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he geography and topography of the Andean region

provide diverse ecological settings with a broad range of

natural renewable resources. Developing and implementi-

ng sustainable management of these renewable re-
sources could help improve food and fiber production for
national consumption and for export markets. Today, agricul-
tural, forest, wildland and wildlife, and aquatic resources are al
exploited to some extent. However, use of improved production
and management technologies could expand these activities and
generate increased economic benefits. In terms of coca substitu-
tion programs, greatest attention has been given to agriculture
and some promising crops and cropping systems.

INTRODUCTION

Agroecosystems in the Andean coca-producing regions differ
markedly from the highly mechanized lowland agriculture prac-
ticed, for example, on the great plains of North America. Rather,
agriculture tends to be small-scale and distant from markets or
political or financial support, and extremes of topography
preclude extensive mechanization in most cases. The small
returns for most farmers impede acceptance of new and poten-
tially risky technology. High-input approaches to farming, char-
acterized by the green revolution, are less applicable in these
settings.

Moreover, the diversity of Andean environments does not
favor regional agricultural and agronomic planning. For exam-
ple, aimost 50 percent of Bolivian and Peruvian land area is steep
slopes and highlands. Only about 10 percent of the total surface
area of each country is suitable for row crop agriculture. Frequent
floods, droughts, and severe soil erosion make agricultural
production difficult in many areas.
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The most fertile agricultural soils are alluvial
deposits in the valleys. Physical environmental
features (e.g., soils, slope, erosion potential) can
change character markedly over short distances.
Climatic features (e.g., precipitation patterns,
winds, temperature) may vary with distances
(especially altitudes) and time (season). This
variability means that a site-specific approach
must be applied to defining realistic technical
solutions for coca substitution. Unfortunately,
little site-specific information exists on climate,
soils, or topography for some parts of the Andes
and the prospects are minimal for gaining this
information in certain coca producing areas (e.g.,
Alto Huallaga).

Intricate patterns of land uses and land tenure
have evolved over the years as a result of
disparate cultural forces. Current agriculture in
the region is a mixture of pre-Columbian, Span-
ish, and contemporary practices, many of which
are incompatible with one another. This situation
further complicates development of alternative
crops and cropping systems. Nevertheless, signif-
icant efforts have been invested in identifying
crops and crop combinations that might improve
the value of agricultural activities in the Andean
region. Largely, these efforts have focused on
export agriculture rather than enhancement of the
domestic food supply system. Difficulties in
moving these commodities to the international
market, as well as in providing sufficient quantity
and quality of product, have constrained alterna-
tive crop efforts to date.

In addition to agricultural resources, forest,
aguatic, and wildlife resource exploitation could
offer alternative livelihoods. Tropical forest re-
sources have received increased global attention
over the last several decades. Tropical timber
exports were key in national economies in the
mid- 1900s and continue to command high prices
in the international market. Constraints to contin-
ued or increased exploitation largely arise from
concerns over conservation of biological diver-
sity and potential adverse global environmental
effects. Indeed, consumer boycotts of tropical
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Simple processing and storage requwements make
cocoa (Theobroma cacao) an attractive alternative in
remote areas. Shown here is cocoa production in the
Alto Beni, Bolivia.

hardwoods for these reasons are becoming more
common. Nevertheless, there are opportunities
for sustainable timber production and forest con-
servation and protection in the Andean region (71).

Tropical wildlife has been an important domes-
tic and export resource in South America for at
least 400 years (70,72) and has been economically
important. Unsustainable exploitation, however,
increased concerns over species loss and led to
international treaties and trade agreements to
protect rare, threatened, and endangered species
(i.e., Convention on International Trade in Endan-
gered Species). More recently, international con-
servation organizations have focused on sustain-
able development of wildlife resources. Potentia
markets include hides and fibers, pet, meat, and
other anima products (e.g., bone), and technolo-
gies exist for managing a variety of amphibians,
reptiles, fishes, birds, and mammals to provide
these commodities. Nature-based tourism associ-
ated with protection and conservation of wildlife
and wildland resources offers another opportunity
for increasing economic returns from conserva-
tion activities (6).

Freshwater aquatic resources, largely fisheries
in lakes, rivers, and streams, currently occupy a
small share of national food production systems.
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Estimates suggest that current harvest is far below
optimum sustainable yield for many species. A
paucity of data on the extent of Andean freshwa-
ter resources hinders analysis of the potential
contribution they could make to national food
production and economies. Yet, use of improved
postharvest handling, storage, and transportation
of fishery products alone could increase their
contribution. Additional opportunities lie in im-
plementation of improved capture, resource resto-
ration, and aquiculture technologies (101).

Opportunities exist for improving crop substi-
tution programs and increasing their acceptability
to local populations. Some crops, production and
processing technologies, and markets are availa
ble. New crops that might improve the econom-
ics of agricultural production have been identi-
fied. However, further research will be needed to
identify appropriate cultivars, production tech-
niques, and market potential. If substitution
programs expand the range of resources ex-
ploited, sustainable development technologies for
forest, wildland and wildlife, and aquatic re-
sources will be needed.

