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Executive Summary

Agroforestry has potential to slow tropical deforestation for three main reasons. First, it
can extend the period of agricultural production in already cleared areas, thus reducing
the need to clear more forest. Second, evidence is accumulating that agroforestry -
especially modern, market-oriented systems - improves living standards, thus enabling
farmers to channel less time and resources toward extensive slash-and-burn agriculture
for subsistence. Third, farmers who successfully plant trees as part of their farming
systems are more likely to perceive the importance of conserving forest resources.

A great deal of farmer experimentation is underway with agroforestry systems across
the Brazilian Amazon, and farmers are deploying hundreds of different combinations
involving both native and introduced crop species. Such experiences are a valuable
reservoir of knowledge that can be tapped for further agroforestry development in the
region. Overall, however, agroforestry represents a small portion of land uses in
Amazonia. Cattle pasture, often degraded, and secondary growth still dominate most
cultural landscapes in the region. Slash-and-bum fields that are cultivated for a few
years with cereal or root crops account for much ofthe remaining farmland.

The purpose of this study is to analyze the constraints holding back a fuller deployment
of agroforestry systems in the Brazilian Amazon, and to identify opportunities for
overcoming those constraints. By examining specific cases throughout the region, the
study identifies important lessons that, if applied more widely, could help promote
agroforestry and achieve a better balance of land use systems in the region.

Socioeconomic factors are the primary constraints to further development of
agroforestry in the Brazilian Amazon. Commercial interest rates in Brazil are too high
for either farmers or entrepreneurs interested in processing agricultural producls, and
few government-subsidized credit programs effectively target agroforestry. In an
increasingly global marketplace, Amazonia is at a distinct disadvantage due its
inadequate infrastructure (particularly energy supplies, roads, and port facilities), lack
of agroindustry, incipient farmer organizations, and insufficiently funded and staffed
R&D system. Because of these constraints, most of the growing and processing of
tropical fruits, including those native to Amazonia, takes place in Brazil's Northeast and
in the state of Sao Paulo, where infrastructure and yields are better.

In general, neither the region's public sector research system nor extension by
government agencies or non-government organizations (NGOs) are meeting the needs
of farmers involved in agroforestry. Reasons forthis mismatch include:

* Drastically reduced budgets and lack of client orientation undermine the
effectiveness of many governmental research and extension agencies in the
region; likewise, NGOs generally lack research capacity and are too often
production oriented, rather than market oriented.

* Because it falls between the cracks of traditional commodity research and forestry,
agroforestry still receives limited attention from the agricultural research and
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extension programs ofthe region.
* Most agroforestry research in the public sector still involves a top-down approach,

in which crop configurations are conceived by scientists with little or no input or
participation by local farmers.

* Inadequate attention is paid to existing and potential markets when planning
research and extension programs, in part because ofthe paucity of economists and
marketing specialists on the staff of research institutes.

* Both public agencies and NGOs have been unable to provide reliable seed stock
and seedling supply sources, and although the private sector is increasingly
supplying planting material used in commercial agroforestry systems, demand far
outstrips supply - which is of highly variabie quality.

* While natural forest ecosystems represent an important source of genetic
resources for improving existing and potential agroforestry crops, the linkages
between forest conservation and agroforestry development are generally not
recognized nor clearly understood.

Notable exceptions to the situation outlined above can be found and they have
important implications for agroforestry development. An examination of selected case
studies reveals that the more successful efforts to promote agroforestry are
characterized by:

* a flexible agroforestry design that can respond to changing conditions;
* a focus on processing and marketing issues from the start;

solid technical support to assure high quality germplasm and appropriate
plantation management;

* access to markets and sufficient infrastructure; and
* minimal - or at least short-term -reliance on external sources offunding.

Some of the existing constraints to agroforestry in Amazonia could be removed through
policy and institutional reform. Promising areas for reform include:

* Information on costs and prices. Throughout the Brazilian Amazon, there is a
notable lack of informnation on local and regional prices for agroforestry products,
and on the costs of producing, processing, and marketing those products. This
information vacuum inhibits regional and state banks from providing credit for
agroforestry, thus further undermining the adoption of this land use by farmers.
Collaboration between extension services and business assistance agencies such
as SEBRAE could make information on agroforestry product costs and prices
more widely available in the region.

* Processing. Unreliable sources of electricity and poor quality control undermine
regionally based agroindustries and act as major constraints to agroforestry in the
Amazon region. One promising yet little explored solution is asceptic packaging,
which eliminates the need for refrigerated storage, helps maintain high product
quality, and can literally bring the factory to the forest. Another option is to
explore markets for byproducts that are generally ignored or discarded. Although
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its inadequate infrastructure will continue to draw crop production to other
regions, Amazonia's diverse array of under exploited crops provides potential
opportunities for local producers and agroindustries alike.
New crop development. With an estimated 200 known timber and non-timber
species ofeconomic value, Amazonia's comparative advantage over other regions
lies in its potential for providing the germplasm and information needed to
generate new crops and products. Yet the Amazon region's agricultural R&D
system is poorly organized to assume this strategic role. Existing and new funding
for agricultural R&D should be targeted to support development of promising
crops, product processing, and markets, carried out by research teams
representing diverse disciplines and institutions.
Extension. Local governments, NGOs, and agribusinesses are playing an

increasing role in agroforestry extension throughout the Amazon region, end each
brings its own strengths and limitations. Yet partnerships between these
institutions are rare. Public extension agencies could lead the way in forging such
partnerships and assuring that key research findings on promising crops, product
processing, and markets are effectively disseminated to farmers. Given the
region's immense geography, poor accessibility, and limited financial resources,
extension needs to be increasingly strategic, focusing field visits on priority
locales, using appropriate media such as radio to reach wider areas, and building
strong farmer organizations through training in critical areas such as
administration, accounting, conflict resolution, and marketing.
Credit. Due to lack of economic information and high transaction costs, credit for
agroforestry is not offered by commercial banks and, even when subsidizecl, tends
to be poorly managed by public banks in the Brazilian Amazon. New sources of
credit provided by international development agencies and locally based
agribusinesses offer an opportunity to test strategies for overcoming these
constraints. Successful strategies could then point the way for regional banks to
play a more active and effective role in promoting agroforestry.
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Preface

In recent years, agroforestry systems have emerged as one of the most promis ing land
use alternatives for the Amazon basin. By combining trees with annual crops or
pastures, these systems hold the potential of minimizing soil degradation, diversifying
income sources and diminishing pressures on remaining forested areas. Despite its
promise, however, agroforestry currently occupies a relatively small area compared to
more extensive land uses such as logging, shifting cultivation and cattle pastures. The
spread of these latter land uses, in turn, is generating increased rates of deforestation
and forest degradation - as indicated by recent data from the Brazilian Amazon.

Implementing agroforestry on a larger scale will require overcoming a wide array of
socioeconomic, political and technical constraints that operate in the region. This study
provides an overview ofthose constraints and suggests strategies for overcoming them.
Carried out by a team of specialists with in-depth experience in agroforestry -related
issues throughout Latin America, this study shows that the constraints to agroforestry in
the Brazilian Amazon are formidable and complex, and that overcoming them will
require long-term investment by both the public and private sectors. In this context, the
region's governmental research and extension agencies, in conjunction with new
business enterprises and non-governmental organizations (NGOs), can play a crucial
role in developing, testing, and disseminating new crops and configurations for
agroforestry. To be successful, however, these efforts will require the close
collaboration of the farmers themselves - who generally have been treated as passive
recipients rather than active partners.

This study was supported by the Pilot Program to Conserve the Brazilian Rain Forest.
Funded by the G-7 countries, the European Union, and the Brazilian government, the
Pilot Program is implemented by numerous governmental agencies and NGOs, under
the coordination of the Secretariat for the Legal Amazon in Brazil's Ministry of
Environment and the World Bank. With approximately US$250 million in grant funds,
this program represents the largest multilateral donation to promote environrnental
conservation in a single country. Its 12 core projects cover a wide array of initiatives in
Brazil's Amazon and Atlantic forest regions, including increased protection of
protected areas, extractive reserves, and indigenous reserves; innovative approaches to
management of forests and flood plains; environmentally sound development
initiatives carried out by local communities; strategic research and strengthening of key
research centers; and improved surveillance and enforcement of environmental
policies.

Agroforestry crosscuts many of these projects, and the Pilot Program can promote its
development - especially in the Brazilian Amazon. In the ongoing Extractive Reserves,
Directed Research, and Demonstration projects, agroforestry is already a major
activity, and it is likely to be an important component of future projects such as Forest
Resources Management, Flood Plain Resources Management, and Deforestation and
Fire Control. As a result, understanding agroforestry's constraints and opportunities can
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contribute to the success ofthese projects, as well as ofthe Pilot Program as a whole.

This study provides critical insight concerning those constraints and opportunities. Its
bottom-line message is that agroforestry is no panacea. But with increased commitment
by both public and private sectors, agroforestry can begin to play an important role in
curbing deforestation and improving livelihoods in the Brazilian Amazon.

Jose Seixas Lourenco
Secretary for the Coordination of Amazon Affairs

Ministry of Environment, Water Resources and the Legal Amazon
Brasilia - D.F.

Brazil
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1. Introduction

A. Deforestation andAgroforestry
Deforestation in the Amazon basin has been hotly debated regionally and worldwide
for over a decade now. After slowing somewhat in the early 1990s, forest clearing
sharply increased in 1994, and with widespread burning reported by the press in 1995,
the question of how to slow down deforestation in the region has re-emerged with new
urgency.

Agroforestry is often perceived as a way to help slow deforestation by breaking the
predominate slash-and-bum cycle practiced by most farmers in the region. Shifting
agriculture is thought to account for about one-third of the deforestation in Arnazonia,
while cattle ranching is responsible for at least half of the forest retreat in recent years
(Serrao et al., 1996). Rural populations in many parts of eastem Amazonia are now so
dense that fallow periods between cultivation cycles are too short to allow soils to
recuperate (Toniolo and Uhl, 1995). Although some observers are skeptical that
agroforestry will have much impact on alleviating poverty or slowing deforestation in
the region (Feamside, 1995), it can certainly help wean farmers from production
systems that are in an ecological tailspin.

Yet the notion that agroforestry can "break" the destructive pattern of slash-and-bum
farming is true only up to a point. Agroforestry may occupy some areas that would
otherwise be in secondary growth, but farmers who engage in this practice will continue
clearing forest to grow their basic staples because of declining soil fertility, build-up of
weeds and pests, or other factors. How much is cleared would appear to depend on the
profitability of commercial agroforestry systems: presumably, with more income
generated, farmer families will buy more of their basic staples. Agroforestry may not be
a panacea, but it can be an option to help slow deforestation and generate significant
income from relatively small areas compared to other land use systems, especially
cattle ranching and shifting agriculture (Box 1).

Agroforestry is often promoted as one of the most "environmentally-friendly" ways to
develop rural areas of the humid tropics. In addition to its perceived local
environmental benefits, the global community is also beginning to recognize forest
conservation and tree planting in the tropics as a carbon sink (Myers, 1992). One
mechanism by which the global community could support forest conservation and tree
planting in the tropics would be through "carbon offsets," in which industrialized
countries could "offset" required targets for carbon emissions by supporting
appropriate land uses in developing countries.' Although the impact of tree planting in
agroforestry systems on any purported global warming is likely to be small, such
mechanisms could eventually provide incentives to cover some ofthe incremental costs
of promoting agroforestry in developing countries.
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Box 1. Land use intensity, income and employment generation:
An example from Paragominas, Para.

In order to take pressure offthe remaining forest, one option is to intensify land
use on already cleared areas. By generating more income and employment from
intensively managed cropping systems, farmers will have less need to clear more land
or migrate to urban areas in search of a livelihood.

Relative area covered by different land Net value of commercial production
uses in Paragominas, Pat-d from different land uses

ntfrasructure Perennial Pasture
2.5% Crops 1.3% Perennial

16%

Pwtu-n Annul Crps A
40.6/% B.6%

Vegetables orn
0.1% 29.6%

Data Source: Toniolo andUhl, 1996.

In a farming community near Paragominas (see Figure 1), intensive land uses
such as vegetable and perennial crop production generate much more income and
employment per unit area than extensive land uses such as shifting cultivation and cattle
ranching. Vegetable production occupies only 0.1% of the land area but accounts for
nearly three quarters of the net value of agricultural production, and it generates over 20
times as much employment per hectare and over three times as much net income as the
next most intensive land use - perennial crops. Perennial crops cover 19% of the area
but generate 21% of agricultural earnings. Shifting cultivation occupies 3 8% of the land
area, when fallow vegetation is included, but contributes only 3% of the value of total
agricultural production. In the case of cattle ranching, the respective figures are 41%
and 1%.

This example graphically illustrates the value of perennial crops and the
potential value of agroforestry systems in taking pressure off the remaining forest area
for agricultural production. Where markets are available, perennial crop agroforestry
systems can provide an option for farm families to maintain a good standard of living on
a much smaller area than would be required by more extensive production systems.
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Agroforestry is particularly appropriate for rehabilitating degraded areas because it has
the potential to check soil erosion, improve soil structure, and protect watersheds of
managed areas (Sanchez, 1995; Pimentel et al., 1992). In severely degraded areas,
agroforestry can increase soil moisture by alleviating compaction and allowing better
infiltration of rainwater.

In addition to addressing some of the concems associated with environmental
conservation, agroforestry is particularly well suited to small farms and has the
potential to help raise living standards for many rural inhabitants. It can be seen as a risk
avoidance strategy that diversifies sources of income for farmers (Nair, 1990).
Furthermore, agroforestry systems can be tailored to a wide range of ecological and
socioeconomic conditions (Nair, 1990, 1991).

The purpose of this report is not to document the many perceived virtues of
agroforestry, nor to describe in detail the many different configurations that are being
tested by farmers throughout the Amazon basin. The literature is replete with examples
of how agroforestry has helped improve the livelihoods of farmers and conserve natural-
resources compared to other prevailing land uses (e.g., Nair, 1991; Walker et al.,
1994a,b). Rather, the main focus is to ascertain the constraints operating on
agroforestry in the Brazilian Amazon, and to identify opportunities for overcoming
them.

B. A Typology ofAgroforestry Systems in Amazon ia
Agroforestry involves the growing together of perennial crops with annual crops and/or
animals. In some definitions, an annual food crop is a "required" component in order for
the land use system to be classified as agroforestry (Bandy, 1994). Although annual
food crops are generally not an important component of commercial agroforestry
systems in the Brazilian Amazon, they play a significant role in launching such
systems. When rice, maize, or manioc is planted or nearing maturity, growers will
sometimes interplant such perennials as orange, cupuaqu,2 or peach palm. In such cases,
swidden agriculture is transformed into agroforestry, and annual food crops thus help
underwrite the cost of establishing perennial cropping systems. All agroforestry
systems in the Amazon are highly dynamic, especially in the early years of their
establishment when species turnover is relatively rapid (Smith et al. 1996), which
makes agroforestry classification more difficult still.

Attempts at classifying the broad range of agroforestry practices sometimes fail to
capture nuances because they represent "freeze-frames." Various agroforestry
typologies have been proposed, some fine-grained with numerous sub-systems, others
relatively simple but with a somewhat awkward terminology for non-specialists
(Johnson and Nair, 1985; Nair, 1990; Nair and Dagar, 1985). Three main types of
agroforestry systems are generally recognized in the specialist literature:
agrosilvicultural, agrosilvopastoral, and silvopastoral (Nair, 1991). Agrosilvicultural

4



systems include planted trees with seasonal crops, silvopastoral systems typically
involve pasture with tree crops, and agrosilvopastoral configurations encompass
perennial and annual crops associated with animal production (Bandy, 1994).

While each classification system has its merits and flaws, a different typology is used
here: traditional agroforestry and commercial agroforestry. Both of these types are
actually part of a continuum. Traditional agroforestry is characterized by relatively low
labor and material inputs, high species and genetic diversity, reliance on natural forest
regeneration, and a high proportion of products used for subsistence purposes. In
contrast, high labor and material inputs, low species and genetic diversity, minimal
incorporation of natural forest regeneration, and a high proportion of products that are
sold in markets characterize commercial agroforestry. Although many cases can be
cited that combine characteristics of both types, the historic development of
agroforestry in the Amazon region appears to be moving gradually from a traditional to
a commercial basis. A brief description of each type is provided below:

TraditionalAgroforestry
Agroforestry is an ancient practice in Amazonia. Many indigenous peoples plant a
mixture of tree and annual crops in their fields, and traditional, small-scale farmers
(sometimes referred to as ribeirinhos or caboclos) usually maintain a rich assortment of
tree, bush, and herbaceous plants in their home gardens. In some definitions, swidden
fallows - that highly variable period between the end of one cropping cycle and the
clearing of secondary forest for the next cycle in slash-and-burn farming - are
considered a form of agroforestry, even if the regrowth is entirely spontaneous
(REBRAF, 1996). While there is merit to this definition because trees are frequently
utilized in late fallow stages, it is not adopted here. The main reason is that agroforestry
is often touted as an "answer" to swidden systems that are no longer holding up in the
face of population pressure, as is the case in several areas of eastern Amazonia such as
the Bragantina zone east of Belem (Toniolo and Uhl, 1996).

