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TREE-BASED SYSTEMS FOR FOOD SECURITY AND NUTRITION

Abstract: Forests and tree-based systems are an important component of rural landscapes, sustaining
livelihoods and contributing to the food security and nutritional needs of hundreds of millions of peo-
ple worldwide. Historically, these systems developed under a wide variety of ecological conditions, and
cultural and socio-economic contexts, as integrated approaches that combined management of forest
and agricultural areas to provide primarily for the needs of producers and their local communities. Today
they serve food and nutrition demands of growing global populations, both urban and rural. Popula-
tion increase, globalisation, deforestation, land degradation, and ever-increasing demand and associated
conflict for land (including forest) resources are placing pressure on these lands. Farmers have been
encouraged to intensify food production on existing agricultural lands, by modifying some traditional
practices (such as agroforestry) or abandoning others (such as shifting cultivation) that evolved over
centuries to cope with biophysical constraints (e.g. limited soil fertility, climate variability) and changing
socio-economic conditions. This chapter provides an overview of forests and tree-based systems and
their role in enhancing food security and nutrition for rural communities and those served through
the marketplace. The variability and viability of these management systems are considered within and
across geographical regions and agro-ecological zones. Also discussed is the role of the social, cultural
and economic contexts in which these systems exist, with a focus on three factors that affect the socio-
economic organisation of forests and tree-based systems, namely: land and tree tenure and govern-
ance, human capital (including knowledge and labour) and financial capital (including credit). How these
biophysical and socio-economic conditions and their complex interactions influence food security and
nutrition outcomes, particularly for vulnerable segments of the population (i.e., the poor, women and

children), are of particular concern.

3.1 Introduction

Forests' and trees outside of forests have ensured the food
security and nutrition of human populations since time im-
memorial. Throughout the world, forests and associated
ecosystems have been managed to enhance their production
of a vast array of wild, semi-domesticated and domesti-
cated foods, including fruits, nuts, tubers, leafy vegetables,
mushrooms, honey, insects, game animals, fish and other
wildlife (discussed in detail in Chapter 2). The develop-
ment and spread of crop agriculture and animal husbandry
over the past few centuries, and particularly since the early
20th century, has diminished dependence on forests for
food security and nutrition in many societies, particularly
those relying primarily on staple crops. Nonetheless forests
and tree-based systems — which generally co-exist in the
landscape with other land management practices - contin-
ue to play a very important role for food security and nutri-
tion, often complementing other food production systems,
particularly on lands unsuited to other forms of agriculture
due to soil productivity constraints.

The earth’s diverse forest ecosystems and the human
cultures associated with them through the course of his-
tory have produced a vast array of food systems connected
to forests and trees. These forests and tree-based systems
are based on the traditional wisdom, knowledge, practic-
es and technologies of societies, developed and enriched
through experimentation and adaptation to changing en-
vironmental conditions and societal needs over countless
generations (Altieri, 2002; Berkes et al., 2000; Colfer et
al., 2005; Galloway-McLean, 2010; Parrotta and Trosper,
2012). Traditional forest-related knowledge and farmer
innovation have played a critical role in the development

of highly diverse, productive and sustainable food pro-
duction systems within and outside of forests (Anderson,
2006; Kuhnlein et al., 2009; Posey, 1999; Turner et al.,
2011). Starting early in the 20th century, when anthro-
pologists began documenting the ethnobotany and food
production systems of indigenous and local communities
worldwide, these forests and tree-based systems and the
traditional knowledge upon which they are based have
been “rediscovered” by a broader audience within the
(formal) scientific community, principally among agri-
cultural scientists and ecologists.

A number of inter-related factors continue to drive the
general shift from forests and tree-based systems towards in-
tensive agriculture (discussed in detail in Chapter 4). These
include, among others, population growth, urbanisation,
and the progressive movement from subsistence to market-
driven economies and food production systems required to
serve growing numbers of consumers globally. The resultant
increased demand for staples and other food crops has led to
expansion of mechanised agriculture and livestock produc-
tion into forests and woodlands. This has frequently included
introduction of crop and livestock species and production
technologies developed under very different environmental
and socio-cultural conditions. It should be noted, however
that in some regions such as Amazonia, urbanisation has in-
creased the demand for, and production of, foods from for-
ests and tree-based systems (Padoch et al., 2008).

Deforestation continues unabated in many parts of the
world, in large part the result of agricultural expansion
and cattle ranching (particularly in Latin America) (FAO,
2010), driven notably by urbanisation and globalisation
of agricultural trade (c.f. De Fries et al., 2010; Rudel et
al., 2009). Further, an increasing proportion of the world’s

" All terms that are defined in the glossary (Appendix 1), appear for the first time in italics in a chapter.
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remaining forests have been degraded both structurally
and functionally. The drivers of forest degradation include
unsustainable forest management for timber, fuelwood,
wildlife and other non-timber forest products, overgraz-
ing of livestock within forests, and uncontrolled human-
induced fires, exacerbated in many regions by a number
of factors, including climate change (Chazdon, 2014;
Cochrane, 2003; ITTO, 2002; Thompson et al., 2012) and
changing rural demographics (c.f. Uriarte et al., 2012).

These trends are not encouraging, particularly in light
of extensive and ongoing land degradation, i.e., the long-
term decline in ecosystem function and productivity
caused by disturbances from which land cannot recover
unaided. Land degradation currently affects hundreds of
millions of hectares of agricultural lands and forests and
woodlands, and an estimated 1.5 billion people who live
in these landscapes (Zomer et al., 2009). Land degrada-
tion is the long-term result primarily of poor agricultural
management (both historic and ongoing) associated with
the expansion of extensive and intensive agricultural
production practices into lands that are only marginally
suitable for such activities. Without adequate organic or
fossil fuel-derived fertilisers or other agricultural inputs
(e.g. irrigation, pesticides, etc.) agricultural productivity
typically declines in such areas, jeopardising food secu-
rity for producers and those who depend on them.

In this chapter, we provide an overview of forests and
tree-based systems and their role in enhancing food se-
curity and nutrition in rural communities. Our discussion
includes not only management of forests, woodlands,
agroforests and tree crops for direct food provisioning,
but also the management of forested landscapes for the
conditions they create that in turn affect other agricul-
tural systems. The continuum of systems included in our
analysis covers managed forests to optimise yields of wild
foods and fodder, shifting cultivation, a broad spectrum
of agroforestry practices, and single-species tree crop
production (see Figure 3.1). We consider the variability
and applicability of these management systems within

The forest-tree-landscape continuum

and across geographical regions and biomes (agro-eco-
logical zones). The social, cultural and economic contexts
in which these systems exist and how they determine food
security and nutrition outcomes are of particular concern.
We therefore focus (in Section 3.4) on four factors that af-
fect the socio-economic organisation of forests and tree-
based systems, namely: land and tree tenure and govern-
ance; gender relations; human capital (including labour);
and financial capital (including credit).

3.2 Forests and Tree-based Systems —
An Overview

3.2.1 Historical Overview and the Role of
Traditional Knowledge

Most of the forest and tree-based systems found in the
world today have deep historical roots, developed and en-
riched over generations through experimentation and ad-
aptation to changing environmental conditions and soci-
etal needs. While the scientific community, development
economists and policymakers have generally disregarded
and under-valued local and indigenous knowledge, such
knowledge and associated management practices continue
to serve communities living in or near forests in meet-
ing their food security, nutrition and other health needs
(Altieri, 2004; Cairns, 2007; Cairns, 2015; Johns, 1996;
Kuhnlein et al., 2009; Parrotta and Trosper, 2012).
Traditional knowledge includes such things as weath-
er forecasting, the behaviour, ecological dynamics, and
health values of countless forest food species. It has been
used to develop techniques for modifying habitats (as
discussed in Section 3.2.2), enhance soil fertility, man-
age water resources, in the breeding of agricultural crops,
domesticated trees and animals, and management of hab-
itats and species assemblages to increase their produc-
tion of food, fodder, fuel, medicine and other purposes
(c.f., Altieri, 2004; Feary et al., 2012; Lim et al., 2012;

Figure
3.1
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Oteng-Yeboah et al., 2012; Parrotta and Agnoletti, 2012;
Pinedo-Vasquez et al., 2012; Ramakrishnan et al., 2012).

An often-cited example of the sucessful application of
traditional knowledge on a massive scale is the re-greening
of the Sahel in Burkina Faso, Mali and Niger (Reij, 2014)
where hundreds of thousands of poor farmers have turned
millions of acres of what had become semi-desert by the
1980s into more productive land. Traditional knowledge
regarding shea nut (from the shea tree, Vitellaria paradoxa)
harvesting and processing among women engaged in shea
butter production in Ghana and Burkina Faso has led to
local selection of trees for desired fruit and nut traits and
culling of other trees for fuel or construction. This is ena-
bling the expansion of intensively-managed shea parklands
to meet growing export markets (Carney and Elias, 2014).

The local and indigenous knowledge that underpins
traditional forest- and tree-based systems is eroding in
most parts of the world (Collings, 2009; Maffi, 2005; Par-
rotta and Trosper, 2012) as a result of a number of pres-
sures, notably shifts to a market-based economy, cultural

Agroecology and ethnoecology are complementary approaches for understanding

homogenisation, and dramatic changes in governance ar-
rangements related to forest lands and trees outside of for-
ests in favour of state (or colonial) ownership and control
(Garcia Latorre and Garcia Latorre, 2012; Jarosz, 1993;
United Nations, 2009). Development and conservation
policies that discourage the traditional forest management
practices that have historically ensured food security with-
in indigenous and local communities have inevitably led to
the loss of the traditional knowledge underpinning these
practices (Collings, 2009; Parrotta and Trosper, 2012).
There is, however, a growing recognition of the value of
traditional knowledge and innovation underpinning the man-
agement of forests and tree-based systems by indigenous
and local communities worldwide. Beyond its importance
for food security and nutrition, the forested landscapes that
traditional management practices have produced can be ap-
preciated for their provision of ecosystem services (including
carbon sequestration), as well as conservation of biological
and cultural diversity (Cairns, 2015; De Foresta and Michon,
1997; Fox et al., 2000; Palm et al., 2005; Swift et al., 1996).

Figure
3.2
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Only recently have the scientific community and
decision-makers in dominant societies begun to appre-
ciate the limitations of land use policies and the often
unsustainable agricultural intensification practices that
they have encouraged (c.f. Altieri, 2002; Sanchez, 1995).
Part of this reassessment is a growing awareness of the
value of forest-based food production systems and the
traditional knowledge and wisdom that underpins them.
Today, an increasing number of scientists in universities,
research organisations and networks are involved in ef-
forts to better understand and apply knowledge of forests
and tree-based systems to help farmers and communities
to maintain, further develop, and extend the use of these
management practices to meet current and emerging
challenges (such as land and forest degradation, climate
change adaptation, and market changes). A useful frame-
work for evaluating sustainability issues associated with
these systems and the roles that agroecology, traditional
knowledge and farmer innovation can all play in under-
standing and enhancing the resilience of forests and tree-
based systems is presented in Figure 3.2 (Altieri, 2004).

3.2.2 Managed Forests, Woodlands and
Parklands

People living in and near forests have, for millennia, been
altering forests in many ways and on many levels. Although
precise estimates are difficult to obtain, as many as 1.5 bil-
lion people are thought to be dependent on forests (Chao,
2012; Agrawal et al., 2013). Paleobotanical research in New
Guinea by Hladik et al. (1993) has shown that people as early
as the late Pleistocene (30,000-40,000 years ago) were ma-
nipulating the forest by trimming, thinning and ring-barking
in order to increase the natural stands of taro, bananas and
yams. Throughout the world, people have changed the diver-
sity and density of edible plant and animal species, modified
the structure of forest stands and populations of food trees,
made gaps in forests to plant crops in temporary clearings,
introduced new species, burned understories, transplanted
seedlings, changed watercourses, and substantially altered
the nutritional, economic and biodiversity value of many if
not most, forests we see today (c.f. Boerboom and Wiersum,
1983; Sauer, 1969; Wiersum, 1997).

Fire is probably the most frequently cited and most
effective management tool that past generations as well
as today’s small farmers wield for changing and enrich-
ing forests and other areas with food and other useful
plants. Fire is still widely used in shifting cultivation (or
swidden) systems to temporarily increase soil fertility
(through release of nutrients from standing vegetation),
and in the management of both forests and grasslands
around the world to enhance game production. Fire
not only affects standing vegetation but also the soils
upon which those forests stand and thus their potential
productivity when cleared and planted to crops (Blate,
2005; Hammond et al., 2007; Hecht, 2009; McDaniel et
al., 2005; Nepstad et al., 2001).