AGRICULTURAL RESOURCES

Coca is grown mostly in the humid tropic
regions of the Andean countries of Bolivia, Peru,
and Colombia. While little variation in tempera
ture is evident among the coca growing zones,
precipitation variation is obvious (table 4- 1). The
difficulties faced by agriculture in such areas are
well known (49,55,98). Many problems are re-
lated directly to high rainfall and temperature
regimes that promote nutrient leaching, poor soil

Table 4-I-Temperature and Rainfall of
Major Coca Production Zones

Mean annual Rainfall
temperature (C) (mm)
Bolivia
Chapare.............. 23-25 2,500-5,000
Colombia
Amazon®............. 22-26 2,500-5,000
coffeebelt............ 20-24 1,000-1,900
Peru
Alto Huallaga . . ....... 22-26 2,500-3,500
Central Hullaga . ... ... 21-25 1,400-1, 900
Central Urubamba..... 21-25 2,000-2,500
Ene.........ooviinn 23-25 1,700-1,900
Gran Pajonal ......... 21-25 1,700-1,900
La Convention . ....... 22-24 n.d.
Mayo................. 21-25 nd.
Pachitea®............. 23-25 2,000-3,500
Palcazu®.............. 23-25 4,000-8,000
Pichis®................ 23-25 2,500-3,500
Tambo ............... 23-25 1,700-1,900
Yurimaguas®.......... 23-25 2,000-2,500

a Little diurnal temperature variation.
n.d. = no data.

SOURCE: H. Villachica, C. Lescano, J. Lazarte, and V. Chumbe,
“Estudio de oportunidades de inversion en desarrollo e industriali-
zacion de cultivos tropicales en Pucallpa,” Perfil de proyecto
para la planta de coloantes naturales yu para la planta de conservas de
palmito, Convenio FUNDEAGRO, Region Ucayali, Lima Peru, 1992.

composition, low fertility, and rapid growth of
pest problems. All of these features can lead to
increasing dependence on external inputs (e.g.,
pesticides, fertilizers, fuels) and affect the types
of agricultura opportunities available to farmers.

Distinct changes in the agricultural sector
resulting from the expansion of the cocaine
economy complicate efforts to improve agricul-
tural profitability. As production of coca leaf
became agronomically and economically attrac-

*This section was drawn largely from the following contracted background papers:
H. Villachica, “Crop Diversification in Bolivia, Colombia, and Peru: Potential to Enhance Agricultural Production, ” contractor report

prepared for the Office of Technology Assessment, April 1992.

S. Gliessman, “Diversification and Multiple Cropping as a Basis for Agricultural Alternatives in Coca Producing Regions, ” contractor
report prepared for the Office of Technology Assessment, February 1992.
B. McD. Stevenson, *‘Post-Harvest Technologies to Improve Agricultural Profitability,” contractor report prepared for the Office of

Technology Assessment, March 1992.

A. Chavez, ‘‘Andean Agricultural Research and Extension Systems and Technology Transfer Activities: Potential Mechanisms To Enhance
Crop Substitution Effortsin Bolivia, Colombia, and Peru, " contractor report prepared for the Office of Technology Assessment, December

1991.
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tive, many farmers abandoned livestock raising
and other crop production systems. Some local
traditional agriculture systems were abandoned as
well. Larger areas were deforested, more coca
planted, and less time and energy were invested in
traditional agriculture. This increasingly affluent
agricultural sector developed a dependence on
imported purchased food and experienced a shift
in aspirations.

While the agricultural sectors in Bolivia, Peru,
and Colombia are diverse, some similarities
among producers and farm size are evident in
primary coca producing regions. Producers tend
to be semi-commercial (i.e., producing subsis-
tence crops along with some cash crops including
coca), production units are small (e.g., 20 hectare
units or less are common); and production sys-
tems tend to be labor intensive. The remote nature
of the producing zones means that inputs maybe
costly and difficult to obtain and markets (other
than at the “farm-gate”) are difficult to reach.
Coca plays a key role in farm income.

Crop substitution strategies must work on two
fronts. Development of new production options
for the coca producing regions must be comple-
mented by development in areas from which
migrant coca growers and laborers come. Na-
tional and international assistance and research
organizations support efforts to identify and
expand opportunities for new crops that can
replace coca in the agricultural economy (105).
Primary categories through which agricultural
profitability might be increased in the coca
growing regions of the Andean nations include:

e Diversifying production,

¢ [ntensifying production,

e Improving production efficiency, and

¢ |Increasing the value of products through
processing (chapter 5).

Current crop substitution efforts focus on diversi-
fying production by incorporating high value
crops. However, attention is being given increas-
ingly to the latter categories.

