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About this publication

At its 12th Session in 2009, the Commission on Genetic Resources for Food and Agriculture (the Commission) requested the Food and Agriculture Organization of the United Nations (FAO) to prepare The State of the World’s Forest Genetic Resources. It stressed that the preparation of this global assessment should be based primarily on country reports on forest genetic resources (i.e. heritable materials maintained within and among tree and other woody plant species that are of actual or potential economic, environmental, scientific or societal value), supported by thematic studies and other available information and knowledge on these resources.

Between 2009 and 2010, FAO, in collaboration with Bioversity International and the World Agroforestry Centre (ICRAF), informed and consulted the scientific community on the preparation of a series of thematic studies. Groups of experts were established for this purpose and the coordinators of the groups met twice in 2011-2012 to share information and to coordinate the work.

The Commission considered a draft of the global assessment at its 14th Session in April 2013 and, based on its findings, agreed on the Global Plan of Action for the Conservation, Sustainable Use and Development of Forest Genetic Resources (Global Plan of Action). Subsequently, the FAO Conference adopted the Global Plan of Action at its 38th Session in June 2013. FAO then published The State of the World’s Forest Genetic Resources (FAO, 2014a) and the Global Plan of Action (FAO, 2014b). In the same year, the expert groups also published the key findings of the thematic studies in a special issue of the journal Forest Ecology and Management (see Loo, Souvannavong and Dawson, 2014).

Several of the thematic studies included more analyses and in-depth discussions on various aspects related to the conservation, use and development of forest genetic resources than was possible to publish as scientific articles. Moreover, it was not possible to present in The State of the World’s Forest Genetic Resources the wealth of information from the country reports and the thematic studies. Therefore, the Commission requested, at its 15th Session in 2015, FAO to make the country reports and the thematic studies available on its website.

This publication presents the thematic study on tree genetic resources and the livelihoods of rural communities in the tropics. It provides an overview of the significant benefits of harvesting non-timber forest products from natural and incipiently- or semi-domesticated forest landscapes. Furthermore, it discusses important products and services from a range of local and exotic trees, mostly semi-domesticated and under-researched, which are found growing in smallholders’ agroforests. Finally, it also provides information on more widely researched woody perennial commodity crops that may be completely domesticated, are often exotic in their main production centres, and are grown by smallholders in agroforestry systems.

The content of this publication is entirely the responsibility of the authors, and does not necessarily represent the views of FAO, or its Members.
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Executive summary

Products and services derived from trees in forests, on farmland and within other landscapes provide benefits to hundreds of millions of people in the tropics, but these benefits from the trees and their genetic resources have not been well quantified. This is the case, in part, because trade often takes place outside formal markets; there are a multiplicity of species, product sources and ways in which trees are used; and the value of genetic diversity within tree species has not been properly considered.

This study reviews what is known about the value of trees for tropical rural communities and considers the following:

• Non-timber products harvested from trees in natural and managed forests and woodlands.

• The various products and services obtained from trees planted and/or retained in agroforestry systems.

• The commercial products of tree commodity crops.

The study focuses, where possible, on the role of intra-specific genetic variation in determining the value of trees in supporting livelihoods in each of the above three contexts.

The more systematic, standardized approaches to quantifying non-timber forest product (NTFP) value applied in the last decade or so have illustrated the importance of NTFPs for marginalized households and for women’s incomes. Analyses of wild tree foods from forests have considered the diversity of foods available but have also shown that availability does not necessarily mean that humans consume these foods. In the tropics, significant changes in fruit properties have taken place in many fruit trees over several millennia because of human selection that better conforms to the communities’ food needs. Knowledge of these changes can help guide future domestications.

To improve the lives of rural people through NTFP harvesting, they need technical support in harvesting and processing, business support to establish enterprises, and they need market information to be shared, among other interventions. The ecological implications and genetic aspects of NTFP harvesting regarding productivity, sustainability, etc. have received limited attention and require further research.

Database searches indicate a wide range of agroforestry tree products (AFTPs) such as timber, medicine and fuel, which are commonly mentioned. Examples that show larger benefits from having trees on farms are soil fertility replenishment, timber production and fodder provision. There are specific opportunities to bring into cultivation food trees through participatory domestication methods, making use of the great biological diversity found within and between indigenous fruit tree species in tropical regions, and improving human diets by filling nutritional gaps.

Human-driven climate change and forest displacement mean that tree products and services will in future be sourced increasingly from farms. Key constraints to agroforestry, however, must be addressed in policies, markets, and in developing and delivering appropriate high-quality tree planting material and farm management methods. Delivery systems should involve small-scale, local, entrepreneurial tree seed, seedling and clone suppliers, supported with business and technical training and with starter germplasm.

Many tree commodity crops are grown by smallholders, often in locations away from the centres of origin of the tree crops. This emphasizes the importance of international cooperation in exploiting genetic resources for sustaining and enhancing commercial production of these crops. The value of wild resources of tree commodity crops needs to be properly quantified. The geographic separation of origin and production centres for these commodity crops presents a dilemma for conservation, which also applies to other widely cultivated tree species.

Although tree commodity crops play an important role in supporting rural livelihoods, it will be necessary to better understand the complicating factors that result in land being converted to monoculture production systems, and to understand the impact of single-source incomes on a community’s food and nutritional security. Commodity varieties that are highly productive in mixed farming systems are needed, making use of intraspecific genetic diversity to develop varieties that most favourably interact with the other components of the farming systems.


Chapter 1
Introduction

The elemental role played by trees in rural livelihoods in the tropics is apparent in the many uses made of tree products in almost any community, for example, in construction, fencing, furniture, foods (edible fruits, nuts, leaves, gums, spices, oils, etc.), medicines, fibres, fuels and in livestock feed. Some tree products enter local, national and international markets, others are not sold but are used for subsistence and many are of particular cultural significance (Place et al., 2011). Some tree products, such as timber, have an investment role for smallholder producers, while others, such as edible fruit, have a security function, providing food during gaps in staple crop availability (Jamnadass et al., 2011). Similarly, the service functions of trees are readily apparent, such as the shade they provide for people, crops and livestock, and their soil stabilization properties that prevent soil erosion and protect rivers and streams. Tree-based production systems can also support biological, economic and social resilience under anthropogenic climate change (Thorlakson and Neufeldt, 2012).

It is not surprising that over a decade ago the World Bank (2008) estimated that forests and trees-outside-forests contributed in some manner to the livelihoods of more than 1.6 billion people globally. The varying level of dependence of different communities and how this changes with time, however, is often not well described or adequately acknowledged in rural development practice (Byron and Arnold, 1997). Partly, this reflects the ubiquity of tree products and services and the numerous ways they have an impact on livelihoods. It also reflects the many different sources of tree products and services, spanning agricultural land and forests, which are characterized in different ways by national government departments of agriculture and forestry, making comparisons difficult (de Foresta et al., 2013). These difficulties help explain why the values of tree products and services for local people have often been neglected at a national policy level. In the cases where good data on value are available, these often refer to large industrial markets for a narrow range of products, such as roundwood, which bear relatively little relationship to local community value, except through limited employment opportunities (FAO, 2010).

From a genetic perspective, tree resources exist at different levels of domestication of populations and species, while landscapes are themselves domesticated to a greater or lesser extent. A few forests may be considered completely natural. More often than not, some degree of human management has taken place to create anthropogenic forests (Clement, 1999; Belcher et al., 2005a). Some tree species, especially those producing fruit valued for human consumption, have undergone domestication within forest environments for several millennia and this process remains ongoing today. Wiersum (1997) proposed the use of the term “the co-domestication of forests and trees” to describe the processes involved when traditional societies manage forests and forest components. The level of domestication and the system within which tree production takes place are clearly interrelated. It is important to consider both together to understand how rural communities benefit from trees, and how future interventions can best support further livelihood gains.

In this study, we present an overview of the value of trees for tropical rural communities in the context both of tree domestication level and management setting. The first section of our review is concerned with the significant benefits of harvesting non-timber forest products that generally grow in natural and/or incipiently- or semi-domesticated forest landscapes. The second part is concerned with important products and services from a range of local and exotic trees, mostly semi-domesticated and under-researched, which are found growing in smallholders’ agroforests. The third section of the review is concerned with more widely researched woody perennial commodity crops that may be completely domesticated, are often exotic in their main production centres, and are grown by smallholders in agroforestry systems as well as sometimes by larger growers in plantations. This last category of commercially-grown tree commodity crops is not often given much attention in discourses on forests and tree genetic resources (even when the major genetic resources of these crops are still to be found in forests), but their value to smallholders is often greater and better characterized than those of other woody perennials. Their consideration illustrates important wider principles. Further information on the value of trees and tree genetic resources in these three contexts is given in Dawson et al. (2014).


Chapter 2
The benefits of non-timber forest product harvesting

2.1. Trade and use data

The category non-timber forest product (NTFP) is a broad one that covers any product of biological origin other than timber that is derived from forests and other wooded lands. It includes not only products from trees, with which we are concerned here, but products from other plants, animals and fungi. Three prominent examples of tree NTFPs – agarwood, gum arabic and shea butter – are described in Box 1, which illustrates their sometimes high value to local economies. At the time of their review, Pimentel et al. (1997) calculated very approximately that USD 90 billion worth of food and other non-timber forest products were harvested annually from forests and trees in developing countries. The Global Forest Resources Assessment (FRA) published in 2010 quoted a value of USD 19 billion for non-wood forest product (NWFP)1 removals worldwide (based on 2005 figures), but data reported by countries and compiled for the FRA report were incomplete (FAO, 2010). Informal trade in unmonitored local markets, direct household provisioning, and the exclusion of wild-harvested resources from most large-scale household surveys (Shackleton et al., 2007; Angelsen et al., 2011; Shackleton et al., 2011a), are all reasons why the FRA figure is an underestimate. The FRA figure does not, for example, adequately capture the importance of the many traditional medicines derived from trees, upon which local communities in low-income countries often rely for their healthcare needs (World Bank, 2001). The 2010 FRA report separately indicated a value of USD 17 billion annually for wood fuel (2005 figures), but again it is clear that this figure did not adequately capture the importance of tree-based traditional energy sources that enable perhaps two billion people worldwide to cook food (FAO, 2008). For example, in sub-Saharan Africa the use of wood fuel and charcoal are still increasing rapidly, despite attempts to move to alternative energy sources, with the value of the charcoal industry in the region estimated at approximately USD 8 billion in 2007 (World Bank, 2011). This compares with a wood fuel value given in the 2010 FRA report of only USD 1.4 billion annually for the continent of Africa (FAO, 2010).

If NTFPs are incorrectly valued, this is not just of academic concern: mis-valuation leads to inappropriate policies that, while conceived to support rural communities, ultimately disfavour them with poorly targeted interventions (Belcher and Schreckenberg, 2007; World Bank, 2008). Systematic methods for quantifying NTFP value are required, which consider the costs of harvesting and the impact on the resource and on market prices of widening extraction (Sheil and Wunder, 2002). If national governments are not to over- or under-state the value of NTFPs for livelihoods, they need to better understand how to interpret existing valuations (Sheil and Wunder, 2002, who illustrate mis-interpretations of NTFP value based on two influential studies: Peters et al., 1989b; Godoy et al., 2000). Proper valuation also requires an understanding of the combinations of assets (social, physical, financial, etc.) required by local communities before they can build sustainable livelihoods (Scoones, 1998).
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More research attention has been given to the systematic review and meta-analysis of case studies of NTFP value (Belcher et al., 2005b, see also Table 1). This research indicates that the share of forest income from NTFPs as a proportion of total household income is often highest for the most marginalized households in societies, and that NTFPs are, for example, particularly important for women’s incomes. The Poverty Environment Network (PEN, www.cifor.org/pen/) has gathered standardized quantitative socioeconomic data on the role of tropical forests in poverty alleviation. Data have been collected from approximately 8 000 households located in 24 low-income nations in Africa, Asia and Latin America (Angelsen et al., 2011). Analysis revealed results consistent with the surveys described in Table 1, with detailed implications for policy interventions related to livelihoods, gender and tenure.
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2.2. Harvesting NTFPs for food and nutritional security

Many tropical communities incorporate NTFPs into their diets to add variety to staple foods, and some are dependent on edible NTFPs outside staple crop production seasons (Arnold et al., 2011). Tree foods are often better sources of micronutrients, fat, fibre, protein, etc. than staple crops, and can play an important role in providing these key dietary components (Leakey, 1999; Vinceti et al., 2008). An analysis of wild food availability in 22 countries in Asia and Africa (36 studies covered) found a mean of 90 to 100 species with recorded food value per location, including many plant and animal products from forests and woodlands (Bharucha and Pretty, 2010). However, just because a wide range of wild food products are available, it does not follow that they will be consumed. For example, Termote et al. (2012) showed that although a wide variety of edible wild food plants were found around the city of Kisangani in the Democratic Republic of the Congo, these plants did not (with a few exceptions) significantly contribute to human diets, despite dietary deficiencies in the area. Lack of use in this case may have been due to the labour costs of collecting and processing the wild food plants, as well as limited community knowledge on the value of particular (potential) foods.

2.3. Ancient management of trees and palms for food

Mesoamerica and the Amazon have been centres for research on ancient forest management (Peters, 2000; Levis et al., 2012). Southeast-Asian forests have also been widely studied in this regard (Wiersum, 1997; Michon, 2005), but African forests less so (Maranz and Wiesman, 2003). Research indicates that humans have manipulated a range of trees and palms2 for food through selective harvesting, managed regeneration and cultivation for several millennia (Clement, 2004). In the case of the Amazon, it appears that several tree species were completely domesticated long ago, while others were widely cultivated in ancient times but not fully domesticated (Clement, 1999). Amazonian fruit trees and palms for which changes associated with ancient human management have been observed (especially in western Amazonia) include abiu (Pouteria caimito), Amazon tree grape (Pourouma cecropiifolia), araza (Eugenia stipitata), biriba (Rollinia mucosa), peach palm (Bactris gasipaes) and sapota (Quararibea cordata) (Clement, 1989). Significant changes in fruit size, proportion of useable product and ability to be propagated in areca (Areca catechu), coconut (Cocos nucifera) and date (Phoenix dactylifera) palms are attributed to ancient human selection (Clement, 1992). An expanding list of global studies on ancient domestications includes many more food trees (Clement, 2004).

After European colonial contact, Amerindian populations declined in the Amazon, resulting in an erosion of the rich tree crop genetic heritage they had previously established. Residual effects of pre-Columbian forest management remain in Amazonian forests, however, including high density aggregations of useful trees in apparently primary forests (Peters et al., 1989a). These aggregations are often close to ancient anthropogenic soils known as ‘dark earths’, originating from past habitation and field management (Clement and Junqueira, 2010; similar soils are also observed in Asian forests, e.g. Sheil et al., 2012). Brazil nut (Bertholletia excelsa) provides the most famous example, with the trees being found in dense stands (5 to 20 trees per ha) in proximity to dark earths and to other areas of pre-Columbian landscape transformation throughout eastern and central Amazonia, but not uniformly in western Amazonia (Shepard and Ramirez, 2011). Levels of aggregation and genetic analyses suggest Brazil nut was distributed across Amazonia within the last few thousand years (Clement et al., 2010). The ancient human dissemination of germplasm of numerous Amazonian trees appears to have taken place both within the region and to locations outside it (Lentz, 2000).

New insights into ancient cultivation and domestication that help guide future management come from molecular marker analyses of patterns of genetic variation in fruit and nut trees (Jamnadass et al., 2009). A review of such studies, as well as studies on other Amazonian crops, suggests that while the periphery of the Amazon Basin has had an important role in origins, centres of genetic diversity are generally located through the centre of the basin, along the major whitewater rivers where large pre-Colombian human populations developed (Clement et al., 2010). Taking this difference between the periphery and the centre into account is important in conservation programmes in the region. Molecular marker studies that compare and contrast tree stands in agricultural landscapes with those in forests can be particularly helpful in determining past human impacts and in providing recommendations for future conservation and use (Box 2).