Traditional agroforestry encompasses three main, land uses: forest enrichment,
managed fallows between periods of cultivation with short-cycle crops, and home
gardens. Forest enrichment is often seen as the most "desirable" form of traditional
agroforestry because, intheory, forest disturbance is minimal. Underthis system, crops,
usually perennials, are introduced in light gaps in the forest. The gaps can be either
natural (i.e., caused by tree falls) or human-induced, and enrichment planting generally
works better in secondary growth where light is more generous. In practice, few
contemporary examples of forest enrichment can be identified in the Amazon.
Although Brazil nut-enriched forests may occupy up to six million hectares in the
Amazon basin (Balee, 1 989), enriching forests with Brazil nut is rarely practiced tcoday.
Some indigenous groups have enriched the forest around their villages and camps with
useful trees, especially those producing fruits and nuts (Balee, 1989; Balee and Ge-
ly, 1989; Smith, 1995). In some cases, "enriched" forests exploited by rural folk in the
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Amazon today are in fact "managed" fallows: i.e. areas that have been completely
deforested, farmed, and then reconstituted using perennial species of subsistence and
commercial value. Regardless of their origin, enriched forests provide highly variable
economic returns: documented cases range from US$ 23 to US$ 6,660 per hectare per
year (Peters et al., 1989). In certain areas of the Amazon basin, harvesting from
enriched forests apparently cannot compete with other land uses.4 In other areas,
however, it still persists as an economically viable land use.'

Managedfallows can be found in various parts of the Amazon basin, including Peru,
where umari and Brazil nut are often important components of such systems in their
mature stages (Denevan and Padoch, 1987; Padoch and de Jong, 1995), and in
Colombia (Hammond et al., 1995). Both small producers and indigenous groups often
manage fallows, but such systems are generally not linked strongly to markets. One
exception are flood plain forests in the Amazon estuary, where seeding and enrichment
planting following slash-and-bum farming generate high densities of the economically
important acai palm adjacent to human settlements. While this system has many of the
attributes of traditional agroforestry (i.e. low labor and material inputs and high
incorporation of natural forest regeneration), it is also strongly oriented to local
markets. Furthermore, it provides a major source of income for flood plain inhabitants
near the major port of Belem (Anderson, 1988, 1990; Anderson and loris, 1992; Peters
et al., 1989). In the Peruvian Amazon near Iquitos, similar transitional systems
involving fallow management generate a wide variety of fruits, nuts, and other
products, and they also provide significant sources of income for flood plain residents
(DenevanandPadoch, 1987; Hiraoka, 1989; Padoch, 1988;Padoch etal. 1985).

Home gardens are another traditional form of agroforestry. Rural people throughout the
Amazon, both in upland and flood plain areas, typically cultivate a wide assortment of
perennial and herbaceous plants around their houses (Leeuwen and Gomes, 1995).
Home gardens are often impressive reservoirs of agrobiodiversity - that portion of
biodiversity used in agricultural production -but their potential is still largely untapped.
Some home gardens contain dozens of trees or shrub species, and an equal number of
cultivated herbs and grasses. Even in urban areas they can be quite complex, providing
significant sources of subsistence and income. Home gardens are an underutilized
source of promising new plants for commercial production because farmers often test
exotic plants in their home gardens before risking a larger investment by planting them
in fields (Dubois, 1996; Saragoussi et al., 1990; Smith, 1996). Furthermore, home
gardens-are active arenas of plant domestication. Men and women recruit wild plants
from nearby forests to grow them near their houses for a wide variety of purposes,
ranging from fish baits to livestock feed. Future options for farmers in Amazonia are
thus intricately linked to the maintenance of forest ecosystems.
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CommercialAgroforestry
Conmmercial agroforestry in plots away flrom home gardens is the main focus of this
study because it can play an especially important role in slowing deforestation and
improving rural livelihoods. While highly variable, most commercial polycultural plots
contain from two to six tree or shrub species (Figure 2a-b). Species diversity is usually
lower than home gardens, as market forces streamline the number of commr.vercially
viable candidates with which the farmer can work. Agroforestry plots generally range
from 0.5 to 10 hectares, with a typical size of one to three hectares. In contrast to
traditional agroforestry, commercially oriented systems generally require considerable
inputs of labor and materials, and incorporation of natural regeneration is much less
common.

Figure 2. Commercial agroforestry systems in the Brazilian Amazon. A: Spontaneous
timber trees (freij6) growing in robusta coffee plantation near Nova Londrina,
Rond6nia. B: A 2-hectare agroforestry field containing plantations of banana, orange,
Barbados cherry, papaya, sweetsop, cashew, and yellow mombim, in Aninduba, Xark.
Photographs by N. J. H. Smith.
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Within the last two decades or so, commercial polycultural systems have emerged in
various parts of the Amazon. Tom&A,u in Para, settled by Japanese immigrants in the
late 1 920s and early 1 930s, became an innovative pole for agroforestry systems geared
to markets starting in the 1970s. Agroforestry is the most recent manifestation of a
history of evolving land uses at Tom&Acu. Japanese settlers first tried upland rice
farming, but with limited success. Large-scale vegetable production, a specialty of
Japanese immigrants and their descendants in Brazil, was not feasible because of access
problems to the main market in Belem. In the 1950s, farmers at Tomd-Acu began
experimenting with black pepper, which found ready markets in Brazil and
internationally. Cultivated as a monocrop, black pepper became a bonanza, but
eventually it succumbed to Fusarium wilt. The ravages of this disease forced the
Japanese-Brazilian farmers to diversify their farming operations toward agroforestry,
with a wide assortment of fruit and timber trees, including cacao, cupuacu, passion
fruit, rubber, African oil palm, citrus, cedar, freij6, and parica (Subler and Uhl, 1990).

The experience of agroforestry farmers at Tom&-Acu reflects how farmers change crop
configurations in accordance with shifting market conditions (Figure 3). Black pepper
once accounted for virtually all of the value of crop production, but by 1992 the crop
accounted for only about one fifth of the total value of agricultural production in the
Tome-A,u area. Papaya came on the scene as a commercial option in the late 1 970s, but
within a few years its importance had plummeted, the victim of disease build-up,
particularly from ringspot virus, and competition from other producers, especially in
the Northeast of Brazil. Whereas in the past farmers in the vicinity of Tom&-Acu relied
on monocropping for the bulk oftheir income, now many of them grow a greater mix of
crops in agroforestry systems.

It might be argued that the experience of farmers at Tome&Acu is unique and cannot be
replicated. The legacy of black pepper generated significant wealth, enabling farmers
to experiment with alternative crops when the need arose. In addition to capital
generated by Japanese-Brazilians traveling to Japan for short-termn employment, the
government of Japan has subsidized the cooperative at Tom&Acu. Furthermore, the
distinctive cultural background of the colony made it unusually cohesive, and the
educational level of the Japanese-Brazilian population is higher than the regional
average for rural areas. Yet field excursions in the vicinity of Tome-Aqu reveal that
farmers of non-Japanese descent have also adopted a diverse array of agroforestry
systems in plots planted with black pepper. The incomes of the latter do not appear to be
as high as the Japanese-Brazilian farms, possibly due to less efficient organization for
marketing, but the trend toward diversification is similar. A preliminary conclusion
based on the Tome-Acu experience is that it is critical to find at least one crop in a
system that generates significant income to sustain experimentation with various
configurations and tide the farmer over until other, longer-maturing crops start to
produce.
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Figure 3. Changes in the importance of crops as a function of their contribution to the
total value of agricultural production of CAMTA - the Mixed Agricultural Coorerative
ofTom&-Acu. Data source: Homma et al., 1994.

Although the experience at Tome-Acu is in many ways unique, farmers in both upland
and flood plain areas of the Amazon are experimenting with a rich array of perennial
crops and crop combinations, mostly on their own initiative. A total of 111 different
agroforestry configurations were noted in a survey of 142 polycultural fields in the
Brazilian Amazon, mostly in the 1 to 10 hectare range (Smith et al., 1995a). These
findings reveal some promising avenues for the further development of agroforestry in
Amazonia. And they also reveal that the Amazon is a patchwork of ecological systems
and economic opportunities. A "typical" farmn does not exist; it is an artifact. The task is
to recognize patterns, understand their inter-relationships, and identify elements that
are generalizable across an array of experiences.

C Agroforestry in a Land Use Perspective
Despite its purported environmental and socioeconomic advantages, agroforestry
accounts for a minuscule proportion of the land use in the Brazilian Amazon. Cattle
pastures and secondary growth account for most of the cleared areas in the region
(Fearmside, 1990). Many of the cattle pastures are degraded by weed invasion; in the
case of Rondonia state, for example, degraded pastures cover about 5.4 million
hectares, whereas the area devoted to coffee and cacao production does not exceed
133,000 hectares and 36,000 hectares, respectively (PLANAFLORO, 1995). Since the
late 1980s, coffee and cacao have been losing ground to cattle pasture in Rond6nia and
other parts of the Brazilian Amazon.

At present, agroforestry is virtually absent on ranches, even as living fences, mainly
because of the frequent use of fire to keep weeds in check and to encourage gTrass
growth. However, new generation pasture grasses, such as brachiarao, are apparently
more susceptible to damage by fire than "first cycle" grasses, such as guinea grass, and
some ranchers are reducing or eliminating the use of fire to control weeds. Furtherm ore,
cattle prices are at an especially low ebb in the Brazilian Amazon, with "farmgate"
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prices in 1996 ranging from US$0.60 to 0.75/kg liveweight, down from US$1 .30/kg in
1993 6 As a result, now might be a propitious time to explore ways of encouraging
ranchers to diversify their operations by planting tree crops.

At present, however, innovative combinations of pasture and tree crops are largely
confined to smallholders rather than large-scale ranchers. One farmer in the community
of Murumuru in the Municipality of Santarem, for example, has planted yellow
mombim trees to support a fence around his small pasture that contains five cattle.
Yellow mombim, known locally as taperebA and as caja in other parts of tropical Brazil,
sprouts readily from cuttings and produces a much-appreciated fruit. In Rond6nia and
near Tome-Acu, some farmers graze livestock in rubber plots. And in other parts of
Para, smallholders have fenced off pasture and allowed fruit trees to become
established before allowing cattle to graze again.' Opportunities to promote
agroforestry on small-scale ranches thus appear to be improving.

Yet agroforestry still accounts for a small fraction of the cultivated land in the region.
Cultivation of traditional food crops such as manioc, rice, maize, and beans - together
with the forest fallows on which such cropping systems depend - occupy a far greater
area than either monocropping with perennials or agroforestry.' This reflects the fact
that a large proportion of farmers still rely primarily on slash-and-burn agriculture for
subsistence and income generation. Agroforestry and intensive vegetable production,
the latter concentrated mostly near sizable urban centers, occupy last place in terms of
the planted area in the region (see Box 1).

In short, agroforestry is still only a minor component of the varied tapestry of land uses
in Amazonia. A clearer understanding of the constraints to agroforestry adoption and
how those constraints can and have been overcome might help achieve a better balance
of land use systems in both pioneer zones and older settlements. This understanding can
then provide a basis for proposing policy changes aimed atpromoting agroforestry.

After outlining the objectives, conceptual framework, and methodology, this study
presents an analysis of the major constraints to wider adoption of agroforestry in the
Brazilian Amazon. Based on this analysis, the study explores options for a better
balance of land use systems in the Amazon. Progress in agricultural development in the
region will come from a better integration of land uses involving a mosaic of managed
and protected habitats, rather than homogenous cultural landscapes.

D. Objectives and Conceptual Framework
The purpose of this study is to identify the constraints holding back a fuller deployment
of agroforestry systems in Amazonia, and to identify opportunities for overcoming
them. By highlighting specific case studies throughout the region, the study reveals
important lessons learned that, if applied more generally, can help overcome some of
the constraints to agroforestry and achieve a better balance of land use systems in both
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upland and flood plain areas.

No attempt is made here to produce a blueprint of agroforestry configurations to be
applied across the Amazon. Given the highly heterogeneous nature of cultural
experiences, soils, climatic conditions, and distances to markets, such an approach
would certainly fail. Farmers are adept at designing a wide variety of configurations to
suit their particular needs. Nor does this study attempt to identify "winners" in the crop
sweepstakes that characterizes agroforestry in Amazonia and many other regions.
Today's "hot" crop can be tomorrow's disappointment. Conversely, a "minor" crop
today can rapidly emerge as a major income earner for thousands offarmers.

The experience of Tom&Aqu and other parts ofAmazonia underlines the impontance of
maintaining a flexible approach to promoting agroforestry. Farmers should be free to
pick from a range of crops to suit their particular needs (Leeuwen, 1994). Such an
approach is more likely to succeed than a complete "package" devised by scientists and
then handed over to extension agents for delivery to farmers.

II. Methodological Approach

Three main groups of farmers were sampled for this study: farmers who have adiopted
agroforestry practices as a result of a formal, externally instigated project; farmers who
have adopted agroforestry spontaneously; and non-adopters. Cases where farmers who
have established commercial agroforestry on their own initiative are particularly
interesting because these experiences may point to low-cost options for successful
extension. The main focus is on small farmers both in relatively recent colonization
zones as well as areas that have been farmed for decades or even a century or more. As
cattle ranching is a major driving force for deforestation in the region, some medium
and large-scale cattle ranchers were canvassed for their views on the potential for
combining livestock production with agroforestry.

This study synthesizes information obtained from three main sources: field surveys
conducted during May-July 1996; previous field experiences of two of the authors
(Dubois and Smith) in the Amazon; and a review of the literature. Major emphasis is
placed on field surveys because of the paucity of reliable data. Field surveys entailed
visits to farmers' lots and interviews with individuals and organizations involved in
agricultural development and extension. Information on the adoption or non-adoption
of agroforestry was obtained in the field through the use of a questionnaire and open-
ended interviews.

A. FieldSurvey Sites
The farming areas surveyed for this study encompass both upland and flood plain
environments at diverse locations in Amapa, Para, Amazonas, Rond6nia, and Acre 'see

11



Figure 1). A wide range of sites were visited, with variations in soil quality, time of
settlement, and access to markets.

B. Data Gathering
A questionnaire was applied to 53 farmers visited in 10 communities in Acre,
Rondonia, Para and Amapa. The questionnaire was designed to help tease out the
technical, social, and financial constraints on agroforestry adoption as well as identify
those factors that promote the interplanting of tree crops in fields and home gardens. In
addition, open-ended interviews were conducted with approximately 200 farmers.

111. Constraints to Agroforestry

If agroforestry is deemed a "desirable" land use system for Amazonia, policy makers
need to understand the principal constraints to its wider adoption and be aware of
opportunities to overcome those constraints. For organizational convenience,
constraints and opportunities are grouped into two main categories: socioeconomic and
political aspects, and technical considerations related to research capacity and
technology delivery systems. It is recognized, however, that these are not hard-and-fast
groupings, and that issues often overlap.

Overall, socioeconomic factors are the main constraints to the diffusion of commercial
agroforestry systems in the region. Inadequate market information, weak farmers'
associations, and poor agroindustrial infrastructure are major "brakes" holding back the
further development of agroforestry. No magic wand is available to suddenly change
the picture. For example, credit to set up agroindustrial plants alone will not provide a
lasting solution to farmers involved with perennial crops. As with any other type of
agricultural development, a variety of supporting factors - from the right fiscal
environment to an agile research system geared to work on emerging problems - is
needed to promote agroforestry. It is not an easy task to get all the pieces working
together harmoniously; if one element is out of sync, it can undercut progress in other
areas (Table 1). For example, some farmers in agroforestry projects are obtaining
impressive harvests, but facilities are inadequate or non-existent for processing the
fruits. In other cases, processing plants are operational, but unreliable supplies, variable
fruit quality, and equipment maintenance problems inhibit their full potential.

A. Socioeconomic andPolitical Constraints
A wide array of socioeconomic factors constrain agroforestry production in Amazonia.
The key factors identified in this study are:

* markets,
a agroindustrial development,
* community organization at the local level,
* credit,
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* the regulatory and fiscal environment, and
* land tenure.

Table 1. Inter-connected steps for successful agroforestry development.

Step Needs
Land preparation and planting Good quality planting material

Technical assistance
Agile and timely credit

Crop management Technical assistance
Pest control technologies
Soil improvements/corrections

Harvest Adequate labor supply
Post-harvest technologies

Processing Processing facilities to add value
Reliable energy
Technical assistance
Managerial skills
Credit to establish/update processing facilities

Marketing Good transport
Access to information on market conditions
Promotion and advertising

Markets
Market Information. When and how market information is transmitted to farmers
affects decisions on the mix of crops that they deploy. Farmers obtain market
information mostly through the private sector rather than via state-run agricultural
extension services. Over 80 perennial species are cultivated in agroforestry systems
across the Amazon basin (Smith et al., 1995a, 1996; see Figure 4 a-d); produci-s from
several dozen of these find their way periodically into local or regional markets, but
only a handful reach national or international markets. This picture is likely to change,
however, as some of the timber trees present in agroforestry systems mature and are
harvested. Close to two dozen timber species are currently encountered in agrofDrestry
systems in the Brazilian Amazon, with cedar, freij6, ipe, itauiba, and mahogany among
the most valuable for long-term investments. Farmers are fortunate to have a generous
basket of crops to chose from when designing agroforestry configurations.

While genetic resources are diverse, market information is frequently scarce for p)resent
or potential agroforestry practitioners in Amazonia. The issue is not what will grow
well, but who is willing to buy the product at a price and in sufficient quantities to make
it a worthwhile proposition. In Amazonia, local projects and growers' associations
generally do not have experience marketing processed products except through
intermediaries. The RECA project in eastern Acre illustrates some of the problems
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Figure 4. A sampling of fruits harvested from agroforestry systems in the Brazilian
Amazon. A (top left): ayai palm fruits harvested near Santar6m, Para; B (top right): boy
with cupua~u fruit, near Rur6polis, ParA; C (bottom left): girl with biriba fruit, near
MacapA, AmapA; and D (bottom right): girl with peach palm fruits near MacapA,
AmapA. Photographs by N. J. H. Smith.
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generated by lack of information on markets for agroforestry products in Amazonia
(Box 2).

