Fruit trees plantation

Farming households growing selected fruit tree portfolios on their farms, to
gain year-round supply of nutritious fruits to eat, for diverse diets and
improved health. The fruit tree portfolio approach is designed to tackle the
problem of micronutrient deficiencies, also known as ‘hidden hunger’.
Photo: World Agroforestry
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Highlights


Tree cover on agricultural land is strongly related to climate zone, with some
regional variation



Agroforestry allows for a gradual transition from subsistence to market-oriented
land use



Tropical commodity production is highly concentrated, with the top 1, top 3 and
top 10 countries accounting for about one-third, two-thirds or 90%, respectively,
of global production



Agroforestry farmers face different and changing forest-policy and property-right
regimes in countries and regions



Progress in developing land-use policies supportive of agroforestry is uneven,
with opportunities for inspiration and learning from frontrunner countries



Upscaling agroforestry practices requires developing options tailored to varying,
local, socio-ecological contexts and enabling environments

1.1 Introduction
There are many ways to classify and describe agroforestry practices based on the spatial and
temporal arrangement of trees, the type of trees in relation to economic value, the non-tree
components (crops, livestock, fish) or the balance between retained, spontaneous and planted
trees (compare with Chapter 2). The simplest way that is compatible with existing global data
sets may well be the classification of tree canopy cover on agricultural land1,2 because it allows
a direct comparison across regions and countries. In this chapter, we present data, experience
and lessons from the six regions in which World Agroforestry is currently active. Together,
they cover 66.8% of global agricultural land and 72.9% and 78.8% of such land with at least
10% and 30% tree cover, respectively. Across all regions, tree cover on agricultural land is
positively related to rainfall (scaled by potential evapotranspiration in Figure 6.1). Central
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America stands out as the region with the highest, relative, on-farm tree cover in any climatic
zone, with relatively small differences between other regions, once climate is accounted for.
From existing data, it appears that increases in soil carbon storage in agroforestry systems
relative to open-field cropping (on average 19% for the 0–100 cm depth layer) are only
partially related to aboveground carbon storage in trees across four different agroforestry
practices (homegardens, alley cropping, windbreaks, silvopastoral systems), but do correlate
with tree age3.

Figure 6.1 Relationship1 between tree canopy cover in agricultural land and relative precipitation (P),
scaled by potential evapotranspiration Epot

Figure 6.2 Frequency-rank relationship for tropical commodities
Source: FAO Stat data for 2014

Agroforestry is an important mode of production for some of the tropical commodities but
has in others been replaced by monocultures. For these commodities, the top 1, top 3 and top
10 countries account for about 33%, 66% and 90% of global production, respectively.
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However, there are some differences, with oil palm and coconut most concentrated, and
coffee and tropical timber least geographically concentrateda.
We will here give a brief characterization of the tree-cover data at country scale, the main
development issues that agroforestry can contribute to, and the types of agroforestry
research and development of the past four decades, with a focus on research performed by
World Agroforestry and partners. Each of the six regions is ‘represented’ by single case studies
in subsequent chapters (8–13), therefore, we will contextualize the examples here. As a
generic group of settings with special consequences for agroforestry, Chapter 14 will focus on
‘small islands’ around the world.

6.2 Eastern and Southern Africa
The Eastern and Southern Africa region, covering 9.5% of global agricultural land, represents
6.7% and 2.5% of such land with at least 10% and 30% tree cover, respectively. This relatively
low tree cover is linked to climate (most of the area has P/Epot ratios below 0.62. See Figure
6.1), dominant food crops (maize, with little shade tolerance and little microclimatic benefit
from shading as has been documented for other cereals4), and the classification of most
‘rangelands’ (extensive grazing in savanna landscapes with trees) as outside of ‘agriculture’.
Higher rainfall areas are found on the various mountain ranges, in what have locally been
recognized as ‘water tower’ configurations5. Some of the earliest agroforestry descriptions of
the diverse Chagga gardens6 on the slopes of Mount Kilimanjaro are on such a water tower.
As the climate at higher elevations is conducive to temperate vegetables and/or tea, these
areas have attracted settlements in colonial and post-colonial periods. Within this region,
Madagascar, Uganda, Burundi, Kenya, Ethiopia, Angola and South Sudan have the largest
fractions of agricultural land with at least 10% tree cover.
East Africa is not a major player in tropical commodity trade but Kenya is the worlds’ thirdlargest tea producer (9% of total) and Ethiopia the worlds’ fifth-largest producer of coffee (5%
of global production) while the region is the centre of origin of the main coffee species used
and, thus, relevant for genetic diversity (including wild relatives). Research on the coffee
agroforests of Ethiopia and some of the Eastern Arc mountains has considered the balance of
local wellbeing and global value of conserving genetic diversity7.
East Africa is the source area of the Nile, with current understanding of the atmospheric
moisture transfer between the White Nile (originating in the Lake Victoria Basin) and the Blue
Nile (in Ethiopia)8 calling for a more integrated ‘precipitationshed’ approach9,10 beyond current
water-sharing agreements.