Despite the potential for improving production
through innovative cropping systems, the accept-
ability to producers comprises an important
concern. Social and economic advantages must
accompany improved systems. Crop diversification,
increased market options, reductions in direct
costs and risks, and increased opportunities for
involvement for all members of the family or
community become critical components of ac-
ceptable alternative systems.

i Diversifying Agricultural Production

Diversifying agricultural production by incor-
porating high-value crops into production sys-
tems offers one approach to expand aternatives
for agricultural populations and alows an incre-
mental evolution from a coca-based production
system to one based on legitimate markets.
Indeed, this approach is the basis of traditional
crop substitution efforts, and ongoing research
focuses on identifyng high-value traditional and
nontraditional crops suitable to local agricultural
production systems.

Inherent in the diversification strategy is the
ability of farmers to continue to provide for their
basic needs during the development stage of the
new production system. For example, many
cropping systems require 3 to 5 years of effort
prior to realization of profit (105,122). Coca
could be maintained as a cash source during this
period although it seems counter to substitution
program goals. However, such an approach could
offer an alternative to costly agricultural subsi-
dies.

Research has focused on a variety of crops that
could be suitable for local, regional, national, and
international markets. Largely this research is
market driven and focuses on grains, industrial
crops, fruits and nuts, and spices. Blending of
these crops into traditiona food production sys-
tems is another important feature of these efforts.
In this way, producers continue to provide for
basic food and fiber needs while developing
opportunities to generate cash through marketing.
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Table 4-2—Cropping Patterns of the

Chapare, Bolivia
Hectares Percent

Crop (thousands) Percent of total
Annuals

Cormn............. 3.3 9.00/0 2.7%

Rice.............. 20.0 54.3 16.8

Yuca............. 13.3 36.1 11.2
Perennials

Banana........... 19.8 24.0 16.6

Citrus............. 6.5 7.9 5.46

Coca............. 55.9 67.8 46.9

Other............. 0.3 0.3 25

SOURCE: Development Alternatives, Inc., “Environmental Assess-
ment of the Chapare Regional Development Project, Bolivia, " DAL,
Bethesda, MD, 1990, In: Stevenson, 1992.

The range of potential commodities that could
offer agricultural alternatives is restricted to a
certain extent by the environmental features of
coca growing areas. Box 4-A describes some
crops identified as potential alternatives. Al-
though the list is not exhaustive, it illustrates the
range of crop types that might be considered and
blended into existing production systems,

Most crop substitution strategies in the
Chapare region of Bolivia involve some combina-
tion of soil-conserving perennial crops and annual
cash crops for immediate returns (table 4-2).
Research in annual crops concentrates on maize,
rice, beans, and yuca, the perennials program is
focused on citrus, coffee, cocoa, and pepper.
Other research deals with production and man-
agement of cattle, pigs, and poultry.

Efforts are also underway to examine essential
oils (e.g., eucalyptus, pyrethrum oils); natural
plant chemicals (e.g., xanthophyll); spices (e.g.,
piper nigrum); tropical fruits (e.g., pineapple,
passionfruit, bananas, carambola); and nuts (e.qg.,
macadamia). Pineapples and bananas seem to be
promising in terms of fresh export and there has
been some success with shipments to Argentina
and northern Chile. Nontraditional crops of tur-
meric (Curcuma domestica) and ginger (Zingiber
officinale) demonstrate export potential and pro-
duction is underway at a trial level. Several other

Pineapple is being produced as an alternative crop in
the Chapare, Bolivia. Private sector investment in a
local processing facility for Chapare and Santa Cruz
pineapples may promote the value of production.

. . Y hd .
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crops from the areas may have potential for
increased profitability, including garlic, onions,
peanuts, anise, cumin, and perennial fruit crops.
Although export potential for many of these crops
is low, improved postharvest practices could
contribute to higher quality and greater economic
returns.

A number of agricultural products are being
industrialized, including: tea, banana, kudzu, yuca,
mint, and lemon grass. In addition, a coffee
production and processing industry is being
developed in the Chapare. The scale of existing
production and the 5-year potential for production
increases for these crops are shown in table 4-3.
Achieving this potential will require investment
in producing plant material, promoting the crops
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Box 4-A-Alternative Crops

Alternative crop research poses an immense problem because of the numerous, and sometimes competing,
requirements associated with identifying legitimate crops that can compete with a “black market” activity. Not only
must crops be suitable to agroecological conditions, they must possess qualities that make them socioculturafly
acceptable and economically attractive. This is a tail order for any research activity. Research in the Andean
countries has focused on annual grain crops, industrial crops, commercial fruits, nuts, and specialty crops (e.g.,
spices, fibers, dyes). The following briefly describes some of these crops.

Annatto (Bixa orellana): Annatto (also Achiote) isa native plant from the Amazon region. The plant chemical
bixin is extracted from the seeds and has commercial value as a natural dye. Peru currently supplies 40 percent
of the international bixin market. Substitution efforts in Bolivia have begun to work on increasing Annatto
production. Primary production concerns include the highly variable yields and bixin content of seeds (2.5 to 3
percent), appropriate planting densities, difficulties in blending annatto with other crops because of its fast-growing
nature (although some success has been noted in annatto/cowpea combinations), and high hand labor
requirements. Piant breeding efforts are focusing on increasing yields and the bixin content of seeds (up to 4
percent) and developing cultivars suitable to low-fertility, acid soils. High hand labor requirements might be
addressed through harvest and threshing mechanization. Improved processing techniques could provide products
with higher bixin content (increasing from 30 to 35 percent to 90 t095 percent). The trend toward natural dyes may
increase market opportunities for annatto production. Annatto seems to be relatively free of pests and disease
problems.