The rural extension agency (EMATER) in Rond6nia has started a program of price
monitoring on a weekly basis. Local agencies in the state collect information on the
prices paid to farmers for their produce and also the prices farmers pay for agricultural
inputs. In addition to price monitoring, EMATER's commercial division is linked to the
commodities market in Sao Paulo, which allows it to offer commodities for sale on that
market. Unfortunately, extension agents in some EMATER offices have dutifully sent
in data on agricultural prices to headquarters but received no collated information in
return. This relatively new effort could assist agroforestry development in Rond6nia if
the information were disseminated more efficiently to extension agents and farmers.

Some "green" markets may help alleviate marketing problems for growers adopting
agroforestry systems in Amazonia. A Belem-based NGO, POEMA (Poverty and
Environment in Amazonia), has been able to sell headrest cushions made from coconut
fiber and rubber to the Daimler-Benz company of Germany, which uses them in
automobile production. Although these types of markets may be limited, they provide
income generating opportunities.

In many cases projects, organized groups, and government agencies promoting new
agroforestry systems simply assume there will be a market for whatever they produce
and are disappointed when that market does not materialize. This is not a problem
specific to the Brazilian Amazon and is characteristic of many development efforts
around the world. More emphasis needs to be put on ensuring that markets will be
available for agroforestry products, at prices that are attractive to farmers.

Production, Prices, and Market Trends. Perennial agroforestry crops tend to have
relatively long gestation periods, so farmers are less able to calibrate production to
sudden changes in the marketplace than with annual crops. Significant "overshooting"
can thus occur, thereby triggering substantial losses to late adopters and high cost
producers. Passionfruit and Barbados cherry are examples of "overshooting" in the
Amazon. Frozen passionfruit juice prices declined dramatically in the mid-1990s,
thereby imperiling AMAFRUTAS, a large agroindustrial plant near Belem that had
worked exclusively with passionfruit since the early 1980s. Barbados cherry
production rose steeply in the Brazilian Amazon during the early 1990s, especially in
the vicinity of Tome-A,u (Figure 3). By the mid- 1990s, however, markets in Amazonia
had become saturated with the fruit, and prices have fallen accordingly. Although some
farmers are still making money with Barbados cherry, planting rates have slackened.
Cupuacu appeared to be following the route of passionfruit and Barbados cherry. In
1990, frozen cupua,u pulp was being imported to the United States at US$9.90/kg
FOB, but by 1995 the FOB price had dipped to US$2.20-3.30/kg.9 Yet cupua,u
production in the Brazilian Amazon continues to increase, mainly because new national
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Box 2. Marketing cupuavu pulp in Rondonia and Acre: The case of RECA

The RECA project near the border between Acre and Rond6nia illustrates
some of the problems and opportunities when marketing perishable products from
agroforestry systems. While the production of fruits from agroforestry systems
offers opportunities to generate income for farmers, processing, storage, and
marketing are often major constraints. The RECA project promoted the cultivation
of cupuacu in the late 1980s and has served as the impetus for increased production
of this fruit in Acre. Cupuacu is presently used widely in the Brazilian Amazon for
fruit juice, preserves, and ice cream flavoring. RECA's cupuacu plantings came into
production in the mid-1990s, and in order to deal with the problem of perishability
the projectprocesses the fruit into a pulp that is frozen for storage and eventual sale.

After the harvest season of 1996 (roughly March through May), RECA had
to store 62 tons of pulp in Rio Branco and Porto Velho, for which the cooperative
paid US$3,000 every 2 weeks, because no buyers were located. The increase in the
price of cupuacu pulp in the off-season would likely be enough to offset storage
costs (Figure a). At the same time, the price of cupuacu in supermarkets in Porto
Velho is roughly twice that of other fruit pulps (Figure b), suggesting appreciable
demand for the pulp but possibly a poor link between the market and the RECA
project.

RECA stored the fruit pulp out of necessity rather than as a marketing
strategy, and it runs the risk of losing the pulp if power goes out in the govemment
warehouse. Part of the problem and a major constraint to sales has been a delay in
obtaining registration with the Ministries of Health and Agriculture, which is
requiredto sell foodproducts to supermarkets.

Figure a. Figure b.
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Fig. a: Monthly prices paid to producers in Rond6nia; Fig. b: Cost of purchasing
frozen cupuacu pulp in supermarkets in Porto Velho. Source: EMATER.
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markets are constantly emerging for this popular product, particularly in central and
southern Brazil, and thus far no other region has emerged as a major producer. While
local overshoots may occur, the Brazil's fast-growing urban population seems likely to
"pull" cupuacu production.

Domestic and international markets are so strong for logs, sawnwood, and furniture,
that "overshooting" with new timber species is unlikely to be a problem. Markets for
logs, sawnwood, and furniture thus tend to be more stable than for fruits, frozen pulp,
and nuts. According to World Bank commodity forecasts, timber prices are expected to
increase significantly more than other commodities during the next ten years. This
market trend augurs favorably for farmers who have timber species as components of
their agroforestry systems. Also, restrictions on destructive logging of forests tnight
favor producers who plant timber trees, particularly if logging bans and other
regulations are enforced more effectively.

Timber extraction has emerged as a major economic activity in Amazonia during the
last two decades, particularly since pioneer highways sliced across extensive tracts of
forest. Numerous sawmills are operating in the region, and farmers have little difficulty
in selling timber from forests on their lots. As the forest retreats, or is increasingly
"creamed" of high-value timber, the value of such species planted in agroforestry
systems is sure to increase. The fact that the Federal government limited the export of
mahogany for a two-year period starting in 1996 has alerted growers that the tirne is
coming when plantations may be the only way to legally exploit this valuable tirnber
species. Attack by the shoot borer, Hypsipyla grandella - a ubiquitous moth larva that
tunnels into apical shoots - has effectively prevented establishment of monocultures of
mahogany in the Amazon. In a collaborative agroforestry project involving
EMBRAPA's center in Manaus (CPAA) and Cornell University (see section ll-B
below), scientists found that mahogany surrounded by parica and inga develops
commercial length boles (>7 m) with little or no attack, suggesting that some
agroforestry combinations may permit commercial production of mahogany in
Amazonia."'

Our survey revealed that a substantial proportion of farmers are incorporating timber
species in their agroforestry systems.'' Timber species are increasingly found in such
systems either because they are deliberately planted or because spontaneous seedlings
are spared while weeding. This trend is widespread but is particularly noticeable am Dng
cacao and coffee growers in Rond6nia and along the Transamazon Highway between
Altamira and Rur6polis in Para. Flood plain farmers are also increasingly aware of the
value of spontaneous timber species in their agroforestry fields, such as along the
MaracA river in Amapa and near Urucurituba on the middle Amazon flood plain.
Farmers are planting or encouraging two types of timber species - quick-growing
"softwoods" to be used in plywood, and hardwoods with high market value. In the
former category, three species are commonly being planted or protected: paricA, pinho
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cuiabano, and the kapok tree. Parica (also known as bandarra) and pinho cuiabano are
both planted and allowed to regenerate spontaneously in fields; they can be harvested
within about ten to twelve years. Kapok is spontaneous on flood plains and fertile soils
of the uplands, particularly alfisols (terra roxa). Precious hardwoods, such as ipe,
mahogany, cedar, and freij6, are also being planted or protected if they regenerate
spontaneously, but farmers will have to wait thirty to forty years before these species are
ready for market.

The increasing demand for tropical hardwoods has exacerbated degradation of tropical
forests in some regions, including Amazonia. But it has also created an incentive for
forest conservation on smallholdings. A number of farmners interviewed during this
study remarked that they are saving tracts of forest on their properties because the forest
is a source of seed for spontaneous regeneration of timber species in fields. Also,
several farmers in Rondonia remarked that commercial firms are increasingly visiting
their farms in search of seeds of timber species. In such cases, farmers have spared trees
in their forest tracts from the chain saws of logging crews.

A major issue involving timber production in silvicultural regimes concerns the quality
and reliability of the seed stock. Mahogany seeds, for example, are typically harvested
by cutting down the tree. Since the biggest trees are highly prized both for their
hardwood and their seeds, this practice leads to progressive genetic erosion, which
could eventually undermine commercial plantations in the absence of adequate
conservation measures (Browder et al. 1996). Indeed, shortages of mahogany seeds
have been reported at various locations in Amazonia, probably reflecting both
increasing scarcity and growing demand for planting material among farners and
companies."

Regardless of whether they generate timber or non-timber products, perennial crops
have a number of strategic advantages over annual food crops. Farmers who plant
perennials not only benefit from staggered production but are less susceptible to
harvesting bottlenecks and problems with accessibility to drying machines that affect
farmers who opt for rice production. An extensive survey of land use activities along the
Transamazon and Santarem-Rur6polis highways in Para found that farmers who had
adopted agroforestry were better off financially than those who relied primarily on
traditional subsistence crops (Walker et al., 1 994a,b).

Tranvportation. Access to markets is a major limiting factor for agricultural production
in the Amazon. Road transportation costs are high in most areas of the region, in part
because few roads are asphalted, and maintenance of those that have a hard surface is
typically sporadic. The cultivation of products that are highly perishable or have a low
value per unit weight is thus generally unattractive in the region, unless the growers are
close to major urban centers or near rivers. As a result, transportation is a major limiting
factor for many of the highly perishable fruits that could potentially be produced in the
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region.

Difficulties with transportation help explain why citrus, black pepper, and coffee are
among the most common components in agroforestry systems. Citrus fruits are
relatively tolerant of mild abuse during travel, while black pepper and coffee beans
have a high value per unit weight and are not damaged by rough roads. An emerging
"hot" agroforestry crop is coconut, which finds a ready market in urban centers where it
is sold primarily as a chilled drink. Coconuts can take considerable abuse and delays
during transportation without appreciably affecting their quality. Farmers at Terra
Caida on the Madeira River near Porto Velho, for example, sell some 80,000 green
coconuts a month during the main harvest season; at US$0.40 each, the crop provides
an appreciable income for local residents.

Although the Amazon is closer to consumer markets in the United States and Europe,
the region is still at a disadvantage for the production of tropical fruit juices and fiozen
pulp compared to other regions of Brazil. Shipping companies charge US$230/ton to
transport frozen fruit pulp from Belem to the United States, about twice the cost cf sea
freight from Rio de Janeiro, which is several thousand kilometers further away. The
much greater frequency of ship departures from Rio probably accounts for the wide
discrepancy in freight charges.

In theory. agroforestry farmers along rivers should benefit from cheaper water
transportation. In general, however, commercial agroforestry is poorly developed
along rivers. In part, this may be explained by the fact that most "development" efforts
related to agriculture during the last three decades in the Brazilian Amazon have
focused on upland areas where infrastructure and technical assistance is, or at least has
been, better developed. Brazil's agency for cacao research (CEPLAC), for example, has
virtually ignored the potential of cacao production on the Amazon flood plain, despite
the fact that historically most cacao production in the region has come from riverine
environments, especially the middle and lower Amazon. Another factor may be the
relatively cheap freight rates charged by trucks returning from major Amazonian cities
to southern Brazil. Because the trucks often return nearly empty, transport firms are
willing to take on cargo at a nominal cost. The Fruit-Ron factory near Ji-Parana in
Rond6nia expects to take advantage of this opportunity (known as back hauling) when
sending frozen fruit pulp to southern markets.

Agroindustrial Development
Although several large and small agroindustries have been established in the Brazilian
Amazon to process fruits, a number of constraints have prevented expansion of their
activities or have led to plant closings in several cases. Among the most common
constraints is unreliable electricity.
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Rural electrification is either non-existent or precarious, leading to blackouts and, in
some cases, deterioration of pulp in cold storage. Back-up generators, if available, are
expensive to operate. Relatively few farmers are connected to any electrical grid and,
not surprisingly, electricity was cited as the single-most important item needed to
improve life on the farm among 53 farmers sampled with the questionnaire.

In Altamira, a city of some 65,000 inhabitants on the banks of the Xingu River,
electricity is usually only available for 18 - and sometimes as little as 12 - hours per day.
Blackouts occur on a rotational basis around the clock, and can adversely affect many
businesses, such as the bottling plant for Guarana Xingu and the fruit processing plant
operated by DICACAU. Guarana Xingu has its own diesel-powered generator, but
costs rise when it has to be turned on. DICACAU, which maintains up to 500 tons of
pulp from a dozen fruits in its two cold storage units in Altamira, also experiences
increased costs when it has to operate its back-up generator.

Alternative energy sources may soon become cost-effective, thereby reducing
dependence on conventional hydroelectric power and diesel generators. Conventional
hydroelectrical power is unlikely to solve Amazonia's energy problems; the
hydroelectric dams currently operating have flooded substantial areas of forest while
generating relatively little energy. The Balbina dam (Figure 1) does not meet the energy
needs of Manaus, and the CuruA-Una dam near Santarem only provides sufficient
electricity during the rainy season. The Tucurui dam on the Tocantins River only
benefits parts of eastern and southern ParA; the cost of extending power lines to other
parts of Para, such as Altamira, is high, hence the delay in reaching other consumers
with power. Submerged turbines, on the other hand, do not require the impounding of
water and would be suitable for agroindustries near rivers. Liquid natural gas from the
Jurua watershed might also provide a stopgap until photovoltaic systems become more
efficient and cost effective in the next century.

In cases where it may not be feasible to develop alternative energy supplies or upgrade
the existing electricity grid, asceptic packaging may be an option.'3 This technology
permits processing and packaging of many agroforestry products so that they will not
require refrigerated storage. Asceptic packaging enables fruits to retain more of their
natural color and taste than is possible in conventional cooking and canning operations,
and it is more hygienic than uncooked frozen fruit pulps. Small-scale and highly mobile
asceptic packaging plants are now available and can be placed on tractor trailers or
barges, thus bringing the factory to the forest. This mobility reduces waste and spoilage,
and it could potentially establish new links between rural communities and markets
throughout Amazonia. At present, however, asceptic packaging has been implemented
on a limited scale in the region.

Variable product quality is a key constraint to marketing agroforestry products from the
Amazon region. For the most part, standards of cleanliness in fruit-processing plants
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leave much to be desired, a particularly critical defect for the export market. Few
agroindustries can afford to set up in-house laboratories for continual monitoring of
product quality. Fruit-Ron in Ji-ParanA, Rond6nia, which began operations in
September 1996, is an exception. Fruit-Ron is one of the largest fruit pulp processing
plants in Amazonia, with an annual capacity of 15,000 tons of pulp; it is currently
exporting frozen fruit pulp, mainly of Barbados cherry, to Germany, Puerto Rico, and
the United States via the port of Santos in Sao Paulo. The plant is considering investing
in a fruit pulp concentrator in order to tap further the international trade in fruit juices.
Because of its sizable investment and impressive facilities, Fruit-Ron is betterplacedto
ensure quality control than most smaller operators in Amazonia.

Product quality applies to preserves as well as frozen pulp or juice. One small
manufacturer of cupuacu compote (doce de cupua9u) in Santarem had to shut down
when consumers in Belem complained that the sugary product was covered with mold
when they tore off the aluminum foil lid. The manufacturer in question has been forced
to lay off most of the workers until the problem is corrected. Because the operation is so
small, the three owners of the plant cannot afford to hire the services of a food
technician to trouble-shoot the problem. Management is hoping to receive fiee, or
highly subsidized, services from the local campus of the Federal University oi ParA.
The university plans to set up a biochemical laboratory in Santarem, but this may take
some time.

Quality control and uniformity are thus important considerations for agroindustrial
development. Buyers in national and international markets demand high quality and
uniformity. For example, Brazil nut - an increasingly common component of
agroforestry systems in the Amazon and part of a huge international market for mixed
nuts - is losing ground to other nuts, especially peanuts, in part because of quality
considerations." A now-defunct Manaus-based company, CHOCAM (Chocolate of
Amazonas), which produced a powdered chocolate mix (or "cupulate") from cupuacu
beans, reportedly had a similar problem related to product uniformity. Because farmers
did not always take care to ferment the beans properly, batches of cupuacu powder
varied noticeably in taste, ultimately undermining the acceptance of the new product in
the marketplace.

One lesson to be drawn from the interplay between agroindustry and agroforestry is that
most farmers are better off not relying solely on fruit crops that need refrigeration. A
mixture of agroforestry products, both perishable and durable, offers the best chance of
avoiding complete harvest loss. Another option is to explore markets for byproducts
that are generally ignored or discarded. Such byproducts could include soft stem cores
below palm hearts, trimmings from sawmills, shells from Brazil nuts, seeds from acai
and peach palm fruits, and fermented cupuacu seeds. '5 Several international buyers, for
example, have expressed interest in purchasing cupulate from fermented cupuacu
beans. In Belem, scientists at EMBRAPA are experimenting with a powdered cup aacu
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pulp to make reconstituted juice and for use by bakeries; the product is promising, but
processing machinery is expensive. In Manaus, a local food company (CIALI) recently
started producing a,aI, camu-camu, and cupuacu powders with spray-dry technology.
Flavor loss is significant for cupuacu, less so for camu-camu, and acceptable for acai,
while hygiene is excellent.

Inadequate infrastructure for agroindustry and marketing is a major reason why
Amazonia is losing out to other regions of Brazil in agricultural production.
Additionally, the Amazon's exuberant biodiversity includes an abundance of pests,
diseases, and weeds, all of which are better adapted to the region's poor soils and rainfall
regime than are most of the crops that farmers plant, including the native species. The
flight of Amazonian crops probably started with tobacco, pineapple, peanuts, and
rubber. More recently it includes annatto, peach palm, and guarana. Growers in the drier
parts of northeastern Brazil are competing successfully with Amazonian producers to
supply southern markets with Barbados cherry, and the Northeast has recently emerged
as a significant exporter of fresh fruitto the United States (Caviedes and Muller, 1994).