a

Top producer: Highest for oil palm at 50.9% and lowest for tropical timber 19.2%; Top 3: highest for oil palm at
88.3%, coconut at 83.7%, tea at 70.3%, and lowest for tropical timber at 46.9%; Top 10: highest for coconut
at 97.5%, oil palm at 95.5%, cocoa at 93.7% and tea at 91.9%, lowest for tropical timber at 83.4% and coffee
at 81.5%
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Figure 6.3. Agricultural land fraction and fractions of that with >10, >20 or >30% tree cover for countries in
eastern and southern Africa

The Eastern and Southern Africa region has been afflicted by chronic poverty and food
shortages, which are caused or exacerbated by a complex interplay between agroecological
(declining soil fertility and crop yields, droughts, floods, environmental degradation), social
(illiteracy, class and ethnic disparities), and politico-economic (unfavourable domestic policies,
massive debt burdens, corruption, distorted international trade policies and skewed terms for
development aid) factors.
While agriculture is the main source of livelihoods for approximately 80% of the rural
population in the region, agricultural production is constrained by unaffordable inputs,
especially fertilizers, lack of access to credit, and minimum involvement of smallholders in the
market economy. Declining soil fertility is one of the root causes of low crop productivity and
consequently of deforestation, with natural forests (of variable ages as ‘fallow’) being cleared
for the expansion of farmland. In the wetter parts (the water towers), profitable understorey
species, such as cardamom11, lead to a gradual replacement of forest species. Owing to rapid
population growth and inequitable land distribution, farmers now are forced to cultivate the
same piece of land more frequently and, in some cases, continuously every year, thereby
exhausting the soils. Given the small farm sizes (often under 1 hectare), many farm families
cannot produce enough to feed themselves even during years of favourable rainfall. Most
smallholders face food deficits during the periodic droughts affecting the region.
In this context, current agroforestry research is focussed on:
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Supplying farmers with high-quality germplasm for trees that provide fruit12, energy13
and fodder14,15;



Improving on-farm tree management16,17;



Disseminating science-based evidence and otherwise demonstrating the effectiveness
of agroforestry systems at scale to encourage the uptake of these systems18,19;



Developing ecological services20,21, particularly, water management services under
agroforestry systems22; and
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Strengthening the capacities of government counterparts23,24, research organizations
and communities25.

The landscape case study in Chapter 7, Shinyanga in Tanzania, represents the challenges in
large areas where past development efforts in crop and livestock production did not include
attention on trees or even saw them as the source of tsetse flies preventing livestock raising.
Restoration and recovery of the landscape’s potential to function in current and changing
climates had to rely on a combination of institutional (reviving old natural management
concepts), technical, social and economic interventions. The relevance and response to these
options depends on context; any specific landscape example can provide inspiration but no
‘blueprint’.

A farmer in Toben Gaa reducing vulnerability of smallholder farmer in western Kenya to the effects of
climate change by improving their livelihood and environments. Photo credit: World Agroforestry/Joseph
Gachoka.

6.3 West and Central Africa
The West and Central Africa region, covering 8.5% of global agricultural land, represents 6.1%
and 8.5% of such land with at least 10% and 30% tree cover, respectively. Country-level data
(Figure 6.4) show that 10 countries in the region have at least 30% tree cover on at least 80%
of their agricultural land (mostly in the Congo Basin and humid West Africa); a small group
(Ghana, Cameroon, Togo, Cape Verde) has intermediate tree cover; and the remaining
countries, in the drier zones, have hardly any. More detailed data for this zone give a more
nuanced perspective (increasing tree cover on farms while closed forest stands continue to
lose out)26 will be discussed in Chapter 8.
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Figure 6.4 Agricultural land fraction and fractions of that with >10%, >20% or >30% tree cover for
countries in western and central Africa