Many forms of traditional and contemporary for-
est management for food (including the creation of

multi-storied agroforests, the planting of diverse forest
gardens or the management of shifting cultivation fal-
lows for food) have remained, with few exceptions, ei-
ther invisible to researchers and planners or condemned
by governments and conservationists (Hecht et al., 2014).
Even the many contributions that woodlands make to ag-
ricultural production outside of forests have been largely
overlooked (Foli et al., 2014).

There is little doubt that many of the forests that are
now found throughout the tropics and elsewhere show the
marks of management by people whether in the past or
present (Balée, 2006). Often different types and patterns
of forest manipulation have been superimposed in com-
plex patterns whose histories and even purposes are not
easily deciphered or understood. These patterns of forest
disturbance, management, or manipulation continue to be
developed and adapted to emerging needs and changing
environmental and socio-economic conditions (Pinedo-
Vasquez et al., 2012; Hecht et al., 2014). Rural com-
munities living in and near forests around the globe and
throughout history, and belonging to various communi-
ties, have not only enhanced the nutritional and economic
value of their environments by increasing the supply of
plant-based foods, they have also changed — and often
increased — the availability of favoured animal species.
Simple categories of hunting, gathering and agriculture,
simply do not fit the realities of many of these livelihood
strategies, while “forest management” does not adequate-
ly describe the multifaceted nature of these processes and
practices. Some examples are outlined in Box 3.1.

The examples cited above give only a glimpse of how
tropical forests have been and continue to be managed for
food in complex and subtle ways that defy conventional
categorisation. Even these few examples, however, chal-
lenge the ahistorical view held by many that old forests,
particularly those of the tropics are “primordial” (Balée,
2006; Denevan, 1992) and question the facile dichotomi-
sation of forests into “pristine” and “degraded”.

3.2.3 Shifting Cultivation Systems

Shifting cultivation, also known as swidden (or, more
pejoratively, “slash-and-burn”), encompasses a highly
diverse range of land use practices that human societies
worldwide have used to manage forests for food over
the past 10,000 years. Shifting cultivation is practised
in a variety of landscapes, from steeply sloped hilly ar-
eas to flat lands and low-lying valleys, and in a variety
of ecosystems ranging from tropical moist forests to dry
tropical forests and savannahs, grasslands, and seasonal
floodplains (Thrupp et al., 1997). Until the 19th and even
into the 20th century, shifting cultivation was common in
the temperate zones of the Mediterranean and Northern
Europe as well as in the southwestern and northeastern
pine woodlands of North America (Dove, 1983; Dove et
al., 2013; Warner, 1991). Currently, shifting cultivation is
practised in over 40 countries in tropical regions of Af-
rica, South and Southeast Asia, and Latin America under
a variety of environmental, social and political conditions
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Contemporary examples of forest management systems employed to enhance
food security and nutrition in Southeast Asia and Amazonia

The ”’Forest Gardens” of West Kalimantan

On the island of Borneo there are significant forest stands that resemble “natural

I”

forests but are in fact largely planted

and are all heavily managed by farmers.A good example of such forests are the forest gardens that are commonly termed
“tembawang” across the interior of the island. These complex forest gardens are largely found in what were once village
sites and were originally formed by planting fruit trees and other trees around houses, by preserving useful species that
came up spontaneously and by periodically weeding the areas selectively.VWWhen villages moved to other sites the gardens
remained and grew, exhibiting an impressive tree diversity. For example in the village of Tae, an area of just one-fifth of

a hectare was found to contain 224 trees belonging to 44 different species; 30 of which produce edible fruits, leaves or
other edible products (Padoch and Peters, 1993; Padoch and Peluso, 1996).The most important fruits commonly found in
tembawang include the especially prized durian (Durio zibethinus), as well as langsat (Lansium domesticum), jackfruit (Artocarpus
heterophyllus), rambutan (Nephelium lappaceum), mangosteen (Garcinia mangostana), sugar palm (Arenga spp.) and the illipe nut
(Shorea macrophylla) which produces an edible oil that also has industrial uses.

Managed forests of the Amazon estuary

The fruit of the acai palm (Euterpe oleracea) in the forests of the Amazon estuary has long been a staple of rural diets in
Amazonian Brazil. It has recently also become an important source of cash,as consumption of the nutrient-rich agai fruit

- once almost exclusively a local, rural food - has expanded to urban areas and into markets well beyond Amazonia. It is
now highly prized and sold processed into a variety of products in North America, Europe and elsewhere (Brondizio, 2008;
Brondizio et al., 2002; Padoch et al., 2008).The application of diverse management and planting practices and strategies is
increasingly transforming the tidally-flooded forests of the estuary and beyond into agai agroforests, locally called “agaizais”
(Hiraoka, 1994; Brondizio, 2008). Acai agroforests include stands under different types and intensities of management, with
varying population densities, structures, species diversity and composition. These practices range from selective weeding
of existing acai-rich stands to further increase the production of the palm fruit, to enrichment planting and management
of shifting cultivation fallows in the area. Often agai is not the only product that acai forest managers seek to promote, as
acaizais contain other useful products including timbers, game and other fruits. Brondizio (2008) suggests that* ...while at
the plot level one may observe a decline in tree species diversity in managed agaizais (avg |7 species) when compared to
unmanaged floodplain forest (average 44 species), a broader landscape view (combining data from plots in different parts
of the landscape) shows an increase of [native and exotic] tree species diversity (total 96 species).”

Building upon the management of others in the Amazon

Amazonian forests far from the estuary also abound in patches and plots that stand out from surrounding forests because
of their richness in fruits and other foods. Many of these forest patches are almost certainly remnants of gardens, perhaps
not unlike Borneo’s tembawang, that may have once been intensively managed but have since been largely abandoned. Other
food-rich plots scattered throughout Amazonia include planted or protected vegetation along footpaths and rivers that are
periodically manipulated by passersby, including indigenous groups that continue to seasonally trek following the changing
availability of animals or fish, as well as other forest travellers or migrants (Alexiades, 2009; Anderson and Posey, |989; Kerr
and Posey, 1984; Rival, 2002). Many of these patches are further enriched and casually maintained by fruit harvesters, who
often take the time to do some selective weeding, cut back intruding vines, or occasionally transplant new seedlings. In Brazil
and Peru most of these forests are named after their most abundant and valuable tree species. In the Peruvian Amazon,
zapotales (rich in the zapote fruit (Quararibea cordata)) are frequently found along paths used for centuries by indigenous
and non-indigenous people.The exact origin of these stands is unknown, but many are believed to have originated centuries
ago, and been maintained up to this day either intentionally or accidentally by people dispersing the seeds (while eating

or processing food), protecting the seedlings and juveniles in the forests through selective weeding, and occasionally by
transplanting seedlings from forests to the edges of pathways, agricultural fields or fallows. People not only value zapotes as
a tasty fruit, but also as an attractor of game animals ranging from monkeys to tapirs.

(Mertz, 2009). It remains the dominant form of agricul-
ture in many rural upland areas where it contributes to the
creation of complex landscapes and livelihoods (Mertz et
al., 2008; Raintree and Warner, 1986; Spencer, 1966).
While the importance of shifting cultivation for food
security and nutrition in many tropical regions is indis-
putable, the numbers of people who depend on shifting
cultivation and the land areas involved remain unclear.
This is due to a general lack of useful demographic data,
ethnographic studies, and explicit knowledge about the
location and intensity of these practices, a failure of land
cover/land use maps to identify these practices from the
global to the sub-national scale (Mertz et al., 2009a;
Padoch et al., 2007; Schmidt-Vogt et al., 2009). Earlier
empirically-based assessments have yielded estimates

of the numbers of people dependent on shifting cultiva-
tion ranging from 40 to more than 500 million worldwide
(Russell, 1988; Goldammer, 1988; Kleinman et al., 1996;
Sanchez et al., 2005). A more systematic study by Mertz
et al. (2009a) provided conservative estimates of between
14 and 34 million people engaged in shifting cultivation
in nine countries in Southeast Asia alone. Similarly, accu-
rate estimates of land areas involved in shifting cultivation
are also lacking, although it can be assumed that they in-
clude a significant proportion of the 850 million hectares
of tropical secondary forests in Africa, Latin America and
Asia (Mertz et al., 2008). There is a clear need for further
research to provide more accurate estimates of shifting
cultivator populations and land areas involved using a
combination of remote sensing data, ethnographic studies
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and special information databases. Promising steps are
being taken by scientists in this direction, for example by
Hett et al. (2012) in their work in northern Laos.

These management systems usually begin with the for-
mation of a gap in the forest, frequently a secondary for-
est. The forest gaps or clearings made by shifting cultiva-
tors may range from several hectares in size, especially in
Southeast Asia when several households choose to farm
contiguously, to only a few square metres. This phase of
the cycle which usually, but not always, involves the use of
fire, and creates a space to plant agricultural crops rang-
ing from the dryland rice and vegetable combinations fre-
quent in montane zones of Southeast Asia (Cairns, 2007;
Conklin, 1957; Condominas, 1977; Padoch et al., 2007;
Mertz et al., 2009b), to assemblages of cassava, banana,
and a variety of tubers and herbs representative of Ama-
zonian fields (Denevan et al., 1984; Denevan and Padoch,
1987; Padoch and de Jong, 1992). The agrobiodiversity
of some of these systems is extremely high (Rerkasem
et al., 2009). For example, the pioneering study of shift-
ing cultivation fields in the Philippines by the Hanunoo
people of Mindoro Island (Conklin, 1957) found over 280
types of food crops and 92 recognised rice varieties, with
several dozen usually showing up in any particular field.
Intensive cropping of annual species usually lasts for only
a year or two after which management generally becomes
less intensive, allowing for a more or less spontaneous or
natural vegetation to gradually dominate the site.

In the past, the change in types or intensity of man-
agement was commonly characterised as “abandonment”
of the field; more recently there has been considerable
recognition that much of the “natural” or “forest” fallow
can be and often is manipulated or managed by shifting
cultivators for a variety of economic and food products
(Cairns, 2007; Alcorn, 1981; Denevan and Padoch, 1987,
Colfer et al., 1997; Colfer, 2008a; Padoch and de Jong,
1992). The “less intensive management” phase, or fallow,
often relies heavily on the regrowth of forest vegetation
for the provision of many of the environmental qualities
necessary for efficient food production, including resto-
ration of soil fertility and structure. The accumulation of
biomass in the regrowing vegetation and the suppression
of pests, diseases and weeds make agricultural produc-
tion, especially in the tropics, a difficult and labour-de-
manding activity. Fallows or young regrowth also often
feature many useful species that households collect and
rely upon for food and the preparation of food. Thus
shifting cultivation is increasingly seen and described as
a complex and dynamic form of “swidden-fallow agro-
forestry” (Denevan and Padoch, 1987).

The complexity of alternating forest and field phases
is further enhanced by other practices that result in the
mixture of planted and spontaneous vegetation in swid-
den fields. When fields are first cleared, any useful
tree species found in the plot are generally spared, left
standing, and even protected from fire. These plants, fre-
quently fruit trees, then become integral parts of the field
together with planted crops and any spontaneous vegeta-
tion that survives weeding and further fires. “Selective
weeding” is the norm; plants valuable for food or other

purposes are again spared while those that are not val-
ued are cut and removed. Especially in the later stages
of the “fallow” phase, spontaneous or forest vegetation
tends to predominate in shifting cultivators’ fields, the
boundaries between forests and fields disappear, although
the food value of these plots is often far higher than that
of less “disturbed” forests (Rerkasem et al., 2009). Many
areas of regrowth in these systems continue to be heav-
ily managed for economic and other products, including
such nutritionally valuable resources as bushmeat (Wad-
ley and Colfer, 2004). “Garden hunting” is often carried
out in shifting cultivation fields and fallows that can be
rich in animals (Linares, 1976; Hiraoka, 1995) as they
are attracted by the fruits that are frequently planted or
spared. In summary, many shifting cultivation landscapes
are largely forests that have been enriched with crops and
a broad array of species by diverse management practices
that are often applied iteratively and are difficult to clas-
sify or even see.