Camu-camu, a fruit that is native to certain flood plain areas of central and western
Amazonia, seems destined for the same fate. Camu-camu is one of the up-and-coming
fruits of Amazonia since it makes an enticing juice and is exceptionally rich in vitamin
C, much higher than the juice of orange. or Barbados cherry. Fink, a Manaus-based
company, established a nursery for camu-camu at km 100 of the Manaus-Itacoatiara
highway that contained a million seedlings in 1996. The company has contracted with
about 30 nearby farmers to grow the crop. But most of the camu-camu seedlings are
being dispatched in plastic bags by ovemight mail to a commercial farm in Sao Paulo
where a 500-hectare plantation of the crop is being established. Fink has chosen Sao
Paulo as the mainstay of the camu-camu operation because yields are expected to be
much higher there on better soils using drip irrigation. Furthermore, bank loans are
much easier to obtain in Sao Paulo than in Manaus, and Sao Paulo has a huge urban
market with a growing demand for "natural" vitamin C pills.

In short, lack of agroindustrial development acts as a major constraint to agroforestry in
the Brazilian Amazon. Unreliable sources of electricity and poor quality control
undermine regionally based agroindustries. Given these limitations, regional farmers
would be encouraged to provide a mix of agroforestry products - both perishable and
durable, and with a variety of potential applications. One promising yet little explored
solution is asceptic packaging, which eliminates the need for refrigerated storage, helps
maintain high product quality, and can literally bring the factory to the forest. Another
option is to explore markets for byproducts that are generally ignored or discarded.
Although its inadequate infrastructure will continue to draw crop production to other
regions, Amazonia's diverse array of underexploited crops provides potential
opportunities for local producers and agroindustries alike.
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Community Organization at the LocalLevel
Appropriate local-level organization is as crucial for the success of agroforestry
projects as adequate policies and infrastructure. This does not mean that farmers have to
belong to a cooperative or association in order to prosper. Rather, agroforestry
development has a greater chance of success if farmers are sufficiently organized to
articulate their needs, lobby for support, and gain access to markets.

A number of key questions related to local-level organization should therefore be
applied to on-going or future projects involving agroforestry development (Box 3). The
major issues here are whether farmers are active participants in the design and delivery
oftechnology, whether mechanisms are in place for conflict resolution, and whether the
project is paternalistic rather than empowering.

In theory, farmers' organizations that are free of political, ideological, or religious
agendas would seem the best platform for promoting agroforestry, particularly on a
commercial scale. In practice, few well-grotnded growers' associations or
cooperatives have thus far emerged in Amazonia. It may take the private sector to
catalyze this process.

Credit
Credit can provide a critical incentive for farmers interested in agroforestry an,d for
entrepreneurs who wish to establish or expand agroindustrial operations. The bias of
fiscal incentives toward cattle production that prevailed in the Brazilian Amazon
during 1960s, 1970s, and to a more limited extent in the 1980s, has been largely
removed (Smith et al., 1995b). Yet with interest rates far above inflation,16 commercial
sources of credit are out of reach for farmers and agroindustries alike, and funds from
subsidized credit programs are limited and competition for them is keen. This section
examines both official and altemative sources of credit for agroindustrial and
agroforestry development in the Brazilian Amazon.

Official Sources of Credit. In theory, the National Bank for Economic and Social
Development (BNDES) would be an ideal source of relatively low-cost loans for
entrepreneurs interested in developing agroindustries in Amazonia, particularly for
export. BNDES apparently has resources in the order of US$2 billion for fostering
industrial development, with a special line of credit destined for Amazonia: the
Integrated Amazonia Program (PAI). In practice, however, individuals interviewed in
the business community in the Brazilian Amazon report that it is virtually impossible to
obtain such funding. One problem is that BNDES does not make loans directly; the
funds are funneled to other banks which act as intermediaries. When dealing with such
intermnediaries, loan applicants are legally required to furnish guarantees that they are
credit worthy and do not owe back taxes.7 These and other bureaucratic formalities
discourage smaller and middle-scale operators.
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Box 3. Key questions related to local-level organization for agroforestry
development.

Active Participation or Passive Bystander?
* How much influence do farmers have on the design and implementation of the

project? To what extent were "target" farmers canvassed beforehand about their
needs, aspirations, and constraints?

* Are farmers allowed to use their own knowledge and experience when choosing
agroforestry configurations, or are such systems delivered as afait accompli by
outsiders such as NGOs, church groups, foreign donors, agricultural research
centers, and state extension services? In general, successful agroforestry
schemes will involve a blend of indigenous knowledge and modem science.

a To what extent has farmer participation evolved from passive forms, such as cost
sharing and consultation, to more proactive interventions, particularly during
the design and implementation of the project? Such questions indicate the
capacity of farmers' organizations to withstand potential abuse by outside
groups.

* To what extent has the project built up constructive alliances with outside
groups? To the degree that farmers' organizations focus on commercial and
technical issues vital to their economic livelihood, the greater the chances of
building durable support from such groups.

* What is the institutional relationship between "project managers" and the target
farmers and their organizations? Is the relationship largely paternalistic?

Socio-Political Organization
* Is there a socio-political basis for collective discussion and decision-making to

generate group commitment and agreement on project aims?
* Are existing arrangements for organization and decision-making adequate or

acceptable to the community?
* Given that little or no tradition of group action exists in rural areas of the

Amazon, what provisions are being made to work out fundamental
organizational arrangements that require a modicum of group action and
commitment?

FinancialDependence
* To what extent does the project encourage farmers to depend on their own

resources? Is the .project creating chronic dependence on external financial
support?

* Many donors like to be seen as playing a "catalytic" role in jump-starting
agroforestry development. Yet are any of the supported projects able to make it
essentially on their own, in terms of external financial aid, after a few years?
Has the donor agency explored options to generate greater financial
sustainability among the project beneficiaries?

24



The Bank of Amazonia (BASA) administers three subsidized credit programs derived
from the FNO and aimed at farmers and small agribusinesses: PROCERA,
PRORURAL, and FNO-Especial. All of these programs provide loans at three main
rates: ranging from 4% yearly interest plus 50% of the cost-of-living increase for small
producers to 8% annual interest and full cost-of-living increases for larger operators.
Intermediary rates prevail for medium-scale farmers and agribusinesses. Under FNO
guidelines, small-scale farmers may apply for a loan of up to US$12,000, which should
be sufficient to help farmers adopt or expand agroforestry.

PROCERA is designed specifically for small-scale farmers in INCRA settlements,
while PRORURAL is designed for small-scale farmers in associations or cooperatives
outside of INCRA settlements. In mid-1996, credit could be obtained through
PROCERA and PRORURAL at an interest rate approximating Brazil's inflation - far
below the prevailing rates of interest charged by commercial banks. Neither oF these
programs specifically targets agroforestry.

Disbursements in both PROCERA and PRORURAL are typically behind schedule, a
seemingly perennial problem with subsidized credit for small-scale farners in the
Amazon (Smith, 1982:87). Disbursement delays result in missed opportunities to clear,
plant, or weed at the proper time. Countless days are lost on trips to and from banks in
town to try and resolve bureaucratic snags related to the release of loan funds. One
reason for the slow pace of processing FNO and PROCERA applications is the long
chain of decision-makers and institutions involved. Federal funds are passed to BEASA,
which then passes them on to state banks if agencies of BASA are not available in the
smaller towns. The state extension service, EMATER, prepares the projects with
farmers and acts as a critical intermediary between farmers and the state banks. The
more institutions involved, the greater the chance that bottlenecks will occur. In May
1996, at the tail end of the planting season, reports surfaced that BASA had terninated
FNO financing for farmers;8 such delays led to a protest by some 300 farmers in front of
the BASA agency in Altamira.1

A special line of financing from BASA (FNO Especial) became available in 1992 for
small-scale farmers to establish agroforestry systems that includes 10 head of cattle.
The favored perennial crops for financing have been coconut, cupuacu, orange, peach
palm, and robusta coffee. In practice, however, the FNO Especial has been largely
ineffective. Those relatively few farmers who have applied for funding2' are interested
mostly in the cattle, not the agroforestry part of the deal. In some cases, a token plot of
coconut and cupua,u is established and then abandoned. The cattle are supposed to be
for dairy purposes, but most of the participating farmers are purchasing beef cattle such
as Nelore. Cattle can help sustain a small farm and in theory slow deforestation. EBut to
accomplish this goal. pastures have to be managed and periodically recuperated. The
FNO Especial does not support construction of fences or corrals - essential elements in
pasture management. As a result, this line of financing does little to promote
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agroforestry and may in fact encourage deforestation.

In 1997 BASA assumed administrative responsibility for a new line of credit that
focuses on harvesting of non-timber forest products but which also includes specific
support for agroforestry: PRODEX. This program provides up to R$1,000 for
operating expenses and R$7,500 for equipment or perennial plantations (including
agroforestry systems) to individual producers who are members of an association, or up
to R$375,000 for associations or cooperatives.2 ' The loans must be paid in 4 to 12 years
at 7.6% annual interest, with 1 to 3 years grace period, depending upon the size and
nature of the project. Producers are encouraged to develop agroforestry systems, with
technical assistence from the local EMATER. PRODEX can finance costs associated
with land preparation, purchase of germplasm, plantation management, harvest, and
transport. Support for value-added processing is not specifically mentioned for
agroforestry products, although the program appears to be flexible enough to
accomodate this upon request.

A major impediment to providing loans for agroforestry is that banks do not know how
to evaluate the economic viability of agroforestry projects.2 2 Proposals to establish
plantations of rubber or African oil palm projects easily obtain funding because
proponents can provide detailed information on production, processing, and marketing.
Such information is much more difficult to obtain for many of the lesser known crops
present in regional agroforestry systems. BASA commissioned the Agronomy Faculty
of Para State (FCAP) to carry out a series of studies on production, processing, and
marketing of exotic and native perennial crops (e.g., Anonymous, 1997). With
documents like these in hand, BASA analysts can easily evaluate the costs and expected
returns for a given project in a given locality and decide whether or not to extend credit.
All of the studies prepared to date, however, involve specific, relatively well-known
crops. There are, as yet, no general purpose studies of agroforestry systems or of minor
or new crops. Although Amazonian state banks work cooperatively with BASA, as of
May 1997, the Bank of Amazonas State (BEA) did not have copies of these studies and
had great difficulty analyzing proposals for establishing perennial crop plantations,
much-less agroforestry systems."

Finally, the low profile of agroforestry in credit programs such as PROCERA and
PRORURAL underscores a broader issue. Agroforestry often falls between the cracks
when policy makers allocate funding priorities. Although it is now part of the research
agenda of the national agricultural research system (EMBRAPA), agroforestry has not
infiltrated far into the extension and financial arenas. The value of agroforestry will
have to be promoted at much higher political levels in the state and federal governments
to gain a fair share of attention by agricultural policy makers.
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The above review indicates that credit flows to small producers in the Birazilian
Amazon could be improved by:

* developing studies on production, processing, and marketing of lesser.known
crops and crop combinations that can be used by banks to assist in their analysis of
agroforestry;

* earmarking a larger proportion of subsidized credit for small-scale farmers and
micro-enterprises;

* creating mechanisms for providing credit to farmers who do not have official title
to their land, but who have a demonstrated commitment to staying on their land
and possess farming skills;

* streamlining credit procedures so that farmers waste less time and money on trips
to banks to obtain funds; and

* speeding disbursements and assuring that they coincide with clearing, planting
and weeding activities.

Alternative Sources of Credit. The preceding discussion shows that, for a variety of
reasons, official credit mechanisms currently operating in the Brazilian Amazon are
largely irrelevant to agroindustrial and agroforestry development because of lack of
information, excessive bureaucracy, and high interest rates. Transforming this scenario
will probably require new and more agile sources of credit. With the opening of EBrazil's
markets to world trade, international investors may provide such sources.

One example of a new, international source of credit is a biodiversity investment fund
for Latin America, called Terra Capital Fund, which has been established by the Banco
Axial in Sao Paulo, with support from a pool of investors, including the International
Finance Corportation - a World Bank affiliate that focuses on private sector loans.
Depending on the interest or private commercial investors, the fund is expected tD raise
US$20-50 million by late 1997 and will target sustainable forestry, agriculture
(including agroforestry and organic agriculture), aquaculture, non-timber forest
products, and ecotourism. To assure that World Bank environmental standards and
business plan objectives are met, an associated company, Terra Capital Advisors, will
provide technical and marketing assistance to the enterprises supported by the fund.
Compared to traditional investments in agriculture, fisheries, and forestry, the US$20-
50 million fund is minuscule, but it may nevertheless play an important catalytic role.

Another new source of credit is a venture capital fund known as FAROL (literally,
"lighthouse"), backed by the New York-based South-North Development Inil.iative
(SNDI) and Agora, a London-based fair trade consultancy company. After FAROL
achieves an initial capitalization of US$10 million, the fund will invest in projects
promoted by POEMA in eastern Amazonia and involving renewable energy,
agroforestry, and industrial processing of natural products. Capital is being raisecl from
public institutions, such as BASA and BNDES; the business community in Brazil; and
international organizations, including foundations, individual investors, multilateral
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institutions, and bilateral aid agencies. Initially, at least, the success of this venture will
hinge on tapping the "green" market, particularly in western Europe and North
America, where POEMA has experience and contacts in marketing.

Although they are still in an embryonic stage, these examples illustrate innovative
departures from conventional credit mechanisms operating in the Brazilian Amazon. If
successful, they could point the way toward new and more agile sources of credit for
agroindustrial and agroforestry development in the region.

The Regulatory andFiscal Environment
The successful expansion of agroforestry systems in Amazonia is strongly influenced
by both domestic and international policies. This section examines the impact of
specific policies on agriculture and forestry in general, and on agroforestry in particular.

Import Tariffs on Certain Perennial Crops by the European Union. In an effort to
discourage coca planting in Bolivia, Ecuador, and Peru, "alternative" crops from those
countries receive preferential treatment by the European Union (EU). The European
community allows those coca-producing countries to export tropical fruits and heart-
of-palm to western Europe without the burden of an import tax that is applied to similar
products from Brazil. While in theory, such measures might encourage farmers to tum
to agroforestry in the Amazonian portions of the coca-producing countries, in practice
farmers along the Pacific Coast are likely to be the beneficiaries. Peru, for example, has
emerged as a significant player in the international tropical fruit trade, and most of the
production is in the irrigated valleys ofthe desert coastal plain.

During the first half of 1996, the EU applied an import tariff of 7% on heart-of-palm
from Brazil. As of July 1996, that tariff increased to 10.8%, and further increases are
envisaged for 1999. A similar import tariff applies to frozen passionfruit pulp from
Brazil, compounding problems facing management of the AMAFRUTAS factory
discussed in connection with agroindustries. AMAFRUTAS sends the bulk of its
production to Switzerland, but is faced with three major challenges: (a) the EU import
tariff; (b) depressed world market prices because of overproduction, particularly in
Asia; and (c) Brazil's foreign exchange and macro-economic policies, which make it a
relatively high cost producer.

The discriminatory tariff rates imposed by the EU are unlikely to have much impact on
coca production, and they create hardships for countries that do not grow coca on a
significant scale. On the one hand, most if not all EU countries have expressed an
interest in helping check deforestation in the Amazon, particularly in Brazil; on the
other, EU trade regulations hinder agroforestry, a land use system that promises to help
slow deforestation.
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Restrictions on Log Exports. For several decades log exports have been banned from
Brazil to encourage value-added processing. The ban may also partially relieve logging
pressure on remaining forest areas. Yet its overall impacts on timber production and
processing in Amazonia are poorly understood. Given Brazil's increased integration in
global markets, a detailed analysis of the current log export ban's impacts on timber
production and processing in Amazonia would be timely.

Amazon-based companies are increasingly involved in planting tropical timber trees.
In Rond6nia, nine reforestation companies certified by IBAMA had established
plantations of timber trees by 1993 (Matricardi and Abdala, 1993). In Para, at least nine
private wood processing companies are involved in timber planting projects, usually
involving forest enrichment or pure stand plantations.24 Although data are scare,
individual farmers also appear to be increasingly involved in planting tropical timber
trees. A 1993 survey found that an estimated 1,300 small-scale farmers had planted
various timber species (mostly mahogany) in Rond6nia (Browder et al., 1996). For
these producers, a partial or complete lifting of the ban on log exports would result in a
boost in the value of logs -which would tend toward export prices minus transportation
costs. This increase would apply to logs destined for export as well as for sawmills and
furniture businesses in Brazil.

Any change in Brazil's ban on log exports would probably require complementary
measures to promote regional timber production and processing. One measure -
encouraged by NGOs and adopted by a growing number of countries - woulcd be to
assign a "green" label for timber produced in a sustainable manner. "Green" label
products generally fetch higher prices than those for which sustainable growing or
harvesting procedures cannot be assured (Kishor and Constantino, 1996). Another
measure would be to provide incentives for improving regional processing oftimber. At
present. high quality furniture using Amazonian timber is usually made in industrial
countries and in southern Brazil. Increased training by agencies such as SEBRAE and
facilitated access to improved equipment could encourage the establishment of
furniture businesses in both rural and urban areas ofthe region.