2.4. NTFP harvesting and forest conservation

Further commercializing wild NTFP harvesting has been widely promoted by governments to support livelihoods and as an approach to support forest conservation. This is based on the theory that an increase in resource value provides an incentive to local harvesters to manage the particular resource and the associated surrounding forest more sustainably. Experience shows, however, that the contributions of NTFP commercialization to sustainable harvesting and biodiversity conservation in a forest setting are generally questionable (Newton, 2008; Sunderland et al., 2011). In fact, higher livelihood outcomes are generally associated with lower environmental outcomes that include the over-exploitation of natural NTFP stands (Homma, 1996; Schippmann et al., 2002). Normally, therefore, increased trade will not reconcile development needs and forest conservation goals (Kusters et al., 2006). A focus on NTFP commercialization primarily for forest conservation objectives is unlikely to be successful. It is better to focus on livelihood benefits while trying to minimize conservation concerns (Belcher and Schreckenberg, 2007).
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A pertinent example that has received wide attention is harvesting fruit from the wild argan tree (Argania spinosa), which is endemic to Morocco. Argan oil, extracted from the kernels of the fruit, is one of the most expensive edible oils in the world, sometimes selling for more than USD 300 per litre. Development agencies have aggressively promoted the win-win aim of simultaneously benefiting rural people and the health of the argan forest though further commercialization. However, while a booming market in argan oil has certainly contributed to the local economy and has led to better educational outcomes for school children, especially for girls, commercialization has also clearly contributed to forest degradation (Lybbert et al., 2011). One widely-quoted approach to alleviate pressure on natural NTFP stands in such situations is to promote cultivation as an alternative product source. As related below, however, the available evidence indicates that planting will not necessarily prevent wild stands from being over exploited (and may indeed have the opposite effect; Dawson et al., 2013).

In most cases of tree NTFP extraction, the links between the sustainability of harvesting and the population genetics of the tree have not yet been considered to any great extent, despite the importance of factors such as the method of collection, the type of breeding system and the level of between-individual connectivity in stands for supporting regeneration of the resource. When some consideration has been given (e.g. Alexiades and Shanley, 2005), the quoted impacts of harvesting on production through dysgenic selection, genetic erosion, etc. are mostly suppositions. How harvesting affects genetic diversity, and how this influences productivity in the short-, medium- and long-term, remain important topics for future research.


Chapter 3
The benefits of agroforestry practices

3.1 Farming trees to support livelihoods

Agroforestry – the integration of trees with annual crop cultivation, livestock production and other farm activities (Garrity, 2004) – is practiced by more than 1.2 billion people worldwide (Leakey, 2010). Agroforestry systems range from open parkland assemblages, to dense imitations of tropical rainforests such as home gardens, to planted mixtures of only a few species of trees and crops, with different levels of human management of the various components (www.worldagroforestry.org). Zomer et al. (2014) estimated that more than 900 million people, including many tropical smallholders, live in farm landscapes with more than 10 percent tree cover, where trees provide a variety of important products and services (Figure 1). When grown on farms, tree products are sometimes described as agroforestry tree products (AFTPs) to differentiate them from timber and NTFPs harvested from natural and anthropogenic forests and woodlands (Simons and Leakey, 2004). This distinction is useful because interventions to promote NTFP (and ‘wild’ timber) and AFTP use are clearly often different, although gradations between natural forests, anthropogenic forests and agroforests, etc. mean that sometimes there is no clear boundary between production categories (Byron and Arnold, 1997).

Based on a compilation of information in the Agroforestree Database (AFTD) maintained by the World Agroforestry Centre (ICRAF), an overview of the extensive range of trees that can be involved in supporting local peoples’ livelihoods is given in Table 2. The most frequent function listed in the AFTD was trees for timber production, followed by medicine and then fuel. Most tree species were listed as having multiple uses, illustrating the range and flexibility of products and services that trees provide to support livelihoods and that potentially promote the resilience of production systems. Compilation indicates that both indigenous and exotic trees, in approximately equal proportions (in terms of the species in the AFTD), are important for smallholders. The value of indigenous trees is demonstrated well by the case of participatory tree domestication which is described below, while the value of exotics is seen clearly in the case of commercial wood production (Box 3), and in the cases of fodder provision and tree commodity crops (both explained further in the text below).
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As with harvesting tree products from natural forests and woodlands, the livelihood value of smallholder agroforestry tree cultivation and management is often poorly quantified. In a review of the value of agroforestry in Africa, however, Place et al. (2011) indicated soil fertility replenishment and fodder provision for farm animals as key examples with large benefits. Significant yield benefits for staple crops have been achieved by planting leguminous, nitrogen-fixing fertilizer trees to improve soil fertility, although the level of yield response varies by soil type and the particular agroforestry technology (Sileshi et al., 2008). As well as increasing average yields, planting fertilizer trees has been shown to stabilize crop production over drought years in southern Africa, and to improve crop rain use efficiency, both important for supporting food security in the context of anthropogenic climate change (Sileshi et al., 2011, 2012). An example of a soil fertility replenishment project in southern Africa is the Agroforestry Food Security Programme (AFSP) in Malawi, which has encouraged farmers to plant indigenous and exotic fertilizer trees. By 2011, the AFSP had reached approximately 180 000 farmers, leading on average (although not always) to improvements in maize yields, to more food secure months per year, and to greater dietary diversity (Figure 2; CIE, 2011). Improved green fertilizer technologies have wide relevance and appropriate approaches are being promoted through the tropics and elsewhere to substitute for or enhance mineral fertilizer application (Ajayi et al., 2011).

In addition to planting trees, supporting their natural regeneration in agricultural land can result in significant yield benefits for staple crops. The case of farmer-managed natural regeneration (FMNR) of faidherbia (Faidherbia albida) and other leguminous trees in dryland agroforests (parklands) in semi-arid and sub-humid Africa is a good example. Faidherbia has an unusual (reverse) phenology in that it flushes in the dry season, providing animal fodder and shade at a crucial period of the year, and sheds leaves in the wet season, providing extra nitrogen to growing crops through leaf litter at the same time as minimizing light competition with crops (Bayala et al., 2011). Encouraged by a policy shift that has awarded tree tenure to farmers, as well as by more favourable weather, since 1985 in Niger FMNR has led to the re-greening of approximately 5 million ha (Sendzimir et al., 2011). Improvements in sorghum and millet yields, and positive relationships with dietary diversity and household income, have been observed (Place and Binam, 2013). Nitrogen fixation illustrates how important it is to understand the interactions between trees and microorganisms. Considerable gains are possible in smallholder production through appropriate inoculation with microorganisms in tree nurseries, and through other related measures, especially in heavily degraded lands and when tree species are introduced to new areas (Box 4).
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In the case of the key example of fodder provision, more than 200 000 East-African small-scale dairy farmers grow trees and shrubs as a supplementary animal feed in response to one initiative (Place et al., 2009). The increase in milk yield achieved by these farmers has allowed them to provide more milk to urban consumers and to raise extra revenue from milk sales that equates to more than USD 100 per cow per year. Networks of small-scale seed dealers have evolved to supply the increased demand for fodder tree seed in the East Africa region; dealers improve their livelihoods through seed sales, and are also often themselves dairy farmers, so they can benefit twice if they also grow tree fodder (Wambugu et al., 2011).

Tree genetic composition has a significant impact on the amount of fodder produced and its feed utility. For example, in calliandra (Calliandra calothyrsus), a tree introduced from Latin America that is widely used for fodder in East Africa, leaf production varies widely among provenances, as does digestibility (Tuwei et al., 2003). During early modern calliandra introductions into East Africa in the 1970s and 1980s, little attention was paid to these attributes, as the tree was brought into the region primarily for wood fuel production. It was only later that the (more important) fodder application was widely recognized. Current widely-used calliandra germplasm in the region is, therefore, not optimal for fodder production; new seed introductions of improved fodder yield and quality would bring significant benefits for East Africa’s dairy farmers (Lillesø et al., 2011). Genetic variation in fodder quality for most native African trees has not been studied, but significant provenance differences in leaf protein and the readily-digestible fraction of organic matter have been found when researched; for example, this is the case for the native African shrub combretum (Combretum aculeatum) (Fernandez-Rivera and Weber, 2000). This observation again illustrates the value of genetic selection when cultivating trees for fodder.

3.2. Agroforestry tree foods

The important role of smallholder cultivation of tree fruits in supporting food and nutritional security and incomes in sub-Saharan Africa was reviewed by Jamnadass et al. (2011). In Kenya, for example, a 2004 survey of more than 900 households found that over 90 percent grew fruits, with at least one-quarter growing banana (Musa spp.), avocado (Persea americana) and mango (Mangifera indica); over two-thirds of households that reported fruit production harvested from at least four fruit species, while over half sold some fruit (Frank Place, unpublished observations). Similarly, in a 2009 survey of more than 1 100 rural households in Malawi, at least half consumed mango and/or papaya (Carica papaya) and one-third consumed oranges (Citrus sinensis), among other fruits, most of which were harvested from their own farm trees (Ajayi et al., 2010).

Despite the presence of fruit in farmers’ diets, average consumption of fruit in sub-Saharan Africa is low, especially in East Africa (Ruel et al., 2005). One reason is that poor households that must buy food to meet basic energy needs focus on staples such as maize and rice that are relatively cheap sources of concentrated carbohydrate. As incomes increase, however, expenditure analysis shows that households purchase more fruits (Ruel et al., 2005). As incomes grow in sub-Saharan Africa due to economic development, domestic markets for fruit should, therefore, grow by about 5 percent per year over the next ten or so years, taking into account human population increases and urbanization (Jamnadass et al., 2011). The potential for farmers to boost their incomes by meeting this increased demand by consumers for fruit is high, but it requires more efficient production and delivery to consumers than currently occurs. Women farmers in particular could further benefit, since harvesting and processing fruit are often seen as activities that fit within their domains of activity. As fruit production becomes more commercially profitable, however, businesses may be co-opted by men, so specific interventions may be required to maintain the involvement of women (Jamnadass et al., 2011). Any extra incomes women receive are more likely to be used to purchase other foods for household consumption than are incomes received by men, thus better supporting children’s food and nutritional security.

Another opportunity to influence child nutrition in sub-Saharan Africa is through home-grown school feeding programmes that link schools with local agricultural producers of fruit, vegetables, etc. to promote diverse, nutritionally-balanced diets (WFP, 2009). Developing producer groups that can supply the rapidly-expanding supermarket sector in the region can support farmers and consumers, allowing farmers to better negotiate with retailers and meet supermarkets’ quantity requirements and quality standards (Neven and Reardon, 2004).

Special potential for cultivating fruit trees in tropical nations lies in the great biological diversity within (see below) and between indigenous species that are found growing in forests and that have to date been under-researched and under-valued by the scientific community, by governments (Jamnadass et al., 2011) and (sometimes) by local people themselves (see the case above of Termote et al., 2012). In the past, decisions on which tree species farmers should be encouraged to plant were based on researchers’ and extensionists’ own opinions of what was important. Now, systematic procedures for species priority-setting consider the views of local communities, market intermediaries, consumers and policy makers (Maghembe et al., 1998; Faye et al., 2011). These procedures consider the different interests of male and female producers and consumers, since gender is a key factor in determining which tree species, cultivars and products are deemed valuable (Assogbadjo et al., 2008). Another way to set priorities for cultivating food trees is to consider the nutritional gaps present in communities and then devise portfolios of locally-available food tree species that can counter these deficits. Portfolios are designed to provide important nutrients throughout the year based on the nutritional profiles and harvest times of the constituent tree components (as illustrated in Figure 3 and Table 3; Jamnadass et al., 2011).
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Some examples of food tree species determined by systematic priority-setting to be important to promote in sub-Saharan Africa are listed in the Appendix; similar lists can be described for other tree functions and for other locations. As preferences sometimes change with time, priorities must be revisited periodically (every decade or so: Clement et al., 2004). Anthropogenic climate change is another important consideration in determining what trees should be planted where (Dawson et al., 2011; Alfaro et al., 2014). Current and future potential vegetation maps plotted under different climate scenarios help to make planting decisions by showing where particular tree species may be able to grow well both now and in the future (van Breugel et al., 2011).

3.3. Choosing what trees to plant from available genetic variation

Consciously or unconsciously, human societies have selected for advantageous genetic variation in a range of trees over millennia (see above; Clement, 1992, 2004). Choosing not only the right tree species to cultivate, but also the right genetic material, is important because genetic variation in production traits can be high within and between wild and semi-wild populations (White et al., 2007). The appropriate selection and capture for cultivation of suitable genotypes from this existing diversity can provide large genetic gains that might otherwise be achieved only through costly and time-consuming breeding from a smaller gene pool of variation.

The limited evidence collected from a range of African tree fruits of importance to rural communities illustrates the high level of variation in yield, fruit size, shape and composition that can still be found in natural and semi-natural populations (Jamnadass et al., 2011). For example, a more than four-fold difference in average seed yield per fruit was observed between trees within wild populations of one species of the edible oil-producing genus allanblackia (Allanblackia spp.) in Cameroon (Figure 4; Jamnadass et al., 2010). In semi-domesticated safou (Dacryodes edulis) in the same country, locally selecting the best types could result in a five-fold or more increase in the economic value of the fruit compared to currently widely planted types (Waruhiu et al., 2004). Similarly, greater than two-fold variation between trees in the vitamin C content of fruit pulp was found in wild East African stands of marula (Sclerocarya birrea) (Thiongo and Jaenicke, 2000). These observations suggest that the targeted collection of superior trees from wild and semi-wild populations could vastly improve productivity. However, the extent of the genetic gain that can be achieved has to be confirmed in field trials that control for the environmental variation found within and between natural tree stands (Akinnifesi et al., 2008; Kalinganire et al., 2008).

Cloning fruit trees can capture gains in multiple traits simultaneously, accelerate production, and provide the uniformity in product required by some markets (Leakey, 2004). Different combinations of fruit traits can be captured in clones depending on end purpose (e.g. large fleshy fruit combined with small kernels for clones to supply the fresh food market, low fruit flesh and large kernels when oil is to be extracted from kernels for the oil market; Leakey and Page, 2006). To avoid the manifestation of incompatibility mechanisms that prevent the fertilization of genetically identical or highly-related trees and that lead to abortion and limited fruit set, clonal planting may require using a mix of clones rather than single clones (Leakey and Akinnifesi, 2008).

[image: Images]

Significant genetic variation in trees important for smallholders for a range of additional uses beyond fruit production, including for timber (Box 3, Sotelo Montes et al., 2006; Weber and Sotelo Montes, 2008), for fodder (see above) and for medicine (Kadu et al., 2012), has been observed (Ray, 2002; White et al., 2007; Mohan Jain and Priyadarshan, 2009). This genetic diversity is often exploited sub-optimally in small-scale production because growers are unable to gain access to improved germplasm (see more below; Lillesø et al., 2011). This limits yield, quality and profitability.

3.4. The participatory domestication approach

A new way of domesticating trees, referred to in the literature as the participatory domestication approach, was developed in close collaboration between scientists and farmers. The approach involves combining scientific advances in germplasm collection, tree selection, clone propagation, food processing, etc. with local communities’ experiences of the trees. It has been used to bring a range of valuable indigenous fruit and nut trees into cultivation (Leakey et al., 2005, 2007; Tchoundjeu et al., 2006, 2008). Traditional knowledge is used in accordance with local benefit sharing under the Convention on Biological Diversity (Lombard and Leakey, 2010). By supporting the domestication of a range of different trees chosen by farmers who are guided in their choices by markets and other considerations, the approach is able to buffer the production and market risks that could result from focusing on an individual species (Tchoundjeu et al., 2010). An important aspect is the use of simple clonal propagation methods to reduce the time to maturity and provide fruit and nuts more quickly for farmers to consume and sell (Leakey, 2004).