The dynamics of shifting cultivation have changed
over time, and in some regions these changes have been
rapid particularly since the mid-20th century. Many
shifting cultivators have intensified their land use prac-
tices over time, including through the introduction of
new crops and technologies that are not always well-
suited to local agroecological conditions. While such
changes can sometimes increase the cultivators’ imme-
diate incomes, the agricultural results have often been
adverse or unsustainable, especially if unsuitable land
is overused or inappropriate inputs or crops are used.
These changes have often resulted in instabilities in pre-
viously well-adapted shifting cultivation and resource
use, jeopardising their ecological and in some cases
economic sustainability (Raintree and Warner, 1986;
Warner, 1991). For example, shortened cropping cycles
or other management practices have in many situations
contributed to soil fertility and productivity declines
(Borggaard et al., 2003; Cairns and Garrity, 1999; Ram-
akrishnan, 1992). Destabilisation of traditional shifting
cultivation systems is usually the result of a combination
of socioeconomic and political changes, demographic
pressures, and biophysical factors that force cultiva-
tors to change their practices (Table 3.1). Factors that
commonly contribute to these changes include govern-
ment restrictions of forest use, changes in land tenure
systems, demographic pressures including large-scale
migration and resettlements, and policies that promote
cash crop production (Nair and Fernandes, 1984).

While such unstable conditions are not found in all
shifting cultivation systems, they have reinforced nega-
tive perceptions of shifting cultivators and their practices
(Fox et al., 2009; Mertz et al., 2009b). Arguments typi-
cally used to condemn shifting cultivation have included
its low productivity, negative impacts on soils, hydrology
and biodiversity conservation. However, broad generali-
sations regarding shifting cultivation are not helpful and
obscure the fact that environmental impacts of shifting
cultivation are diverse, and depend not only on farmers’
management practices, but the environmental, social,
economic and political contexts in which they occur (c.f.,




3 THE HISTORICAL, ENVIRONMENTAL AND SOCIO-ECONOMIC CONTEXT OF FORESTS AND
TREE-BASED SYSTEMS FOR FOOD SECURITY AND NUTRITION

Causes of destabilisation and degradation in shifting cultivation systems

(adapted from Thrupp et al., 1 997)

Outcomes of Destabilisation
and Degradation

Proximate Causes

Underlying Causes

* Shortening or ceasing fallows

» Over-exploitation of land/soils

* Declining soil fertility

* Decreasing yields

* Increasing deforestation

* Loss of biodiversity

frontier areas

Thrupp et al., 1997; Lambin et al., 2001). Efforts to ame-
liorate the perceived shortcomings or negative impacts of
shifting cultivation can be counter-productive, particu-
larly in relation to food security and nutrition. For exam-
ple, recent studies on land use change in the Lao People’s
Democratic Republic (also see Chapter 5), found that pol-
icies aimed at increasing forest cover, protecting wildlife,
and promoting more intensive, commercial farming have
had significant negative impacts on the well-being of ru-
ral community members and especially on their ability to
adapt to change and respond to a variety of “shocks” that
economic and environmental change may bring (Hurni et
al., 2013; Castella et al., 2013).

A growing body of research indicates that in many ar-
eas where shifting cultivation is still practised, particularly
where traditional knowledge regarding fallow management
is well-developed and applied, these systems can be man-
aged sustainably — without undermining soil fertility and
jeopardising productivity - while conserving biodiversity
and maintaining provision of an array of forest ecosys-
tem services (c.f. Cairns, 2007; Cairns, 2015; Colfer et
al., 2015; Cramb, 1993; Finegan and Nasi, 2004; Klein-
man et al., 1996; Mertz et al., 2008; Palm et al., 2005; Par-
rotta and Trosper, 2012; Ramakrishnan, 1992; Swift et al.,
1996). With respect to efforts to mitigate climate change
through REDD+ programmes, it is important to note that
while the secondary forest-dominated landscapes created
through shifting cultivation do not store as much carbon as
primary forests, their carbon sequestration potential is far
greater than those dominated by alternative agricultural or
single species tree crop management systems (c.f. Bruun et
al., 2009; Chazdon, 2014; Martin et al., 2013). Such find-
ings have important implications for REDD+ policies and
programmes, particularly where they may exclude shifting

Development of roads and
other infrastructure

Expansion of monoculture
agriculture and timber industries

Scarcity of land and other re-
sources available to cultivators

Changing demographic trends, e.g.
migration and population growth

Lack of alternatives for production
and income for rural people

* Resettlement of new groups in

Lack of access to stable markets
for shifting cultivators

Inequitable political-economic
structures affecting use of
resources

International/national economic
policies, especially trade liberalisa-
tion, structural adjustment

Disrespect for; or neglect of, the
rights of shifting cultivators

* Lack of knowledge of
environmental factors in agriculture

* Lack of sustained economic devel-
opment and employment for poor

Lack of political commitment for
poverty alleviation

Inadequate attention to social needs
in environmental policies

cultivation areas (and their practitioners) from REDD+
funding consideration, or use REDD+ policies as a lever
to eradicate shifting cultivation practices (Angelsen, 2008;
Brown et al., 2011; Ziegler et al., 2012).

Finally, although shifting cultivation is a prominent
feature of food production in forested areas in many tropi-
cal regions, the food values of forest mosaics that result
from shifting cultivation systems have to date been little
researched as they fall between conventional “farm” and
“forest” categories. Shifting cultivation landscapes are
often “illegible” to outsiders (Scott, 1999), are frequently
devalued and labelled “degraded”. Yet what research there
is suggests that these landscapes that harbour a great va-
riety of plants and animals in fields and food-rich fallows
and forests, and create multiple and diverse “edges”, have
been the larders of human communities around the globe
and throughout millennia (Andrade and Rubio-Torgler,
1994). As shifting cultivation systems disappear around
the world (van Vliet et al., 2012; Padoch et al, 2008), be-
ing replaced by other forms of production that yield more
food calories per area, it is important to understand what
is being lost in micronutrient output, food diversity and
resilience to shocks when these practices vanish.

3.2.4 Agroforestry Systems

Agroforestry encompasses a vast array of food produc-
tion systems in which woody perennials are deliberately
integrated in spatial mixtures or temporal sequences with
crops and/or animals on the same land unit. These sys-
tems involve careful selection of species and management
of trees and crops to optimise productivity and positive
interactions among their components and minimise the
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need for chemical fertilisers and other inputs to maintain
their productivity.

Like managed forests and shifting cultivation systems,
most agroforestry practices are based on the traditional
knowledge of people in local and indigenous communities.
A staggering variety of agroforestry systems have been de-
veloped and modified by farmers in tropical, subtropical and
temperate regions worldwide over centuries, or even millen-
nia in some regions. The systematic study of agroforestry by
the scientific community, which began only a few decades
ago, has sought to understand the accumulated knowledge
and wisdom of agroforestry practitioners using established
theoretical bases from ecology and agroecology. This knowl-
edge is being used to promote and in some cases modify
these traditional systems in ways that will enhance their ap-
plicability, relevance and adaptability to changing environ-
mental, economic and social conditions (Sanchez, 1995).

Overview of agroforestry systems

and their variability

Agroforestry systems are typically classified on the basis
of'their structure, i.e., the nature and spatial and/or tempo-
ral arrangement of tree and non-tree components. Three
broad classes are generally distinguished, based on the in-
clusion of agricultural crops and/or livestock in these sys-
tems: “agrisilvicultural systems” involving combinations
of agricultural crops and trees or shrubs; “silvopastoral
systems” that include combinations of trees and pasture
for grazing livestock; and “agrosilvopastoral systems”
combining crops, pastures and trees (Nair, 1993).

Agrisilvicultural systems include a very diverse array
of agroforestry subsystems and practices, all of which
involve the cultivation and management of trees and/
or shrubs for food and/or non-food values (such as soil
conservation or providing shelter for crops), generally in
combination with agricultural crops. These subsystems
and practices include for example, improved fallows,
multilayer tree gardens and alley cropping. In some cases
agrisilvicultural systems also combine the production of
timber with agricultural crops, as is the case with “Taung-
ya” which was originally used to promote teak plantations
by the British colonial government in Burma in the late
19" century and which is widely practised today though-
out much of the tropics. Other agrisilvicultural systems
include different plantation crop combinations, notably for
fuelwood but also homegardens with fruit trees.

Silvopastoral systems include plantation crops with pas-
tures and animals; trees on rangeland or pastures; and
protein banks, involving concentrated production of pro-
tein-rich tree fodder outside of grazing areas.

Agrosilvopastoral systems include homegardens with
domesticated animals; multipurpose woody hedgerows,
involving fast-growing and coppicing fodder trees and
shrubs in woody hedges for browse, mulch, green manure
and soil improvement; apiculture with trees; aquaforestry
where selected trees and shrubs line fish ponds, and mul-
tipurpose woodlots.

Within and across these broad categories, agroforestry
systems vary in the functional characteristics of their
components (especially of their tree and shrub compo-
nents), including both productive functions (food, fodder,
fuelwood, timber and other non-timber forest products)
as well as protective functions (windbreaks and shelter-
belts, soil conservation and fertility improvement, mois-
ture conservation, and shade for crops, livestock and peo-
ple). Considerable variation exists within all categories of
agroforestry systems with respect to management inten-
sity and the level of inputs used (such as labour, fertilisers
and other agricultural inputs) which affect their adoption
by farmers (Bannister and Nair, 2003; Franzel, 1999;
Mercer, 2004; Scherr, 1995; see also discussion below in
3.4.4). They also differ in the predominant end uses of
their products — ranging from subsistence (directly con-
tributing to household food security and nutrition) as in
the case of homegardens, to predominantly commercial,
as in the case of cocoa, coffee, tea, rubber and oil palm
agroforestry systems.

Regional and global patterns

in agroforestry practice

Agroforestry systems serve a major role in food security
and nutrition for their practitioners (and consumers of com-
mercialised products) within a number of agroecological
zones on all continents although the exact extent of these
practices is difficult to quantify (notably because of a lack
of standardised definitions and procedures for delineating
the zone of influence of trees in mixed tree/crop systems
(Nair et al., 2009)). Of particular importance to this report
are those regions where food security is considered to be
a more significant challenge. These include extensive ar-
eas where agroforestry systems also have a long history,
i.e., the majority of tropical and sub-tropical humid, sub-
humid, semi-arid and highland regions. The prevalence of
different agroforestry systems in these regions, and their
actual or potential contributions to enhanced food security
and nutrition, are influenced by climate, natural vegetation
and soils, and dominant land use systems, as well as a host
of other socio-economic factors (Nair, 1993).

In humid and sub-humid tropical lowland regions,
agroforestry is practised extensively in Southeast and
South Asia, Central and West Africa, and Central and
South America. In these regions, agroforestry can help
to reduce deforestation and forest degradation, and over-
come productivity constraints on conventional agriculture
related to soil degradation caused by unsustainable forest
management, poorly managed shifting cultivation (includ-
ing reduction of fallow lengths), overgrazing, soil acidity,
low soil fertility and high rates of soil erosion (Nair, 1993).

Tropical and sub-tropical highlands (over 1000m in ele-
vation) with agroforestry potential include humid and sub-
humid regions in the Himalayan region, parts of southern
India and Southeast Asia, the highlands of east and central
Africa, Central America and the Caribbean, and the Andes.
Dominant land uses in these regions include shifting culti-
vation, arable farming, plantation agriculture and forestry,
and ranching (in Central and South America). Agricultural
productivity and food security in these regions may be
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Global estimates of tree cover (percent) on agricultural land

in the years 2008-2010 (averaged)

Source: Zomer et al. (2014)

constrained by soil erosion, shortening of fallows in shift-
ing cultivation, overgrazing, deforestation and forest deg-
radation, and fodder and fuelwood shortages (Nair, 1993).

Semiarid and arid regions where agroforestry systems
are common include the cerrado of South America, savan-
nah and sub-Saharan zones of Africa, drier regions of the
Mediterranean, North Africa and the Near East, and parts
of South Asia (Nair, 1993).

Parklands, one of the most extensive farming systems
in the tropics and the dominant farming systems in semi-
arid West Africa, cover the vast majority of cultivated area
in Sahelian countries. This includes an estimated 90 per-
cent (5.1 million ha) of all agricultural lands in Mali (Cis-
sé 1995; Boffa, 1999) where scattered multipurpose trees
such as baobab (Adansonia digitata L.), detar (Detarium
microcarpum), néré (Parkia biglobosa), tamarind (Tama-
rindus indica), shea tree or karit¢ (Vitellaria paradoxa)
and ber (Ziziphus mauritiana) are managed on farmlands.