Restrictions on Intercropping. In the 1970s and 1980s, government agencies either
prohibited intercropping with some industrial crops or greatly restricted the choices for
intercropping. The now defunct national program for fostering rubber planting
(PROBOR), for example, forbade participating farmers to plant any other crop with
rubber. The rationale for such restrictions was that farmers might "siphon" away
fertilizers and other inputs for other crops. In practice, farrners who received PROBOR
incentives for planting small plots of rubber either intercropped on their own initiative,
abandoned the plots, or harvested only the seeds from rubber trees to supplement the
feed of tambaqui fish in aquaculture ponds. Most of the farmers who participated in the
PROBOR program in the 1 970s have never tapped their planted rubber trees because of
low prices and high incidence of leafblight.
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Now that PROBOR is no longer on the regulatory scene and rubber prices have
dropped, farmers have opted for several intercropping configurations. In Rond6nia, for
example, one farmer near Alto Paraiso grazes cattle on pasture planted under rubber
trees, and near Paragominas in Para, a farmer has intercropped his rubber grove with
black pepper. In other parts of Rondonia, farmers have planted robusta coffee in their
rubber plots (Souza et al., 1994). In the vicinity of Uruara along the Transamazon
Highway in Para, a farmer is participating in an on-farm trial set up by EMBRAPA's
station in Belem (CPATU) that involves interplanting kudzu in a small rubber
plantation intercropped with cacao. Cattle browse on the nutritious kudzu, while
Rhizobium bacteria in the kudzu's roots fix atmospheric nitrogen, thereby enriching the
soil.

Beginning in 1976, CEPLAC encouraged smallholders in Amazonia to plant cacao on
the better soils in colonization areas, particularly in Rondonia and along the Altamira-
Rurop6lis stretch of the Transamazon. CEPLAC provided planting material, including
seedlings of shade trees. Bananas were chosen as the initial shade tree to help seedlings
get established, a wise choice since bananas and plantains provided subsistence as well
as some cash income until the young cacao trees started producing about four to five
years after planting. But for farmers to be eligible for CEPLAC assistance and credit,
their choices for long-term shading were restricted initially to just three species
(palheteira, erythrina, and gmelina), with madre del cacao (mother of cacao) becoming
available in 1979.

The rationale for choosing palheteira, erythrina, and mother of cacao was that they are
nitrogen-fixing trees and would thus fertilize the cacao in addition to providing shade.
Few colonists are interested in the shade trees promoted by CEPLAC and many of the
"indicated" shade trees have been either felled or ringed so that they perish. In their
place, farmers have either allowed an impressive array of timber and fruit species to
establish themselves spontaneously, or have planted several high-value timber trees. To
CEPLAC's credit, the agency's intercropping policy changed in the early 1980s: cacao
growers are now encouraged to interplant with valuable timber species, especially
mahogany. Unfortunately, however, CEPLAC's budget has dwindled considerably
since the 1970s and early 1980s, and the agency is no longer in a position to be of much
assistance to cacao growers in most parts ofAmazonia.

The notion that government agencies know the "best" cropping patterns for farmers to
follow is fallacious. Even the idea that intercropping diverts nutrients from the crop
targeted for incentives carries little weight. Agroforestry systems involving diverse
crops would probably lead to more efficient utilization of soil nutrients, water, and
light. It is best left up to farmers to decide what crop combinations should be grown.

Forestry Regulations. Brazil's environmental protection agency (IBAMA) requires
that sawmill operators in the Amazon region plant six trees for every cubic meter of
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wood they process. Although compliance with this regulation appears to be spotty at
best, some farmers in Rond6nia have planted timber species in their agroforestry plots
at the inistigation of local sawmill owners. Other government regulations. however.
impede the planting of forest trees destined for non-timber use. IBAMA classifies
peach palm, known as pupunha in Brazil, and aqai palm as non-timber forest products.
Accordingly, marketed products from these widespread palms are supposed to be
"backed" by management plans. Several problems arise from this requirement.

Peach palm is a crop and does not occur in a truly wild state. Its wild progenitors grow in
the forests of western Amazonia, but peach palm is always cultivated either in home
gardens, agroforestry fields, or in plantations. Peach palm may persist for a decade or
two around old homesites, but it does not occur in mature forest. This may sound ike an
academic point, but it complicates the lives of farmers who are growing peach palm for
the heart-of-palm trade. Farmers involved in the RECA Project in eastern Acre reported
that they are supposed to draw up a "management plan" for peach palm even though it is
cultivated. This requirement has no scientific basis and only increases costs for peach
palm producers.

Another species of palm, acai, forms dense stands in the Amazon estuary and lower
Amazon flood plain. It is virtually impossible to say which ofthese stands are "natural"
and which have been artificially enriched over decades or,even centuries, Evidence
suggests that harvesting of palm heart from these stands may be unsustainable. Cans of
acai palm heart purchased in Belem and the United States frequently contain undersized
heart-of-palm,25 and by the mid- l990s the average palm heart from acai was noticeably
smaller than two decades ago. Coupled with the closing of numerous processing plants
in the Amazon, this evidence indicates that acai is not being managed adequately in
many areas (Pollak et al., 1995).

While management plans may make sense for areas where large quantities of heart-of-
palm and fruits are being extracted, such regulations hinder attempts to establish this
crop on upland sites. If watered frequently during early stages of growth, acai
also thrives in plantations on well-drained sites. Small-scale farmers are incorporating
the palm in their upland agroforestry plots, such as in the Santarem area, to satisfy local
demand for acai fruits. Unfortunately, IBAMA requires a management plans for t:hese
plantations. It makes little sense to require such a plan for acai grown in upland
agroforestry plots, or in areas where acai is virtually absent or has been largely
eradicated, such as in the flood plains along the middle Amazon.

Land Tenure
Skewed land ownership patterns are sometimes identified as a key constraint to
equitable rural development. In the case of agroforestry, one might expect that secure
land ownership would be a prerequisite for commercial agroforestry; why would
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farmers invest in perennial crops if there was no assurance they would still be on the
land to reap the benefits of their labor? In practice, however, many farmers develop
agroforestry - albeit on a relatively small scale - without official title to the land.2"' In
fact, planting trees is often used as a way to strengthen claims for land tenure in the
Amazon region.

Behavior is determined by security of land tenure or property rights, not possession of a
document. Along the Amazon flood plain, for example, many smallholders do not have
title to the land, but their homesteads are not threatened. In any given area of the flood
plain, the owners, both small and large-scale, are generally recognized and their rights
respected. On both the flood plains and on upland sites, larger landowners, who usually
possess better documentation for their properties, rarely practice agroforestry. A
similar situation prevails in Central America, where lack of land titles does not hinder
investments in long-gestation crops as long as people feel secure on the land they work
(Current et al., 1995a).

Two main processes are underway in upland areas undergoing settlement:
concentration of land ownership and subdivision of land parcels among small holders
(minifundia). The former process, which occurs more frequently throughout the
Brazilian Amazon, usually means transformation of the land to cattle pasture and can
seriously hinder agroforestry development. The second process, especially noticeable
in twenty year-old colonization zones in the vicinity of the BR 364 highway in
Rond6nia, leads to more intensive use of the land, typically involving perennials either
as monoculture or in polycultural systems. In the vicinity of Alto Paraiso near
Ariquemes in Rond6nia, for example, some 100 hectare-plots have been subdivided
among family members and are planted to a patchwork of perennial cash crops,
particularly robusta coffee, subsistence crops, and agroforestry plots with fruit trees.

Rapid urbanization in Amazonia could have an important impact on land tenure and
land-use patterns inrural areas. In 1991 morethan 57% ofthe region's inhabitants lived
in urban centers of 2,000 or more, up from 37% in 1960 (Browder and Godfrey 1997).
The number of urban centers with more than 5,000 inhabitants rose from 22 to 133
during this same period, with most of this growth occurring in newly-accessible upland
areas. The rapid urbanization of Brazilian Amazonia has important consequences for
rural areas. First, it has increased market demand for local food products, many of
which can be produced within agroforestry systems. Second, a growing number of
farms and increasing rural areas are coming under the control of urban-based interests.
In 1990, an urban household survey in Rond6nia revealed that 23% of the population
owned rural properties in the state.2" Urban households are often engaged in a different
and wider array of economic activities than their rural counterparts. They have access to
more economic information and resources, and not surprisingly, they pursue different
(typically more casual) rural land uses than full-time farmers, which could act as a
constraint to the adoption of agroforestry. On the other hand, it is likely that urban-
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based landowners also have easier access to credit from local banks than do their rural
counterparts, which could provide an incentive for adopting long-term land-use
practices such as agroforestry. As a result, the impact of increased urbanization of rural
property ownership on adoption of agroforestry remains unclear.

B. Technical Constraints

Research
Technical knowledge is important for the long-term success of efforts to promote
agroforestry. The main question asked here is: Does the public sector agricultural R&D
system address the needs of farmers engaged in agroforestry? The answer, in short, is
no. To understand why, and what can be done about it, a brief history of the agricultural
R&D system is warranted.

Agroforestry research began in the Brazilian Amazon in the early 1970s, although little
of this research was completed due to severe funding cutbacks in the wake of the 1982
foreign debt crisis that rocked Brazil and much of Latin America. The twc major
agricultural research institutions (the EMBRAPA network and CEPLAC) end the
recently created agricultural department at INPA set up large-scale experiments with a
limited number of native and exotic species. Except for CEPLAC's experiments with
cacao, the other species used were comparatively little known, which resulted in
inadequate spacing and species combinations. CEPLAC's work was designed to
identify shade species that combined well with cacao and offered ecological and/or
economic benefits to the system. The more ambitious research undertaken by
EMBRAPA and INPA aimed to identify agroforestry models that would be
economically viable and appropriate for small-scale farmers. The latter two institutions
failed to take market information and farmer preferences into account, and as a result
adoption of the models was negligible; in INPA's case the farners even abandoned the
experimental plantations established on their properties free of charge (Leeuwern et al.,
1997).

In 1992, agroforestry became a dominant activity on the research agenda of EMB;RAPA
as part of its system-wide strategic plan. All of the EMBRAPA centers in Amazonia
were designated agroforestry centers, even though relatively small proportions of their
respective staffs were directly involved in agroforestry-related research. As the plan
only became operational in 1993, its impacts on agroforestry research and development
remain to be seen. About 5% of EMBRAPA's overall research budget is spent on
forestry and agroforestry combined.2" Traditional commodity and livestock programs
have a much longer, and better endowed, track record among EMBRAPA centers in the
Amazon region.

It is hard to draw the line around "agroforestry" scientists versus others engaged in
various aspects of agricultural research. Many perennial crop research programs, such
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as citrus and rubber, could in theory be considered part of agroforestry programs. It
would probably make more sense for institutions to identify loose-knit teams or clusters
of expertise in agroforestry that would draw on skills and knowledge from a wide range
of disciplines, such as agronomy and forestry, entomology and plant pathology, plant
growth and physiology, plant nutrition and soil sciences, as needed. Unfortunately, little
coordination currently exists between the main regional research institutions engaged
in agroforestry. For example, at a recent workshop in Manaus (March 1996), a survey
revealed about 50 regional scientists working on some aspects of peach palm and 30 on
cupua,u (with some working on both), while another 50 fruit species with economic
potential were largely neglected.

In general, agroforestry research in the Brazilian Amazon is still a top-down affair that
is more oriented toward generating scientific publications than useful information for
farmers. Even when the research is conducted "on-farm," farmers are generally not
canvassed in advance as to the crops that might interest them. nor are they informed
about current or potential market conditions. Agroforestry models are essentially
"parachuted" on to farmers' lots in the hope that the technology package will be well
received and thus take-off. In some scientific circles in Brazil. including Amazonia, on-
farm research is still considered to be extension rather than serious science.

Several examples of such top-down agroforestry projects could be cited, but only two
will be mentioned here. We do not wish to imply that top-down agroforestry projects are
completely without merit; parts of the systems being tested may well prove useful. and
some of the externally-funded agroforestry projects provide resources to train
Brazilians. But as an approach, top-down agroforestry models are not adopted widely.
either because farmers were not involved in the research design or because viable
markets do not exist for the crops tested.

CPATU, EMBRAPA's leading center in Amazonia located in Belem. established two
on-farm agroforestry trials along the Cuiaba-Santarem highway. one at km 53 that
began in 1978, and a newerone atkm 60, started in 1988. The purpose ofthese trials was
to test the growth ofthe following combination of crops on nutrient-poor soils: manioc.
banana, inga, cupua,u, Brazil nut, and six native timber species.: The manioc provided
subsistence and some early income to the farmers. Inga was included in the
configuration to enrich the soil with nitrogen and to provide green manure. The mixture
of timber, fruit, and nut trees is growing well on the nutrient-poor oxisol. even without
fertilizer. But as dozens or even hundreds of candidate species are available for farmers
to choose from, the key challenge for agroforestry research is not to find trees that grow
well on the generally poor soils. Instead, the challenge is to tailor species combinations
that best fit farmers' circumstances, such as consumer demand, distance to market.
availability of processing plants, and household needs. Farmers, for example. are not
particularly interested in improving the nitrogen content of the soil because they do not
see how that improves their incomes. Thus inga is not valued. and farmers do not lop off
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the branches to form green manure because of labor considerations. As is typical in such
top-down configurations, farmers either modify the system or abandon it. In the case of
the experiment at km 53, the farmer modified the configuration in 1992 to include
pineapple. No farmers in the vicinity ofthe trials have adopted the CPATU model,

A similar situation prevails with a collaborative agroforestry project between the
EMBRAPA center in Manaus (CPAA) and Cornell University, implemented along the
road to the Balbina Dam in 1991-2. Cupua,cu, peach palm, and inga are the main
components of a relatively simple model, which was based on a diagnostic survey
among farmers during the design phase and the perception by EMBRAPA researchers
that ingaJ would prove a valuable tree for green manure. During implementation,
however, farmers changed their mind: they wanted to include banana because it was
proving to be a valuable cash crop. Farmers are also ignoring the ingA due to labor
considerations. Wisely, the project implementers acceded to the wishes of the farmers
and "allowed" them to incorporate banana in the crop mixture. By keeping channels
open for feedback, the CPAA-Cornell University collaborative project has increased
the chances for more widespread adoption oftheir agroforestry model.

Although many agroforestry research programs are still at an incipient stage, this study
revealed a number ofcritical limitations, some of which may self-correct in time:

* Most agroforestry research in the formal public sector still involves a top-down
approach, in which crop configurations are conceived by scientists with little iorno
input or participation by local farmers.

* Almost no research is being directed toward identifying existing or new market
opportunities for farmers.

* Little if anv work is being done to understand the socioeconomic constraints and
opportunities that affect farmers' land-use decisions.

* Few scientists are looking at agroforestry from a systems perspective; instead,
they tend to concentrate on one or two crops. with little work done on interactions
in multiple-species assemblages.

* Agroforestry research rarely receives a long-term commitment by either funcding
agencies or regional research centers.

The lack of research on agroforestry's constraints and opportunities in Amazonia is a
reflection of the under-representation of the social sciences and economics at the
EMBRAPA and other research centers. Few social scientists in the region are
conducting research at the farmer level. At the Goeldi Museum in Belem, natural
scientists are knowledgeable about biodiversity of plants and animals, some of which
could be important components of future agroforestrv systems. The Museum's social
scientists, however, are not engaged in agriculturally-oriented research. The National
Institute for Amazonian Research (INPA) in Manaus pursues on-farm research in some
of its a-ronomic wvork but has no social scientists on its staff. While INPA has valuable
expertise in native fruits of Amazonia and farmin- systems research. budgetary
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constraints hamper efforts to carry out these important lines of research.

The limited socioeconomic work that is being carried out by research institutions in
Amazonia has tenuous links to agroforestry research and technology development.
CPATU has several highly qualified agricultural economists who periodically conduct
farm-level surveys. One such survey recently identified a growing need for fuelwood
among small producers in several parts of the Bragantina zone east of Belem,
particularly in the vicinity of Ourem and Sao Miguel do Guama.3" Many farmers in the
region rely heavily on manioc flour for subsistence and income generation, but most of
the original forest in the Bragantina zone has been cut down, and even secondary
growth contains few sizable trees because of short fallow cycles. Firewood is needed in
large quantities to toast manioc flour and fuelwood species could be easily incorporated
in agroforestry systems, as in other tropical regions. Such information should be
systematically fed into agroforestry research programs so that the agenda is more
demand-driven.

For many years, EMBRAPA employed only a handful of economists in the entire
Amazon region, albeit highly competent ones. Two economists have recently been
added, one each in Rondonia and Acre, a promising development but still not enough to
meet the demand. For example, several farmers canvassed for this study expressed
interest in knowing how much profit they could expect to generate from various
agroforestry systems cornpared to other land use options. As few economic models
have been generated for agricultural production systems in Amazonia, this is a
promising yet neglected area of research. Fortunately, FCAP, under contract with
BASA, has started to produce these models for individual perennial crops. As this work
expands, a general purpose economic model for agroforestry would be a logical next
step.

Another way that the mismatch between research priorities and farmers' needs
manifests itself is in the vital area of quality planting stock. Very few farmers are using
improved planting stock and many are collecting seed from both timber and perennial
crop trees without selecting for desirable characteristics. In the late 1 980s, an INPA
researcher helped create a cupuacu network to connect farmers and processors with
researchers and extensionists. One of the network's first priorities was to train farmers
in stratified mass selection to pernit each farmer to identify the best local sources of
germplasm. Unfortunately the INPA researcher left Manaus and the network collapsed
before this selection could affect local germplasm quality. This plant improvement
methodology could be used for almost any crop. In contrast, most of the farmers who
have adopted commercial agroforestry are obtaining their planting material, of highly
variable quality, from other farmers or from commercial sources.3"

Public research institutions have an important role to play in backing-up the private
sector with basic research, breeding, and field testing of promising material. Such
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institutions have an especially important role to play in establishing and maintaining
germplasm collections that contain a diverse array ofplants andvarieties. Yetthe public
sector has pulled backfrom this vitaltask, acasualty of reducedfunding.