Araza (Eugenia stipitata): Arazais a tropical fruit tree native to the Amazon region, although it is not yet widely
cultivated. While the tree is tolerant of acid, low-fertility soils, best production is observed in well-managed and
property fertilized fields. Primary production concerns include the relative lack of agronomic technology for
cultivation, planting densities and field management to obtain optimum production, and fertilizer requirements.
Improved production techniques, including promising ecotypes and associated nursery and field management
needs, are current research areas. Fruit production begins 1 year after transplanting with final height reached by
6to 7 years, although this is affected by soil fertility. Araza's slow growth rate allows intercropping with crops such
as cassava or turmeric, thereby generating benefits during the field development stage. However, there is no
international market for araza currently. The high acid content precludes fresh consumption but it can be used for
juice, dried fruit, and ice cream flavoring.

Bananas {(Musa sp.): Bananas currenly are produced in coca-growing zones and some success with export
has been noted in Bolivia. Banana is a traditional ¢rop in the Andean region and thus adoption is nota key concern.
Further, since farmers already are familiar with banana production they could be more responsive to extension
efforts to improve production. Primary production concerns include need forevenly distributed rainfall, high
sunlight requirements, fertilizer requirements, need for iow wind conditions, and soil condition (deep with high
organic matter content). Research is needed on improved varieties to enter export markets, appropriate planting
densities, improved propagule selection, careful field management (e.g., weeding and thinning) to sustain
production, and postharvest technologies. A number of pests and diseases affect bananas; however, chemical
and management techniques exist to control the most devastating of these.

Black Pepper (Piper nigrum): Black pepper is being cultivated to some extent in or near coca-growing regions
in the Andean countries. Pepper is a climbing shrub and requires a support to grow on. Either posts or trees may
be used as supports and production techniques exist for both systems. National research institutes are working
to improve production technology, and potential exists for technology transfer from current producing countries.
Key needs include improved cultivars (for increased yield and pest resistance), propagation, and seedling
management. Production concerns include field preparation, seil condition (e.g., well-drained, aerated, high
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organic matter content), fertilizer needs, and high labor requirements during establishment and harvest phases.
Systems have been developed that intercrop pepper with ginger or cassava during the early growth stages, and
additional work in China indicates potential for pepper, rubber, and tea systems. Primary pests include fungi and
nematodes and while chemical controts are available, they are costly. Despite high labor requirements for
production, primary processing is relatively simple and generally involves sun-drying and threshing.

Brazil nut (Berthollsetia excelsa): Brazil nut trees are not found in most coca-growing zones and a somewhat
iengthydeveiopment period may hinder plantation development. Under cultivated conditions, nut production may
begin in 8 to 10 years after planting or if trees are grafted this may be shortened to6 years. Production concerns
largely center on the need for well-drained soils and the lengthy period from initialization to production. Brazilian
researchers have developed techniques for brazil nut production and cropping systems. Further work conducted
in Peru indicates some potential for mixed systems of brazil nut, cassava, rice, and tahiti lime. In fact, intercropping
with other fruit trees may increase nut production by maintaining pollinator populations during the time the nut tree
is not flowering. Testing is still in initial stages and there are no accurate estimations of potential income. Areas
where the tree currently exists and coca is expanding, or areas where it is fikely to expand, may provide the best
possibilities for introducing this type of production system.

Cardamom (Eleftaria cadamomumy): Cardamom, a high-value spice, is not native to the Andean region,
although it has been identified as a potential alternative crop. Shade is important for cardamom growth but the plant
will produce in poorly drained soil. This combination may offer an opportunity for farmers to crop some of their lower
quality production areas. Propagation by rhizome allows cardamom production within 3 years, butthe susceptibility
of rhizomes to mosaic virus detracts from this approach. Seed is being used increasingly, however, development
time increases to 5 years and seeds iose their viability quickly. Cardamom has been incorporated in some
Colombian cropping systems in an effort to diversify coffee and it is being introduced in Bolivia and Peru.
Constraints to expansion include the lack of a local market and that the international market currentiy is satisfied
by Asian and Central American production.

Citrus (Orange, Mandarin, Tangelos): Citrus production requires rather specific soil and climatic conditions.
However, it is suitable for the Chapare, Aito Huallaga, Upper Mayo, and Coiombianpiedmont. Orange production
largely would be directed to the juice market, while mandarin and tangelo production have potential for fresh
markets. intercropping systems incorporating citrus are used widely in current production areas. Primary
production concerns include soii conditions (e.g., well-aerated, deep soils), market size, and processing options
for small communities. Pests and diseases are well known—ants, aphids, fruit fries, root rot, tristeza, and exocortis.
Tolerant varieties are available and other management methods exist to prevent viral infections.