A recent geospatial analysis by Zomer et al. (2014) esti-
mated the extent and recent changes in agroforestry practic-
es at a global scale, based on remote sensing-derived global
datasets on land use, tree cover and population. Agrofor-
estry systems (defined in their study as agricultural lands
with greater than 10 percent tree cover) were found to com-
prise 43 percent (over 1 billion ha) of all agricultural land
globally (Figure 3.3). These lands include 320 million ha in
South America, 190 million ha in sub-Saharan Africa, and
130 million ha in Southeast Asia. In Central America, 96
percent of agricultural lands were classified as agroforestry,
as were over 80 percent of agricultural lands in Southeast
Asia and South America. Globally, the amount of tree cover
on agricultural land increased substantially between 2000
and 2010, with the area of >10 percent tree cover increasing
from 40 to 43 percent (+82.8 million ha). The proportion
of agricultural lands with varying levels of tree cover and
proportions of people living in these landscapes in different
regions of the world are presented in Table 3.2.

Zomer et al. (2009) found a strong relationship be-
tween aridity and tree cover in Southeast Asia, Central
America and South America, although there are many
exceptions to this rule (i.e., high tree cover found in
more arid zones and low tree cover found in more humid
zones) that must be explained by other factors, such as
tenure, markets or other policies and institutions that af-
fect incentives for tree planting and management, as well
as context-specific historical trends (Zomer et al., 2014,
Zomer et al., 2007; Zomer et al., 2009). Further, although
patterns in the relationship between tree cover and hu-
man population densities in agricultural landscapes exist
within aridity classes and continents, these correlations
are neither consistently positive nor negative except in the
very low or high range of tree cover, and there appears to
be no general trade-off between human population den-
sity and tree cover in these landscapes. Additional work is
needed to refine estimates of land cover (versus land use)
in agricultural landscapes and the extent of agroforestry
practice in its varied forms, both at the global level and at
finer spatial scales, as well as their relationship with fac-
tors other than climate and population density.

3.2.5 Single-Species Tree Crop
Production Systems

Single-species tree crop production systems can be found
in forest and agricultural landscapes in tropical, sub-tropi-
cal and temperate regions worldwide. They involve a wide
variety of designs and management practices that have
evolved over time in response to local, regional and global
commoditization of domesticated forest species.

The domestication of forest tree species is rooted in
antiquity. Genetic selection, vegetative propagation (in-
cluding grafting) and cultivation of tree crops such as
date palm (Phoenix dactilifera), olive (Olea europaea),
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sycamore fig (Ficus sycomorus), pomegranate (Punica
granatum), apple (Malus x domestica), pear (Pyrus com-
munis), apricot (P armeniaca), almond (P, dulcis), sweet
cherry (P avium), peach (P, persica), mango (Mangifera
indica) before avocado (Persea americana) all date back
4,000 to 6,000 years (Janick, 2005). In the case of the
common fig (Ficus carica) its domestication may have
begun at the time when wild grains such as rice, wheat
and other staple crops were first cultivated in North Af-
rica and Southwest Asia 11,000-12,000 years ago (Kislev
et al., 2000).

Worldwide, many hundreds of tree species are culti-
vated today by farmers for household and local consump-
tion, a lesser number for sale in urban markets, and still
fewer for international markets. These cultivated species
include beverage and confectionery crops (e.g. coffee,
cocoa, tea), fruits, oils (e.g. oil palm, coconut), staples
(e.g. bananas, plantains, breadfruit, peach palm and sago
palm), spices (e.g. cinnamon, clove) and nuts. The di-
versity of forest species cultivated by farmers in tropical
and subtropical regions is impressive; an indicative list
presented by Smith et al. (1992) of domesticated tropical
moist and wet forest trees for their edible fruits or nuts in-
cludes over 170 species. Production from these tree crop
systems contributes significantly to the food security and
nutrition of farmers - either directly for their nutritional
value, or indirectly by providing income, as discussed in
Chapter 2.

Tree crop systems are managed on large, medium or
small scales either as single-species or multi-strata sys-
tems with other woody or herbaceous species. They may
also be intercropped in agroforestry systems with an-
nual or perennial crops in temporal or spatial sequenc-
es. For example, coffee production in Ethiopia mainly

involves agroforestry-based systems, although there are
both natural coffee forests and single-species planta-
tions (Muleta, 2007). Similarly, cocoa is cultivated un-
der the canopy of shade trees in traditional agroforests,
although single-species plantations are also cultivated
(Obiri et al., 2007). Weeding, fertiliser application, pest
and disease control, and branch pruning are among the
cultural practices used in tree crop systems for enhance-
ment of yield (Table 3.3).

The introduction of new hybrids of some species
with large international markets has led to a rapid ex-
pansion in acreage in producing countries. A number
of major tree crops are listed in the FAO database, FA-
OSTATS, on agricultural commodities traded globally.
These include: cocoa (Theobroma cacao), coffee (Cof-
fea arabica, Coffea robusta), tea (Camellia sinensis), oil
palm (Elaeis gineensis), coconut (Cocos nucifera), date
palm (Phoenix dactylifera), mango (Mangifera indica),
avocados (Persia americana), orange, tangerine, lemon,
grapefruit (Citrus spp.), shea (Vitellaria paradoxa),
guava (Psidium guajava), fig (Ficus carica), banana and
plantain (Musa spp.), apple (Malus domestica), peach,
plum, and apricot (Prunus spp.), olive (Olea europaea),
cashew (Anacardium occidentale), walnut (Juglans spp.)
and hazelnut (Corylus spp.). Information on a number of
these tree crop species, their management and contribu-
tions to food security and nutrition, are summarised in
Table 3.3 (see also Chapter 2).

Production of some tree crops with major global mar-
kets has been organised on a large scale with smallholder
participation, making significant contributions to local and
national economies (Watson, 1990). While smallholder
farmers typically earn the least profit margin in tree crop
commodity value chains, single-species tree crop systems

Percentage of land area and population living in agricultural areas with greater than
10%, 20% and 30% tree cover in 2008-2010 (adapted from Zomer et al., 2014)

(% of all land area/persons
in agricultural area)

>10% tree cover

>20% tree cover >30% tree cover

North America 424 66 26.3 46 [5.5 30
Central America 96.1 95 79.0 78 54.8 54
South America 65.6 74 31.8 35 7.7 19
Europe 45.0 46 204 19 1.6 10
North Africa/Western Asia [1.0 I3 55 4 33 2
sub-Saharan Africa 30.5 39 15.0 16 8.4 7
Northern and Central Asia 253 23 9.7 7 4.3 3
South Asia 27.7 34 7.8 8 36 2
Southeast Asia 79.6 73 629 46 49.9 30
East Asia 47.5 57 22.1 21 1.8 8
Oceania 333 80 23.8 67 17.0 52
Global average 434 46 23.1 19 14.2 10
Change since 2000-2002 +3.7 +5 [.8 +2 +1.1 +2
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Box
Shade-grown cocoa 3.2

Although it has been argued that the peren-

nial nature of tree crop systems makes them inherently
more sustainable and less environmentally damaging in
comparison with annual food crop systems (VVatson,
1990), their biodiversity impacts, particularly for the
production of cocoa and coffee, have increased with the
expansion of plantations in many producing countries.

In the case of cocoa, the total area under cultivation
worldwide increased by 3 million ha (4.4 million to 7.4
ha) in the last 50 years (Clough et al., 2010), contributing
to the ongoing transformation of many lowland tropical
forest landscapes in Latin America, Africa and Southeast
Asia that began centuries ago (Schroth and Harvey, 2007).
Expansion of cocoa farms accounts for much of the
deforestation in lowland West Africa (Gockowski and
Sonwa, 201 1) where intact tropical forests have been
converted for this purpose. This transformation has been
expedited by the development and introduction of highly
productive cocoa hybrid varieties that require little or

no forest tree shade. However, since open-grown cocoa
requires increased investments in agro-chemical inputs to
support optimum productivity, it has a shorter productive
period with deleterious effects on soil fertility and planta-
tion health (Ruf and Schroth, 2004). In contrast, cocoa
traditionally grown under filtered shade of forest trees
often results in a multi-strata agroforestry system that is
considered to be one of the best examples of permanent
agriculture that preserves a forest environment and
biodiversity (Ruf and Schroth, 2004; Rice and Greenberg,
2000). Under optimal soil conditions and rainfall regimes,
shade grown cocoa may produce good yields for 60-100
years whereas optimum production may last for 20 or
less years without shade (Ruf and Schroth, 2004; Obiri

et al., 2007; Obiri et al., 201 1).

Theobroma cacao (cocoa) pods.
Photo © sarahemcc, Wikimedia Commons

do create employment and income opportunities locally and
internationally as well as improved trade and foreign ex-
change balances for producing nations. For example, Ethio-
pia, the oldest exporter of coffee in the world, is the largest
coffee producer and exporter in Africa. The cultivation, pro-
cessing, trading, transportation and marketing of coffee pro-
vide employment for 15 million Ethiopians who depend on
the industry for at least a significant part of their livelihood

on a subsistence basis or as a sole source of income. The
industry plays a fundamental role in both the cultural and
socio-economic life of the nation (Muleta, 2007). In Ugan-
da the coffee industry employs over 5 million people and
the sector contributes 20-30 percent of the country’s foreign
exchange earnings (Kiyingi and Gwali, 2013).

Climate change and its potentially devastating effects
on crop production threaten the productivity of tree crop
systems in many regions. For example, it is predicted that
rising temperatures will dramatically reduce cocoa produc-
tion between 2030 and 2050 in Cote d’Ivoire and Ghana, the
world’s first and second cocoa producers accounting for 53
percent of the world’s cocoa output (CTA, 2012). This has
necessitated a critical analysis of promising multi-purpose
tree-based systems that have the potential for ensuring sus-
tainable income and food security while mitigating climate
change effects. Shade-grown cocoa and coffee are also be-
ing advocated in response to certification schemes and also
the increasing demand for “specialty” products (Afari-Sefa
etal., 2010; WOCAT, 2007). Generally, growing tree crops
under the shade of upper canopy forest trees is considered
to be more ecologically and economically sustainable than
open-grown systems (WOCAT, 2007). However, the value
of such systems for biodiversity conservation is very much
context-specific, and has been questioned in the case of
shade coffee (Tejada-Cruz et al., 2010).

3.3 The Influence of Forest Landscape
Configuration, Management and Use
on Food Security and Nutrition

Forests and associated food production systems do not ex-
ist in isolation. They are part of broader economic, politi-
cal, cultural and ecological landscapes. Such landscapes
usually comprise diverse patches of different land use
types, which may include forest and non-forest, different
food production systems, and numerous other land uses.
The following discussion considers the ways in which dif-
ferent land use-patches interact with each other in space
and time to influence the productivity and sustainability
of forests and tree-based systems.

3.3.1 Interactions between
Landscape Components

Positive contributions of forests to
agricultural productivity

Forests provide an array of direct and indirect contributions
to agriculture at different scales (MA, 2005). At the broad
scale, forests contribute to the recycling of nutrients, sup-
pression of agricultural pests, detoxification of noxious
chemicals, control of hydrological processes and genetic
resources for future adaptation to climate change (Foley
et al., 2005; MA, 2005; Plantegenest et al., 2007). In a
study carried out in 56 countries in Africa, Asia and Cen-
tral/South America it was found that a ten percent increase
in deforestation would result in a 4-28 percent increase in
flood frequency (Bradshaw et al., 2007), with large impact
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on rural and agrarian populations (FAO and CIFOR, 2005;
Jonkman, 2005). Forests also contribute to climate change
mitigation, having the capacity to absorb a significant frac-
tion of global carbon emissions which could have positive
impacts on food production (FAO, 2012).

At the local scale, forests and trees outside forests
are essential for ecosystem services such as pollination
(Ricketts, 2004; Ricketts et al., 2008), pest regulation and
regulation of the microclimate (Kort, 1988), as discussed
in Chapter 2. They can also preserve genetic diversity
of domesticated and wild food species and enhance soil
fertility and agricultural productivity (Tscharntke et al.,
2005a; Bianchi et al., 2006; Ricketts et al., 2008; Boyles
et al., 2011). For example, 75 percent of the most impor-
tant crop species benefit from pollination services (Klein
et al.,, 2007) accounting for 153 billion Euros annually
(Gallai et al., 2009). In many African countries farmer-
managed forest regeneration programmes are estimated
to have doubled the agricultural yields over nearly five
million hectares with significant potential for the future
(World Bank, 2013). Green foliage collected from forests
can also represent an important resource for compost to
enhance productivity of field crops, such as areca nut
plantations in India (Sinu et al., 2012).