The West and Central African region covers approximately 1200 million hectares spanning 21
countries with a total population of more than 330 million people. It includes arid, semi-arid,
sub-humid and humid ecological zones, with clearly differentiated types of agroforestry.
West and Central Africa features the worlds’ primary production of cocoa (Ivory Coast in first
place at 32%, Ghana second with 19%, Cameroon fifth with 6%, Nigeria sixth with 6%) and still
plays some role in oil palm (Nigeria in fifth place at 2%) while it is the centre of origin of both
oil palm and some of the coffee species used and, thus, relevant for genetic diversity
(including wild relatives).
The Congo Basin contains the world’s second-largest continuous area of rainforest and is
home to more than 20 million people, most of whom depend on the use of natural resources
for their livelihoods. In the humid tropics zone of Central Africa, early agroforestry research on
improved fallows27 has been transformed into interest in the direct value of trees for the local
economy. Fruit tree domestication28,29 became closely linked to processing and marketing of
tree products30,31,32,33, rural resource centres and marketing arrangements34,35, jointly
understanding adoption36. Technical efforts to develop new value chains for Allanblackia37,38
still require a stronger economic embedding. Legal frameworks for tree management proved
to be essential across the various zones and legal traditions39,40 while what so far has been
seen as ‘community forest management’ needs to connect agroforestry and local business
development41,42. On the policy side, REDD+ and emerging climate policies also have a richer
meaning when linked to agroforestry43,44.
About 70% of the world’s production is sourced from West and Central Africa. However, cocoa
farming developed over time to the detriment of food crops and caused shortages of major
food commodities not only in cocoa-farming households but also in food markets. A mapping
of malnutrition in the major cocoa-producing areas of Côte d’Ivoire45 and Ghana46 revealed
stunting rates varying respectively from 25% to 34% and from 25% to 38%. These high rates
were linked to a very low dietary diversity, axed on consumption of energy-dense and
nutrient-poor foods, such as fats and oils, white roots and tubers, excluding vitamin A-rich
fruits or vegetables. While some positive relationship has been established between cocoa
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production and food security in cocoa-producing households, it is not clear how this happens.
Also, cases of food insecurity are frequently reported by cocoa-farming families in West and
Central Africa and the factors causing this are also not well known47.
In general, food security is influenced by many structural factors like price fluctuation of
commodities, low edible crop productivity, low level of incomes, lack of access to agricultural
inputs and credit markets and, consequently, poor investment in the agricultural sector.
Climate change also has direct effects on food security through abnormal changes in
temperature, rainfall and extreme weather events48. Higher temperatures are affecting cocoa
production, calling for more vigorous forms of agroforestry, associating trees for shade or
other crops for diversification.
In the Sahel region, conventional approaches to reforestation have involved the use of
expensive, environmentally destructive inputs and the propagation of exotic species, often
with need for water that strains available resources. Owing to low survival rates of planted
trees, farmer-managed natural regeneration (FMNR) has been developed over the three last
decades as an alternative. FMNR can be combined with planting to broaden the portfolio of
tree products and services. For planting, seedling production and propagation methods to
shorten the juvenile phase and improve the quality of the products have been developed in a
domestication effort49,50. Parkland agroforestry51,52 and its role in supporting food
production53,54 has seen a revival after changes in forest policy (see Chapter 8). Clarifying
tenure was essential to give efforts in dryland tree improvement55,56 a chance of success. Tree
products from the parklands contain vitamins and micro-nutrients that complement the
starch-based (cereals) diet of the Sahel region. There are also sources of income and creation
of jobs for women, who are the most active in processing tree products57,58,59.
The main focus of the research in the region is on domesticating trees for high-quality
germplasm to produce fruit and fodder, restoring cocoa orchards, managing tree–crop
interactions to optimize parkland performance, developing tree-based land restoration,
developing value chain and public–private partnerships, analysing regulations and supporting
the development of conducive environments for the promotion of trees and
agroforestry60,61,62.