The participatory domestication approach is applied by farmers in their own farms and tree nurseries. Farmers are motivated to participate not by subsidies but by a desire to learn and apply new skills. The strategy is usually focused initially on satisfying the domestic needs of households and then grows by producing planting material for sale to other farmers, and by commercializing tree products. Significant impacts have been achieved when the method has been applied in the humid forest margins of Central Africa, where indigenous fruit and nut trees are highly valued in the local economy (e.g. Ayuk et al., 1999; Awono et al., 2002; Degrande et al., 2006; Schreckenberg et al., 2006), and where natural and semi-natural tree populations containing variable phenotypes are still found in forests and partially cleared forest land close to farms (Box 5; Tchoundjeu et al., 2010). The approach is extended through rural resource centres managed by local communities that: train farmers in how to propagate and manage trees; maintain stock plants for vegetative propagation; link with smaller nurseries to provide germplasm more widely; and provide fruit processing facilities and business training. Centres are also venues for farmers to meet and form associations that allow them to market their products and obtain services more effectively (Asaah et al., 2011).

3.5. Agroforestry practices and tree conservation

Cultivating and managing trees in smallholder agroforestry systems are often seen as means to conserve their inter- and intra-specific diversity. This role of smallholder agroforests in conservation is based on two assumptions: first, that the trees planted and/or retained in agricultural landscapes by farmers are an important reservoir of local biodiversity; and, second, that cultivating trees as an alternative source of product reduces extractive harvesting from neighbouring forests and woodlands (Dawson et al., 2013). Evidence for the importance of agroforests as reservoirs of local biodiversity (termed circa situm conservation) in smallholdings is strong. For example, Garen et al. (2011) identified a total of 99 tree species utilized, planted and/or protected in farmland in Los Santos and Rio Hato, Panama. One-third of these species were valued by farmers for human food and similar proportions for wood and living fences. Similarly, Marjokorpi and Ruokolainen (2003) identified more than 120 tree species in forest gardens in two areas of West Kalimantan, Indonesia; farmers indicated that approximately 30 percent of the species were used for edible fruit and latex and in other non-destructive ways, while around 50 percent were used for timber and were otherwise harvested destructively. Again, Sonwa et al. (2007) identified 206 tree species in cacao agroforestry plots in three sub-regions of Cameroon, where farmers indicated 17 percent of species were used primarily for food, 22 percent for timber and 8 percent for medicine; food-producing trees were observed in higher densities in agroforests close to the urban centre of Yaoundé, indicating the importance of the sale of tree foods to urban populations. While some of the tree species in the examples above were of exotic origin and, therefore, their agroforest stands were not of much or any conservation value, in each of the above cases there were more indigenous than exotic species present (Dawson et al., 2013).
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The positive role that tree species diversity (and intra-specific diversity) has been shown to play sometimes in increasing both overall productivity and resilience in farming systems (SteffanDewenter et al., 2007) supports opportunities for circa situm conservation. Current levels of farmland tree species diversity may not, however, be sustainable. For example, Rolim and Chiarello (2004) and Sambuichi and Haridasan (2007) demonstrated that shade cocoa production systems transition to lower and less valuable (from a conservation perspective) farmland tree species diversity over time. Furthermore, Lengkeek et al. (2005) and Kehlenbeck et al. (2011) indicated that exotic species of limited conservation concern could dominate species-rich agroforests in overall abundance terms. In some circumstances, exotic trees can significantly threaten local biodiversity by invading cultivated and natural ecosystems, and this has to be weighed carefully against the benefits from planting (see, e.g. Richardson et al., 2011 for the case of the useful, but sometimes invasive, Australian acacias; Ewel et al., 1999).

Another concern limiting the long-term conservation value of agroforests is the very low density of many tree species found within them. For example, of the 297 tree species identified in Central Kenyan farms by Lengkeek et al. (2005), more than 40 percent occurred at a density of less than 0.1 mature trees per ha. The presence of these (mostly forest-remnant) trees in the farm landscape is vulnerable to the decision-making processes of individual farmers on whether to cut or retain particular specimens, and their regeneration will be limited if cross-pollination is required but restricted by the absence of neighbours (Lowe et al., 2005).

Domestication processes always result in shifts in distribution and/or losses in genetic diversity in the organism being domesticated (Box 6), but impacts depend on the domestication method adopted, with the participatory approach described above providing a good balance between immediate productivity gains for trees and conserving sufficient genetic variation to support their longer term use (Leakey, 2010). When bringing previously wild tree species into cultivation in farmland, it is essential to increase their yields through selection, since otherwise more productive staple crops will dominate the cropping system. Such an outcome does not support the agrobiodiversity or resilience of farms (Sunderland, 2011). For smallholders’ agroforestry systems to better support circa situm conservation, they must take certain measures such as broadening access to high-quality planting material of indigenous trees and (to support regeneration) encouraging pollen exchange between rare trees (Dawson et al., 2009).

The second proposition above, that cultivating trees provides an alternative source for tree products that then protects natural stands from over-harvesting, has been widely assumed (e.g. Lambert et al., 1997; Lange, 1998; Strandby-Andersen et al., 2008) and at first sight it would appear intuitive. With rare exceptions (e.g. Murniati et al., 2001), however, it is difficult to find evidence for cultivated stands supporting natural stand (in situ) conservation (Newton, 2008). There are several reasons why there may not be a positive link between cultivation and in situ conservation. One is that planting may result in placing less priority on sustainably managing natural stands. Clapp (2001), for example, reported that in Chile the timber plantations developed in the 1960s resulted in foresters viewing natural timber stands merely as ‘stopgap’ supplies that could be over-exploited while plantations were reaching harvest maturity. A second reason is that cultivation might stimulate the development of markets and infrastructure that unintentionally ‘capture’ wild resources (Cossalter and Pye-Smith, 2003; Angelsen and Kaimowitz, 2004). A third reason is that when it leads to a profitable business, planting trees could lead to forests and woodlands being (further) cleared to expand cultivation (see the case of tree commodity crops discussed below).
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Detailed research to establish when and where positive in situ conservation results can be realized through smallholder tree cultivation is required, for example based on the allanblackia tree that is currently undergoing domestication in smallholdings surrounding forests where it grows naturally (Box 7). Market demands for product traceability and sustainability can help promote beneficial links between cultivation and in situ conservation (Strandby-Andersen et al., 2008). Such schemes are growing. Rainforest Alliance, for example, certified only 200 farms as reaching social and environmental standards in 2000; by 2011 the number of certified farms had surpassed 250 000, each on average 4.5 ha in area (Michelle Deugd and Edward Millard, Rainforest Alliance, www.rainforest-alliance.org, personal communications).

3.6. Global environmental services, resilience and local communities’ livelihoods

Trees in forests, woodlands, agroforests and elsewhere provide important environmental services3, including soil, spring, stream and watershed protection, animal and plant biodiversity conservation, and carbon sequestration and storage, all of which can ultimately benefit local communities’ livelihoods (Garrity, 2004). Individual farmers can be encouraged to preserve and reinforce these functions in agroforests by payments for environmental services, but most methods of payment are inefficient (Roshetko et al., 2002, 2008; Jack et al., 2008). Of most importance in determining smallholders’ tree planting and retention behaviour are the direct products and services they receive from trees (Roshetko et al., 2007a). An important advantage of smallholder agroforestry systems is that they can provide wider environmental services while directly supporting production (Leakey, 2001, 2010). Obtaining products from trees by nondestructive harvesting that does not significantly reduce tree growth (e.g. by collecting fruit) provides particular opportunities to fulfil both environmental service functions and production functions.

One example of a market opportunity that has the potential to mitigate global climate change and enhance energy security is smallholders cultivating trees for biofuel (FAO, 2008). However, a major omission, in common with most other schemes for tree environmental service provision, has been the little attention given to the genetic quality of the trees planted. Tree species have frequently been considered as single entities without recognizing the significant genetic variation that could be harnessed for improving livelihoods and for better providing environmental services. A good example is the small tree jatropha (Jatropha curcas), which in the decade at the start of this millennium was heavily promoted in Africa, Asia and elsewhere for biodiesel production (oil extracted from the seed; Achten et al., 2008). Jatropha originated in Latin America. But instead of returning there to obtain germplasm, wide modern planting in mainland Africa relied on seed from sub-optimal stands (from a biodiesel perspective) first introduced into Cabo Verde hundreds of years ago (Lengkeek, 2007).

Iiyama et al. (2013) demonstrated that yields from smallholder plantings of jatropha in Kenya were dismal compared to expectations, which was partly due to the use of inferior germplasm, as well as poor farm management and planting in inappropriate environmental conditions. They concluded that, without genetic improvement, jatropha should not be cultivated by smallholders as a commercial biofuel in Kenya. They determined that significant returns for Kenyan farmers, and a useful contribution to climate change mitigation, would only be possible with the coordinated introduction of more productive planting material that was environmentally matched to local conditions. At the same time, improved farm management methods would need to be disseminated and adopted.

Ecological and social resilience can be increased when the different tree, crop, animal, etc. components of agroforestry systems, and the interactions between these components, respond in different ways to the changes experienced in and by rural communities (Steffan-Dewenter et al., 2007). Placing trees within agricultural production systems is a useful risk reduction strategy in response to anthropogenic climate change and is an important component of a ‘climate-smart’ agriculture (Neufeldt et al., 2012). Agroforestry soil fertility improvement technologies can, for example, stabilize crop yields under drought conditions that will become more prevalent in some regions under anthropogenic climate change (see above). In the Niger, farmers explain that they prefer to have a number of tree species for each tree function (fruit, fodder, wood fuel, etc.) as this insures them against ‘function failure’ by individual species in the driest years (Faye et al., 2011). In western Kenya, subsistence farmers practising agroforestry (to control soil erosion, to improve soil fertility and to provide wood fuel, etc.) identified more coping strategies when they were exposed to climate-related hazards than those farmers who did not (Thorlakson and Neufeldt, 2012).

Kristjanson et al. (2012) explored the relationship between food security and farmer innovation in the context of a range of changing circumstances in Ethiopia, Kenya, Uganda and Tanzania. A strong positive relationship was found between household food security and adopting new farming practices, although it was not possible to determine whether this was because innovative households are more food secure as a result of innovation, or if more food secure households are better placed to subsequently innovate. Many of the 700 households surveyed by the authors were practising agroforestry, but generally they were only planting small numbers of trees, which indicates a need to understand why there had not been wider uptake. Possibly, the relatively long investment period generally required before benefits are received from tree planting is an important factor. Efforts must be made to reduce this period and/or to otherwise finance planting.

A diversity of trees in farmland and neighbouring natural forest fragments, where present, supports populations of pollinator species such as insects and birds that are essential for the production of many crops (Garibaldi et al., 2013). Many fruit trees cultivated widely by smallholders rely on insect pollinators for production (Klein et al., 2007), while diverse farms that provide an alternative habitat for pollinators can support the regeneration of food plants in neighbouring forests (Hagen and Kraemer, 2010). Since many pollinators of crops and trees are ectothermic, they will likely be affected by climate change, and if their phenologies change and range shifts occur, ecosystem functions could be impaired; however, a range of trees, crops and pollinators helps to insure against this risk.


Chapter 4
The benefits of smallholder tree commodity crop production

4.1 Quantifying smallholder production and value

Although market data for tree products important to tropical rural communities is generally sparse, tree commodity crops are something of an exception, with data on the export value of several crops complied by national governments and FAO’s Statistics Division (FAOSTAT). Total global export values for 12 tree commodity crops grown widely in the tropics are given in Figure 5, amounting to more than USD 90 billion in 2010. Approximately 90 percent of this value was made up of only five commodities: palm oil (derived from oil palm, Elaeis guineensis), coffee (primarily from Coffea arabica, values for green coffee only are shown), rubber (from Hevea brasiliensis), cocoa (beans, from cacao, Theobroma cacao) and tea (primarily from Camellia sinensis). These five commodities are produced across the tropics, with Indonesia and Malaysia reported as the most important nations for palm oil, Brazil for coffee, Thailand and Indonesia for rubber, Côte d’Ivoire for cocoa and China for tea (Figure 6; UNCTAD, 2011). Indonesian figures for 2011 (Table 4) illustrate how each of these five tree commodities is grown to a significant extent by smallholders. Using national producer price data available for Indonesia in FAOSTAT databases and based on estimated production volumes, the total 2011 farm-gate value for Indonesian smallholders of palm oil, cocoa and coffee production were more than USD 2 billion, 1.5 billion and 1 billion, respectively.4
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Unfortunately, many countries do not differentiate between smallholders and larger scale plantation growers in the way that Indonesia does when they report tree commodity crop production. Illustrative data on particular crops, however, demonstrate the importance of small-scale production. For example, approximately 30 percent of land planted with oil palm in Malaysia is believed to be managed by smallholders (Basiron, 2007). Ethiopia has approximately 700 000 smallholder coffee growers and Kenya has around 400 000 (Place et al., 2011), while smallholders produce more than two-thirds of coffee worldwide (www.ico.org). The equivalent figure for cocoa is 90 percent and there are estimated to be six million cocoa farmers in the tropics (www.icco.org). Natural rubber has seen a trend toward smallholder production as large estates have switched to less labour-intensive crops such as oil palm; some estimates suggest that more than three-quarters of rubber production worldwide between 1998 and 2003 came from holdings of less than 40 ha, with most from smallholdings of 2 to 3 ha (http://unctadstat.unctad.org/). Again, around 75 percent of tea grown in Sri Lanka and 50 percent grown in Kenya is reported as coming from smallholdings (http://unctadstat.unctad.org/).
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As production of the above tree commodity crops constitutes the most significant proportion of farm takings for tens of millions of tropical smallholders, investments in genetic improvement and better farm management of these crops have wide benefits (Mohan Jain and Priyadarshan, 2009). The successful promotion of higher-yielding rubber clones and better managing plants to reduce input costs and retain some biodiversity in rubber agroforests have led to greater profits for many Indonesian smallholders (Wulan et al., 2006; Roshetko et al., 2007b). The rising price of cocoa in world markets has led to increased interest in upgrading smallholders’ cocoa production methods in Indonesia, Côte d’Ivoire and elsewhere, through private-public partnerships involving the chocolate industry. Interventions have included delivering higher-yielding varieties to replace or rehabilitate (through grafting) farmers’ old cacao trees, improving farm management methods, and enhancing market access through group sales and certification (www.worldcocoafoundation.org).

4.2. Tree commodity crops and the international transfer of genetic resources

Tree commodity crops illustrate the importance of the international exchange of tree genetic resources to support smallholders’ livelihoods (Koskela et al., 2014). Figure 6 indicates that palm oil is produced commercially primarily outside the centre of origin of the palm, which is West Africa, as also are coffee, rubber and cocoa compared to the plants’ origins (originally from East Africa, Brazilian Amazonia and western Amazonia, respectively). Most tea is produced in the region where the plant originated (Asia), although it is also an important cultivated commodity in places far from its origin (e.g. in Africa). The history of human transfer of oil palm, coffee, rubber and cacao germplasm is described in Box 8. Transfers initially occurred in large part during European colonial expansion in attempts to find new agricultural enterprises suitable for the colonies. Successful early cultivation in exotic locations was due in part to escape from pests and diseases that co-evolved with crops where they originated (Clement, 2004). However, founder material was often sub-optimal in performance because the crops were not well characterized when transfers were first made, sometimes hundreds of years ago (Mohan Jain and Priyadarshan, 2009).
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With most production taking place outside the regions where the crops originated, tree commodity crops are similar to many annual staple crops where production has been widely dispersed (Harlan, 1975). However, tree commodity crops have generally been subject to fewer rounds of formal breeding than these highly manipulated annuals (Mohan Jain and Priyadarshan, 2009). Extant highly genetically variable landrace, semi-wild and wild resources of tree commodities (e.g. see Bekele et al., 2006 and Lachenaud and Oliver, 2005 for cacao; Montagnon and Pierre Bouharmont, 1996 for coffee; Cochard et al., 2009 for oil palm; Priyadarshan and Goncalves, 2003 for rubber) might, therefore, play a more important role in future crop development than is the case for annuals (Mohan Jain and Priyadarshan, 2009). Conserving these gene pools is, therefore, essential.