As discussed in Chapter 2 and earlier in this chapter,
forests are also a direct source of food, fuel, fodder and
medicines, benefiting not only people living within for-
ested landscapes (c.f. Colfer, 2008a; Kuhnlein et al., 2009),
but those living elsewhere, including urban areas. For ex-
ample, it is estimated that about 2.4 billion people, or 40
percent of the population of low- and middle-income coun-
tries, rely on woodfuel for cooking, with some 746 million
people boiling their water with wood (FAO, 2014).

The provision of such forest benefits can be dependent
on the spatial configuration of the landscape and proxim-
ity to forests. For example, Ickowitz et al. (2014) found
that after controlling for confounding factors (such as
distance to market and road density) children’s dietary di-
versity increased with tree cover across 21 African states.
Wild harvested meat also provides a significant source of
food in many regions, including for example in Central
Africa where a critical portion of protein and fat often
comes from this source (Nasi et al., 2008). Forests can
also contribute to nutrition by providing sources of in-
come that can be spent to buy food in markets.

Negative effects of forests on agricultural
productivity

Forests can also have negative impacts on nearby agricul-
tural production, for example by harbouring agricultural
pests and diseases that reduce agricultural yield, and oth-
ers that more directly harm human health. New insect
pests can be introduced into an area through the transpor-
tation of wood or nursery stock associated with forestry
and horticultural activities (Cock, 2003). Forest wildlife
species and arthropods (insects, ticks, etc.) can spread dis-
ease pathogens and parasites to livestock and humans, such
as malaria, encephalitis, rabies, Ebola, SARS, and several
others (Bengis et al., 2002; Belotto et al., 2005; Colfer,
2008b; Olson et al., 2010; Tomalak et al., 2011; Wilcox

and Ellis, 2006). In light of the recent West African Ebola
crisis, it has been argued that these risks create an oppor-
tunity to conserve forest animal species by emphasising
the dangers involved in consuming wild meat (Williams,
2014). However, this argument has been rejected by others,
who emphasise the complex relationship between people,
forests and hunting practices that produce the risk of
disease transmission (Pooley et al., 2015).

Forests are a critical habitat for wildlife species but can
also be a source of human-wildlife conflict, particularly
where agroforestry buffers between forests and farms pro-
vide suitable habitat for wild species (Naughton-Treves et
al., 1998). When agricultural fields, agroforestry systems
or homegardens are raided by wild animals, crop dam-
age can result in significant economic losses on farms
and during post-harvest stages of food production, and in
some cases total crop devastation (Ntiamoa-Baidu, 1997;
Hockings and McLennan, 2012). Around Kibale National
Park (Uganda) - a large forested reserve harbouring crop
raiding species such as baboons and chimpanzees - av-
erage financial losses for farmers in a six month period
were estimated at USD 74 with more severe crop damage
closer to the park boundary (Mackenzie and Ahabyona,
2012). In the struggle to protect crops, both humans and
wildlife can be put in danger, undermining conserva-
tion efforts due to increased human-wildlife conflict and
increasing farm labour costs (Hill, 2000; Pérez and Pa-
checo, 2006). In India, elephants kill over 400 people and
destroy crops valued at two to three million USD every
year (Bist, 2006; Rangarajan et al., 2010).

Impacts of other land use patches on forests
Forests can be impacted positively or negatively by other
nearby or distant land uses in ways that affect their own
role as food production systems, as habitat for biodiver-
sity, or their structure and function more generally. For-
ests located near farming and urban areas may be more
exposed to air, water and other types of pollution. Forests
are vulnerable to emissions of reactive pollutants such as
SO2, NOx, HNO3 and NH3 as well as elevated levels of
ozone and excessive mineral salts (Fowler et al., 1999;
Likens et al., 1996). These potentially phytotoxic pol-
lutants, largely studied in the northern hemisphere, are
damaging to forest health although it is difficult to iden-
tify specific pollutant effects given the high level of inter-
activity between pollutants, and between pollutants and
climate change (Bytnerowicz et al., 2007; Paoletti et al.,
2010). Atmospheric pollutants can also severely damage
forests through acid rain (Likens et al., 1996).

Proximity to human settlements and roads can in-
crease the likelihood of invasive species being introduced
to, and perhaps damaging, forest environments (Bradley
and Mustard, 2006; Bartuszevige et al., 2006). In most
cases the introduction of non-native species may have lit-
tle impact since they often fail to survive in a new habi-
tat. However, those that do become established and thrive
can cause severe and widespread economic and ecologi-
cal losses, such as a reduction in forest and agricultural
productivity, species population declines and even ex-
tinctions (Holmes et al., 2009). For example, in Canada
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the Asian longhorned beetle (4dnoplophora glabripennis)
threatens the hardwood and maple syrup industries, while
the impacts of yellow star thistle (Centaurea solstialis) on
cattle production have cost Californian ranchers and the
state an estimated USD 17 million (Eagle et al., 2007).
In French Polynesia and other Pacific islands, Miconia
calvescens (an introduced tropical American tree), has
shaded out native plant species in some areas and, due to
its shallow rooting habit, increased erosion and frequency
of landslides (Meyer and Malet, 1997; Environment Can-
ada, 2004; Moore, 2005).

Scale and fragmentation issues

Many of the interactions described above are influenced
by the scale and spatial configuration of different land use
patches. The process of forest fragmentation, occurring
when formerly forested lands are converted permanently
to pastures, agricultural fields, or human-inhabited de-
veloped areas, can result in changes in ecosystem func-
tions that alter the supply and distribution of ecosystem
services vital for agriculture (Tscharntke et al., 2012).
Reduced connectivity of forest patches affects the ability
of pollinators, pest predators (Tscharntke et al., 2005b;
Kremen, 2005), water and nutrients (Brauman et al.,
2007; Power, 2010) to move across a landscape. How-
ever, there is growing evidence that in agricultural land-
scapes forest fragments continue to provide ecosystem
services, including pollination and pest control services
(Ricketts, 2004; Ricketts et al., 2008; Holzschuh et al.,
2010), water regulation and purification services (Foley
et al., 2005). Forest fragments in agricultural landscapes
can also change dispersal patterns for fungi and soil or-
ganisms that affect decomposition (Plantegenest et al.,
2007). In some cases, managing landscape configuration
to enhance forest fragment connectivity may be a more
effective tool for optimising agricultural landscapes for
multiple ecosystem services rather than simply limiting
further forest loss (Mitchell et al., 2014). It is however
important that sufficiently large forest patches and con-
nectivity are maintained, as high levels of forest loss can
result in abrupt landscape-scale loss of native forest spe-
cialist species in the long term (Pardini et al., 2010).

In many parts of the world, traditional agricultural
landscape management approaches have been developed
to more closely link agricultural and forest (or woodland)
management and ensure continuity in the provision of eco-
system services from forests. For example, Japan’s tradi-
tional socio-ecological production landscapes, known as
satoyama (‘“‘sato” =home village; “yama” =wooded hills
and mountains), comprise integral social and ecological
networks of villages and their surrounding agricultural
lands, open forestlands and forests, in which forests are
managed for multiple values, including biodiversity con-
servation and the ecosystem services that forests and wood-
lands provide to agriculture (Indrawan et al., 2014). Simi-
lar landscape management systems are found throughout
Asia and elsewhere in forms that are adjusted to regional
biophysical conditions (e.g. Agnoletti, 2006; Bélair et al.,
2010; Johann et al., 2012; Kumar and Takeuchi, 2009;
Ramakrishnan et al., 2012; Youn et al., 2012).

3.3.2 The Influence of Landscape Use and
Management of Forests and Tree-based
Systems on Nutrition

Many factors influence the actual or potential contribu-
tions of forests and tree-based systems to food security
and nutrition of producers, their families and other con-
sumers. These include the productivity of these manage-
ment systems, the resilience of these systems to with-
stand shocks (weather and other events), the choice of
food species cultivated and managed, and the extent to
which the food products are utilised for household or
local consumption, or marketed to earn income which
may then be used to purchase other foods. The variety
of forest and tree management practices that typically
co-exist within rural landscapes may contribute to the
broader food system in varying degrees, since a substan-
tial portion of people’s diet is often traded or purchased
(Powell et al., 2015).

Two main types of studies can be used to evaluate how
different landscape, forest and tree management approach-
es may impact nutrition. The first type involves studies that
compare the diets of one or more ethnic groups at differ-
ent stages of transition from one livelihood strategy to an-
other, with the different livelihood strategies having differ-
ent land use patterns. A selection of such studies and their
main results are summarised in Table 3.4.

Other studies that have compared the capacity of dif-
ferent forests and tree-based systems to produce nutri-
tionally-important foods such as fruits and vegetables and
animal sources of foods (usually done by modelling) offer
insights as to their relative contribution to diet and nutri-
tion. Differences in the diets of traditional hunter-gatherer
communities and neighbouring agricultural ones in India
seem to be very context specific (sometime better, some-
times worse). In many places more traditional subsist-
ence groups had more meat in their diets, based on stud-
ies from India (Gupta, 1980), Cameroon (Koppert et al.,
1993), Borneo (Colfer, 2008a; Dounias et al., 2007) and
Botswana (Hausman and Wilmsen, 1985). Comparing
primary forests with secondary or heavily modified forest
systems, the latter provide a greater number and quantity
of useful plant species (but not always animal species)
than primary forests, based on studies from the Brazilian
(Parry et al., 2009), Bolivian (Toledo and Salick, 2006)
and Peruvian Amazon (Gavin, 2004) and from Panama
(Smith, 2005). Considering shifting cultivation, the aban-
donment of this practice may be associated with less use
of wild foods including wild meat and vegetables (and
uptake of micronutrients such as iron and vitamin A), but
the few existing studies have not demonstrated that shift-
ing cultivation is associated with better dietary intake,
based on studies in the Philippines (Schlegel and Guthrie,
1973) and India (Gupta, 1980). Complex agroforests
have been found more likely to provide enough fruits
and nutrients per unit of land than less diverse agrofor-
estry systems, based on results of farm modelling studies
from Central America and West Java) (Cerda et al., 2014;
Marten and Abdoellah, 1988). Regarding home gar-
dens, four separate reviews of the impacts of agricultural
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Studies examining differences in diet between groups during
livelihood and land use transitions

Shifting cultivation to
plough-farming in the
Philippines

Comparison of diets

of tribes with settled/
paddy-based agriculture,
to those with shifting
cultivation and those
with hunting and
gathering, in India

Hunter-gatherers in
transition to settled
agro-pastoralism;

San of /ai/ai, in Botswana

Comparing hunter-
gatherers to neighbouring
agricultural communities
in Cameroon

Hunter-gatherer to
sedentary urban/
agriculture in Borneo

Hunter-gatherer to
market-oriented rice
cultivation in Borneo

Agricultural community
in forested landscape
mosaic, transition after
introduction of payments
for ecosystem services
(PES ) in Mexico

Two Tiruray communities at opposite poles of this transition were studied.
Hunting, fishing, and gathering of wild resources have virtually disappeared.
Reliance on wild food resources diminished, with greatly increased
dependence on market foods.

The traditional communities had lower average intake of energy, protein, fat,
calcium, iron, vitamin A and higher average intake of thiamine and riboflavin (B
vitamins) compared to those in sedentary agriculture.

A comparison of tribes from northeast India shows that those that engaged in
the most hunting (Padams) had highest percent energy from protein, highest
iron, calcium and vitamin A intake. The tribe with least animal source foods
(Noktoe) had second highest vitamin A intake, likely due to greater depend-
ence on wild and cultivated vegetables. The tribes practising mixed shifting and
paddy cultivation (Padam, Minyong and Galongs) had better diets than those
without paddy cultivation (Nokte). In central and western India, a hunter-gath-
erer forest dwelling tribe (Marias) had lowest calcium, iron and vitamin A intake.
Forest dwelling subsistence agriculture tribe (Baiga) had highest iron, vitamin A,
compared to settled rice-based agricultural tribe (Gonds), despite much higher
energy intake by Gonds.

Traditional (hunting and gathering): Percentage of caloric intake from:
vegetables (85), meat (12), milk (1), maize (2).

Mixed (diet of wild and domestic food): Percentage of caloric intake from:
vegetables (65), meat (I 1), milk (17), maize (7).

Settled (agro-pastoralism): Percentage of caloric intake from: vegetables (10),
meat (10), milk (29), maize (43), sugar (9).

