and in situ conservation is merited50 are the African trees, pygeum (Prunus africana) and
allanblackia (Allanblackia species), both of which are currently being planted by African
farmers.
Pygeum
An extract from the bark of pygeum, a tree found in montane forests across Africa, is used
worldwide to treat benign prostatic hyperplasia. Historical wide-scale harvest from natural
stands in Cameroon and Madagascar resulted in the species being listed in 1995 under
Appendix II of the Convention on International Trade in Endangered Species of Wild Fauna
and Flora (CITES). Over the last two decades or so, cultivation has been promoted to
provide an alternative source of bark with a view to improving local peoples’ livelihoods,
with thousands of smallholders planting the tree in Cameroon, although this bark is not
yet widely harvested for sale. Research is required to determine to what degree, within a
CITES framework, bark from cultivated stands is able to substitute in the market for that
from natural populations, and how this can best be done. If a switch from wild to farm
harvesting does occur, what impact will this have on the livelihoods of the collectors of wild
bark, who are often among the poorest people in communities and do not have access to
land to plant trees? And what would be the effect of collection from farms on the attitudes
of farmers and wild harvesters to forest management?
Allanblackia
The edible oil from allanblackia seed has significant global market potential in spreads and
other food products. Within the last fifteen years, wild harvest for export has begun from
humid African forests, and cultivation with a view to improve smallholders’ incomes has
commenced. Unlike many other non-timber forest products, cultivation has begun at the
same time as market development, which may help to reduce wild over-exploitation and
the associated negative impacts on biodiversity, but this premise needs to be tested. Large
productivity gains appear to be possible under cultivation and this may afford greater
protection for allanblackia in the wild but may also encourage wider cutting of forest for
allanblackia planting. Will early cultivation be effective in taking pressure off natural stands
by directing market demand for seed oil to planted sources? And how committed are
commercial, research and conservation organisations to resolve the practical and
reputational challenges involved in developing a sustainable business? If the development
of the allanblackia business model fails due to a lack of profitability or environmental
concerns, what will be the impact on the attitude of local communities to the use and
management of indigenous trees and natural forest, more widely?

3.5 Trends in domestication research and future action to support
impact
A review published in 201250 of > 400 papers on agroforestry tree domestication assessed the
progress that had been made from 2002 to 2011 compared to the decade before. Between
1992 and 2001, there was a focus on assessing tree species’ potential and the development of
propagation techniques, with a strong geographic emphasis on work in Africa. Between 2002
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and 2011, more emphasis was placed on new techniques for assessing variation, on product
commercialisation, and on adoption and impact issues, and efforts were spread more
globally. For the decade 2012 to 2021, the authors suggest that one of the major challenges
worldwide would be to scale up successful agroforestry tree domestication approaches (such
as happened with the participatory domestication method in Central Africa), in parallel with
better market engagement.
As of 2019, further research progress has been made but the scaling challenge still holds in
many geographic regions, with particular attention still needed to strengthen weak extension
services that are a major bottleneck in practice adoption. In addition, the scale of the effort
required to diversify agricultural production systems to make them both more sustainable
and more productive has in recent years increasingly been recognised as a key challenge for
the 21st century. To help address these challenges, since 2017 one of the flagships of the
CGIAR’s Research Program on Forests, Trees and Agroforestry has been specifically on tree
genetic resources (TGR); this combines impact-oriented conservation, domestication and
planting-material delivery research51. Tree conservation is also included in the current CGIAR
Genebank Platform52. An enhanced focus on TGR is also supported by greater recent policy
attention on these resources53, renewed calls for healthy diets where trees provide nutrientrich foods54, and increased investment in forest restoration where the matching of tree
planting material to environment is crucial55. Clearly, supply- and demand-led approaches to
scaling are inextricably linked, as it is demand that will ultimately be the primary effector in
mainstreaming production changes. In the case of market development, the role of consumer
education in enhancing awareness of the benefits of eating healthy tree foods is recognised56
and this can reinforce demographics shifts that already provide positive support for healthier
diets57. Experience in domestication methods, including the decentralised participatory
approach, shows that these interventions are most successful when part of a suite of
measures that encourage the general upgrading of farm practices; one crucial measure of
which is support for soil-fertility replenishment39. In addition, any measures that reduce
farmers’ costs of production — including in knowledge acquisition and in farm practices — are
important; focusing on the underlying building blocks of domestication practices is an
adaptive and cost-effective approach that deals with the context specificity of farmers’
circumstances (comparable with wider agroecological practice adoption58). For farmers to
innovate in planting trees that are new to them, a proper explanation of risks and benefits is
also required, including not only for incomes but in terms of human and environmental
health; advanced methods exist for risk-return modelling of decision-making processes, and
these should be applied59.
In terms of traits, in the light of globally homogenising agriculture and global diets60,61, more
of a focus on the genetics of interactions that support the effective co-production of tree
foods, other tree products and other components (for example, annual crops, livestock, fish)
in agricultural systems is needed62. Interaction traits that determine resource-use
complementarity or conflict between crops and trees that can be targeted in tree
domestication include tree architecture (for example, root angle and depth, stem/bole
branching and height, the arrangement of leaves and fruits); mycorrhizal associations (for
example, for nitrogen fixation); and phenology (of tree growth, leaf production, flowering,
seed/fruit maturity etc). New methods of breeding that explicitly consider these interactions
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are required63. If these are adopted, it is possible to ‘force’ more optimal positive relationships
between plant components in mixed agricultural systems than are represented by the
complementary relationships between species found in natural ecosystems, due to different
balancing of trade-offs64.
More attention is also required to other genetically-controlled traits of trees that support the
provision of suitable habitat for crop pollinators and beneficial crop pest predators62, and
which enhance carbon capture. The genetics of carbon capture, important for mitigating
climate change (controlled, for example, by growth rate, wood density and wood
composition), were found to be considered only rarely by tree-planting practitioners in a
recent analysis65 even though major capture gains could be achieved by choosing the right
sources of tree planting material, at both inter- and intra-specific levels32,66.
A third important area where improvements are required relates to the labour costs of tree
production. Since these costs depend on tree form and phenology that are under genetic
control, selection can be undertaken, for example, to spread tree fruit production to periods
of the agricultural calendar when farmers are less busy tending annual crops. The same
approach can be used to target tree food availability to hunger seasons (the times when
annual crops have been consumed and communities are most nutritionally vulnerable56).

Cultivated lands with native Schinus molle tree in the centre and exotic plantations of Eucaliptus trees in
the background - Taparcarí, Coc. Photo: University of Bern, Switzerland/Sarah-Lan Mathez-Stiefel
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