Cocoa (Theobroma cacao): Cocoa is cultivated in coca-growing areas of Peru and, to a lesser extent, in
Colombia and Bolivia. Research undertaken in Colombia, Brazil, Ecuador, and Costa Rica has focused on
improved cultivars, nursery management, planting densities, cropping systems, agrichemical needs, and
postharvest processing. Additional research needs include: matching varieties to ecological zones, seed
production and availability, shade management for new fields, and intercropping systems for cocoa and other
subsistence or economic crops. Evenly distributed rainfall and soii pH factors are primary production concerns for
cocoa. Coma is affected by several diseases—witches broom, black pod, and monilia. Cultivation and harvest
practices can combat witches broom and black pod infestation (i.e., tree pruning, frequent harvest), while monilia
currently is oniy controlled through pesticide applications.

Coffee (Coffea arabica): Coffee seems toofferthe closest economic alternativeto cocain some regions and
production methods and cultivars exist for shade and sun coffee. However, coca-growing regions that do not
experience sufficient diurnal temperature variation may notbe suitable since coffee requires such shifts for
ripening. Primary production concerns include soii drainage, nursery management, and pest- and temperature-
resistant cultivars. Coffee is affected by a number of pests and diseases (e.g., insects, nematodes, fungi), although

(continued on next page)
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Box 4-A-Continued

the cherry borer and yellow rust pose the primary problems. Pesticides and tolerant varieties are available to
reduce the adverse impact of pest infestations on production. Research supported by the Colombian National
Coffee Growers Association (NCGA) has contributed significantly to salving a number of production problems.

Macadamia (Macadamia integrifoliaand Macadamia tetraphylla): Macadam ia production typically requires
well-drained fertile soils with high organic matter content. Low temperatures can reduce nut production and the
tree is very susceptible to freezing. This aspect may pose some difficulty for expansion in the Chapare, where
seasonal winds can bring temperatures as low as6 degrees C. Production concerns focus on the need for
appropriate fertilizer regimes to sustain production. Current low grafting success (i.e., only 15 to 20 percent) has
hindered expansionin Boliviaand Peru, although efforts areongoing to promote macadamiaproduction. The tree
is suitable forinterplanting with annual crops or coffee orothertrees during eary years and thus could be integrated
inexisting production systems. Pests anddiseasesthat attack macadamiaincludethe bee, ants, nut borers,
rats, root diseases, and fungi; yet control measures are available, although in some cases expensive. Interest in
production is increasing because of ongoing substitution programs. However, market is largely international and
thus will require concomitant infrastructure development.

Passion fruit (Passifiora edulis): Passion fruit is a fast growing tropical vine and fruit production may begin
as early as 8 to 10 months after transplanting from the nursery. While two varieties exist, the flavicaipa variety
seems to be more suitable to the temperature conditions of the Andean region. Seed production is prolificand thus
does not pose aconstraint to increased production. The fast growth rate, however, affects passion fruits suitability
for Intercropping systems, although it may be associated with short-season cassava, turmeric, pineapple, or as
a nurse species for establishing another crop. Primary production concerns include high cost of posts to allow the
vine to climb, pruning and fertilizing to sustain production, and need for hand labor. Insects and worms are the
primary pests although control measures have been identified. Fungal pathogens can be controlled by appropriate
field management that ensures good soil drainage. Although internal and external market conditions are good,
improved field management techniques and harvest andprocessing opportunities could increase the profitability
of passion fruit production.

Peach palm {Bactris gassipaes): Peach palm is native in many of the coca-growing regions of the Andean
countries. The tree I8 cultivated for fruit and palm heart with the latter being more economically attractive. Primary
production concerns include need for wail-distributed rainfall and dry periods, fertilizers, and near access to
processing facilities. Harvests can be made within 18 to 20 months after planting. The palm has a high rate of
sucker production allowing for 3to4 harvests per year. Instituto Nacional de Investigacién Agrariay Agroindustrial
(INIAA) in Peru has been working on production technology since 1985, including seedling types, transplanting
techniques, and appropriate planting densities. Peach palmcanbe integrated with other cropsat tower densities,
but shading by the palm may preclude certain species; cassava can be planted prior to the palm to provide shade
and income until the palm outshades it. Few problems with pests or diseases are noted and currently most can
be controlled through good field management efforts (e.g., cultivation). Peach palm has been identified as one of
the most promising alternative crops. However, efforts would be needed to expand the currently small world market
for palm hearts.

Pineapple (Ananas comosus): Traditional pineapple production is largely dependent on hand labor and
although traditional varieties tend to have low yields, fields may produce foré1o 10 years. Improved yield cultivars
have been developed, however the production period length is shortened significantly (Le., 11/2 to 3 years).
Production concerns include improved cultivars (smooth cayenne), planting densities, fertilizer programs, soil
preparation, and flower induction to increase yield and speed time to first harvest The shallow rooting system
makes pineapple extremely susceptible to competition and higher planting densities make it difficultto intercrop
successfully. Numerous pests and diseases affect pineapple production, although chemical and cultural controls
exist. Some of these problems maybe reduced by using traditional varieties resistant to fungi although there is
a trade-off with yields.