Coffee is an example of a tree commodity crop whose genetic resources are severely threatened. Due to the conversion of forest to agricultural land, there remains only around 2 000 km2 of high quality Ethiopian montane forest containing the wild coffee progenitors of modern coffee varieties. The introduction of cultivated coffee germplasm that may hybridize with and genetically dilute wild stock is also threatening wild populations of Ethiopian coffee (Labouisse et al., 2008; Aerts et al., 2013). Threats to Ethiopian wild coffee are also presented by anthropogenic climate change: ecological niche modelling suggests a further loss of the wild coffee habitat in Ethiopia and a resultant high risk of natural stand extinctions by 2080 (Davis et al., 2012). Wild coffee seeds can’t be stored long-term because the seed is recalcitrant, so conserving natural stands remains particularly important. The cryopreservation of seed and ex situ field gene banks are also possible conservation measures (Engelmann et al., 2007).

Placing an ‘option value’ on the genetic resources of wild coffee, cacao and rubber is not easy. There are many unknowns when carrying out valuation, such as how genetic variation is structured within wild populations, and what the future needs will be for accessing wild resources for particular breeding purposes. Breeding needs will depend on, among other factors, new disease outbreaks that are hard to forecast, the extent of local temperature and precipitation alterations caused by anthropogenic climate change (which may or may not be considerable, depending upon the success of current climate change mitigation actions) and changing consumer preferences. As described in Box 9, however, valuation has been attempted for wild coffee. The exercise provided a strong case for the need of the coffee industry to introduce additional measures to protect Ethiopian wild coffee stands (Hein and Gatzweiler, 2006). But, although the case for action is strong, how can and should coffee growers in countries such as Brazil and Indonesia, which produce more coffee than Ethiopia, support conserving wild coffee stands in East Africa? The dilemma for conservation presented by the geographic separation of origin and production centres applies to many other tree species in addition to tree commodity crops.
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4.3. Tree commodity crops, displacement and biodiversity loss

Although tree commodity crops provide smallholders with important revenues, this does not mean that they always play a positive role in supporting wider livelihoods; for example, their role in food and nutritional security is frequently questioned (FAO, 2012). The reasons for this questioning are manifold: one reason is that planting commodity crops often results in clearing natural forests that contain edible plants that are important foods to the very poorest people in rural communities who have no farmland. Another danger is that commodities are produced in monocultures that displace a range of foods from farmlands. Indigenous tree fruits may be one group of foods lost from farm landscapes in a trend to commodity monoculture, especially if these trees are only present anyway at low densities in farms (making them vulnerable to displacement and to productivity drops due to a lack of pollination, see above; Lengkeek et al., 2005). Widening oil palm cultivation is an example where a commodity crop causes both the loss of forest and of agrobiodiversity (Donald, 2004; Danielsen et al., 2009). Rubber agroforestry systems are compatible with habitat and biodiversity conservation (Wibawa et al., 2005; Beukema et al., 2007; Roshetko et al., 2007b), but they are, unfortunately, often a transient land use under pressure for conversion to less diverse agricultural systems (Ekadinata and Vincent, 2011).

It has sometimes been suggested that intensive monocultures are on balance better than mixed production systems because they raise yields and hence reduce the amount of farmland needed for production, thus limiting the need to clear natural habitats for more agriculture. The issues are clearly complex and need to be understood in the context of trends in global and local food systems, including raising livestock and aquaculture as well as annual and perennial crop-based production (Khoury et al., 2014). There are, however, few quantitative data that support the view that ‘land sparing’ is more effective than ‘land sharing’ as a conservation approach (Balmford et al., 2012; Tscharntke et al., 2012). Buying food from the income received from a single commodity crop rather than cultivating food directly can also lead to food insecurity for farm households when commodity receipts are one-off, delayed and/or unpredictable in value, as observed for cocoa production in West Africa (Edward Millard, personal communication). Mixed agroforestry regimes integrating commodities into diverse production systems with food trees, staple crops, vegetables and/or edible fungi, etc. that increase or at least do not decrease commodity yields and profitability (Clough et al., 2011), and promote resilience, can help to avoid these negative effects.


Chapter 5
Final considerations and recommendations

To improve rural peoples’ lives through NTFP harvesting it is necessary to better understand how to manage the resource and how to ensure equitable relationships between the different participants in supply chains to consumers (Marshall et al., 2006). Interventions to benefit local communities include: technical support in harvesting and processing; business support for establishing social enterprises; providing market data; and advocating policies that support diversified livelihood strategies. Specialized market niches for products and processes (organic, eco-labelled, fair-traded, etc.) can capture different consumer preferences, can help protect against market substitution and can contribute to social equity. However, the costs of certification can place trade beyond the reach of many small producers and traders. The ecological implications and genetic aspects of NTFP harvesting, with regard to productivity, sustainability, etc., have received limited attention and require further research (Ticktin, 2004).

To improve rural communities’ returns from tree products, value chain analysis is one important approach. This characterizes the processes by which products are brought from production to consumption (Kaplinsky and Morris, 2002; Jensen, 2009). Through understanding how value is created and identifying constraints and opportunities to participation, value chain analysis can be used to help integrate rural communities into tree product markets (e.g. Facheux et al., 2007; Wambugu et al., 2011). A common mistake to be avoided is to begin by producing more of a tree commodity or product with the idea that a market will emerge on its own to absorb it; this often leads to surpluses that act as disincentives to investment. Another mistake is to focus on single commodities, as markets are changeable; diversification is needed to help ensure stable revenues (Russell and Franzel, 2004).

Human-driven climate change and forest displacement by agriculture (FAO, 2010; Peres et al., 2010) mean that the tree products and services will in future increasingly be sourced from farms. With increased smallholder tree planting being encouraged to support livelihoods and conservation, it is necessary to better understand the consequences of cultivation and market development for alleviating poverty, malnutrition and hunger (Leakey, 2010), and for the conservation status of over-exploited forest resources (Dawson et al., 2013). Although a shift from forest harvesting to farm cultivation of NTFPs and timber can have desirable outcomes for smallholders, it can disadvantage the poorest in communities who do not have land for planting and, therefore, can only collect products from the wild (Page, 2003). Such effects need to be better understood.

Key constraints to be addressed to improve tropical smallholders’ livelihoods from tree planting are described in Box 10. Improvements are required in policies, in markets, and in developing and delivering appropriate high-quality planting material and farm management methods. As women tend to be involved in NTFP- and AFTP-based activities when there is less money at stake, producer associations for women need to be formed and strengthened (Shackleton et al., 2011b) to improve their situation. It is also important to improve women’s access to information by training more women extension staff and holding separate meetings for women farmers, although care must be taken in such interventions to ensure men do not become resistant to the involvement of women (Kiptot and Franzel, 2012).
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Tree commodity crops play an important role in supporting rural livelihoods, but a better understanding is required of the complicating factors in converting land to monoculture production systems, and of the impacts that single-source incomes have on food and nutritional security. Commodity varieties that are highly productive in mixed farming systems are needed and breeding efforts should be prioritized accordingly (Mohan Jain and Priyadarshan, 2009). International purchasers of commodities are actively encouraging diverse production systems through standards, certification and other means, but they are only appropriate for some commodities (Millard, 2011).

In summary, we recommend that particular attention be given to the following points to better support rural peoples’ tree-based livelihoods in the future:

• Develop germplasm delivery mechanisms that better support smallholders’ access to a wide range of high-quality tree planting material. This will involve supporting small-scale, local entrepreneurial tree seed, seedling and clone suppliers with business and technical training, and will involve supplying them with appropriate ‘starter’ germplasm. Lessons from the past 40 years demonstrate that national governmental agencies and non-governmental organizations that have traditionally been involved in tree germplasm delivery need to reorient their roles; instead of trying to take on the job of delivery directly, they should support local entrepreneurial suppliers to do so (Graudal and Lillesø, 2007).

• Increase research capacity to promote domesticating new tree crops in smallholders’ farms. This requires understanding what approaches to date for tree domestication have been most effective in improving incomes, food and nutritional security, health, etc. for smallholders, based on a more extensive quantification of impacts of past and present initiatives. The utility of the participatory domestication approach outside Central Africa, where it has to date been practiced most widely, should be evaluated carefully. Scaling up this approach could be the start of a second wave of plant domestications targeted to low- and middle-income tropical nations (Leakey, 2012a, b). Greater research capacity is also required to understand how to promote the resilience of agroforestry production systems in the face of climate change.

• Undertake value chain analysis and supply chain development, including of post-harvest processing, storage and packaging methods, with particular emphasis on domestic markets for tree products, considering especially rapidly growing urban markets. This will involve developing producer-trader-processor links that expand farmer opportunities, promote transparency and reduce inefficiency.

• To better quantify the current importance of NTFPs and AFTPs for local communities, national statistical services should seek, with the assistance of FAO, to partition but cross-standardize the collection of data from on-farm and in-forest, and small-scale and large-scale, product sources. The need for uniform, consistent data collection methods has been a common refrain over the last decades, but implementing such approaches remains a challenge (e.g. compare Byron and Arnold, 1997 with FAO, 2010). The development of a more appropriate typology for estimating the extent and importance of trees-outside-forests will assist future characterization (de Foresta et al., 2013).

• Undertake costings of the option values of wild stands of major tree crops. This is crucial for providing an evidence-based justification for in situ conservation of tree genetic resources. Such valuations will indicate which tree populations and areas of a forest are of most conservation concern. Because the economic value of tree commodity crops is high and since there is a high measure of international interdependence in their production, appropriate mechanisms by which ‘producer’ countries and their growers can properly support maintaining genetic resources in ‘centre of origin’ nations are required.

• Determine the circumstances where commercializing the harvesting of tree products from natural forests and expanding smallholder cultivation can help to conserve tree species and genetic resources, both in the wild and in farmland. This will support more sustainable livelihoods for rural people. Case studies for research on this topic could involve species such as allanblackia (Box 7). The topic is the subject of ongoing research efforts involving CIFOR, Bioversity International and ICRAF (Manuel Guariguata, CIFOR, personal communication).

• Define more effective measures to support and protect the innovations of poor farmers and local communities in low-income countries when, for example, they develop new tree cultivars through local domestications. Strategies are needed for managing the distribution of planting material of new tree crops such as allanblackia that may become the new commodities of the future. In such cases, should germplasm distribution be restricted to the country of origin, to the continent of origin, or be allowed worldwide (as applied in past centuries for cocoa, coffee, oil palm, tea, etc.)? And how will most smallholder producers benefit? Governments require support in making such decisions.


References

Achten, W.M.J., Verchot, L., Franken, Y.J., Mathijs, E., Singh, V.P., Aerts, R. & Muys, B. 2008. Jatropha bio-diesel production and use. Biomass and Bioenergy, 32: 1063–1084.

Aerts, R., Berecha, G., Gijbels, P., Hundera, K., Van Glabeke, S., Vandepitte, K., Muys, B., Roldan-Ruiz, I. & Honnay, O. 2013. Genetic variation and risks of introgression in the wild Coffea arabica gene pool in southwestern Ethiopian montane rainforests. Evolutionary Applications, 6: 243–252.

Ajayi, O.C., Akinnifesi, F.K., Sileshi, G., Mn’gomba, S., Place, F., Nyoka, B.I., Gondwe, F.M.T., Kambauwa, G., Gama, S., Makumba, W. & Chaula, K. 2010. Report of the baseline survey of the Agroforestry Food Security Programme (AFSP) districts of Malawi. Nairobi, World Agroforestry Centre.

Ajayi, O.C., Place, F., Akinnifesi, F.K. & Sileshi, G.W. 2011. Agricultural success from Africa: the case of fertilizer tree systems in southern Africa (Malawi, Tanzania, Mozambique, Zambia and Zimbabwe). International Journal of Agricultural Sustainability, 9: 129–136.

Akinnifesi, F.K., Ajayi, O.C., Sileshi, G., Matakala, P., Kwesiga, F.R., Ham, C., Kadzere, I., Mhango, J., Mng’omba, S.A., Chilanga, T. & Mkonda A. 2008. Creating opportunities for domesticating and commercializing indigenous fruit trees in southern Africa. In F.K. Akinnifesi, R.R.B. Leakey, O.C. Ajayi, G. Sileshi, Z. Tchoundjeu, P. Matakala & F.R. Kwesiga, eds. Indigenous fruit trees in the tropics: domestication, utilization and commercialization, pp. 137–170. Wallingford, UK, CAB International, in association with Nairobi, World Agroforestry Centre.

Alexiades, M.N. & Shanley, P., eds. 2005. Forest products, livelihoods and conservation. Case studies on non-timber forest product systems. Volume 3, Latin America. Bogor, Indonesia, Center for International Forestry Research.

Alfaro, R.I., Fady, B., Vendramin, G.G., Dawson, I.K., Fleming, R.A., Sáenz-Romero, C., Lindig-Cisneros, R.A., Murdock, T., Vinceti, B., Navarro, C.M., Skrøppa, T., Baldinelli, G., El-Kassaby, Y.A. & Loo, J. 2014. The role of forest genetic resources in responding to biotic and abiotic factors in the context of anthropogenic climate change. Forest Ecology and Management, 333: 76–87.

Allen, E.B., Allen, M.E., Egerton-Warburton, L., Corkidi, L. & Gomez-Pompa, A. 2003. Impacts of early- and late-seral mycorrhizae during restoration in seasonal tropical forest, Mexico. Ecological Applications, 13: 1701–1717.

Andrews, M., Hodge, S. & Raven, J.A. 2010. Positive plant microbial interactions. Annals of Applied Biology, 157: 317–320.

Angelsen, A. & Kaimowitz, D. 2004. Is agroforestry likely to reduce deforestation? In G. Schroth, G.A.B. Fonseca, C.A. Harvey, C. Gascon, H.L. Vasconcelos & A.-M.N. Izac, eds. Agroforestry and biodiversity conservation in tropical landscapes, pp. 87–106. Washington, DC, Island Press.

Angelsen, A., Wunder, S., Babigumira, R., Belcher, B., Börner, J. & Smith-Hall, C. 2011. Environmental incomes and rural livelihoods: a global-comparative assessment. Paper presented at the 4th Wye Global Conference, Rio de Janeiro, 9–11 November 2011. Wye City Group on statistics on rural development and agriculture household income. Rio de Janeiro, Brazil, Brazilian Institute of Geography and Statistics, and Rome, FAO.

Arnold, M., Powell, B., Shanley, P. & Sunderland, T.C.H. 2011. Editorial: forests, biodiversity and food security. International Forestry Review, 13: 259–264

Asaah, E.K., Tchoundjeu, Z., Leakey, R.R.B., Takousting, B., Njong, J. & Edang, I. 2011. Trees, agroforestry and multifunctional agriculture in Cameroon. International Journal of Agricultural Sustainability, 9: 110–119.

Assogbadjo, A.E., Glèlè Kakaï, R., Chadare, F.J., Thomson, L., Kyndt, T., Sinsin, B. & Van Damme, P. 2008. Folk classification, perception, and preferences of baobab products in West Africa: consequences for species conservation and improvement. Economic Botany, 62: 74–84.