6.4 Southeast Asia
The Southeast Asia region, covering 7.9% of global agricultural land, represents 14.7% and
28.9% of such land with at least 10% and 30% tree cover, respectively. The region includes
Indonesia with 6.3% and 13.8% of global agricultural land with >10 and >30%, respectively, as
a champion of agroforestry. Myanmar and Cambodia have the lowest fraction of agricultural
land with at least 10% tree cover but would still be in the high tree-cover frequency class if
they were part of Africa or the rest of Asia.
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Figure 6.5 Agricultural land fraction and fractions of that with >10, >20 or >30% tree cover for countries in
southeast Asia

Southeast Asia dominates tropical commodity production and trade in oil palm (Indonesia is
in first place at 51% of global production in 2014, Malaysia is second at 34%, Thailand third at
3%, Papua New Guinea is sixth at 1%); rubber (Thailand in first place at 32%, Indonesia second
at 22%, Viet Nam third at 7%, Malaysia sixth at 5%, Philippines seventh at 3%); and coconut
(Philippines in first place at 32%, Indonesia second at 30%, Thailand fifth at 3%, Viet Nam sixth
at 2% and Malaysia seventh at 2%); while being also relevant in coffee (Viet Nam in global
second place at 16%, Indonesia fourth at 7%); cocoa (Indonesia globally third at 16%); and tea
(Viet Nam sixth at 4%, Indonesia seventh at 3%).

Farmers tending a pepper garden in Southeast Sulawesi to improve rural livelihoods by raising on-farm
productivity, encouraging better environmental management, and improving governance. The initial focus
has been on South and Southeast Sulawesi, two provinces which suffer from high levels of poverty and
still possess significant tracts of natural forest. So far, several thousand people have benefited from
training sessions on marketing, establishing demonstration trials, participatory governance and
development of land-use models. Photo: World Agroforestry/Yusuf Ahmad

122

| Sustainable development through trees on farms: agroforestry in its fifth decade

The region has more than 200 million hectares of forested land, covering nearly half of its
total land area. These forests contain some of the highest levels of biological diversity in the
world. Indonesia’s rainforests alone, while covering only 1% of the Earth’s land area, contain
10% of the known plant species, 12% of mammal species (including endangered orangutans
and critically endangered Sumatran tigers and rhinos) and 17% of bird species.
It is estimated that forest cover in the region is reduced by an average of almost 1.4 million
hectares a year. The main drivers of this forest (and agroforest) loss are conversion to
agriculture, with a continuing proliferation of monocultural rubber, oil palm63, and pulp-andpaper plantations. As a result of land conversion and other factors, the region has lost almost
15% of its original forest cover over the past fifteen years, with some areas, including parts of
Indonesia, projected to lose up to 98% of their forests by 2022.
Within this context, some agroforestry research has documented two pathways of ‘swidden
intensification’: one focussed on crops that can grow with shorter or ultimately without fallows
(but may still have trees between upland rice paddies64), another in which the fallow became
agroforest and as such was prolonged65,66. Such agroforests67,68 have been shown to reduce
pressure on remaining forests69. They used to harbour as much tree diversity as secondary
forests as long as the surrounding forest matrix and its ‘seed rain’ was intact (Chapter 2) but
where the landscape crossed a ‘diversity tipping point’ they lost species, except those that
were allowed to mature and reproduce in agroforests70,71.
In response to the agricultural-intensification (or Borlaug) hypothesis, a deeper understanding
has emerged of relative advantages for the combined targets of productivity and conservation
in both segregated and integrated land-use arrangements72. Efforts to introduce more
productive rubber clones into agroforest management practices proved to be remarkably
complex73.
Early work on quantifying the prevalence of Imperata grasslands in the region has shown that
such symptoms of land degradation can be transient if tenure regimes allow smallholders to
restore multifunctionality24,74. Smallholders’ timber production has become an important
component of agroforestry in the region75,76,77.
Part of the regional fire incidents stem from land-right conflicts78; addressing such79,80
conflicts at their roots goes a long way toward facilitating agroforestry-based, sustainable land
use. In the case of tropical peatlands81, however, the current range of tree species usable in
‘paludiculture’ is limited.
Two decades of research on incentive and reward systems that support environmentalservice-friendly land uses has shown the relevance of co-investment82,83 paradigms, rather
than ‘payments’.
Along with the high diversity of languages, ethnic identities and a complex historical pathway
of political change, gender-based role differentiation varies within the region but is in many
instances relevant for the ways agroforestry can contribute to transforming lives and
landscapes84. The landscape case study of Chapter 9, Sumber Jaya in Indonesia, represents
one of the main open-air social-ecological system laboratories where ‘negotiation support’
systems emerged in interactions between farmers, foresters, local government authorities
and agroforestry researchers. In the Philippines, the Landcare85,86 movement allowed forms
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of collective action and actively supported learning to emerge, partly in the specific post-landreform era.
The region is rich in ‘small islands’, in which agroforestry has a specific meaning and
contribution to make (Chapter 13). The region is, unfortunately, also a global leader in ‘natural
disasters’ and the loss of ecological buffering that increases human impacts of extreme events
(Chapter 14). In the region, climate resilience87 has a specific meaning. Tropical deforestation
and its various drivers at multiple scales have made the region a frontrunner in the climatechange policies aimed at reducing emissions from deforestation and forest degradation
(REDD+), with some progress in clarifying the solutions an agroforestry approach can
bring88,89,90,91. From a focus on ‘opportunity costs’, the agroforestry agenda has transformed
into one of supporting ‘green growth’92,93. Long-term impacts of agroforestry research in the
region can be seen in the high-level policy support for agroforestry that the ASEAN Guidelines
for Agroforestry Development (Chapter 18).