4-Renewable Resource-Based Alternatives to Coca Production |107

Rice (Oryza sativa): Increased rice production opportunities largely lie in import substitution. Research has
identified high-yielding cultivars for certain production systems (e.g., alluvial and flooded systems), although
varieties appropriate to upland coca zones are scarce. Primary production concerns include agrichemical
requirements, field preparation (e.g., land bevelling which is costly and if done improperly can pose problems for
water management), improved water management, and equipment.Fungal diseases pose the largest pest
problems for rice production, and fungicides to treat these diseases are costly. Development ofdisease-resistant
varieties could improve opportunities for expanded rice production.

Silk: Mulberry/silk production systems are being promotedin Colombia asanalternative tococa. Production
technologies are well-known and easily available and technical assistance and credit opportunities exist for silk
production in Colombia. Primary production concernsinclude the susceptibility of silkworms toagrichemicals
requiring an organic production approach, establishment of “casetas” to house the silkworms, and availability of
transportation to processing sites. Silk markets are well-established and, with quality cocoons, should be open to
Andean production.

SOURCE: H. Villachica, “Crop Diversification in Bolivia, Colombia, and Peru: Potential to Enhance Agricultural Productlon,” contractor
report prepared for the Office of Technology Assessment, April 1992. P. Conway, “Silk For Life~Project Proposal,” Silk for Lifs, Madison,

Wisconsin, January 1991.

through extension programs, establishing post-
harvest and marketing infrastructure, increasing
availability of credit and private investment, and
expanding market opportunities through product
promotion in local and foreign markets (105).

Instituto Boliviano de Tecnologfa Agropecuaria—
Chapare (IBTA-Chapare) research focuses on
identifying profitable agricultural options suita-
ble to the producers and markets in the Chapare.
These efforts indicate that a variety of agroecol-
ogically suitable production options are available.
Yet, factors such as credit and market availability
seem to determine the acceptability of identified
options. Thus, setting specific research priorities
will continue to be difficult until marketing
studies are completed for some of the identified
alternatives (e.g., perennial tree crops). Lack of
farmer representation in the project and lack of
transition production systems’further constrain
setting redlistic research and extension priorities
(22). Nevertheless, on-farm research and the
production systems approach are valuable meth-
orological tools arising from the Chapare project
(box 4-B).

Considerable agricultural research has been
conducted in Peru’'s Amazonia, covering agro-
ecological conditions from the tropical highlands
to the lowlands. Research programs and projects
have addressed production problems in a variety
of crops (e.g., rice, maize, grain-legumes, oil-
seeds, tobacco, coffee, cocoa, tropica fruits, and
palms)as well as tropical soils management,
tropical pastures, livestock production systems,
and forestry. Research programs conducted in the
1980s increased yields and reduced production
costs for rice, maize, potatoes, and beans, thus
opening new technology options for the average
producer in Peru. These programs yielded a
substantial number of new varieties and cultivars
adapted to diverse agroecological conditions and
cropping techniques (79).

Several research centers located in the Ama-
zonian and Orinoquian regions of Colombia have
been active in developing high-yielding cultivars,
and applying improved technology and manage-
ment practices to support agricultural expansion.
For example, high-yielding soybean varieties led
to a 5-fold production area increase since 1985

*Transition systems are based on gradual reduction of coca cultivation and involve development of production schemes that integrate coca
with legitimate crops. This approach offers security to risk-averse farmers during the lag time between planting alternative crops and receiving

economic benefits.



Table 4-3-Current Production and Potential Increase of Some Alternative Crops in the Chapare, Bolivia

Mature crop

Total production

Value of product

Potential

Potential (5 yr)

Value of

increased production

Current planted production average in the region (FOB Chapare) developed areas increase in total area (US.9)
Crop area (ha) (m fiha) (ret) (US.9) (ha) (ha) (1991 prices)
Achiote . ............... 135 1.00 20.0 20,000 23,200 1,000 1,000, 000
Bananas-Total . ......... 14,000 13.00 2,000.0 160, 000 28,000 1,000
Boort ... 2,000 500 727,000
National. . .. ...... 12,000 174, 000.0 3,300, 000 500 142,000
Industry ......... 40,000.0
Citrus ... 20,000 40.00 800,000.0 12,000, 000 27,000 1,000 600, 000
Coffee................ 74 0.80 59.2 17,500 6,750 200 47,000
Ginger.,............... 8 13.00 106.0 42,000 2,000 50 264,000
Passion Fruit........... 5,620
Export........... 21 10.00 15.0 4,000 300 810, 000
National.......... 75.0 2,100 100 270,000
Industry ......... 120.0 32,500
Pepper................ 18 0.80 4.0 4,000 5,070 100 80,000
Pineapple-Total . ........ 274 13.50 582.0 3,100 500 891,000
Export .. ......... 150 128,000
National.......... 978.0 110,000 500 2,700,000
Industry/losses . . . . 1,082.0 146,000
Tea. ... 55 5.50 302.5 49,000 7,500 200 178,000
Turmeric ............... 44 10.00 120.0 12,229 1,500 500 510,000
Yuca. ..., 5,000 19.00 95,000.0 4,400,000 1,000 873,000
Total ................ 53,779 20,446,229 109,740 7,450 9,092,000

KEY: FOB = Freight on board/shipping point; mt = metric ton.