Settled communities have much lower contribution to diet from vegetables
and meat and much greater intake of milk, maize meal and sugar.

Yassa: Agriculture and fish-based subsistence. Average daily per capita intake:
34g of vegetables; 199g fish; 24g meat.

Mvae: Subsistence based on agriculture and hunting (in forest and on coast).
Average daily per capita intake: 00g vegetables; 62g fish; 129g meat.

Bakola: hunter-gatherer based subsistence. Average daily per capita intake:
54g vegetables; 22g fish; 21 6g meat.

Much higher intake of meat and high animal source food intake in hunter-gath-
erer group, higher vegetable consumption in agricultural community.

Remote/traditional communities had more diverse diets with more meat,
better nutritional status and physical fitness and greater contribution of forest
resources to diet compared to sedentary agricultural or urban communities.

People in resettled area with better access to markets, where people’s liveli-
hood strategies focus on market-oriented rice production had poorer diets
compared to those in a remote area (possibly due to lower use of wild foods
and less time for production of non-staples)

Community perceived loss of food security, and greater dependence on
purchased food. They perceived lower maize yields due to shorter fallows (less
agricultural land / no new land available), lower meat consumption (no more
hunting, all meat now has to be purchased and the money from PES cannot
fully compensate for loss of hunting).

Schlegel and
Guthrie (1973)

Gupta (1980)

Hausman
and Wilmsen
(1985)

Koppert et al.
(1993)

Dounias et al.
(2007)

Colfer (2008a)

Ibarra et al.
(2011)
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Village near Corbett National Park, India.
Photo © PJ Stephenson

interventions on nutrition outcomes all concluded that
there is convincing evidence for the positive impact of
home garden interventions on nutrition, especially access
to fruits and vegetables and intake of vitamin A (Berti et
al., 2004; Girard et al., 2012; Masset et al., 2012; Powell
et al., 2015; Tontisirin et al., 2002).

More research is needed into the detailed contribu-
tion of different forms of forest and tree management
systems to nutrition.

3.4 The Socio-Economic Organisation
of Forests and Tree-based Systems

3.4.1 Introduction

The viability of production system options available to
farmers, including forests and tree-based systems, is in-
fluenced by an array of biophysical and socio-economic
factors. Understanding both the opportunities and con-
straints on the retention or adoption of these production
options is of prime importance to all concerned with en-
hancing the food security and nutrition of farmers and
rural communities as well as the urban and increasingly
globalised populations whose food they produce.
Challenges faced by families and communities that
rely on forests and tree-based systems for their food se-
curity and nutrition include heterogeneous and unpre-
dictable environmental conditions (e.g. unpredictable
weather exacerbated by climate change, fragile and/or
marginal soils), forest degradation, deforestation and as-
sociated biodiversity losses. Production systems are also
embedded in underlying “invisible” social, economic and
political structures, and are influenced by social and cul-
tural norms, values, beliefs, customs and traditions. Such

factors determine social and gender relations and their
interaction within production systems, and shape the cul-
tural identities of different ethnic and social groups and
communities and indigenous peoples, and their food and
livelihood preferences and choices. Social, economic and
political structures also embody power relations which
determine access to land, trees and other productive re-
sources, and participation by different stakeholders in
forest and natural resource governance mechanisms and
the resulting outcomes in terms of resource appropriation
or sharing and conflict resolution.

The socio-economic organisation in the four produc-
tion systems identified earlier in this chapter is highly di-
verse and complex, with considerable variations between
and within continents and countries. Even a single land-
scape often comprises peoples or social groups of differ-
ent ethnic or religious affiliation, class, caste, political
ideology or agricultural profession (pastoralists, seden-
tary farmers, foresters, plantation managers, hunters and
gatherers) who may have overlapping, complementary or
quite distinct production systems.

This section concentrates on the three factors directly
affecting the socio-economic organisation of production:
land and tree tenure, gender relations, human capital and
financial capital (including credit), with a focus at the
community and household level. These factors and their
interrelationships are constantly evolving in response to
external changes that include: shocks (such as drought,
disease, food price hikes), longer-term climate change
trends, public action (policies, laws, administrative pro-
cedures), infrastructrure development, innovations and
new technologies, improved extension services, changes
in governance frameworks and institutions, popular de-
mand voiced through protest and social movements, and
new opportunities brought about by changes in markets
for land, labour, agricultural and tree products, and forest
sub-soil resources (such as minerals, fossil fuels). While
the drivers of these changes are discussed in Chapter 4,
the implications for the socio-economic organisation
of production in forests and tree-based systems are ad-
dressed in this section, with particular focus on the liveli-
hoods, food security and nutrition of the poor.

3.4.2 Land, Tree and Related Natural
Resource Tenure

The four forest- and tree-based systems described earlier
in this chapter (Section 3.2) are governed by a web of
highly complex land tenure systems in which rights to
land, trees and other natural resources such as water are
commonly categorised as: private, communal, open ac-
cess and state (Box 3.3). The related tenure rights can be
defined through formal or statutory legal arrangements
(de jure), which predominate in private or state land, or
by customary practices (de facto) which are prevalent in
communal and open access regimes.

Forests and tree-based systems are characterised by
different land right regimes (defined in Table 3.5), though
there are marked context-specific variations in practice.
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Shifting cultivation is practised generally on land that
is not privately owned while agroforestry is commonly
practised on private land in South Asia, parts of North Af-
rica, and Europe and on communal land in sub-Saharan
Africa. Plantations and smaller tree crop stands grown by
corporations/large farmers and smallholders respectively
are usually on private land which provides the tenure se-
curity needed to protect costly, long-term investments.
However, in countries where communal tenure is fairly
secure, smallholder tree crops are also found on commu-
nal land (for example, cocoa trees in Ghana (Quisumbing
et al., 2003), or oil palm on collectively-held customary
land in Indonesia (Li, 2014)). Corporations quite com-
monly lease state land for tree plantations, for example,
in Indonesia for oil palm (Li, 2014) and in many countries
in Southeast Asia, Africa and Latin America for industrial
timber concessions (c.f. Hatcher and Bailey, 2010). Final-
ly, all four types of tenure can apply to managed forests,
with the actual distribution by tenure varying by region
and country.

Bundles of rights, incentives and

food security

In practice, different tenure regimes can co-exist in the
same landscape, and even within some tenure regimes
two or more individuals or groups can have different
rights to a specific area of land or related natural re-
sources (such as trees), either simultaneously or in
different seasons. Thus it is useful to think of “bun-
dles of rights” that can be held by different holders of
the rights (FAO, 2002a; Bomuhangi et al., 2011). A
frequently-used classification, developed by Schlager
and Ostrom (1992), distinguishes: access, withdrawal,
management, exclusion and alienation rights. Access
rights enable entry to the land, such as the right to walk
in a forest. Withdrawal rights include the right to take
something from the land, such as forest foods, fire-
wood, timber. While in many countries communities
have withdrawal rights for subsistence or small scale
commercial activities, in some cases such as Thai-
land, legislation does not recognise customary rights
of forest communities, rather criminalising extraction

Box
Land tenure categories 3.3

Representing the relationship, whether

legally or customarily defined,among people, as individu-
als or groups, with respect to land (including land-related
natural resources such as water and trees), land tenure is
commonly categorised as:

Private: the assignment of rights to a private party who
may be an individual, a married couple, a group of people,
or a corporate body such as a commercial entity or
non-profit organisation. For example, within a community,
individual families may have exclusive rights to agricultural
parcels and certain trees. Other members of the commu-
nity can be excluded from using these resources without
the consent of those who hold the rights.

Communal: a right of commons may exist within a com-
munity where each member has a right to use inde-
pendently the holdings of the community. For example,
members of a community may have the right to graze
cattle on a common pasture.

Open access: specific rights are not assigned to anyone
and no-one can be excluded.

State: property rights are assigned to some authority in
the public sector. For example, in some countries, forest

lands may fall under the mandate of the state, whether at
a central or decentralised level of government.

Source: FAO, 2002a.
Note: The rights to subsoil resources such as minerals,

natural gas and oil are almost always reserved for the
state (RRI,2012).

of forest products and land occupation (RRI, 2012).
Management rights cover the right to use or change the
land, such as to plant trees or crops or to graze animals,
or to make improvements to the land, such as better wa-
ter management. In many countries, traditional man-
agement systems developed by local communities and
indigenous people to regulate access and withdrawal
rights by community members have been replaced by
government-authorised systems, subject to certain con-
ditions. These can bring benefits, for example, in re-
ducing deforestation and increasing community access

Generalised overview of types of tenure rights associated with forests

and tree-based systems

Forest/Tree-based system

Managed forest
Shifting cultivation
Agroforestry 4

Single-species tree crop systems (4

mm
4 4 4 v

Rights

4 4 v
v v
4 4
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to fuelwood and fodder and control over NTFPs, but
they can also weaken a community’s capacity to func-
tion flexibly and effectively to meet community needs
for food and other livelihood requirements (Larson et
al., 2010; RRI, 2012; Barry and Meinzen-Dick, 2014).
Exclusion rights prevent others from using the land or
resource, while alienation rights enable the transfer of
land to others, by sale, lease or bequest.

Bundles of rights typically associated with
different forest- and tree-based systems

Forest/Tree based
Systems and Tenure*

Managed forest

Table 3.6 illustrates the complexity of these bundles of
rights for the four forest- and tree-based systems. While
not compatible with systems of shifting cultivation, pri-
vate tenure permits all five rights (i.e. “full ownership™)
in the other three systems. Communal right regimes op-
erate in all four systems, and are particularly extensive
in Latin America and Africa. They are usually man-
aged by (informal) community mechanisms (sometimes

mm

Private v 4 4 4 4
Communal 4 4 CG CG X
Open Access 4 v X X X
State v v v CG (CO) (%4
Shifting cultivation

Communal v CG CG X
Open Access X

State CG (CO)
Agroforestry

Private v 4

Communal CG CG

State v (CO)
Single-species Tree Crop systems

Private v (4

Communal CG CG

State

Source: Adapted by authors from FAO, 2002b and Schlager and Ostrom, 1992

(CG) Traditional Community Groups;
Corporate Bodies; State Body;

(CO) Community Organisation with formal/legal rights and obligations.

X = Not permitted

* The tenure categories are taken from FAO, 2002b, given in Box 3.3, and also used in Table 3.5
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government-authorised under specific conditions) and
enjoy some exclusion rights. Importantly, they do not
have alienation rights. Open access regimes are confined
to shifting cultivation and, in a few countries, some man-
aged forests, where users only have access and withdrawal
rights. Finally, in most countries the state owns the major
share of managed forests and tree plantations, commonly
delegating management rights to state bodies and/or for-
mal community organisations under strict conditions, or
leasing land for tree plantations to corporate bodies with
all rights except alienation.

More recently, the Schlager and Ostrom (1992) classifi-
cation has been expanded (RRI, 2012; Stevens et al., 2014)
to include the dimensions of duration and extinguishability.

Duration considers whether the rights are held in per-
petuity or for a limited time period. Permanent rights are
vital to safeguard the sovereignty and autonomy of indig-
enous peoples, (RRI, 2012) and because “indigenous peo-
ple’s right to food is inseparable from their right to land,
territories and resources, culture and self-determination”
(Damman et al., 2013). Often, in customary systems the
duration of rights is determined by evidence of continu-
ous use (e.g. in Meghalaya, India (Kumar and Nongkyn-
rih, 2005); and in Gambia (Dey, 1981)). Long-term rights
provide security and incentives to invest and maintain
sustainable forest and tree management practices (RRI,
2012). In Viet Nam, for example, long term (50 years or
more) use rights to forest lands have been secured through
Land Use Certificates, with a total of 1.8 million certifi-
cates having been issued by December 2010 (FAO, 2014).

The right of extinguishability ensures “due process
and compensation” when governments exercise their
universal right of “eminent domain” to expropriate lands
for the “public good”. While private land owners as well
as communities and indigenous peoples with de jure use
rights to state or communal forest land generally have le-
gal entitlements to due process and compensation, com-
munities with de facto rights are vulnerable to losing
their land and their livelihoods (RRI, 2012). For example,
herders in Mongolia protested at government issuance of
gold mining rights to national and foreign companies, as
they lost pastures and forests and their water was polluted
by the mines (New Zealand Nature Institute, 2006). Log-
ging concessions as well as illegal logging on indigenous
peoples’ land in Indonesia and Peru, have displaced thou-
sands of people from forests on which they depend for
their food and livelihoods (United Nations, 2009). Even
with official de jure rights, in many instances weak gov-
ernment protection may make it difficult for communi-
ties to assert their rights. For example, Peru and Colom-
bia have ratified various international conventions and
covenants regarding indigenous peoples and the right to
adequate food for all, and have demarcated and titled a
large part of indigenous and community land, yet they
have authorised hydrocarbon and mining companies to
operate on this land, without consultation or consent by
the indigenous peoples and communities concerned.