Awono, A., Ndoye, O., Schreckenberg, K., Tabuna, H., Isseri, F. & Temple, L. 2002. Production and marketing of safou (Dacryodes edulis) in Cameroon and internationally: market development issues. Forests, Trees and Livelihoods, 12: 125–147.

Ayuk, E.T., Duguma, B., Franzel, S., Kengue, J., Mollet, M., Tiki-Manga, T. & Zenkeng, P. 1999. Uses, management and economic potential of Irvingia gabonensis in the humid lowlands of Cameroon. Forest Ecology and Management, 113: 1–9.

Balmford, A., Green, R. & Phalan, B. 2012. What conservationists need to know about farming. Proceedings of the Royal Society B, 279: 2714–2724.

Basiron, Y. 2007. Palm oil production through sustainable plantations. European Journal of Lipid Science and Technology, 109: 289–295.

Bayala, J., Kalinganire, A., Tchoundjeu, Z., Sinclair, F. & Garrity, D. 2011. Conservation agriculture with trees in the West African Sahel – a review. ICRAF Occasional Paper No. 14. Nairobi, World Agroforestry Centre.

Becker, M. & Statz, J. 2003. Marketing of parkland products. In Z. Teklehaimanot, ed. Improvement and management of agroforestry parkland systems in sub-Saharan Africa, pp. 142–151. EU/INCO Project Contact IC18-CT98-0261, Final Report. Bangor, Wales, University of Wales.

Bekele, F.L., Bekele, I., Butler, D.R. & Bidaisee, G.G. 2006. Patterns of morphological variation in a sample of cacao (Theobroma cacao L.) germplasm from the International Cocoa Genebank, Trinidad. Genetic Resources and Crop Evolution, 53: 933–948.

Belcher, B., Michon, G., Angelsen, A., RuizPérez, M. & Asbjornsen, H. 2005a. The socioeconomic conditions determining the development, persistence, and decline of forest garden systems. Economic Botany, 59: 245–253.

Belcher, B., Ruiz-Pérez, M. & Achdiawan, R. 2005b. Global patterns and trends in the use and management of commercial NTFPs: implications for livelihoods and conservation. World Development, 33: 1435–1452.

Belcher, B. & Schreckenberg, K. 2007. Commercialisation of non-timber forest products: a reality check. Development Policy Review, 25: 355–377.

Beukema, H., Danielsen, F., Vincent, G., Hardiwinoto, S. & van Andel, J. 2007. Plant and bird diversity in rubber agroforests in the lowlands of Sumatra, Indonesia. Agroforestry Systems, 70: 217–242.

Bharucha, Z. & Pretty, P. 2010. The roles and values of wild foods in agricultural systems. Philosophical Transactions of the Royal Society B, 365: 2913–2926.

Black, R.E., Allen, L.H., Bhutta, Z.A., Caulfield, L.E., de Onis, M., Ezzati, M., Mathers, C. & Rivera, J. 2008. Maternal and child under-nutrition: global and regional exposures and health consequences. The Lancet, 371: 243–260.

Byron, N. & Arnold, M. 1997. What futures for the people of the tropical forests? CIFOR Working Paper No. 19. Bogor, Indonesia, Center for International Forestry Research.

Cardoso, I.M. & Kuyper, T.W. 2006. Mycorrhizas and tropical soil fertility. Agriculture, Ecosystems and Environment, 116: 72–84.

CIE. 2011. Evaluation of ICRAF’s Agroforestry Food Security Programme (AFSP) 2007– 2011. Final report submitted to IRISH AID. Lilongwe, Center for Independent Evaluations.

Clapp, R.A. 2001. Tree farming and forest conservation in Chile: do replacement forests leave any originals behind? Society and Natural Resources, 14: 341–56.

Clement, C.R. 1989. A center of crop genetic diversity in western Amazonia. BioScience, 39: 624–631.

Clement, C.R. 1992. Domesticated palms. Principes, 36: 70–78.

Clement, C.R. 1999. 1492 and the loss of Amazonian crop genetic resources. I. The relation between domestication and human population decline. Economic Botany, 53: 188–202.

Clement, C.R. 2004. Fruits. In G.T. Prance & M. Nesbitt, eds. The cultural history of plants, pp. 77–95. London, Routledge.

Clement, C.R., de Cristo-Araújo, M., d’Eeckenbrugge, G.C., Pereira, A.A. & Picanço-Rodrigues, D. 2010. Origin and domestication of native Amazonian crops. Diversity, 2: 72–106.

Clement, C.R. & Junqueira, A.B. 2010. Between a pristine myth and an impoverished future. Biotropica, 42: 534–536.

Clement, C.R., Weber, J.C., van Leeuwen, J., Astorga Domian, C., Cole, D.M., Arevalo Lopez, L.M. & Argüello, H. 2004. Why extensive research and development did not promote use of peach palm fruit in Latin America. Agroforestry Systems, 61: 195–206.

Clough, Y., Barkmann, J., Juhrbandt, J., Kessler, M., Wanger, T.C., Anshary, A., Buchori, D., Cicuzza, D., Darras, K., Dwi Putra, D., Erasmi, S., Pitopang, R., Schmidt, C., Schulze, C.H., Seidel, D., SteffanDewenter, I., Stenchly, K., Vidal, S., Weist, M., Wielgoss, A.C. & Tscharntke, T. 2011. Combining high biodiversity with high yields in tropical agroforests. Proceedings of the National Academy of Sciences of the USA, 108: 8311–8316.

Cochard, B., Adon, B., Rekima, S., Billotte, N., Desmier de Chenon, R., Koutou, A., Nouy, B., Omoré, A., Razak Purba, A., Glaszmann, J.-C. & Noyer, J.L. 2009. Geographic and genetic structure of African oil palm diversity suggests new approaches to breeding. Tree Genetics and Genomes, 5: 493–504.

Cornelius, J.P., Clement, C.R., Weber, J.C., Sotelo-Montes, C., van Leeuwen, J., Ugarte-Guerra, L.J., Ricse-Tembladera, A. & Arevalo-Lopez, L. 2006. The trade-off between genetic gain and conservation in a participatory improvement programme: the case of peach palm (Bactris gasipaes Kunth). Forests, Trees and Livelihoods, 16: 17–34.

Cossalter, C. & Pye-Smith, C. 2003. Fast-wood forestry: myths and realities. Bogor, Indonesia, Center for International Forestry Research.

Danielsen, F., Beukema, H., Burgess, N.D., Parish, F., Brühl, C.A., Donald, P.F., Murdiyarso, D., Phalan, B., Reijnders, L., Struebig, M. & Fitzherbert, E.B. 2009. Biofuel plantations on forested lands: double jeopardy for biodiversity and climate. Conservation Biology, 23: 348–358.

Darwin, C. 1859. On the origin of species by means of natural selection, or the preservation of favoured races in the struggle for life. London, John Murray.

Davis, A.P., Gole, T.W., Baena, S. & Moat, J. 2012. The impact of climate change on indigenous arabica coffee (Coffea arabica): predicting future trends and identifying priorities. PLoS ONE, 7: e47981.

Dawson, I.K., Hollingsworth, P.M., Doyle, J.J., Kresovich, S., Weber, J.C., Sotelo Montes, C., Pennington, T.D. & Pennington, R.T. 2008. Origins and genetic conservation of tropical trees in agroforestry systems: a case study from the Peruvian Amazon. Conservation Genetics, 9: 361–372.

Dawson, I.K., Guariguata, M.R., Loo, J., Weber, J.C., Lengkeek, A., Bush, D., Cornelius, J., Guarino, L., Kindt, R., Orwa, C., Russell, J. & Jamnadass, R. 2013. What is the relevance of smallholders’ agroforestry systems for conserving tropical tree species and genetic diversity in circa situm, in situ and ex situ settings? A review. Biodiversity and Conservation, 22: 301–324.

Dawson, I.K., Leakey, R., Clement, C.R., Weber, J.C., Cornelius, J.P., Roshetko, J.M., Vinceti, B., Kalinganire, A., Masters, E. & Jamnadass, R. 2014. The management of tree genetic resources and the livelihoods of rural communities in the tropics: non-timber forest products, smallholder agroforestry practices and tree commodity crops. Forest Ecology and Management, 333: 9–21.

Dawson, I.K., Lengkeek, A., Weber, J.C. & Jamnadass, R. 2009. Managing genetic variation in tropical trees: linking knowledge with action in agroforestry ecosystems for improved conservation and enhanced livelihoods. Biodiversity and Conservation, 18: 969– 986.

Dawson, I.K., Vinceti, B., Weber, J.C., Neufeldt, H., Russell, J., Lengkeek, A.G., Kalinganire, A., Kindt, R., Lillesø, J.-P.B., Roshetko, J. & Jamnadass, R. 2011. Climate change and tree genetic resource management: maintaining and enhancing the productivity and value of smallholder tropical agroforestry landscapes. A review. Agroforestry Systems, 81: 67–78.

de Foresta, H., Somarriba, E., Temu, A., Boulanger, D., Feuilly, H. & Gauthier, M. 2013. Towards the assessment of trees outside forests. Forest Resources Assessment Working Paper No. 183. Rome, FAO (also available at http://www.fao.org/3/aq071e/aq071e00.pdf).

Degrande, A., Schreckenberg, K., Mbosso, C., Anegbeh, P., Okafor, V. & Kanmegne, J. 2006. Farmers’ fruit tree-growing strategies in the humid forest zone of Cameroon and Nigeria. Agroforestry Systems, 67:159–175.

Diédhiou, A.G., Guèye, O., Diabaté, M., Prin, Y., Duponnois, R., Dreyfus, B. & Bâ, A.M. 2005. Contrasting responses to ectomycorrhizal inoculation in seedlings of six tropical African tree species. Mycorrhiza, 16: 11–17.

Donald, P.F. 2004. Biodiversity impacts of some agricultural commodity production systems. Conservation Biology, 18: 17–37.

Ekadinata, A. & Vincent, G. 2011. Rubber agroforests in a changing landscape: analysis of land use/cover trajectories in Bungo District, Indonesia. Forests, Trees and Livelihoods, 20: 3–14.

Engelmann, F., Dulloo, M.E., Astorga, C., Dussert, S. & Anthony, F., eds. 2007. Complementary strategies for ex situ conservation of coffee (Coffea arabica L.) genetic resources. A case study in CATIE, Costa Rica. Topical Reviews in Agricultural Biodiversity. Rome, Bioversity International.

Ewel, J.J., O’Dowd, D.J., Bergelson, J., Daehler, C.C., D’Antonio, C.M., Gómez, L.D., Gordon, D.R., Hobbs, R.J., Holt, A., Hopper, K.R., Hughes, C.E., LaHart, M., Leakey, R.R.B, Lee, W.G., Loope, L.L., Lorence, D.H., Louda, S.M., Lugo, A.E., McEvoy, P.B., Richardson, D.M. & Vitousek, P.M. 1999. Deliberate introductions of species: research needs. BioScience, 49: 619–630.

Facheux, C., Tchoundjeu, Z., Foundjem-Tita, D., Degrande, A. & Mbosso, C. 2007. Optimizing the production and marketing of NTFPs. African Crop Science Conference Proceedings, 8: 1249–1254.

FAO. 2008. The state of food and agriculture. Biofuels: prospects, risks and opportunities. Rome, FAO (also available at http://www.fao.org/3/i0100e/i0100e.pdf).

FAO. 2010. Global forest resources assessment 2010. FAO Forestry Paper No. 163. Rome, FAO (also available at http://www.fao.org/3/i1757e/i1757e.pdf).

FAO. 2012. Making agriculture work for nutrition: synthesis of guiding principles. Rome, FAO (also available at http://www.fao.org/3/aq554e/aq554e.pdf).

FAO. 2014a. The State of the World’s Forest Genetic Resources. Commission on Genetic Resources for Food and Agriculture. Rome. FAO. (also available at http://www.fao.org/3/ai3825e.pdf).

FAO. 2014b. Global Plan of Action for the Conservation, Sustainable Use and Management of Forest Genetic Resources. Rome. FAO. (also available at http://www.fao.org/3/a-i3849e.pdf).

Faye, A., Sarr, A. & Lesueur, D. 2006. Effect of inoculation with rhizobia on the gum-arabic production of 10-year-old Acacia senegal trees. Arid Land Research and Management, 20: 79–85.

Faye, M.D., Weber, J.C., Abasse, T.A., Boureima, M., Larwanou, M., Bationo, A.B., Diallo, B.O., Sigué, H., Dakouo, J.-M., Samaké, O. & Sonogo Diaité, D. 2011. Farmers’ preferences for tree functions and species in the West African Sahel. Forests, Trees and Livelihoods, 20: 113–136.

Fernandez-Rivera, S. & Weber, J.C. 2000. Genetic variation in fodder quality traits of Combretum aculeatum foliage. In G. Gintzburger, M. Bounejmate, C. Agola & K. Mossi, eds. Production and utilization of multi-purpose fodder shrubs and trees in West Asia, North Africa and the Sahel, pp. 42–46. Aleppo, Syria, International Center for Agricultural Research in the Dry Areas, and Nairobi, International Livestock Research Institute.

Fisher, H. & Gordon, J. 2007. Improved Australian tree species for Vietnam. ACIAR Impact Assessment Series Report No. 47. Canberra, Australian Centre for International Agricultural Research.

Garen, E.J., Saltonstall, K., Ashton, M.S., Slusser, J.L., Mathias, S. & Hall, J.S. 2011. The tree planting and protecting culture of cattle ranchers and small-scale agriculturalists in rural Panama: opportunities for reforestation and land restoration. Forest Ecology and Management, 261: 1684–1695.

Garibaldi, L.A., Steffan-Dewenter, I., Winfree, R., Aizen, M.A., Bommarco, R., Cunningham, S.A., Kremen, C., Carvalheiro, L.G., Harder, L.D., Afik, O., Bartomeus, I., Benjamin, F., Boreux, V., Cariveau, D., Chacoff, N.P., Dudenhöffer, J.H., Freitas, B.M., Ghazoul, J., Greenleaf, S., Hipólito, J., Holzschuh, A., Howlett, B., Isaacs, R., Javorek, S.K., Kennedy, C.M., Krewenka, K., Krishnan, S., Mandelik, Y., Mayfield, M., Motzke, I., Munyuli, T., Nault, B.A., Otieno, M., Petersen, J., Pisanty, G., Potts, S.G., Rader, R., Ricketts, T.H., Rundlöf, M., Seymour, C.L., Schüepp, C., Szentgyörgyi, H., Taki, H., Tscharntke, T., Vergara, C.H., Viana, B.F., Wanger, T.C., Westphal, C., Williams, N. & Klein, A.M. 2013. Wild pollinators enhance fruit set of crops regardless of honey bee abundance. Science, 339: 1608–1611.

Garrity, D.P. 2004. Agroforestry and the achievement of the Millennium Development Goals. Agroforestry Systems, 61: 5–17.

Godoy, R., Wilkie, D., Overman, H., Cubas, A., Cubas, G., Demmer, J., McSweeney, K. & Brokaw, N. 2000. Valuation of consumption and sale of forest goods from a Central American rain forest. Nature, 406: 62–63.

Graudal, L. & Lillesø, J.-P.B. 2007. Experiences and future prospects for tree seed supply in agricultural development support – based on lessons learnt in Danida supported programmes, 1965-2005. Copenhagen, Ministry of Foreign Affairs of Denmark.

Griffin, A.R., Midgley, S.J., Bush, D.J., Cunningham, P. & Rinaudo, T. 2011. Global uses of Australian acacias – recent trends and future prospects. Diversity and Distributions, 15: 837–847.