SOURCE: B. mcp. Stevenson, “Post-Harvest Technologies to Improve Agricultural Profitability,” contractor report prepared for the Office of Technology Assessment, March 1992.
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Box 4-B—Examples of Successful Bolivian Research and Extension Efforts

The most dynamic agricultural region in Bolivia is the eastern plains, with 50 percent of national agricultural
land. Only 20 percent of the population, concentrated mostly around Santa Cruz, occupy this region. This area
is likely to provide the most immediate agricultural expansion in Bolivia, and some successes can already be cited.
Soybean production, for example, has jumped from 67,000 hectares in 1965 to almost 150,000 hectares in 1966,
accompanied by an average productivity increase of 20 percent. A new high-yielding cultivar (Totai} developed
by Centro de Investigacién Agricola Tropical (CIAT) has been instrumental to this development. CIAT's work on
other aspects of soybean production is outlined in a manual widely distributed among extension workers. GIAT
soybean recommendations are based on field trials and open discussion of results.

Bolivia'spositive experience with soybean improvements can be attributed to several factors: Bolivia took full
advantage of foreign technical development (in this case, genetic material and agronomic practices from Brazil)
and the active involvement of private interests and collective action. CIAT used practical and effective methods
of technical diffusion; and extensionists from private entities were trained and backed by CIAT to solve specific
technical problems and to reach farmers with sound technical recommendations.

Another example of effective research and extension work in the Santa Cruz area is seen in CIAT and the
Asociacion de Productores de Oleaginosas y Trigo (ANAPO) 5-year plan for expanding wheat production to
reduce wheat imports. This plan is supported by the recent removal of wheat import subsidies and P.L. 460 wheat
sales. The Bolivian Government also will allocate revenues from P.L. 480 wheat imports to support research and
extension and to finance seed production and marketing. An agreement between ANAPO and Santa Cruz’s mill
industry guarantees a minimum price for local wheat.

First year production under the plan (40,000 metric tons) was double the plan goal for that year, and saved
the Bolivian economy an estimated $8 million in wheat imports. Bolivia’s success with wheat, as with soybeans,
can be attributed in part to technology and experience borrowed from neighboring countries. The specific wheat
variety used (Cordilleraz) came from Paraguay; ANAPO traded soybean seed for wheat seed of this variety. For
its part, CIAT has developed a comprehensive technology package for wheat production and is training
extensionists.

Another success story is that of the Instituto Boliviano de Technologia Agropecuario (IBTA) research in
quinoa. New varieties with low saponin content have led to a wider consumption of this traditional product. IBTA
also has produced barley varieties widely adopted in highland production areas. These and other ofIBTA's
research successes are in the form of specific projects financed by external sources. As such, they have been
isolated from IBTA's financial and institutional instability.

Finally, a long-term joint effort by the Bolivian Government, Cooperacién Técnica Suiza (COTESU), and
Centro Internacional de la Papa (CIP) to increase potato production throughout Bolivia with high-quality seed has
been reaping results. Proyecto de investigacion de la Papa (PROIMPA) takes a multidisciplinary approach to this
goal. Specific project areas include plant genetics, entomology, phytopathology, hematology, postharvest
physiology, seed production technology, and socioeconomic. A complementary Dutch-supported project,
Proyecto de Semilla de Papa (PROSEMPA), is aimed at strengthening local and regional capacities to produce
commerical high-quality potato seed. PROSEMPA is basically a technology transfer/extension effort directly
relevant to producers’ problems and market realities.

SOURCE: A. Chavez, “Andean Agricultural Research and Extension Systems and Technology Transfer Activities: Potential Mechanisms
to Enhance Crop Substitution Efforts in Bolivia, Colombia, and Peru,” contractor report prepared for the Office of Technology Assessment,
December 1991.
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and yield increases. Other crops being examined
for expansion include rice, oil palm, mace,
sorghum, cassava, and tropical fruits. In addition,
research on tropical pasture and soil management
is performed at the Macagual Regional Research
Center in the Amazonian region. Results from the
Orinoquia could be transferred to other areas of
the Colombian Amazon, although such an effort
would require greater investment in extension
activities (22).

B Intensifying Agricultural Production

Diverse, multiple cropping’systems have a
history in the Andean coca growing regions and
thus provide a likely starting point for intensify-
ing agricultural production (46). Sustainable
systems that preserve the natural renewable
resource base and provide long-term environ-
mental and economic benefits to farmers are
needed (box 4-C).