As part of the POLONOROESTE Program in Rond6nia, for example, [NPA distributed
thousands of fruit tree seedlings and the state planning agency distributed some
800,000 seedlings of timber species to small farmers for agroforestry development in
the 1980s (PLANAFLORO, 1995). Budgetary problems led to a sharp curtailment of
this program after 1990. Nonetheless, some of the fruit and timber crops currently used
in agroforestry systems in Rond6nia can be traced back to those germplasm
distributions. Severe funding restrictions in recent years have also led to the neglect
and even abandonment of important field genebanks of perennial species, such as the
native fruit collection established by INPA in the mid- 1 970s, where 65% of the general
fruit accessions and 85% of the genetic variability were lost between 1988 and 1995
(Clement, 1996). Field genebanks serve as valuable repositories of promising planting
material that can be incorporated in breeding programs or used directly by farmers.

Due to underfunding of the R&D sector, farmers are generally way ahead of the
research community with respect to experimentation with agroforestry systems in the
Amazon region. EMBRAPA has the resources to focus on only a small number of the
crops of interest to agroforestry farmers. Although some of INPA's and the Goeldi
Museum's research is relevant to agroforestry and is generally of high quality, linkages
to extension are poorly developed if they exist at all. In short, the fruits of research are
slow to reach the farmers, an issue common to many parts ofthe world.

Underfunding for R&D institutions is clearly a critical constraint to agroforestry
development in the Brazilian Amazon.3 2 While more funding is certainly warranted for
agricultural R&D in Amazonia, a broader issue is at stake here: a need to move
researchers closer to the "end-users," which implies working with producers as
research partners, not passive recipients of improved technologies.

Of course, exceptions to the top-down generalization exist. For example, INPA is doing
some innovative agroforestry work in collaboration with farmers. In an attempt to help
growers transform their traditional slash-and-bum systems into agroforestry systems in
two settlements near Manacapuru, Amazonas, an INPA agronomist and two interns are
conducting on-farm trials with various growers (Leeuwen et al., 1994). Final decisions
on the composition of agroforestry systems to be tested were made by the farmers.
Although the total number of farmers involved in the research was small, the
participatory research methodology adopted by INPA scientists is more likely to result
in successful diffusion than rigid, top-down approaches.

The overall isolation of agricultural research programs from the needs of growers also
applies to companies planting perennial crops. The Equador agroindustrial cormpany
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near Porto Santana in Amapa, for example, established a 50 hectare guava plantation
with its own resources and without any technical assistance. The EMBRAPA center in
Amapa has only one specialist in tropical fruits, but guava is not an area of competence
at that center. AMAFRUTAS, which processes passionfruit near Belem and is
exploring options with other fruits, does not have any collaborative research links with
EMBRAPA. And in the case of CITROPAR, a subsidiary of a major construction
company (ESTACON) in Belem which owns large orange plantations near Capitao
Pogo in Para, the company hires its own agronomists to take care of its nearly one
million orange trees. EMBRAPA centers in the Amazon do provide technical
assistance for growers of a few perennials, such as oil palm, rubber, robusta coffee,
Brazil nut, and cupuacu, and INPA provides support for peach palm and camu-camu.
But for many of the crops of interest to small- and large-scale growers alike, no
technical backstopping is available from the public sector. The larger companies are
essentially buying their own technical assistance in Amazonia, and land development
and agroindustrial enterprises may eventually take over more of the research and
extension with small farmers as well.

The knowledge of a small but important segment of Amazonia's population is
essentially ignored by the agricultural R&D system: indigenous people. Several
reasons account for this neglect. First, few indigenous groups in the Brazilian Amazon
are growing crops for markets, and their experiences are therefore thought to have little
relevance for "development." Second, access to indigenous groups is often difficult for
researchers because of restrictions imposed by the Indian protection agency (FUNAI),
designed to minimize exposure to introduced diseases and prevent exploitation of
natural resources in indigenous reserves. Third, language barriers discourage many
researchers, particularly in the agricultural sciences, from visiting indigenous groups.

More partnerships could nevertheless be encouraged between agricultural research
centers, the Goeldi Museum, INPA, various universities, and NGOs to better
understand how indigenous people have managed natural resources in the varied
environments of Amazonia. And information exchange need not be a one-way affair.
Indigenous groups are actively seeking new sources of income and are usually
receptive to new crops. For example, the Waimiri-Atroari north of Manaus are
especially interested in acquiring orange seedlings to plant around their villages
(Miller, 1994). The Wai-Wai from the Nhamunda-Mapuera reserve in northern
Amazonia invited technicians from POEMA to assess their basic sanitation and
agroforestry needs, and two members ofthe Wai-Wai have been trained by EMBRAPA
in grafting techniques and the care of seedlings (POEMA. 1995).

In short, over two decades of agroforestry research by governmental agencies in
Amazonia have been dominated by top-down approaches that have had little impact on
agricultural development. Demand-driven. market-oriented R&D in agroforestrv'
remains rare, even though this approach is likely to have the greatest beneficial imipact
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on farmers. As a consequence of the inefficiency of the public research sector,
Amazonian extension agents have little useful information to offer producers on
appropriate crops and crop combinations for agroforestry systems.

Extension
In the past, the public sector's extension services played a significant role in running
nurseries and distributing planting material of perennial crops, and introducing
conventional agricultural systems (i.e. monocultures) to rural producers in the
Brazilian Amazon. In Rond6nia, for example, EMATER has distributed seedlings of
high-value timber species to farmers in colonization zones. Farmers near km 15 of the
Santarem-Rur6polis highway took up agroforestry as a result of EMATER field
training courses in grafting of perennial crops in the early 1970s. And CEPLAC has
provided appreciable assistance to promote cacao planting as a monocrop in parts of
Rond6nia and Para, and some of these cacao groves have been transformed into more'
diverse agroforestry systems. But as inthe case of otherpublic sectors, public extension
services in Amazonia suffered drastic budget cuts in the 1980s and early 1990s, and
their importance has waned considerably.

The public sector still has a role to play in agricultural extension. The govemor of
Amazonas recently disbanded EMATER and has created the Institute for Development
of Amazonas (IDAM) to fulfill the same function. It remains to be seen if the revamped
extension service in Amazonas is just a change in name and leadership, or whether it
will work effectively. In parts of Para, such as near Santarem, the national service for
rural training (SENAR) is taking over some of the functions of EMATER. SENAR
conducts training courses for farmers on such topics as grafting and management of
home gardens and commercial agroforestry plots.

In some cases, public extension agencies are charging the private sector for services
rendered. EMATER in Rond6nia is evolving into a part public, part private,
organization; already close to a third of its budget is derived from contractual services.
And in the vicinity of Capitao Poco in Para, a private orange producer provides gasoline
and other logistical support services for EMATER extension agents so that they will
have the means to advise smallholders, from whom the producer purchases oranges for
processing. Many of the state banks in Amazonia include a line item in project budgets
for extension services, so that farmers will be encouraged to demand services from the
public sector (and pay for it) or contract private extensionists for assistance.:

One approach that has worked well in some other Latin American countries, and might
also be successful in the Brazilian Amazon. is the training of farmers to provide
technical assistance to their neighbors (Current et al., 1995a,b). It allows the already
stretched government agencies that provide extension services to concentrate on a
smaller number of individuals, but still have an impact on a larger number of farmers.
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This training approach to extension provides a local link to technical assistance
providers who can also act as a conduit for demand-driven research. Strengthening the
capacity of local communities to carry out extension while encouraging governmental
extension agencies to use limited resources strategically may prove to be a more
sustainable approach to technology transfer. Nonetheless, this approach also requires a
vigorous extension service, rather than the weakened, underfunded remnants found in
most ofAmazonia today.

In theory, agricultural extension is supposed to work more efficiently when farmers are
organized. In practice, many such organizations are extremely weak and largely
ineffectual. Many growers' associations in Rondonia and along the Transamazon have
been patched together hastily in order to "capture" external funding (Castellanet et al.,
1996). One such case is the Association of Cacao Producers of Cacaulandia in
Rond8nia. In the early 1 990s, cacao farmers in this "community" along a side-road of
the BR 364 banded together to apply for financing of a small agroindustrial plant to
separate and freeze the pulp surrounding cacao seeds. In contrast to the plummeting
prices for cacao seed in international markets, the local market for frozen cacao pulp
used to make fruit juice was growing. Based on this new market trend, the association
was successful in obtaining a loan from Rond6nia's state bank (BERON). The cacao
pulp plant started operating in 1993 but closed down within a couple of years due to
disagreements among farmers on the governing board of the association. The fact that
farmers are signing up for growers' associations, then, is no real indication that a true
cooperative spirit is emerging, nor that such organizations are robust enough to
withstand internal and external pressures.

Some farmers operate "community" nurseries, often associated with externally funded
projects administered by NGOs. In some cases, planting stock is purchased from trucks
traveling long distances with highly desirable perennial crops, such as sweet orange.
The quality of this stock is often dubious, however, as planting stock brought in from
Sao Paulo or elsewhere are left-overs or rejects from plantations in the region of origin.
Worse still, some of it comes with diseases, especially viruses.3 In many parts of
Amazonia, especially among native peoples and folk populations in older settled areas,
informal "trade" networks have evolved whereby farmers, especially women, actively
exchange planting material (Salick et al., 1997). This informal movement of plants and
seeds, much of it undertaken without cash being exchanged, is an interesting but little
understood dimension to the region's rich genetic resources.

An increasing share of agroforestry extension in the Brazilian Amazon is in private
hands. The private sector in this case involves the farmers themselves, urban-based
businesses, and entrepreneurs. One of the most important technologies sought by
agroforestry farmers is planting material. Some farmers form their own backyard
nurseries for seedlings such as cupua9u; others specialize in nursery production and
derive appreciable income from such sales. Miguel das Freiras, at km 16 of
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the Santarem-Rur6polis highway, is a case in point. Miguel has been selling seedlings
and grafted material of numerous perennial crops for several decades, and growers
from within a radius of dozens of kilometers come to his farm to purchase planting
material.

In addition to entrepreneurs, NGOs are helping to fill the vacuum created by the
reduced presence of public extension services in the region. The Agroecological
Laboratory of the Transamazon Highway (LAET), based in Altamira, Para, is an
example of an NGO that works closely with farmers to help them solve agricultural
production problems through better management of natural resources. Established in
1991 and linked to the Federal University of Para, LAET is staffed by ten
professionals with training in agronomy, livestock production, biology, agroecology,
and sociology. LAET provides a promising model because it acts as a network node
for various institutions, including CPATU, CEPLAC, and the local campus of the
Federal University of Para. The French program for foreign assistance in agricultural
research and development (CIRAD), the French overseas research program
(ORSTOM), and University interns provide additional technical assistance.

LAET has also forged a partnership with the Movement for the Survival of the
Transamazon (MPST), an umbrella organization representing a variety of small
farmer organizations along a 500-km stretch of the Transamazon Highway and along
the lower Xingu River. LAET embraces 17 growers' associations, 9 rural labor unions,
and 10 cooperatives (LAET, 1996). It works out of a small office in Altaniira and
focuses efforts on conducting surveys of farming systems, organizing meetings with
farmer groups, and publishing recommended practices for such activities as
managing timber production on small lots. In July 1996, LAET was instrurmental in
establishing a commercialization center that acts as a clearinghouse for negotiating
commercial contracts for commodities produced by smallholders. Although it is too
early to judge whether LAET will have much impact on the livelihood of farmers in
the region, the approach appears to hold promise and may warrant replicating
elsewhere.

The literature is singularly lacking in a careful analysis of the accomplishments - and
failures - ofNGOs in extension work in the Amazon. A number ofNGOs are involved
directly or indirectly in promoting agroforestry, but it is hard to ascertain in many
cases whether they are having much of an impact. In addition to LAET, three other
NGOs stand-out as particularly promising catalysts for agroforestry development:
POEMA, PESACRE, and REBRAF. One of the better organized and managed NGOs
in the region, POEMA has pioneered an ambitious rural development program that
operates in 15 municipalities in Para and Amapa. To date, over 300 families have
implemented agroforestry as part of this program, which uses a didactic and highly
flexible approach to agroforestry extension that could serve as a useful guide to other
extension efforts in Amazonia. Based in Rio Branco, PESACRE works with some 30
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families in the Peixoto settlement project, as well as with an indigenous group near
Boca de Acre. As in the case of LAET, PESACRE collaborates effectively with a
number of federal and state institutions, but its links to the private sector are still poorly
developed. A Rio de Janeiro-based NGO that specializes in promoting agroforestry,
REBRAF has conducted 32 training courses in the Amazon and reaches farmers in a
wide variety of locations, including the Maraca Extractive Reserve in Amapa, parts of
Rondonia, and the vicinity of Paragominas in Para. Significantly, some of REBRAF's
training courses have encouraged the creation of growers associations and organized
communities, such as the Association of Alternative Producers (APA) near Ouro Preto,
Rond6nia, which has 80 participating families.

Factors that set these NGOs apart include their multiple-year funding from more than
one source, in-house scientific expertise, smooth working relationships with a number
of public institutions, emphasis on training activities, and a commitment to working
directly with farmers. Not all the "successful" NGO models exhibit all of these factors,
but they usually epitomize at least two or three.

Despite the many advantages of NGOs, such as their close proximity to farmers and
their relatively simple and streamlined administrative procedures, their overall impact
on agroforestry development in Amazonia is limited because they frequently:

* have insufficient funding to complete the projects they begin;
* have limited technical expertise;
v get spread too thin on a number of different initiatives;
* want to go it alone and do not work well with other organizations or relevant actors

-particularly private enterprises;
* concentrate excessively on production and ignore market-related issues; and
* are confined to a limited geographic area.

If extension work is left entirely in the hands of the private sector, many small-scale
farmers will not receive assistance. Even poor farmers are willing to pay for good
quality technology, but for the most part, private companies and individual
entrepreneurs are unlikely to provide training. Likewise, reliance on NGOs alone to fill
the vacuum would be unwise. The public sector must play a role in assisting the poorer
farmers with extension needs related to subsistence crops, an area where the private
sector is less likely to be involved. Some agroforestry crops such as banana are
important both for subsistence and cash income.

In short, the public sector can recoup lost ground in extension by:
* entering into contractual arrangements with agribusiness, cooperatives, and
growers' associations so that extension is not completely dependent on the public
purse;

* increasing collaboration with NGOs. which are playing a growing role in
agroforestry extension throughout the Amazon region: and
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* focusing efforts on training in administration, conflict resolution, accounting, and
other areas that will strengthen farmer organizations.

IV. Agroforestryin Practice

A comparison of experiences among existing projects or enterprises can provide some
insights into cost-effective ways to promote agroforestry and spotlights pitfalls to be
avoided. The case of Tome-Acu in eastern Amazonia was discussed in the introduction.
Three cases from western Amazonia are reviewed here.

The RECA project, located at km 150 of the Rio Branco-Porto Velho stretch of the BR
364, has received a lot of publicity and is on the "must see" list of agroforestry and rural
development projects in Amazonia. Although it has achieved some success in training
and extension, the RECA project is a case study of some of the pitfalls involved in
promoting agroforestry. The main shortcomings of the approach taken at RECA can be
summarized as follows:

* a rigid agroforestry configuration composed of three species - peach palm,
cupua,u, and Brazil nut;

* insufficient planning with respect to processing and marketing of agroforestry
products:

* minimal interaction with the local business community dueto concernsthal: RECA
members would receive unfairprices and lose control overtheirorganization; and

* a go-it-alone philosophy with respect to technical assistance, at least until
recently.

European charities" have provided hundreds of thousands of dollars in support for the
RECA project. Instead of trying out the agroforestry model with a few farmers first,
some 300 farmers were encouraged to plant the three indicated species in the late 1 980s,
spurred on by the generous financial incentives. Now, however, the number of active
participants in the project has dwindled by half, due primarily to problems with product
processing and marketing.

The first processing and marketing problem arose with peach palm. Plantations of this
crop generated high yields, but the local market in Rio Branco (located 150 km clistant)
quickly saturated for all but the small, red, oily fruit. Unfortunately, only a relatively
small percentage ofthe peach palms planted at RECA produce such fruits. No previous
market analysis was done before introducing germplasm so the resulting heterogeneous
assemblage of peach palms is good for disease and pest control, but bad news for
commercially oriented growers. With insufficient market demand and without a
processing facility to transform the large starchy fruit into flour, producers at "RECA
have stopped harvesting most of their peach palm and even started cutting it for palm
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heart.

Peach palm is one of the best sources of palm heart. The fast-growing palm is planted
extensively for such purposes in parts of Costa Rica, Ecuador, and Brazil. Yet at RECA
adequate facilities were not available to process the palm hearts.' and the project
directors were reluctant to work with local private sector processors such as BONAL
(see belo\ ). Unfortunately. RECA's donors have focused their support exclusively on
crop production and appear reluctant to support processing and marketing. Unless
RECA is successful in locating a donor to fund a palm heart factory - an investment
ranging from USS50,000 to US$200,000, depending on scale - some growers are likely
to abandon peach palm in favor of other crops or even pasture.

Another processing and marketing problem arose with cupuacu. As the plantations
came into production, the market for cupua-u in Rio Branco soon became saturated.
Other growers in Acre and in Rond6nia expanded production of this crop in the early
1 990s, thereby contributing to market saturation. The village where the RECA project
is located, Nova Calif6rnia, is not linked to a utility grid and the small generator for the
community only functions at night, and then only sporadically due to break-down
problems, as occurred in late May 1996. Without reliable electricity, the pulp of
cupuacu cannot be stored until the off-season when prices are higher. To help overcome
this problem, RECA built a small cold storage facility, but it soon filled up. The cold
storage room at Nova Calif6rnia has a back-up generator, but such measures are
expensive. To handle the 1996 harvest, RECA rented freezer space in Rio Branco3 8 and
Porto Velho, where 62 tons of cupuacu pulp were stored before the end of the harvest
season. By May 1996, the project was no longer buying cupuaqu from farmers and a
good portion of that year's harvest was lost. The renting of cold storage facilities for
pulp is cost effective as long as markets can be found for the product when cupuacu is
out of season, but RECA. did not have buyers lined up at that time.