Multiple rights to a specific parcel of land or to specific
natural resources on it can be held simultaneously or suc-
cesssively by several people or groups (Bruce, 1999; Fuys

and Dohrn, 2010). These complex rights mean that even a
single landscape that might contain forests, agroforestry
with trees, crops, pastures and animals, and lakes/rivers,
would be subject to a web of different property rights
regimes or, as conceptualised by Bruce (1999), “tenure
niches”. For food security and livelihoods, it is important
to recognise that these “bundles of rights” can be further
broken down, with different individuals, families, kinship
and other groups (cross-cut by gender, class and agricul-
tural specialisation) accessing different “rights” to the
same resources. The exercise of these rights can be com-
plementary, for example, where some people (especially
men) may have ownership or usufruct rights to trees, and
others (especially women) to certain products from these
trees such as fruit and small branches for fuel (Rocheleau
and Edmunds, 1997). In Zimbabwe for example, in com-
munal tenure systems among the Baganda, only men use
fig trees (Ficus natalensis) to produce bark cloth, hang
beehives and create boundaries while only women use
figs for soil improvement and as shade for other crops. In
northern Thailand upland residents have rights to collect
bamboo on individually-owned lowland farms (Fuys and
Dohrn, 2010).

Rights to trees may be different from rights to the land
on which they grow, particularly in the case of custom-
ary tenure systems (Howard and Nabanoga, 2007). How-
ever, even under private tenure, they may be different, for
example, in Morocco the state owns argan trees even if
they are grown on private land (Biermayr-Jenzano et al.,
2014). Under customary tenure, an individual’s rights to
trees may depend on his/her rights to the land on which
they are grown, while planting trees can also establish
rights to land. However, bundles of rights to trees and their
products can also be held by different individuals (with or
without the land ownership or use rights), simultaneously
or at different times, for different purposes (Fortmann and
Bruce, 1988). These rights are often nested and layered
in space as well as among rights holders, creating differ-
ential entitlements to benefits that are also related to the
broader social structures (Howard and Nabanoga, 2007),
and the social and religious/spiritual norms, values and
practices of the concerned communities.

The exercise of multiple rights can cause conflicts
despite the existence of mediation mechanisms (Bruce,
1999). For example, in the state-owned argan forest ar-
eas in southwestern Morocco, tensions are rife between
nomadic camel and goat herders with grazing rights and
local residents with rights to exploit the argan fruit (Bier-
mayr-Jenzano et al., 2014). In Senegal, disputes between
Wolof farmers and Peul herders over the use of branches
from the baobab trees for fodder undermined the Peuls’
food security and livelihoods. These disputes were ex-
acerbated by a government decree protecting the baobab
tree (Rose, 1996).

As Schlager and Ostrom observe (1992) “Different
bundles of property rights, whether they are de facto or
de jure, affect the incentives individuals face, the types of
actions they take, and the outcomes they achieve”. These
rights are ultimately critical for ensuring food security
and nutrition.
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3.4.3 Gender, Rights to Land and Trees,
and Food Security

Reviewing country-level statistics and a large number of
field studies, Lastarria-Cornhiel et al. (2014) conclude
that most land tenure systems are gender-biased, allocat-
ing primary rights to land to male members of the com-
munity and family. Gender differences in ownership or
use rights to trees are particularly complex and vary by
culture. In many countries, trees on state, community or
open access land belong to the state. Women in matrilin-
eal systems often have stronger rights, though some-
times these are controlled by their brothers or maternal
uncles. Gender differences in the way land is accessed
also contribute to differences in tenure security. In sub-
Saharan Africa, men often acquire use and management
rights to land through inheritance or allocation by their
clan or lineage, while women more commonly acquire
temporary use rights (and occasionally permanent rights)
through marriage and to a considerably lesser extent
through fathers and brothers (Rocheleau and Edmunds,
1997; Howard and Nabanoga, 2007; Kiptot and Franzel,
2012; Meinzen-Dick et al., 2014; Lastarria-Cornhiel et
al., 2014). In such customary systems, women frequently
lose their land use rights if their marriages are dissolved
(through separation, divorce or death of their spouse),
particularly if they do not have sons. In Latin America,
women are more likely to acquire land through inherit-
ance (so their rights are not affected if their marriages
dissolve) and men through purchases in land markets
(Doss et al., 2008). Paradoxically, the emergence of land
rental markets in customary systems, particularly in sub-
Saharan Africa, can facilitate women’s access to land as
male owners are more ready to rent to women because
they are prohibited from acquiring permanent land rights
(Giovarelli, 2006; Lastarria-Cornhiel et al., 2014).

Rural men and women often acquire different types of
assets (Meinzen-Dick et al., 2014). Men are more likely
to own large livestock such as cattle and buffaloes and
women small livestock such as poultry and goats (Krist-
janson et al., 2014). In rural Philippines women tend to
have higher educational levels (and thus better access to
non-farm work) while their brothers are more likely to
inherit family land (Quisumbing et al., 2004). In Asia,
women are more likely to own jewellery, and men are
more likely to own land and assets such as farm equip-
ment and vehicles (Agarwal, 1994b; Antonpoulos and
Floro, 2005, cited in Meinzen-Dick et al., 2014).

Where the state owns trees, the use rights are either vest-
ed in the community, which exercises management respon-
sibilities or in the male leaders of the lineage or households
(Rocheleau and Edmunds, 1997). Often the effectiveness
of women’s rights depends on their voice in local institu-
tions that are commonly male-dominated (Agarwal, 2010;
Lastarria-Cornhiel et al., 2014). In the case of community-
owned land and state land managed by communities, wom-
en often have secondary rights legitimised through their
relationship to men. Howard and Nabanoga (2007) found
highly complex gender-differentiated rights to trees and
their products among the Baganda in Uganda that varied

according to their location in homesteads, croplands, com-
mon lands or state forests. While only men owned trees on
private land, women’s customary rights to plant resources
in gendered spaces on common or state land were as strong
as men’s. Rocheleau and Edmunds’ (1997) review of stud-
ies in Africa also found that women’s rights are substantial,
particularly in customary systems where they have rights
to fuelwood, medicinal plants and wild foods in the “bush”
or forests, in “in-between” spaces not valued by men, such
as bush along roadsides, fences, and boundaries between
men’s trees and crops, as well as home gardens near their
houses, and also to certain tree products (e.g. fruit, fuel-
wood, leaves, fodder) growing on men’s land. Agarwal
(1994b) found that in Sri Lanka women sometimes re-
ceived coconut trees as dowry and their brothers would
periodically send them a share of the harvest.

However, these cases cannot be generalised, even in
customary systems. For example, in Ghana, women have
been able to acquire their own trees, through acquisition of
private land through the market and sale of cash crops such
as cocoa (Berry, 1989, 1993 cited in Rocheleau and Ed-
mond, 1997; Lastarria-Cornhiel, 1997) or as gifts of cocoa
trees from their husbands in compensation for their labour
on the men’s cocoa trees (Quisumbing et al., 2003). In the
Colombian Pacific region, Afro-Colombians have highly
complex tenure systems that permit both men and women
to own trees that they have planted or inherited, and their
products such as fruit and tree snails (Asher, 2009).

The nature and security of women’s rights to land,
trees and their products are of central importance to en-
suring household food security. Gender differences in the
types and relative sizes of productive assets and control
of income are critical for food security as a large body of
evidence shows that women are more likely to spend their
income (from their own production or wage labour) on

Forest and agriculture mosaic landscape, Cat Ba,Vietnam.
Photo © Terry Sunderland
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food, healthcare and education of their children (Haddad
et al., 1997; Agarwal, 1997; Njuki et al., 2011; FAO,
2011; Kennedy and Peters, 1992; Duflo and Udry, 2004;
Meinzen-Dick et al., 2014).

The interrelationships between women’s rights to trees
and their products and household food security and nu-
trition raise two major issues. The first is the need for
women’s security of tenure. This is clearly demonstrated
by Fortmann et al. (1997), who found in their study of two
Zimbabwe villages in the communal areas that women
were much less likely than men to plant fruit and other
trees within the homestead or on household woodlots be-
cause the trees and their produce belonged to their hus-
bands (as household head), and they lost their use rights
to the produce if he died or they divorced (even if they
still lived nearby). However, both men and women were
equally likely to plant trees on community woodlots
where the duration of their rights to the trees was secure
as long as they remained village residents. Furthermore,
while richer men planted considerably more trees than
poor men, indicating a greater ability to engage in com-
mercial production, this was not the case for richer wom-
en who planted a few trees for subsistence and had less
risky ways of earning, such as producing annual crops for
sale, beer brewing and handicraft sales.

The second issue is the complementarity between men’s
and women’s access to different products from the same
trees, sometimes in different seasons, and from different
tenure systems. For example, in Uganda, jackfruits located
in different areas are used differently by men and women.
Women reported 60 percent of uses in homegardens, which
were mainly for subsistence especially during periods of
food shortage (they use leaves for fodder and medicine)
while men reported over 80 percent of uses on croplands
that were for sale and subsistence, as well as fuel. Jack-
fruits on common land and in state forests were only used
for subsistence fuel (Howard and Nabanoga, 2007).

Land ownership or use rights may not be sufficient to
exercise control over the use, management and the prod-
ucts of trees on their land (Agarwal, 1994a; Rocheleau
and Edmunds, 1997; Deere et al., 2013). Even where
women have land ownership rights, research in the Gen-
der Asset Gap Project in Ecuador, Ghana and the state
of Karnataka in India found that land did not automati-
cally translate into decision-making on what to grow, how
much of the crop to sell, and over the use of the income
generated from crop sales (Deere et al., 2013).

3.4.4 Human Capital, Control and Decision-
making in Forests and Tree-based Systems

Rights to forests and trees and their products are embed-
ded in the broader social systems that also determine ac-
cess to human and financial capital, decision-making pro-
cesses and control of the products or income from their
sale, thus affecting the way in which these property rights
are used. Since social systems are not static, these rights
can be negotiated or changed over time (Meinzen-Dick et
al., 1997; Rocheleau and Edmunds, 1997).

In many customary and open access tenure systems,
the notion that individuals own their labour power and the
products of their labour is widespread. Rights to forest land
and trees are commonly established by the act of clearing
primary forest. For example, the Lauje in Sulawesi, Indo-
nesia, considered that the person who invested labour in
clearing land or planting trees owned the land and the trees,
and could alienate these through gift, sale or exchange (Li,
1998). Similarly, in sub-Saharan Africa, rights to land are
derived from the labour expended to clear or cultivate the
land. Land is commonly held under lineage-based systems,
in which a male lineage member is entitled to land to sup-
port his family, and can use this as long as it is being cul-
tivated. His heirs would normally be given the land that
was cultivated at the time of his death (Platteau, 1992).
Women are sometimes prevented by men from clearing
land, for example, in The Gambia, as this would make the
land “women’s property” and their husbands or other male
relatives would have no control over it if their husbands
died or they divorced (Dey, 1981).

In open access and communal forest systems (includ-
ing local and indigenous communities’ formal or informal
use of state land), the availability of human capital (com-
monly proxied as labour and education (Meinzen-Dick
et al., 2014), though also covering traditional knowledge
and skills and health that are less easily quantified) is one
of the main factors affecting the ability of an individual,
household or community to clear, maintain, and use for-
ests and tree products. While labour is a key factor, spe-
cialised knowledge and skills that are often gender- and
age-specific are also critical. For example, women often
specialise in forest medicinal plants and fuelwood, and men
in hunting wild animals for food, while either may have
rich knowledge of other foods and fodder, depending on
their cultures.

Often very poor families with few resources except
their labour are highly dependent on forest products for
their food security and livelihoods (Jodha,1986; Fisher,
2004; Adhikari, 2005; Narain et al., 2008). However,
the literature indicates that while resource dependence
(defined by Narain et al., 2008, as the share of resource
income in overall income) tends to decline with overall
income, the relationships are complex and there is no
consistent trend. For example, Fisher (2004) and Narain
et al. (2008) found that forest income declined with the
household head’s level of education in Malawi and Mad-
hya Pradesh (India); similarly, Adhikari (2005) found that
in Nepal, forest income declined with the household’s av-
erage level of education. Both Adhikari and Narain et al.
found that forest income increased with household live-
stock holdings as such households required more fodder.
The results were also affected by the availability and type
of labour, and by education/skills.