6.5 East and Central Asia
The East and Central Asia region, covering 11.5% of global agricultural land, represents 8.5%
and 5.3% of such land with at least 10% and 30% tree cover, respectively. It includes China
with 8% and 5.1% of global agricultural land with >10 and >30%, respectively. Tree cover on
agricultural land is generally low in East and very low in Central Asia. The size of China,
however, masks the considerable variation in tree cover and agroforestry94 within the country,
which is highest in the wettest southern part, especially in Yunnan Province, where it coincides
with high ethnic diversity and strong agroforestry traditions. Agroforestry in China includes
the well-studied Paulownia and wheat systems in the north95 and sacred forests96.
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Figure 6.6 Agricultural land fraction and fractions of that with >10%, >20% or >30% tree cover
for countries in East and Central Asia
East and Central Asia plays a modest role in tropical commodity production but China is the
worlds’ fifth-largest rubber producer (6% of global total), world’s largest tea producer (38%)
and is the centre of origin of tea (Camellia sinensis). Rubber expansion in the mountainous
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parts of Yunnan is causing problems97 although a recent study of hydrological impacts
showed that it matters what land cover rubber replaces and where in the landscape the
conversion occurs98. Water flows from the higher mountains (including the cascading effects
of a warming Himalaya99) are a major concern for land-cover management in Yunnan100.
Since 1998, following the devastating impact of floods caused or exacerbated by
deforestation, China has implemented a massive initiative to restore and conserve forests.
The landscape case study of Chapter 10 represents the challenges and opportunities created
at local level by the top–down Sloping Land Conversion Program, also known as ‘grain to
green’. China was one of the first countries in Asia to report an increase in forest cover, after
decades of decline101. Such ‘forest transition’, however, masks qualitative changes in the type
of tree cover that is included in ‘forest’ statistics. Government statistics indicate that China’s
programs have achieved significant success, with gains of 434,000 km2 of forested land from
2000 to 2010. However, these figures hide the fact that the term ‘forested land’ is loosely
defined, including both low-density monocultural plantations and areas of dense, high tree
cover102. A large proportion of land classified as ‘forested land’ includes scattered, immature
or stunted plantations often consisting of a single species or even single clones, which are
unlikely to provide the same benefits as large areas of dense and tall forest103. If only land
with tall, relatively dense tree cover is included104 then the expansion of China’s forests is
much less impressive than that claimed by official statistics, increasing by only 33,000 km2.
A remarkable agroforestry success has been reported from the Democratic People’s Republic
of Korea105,106, where new ways of local food production alongside reforestation of sloping
land emerged as an opportunity for local initiative in an otherwise strongly regulated
landscape.

6.6 South Asia
The South Asia region, covering 9.3 % of global agricultural, represents 5.2% and 1.8% of such
land with at least 10% and 30% tree cover, respectively (Figure 6.7). Relatively high tree cover
is found in Bhutan, Sri Lanka, Nepal and Bangladesh. South Asia plays a modest role in
tropical commodity production but India is the world’s second-largest tea producer (24% of
global total), third-largest coconut producer (22%), fourth-largest rubber producer (7%) and
sixth-largest coffee producer (3%). Sri Lanka is the world’s fourth-largest tea (7%) and fourthlargest (4%) coconut producer.
The eight countries of South Asia occupy no more than 4.5 million km2 but are home to more
than 1.6 billion people, more than a fifth of the global population, making South Asia one of
the most densely populated regions. This population is growing at the alarming rate of 1.5–
1.8% annually. Agriculture accounts for a quarter of the region’s GDP and half of all jobs as
well as providing industrial raw material for domestic consumption and export. In India,
agriculture contributes just 15% to GDP but supports the livelihoods of over half of the
population. Thus, the health and resilience of the region’s ecosystems is vital for the region’s
social and economic well-being.
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Figure 6.7 Agricultural land fraction and fractions of that with >10, >20 or >30% tree cover for countries in
South Asia