One option for RECA would be to become a supplier of high-quality fermented
cupua$u beans, which could be sold into an incipient market for cupuacu chocolate. A
trial batch of ferrnented beans was discarded by RECA because a potential buyer
offered a price equivalent to processing costs. As interest in cupuacu beans grows in the
United States, Japan, and western Europe, increasing demand for cupuacu as a dual
purpose crop may lead to higher returns.

The Brazil nut trees in the RECA project have only just started producing, and it
remains to be seen how successfully plantation Brazil nuts can compete in the market
place with those collected in the wild. Nearby Bolivia produces Brazil nuts at prices 15.-
20% cheaper than in the Brazilian Amazon because of a more favorable exchange rate
for export and lower labor costs and taxes. These factors could limit the RECA project's
potential from Brazil nut.
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Although the RECA project is reluctant to deal with private companies, management
now recognizes that technical assistance is an important component of agricultural
development. Accordingly, PESACRE and EMBRAPA's center in Acre (CPAF) are
assisting some growers who are still active in the RECA project, and MLAL, an Italian
NGO with funding from the Italian government, has posted a food technologist atNova
Calif6rnia to work with the project. The food technologist helped develop products for
peach palm flour and cupuacu, and has taken an active role in developing markets in
Nova California and Rio Branco. As a result, some of the growers who had intended to
eliminate part of their peach palm plantings are now planning to continue producing
fruit.

RECA's main problems are reminiscent of those plaguing R&D institutions involved
with agroforestry throughout the Amazon region: an overemphasis on crop production
and little attention to processing and marketing. From a production standpoint the RECA
project - which has generated impressive yields from tree crops on moderate to poor soils
- is an unqualified success. Yet the project's future is clouded by an incapacity to resolve
processing and marketing issues. With its chronic dependence on external financial aid,
the RECA project is not a viable model for replicating in other parts ofAmazonia.

BONAL (Natural Rubber, S.A.) provides an interesting contrast to the RECA project. A
large rubber plantation and processing firm located halfway between the RECA p)roject
and Rio Branco, BONAL started in the mid- I 970s with funding from PROBOR, the now
defunct program that subsidized rubber planting in Amazonia. In contrast to many
PROBOR clients, BONAL actually used this funding to plant more than 1,000 hectares
of rubber trees, with kudzu as an understory cover crop. After leaf blight attacked the
rubber plantation, BONAL obtained from INPA 400 seedlings of a high-quality,
spineless variety of peach palm, which were used to establish a seed garden. In the mid-
1 980s the company began planting peach palm for palm heart production, and by :, 996 it
had established 900 hectares in peach palm plantations: 600 hectares intercropped with
rubber and kudzu, and 300 hectares as a monocrop, with kudzu as a ground crop.

To fit into the rubber plantation and also allow space for the kudzu, the peach palms were
planted at a wider spacing than that recommended for monocultures - 3 x 1 meters
instead of 2 x I meters. This increased spacing inadvertently generated larger-than-
normal palms, which in turn produced large diameter palm hearts. In the late 1980s
BONAL set up a processing plant and identified a niche market for large diameter palm
hearts: Brazilian barbeque restaurants. BONAL sends trucks of palm heart to markcets in
central and southern Brazil, and the demand is so great that the Acre plant is unable to
provide adequate supply to BONAL's corporate headquarters in Sao Paulo because most
of the product is sold en route. The director of BONAL's operation in Acre, Ant8nio Neto
Vieira, is constantly improving production, processing, and management practices to
reduce costs and is looking at other Amazonian fruits as a way to diversify further.
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This case illustrates the importance for agroforestry-based enterprises in the Amazon
region to focus on processing and marketing. The financial success of such enterprises
usually depends on their capacity to identify - or, in this case, create - viable markets for
their products.

The Agroforestry Pole program in Rio Branco, Acre, is another promising alternative to
promoting agroforestry. The municipal government has acquired four pieces of
property 16 to 50 kilometers from the city center for settlement by recent migrants to
Rio Branco. Settlers in the program are allowed to farm relatively small pieces of land,
approximately 5 hectares each (of which 2 hectares are destined for intercropped
perennials), a factor that encourages more intensive use of the land than is typically
found on 25-100 hectare lots in private or government-run colonization projects.
Participants in the agroforestry pole program are offered a basket of crops to select
from, including a wide variety of fruit trees, such as mango, banana, cupuaSu, peach
palm, acai, and passionfruit. Settlers receive technical assistance from PESACRE, the
Confederation of Agricultural Workers of Acre (CONTAG), the Technology
Foundation of Acre (FUNTAC), the local EMBRAPA center (CPAF-Acre), and the
Federal University of Acre. The municipal government provides the loan of a tractor to
prepare land for planting and other agriculturally-related tasks, and a truck to take
produce to market.

The agroforestry pole program has two major goals. First, it aims to reduce the stress on
municipal services imposed by the large number of rural-urban migrants that arrive
every day in Acre's capital in search of a better life. And second, the program seeks to
improve the living standards of the migrants. Candidates for plots in the four
agroforestry poles are selected on the basis of previous agricultural experience and
availability of family labor. The municipal government has received far more
applications for lots than are currently available, an indication that there may be scope
for expanding this project around Rio Branco and in other urban centers in Amazonia.

Established in 1993, the oldest agroforestry pole and also the one closest to Rio Branco
has experienced unusually low rates of abandonment for an Amazonian settlement
project (Slinger, 1996: 52, 73). In this pole alone, farmers have planted over 30
perennial and 28 annual crops (Slinger, 1996:36). As a result of this flexible approach,
specialization is already under way. In the oldest agroforestry pole, for example, some
farmers have specialized in growing sweet manioc and maize for pig production; others
are growing vegetables near the reservoir where irrigation water is readily available;
and still other farmers are growing a mix offood and fruit crops.

This unusual success in 'fixing" people to the land is due to three factors. First, the
municipal government has carefully selected participants for the agroforestry pole
program. In contrast, some colonists in other settlement projects in Amazonia have no
previous agricultural experience; they merely occupy their lots for a short period until
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buyers appear. Second, families in the agroforestry pole program are satisfied that their
lives have improved and that no better option awaits them in the slums of Rio Branco.
Third, and perhaps most importantly, the municipal government retains ownership of
the land. Settlers in the program occupy the land on a no-cost lease basis, but cannot sell
their plot. In federal colonization projects throughout Amazonia, the National Agency
for Colonization and Agrarian Reform (INCRA) does not issue definitive titles for
several years, but that has not stopped settlers from selling their lots anyway. Such is not
the case in the agroforestry pole program near Rio Branco; if a family leaves their lot, it
reverts to the municipal government. Eventually, though. it would seem just to issue
titles to long-time residents in the Rio Branco agroforestry poles.

The agroforestry poles are unlikely to prove a panacea for urban squalor - only about
150 families have been settled in the four agroforestry poles - nor will they make a
major dent in the large quantities of food Rio Branco has to import to feed the city's
inhabitants. Nevertheless, the municipal government's vision in implementing the
program is commendable. Even if the next administration decides to withdrawv the
services currently provided free to the peri-urban agroforestry poles, most ofthe u:rban-
rural settlers are likely to thrive because:

* All the poles are near a major urban market, accessible by roads that are mostly
paved and in good condition, and soon to be serviced by private vehicles.

* The settlement projects have round-the-clock electricity via the utility grid.
* No agroforestry model was imposed on the settlers; they were allowed to chose the
crops of interest to them.

* Since the inception ofthe program, the municipal government has actively scught
technical assistance from a wide array of organizations and institutions.

An agronomist who provides technical assistance to the settlers expressed concern that
future city governments might prove hostile to the program, thereby "abandoning" the
farmers. Such an event could prove a blessing in disguise. If there is any hope that the
pern-urban agroforestry program at Rio Branco can be replicated elsewhere, politicians
and donors will want to know how quickly such efforts can become self-sustaining.
Future peri-urban agroforestry initiatives should have strict time limits for logistical
assistance, so that other mayors might be encouraged to try similar schemes. The peri-
urban agroforestry poles near Rio Branco cost about US$6,000 per family (Slinger,
1996:18), cheaper than colonization projects operated by INCRA in less privileged
areas. Estimates on the cost of settling households in government-directed colonization
schemes in the Brazilian Amazon have ranged as high as US$300,000 per family,
depending on what is included in the cost analysis (Friedmann, 1996). Although
USS300.000 seems on the high side, it is safe to say that Rio Branco's agroforestry pole
project is lilkel to prove more cost effective than most INCRA colonization projects.

The above case studies illustrate a variety of approaches to implementing agroforestry
in the Amazon reQion. The major lessons are that, to be successful, such approaches
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usually require:
* a focus on processing and marketing issues from the start;
* access to markets and sufficient infrastructure;
* a flexible agroforestry design that can respond to changing conditions;
* technical support to assure high quality germplasm and appropriate plantation
management; and

* minimal - or at least short-term - reliance on external sources of funding.

V Unleashing Agroforestry's Potential

In the Brazilian Amazon, agroforestry is one of a mosaic of land uses, all of which have
a role to play in developing and better managing the region's natural resources,
conserving its rich biodiversity, and providingjobs and income for farmers, processors
and merchants. Agroforestry has the potential to reduce slash-and-burn farming in
certain areas, thereby alleviating the need to encroach on mature forest and allowing
some secondary growth to return to forest. Although it is no panacea, agroforestry can
help address the need to intensify agricultural production among small-scale farmers
while reducing pressure on the rainforest (Browder, 1989; Current et al., 1 995a,b).

Nonetheless, agroforestry is clearly under-represented among land use systems in
Amazonia, and to achieve its full potential, major socioeconomic and technical
constraints need to be overcome. In an increasingly global marketplace, Amazonia is at
a distinct disadvantage due its inadequate infrastructure (particularly energy supplies
and transportation facilities), lack of agroindustry, incipient farmer organizations, and
largely ineffective R&D system. Additionally, the region's abundant pests, diseases,
and weeds are powerful limitations to agricultural development. Due to these
constraints, most tropical fruits, including those native to Amazonia, are grown and
processed in Brazil's Northeast and Southeast where infrastructure is better, markets are
larger and closer, and yields can be enhanced more easily. Despite its limitations,
however, Amazonia's diverse array of underexploited crops and products provides
potential opportunities for local producers and agroindustries.

Based on the preceding analysis, five key constraints to agroforestry development in
the Brazilian Amazon and opportunities for overcoming them are briefly discussed
below. Although each will be discussed separately, they are closely interrelated.
Addressing these constraints will require coordinated regional and national policies
and institutional reform (Tables 2 and 3).

A. MarketIntelligence andMarketingAssistance
Two of the three cases examined above (BONAL and the Rio Branco agroforestry
poles), as well as the case of Tome-Acu described in the introduction, exhibit a high
degree of market awareness, either because a potential market was identified early or
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Table 2. Some socioeconomic and political constraints to agroforestry developrnent in
Amazonia and proposed remedial measures.

Problem Remedial Measure(s) Responsibility
Lack of information about Disseminate information on EMATER, growers'
markets market prices for products in associations, cooperatives,

local, regional, and international extension services, NGOs,
markets rural radio programs,

Globo and Manchete rural
TV programs

Limited and/or shifting Innovation, flexibility, increased Private sector
market demand crop diversity
Long distances to market in Bring processing plants closer to Private sector with
upland areas producers so that less fruit and appropriate credit and tax

other products perish incentives
Insufficient agroindustries Provide greater incentives and FNO, state banks.
to process agroforestry credit for small- to large-scale BNDES, BASA,
products agroindustries; encourage value- international lending

added processing rather than agencies (such as IFC) and
export of raw materials possibly commercial banks

Erratic energy supplies for Explore solar energy and hydro- ELETRONORTE and
agroindustrial development energy options that do not state utility companies,

require dams for small-scale EMBRAPA, EMATER,
industries; tap natural gas NGOs
supplies in the Jurua basin;
promote asceptic packaging
instead of freezing

Inadequate port facilities, Re-direct some of the SUDAM, BASA,
hampering agroforestry development programs that have EMBRAPA, Ministry of
development on flood historically focused on uplands to Commerce
plains and adjacent uplands flood plain areas
Insufficient credit for Remove any remaining biases BASA, state banks,
agroforestry development against agroforestry; create or commercial banks,

amplify lines of credit regional agroindustries
specifically for agroforestry
systems where externalities
justify them; encourage private
sector partnerships

Cumbersome procedures to Streamline process to obtain FNO, state banks, BASA,
obtain credit and poor credit and receive disbursements; NGOs
timing of disbursements explore other approaches to

provide credit, such as through
rotating funds _
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Table 3. Some constraints to agroforestry research and extension in Amazonia and
proposed remedial measures.

Problem Remedial Measure(s) Responsibility
Top-down approach to Involve farmers in design EMBRAPA, INPA, Goeldi
agroforestry research and implementation of Museum, universities, and

agroforestry systems NGOs
Little or no analysis of Hire more economists and EMBRAPA. SEBRAE,
economic and financial marketing specialists for INPA, universities, and
viability of agroforestry various research departments NGOs
components or systems rather than house them in a

single unit
Local knowledge Conduct on-farm research on EMBRAPA, TNPA, Goeldi
undervalued or ignored in resource management Museum, and universities
agroforestry research and systems of farmers
development
Inadequate extension service Partially privatize extension EMATER, SENAR.

service and encourage closer SEBRAE, and iNGOs
links with the business
community and NGOs; train
farmers to carry out
extension

Agricultural research out of Encourage partnerships Donor agencies, EMBRAPA,
sync with market realities between the business SEBRAE, INPA,
and entrepreneurial farmers community, farmers, and universities, agribusiness,

scientists to tackle emerging growers' associations,
issues by creating a "pool" of cooperatives, and NGOs
research funds

Lack of information on Encourage research on the EMBRAPA, Goeldi
promising new crops for ethnobotany of plants with a Museum, INPA, universities,
agroforestry, especially wild wide variety of uses, for and NGOs
or semi-domesticated potential application in
indigenous plants agroforestry; inventory home

gardens and assess their
subsistence value and
commercial potential

Inadequate supplies of high Provide incentives for Private sector, EMBRAPA,
quality planting material entrepreneurs and public and INPA

sector institutions to produce
more disease-free planting
material for agroforestry
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because an existing market was in close proximity. At RECA, market awareness is only
arising now, well after production started. Such market awareness has a crucial impact
on the success of agroforestry initiatives. Yet none of the major Amazonian R&D
institutions has internalized market awareness or used the market to set R&D priorities
(Rosa Neto, 1996), and none uses cost-of-production analysis to set crop priorities
(Clement, 1997). Without taking market information into account, it is unsurprising
that so many Amazonian agricultural and agroforestry researchers work on currently
fashionable crops like peach palm and cupuacu.

EMATER-Rond6nia is the only agency in Amazonia that makes a major effort to get
price information to local farmers. This effort should be replicated by other extension
agencies and expanded to include regional and international prices. In addition,
information disseminated to farmers should include the prices of a wide range of native
and exotic crops, as well as timber and non-timber forest products. Finally, this
information should also include projections of future price variations caused both by
seasonality of supply and demand and by increases in area planted. Such projections are
especially important in the Brazilian Amazon, which is so extensive that any major
planting of a currently marketable crop is likely to depress its price significantly
(Fearnside, 1989).

Market intelligence is only one part of the equation, however. Marketing assistance is
equally important, especially at the beginning of a project. Part of the Rio Brarico
agroforestry poles' early success has been due to the municipal government's assistance
in providing trucks to get produce to market. This type of assistance is a direct subsidy
that must be privatized as soon as possible. Additional assistance is necessary to create
markets where none exist or to expand incipient markets. Such assistance can ceme
from two sources: the public sector or joint ventures between various actors in the
private sector.

The public sector has at least one agency that provides marketing assistance, SEBRIAE,
which is present in all state capitals. SEBRAE was created to provide training and
assistance in organizational development and marketing to small businesses with the
express intention of fostering entrepreneurship. As Clay (1996) points out: "Mark:ets
don't create themselves, people do," and these people are entrepreneurs. Local farmer
groups may not have sufficient capital or managerial experience to launch and maintain
a growers' association or cooperative, or to use market intelligence to take advantage of
opportunities and create new markets. SEBRAE recognized this need early and now
plays an important role in training farmers to be entrepeneurs, both in Amazonia and
elsewhere in Brazil (Clay and Clement 1993).

Another, increasingly important source of marketing assistance for Amazonian farmers
involves the formation ofjoint ventures or partnerships (Clay, 1996:13). One example
of such a partnership involves AGROAMAZON, a vertically integrated compatny
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located between Vila Extrema and Nova Calif6rnia in Acre. AGROAMAZON
provides financing and technical assistance to heip farmers shift to pineapple and other
perennial crops, which are processed and marketed by the company. AGROAMAZON
has attracted some 45 collaborating farmers to date. While participating farmers lose
control over their choice of commercial crops. this example illustrates how a private
company can address many of the financial, technical, and marketing constraints
presently faced by farmers.

Private companies are often more effective than farmers' associations or cooperatives
in processing and commercialization because they are market-oriented and have the
relevant contacts (e.g., BONAL).These companies can thus serve as effective partners
for farmers and NGOs. Furthermore, such partnerships allow producers to gain part of
the value added, while at the same time guaranteeing a steady flow of raw materials to
agroindustries.