Hagen, M. & Kraemer, M. 2010. Agricultural surroundings support flower-visitor networks in an Afrotropical rain forest. Biological Conservation, 143: 1654–1663.

Harlan, J.R. 1975. Crops and man. Madison, USA, American Society of Agronomy and the Crop Science Society of America.

Hein, L. & Gatzweiler, F. 2006. The economic value of coffee (Coffea arabica) genetic resources. Ecological Economics, 60: 176–185.

Hollingsworth, P.M., Dawson, I.K., GoodallCopestake, W.P., Richardson, J.E., Weber, J.C., Sotelo Montes, C. & Pennington, R.T. 2005. Do farmers reduce genetic diversity when they domesticate tropical trees? A case study from Amazonia. Molecular Ecology, 14: 497–501.

Homma, A.K.O. 1996. Modernisation and technological dualism in the extractive economy in Amazonia. In M. Ruiz-Pérez & J.E.M. Arnold, eds. Current issues in non-timber forest product research, pp. 59–81. Bogor, Indonesia, Center for International Forestry Research.

Iiyama, M., Newman, D., Munster, C., Nyabenge, M., Sileshi, G.W., Moraa, V., Onchieku, J, Mowo, J.G. & Jamnadass, R. 2013. Productivity of Jatropha curcas under smallholder farm conditions in Kenya. Agroforestry Systems, 87: 729-746.

Jack, B.K., Kousky, C. & Sims, K.R.E. 2008. Designing payments for ecosystem services: lessons from previous experience with incentive-based mechanisms. Proceedings of the National Academy of Sciences of the USA, 105: 9465–9470.

Jamnadass, R., Lowe, A. & Dawson, I.K. 2009. Molecular markers and the management of tropical trees: the case of indigenous fruit. Tropical Plant Biology, 2: 1–12.

Jamnadass, R., Dawson, I.K., Anegbeh, P., Asaah, E., Atangana, A., Cordeiro, N., Hendrickx, H., Henneh, S., Kadu, C.A.C., Kattah, C., Misbah, M., Muchugi, A., Munjuga, M., Mwaura, L., Ndangalasi, H.J., Njau, C.S., Nyame, S.K., Ofori, D., Peprah, T., Russell, J., Rutatina, F., Sawe, C., Schmidt, L., Tchoundjeu, Z. & Simons, T. 2010. Allanblackia, a new tree crop in Africa for the global food industry: market development, smallholder cultivation and biodiversity management. Forests, Trees and Livelihoods, 19: 251–268.

Jamnadass, R.H., Dawson, I.K., Franzel, S., Leakey, R.R.B., Mithöfer, D., Akinnifesi, F.K. & Tchoundjeu, Z. 2011. Improving livelihoods and nutrition in sub-Saharan Africa through the promotion of indigenous and exotic fruit production in smallholders’ agroforestry systems: a review. International Forest Review, 13: 338–354.

Jensen, A. 2009. Valuation of non-timber forest products value chains. Forest Policy and Economics, 11: 34–41.

Jensen, A. & Meilby, H. 2008. Does commercialization of a non-timber forest product reduce ecological impact? A case study of the critically endangered Aquilaria crassna in Lao PDR. Oryx, 42: 214–221.

Kadu, C.A.C., Parich, A., Schueler, S., Konrad, H., Muluvi, G.M., Eyog-Matig, O., Muchugi, A., Williams, V.L., Ramamonjisoa, L., Kapinga, C., Foahom, B., Katsvanga, C., Hafashimana, D., Obama, C., Vinceti, B., Schumacher, R. & Geburek, T. 2012. Bioactive constituents in Prunus africana: geographical variation throughout Africa and associations with environmental and genetic parameters. Phytochemistry, 83: 70–78.

Kalinganire, A., Weber, J.C., Uwamariya, A., Kone, B. 2008. Improving rural livelihoods through domestication of indigenous fruit trees in parklands of the Sahel. In F.K. Akinnifesi, R.R.B. Leakey, O.C. Ajayi, G. Sileshi, Z. Tchoundjeu, P. Matakala & F.R. Kwesiga, eds. Indigenous fruit trees in the tropics: domestication, utilization and commercialization, pp. 186–203. Wallingford, UK, CAB International, in association with Nairobi, World Agroforestry Centre.

Kaplinsky, R. & Morris, M. 2002. A handbook for value chain research. Ottawa, International Development Research Centre.

Kehlenbeck, K., Kindt, R., Sinclair, F.L., Simons, A.J. & Jamnadass, R. 2011. Exotic tree species displace indigenous ones on farms at intermediate altitudes around Mount Kenya. Agroforestry Systems, 83: 133–147.

Khoury, C.K., Bjorkman, A.D., Dempewolf, H., Ramirez-Villegas, J., Guarino, L., Jarvis, A., Rieseburg, L.H. & Struik, P.C. 2014. Increasing homogeneity in global food supplies and the implications for food security. Proceedings of the National Academy of Sciences USA, 111: 4001–4006.

Killmann, W. 2010. Non-wood forest products for livelihoods and sustainable development. In P. Spathelf, ed. Sustainable forest management in a changing world: a European perspective, pp. 83–92. Managing Forest Ecosystems 19. Heidelberg, Germany, Springer.

Kiptot, E. & Franzel, S. 2012. Gender and agroforestry in Africa: a review of women’s participation. Agroforestry Systems, 84: 35–58.

Klein, A.-M., Vaissière, B.E., Cane, J.H., SteffanDewenter, I., Cunningham, S.A., Kremen, C. & Tscharntke, T. 2007. Importance of pollinators in changing landscapes for world crops. Proceedings of the Royal Society of London, Series B, 274: 303–313.

Koskela, J., Vinceti, B., Dvorak, W., Bush, D., Dawson, I.K., Loo, J., Kjaer, E.D., Navarro, C., Padolina, C., Bordács, S., Jamnadass, R., Graudal, L. & Ramamonjisoa, L. 2014. Utilization and transfer of forest genetic resources: a global review. Forest Ecology and Management, 333: 22–34.

Kristjanson, P., Neufeldt, H., Gassner, A., Mango, J., Kyazze, F.B., Desta, S., Sayula, G., Thiede, B., Förch, W., Thornton, P.K. & Coe, R. 2012. Are food insecure smallholder households making changes in their farming practices? Evidence from East Africa. Food Security, 4: 381–397.

Kusters, K., Achdiawan, R., Belcher, B. & RuizPérez, M. 2006. Balancing development and conservation? An assessment of livelihood and environmental outcomes of nontimber forest product trade in Asia, Africa, and Latin America. Ecology and Society, 11(2): 20 (also available online www.ecologyandsociety.org/vol11/iss2/art20/)

Kusters, K. & Belcher, B., eds. 2004. Forest products, livelihoods and conservation. Case studies on non-timber forest product systems. Volume 1, Asia. Bogor, Indonesia, Center for International Forestry Research.

Labouisse, J., Bellachew, B., Kotecha, S. & Bertrand, B. 2008. Current status of coffee (Coffea arabica L.) genetic resources in Ethiopia: implications for conservation. Genetic Resources and Crop Evolution, 55: 1079–1093.

Lachenaud, P. & Oliver, G. 2005. Variability and selection for morphological bean traits in wild cocoa trees (Theobroma cacao L.) from French Guiana. Genetic Resources and Crop Evolution, 52: 225–231.

Lambert, J., Srivastava, J. & Vietmeyer, N. 1997. Medicinal plants: rescuing a global heritage. World Bank Technical Paper No. 355. Washington DC, World Bank.

Lange, D. 1998. Europe’s medicinal and aromatic plants: their use, trade and conservation. Cambridge, UK, TRAFFIC Europe.

Leakey, R.R.B. 1999. Potential for novel food products from agroforestry trees. Food Chemistry, 64: 1–14.

Leakey, R.R.B. 2001. Win: win land use strategies for Africa: 2. Capturing economic and environmental benefits with multistrata agroforests, International Forestry Review, 3: 11–18.

Leakey, R.R.B. 2004. Physiology of vegetative reproduction. In J. Burley, J. Evans & J.A. Youngquist, eds. Encyclopaedia of forest sciences, pp. 1655–1668. London, Academic Press.

Leakey, R.R.B. 2010. Agroforestry: a delivery mechanism for multi-functional agriculture. In L.R. Kellimore, ed. Handbook on agroforestry: management practices and environmental impact, pp. 461–471. Environmental Science, Engineering and Technology Series. Hauppauge, USA, Nova Science Publishers.

Leakey, R.R.B. 2012a. Participatory domestication of indigenous fruit and nut trees: new crops for sustainable agriculture in developing countries. In P. Gepts, T.R. Famula, R.L. Bettinger, S.B. Brush, A.B. Damania, P.E. McGuire & C.O. Qualset, eds. Biodiversity in agriculture: domestication, evolution, and sustainability, pp. 479–501. New York, USA, Cambridge University Press.

Leakey, R.R.B. 2012b. Living with the trees of life – towards the transformation of tropical agriculture. Wallingford, UK, CAB International.

Leakey, R.R.B. & Akinnifesi, F.K. 2008. Towards a domestication strategy for indigenous fruit trees in the tropics. In F.K. Akinnifesi, R.R.L. Leakey, O.C. Ajayi, G. Sileshi, Z. Tchoundjeu, P. Matakala & F.R. Kwesiga, eds. Indigenous fruit trees in the tropics: domestication, utilization and commercialization, pp. 28–49. Wallingford, UK, CAB International, in association with Nairobi, World Agroforestry Centre.

Leakey, R.R.B. & Page, T. 2006. The ‘ideotype concept’ and its application to the selection of ‘AFTP’ cultivars. Forests, Trees and Livelihoods, 16: 5–16.

Leakey, R.R.B., Tchoundjeu, Z., Schreckenberg, K., Shackleton, S.E. & Shackleton, C.M. 2005. Agroforestry tree products (AFTPs): targeting poverty reduction and enhanced livelihoods. International Journal of Agricultural Sustainability, 3: 1–23.

Leakey, R.R.B., Tchoundjeu, Z., Schreckenberg, K., Simons, A.J., Shackleton, S., Mander, M., Wynberg, R., Shackleton, C. & Sullivan, C. 2007. Trees and markets for agroforestry tree products: targeting poverty reduction and enhanced livelihoods. In D. Garrity, A. Okono, M. Parrott & S. Parrott, eds. World agroforestry into the future, pp. 11–22. Nairobi, World Agroforestry Centre.

Lengkeek, A.G. 2007. The agroforestry strategy of Mali Biocarburant SA. The international FACT jatropha expert seminar: Jatropha curcas, agronomy and genetics. Wageningen, The Netherlands.

Lengkeek, A.G., Kindt, R., van der Maesen, L.J.G., Simons, A.J. & van Oijen, D.C.C. 2005. Tree density and germplasm source in agroforestry ecosystems in Meru, Mount Kenya. Genetic Resources and Crop Evolution, 52: 709–721.

Lentz, D.L. 2000. Anthropocentric food webs in the Precolumbian Americas. In D.L. Lentz, ed. Imperfect balance: landscape transformations in the pre-Columbian Americas, pp. 89–119. Historical Ecology Series. New York, USA, Columbia University Press.

Lesueur, D., Ingleby, K., Odee, D., Chamberlain, J., Wilson, J., Manga, T.T., Sarrailh, J.M. & Pottinger, A. 2001. Improvement of forage production in Calliandra calothyrsus: methodology for the identification of an effective inoculum containing Rhizobium strains and arbuscular mycorrhizal isolates. Journal of Biotechnology, 91: 269–282.

Levis, C., de Souza, P.F., Schietti, J., Emilio, T., da Veiga Pinto, J.L.P., Clement, C.R. & Costa, F.R.C. 2012. Historical human footprint on modern tree species composition in the Purus-Madeira interfluve. PLoS ONE, 7: e48559.

Lillesø, J.-P.B., Graudal, L., Moestrup, S., Kjær, E.D., Kindt, R., Mbora, A., Dawson, I., Muriuki, J., Ræbild, A. & Jamnadass, R. 2011. Innovation in input supply systems in smallholder agroforestry: seed sources, supply chains and support systems. Agroforestry Systems, 83: 347–359.

Lobovikov, M., Paudel, S., Piazza, M., Ren, H. & Wu, J. 2007. World bamboo resources. A thematic study prepared in the framework of the Global Forest Resources Assessment 2005. Rome, FAO (also available at http://www.fao.org/3/a1243e/a1243e00.pdf).

Lombard, C. & Leakey, R.R.B. 2010. Protecting the rights of farmers and communities while securing long term market access for producers of non-timber forest products: experience in southern Africa. Forests, Trees and Livelihoods, 19: 235–249.

Loo, J., Souvannavong, O. & Dawson, I. K. 2014. Seeing the trees as well as the forest: The importance of managing forest genetic resources. Forest Ecology and Management, 333: 1–8.

Louette, D. 2000. Traditional management of seed and genetic diversity: what is a landrace? In S.B. Brush, ed. Genes in the field: on-farm conservation of crop diversity, pp. 109–142. Rome, International Plant Genetic Resources Institute, Ottawa, International Development Research Centre, and Boca Raton, USA, Lewis Publishers.

Lovett, P. 2004. The shea butter value chain: production, transformation and marketing in West Africa. WATH Technical Report No. 2. Washington DC, United States Agency for International Development.

Lowe, A.J., Boshier, D., Ward, M., Bacles, C.F.E. & Navarro, C. 2005. Genetic resource impacts of habitat loss and degradation; reconciling empirical evidence and predicted theory for neotropical trees. Heredity, 95: 255–273.

Lybbert, T.J., Aboudrare, A., Chaloud, D., Magnan, N. & Nash, M. 2011. Booming markets for Moroccan argan oil appear to benefit some rural households while threatening the endemic argan forest. Proceedings of the National Academy of Sciences of the United States of America, 108: 13963–13968.

Maghembe, J.A., Simons, A.J., Kwesiga, F. & Rarieya, M., eds. 1998. Selecting indigenous fruit trees for domestication in southern Africa: priority setting with farmers in Malawi, Tanzania, Zambia and Zimbabwe. Nairobi, World Agroforestry Centre.

Maranz, S. & Wiesman, Z. 2003. Evidence for indigenous selection and distribution of the shea tree, Vitellaria paradoxa, and its potential significance to prevailing parkland savanna tree patterns in sub-Saharan Africa north of the equator. Journal of Biogeography, 30: 1505–1516.

Marjokorpi, A. & Ruokolainen, K. 2003. The role of traditional forest gardens in the conservation of tree species in West Kalimantan, Indonesia. Biodiversity and Conservation, 12: 799–822.

Marshall, D., Schreckenberg, K. & Newton, A.C., eds. 2006. Commercialization of non-timber forest products: factors influencing success. Lessons learned from Mexico and Bolivia and policy implications for decision-makers. Cambridge, UK, UNEP World Conservation Monitoring Centre.

Masters, E. & Addaquay, J. 2011. Market study on prospects for shea products of Ghana origin. CHF-SNV shea market assessment. Ottawa, CHF.

Michon, G. 2005. Domesticating forests: How farmers manage forest resources. Paris, Institut de Recherche pour le Développement, Bogor, Indonesia, Center for International Forestry Research, and Nairobi, World Agroforestry Centre.

Millard, E. 2011. Incorporating agroforestry approaches into commodity value chains. Environmental Management, 48: 365–377.

Mohan Jain, S. & Priyadarshan, P.M., eds. 2009. Breeding plantation tree crops. Tropical species. New York, USA, Springer Science+Business Media.

Montagnon, C. & Bouharmont, P. 1996. Multivariate analysis of phenotypic diversity of Coffea arabica. Genetic Resources and Crop Evolution, 43: 221–227.