The region includes four major agroecological environments:


The mountainous regions of Afghanistan, Bangladesh, Bhutan, northeast India and
Nepal



The Indo-Gangetic Plains of Bangladesh, India, Nepal and Pakistan



The humid coastal areas of Bangladesh, India, Maldives and Sri Lanka



The semi-arid lands of India, Pakistan and Sri Lanka

The landscape case study of Chapter 11, Bundelkhand Jaya in India, represents the semi-arid
lands where seasonal water shortages can, in part, be tackled by restoration of traditional
water harvesting and retention techniques (‘haveli’). The watershed rehabilitation program in
the dry landscape around Jhansi (India) as initiated in 2012 in the Parasai-Sindh watershed
inhabited by 3000 people in three villages covering 1246 ha. Co-investment of public funds
with support of local community, scientific expertise and Government machinery in such a
critical ecosystem had a substantial social welfare multipliers107. The program restored the
traditional water reservoir structures, ‘haveli’ for recharging the groundwater, slowing the
streamflow in check dams, thereby making water available for second growing season plus a
year-round domestic water supply. For success of such endeavours, clear responsibilities and
common understanding for resource management at landscape scale are key. For landscape
management, the land-use rights in the area which is to be utilized for rainwater reservoir
structure need proper care and handling, so that all stakeholders are engaged and see
benefits of participation. With a water reservoir upstream, the downstream reservoirs benefit
from less sediment deposition, but also face lower annual water yields. The community
gained from the water availability as they could take two crops annually, and shift to the use
of perennials, including fruit trees such as guava, citrus, and pomegranate as well as timber
species. The landscape serves as an excellent opportunity to assess the working of National
Agroforestry Policy of India, as the policy could serve as a basis to assign water use rights to
trees in the restored sub catchment areas of such landscapes.
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Since early 1990s, the Forest Survey of India (FSI) has been estimating the number of stems
along with wood volume of Trees Outside Forest (TOF) at state and national level. FSI is
reporting the information on National level estimates of growing stocks, both inside and
outside the forest area in the biennial reports, India State of Forest Report (ISFR) since 2003.
Although the agroforestry systems constitute an important component of TOF, information on
available tree resources in agroforestry system has not been separately reported until 2013.
The ISFR 2013,108 reported 11.2 million ha area as total tree green cover under agroforestry
system in the country, which is 3.39 per cent of the country's geographical area of 328.7 M ha.
For this agroforestry estimation, only rural TOF inventory has been taken into consideration
by FSI. The Central Agroforestry Research Institute (CAFRI), under the umbrella of Indian
Council for Agricultural Research (ICAR) has mapped 16.6 million ha under agroforestry area
in 2018109, through GIS mapping that covered 208 M ha geographical area of the country. In
the recent ISFR 2017110, the growing stock of wood in the country is estimated to be 5 822
million m3, which comprises of 1 604 million m3 outside recorded forest (TOF). The annual
production of timber from TOF for the year 2017, has been estimated to be 74.51 million m3,
an increase of 5.47 million m3 as compared to updated estimates of ISFR 2011. Successful
agroforestry practices, better conservation of forests, improvement of scrub areas to forest
areas, increase in mangrove cover, conservation and protection activities have led to increase
in the forest and tree cover by 8,021 km2 as compared to assessment of 2015 (ISFR 2017).