B. Processing Technology and Infrastructure
The three case studies presented above are at different stages in their adoption of
processing technology. BONAL identified its needs early and has been perfecting its
technology ever since. RECA only recognized the need for a major processing facility
when it was flooded with peach palm and cupuacu fruits and is now scrambling to
identify appropriate technologies and get financing to build processing infrastructure.
The Rio Branco agroforestry poles are so close to market that there has been no need to
introduce processing technologies yet.

If agroforestry is to play a major r ole in Amazonia, however, processing technology and
infrastructure will be needed far from urban centers and markets and for products that
may not even exist today. Asceptic packaging is a promising alternative that could
permit commercialization of a wide range of currently underexploited fruits. Yet no
large scale adoption of this technology has yet occurred in Amazonia, and none of the
regional R&D institutions are even experimenting with it today. The idea of putting a
fruit processing plant on a barge has been floated several times since the 1 96Os"9 but has
not yet been tried.

Processing technology and its associated infrastructure are often essential for
enhancing income and making a viable proposition out of a marginal one. A facility for
processing Brazil nuts operated by the Agroextractive Cooperative of Xapuri, Acre, is a
case in point (Clay, 1996). Before the facility was established in the late 1980s, Brazil
nut was sold by local residents and contributed to keeping family incomes just above
subsistence levels. With the facility, these residents were able to add value locally and
improve their incomes. Since then the Cooperative has been experimenting with
different technologies for Brazil nut processing that hold the potential for adding value
locally and at the same time reducing costs, thus making the final product more
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attractive on the market.

Both RECA and Xapuri required outside assistance to identify processing technologies
and build the necessary infrastructure for processing. The need for such assistance is
unlikely to change soon. As with marketing assistance, joint ventures with other actors
in the private sector can provide processing technology and infrastructure, but the
number of businesses in Amazonia ready to form joint ventures to work with local
products is still very small. Consequently, farmer organizations will need assistance
from other sources to identify processing technologies and finance the processing
infrastructure. Unfortunately, the current R&D and extension system is ger erally
poorly equipped to identify the best technologies and design appropriate infrastructure.

The issue of processing technologies is tightly linked to the Amazon region's
comparatively poor infrastructure - in particular its availability of electrical energy. The
constraints imposed on regional processing due to limited or unreliable electricity were
examined earlier in this study. Some of those constraints are likely to be ameliorated in
the near future as a result of Brazil's ambitious plans for infrastructural development in
the Amazon (Soltani and Osborne, 1997). These plans include extending a transm ission
line from the Tucuruf dam to the Xingu River valley; constructing a gas pipeline from
the Urucu River to Manaus; and paving the road between Manaus and Caracas, thus
permitting increased petroleum imports from Venezuela. Various projects aimed at
improving transport along roads, railways, and rivers should also enhance Amazonia's
capacity to compete with otherregions of Brazil.

C. New Crop andProduct Development
In industrialized countries, public investment in agricultural R&D is relatively high and
institutions exist specifically to encourage new crop and product development
(Armnstrong, 1996; Janick et al., 1996). Amazonia's R&D system is an inefficient
instrument for new crop and product development largely because public support for
R&D is meager and inconstant. Paradoxically, however, most agricultural R&D
institutions in Amazonia continue with the luxury of allowing individual researchers to
establish priorities based on personal interests and experience, rather than in response
to market demand. As a result, even if increased funding for agricultural R&D in
Amazonia were available, it would only have a positive impact if regional institu'ions
set priorities that are likely to generate new crops and products. As was argued above,
market intelligence and cost-of-production analysis can be effective tools for setting
priorities in the R&D system.

New crop and product development should not aim toward the single goal of improving
the Amazon region's competitiveness vis-a-vis other regions of Brazil. As shown by
this study, Amazonia presents a formidable array of constraints to production,
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processing, and marketing, and as a result its most successful native fruits are now
produced elsewhere. Instead, the Amazon's main comparative advantage over other
regions lies in its rich biodiversity, which holds the potential of providing a continuous
supply of "new" crops and products. Some formerly new crops that originated in
Amazonia are cassava, rubber, pineapple, annatto, guarana, and Brazil nut, and several
others are now expanding their markets, such as peach palm, cupuacu, and camu-camu.
The region also offers unique opportunities for gathering information about these and
other genetic resources in a variety of settings - such as their use and significance in
traditional cultures, their responses to untried planting and processing technologies, or
their performance in incipient markets. Whether the new crops or products are
ultimately produced in the Amazon or elsewhere, such information will be of immense
economic value and could generate private sector transactions in support of regional
R&D institutions. In short, shifting priorities toward developing new crops and
products in response to market demand could help resolve the current impasse faced by
agricultural R&D institutions in Amazonia.

D. Extension
The extension service should be an essential complement to the R&D system.
Unfortunately this is not the case in Amazonia, where most ofthe extension service has
been reduced drastically in recent years. If rural development is to proceed in the
region, this trend must be reversed and the regional extension service - both public and
private - made more effective. The main tasks of a renewed extension service should be
to disseminate to farmers up-to-date information on crops, obtained largely through the
R&D system. In addition, it should provide feedback to the R&D system and help
define priorities. Finally, a well-run extension service should assist farmers in creating
their own organizations forproducing, processing, and marketing crops.

Many agencies have long recognized farmer organizations as essential components of
sustainable agricultural development in Amazonia. In response to BASA's requirement
that loans for small-scale producers be channeled through farmer organizations, many
such organizations subsequently arose for the sole purpose of capturing credit. In
addition to credit, however, successful farmer organizations require training in areas
such as administration, accounting, marketing, and conflict resolution, so that farmers
will be able to assume full responsibility for their organizations. Yet, with the exception
of SEBRAE, few institutions in Amazonia are addressing this extremely important
task.

To increase agroforestry's competitiveness with other land use systems, farmers require
technical training in the propagation and management of perennial crops. In this
context, the efforts of NGOs such as REBRAF and especially POEMA are exemplary.
Recently these and other NGOs have focused on training extension agents in
agroforestry technologies, so that these can train farmers more effectively and thus
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exert a multiplier effect. More such efforts are urgently needed to assure that
agroforestry attains a more prominent place on the agenda of extension agencies in
Amazonia.

Finally, given limited resources and the Amazon region's immense geographic area,
agricultural extension needs to be increasingly strategic, focusing field visits on priority
locales, using appropriate media such as radio to reach wider areas, and building strong
fanner organizations through training in some ofthe critical areas identified above.

E. Credit
As discussed earlier in this study, commercial interest rates in Brazil are too high for
either farmers or entrepreneurs interested in processing agricultural products. In
addition, two factors - lack of infornation and high transaction costs - reduce the
effectiveness of the few govemment-subsidized credit programs in Amazonia that
target small-scale producers and agroforestry. Lack of information on native perennial
crops and cropping systems greatly limits the capacity of regional and state banks to
evaluate the economic viability of proposed agroforestry systems. While FCAP? has
done an excellentjob to date in generating such infonnation for a few perennial crops,
the involvement of other R&D institutions will be needed to produce studies for a
wider range of crops and cropping systems in Amazonia.

High transaction costs are inherent to credit programs aimed at small-scale producers,
especially in a sparsely populated region such as Amazonia. One way of reducing such
costs is to improve the efficiency of credit programs. BASA, for example, has recently
computerized much of its application process and requires that a collaborating
extension agency, IDAM, supply applications on diskette. For this to work smoothly,
IDAM must be computerized as well. BASA also requires that IDAM meet strict
deadlines to get credit to the farmer at the right time. According to BASA,40 improved
efficiency resulted in timely credit disbursements to small-scale producers during
1996-97.

Increasingly, new institutional actors are beginning to funmish credit for agroforestry
initiatives in the Brazilian Amazon. International development agencies and locally
based agribusinesses are exploring new strategies for extending loans to small-scale
producers engaged in this land use. If successful, these efforts could point the way for
regional banks to play a more effective role in promoting agroforestry.

E Agroforestry as a Knowledge-B ased Land Use
The preceding paragraphs summarize the major constraints and opportunities facing
agroforestry development in the Amazon region - which constitute the central theme of
this study. The constraints to agroforestry development in the region are fonnidable,
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and overcoming them will require strategic and coordinated efforts on an
unprecedented scale. As a result, prospects for success are uncertain. Yet Amazonia is
not an isolated case. the essential changes needed to promote agroforestry development
there are part of a larger process of change in the way agriculture is practiced
worldwide.

This change involves the paradigms guiding agricultural development, which are
shifting away from commodity oriented, high input models toward more knowledge
intensive systems that rely on skillful resource management. In Amazonia, much ofthis
paradigm shift is manifest in the need for new approaches to agricultural research. One
new approach, for example, involves disciplinary focus. This study has shown that the
major constraints to agroforestry development are social and economic in nature, yet all
too frequently, regional centers undertake biophysical research with little if any
attention to the social or economic viability of proposed land use systems. This must
change if R&D institutions hope to remain relevant to farmers needs.

In addition, the changing paradigm of agricultural research urgently requires greater
emphasis on participatory research with farmers (Cooper et al., 1996; Pich6n and
Uquillas, 1996; Tamale et al.. 1995; Thrupp et al., 1994). Participatory research can
stretch scarce R&D funds and gamer support from society for increased funding.

Such research often builds on the knowledge of farmers. Along the Maraca River in
Amapa, for example, local producers plant or encourage valuable fruit, nut, and timber
trees in their agricultural plots after food crops have been harvested. In addition to
requiring minimal investment, such fallow management has the advantage of
generating minimal environmental impacts. Testing this option could reveal strategies
for promoting agroforestry that are socially acceptable, cost-effective, and
environmentally sound.

Finally, the changing paradigm of agricultural research requires modern approaches as
well. Recent advances in understanding of soil biology, plant fertility, and plant-animal
interactions offer opportunities for reduced use of chemical inputs in agricultural
systems, with resulting economic and environmental benefits. And new breakthroughs
in biotechnology open up exciting possibilities for use of the Amazon region's rich
biodiversity. Progress in promoting agroforestry. in short, hinges on a judicious blend
of modem scientific research, indigentous knowledge, and the conservation of forest
environments - all filtered through the market.
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Endnotes

IThis and other compensatory mechanisms are expected to be defined in the
December 1997 conference of the Global Climate Change Convention in Kyoto.

2 See Appendix 1 for scientific names of plants cited in the text that are used in
agroforestry systems in the Brazilian Amazon.

A prominent example of forest enrichment following slash-and-bum farrning
involves high-density stands of the acai palm found adjacent to human settIements in
the Amazon estuary.

In extensive areas of the Tocantins River valley of Para state, for example, cattle
ranches are rapidly supplanting enriched forests of Brazil nut.

In the vicinity of the community of Araras in Tocantins River valley, for example,
mature forests enriched with Brazil nut and cupuacu are maintained as part of the
local production systems and provide a major source of income for small-scale
farmers.

N.J.H. Smith, unpublished field notes.

Jonas Veiga, personal communication.

According to the last published agricultural census of 1985 (IBGE, 1987), of the
total area in rural properties in six Amazonian states (Acre, Amapa, Amazonas,
Para, Rond6nia, and Roraima), 3.0% was used for cultivation of traditional :Food
crops and at least 3-4 times this area if forest fallows are included. By contrast, only
1.5% was allocated to perennial crops - including both monocropping with
perennials and agroforestry.

Jason Clay, personal communication.

Rogerio Perin, personal communication.

Of the 43 farmers interviewed who had adopted agroforestry, 25 (58%) hacl
included timber species as part of their agroforestry systems.

12 John 0. Browder, personal communication.

13 The information presented on asceptic packaging was provided by Jason Clay
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personal communication.

4 Edward Richardson, personal communication.

5Jason Clay, personal communication.

16 In mid-1996, commercial interest rates were 5-6% per month, even though
inflation was under 2% a month.

17 Femando Silva, personal communication.

Is "Prefeito queixa-se da demora na liberacao de verbas pelo BASA." 0 Liberal,
Belem, Para, 9 May 1996.

"BASA faz acordo sobre FNO para Transamazonica." 0 Liberal, Belem, Para, 9
May 1996.

Farmers in the Altamira region of the Transamazon appear to have received a
disproportionate share of the financing thanks to political pressure from an umbrella
group called the Movement for Survival on the Transamazon (MPST). But even
there, less than 10 percent of the farmers have presented proposals for financing
from FNO Especial. In the Municipality of Santarem, only about 300 of the 2,000
applicants for financing from FNO Especial had their loans approved and processed
in 1995 (Mario Tanaka, personal communication).

21 In 1997, the average exchange rate for the Brazilian real was R$1 .07/US$.

M2 Mauro J. Arruda, personal communication.

Fernando Silva, personal communication.

2 4 John 0. Browder, personal communication.

25 Jason Clay, personal communication.

For example, among the 53 farmer families surveyed as part of this study, 43
(81%) had adopted agroforestry systems. Of these, 25 (58%) possessed some form
of legally recognized title; the rest either had informal use rights or were squatters.

John 0. Browder, personal communication.
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Marcio Miranda, personal communication.

29 The timber species tested were morotot6, quaruba, mahogany, tatajuba, freij6, and
cumaru.

Alfredo Homma, personal communication.

N.J.H. Smith, unpublished field notes.

32 To place the issue in perspective, in 1994 the United States allocated 2.5% cf its
GNP to R&D, while the corresponding figure in Brazil was only 0.77% of a mnuch
smaller GNP (CNPq, 1996). And within Brazil, a mere 1.5-2% of the R&D bu[dget--
or about US$75-100 million per year--is allocated to the Amazon region (Ernesto de
Paula, personal communication).

Femando Silva, personal communication.

Imar Cesar de Araujo, personal communication.

Projeto RECA has now established fruitful partnerships with PESACRE and
CPAF, EMBRAPA's center in Acre.

36 RECA's main supporters have been CEBEMO, a charitable Catholic organization
in the Netherlands, and CCFD (Catholic Committee against Hunger and for
Development), a similar organization in France.

RECA's processing plant for cupuacu is occasionally switched over to heart-of-
palm processing for small loads, but facilities do not exist for properly sterilizing
bottles.

The Rio Branco cold storage facility went out of business in late 1996, making it
even more difficult for RECA to handle its 1997 cupuacu crop (Sonia Alfaia and
Beatriz Telles, INPA, personal communication).

Flaviano Guimaraes, personal communication.

40 Mauro J. Arruda, personal communication.
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Appendix

Common and scientific names of some plants found in agroforestry systems in the
Brazilian Amazon.

English Name (s) Portuguese Name(s) Scientific Name
A,ai A,aizeiro Euterpe oleracea
Angico Angico ?
Annatto Urucum Bixa orellana
Avocado Abacate Persea americana
Baba,u Babacu, c6co Orbignyaphalerata
Banana Banana Musa spp.
Barbados cherry Acerola Malpighiapunicifolia
Black pepper Pimenta do reino Piper nigrum
Brachiarao Brachiarao, brizantao Brachiaria brizanthum
Brazil nut Castanheira Bertholletia excelsa
Breadfruit Fruta-pao Artocarpus altilis
Cacao Cacao Theobroma cacao
Camu-camu Camu-camu, sarao Myrciaria dubia
Canafista Canafista ?
Cedar Cedro Cedrela odorata
Coconut C6co Cocos nucifera
Cumaru Cumaru Dipteryx odorata
Cupuacu Cupua,u, cupu Theobroma grandiflorum
Erythrina Eritrina Erythrinafusca, E. poeppigiana
Faveira Faveira Legume family
Figueira Figueira Ficus sp.
Freij6 Freij6 Cordia alliodora, C. goeldiana
Gameleira Gameleira Ficus sp.
Gmelina Gmelina Gmelina arborea
Guarand Guarana Paullinia cupana var. sorbilis
Guava Goiabeira Psidium guajava
Guinea grass Coloniao Panicum maximum
Inga Inga Inga spp.
Ipe Ipe Tabebuia sp.
Itauiba Itauba Mezilaurus itauba
Jackfruit Jaca Artocarpus heterophyllus
Jarana Jarana Holopyxidium latifolium
Kapok Sumauma Ceiba pentandra
Kudzu Pueraria Pueraria sp.
Lime Limao Citrus aurantifolia
Madre del cacao Madre del cacao Gliricidia sepium
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English Name (s) Portuguese Name(s) Scientific Name
Mahogany Mogno Swietenia macrophylla
Malaya apple Jambu Syzygium malaccense
Mango Mangeira Mangifera indica
Manioc, cassava Mandioca. macaxeira Manihot esculenta
Melancieira Melancieira
Moror6 Moror6 Bauhinia bicuspidata
Morotot6 Morotot6 Didymopanax morotoni
Murici Murici Byrsonima crassifolia
Orange Laranjeira Citrus sinensis
Oil palm Dende Elaeis guineensis
Palheteira Palheteira Clitoria racemosa
Papaya Mamao Carica papaya
Paricd Parica, bandarra Schizolobium amazonicum
Passionfruit Maracuja Passiflora edulis
Pau mulato Pau mulato Peltogyne paniculata
Peach palm Pupunha Bactris gasipaes
Pindaiba Pindaiba Xylopiafrutescens
Pineapple Abacaxi A4nanas comosus
Pinho cuiabano Pinho cuiabano Parkia cf. multijuga
Quaruba Quaruba Vochysia sp.
Robusta coffee Cafe Coffea canephora
Rubber Seringueira Hevea brasiliensis
Soursop Graviola Annona muricata
Sweetsop Ata Annona squamosa
Tamarind Tamarindo Tamarindus indica
Tangerine Tangerina Citrus reticulata
Tatajuba Tatajuba Bagassa guianensis
Tauari Tauari Cariniana sp.
Teak Teca Tectona grandis
Umari Umari Poraqueiba sericea
Yellow mombim Tabereba, caja Spondias mombimn
No English name Biriba Rollinia mucosa
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