Murniati, Garrity, D.P. & Gintings, A.N. 2001. The contribution of agroforestry systems to reducing farmers’ dependence on the resources of adjacent national parks: a case study from Sumatra, Indonesia. Agroforestry Systems, 52: 171–184.

Neufeldt, H., Dawson, I.K., Luedeling, E., Ajayi, O.C., Beedy, T., Gebrekirstos, A., Jamnadass, R.H., König, K., Sileshi, G.W., Simelton, E., Sotelo Montes, C. & Weber, J.C. 2012. Climate change vulnerability of agroforestry. ICRAF Working Paper No. 143. Nairobi, World Agroforestry Centre.

Neven, D. & Reardon T. 2004. The rise of Kenyan supermarkets and the evolution of their horticulture product procurement systems. Development Policy Review, 22: 669–699.

Newton, A.C. 2008. Conservation of tree species through sustainable use: how can it be achieved in practice? Oryx, 42: 195–205.

Page, B. 2003. The political ecology of Prunus africana in Cameroon. Area, 35: 357–370.

Peres, C.A., Gardner, T.A., Barlow, J., Zuanon, J., Michalski, F., Lees, A.C., Vieira, I.C.G., Moreira, F.M.S. & Feeley, K.J. 2010. Biodiversity conservation in human-modified Amazonian forest landscapes. Biological Conservation, 143: 2314–2327.

Peters, C.M. 2000. Precolombian silviculture and indigenous management of neotropical forests. In D.L. Lentz, ed. Imperfect balance: landscape transformations in the pre-Columbian Americas, pp. 203–223. Historical Ecology Series. New York, USA, Columbia University Press.

Peters, C.M., Balick, M.J., Kahn, F. & Anderson, A.B. 1989a. Oligarchic forests of economic plants in Amazonia: utilization and conservation of an important tropical resource. Conservation Biology, 3: 341–349.

Peters, C.M., Gentry, A.H. & Mendelsohn, R.O. 1989b. Valuation of an Amazonian rainforest. Nature, 339: 655–656.

Pimentel, D., McNair, M., Buck, L., Pimentel, M. & Kamil, J. 1997. The value of forests to world food security. Human Ecology, 25: 91–120.

Place, F., Ajayi, O.C. & Masters, E. 2011. Tree-based and other land management technologies for landscape restoration and livelihood in Africa. In P. Dewees, F. Place, S.J. Scherr & C. Buss, principal authors. Investing in trees and landscape restoration in Africa: what, where, and how, pp. 17–44. Washington DC, Program on Forests (PROFOR).

Place, F., Ajayi, O.C., Torquebiau, E., Detlefsen, G., Gauthier, M. & Buttoud, G. 2012. Improved policies for facilitating the adoption of agroforestry. In M. Kaonga, ed. Agroforestry for biodiversity and ecosystem services: science and practice, pp. 113–128. Rijeka, Croatia, InTech.

Place, F. & Binam, J.N. 2013. Economic impacts of farmer managed natural regeneration in the Sahel: end of project technical report for the Free University Amsterdam and IFAD. Nairobi, World Agroforestry Centre.

Place, F., Roothaert, R., Maina, L., Franzel, S., Sinja, J. & Wanjiku, J. 2009. The impact of fodder trees on milk production and income among smallholder dairy farmers in East Africa and the role of research. ICRAF Occasional Paper No. 12. Nairobi, World Agroforestry Centre.

Priyadarshan, P.M. & Goncalves, P. de S. 2003. Hevea gene pool for breeding. Genetic Resources and Crop Evolution, 50: 101–114.

Ray, P.K. 2002. Breeding tropical and subtropical fruits. Berlin, Springer-Verlag.

Reddell, P., Rosbrook, P.A., Bowen, G.D. & Gwaze, D. 1988. Growth-responses in Casuarina cunninghamiana plantings to inoculation with Frankia. Plant and Soil, 108: 79–86.

Reichhuber, A. & Requate, T. 2007. Alternative use systems for the remaining cloud forest in Ethiopia and the role of arabica coffee. A cost-benefit analysis. Economics Working Paper No. 7, 2007. Kiel, Germany, Christian-Albrechts-Universität.

Richardson, D.M., Carruthers, J., Hui, C., Impson, F.A.C., Miller, J.T., Robertson, M.P., Rouget, M., Le Roux, J.J. & Wilson, J.R.U. 2011. Human-mediated introductions of Australian acacias – a global experiment in biogeography. Diversity and Distributions, 17: 771–787.

Roshetko, J.M., Astho, A., Rohadi, D., Widyani, N., Manurung, G., Fauzi, A. & Sumardamto, P. 2012. Smallholder teak systems on Java, Indonesia, income for families, timber for industry. In S.R. Meyer, ed. Conference proceedings, IUFRO small-scale forestry conference: science for solutions, 24-27 September 2012, Amherst, Massachusetts USA, pp. 162–167. Orono, USA, University of Maine.

Roshetko, J.M., Delaney, M., Hairiah, K. & Purnomosidhi, P. 2002. Carbon stocks in Indonesian homegarden systems: can smallholder systems be targeted for increased carbon storage? American Journal of Alternative Agriculture, 17: 138–148.

Roshetko, J.M., Lasco, R.D. & Delos Angeles, M.S. 2007a. Smallholder agroforestry systems for carbon storage. Mitigation and Adaptation Strategies for Global Change, 12: 219–242.

Roshetko, J.M., Martini, E., Tarigan, J., Manurung, G., Budidarsono, S., Wijaya, K., Tukan, J.C., Kurniawan, I., Galudra, G., Dewi, S., Nugroho, D.K., Ekadinata, A., Harja, D., Lusiana, B., van Noordwijk, M. & Purba, J. 2007b. Agroforestry on the interface of orangutan conservation and sustainable livelihoods in Batang Toru (North Sumatra). Southeast Asia Regional Office Working Paper No. 56. Bogor, Indonesia, World Agroforestry Centre Southeast Asia Regional Office.

Roshetko, J.M., Nugraha, E., Tukan, J.C.M., Manurung, G., Fay, C., van Noordwijk, M. 2007c. Agroforestry for livelihood enhancement and enterprise development. In S. Djoeroemana, B. Myers, J. Russell-Smith, M. Blyth & I.E.T. Salean, eds. Integrated rural development in East Nusa Tenggara, Indonesia. Proceedings of a workshop to identify sustainable rural livelihoods, Kupang, Indonesia, 5 to 7 April 2006, pp. 137–148. ACIAR Proceedings No.126. Canberra, Australian Centre for International Agricultural Research.

Roshetko, J.M., Snelder, D.J., Lasco, R.D. & van Noordwijk, M. 2008. Future challenge: a paradigm shift in the forestry sector. In D.J. Snelder & R. Lasco, eds. Smallholder tree growing for rural development and environmental services, pp. 453–485. Advances in Agroforestry, Volume 5. Berlin, Springer.

Ruel, M.T., Minot, N. & Smith, L. 2005. Patterns and determinants of fruit and vegetable consumption in sub-Saharan Africa: a multi-country comparison. Washington DC, International Food Policy Research Institute.

Ruiz-Pérez, M., Belcher, B., Achdiawan, R., Alexiades, M., Aubertin, C., Caballero, J., Campbell, B., Clement, C., Cunningham, T., Fantini, A., de Foresta, H., García Fernández, C., Gautam, K.H., Hersch Martínez, P., de Jong, W., Kusters, K., Kutty, M.G., López, C., Fu, M., Martínez Alfaro, M.A., Nair, T.R., Ndoye, O., Ocampo, R., Rai, N., Ricker, M., Schreckenberg, K., Shackleton, S., Shanley, P., Sunderland, T. & Youn, Y. 2004. Markets drive the specialization strategies of forest peoples. Ecology and Society, 9(2): 4 (also available at www.ecologyandsociety.org/vol9/iss2/art4/).

Russell, D. & Franzel, S. 2004. Trees of prosperity: agroforestry, markets and the African smallholder. Agroforestry Systems, 61: 345–355.

Saka, J.D.K., Kadzere, I., Ndabikunze, B.K., Akinnifesi, F.K. & Tiisekwa, B.P.M. 2008. Product development: nutritional value, processing and utilization of indigenous fruits from the miombo ecosystem. In F.K. Akinnifesi, R.R.B. Leakey, O.C. Ajayi, G. Sileshi, Z. Tchoundjeu, P. Matakala & F.R. Kwesiga, eds. Indigenous fruit trees in the tropics: domestication, utilization and commercialization, pp. 288–309. Wallingford, UK, CAB International, in association with Nairobi, World Agroforestry Centre.

Sanginga, N., Danso, S.K.A., Mulongoy, K. & Ojeifo, A.A. 1994. Persistence and recovery of introduced Rhizobium 10 years after inoculation on Leucaena leucocephala grown on an alfisol in southwestern Nigeria. Plant and Soil, 159: 199–204.

Schippmann, U., Leaman, D.J. & Cunningham, A.B. 2002. The impact of cultivation and gathering of medicinal plants on biodiversity: global trends and issues. In Biodiversity and the ecosystem approach in agriculture, forestry and fisheries. Satellite event on the occasion of the Ninth Regular Session of the Commission on Genetic Resources for Food and Agriculture. Rome, 12 to 13 October 2002. Rome, Inter-Departmental Working Group on Biological Diversity for Food and Agriculture.

Schreckenberg, K., Awono, A., Degrande, A., Mbosso, C., Ndoye, O. & Tchoundjeu, Z. 2006. Domesticating indigenous fruit trees as a contribution to poverty reduction. Forests, Trees and Livelihoods, 16: 35–51.

Scoones, I. 1998. Sustainable rural livelihoods: a framework for analysis. Working Paper No. 72. Brighton, UK, Institute of Development Studies.

Sendzimir, J., Reij, C.P. & Magnuszewski, P. 2011. Rebuilding resilience in the Sahel: regreening in the Maradi and Zinder regions of Niger. Ecology and Society, 16(3): 1 (also available at www.ecologyandsociety.org/vol16/iss3/art1/).

Shackleton, S., Delang, C.O. & Angelsen, A. 2011a. From subsistence to safety nets and cash income: exploring the diverse values of non-timber forest products for livelihoods and poverty alleviation. In S.

Shackleton, C. Shackleton & P. Shanley, eds. Non-timber forest products in the global context, pp. 83–106. Tropical Forestry, Volume 7. Heidelberg, Germany, Springer-Verlag.

Shackleton, S., Paumgarten, F., Kassa, H., Husselman, M. & Zida, M. 2011b. Opportunities for enhancing poor women’s socioeconomic empowerment in the value chains of three African non-timber forest products (NTFPs). International Forestry Review, 13: 136–151.

Shackleton, S., Shanley, P. & Ndoye, O. 2007. Invisible but viable: recognising local markets for nontimber forest products. International Forestry Review, 9: 697–712.

Sheil, D., Basuki, I., German, L., Kuyper, T.W., Limberg, G., Puri, R.K., Sellato, B., van Noordwijk, M. & Wollenberg, E. 2012. Do anthropogenic dark earths occur in the interior of Borneo? Some initial observations from East Kalimantan. Forests, 3: 207–229.

Sheil, D. & Wunder, S. 2002. The value of tropical forest to local communities: complications, caveats, and cautions. Conservation Ecology, 6(2): 9 (also available at www.consecol.org/vol6/iss2/art9).

Shepard Jr, G.H. & Ramirez, H. 2011. Made in Brazil: Human dispersal of the Brazil nut (Bertholletia excelsa, Lecythidaceae) in ancient Amazonia. Economic Botany, 65: 44–65.

Sileshi, G., Akinnifesi, F.K., Ajayi, O.C. & Place, F. 2008. Meta-analysis of maize yield response to planted fallow and green manure legumes in sub-Saharan Africa. Plant and Soil, 307: 1–19.

Sileshi, G.W., Akinnifesi, F.K., Ajayi, O.C. & Muys, B. 2011. Integration of legume trees in maize-based cropping systems improves rain-use efficiency and yield stability under rain-fed agriculture. Agricultural Water Management, 98: 1364–1372.

Sileshi, G.W., Debusho, L.K. & Akinnifesi, F.K. 2012. Can integration of legume trees increase yield stability in rainfed maize cropping systems in Southern Africa? Agronomy Journal, 104: 1392–1398.

Simons, A.J. & Leakey, R.R.B. 2004. Tree domestication in tropical agroforestry. Agroforestry Systems, 61: 167–181.

Sonwa, D.J., Nkongmeneck, B.A., Weise, S.F., Tchatat, M., Adesina, A.A. & Janssens, M.J.J. 2007. Diversity of plants in cocoa agroforests in the humid forest zone of Southern Cameroon. Biodiversity and Conservation, 16: 2385–2400.

Sotelo Montes, C., Hernández, R., Beaulieu, J. & Weber, J.C. 2006. Genetic variation and correlations between growth and wood density of Calycophyllum spruceanum Benth. at an early age in the Peruvian Amazon. Silvae Genetica, 55: 217–228.

Sprent, J.I. & Parsons, R. 2000. Nitrogen fixation in legume and non-legume trees. Field Crops Research, 65: 183–196.

Stadlmayr, B., Charrondière, U.R., Eisenwagen, S., Jamnadass, R. & Kehlenbeck, K. 2013. Nutrient composition of selected indigenous fruits from sub-Saharan Africa. Journal of the Science of Food and Agriculture, 93: 2627–2636.

Steffan-Dewenter, I., Kessler, M., Barkmann, J., Bos, M.M., Buchori, D., Erasmi, S., Faust, H., Gerold, G., Glenk, K., Gradstein, S.R., Guhardja, E., Harteveld, M., Hertel, D., Hohn, P., Kappas, M., Kohler, S., Leuschner, C., Maertens, M., Marggraf, R., MiggeKleian, S., Mogea, J., Pitopang, R., Schaefer, M., Schwarze, S., Sporn, S.G., Steingrebe, A., Tjitrosoedirdjo, S.S., Tjitrosoemito, S., Twele, A., Weber, R., Woltmann, L., Zeller, M. & Tscharntke, T. 2007. Tradeoffs between income, biodiversity, and ecosystem functioning during tropical rainforest conversion and agroforestry intensification. Proceedings of the National Academy of Sciences of the USA, 104: 4973–4978.

Strandby-Andersen, U., Prado Cordova, J.P., Nielsen, U.B., Smith-Olsen, C., Nielsen, C., Sørensen, M. & Kollmann, J. 2008. Conservation through utilization: a case study of the vulnerable Abies guatemalensis in Guatemala. Oryx, 42: 206–213.

Sunderland, T.C.H. 2011. Food security: why is biodiversity important? International Forestry Review, 13: 265–274.

Sunderland, T.C.H. & Ndoye, O., eds. 2004. Forest products, livelihoods and conservation. Case studies on non-timber forest product systems. Volume 2, Africa. Bogor, Indonesia, Center for International Forestry Research.

Sunderland, T.C.H., Ndoye, O. & Harrison-Sanchez, S. 2011. Non-timber forest products and conservation: what prospects? In S. Shackleton, C. Shackleton & P. Shanley, eds. Non-timber forest products in the global context, pp. 209–224. Tropical Forestry, Volume 7. Heidelberg, Germany, Springer-Verlag.

Tchoundjeu, Z., Asaah, E.K., Anegbeh, P., Degrande, A., Mbile, P., Facheux, C., Tsobeng, A., Atangana, A.R., NgoMpeck, M.L. & Simons, A.J. 2006. Putting participatory domestication into practice in West and Central Africa. Forests, Trees and Livelihoods, 16: 53–69.

Tchoundjeu, Z., Atangana, A., Asaah, E., Tsobeng, A. & Facheux, C. 2008. Domestication, utilisation, and marketing of indigenous fruit trees in West and Central Africa. In F.K. Akinnifesi, R.R.B. Leakey, O.C. Ajayi, G. Sileshi, Z. Tchoundjeu, P. Matakala & F.R. Kwesiga, eds. Indigenous fruit trees in the tropics: domestication, utilization and commercialization, pp. 137–170. Wallingford, UK, CAB International, in association with Nairobi, World Agroforestry Centre.