More remote villages may have higher dependence
on forest resources as they have fewer opportunities for
off-village labour, and are likely to have higher costs
for purchasing resources and food (Narain et al., 2008).
Duchelle et al. (2014) found that in the more remote com-
munities in Pando (Bolivia) forest income made up 64
percent of total household income compared with only
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12 percent in the region of Acre in Brazil, just across the
border, which is better connected to markets and towns,
and off-farm work opportunities.

Agroforestry systems (on private or communal land),
woodlots and small tree stands are becoming an increas-
ingly important smallholder livelihood strategy in many
countries for a variety of reasons (see Section 3.2.4) of
which a critical one is labour. Trees demand less labour
than most field crops and are attractive where labour is
scarce, expensive or difficult to manage. Households with
sufficient income from non-farm sources, which there-
fore may not need to cultivate their land intensively, may
also plant trees to provide food and other products, or to
retain surplus land as an alternative to renting out or sell-
ing the land (Arnold and Dewees, 1998).

Shortages of labour (especially male labour) as well as
land are leading to shorter fallows and longer cultivation
periods in many shifting cultivation systems (Hunt, 1984;
AIPP and IWGIA, 2014). Land shortages, for example, in
the uplands of Southeast Asia, are the result of increasing
population densities from endogenous growth and in-mi-
gration by large numbers of lowlanders, as well as loss of
access to land taken over by the governments (Cairns and
Garrity, 1999). Analyses of studies from across Southeast
Asia have shown that increasing returns to labour is usu-
ally much more important than increasing yields per unit
of land area (Cairns and Garrity, 1999).

The intrahousehold division of labour and control of
the product, by gender and age, is highly complex across
and within forests and tree-based systems, regions, coun-
tries and cultures. In many cases women provide substan-
tial labour and management of particular forest/tree prod-
ucts but men control the disposal or marketing of these
products and the distribution/use of the benefits (World
Bank et al,. 2009; Rocheleau and Edmunds, 1997). Case
studies in seven Asian countries showed that indigenous
women perform about 70 percent of the work in shifting
cultivation. Men identify suitable land and do the hard
physical work in land preparation. Women also help in
clearing the land, selecting seeds and weeding, while both
men and women harvest and conduct the rituals during
the cultivation cycle together (AIPP and IWGIA, 2014).
In some parts of Africa, women are involved in small
retailing of forest products and men in wholesale trade
(Kiptot and Franzel, 2012). This may affect incentives
to increase production and sustainable resource manage-
ment, with negative implications for improving food se-
curity and livelihoods. Based on her field work in Africa,
Whitehead (1985) distinguishes between sex-sequential
labour processes on a single product and sex-segregated
labour processes on similar or different products. She
considered women’s claim on the product of their labour
to be weaker in the first case, as their contributions were
submerged in the conjugal role. In contrast, in Southeast
Asia, Li (1998) found that the key issue was not the divi-
sion of labour itself but the extent to which labour invest-
ment is directly connected to the creation of the property.

Women are often disadvantaged in access to and con-
trol of agricultural labour (Dey Abbas, 1997; FAO, 2011;
Hill and Vigneri, 2014). Kumar and Quisumbing (2012)

found that in Ethiopia, female-headed households tended
to be smaller than male-headed households, and have a
larger proportion of female members which disadvan-
taged them as many agricultural operations are male-
intensive. This is particularly the case for ploughing, a
task which cultural norms proscribe for women. Simi-
lar constraints were reported for Botswana (Fortmann,
1983; Peters, 1986) and Zambia (Feldstein and Poats,
1990). In many sub-Saharan African countries, women
are also obliged by custom to provide labour, food and
sometimes cash crops for male-controlled households.
These obligations often take precedence over women’s
rights to work on their personal fields, trees or other in-
come-generating activities (Dey Abbas, 1997; van Kop-
pen, 1990; Hill and Vigneri, 2014). Women also have
heavy domestic demands on their labour, which limits
the time they can spare for their agricultural work (Qui-
sumbing and Pandofelli, 2009).

Interestingly, despite women’s labour and cash/credit
constraints, female-managed cocoa farms in Ghana were
as productive as male-managed farms (Hill and Vigneri,
2014). Women were able to compensate by using labour
exchange groups and relying more on labour-intensive
production methods rather than the use of purchased
modern inputs. This balancing of labour and non-labour
inputs confirms the review of evidence in FAO (2011)
that women are as productive as men, if they have the
same level of inputs.

3.4.5 Financial Capital and Credit: Using and
Investing in Forests and Trees

Financial capital includes savings/debt (including in
banks, credit unions, cooperatives, informal savings
clubs or tontines), gold/jewellery income, credit, insur-
ance, state transfers and remittances (Carloni, 2005;
IFPRI, 2013). Savings are often in the form of live-
stock assets, for example, as is the case in Acre (Brazil)
(Duchelle et al., 2014).

It is frequently argued that poor households (espe-
cially those headed by women) are more dependent on
forest resources for food and income than richer house-
holds although the evidence is mixed (Adhikari, 2005).
A growing body of evidence suggests that the role of
capital and/or credit is critical in enabling households
or individuals to exploit forest resources. For example, a
study by Adhikari (2005) in Nepal found that households
with land and livestock assets gained more from commu-
nity forests because they were able to make greater use
of intermediate forest products such as leaf litter, fodder
and grass products. Female-headed households benefit-
ted less than male-headed households, as they had fewer
livestock and had minimal involvement as office bearers
in the forest user groups. These findings are consistent
with those of Velded (2000) who found that the benefits
from common grazing land among the Fulani in Mali
were exclusively related to capital, technology and skill
levels, and those of Narain et al. (2008) in relation to
complementarity of asset ownership in Jhabua (India).
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For the majority of smallholders in local or indigenous
communities, forest income is often insufficient to sup-
port investment in forest and tree resources. A number of
countries have introduced small grants and microcredit
schemes for smallholders, sometimes through the mecha-
nisms of producer cooperatives or, particularly in Latin
America, by facilitating relations beween banks and small
forestry producers (FAO, 2014). In Viet Nam, through its
2007 Decision 147 on the promotion of forests for pro-
ductive purposes, the government encouraged households
to engage in the plan to establish 250,000 ha of new plan-
tations per year till 2015 by providing low credit rates for
smallholders (FAO, 2014).

These schemes seem to neglect earlier evidence (Ar-
nold and Dewees, 1998) which showed that tree planting
only requires low inputs of capital and that subsidies can
lead to adoption of inappropriate tree species or lead to
distortions in land use. Arnold and Dewees (1998) also
refer to widespread evidence that seedling distribution,
fertiliser and cash subsidies tend to be captured by larger
farmers, who are not food insecure.

The adaptation of shifting cultivation systems to “dual
economies” among many indigenous communities in Asia
reflects also the importance of improved market access as
well as greater opportunities to access credit or wage labour
to invest earnings in farming and improve food security and
livelihoods (AIPP and IWGIA, 2014). The report by AIPP
and IWGIA (2014) provides examples of resulting innova-
tive combinations of shifting cultivation with agroforestry
(e.g. fruit and cashew orchards in Cambodia, rubber gardens
in Indonesia), growing high value cash crops in shifting cul-
tivation fields (e.g. vegetables, herbs, ginger, turmeric in In-
dia and Bangladesh), establishing separate, permanent fields
for cash crops (e.g. tobacco, maize, flowers, pineapple, vege-
tables in Thailand, India, Bangladesh) and improving fallow
management by planting specific trees in India.

Numerous studies cite evidence that women generally
have less access to capital than men. They are often pre-
vented by social norms or their heavy domestic and car-
ing work from engaging in paid work outside the home
or community (where wages are generally lower than in
more distant, urban, jobs) and have less capacity to es-
tablish or buy tree gardens (Li, 1998). Women’s lack of
financial capital is often cited as a reason for their greater
dependence on common property resources, as in Ethio-
pia (Howard and Smith, 2006).

3.5 Conclusions

Forests and tree-based systems have historically played
a major role in supporting livelihoods as well as meet-
ing the food security and nutritional needs of people
worldwide. These systems, including natural forests that
are managed to optimise yields of wild foods and fod-
der, shifting cultivation, a wide variety of agroforestry
systems and single-species tree crops, are still dominant
components of rural landscapes in many parts of the
world, and remain critical to food security and nutrition
of hundreds of millions of people worldwide.

Women selling mangoes in a roadside market in Guinea.

Photo © Terry Sunderland

They offer a number of advantages over permanent
(crop) agriculture given their adaptability to a broader
range of environmental conditions (e.g. soils, topography
and climate) and changing socio-economic conditions
and the diversity of food products derived from them.

Most forests and tree-based systems we see in the
world today — particularly managed forests, shifting
cultivation and agroforestry systems - are underpinned
by the accumulated traditional knowledge of local and
indigenous communities. This knowledge has been
crucial to the development and modification of these
systems over generations under diverse and variable
environmental conditions and to meet changing socio-
economic needs.

Only rarely and relatively recently have agricultural
and forest scientists, extension agents and development
organisations begun to understand the importance and
relevance of many of these systems, and begun to work
with farmers to combine the best of traditional and for-
mal scientific knowledge to enhance their productivity
and direct (food security and nutrition) and indirect (in-
come) benefits to their practitioners.

Despite their widespread use, particularly in regions
of the world where food security and nutrition are of par-
ticular concern, the data needed for decision-makers to
make informed choices is quite limited, especially at the
global and national level. Further research is needed on:
the actual extent of most of these systems, the numbers
of people who rely on one or more such systems to meet
their household food and/or income needs, and the rela-
tive value of different forests and tree-based systems on
the diets and health of those who manage them. Such in-
formation is of great importance to policymakers, plan-
ners and development agencies seeking to improve the
lives of food-insecure populations.

Differences in diets and nutrition associated with dif-
ferent subsistence strategies/different forms of land use
(e.g. managed forests, shifting agriculture, agroforests,
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and single-species tree crop systems) are not widely doc-
umented. Studies comparing hunter-gatherers and low-
population-density forest communities to more seden-
tary and urbanised groups have generally shown that the
former consumed more meat but their diets were not nec-
essarily better. The few existing studies suggest that the
impact of transitions from one form of subsistence and
land use to another is context-specific and influenced by
social, cultural and economic factors.

A number of studies have shown a link between tree
cover and dietary diversity and consumption of nutritious
foods. Although we do not yet understand the pathways
of this relationship, it suggests that maintenance of tree
cover around rural homes and communities may lead to
more nutritious diets.

Forests and tree-based systems are part of broader eco-
nomic, political, cultural and ecological landscapes that
typically include a mosaic of different food production
systems and other land uses. How these different land use
patches interact with each other in space and time can
profoundly influence the productivity and sustainability
of forests and tree-based systems as well as their food
security and nutrition outcomes.

Tenure regimes in all four forest and tree-based sys-
tems are highly complex, and rights to trees may be dif-
ferent from rights to the land on which they are grown.
Different bundles of rights are nested and overlap in
these different systems, varying by geographical, social,

cultural, economic and political factors, and affecting the
access of different population groups to the trees and their
products for food, income and other livelihood needs.

Most tenure systems are gender-biased, allocating pri-
mary rights to men. Since women represent 43 percent of
the global agricultural labour force, and there is evidence of
feminisation of agriculture in numerous developing coun-
tries, women'’s weak and often insecure rights of access to
land, forests and trees is undermining their engagement in
innovation in forests and agroforestry systems with huge
costs for the food security and nutrition of their families.

Rights to land, forests and trees in customary systems
are commonly based on labour expended in clearing land
or planting trees. Richer households with more assets (in-
cluding livestock) are able to claim or make greater use
of forest common property resources. However, poorer
households often have a higher dependence, as a propor-
tion of their total income, on forest resources for food
security and livelihoods.

Tree planting and management requires low inputs of
capital, mainly for labour, fertilisers and pesticides, and
subsidies can lead to adoption of inappropriate trees or
lead to distortions in land use. Such subsidies are often
captured by larger farmers, who are not food insecure.
Thus policies and incentives that improve demand and
market prospects for trees rather than subsidising the es-
tablishment phase are more effective in promoting food
security and improved livelihoods for the poor.
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