Moreover, by using agroforestry technologies developed by the research institutions, forest
departments, non-governmental organizations (NGOs), National Wasteland Development
Board (NWDB), and other developmental agencies in India have rehabilitated more than 1
million ha of salt-affected soils, particularly the village level community lands, areas along road
side, canals, and railway tracts111.
Throughout Asia home-gardens are a tradition112,113, and though small in extent at individual
level, collectively they occupy substantial area, as much as 36% of the arable land in Matara
District of Sri Lanka, for example. Tropical homegardens cover about 8 million hectares in
south and southeast Asia114. The homestead agroforestry in Bangladesh, Kandy homegardens
in Sri Lanka, Kerala homegardens in India, and alnus-cardamom systems in Nepal and north
eastern India are some of the examples of the classical homegardens. The main factors
affecting the appearance, function, structure and composition of home gardens are
environmental conditions, geographic location, socioeconomic and house hold needs, cash
income opportunities and the cultural specificity.
In Bangladesh, majority of the agroforestry area is dominated by homestead agroforestry,
which is the integrated production of crops, trees, and/or livestock in the household’s
residence and its surrounding areas. It contributes about 70% fruit, 40% vegetable, 70%
timber, and 90% firewood and bamboo requirement of the country115. Homestead
agroforestry or home gardens combines all farming components and forms a highly intensive
and multi-strata integrated production system depending on household needs, preferences
and knowledge.
In Sri Lanka, home gardens are one of the oldest and major land use forms116,117 that covered
858,100 ha in 1995, representing 13.1 per cent of the total land area of the country118,119,120.
They are an integral part of the landscape and culture for centuries in the country. There are
196 fruit species recorded in Sri Lanka, and more than half of these species are recorded from
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17 per cent of the home garden area of Kandy and adjacent districts, such as Badulla, Kegalle,
Kurunegala, Matale, Nuwara Eliya and Rathnapura, which are defined and popularly known as
Kandyan home gardens or Kandyan forest gardens121. This land use system that maintains,
enhances and conserve the diverse crop genetic diversity, over time and space, and hence
they can be regarded as a good practice for maintaining diversity122. Year-round production of
a wide range of products required by householders, new business ventures through value
addition, provision of many ecosystem services and easing pressure on natural forests have
been identified as key elements of these Homegardens (or agroforests).
The Government of India formulated the National Agroforestry Policy123 in 2014, to address
the vulnerability in agriculture caused by climate change124. The policy recommends for
setting up of a Mission or Board to address development of agroforestry sector in an
organised manner. The Sub Mission on Agroforestry was formulated in 2016-17 under the
National Mission for Sustainable Agriculture (NMSA) with a capital outlay of USD 450 million
for 4 years (2016-17 to 2019-20)125. The policy has been an effective instrument in providing
an overarching positive trend, an official home of agroforestry at the Ministry of Agriculture,
and a negotiation platform for agroforestry produce in the country. The policy has been
effective in relaxing the tree felling and transit regulations, de-regularization of saw mills
opening, and inclusion of agroforestry in many of the central government agricultural
schemes. As of 2018, 21 states, out of a total 29 states, had de-notified at least 20 tree species
from felling and transit regulations. Further, there is relaxation of ban on setting up of new
saw mills, especially in places having less than 5% forest area.