Tchoundjeu, Z., Degrande, A., Leakey, R.R.B., Nimino, G., Kemajou, E., Asaah, E., Facheux, C., Mbile, P., Mbosso, C., Sado, T. & Tsobeng, A. 2010. Impacts of participatory tree domestication on farmer livelihoods in West and Central Africa. Forests, Trees and Livelihoods, 19: 217–234.

Termote, C., Meyi, M.B., Djailo, B.D., Huybregts, L., Lachat, C., Kolsteren, P. & Van Damme, P. 2012. A biodiverse rich environment does not contribute to a better diet: a case study from DR Congo. PLoS ONE, 7: e30533.

Thiongo, M.K. & Jaenicke, H. 2000. Preliminary nutritional analysis of marula (Sclerocarya birrea) fruits from two Kenyan provenances. Acta Horticulturae, 531: 245–249.

Thorlakson, T. & Neufeldt, H. 2012. Reducing subsistence farmers’ vulnerability to climate change: evaluating the potential contributions of agroforestry in western Kenya. Agriculture & Food Security, 1: 15 (also available at ww.agricultureandfoodsecurity.com/content/1/1/15).

Ticktin, T. 2004. The ecological implications of harvesting non-timber forest products. Journal of Applied Ecology, 41: 11–21.

Touré, S. 2008. Gum arabic. Market News Service, September 2008. Geneva, Switzerland, International Trade Centre.

Tscharntke, T., Clough, Y., Wanger, T.C., Jackson, L., Motzke, I., Perfecto, I., Vandermeer, J. & Whitbread, A. 2012. Global food security, biodiversity conservation and the future of agricultural intensification. Biological Conservation, 151: 53–59.

Tuwei, P.K., Kang’ara, J.N.N., Mueller-Harvey, I., Poole, J., Ngugi, F.K. & Stewart, J.L. 2003. Factors affecting biomass production and nutritive value of Calliandra calothyrsus leaf as fodder for ruminants. Journal of Agricultural Science, 141: 113–127.

UNCTAD. 2011. Commodities at a glance. March 2011 edition. Geneva, Switzerland, United Nations Conference on Trade and Development, Special Unit on Commodities.

van Breugel, P., Kindt, R., Lillesø, J.-P.B., Bingham, M., Demissew, S., Dudley, C., Friis, I., Gachathi, F., Kalema, J., Mbago, F., Minani, V., Moshi, H.N., Mulumba, J., Namaganda, M., Ndangalasi, H.J., Ruffo, C.K., Jamnadass, R. & Graudal, L. 2011. Potential natural vegetation map of East Africa: interactive vegetation map for Ethiopia, Kenya, Malawi, Rwanda, Tanzania, Uganda and Zambia. Frederiksberg, Denmark, Forest & Landscape, and Nairobi, World Agroforestry Centre.

Vedeld, P., Angehen, P., Sjaastad, E. & Berg, G.K. 2004. Counting on the environment: forest incomes and the rural poor. Environmental Economics Series, Paper No. 98. Washington DC, World Bank.

Vinceti, B., Eyzaguirre, P. & Johns, T. 2008. The nutritional role of forest plant foods for rural communities. In C.J.P. Colfer, ed. Human health and forests: a global overview of issues, practice and policy, pp. 63–96. London, Earthscan.

Waruhiu, A.N., Kengue, J., Atangana, A.R., Tchoundjeu, Z. & Leakey, R.R.B. 2004. Domestication of Dacryodes edulis: 2. Phenotypic variation of fruit traits in 200 trees from four populations in the humid lowlands of Cameroon. Food, Agriculture and Environment, 2: 340–346.

Wambugu, C., Place, F. & Franzel, S. 2011. Research, development and scaling up the adoption of fodder shrub innovations in East Africa. International Journal of Agricultural Sustainability, 9: 100–109.

White, T.L., Adams, W.T. & Neale, D.B. 2007. Forest genetics. Wallingford, UK, CAB International.

Wiersum KF. 1997. From natural forest to tree crops, co-domestication of forests and tree species, an overview. Netherlands Journal of Agricultural Sciences, 45: 425–438.

WFP. 2009. Home grown school feeding: a framework to link school feeding with local agricultural production. Rome, World Food Programme.

WHO & FAO. 2004. Vitamin and mineral requirements in human nutrition. 2nd edition. Geneva, Switzerland, World Health Organization, and Rome, FAO (also available at https://apps.who.int/iris/bitstream/handle/10665/42716/9241546123.pdf?ua=1).

Wibawa, G., Hendratno, S. & van Noordwijk, M. 2005. Permanent smallholder rubber agroforestry systems in Sumatra, Indonesia. In C.A. Palm, S.A. Vosti, P.A. Sanchez. & P.J. Ericksen, eds. Slash-and-burn agriculture: the search for alternatives, pp. 222–232. New York, USA, Columbia University Press.

World Bank. 2001. Medicinal plants: rescuing a global heritage. World Bank Technical Paper No. 355. Washington DC, World Bank.

World Bank. 2008. Forests sourcebook: practical guidance for sustaining forests in development cooperation. Washington DC, World Bank.

World Bank. 2011. Wood-based biomass energy development for sub-Saharan Africa: issues and approaches. Washington DC, World Bank.

Wulan, Y.C., Budidarsono, S. & Joshi, L. 2006. Economic analysis of improved smallholder rubber agroforestry systems in West Kalimantan, Indonesia - implications for rubber development. In Proceedings of the Sustainable Sloping Lands and Watershed Management Conference, 12-15 December 2006, pp. 431–444. Luang Prabang, Lao PDR.

Zomer, R.J., Trabucco, A., Coe, R., Place, F., van Noordwijk, M. & Xu, J.C. 2014. Trees on farms: an update and reanalysis of agroforestry’s global extent and socioecological characteristics. Working Paper No. 179. Bogor, World Agroforestry Centre Southeast Asia Regional Program.


Appendix

Examples of indigenous food trees, identified through priority-setting exercises, to be promoted in different parts of subSaharan Africa (adapted from Jamnadass et al., 2011; with further information from Place et al., 2011)

Baobab Adansonia digitata, a tree with a large swollen trunk that can have a diameter of up to 10 m, is a long-lived species (sometimes more than 2 000 years) located in the arid and semi-arid savannah in subSaharan Africa. The edible white, powdery pulp found in the fruit is rich in vitamins C and B2 and is used to make a refreshing drink. Young leaves, also rich in vitamin C, are in high demand in West Africa for making soup. A recent estimate suggested baobab may have a value across Africa of more than USD 250 million annually. Baobab has been given safe status for use in foods in the European Union and the United States of America.

Ber Ziziphus mauritiana, a spiny evergreen shrub or small tree that can grow to 15 m, is native to drylands in Africa and Asia. The fruit is eaten fresh or dried and can be made into a floury meal, butter, or a cheese-like paste that is used as a condiment. The fruit is a good source of carotene, vitamins A and C, and oils. Macerating the fruit in water produces a refreshing drink. The use of ber in India can be traced back to 1 000 BC. Improved, large-fruited cultivars are available there and elsewhere in Asia.

Bitter cola Garcinia kola, native to the moist lowland tropical forests of Central and West Africa, is a medium-sized evergreen tree. The bitter kernels are highly valued in Central Africa and chewed as a stimulant. Kernels are also used for treating coughs, bronchitis and liver disorders, while split stems and twigs are used as chewing sticks. A recent inventory revealed that the species, which is currently harvested mainly from the wild, is close to commercial extinction in Ghana.

Bush mango Irvingia gabonensis and I. wombolu, collectively known as bush mango or dika nut, are economically important long-lived fruit trees native to moist lowland tropical forests in Central and West Africa. The fruit mesocarp of I. gabonensis, sweet bush mango, is eaten as a fresh fruit snack. Ground kernels of both species are used to thicken and flavour soups, although those of I. wombolu, bitter bush mango, are the most valued and fetch high prices in cross-border trade, which contributes significantly to local economies. One estimate suggested that the demand for kernels in southern Nigeria is approximately 80 000 metric tons per year, worth approximately USD 40 million.

Desert date Balanites aegyptiaca, a spiny shrub or tree that grows to 10 m, is a species with wide ecological distribution across Africa. The fleshy pulp of the fruit is eaten fresh or dried, and oil from the kernel is used for cooking and in cosmetics. The fruit is processed into drinks in West Africa and is used as a soup ingredient in East Africa. Young leaves and tender shoots are used as a vegetable, which are boiled, pounded and fried.

Kola nut Cola nitida, an under-storey evergreen tree that generally grows to 9 to 12 m tall, is native to lowland tropical forests in Central and West Africa. Nuts, which contain caffeine, kolatine and theobromine, are chewed as a stimulant. At first, the nuts taste bitter when chewed but they leave a sweet taste in the mouth later. Chewing the nut before drinking water helps to render the water sweeter. The nut is widely used in social ceremonies.

Marula Sclerocarya birrea is a long-lived tree with an extensive distribution across the dryland savannah habitats of the sub-Sahara. The fruit pulp of S. birrea subspecies caffra, widely distributed in southern Africa, is used to produce jam, juice, beer and, in South Africa, the internationally-available liqueur Amarula Cream, while the oily kernels are consumed raw, roasted and in sauces. In addition to current use, archaeological evidence indicates that humans harvested the fruit as far back as 10 000 years ago.

Njansang Ricinodendron heudelotii, a fast-growing tree that grows up to 50 m in height, is found primarily in Central and West Africa, often in secondary forests. A spicy sauce made from the kernels is widely used in stews, and the high oil content of the seeds makes them suitable for use in the soap industry. In Cameroon, it is valued for its medicinal properties and is used to treat constipation, dysentery, eye infections, female sterility and as a poison antidote. Export of the kernels from Cameroon to neighbouring countries was estimated at more than USD 1 million over 20 years ago.

Safou Dacryodes edulis is a medium-sized evergreen tree found in the humid tropical zone of Central and West Africa. It has been cultivated by farmers in southern Nigeria and Cameroon for many years and is considered semi-domesticated in many areas, based on planters’ selective seed sampling. Rich in vitamins and amino acids, the fruit has an oily texture like avocado and is eaten boiled or roasted. Fruit from improved trees are much more commercially valuable than fruit from unimproved trees.

Star apple Chrysophyllum albidum, a long-lived tree that grows to 35 m, is a canopy species of lowland mixed rainforest that is distributed from West Africa to western Kenya. The fleshy and juicy fruits are widely eaten and can be fermented and distilled to produce wine and spirits.

Tamarind Tamarindus indica, a tree that grows to 30 m in height, is extensively distributed in the tropics. It is believed to have its origin in Africa, where it is found across dryland savannah regions. The species was cultivated in Egypt as early as 400 BC. The fruit pulp is used to prepare juice and jam, and is an ingredient in curries, chutneys and sauces. The ripe fruits of the sweet types are eaten fresh as a snack.

Wild loquat Uapaca kirkiana, a small- to medium-sized evergreen or semi-deciduous tree, is found in the miombo woodlands of southern Africa. The fruit is highly regarded and is eaten fresh. It is also used to prepare jams and beverages. Harvesting the fruit from wild populations is an important coping strategy during times of extreme hunger. A study in Zimbabwe more than 15 years ago showed that households in several regions made between USD 10 and 40 annually per household from selling the fruit.

For further information, see www.worldagroforestry.org/output/agroforestree-database.




1 The term NWFP is similar to NTFP except it excludes wood products such as fuelwood, and the charcoal derived from it, that are, by definition, included in the NTFP category, although NTFP surveys often do not include fuelwood and charcoal in valuation (Killmann, 2010).

2 Palms are not true trees. However, as woody perennials that are often found in forests and as plants that occupy ecological niches similar to trees, they are classified as trees for the purpose of this review.

3 Or ‘ecosystem services’; the terms are generally used interchangeably.

4 Our calculations, based on the 2007 producer price for palm oil, and the 2010 producer prices for cocoa and coffee.
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Vitamin A and C content in the fruit pulp of nine tree species native to Malawi that were found
growing wild and cultivated in farmers* fields. The vitamin content varies greatly among species,
with small quantities of some fruits able to provide recommended daily intakes. Around 50 million
children are at risk of vitamin A deficiency in Africa, which is the continents third greatest public
health problem after HIV/AIDS and malaria. Vitamin C s also important in the absorption of iron
(Black et al, 2008). A diverse range of appropriately chosen species can provide vitamins throughout
the year (compare with Figure 3).

Vitamin A VitaminC
wpm  daisimle  Amemth  mr  sdm  Amemtn
ol e el
1009 dailyintake. 1009 dailyintake.
Adasansdgize 2 7 14 m 0 =
s gk @ 2 . o a e
Facaunamdea w n » 0 2 0
ot 357 o “ 0 2 0
stycnoscxcabotes 22 . 130 = B %
uapacarns @ 2 u w = s
viexdera s s m » “ 2
Tangaaneua WA = w = s
phsmunas 3 n ) u El a2

A ssmator






OPS/Images/P005-01.jpg
w— ¥
Examples of reviews and meta-analyses of the importance of NTFPs for local communities
(taken from Dawson et al, 2014).

Description o study Findings Reference
13 e 18 st ampied

A, 144537 Latn Amera) i

e producs n 17 ountes

(7A#3,21A53,23 3t producton andhousehld specalzation among et elted peopes. T

e of TP fom 24 counetes  managed acordinghy

e ot iy nd .
s P
s

i g o o

wihindiahamng

(5 Afca. waseprted asplaeed.
TR B PORCAIN U Wasobine s OMDD oD AR A T AP AT
Amera) g i for b wasbsavedt oD blors Vs

Plhac b iy





OPS/Images/cover.jpg
COMMISSION ON
‘GENETIC RESOURCES

Food and Agriculture
Q Organization of the
United Nations

THE STATE

OF THE WORLD'S M
FOREST GENETIC RESOURCES [
THEMATIC STUDY

AGRICULTURE

m-
Hl .
TREE GENETIC

RESOURCES AND THE LIVELIHOODS OF
RURAL COMMUNITIES IN THE TROPICS






OPS/Images/P028-01.jpg
Box8

Mokan kan ot Pry 2009)

rubber and

Bogor
and The Netherlands n the 1840s. Fom Bogor,
pr “Delid

Singapore i the 1870s from the Breziian Amazonia

ura via Kew Botanic
ADelidura
jor 1560 andby the
Nigera nthe The 1600, The French
W south the , and the pat
ngoing ok
breeding work. Forastero cacaotrees were apparently established

18205 onwards,

the tropics in the early 17005

types are now the most widelyplanted wortdwide.





OPS/Images/title.jpg
THE STATE OF THE WORLD'S

FOREST GENETIC RESOURCES —
THEMATIC STUDY

Trees, tree genetic resources
and the livelihoods of rural
communities in the tropics

oo Dawaon

Zac Thoundjeu

Lors Graudal
erd oy Core AR, e, o, Koy

Rome, 2020





OPS/Images/P007-01.jpg
Box2

Using molecular i i igins: the case of
dulis it ian A (t etal., 2005;
Dawson et al., 2008)
edulis
n
edib : aswell however, composions
as firewood. , the break-
podsof L
To assess fam

and forest populatons at each of v sites inthe region

in farm stands,therefore, appear unlikely, and a valid

therefore,

therefore,
unlikely to have orginated from them, wile dfferent
planted populations had diffeent genetic compositons,
suggesting multipl external sources ofgermplasm.

inroducing new wid germplasm.





OPS/Images/P026-01.jpg
Average annual production figures for five tree commodity crops (taken from UNCTAD, 2011).
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