Intercropping of Napier grass in coconut-based agroforestry system in Tumkur, Karnataka, India. Photo:
World Agroforestry/SK Dalal

Some of the significant successes which can be attributed to effective implementation of the
agroforestry policy in India are: Establishment of the Central Agroforestry Research Institute

128

| Sustainable development through trees on farms: agroforestry in its fifth decade

(CAFRI) by ICAR through upgradation of its National Research Centre for Agroforestry (NRCAF);
inclusion of agroforestry in the eligible activities for CSR funding, and initiation of a dialogue
through Finance Commission of India that Federal Government provides more funding to
state having more green cover. The Indian policy has also created ripple effect in the region
and has inspired Nepal to work with ICRAF on its own agroforestry policy. The Ministry of
Agriculture and Livestock Development & the Ministry of Forest and Environment with ICRAF
have completed the development of the Nepal agroforestry policy which is now due for
approval by the Cabinet of Ministers of Nepal.

6.7 Latin America
The Latin America region, covering 20% of global agricultural land, represents 31.6% and
30.8% of such land with at least 10% and 30% tree cover, respectively. Brazil alone has 18.3%
and 11.4% of global agricultural land with >10 and >30% tree cover, respectively. In Central
America and the Caribbean, nearly all agricultural land has at least 10% tree cover (Figure 6.8).
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Figure 6.8 Agricultural land fraction and fractions of that with >10, >20 or >30% tree cover for
countries in Central and South America
Latin American countries are major producers of several tree commodity crops: coffee (Brazil
first in the world at 32%, Colombia third at 8%, Honduras seventh at 3%); cocoa (Brazil fourth
at 6%, Ecuador seventh at 4%) avocado (Mexico first, Dominican Republic second, Peru third,
Colombia fourth); and oil palm (Colombia fourth at 2%). The region is also the centre of origin
of cocoa, avocado, rubber, cassava, and numerous globally cultivated agroforestry species
(fruit, nut, timber and agroecological-service trees), thus, an important source of genetic
diversity (including wild relatives).
Latin America is comprised of a wide range of ecoregions, including the Amazon rainforest
and the Guyana shield; the Caatinga, the dry forests and shrublands of Northeast Brazil; the
Mata Atlântica, or the Brazilian Atlantic Rainforest; the Cerrado, a vast woody savanna located
to the south and east of the Amazon Basin; the Pantanal, a large wetland area forming the
floodplain of the Rio Paraguay; the Chiquitano dry forests located in north-eastern Bolivia; and
the Tropical Andes montane forests, Mesoamerica dry and tropical pine forests.
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Agroforestry in Latin America began with the indigenous peoples that inhabited the region
well before European conquest126 and has since been taken up by other social actors,
predominantly, family farmers and traditional communities of both indigenous and colonial
origins. Common practices across ecoregions and social groups include tree fallows (improved
or predominantly based on natural secondary succession processes) in slash-and-burn and
swidden127,128; and trees and shrubs along boundaries, watercourses and contours in the
Andes129 and in the upper and low-lying floodplains; trees associated with both annual and
permanent crops, including commodities such as cocoa130 and coffee systems, silvopasture131,
and home gardens132. Use of both natural regeneration — particularly timber and shade
species — stem coppicing, seed dispersal and planted trees is common as well as
preservation of useful species133 . The acronym SAF (from the Portuguese and Spanish words
for ‘agroforestry system’) is widely used and usually means multi-storey systems. Agroforestry
has assumed a prominent role in prevention, mitigation and reversal of land degradation as
the region has taken on international initiatives (for example, the Bonn Challenge) to translate
commitments into action (https://initiative20x20.org), and many national and sub-national
governments have followed suit by establishing ambitious restoration targets.
In Brazil, successional or biodiverse agroforestry, usually combining short-cycle crops, fruits,
fertilizer species and native trees, has become widely disseminated throughout its ecoregions.
Research on agroforestry-based restoration has shown that such systems are the most
suitable for reconciling environmental and social functions associated with restoration of
conservation set-asides on all rural land (Permanent Preservation Areas and Legal
Reserves)134. Key constraints to upscaling these relatively complex systems, which vary
considerably according to local context, most commonly include access to knowledge (training
and extension), labour, credit, markets, and germplasm135 (Chapter 12).
World Agroforestry research in the region revolves around livelihoods, design and
implementation of agroforestry practices tailored to local socio-ecological contexts in the
framework of climate-change mitigation and adaptation, restoration and reforestation,
biofuels and renewable energy, and tree functional diversity and its role in reducing
vulnerability to climate change. Moreover, research has supported the development of
restoration practices that further family farmers’ productive objectives (Chapter 12) and has
delved into cocoa136,137, coffee138 and oil-palm agroforestry139, silvopastoral systems, and the
contribution of local knowledge to smallholders’ tree-based adaptation strategies. The
Amazon, with its history of uncontrolled forest conversion and wealth of traditional
communities, has long been the subject of research on agroforestry, its social and ecological
benefits and key constraints to upscaling140. Farmer-based domestication of local timber
species in the Peruvian Amazon has contributed to global understanding of how such
processes work141,142,143. Cocoa-based agroforestry systems, oftentimes intercropped with
native Amazon palms, fruits and timber species, are one example of an Amazon agroforestry
option that can both improve livelihoods and produce deforestation-free commodities while
restoring environmental functions. Restoration and conservation have become major themes
of agroforestry policies and initiatives in the region.
In Brazil, the 2012 Forest Code laid out opportunities and incentives for farmers to perform
mandatory restoration of privately-owned land using agroforestry systems, provided they
maintained basic ecological functions (Chapter 12). A host of innovative rural credit and
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procurement policies favouring the adoption of agroforestry144 may also serve as examples
for other countries.
Similarly, in Peru, work on agroforestry concessions, a legal mechanism provided by the last
forestry law of Peru approved in 2011, has shown promising results by mingling direct and
indirect incentives. The scheme is considered crucial as it enables the granting of a 40-year,
renewable lease to farmers who had encroached on public forestland, conditional to the
commitment to conserve forest remnants, to maintain or establish sustainably managed
agroforestry systems on 20% of the designated area, and to implement soil and water
conservation measures. A recent study of the extent to which smallholders were participating
in the scheme identified weaknesses in its current design and made recommendations for its
improvement145.
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