MULTIPLE CROPPING

Traditional multiple cropping systems make
use of locally available resources and provide for
local consumption needs while also contributing
to regional or national markets. The key feature of
multiple cropping systems is the intensification of
production to include temporal and spatial dimen-
sions (box 4-D). Production focuses on long-term
sustainability of the system. The continued pro-
ductivity of traditional multiple cropping systems
provides the kind of social and ecological stabil-
ity that modern monoculture systems have not
achieved.

Multiple cropping can have a definite advan-
tage over monoculture systems (46,40,57,128)
(e.g., total crop yield can be greater than that
achieved in monoculture systems). In some cases,
the yield of one crop may be lower than under
monoculture, but the yield of the companion crop

Box 4-C—Criteria for Measuring
Agroecosystem Sustainability

+ Low dependence on external, purchased inputs.

* Use of locally available and renewable resources.

» Beneficial or minimal direct or indirect negative
impacts.

o Adapted to or tolerant of local environmental
conditions.

» Focus on long-term productivity.

o Conservative of biological and cultural diversity.

¢ Incorporate traditional knowledge, skills, and as-
pirations.

o Adequate production to provide for local con-
sumption and exportable goods.

¢ [ntegrates components at all organizational levels
(i.e., crop, farm, local, regional).

SOURCE: S.Gilessman, “Diversification andMultiple Cropping as
a Basis for Agricultural Alternatives in Coca Producing Regions,”
contractor report prepared for the Office of Technology Assess-
ment, February 1992.

is sufficiently greater to offset any loss. Land
Equivalent Ratios-the amount of land needed in
monoculture to produce a yield equal to that
achieved through intercropping of two or more
crops-developed for a number of common
tropical crops indicate that greater production
may be achieved through intercropping compared
to monoculture (57,111) (figure 4-I). Of course,
crop complementarily and proper crop mixtures
must be determined to achieve such results.

Multiple cropping systems mimic the energy
and nutrient cycling processes of natural ecosys-
tems. Characteristics common to natural and
multiple cropping systems include:

. Return of organic matter to the soils (enhanc-
ing nutrient cycling, improving fertility, and
reducing needs for external inputs);

3 Multiple cropping, nuked cropping, and polyculture are terms used to describe agricultural systems that incorporate spatial and temporal
dimensionsin production. For the purposes of this discussion, such systemswill be referred to as multiple cropping.

*Qustainable refers to the ability of an agroecosystem to improve or maintain production over many generations despite long-term
ecological constraints and disturbances or social and economic pressures (3).
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or sequential cropping.

Varieties of intercropping include:

for harvest.

Box 4-D-Classification of Types of Multiple-Cropping Systems

Multiple cropping is the intensification of cropping intimeand space dimensions generally defined by growing
of two crops in the same field within the same year. This type of cropping maybe further defined as intercropping

Intercropping: Growing of two or more crops simultaneously in the same field. Crop intensification is in time
and space dimensions. However, under this system, potential for competition and growth interference exists during
all or part of the growth period. Thus, crop complementarily is a key concern in developing production systems.

. Mixed intercropping—growing two or more crops simultaneously with no distinct row arrangement,

. Row intercropping—growing two or more crops simultaneously with one or more crops planted in rows,

. Strip intercropping—planting crops in strips wide enough to permit independent cultivation but close
enough for them to interactagronomically, and

« Relay intercropping—growing crops simultaneously for some part of each others life cycle. Typically, the
second crop is planted after the first has reached a certain growth stage but before the first crop is ready

Sequential cropping: growing two or more crops in sequence on the same field each year. The succeeding
crop is planted after the first crop has been harvested. There is only temporal intensification and no intercrop
interference or interaction. Sequential cropping maybe further defined based on the number of crops incorporated
in the crop year (e.g., double, triple, quadruple, and ratoon cropping).

SOURCE: S. Gliessman, “ Diversification and Multiple Cropping as a Basis for Agricultural Alternatives in Coca Producing Regions,”
contractor report prepared for the Office of Technology Assessment, February 1992.

. Sail conditioning (e.g., improving soil mois-
ture storage, increasing soil biota popula-
tions, soil stabilization);

. Plant diversity;

. Suitability to varied soil, topographic, and
atitude conditions; and

. Efficient resource capture due to the varied
rooting geometries, canopy patterns, and
beneficial associations with other ecosystem
components (e.g., nitrogen fining soil bacte-
ria).

Under the moist tropical conditions of most
coca production zones, farmers produce a variety
of crops per year under a sequential cropping
system. This requires timely harvests, appropriate
cultivars, and proper seguencing to minimize
potential negative interactions. It can be ex-
panded to forma continuum from strict sequential
cropping to relay intercropping for additional
beneficial effects. Indeed, much of the agronomic
research conducted in the Andean nations has

focused on the potential for beneficial associa-
tions among early planted crops and later crops.
These early crops improve microclimatic condi-
tions so that growth of later, often more econom-
icaly important, crop species is enhanced (122).
Such advantage reaches its greatest point when
mutualistic or symbiotic relationships occur that
permit plants in mixtures to do better than when
planted alone (45). The ideal mixture provides
income and food for the family.

Largely, coca farmers are smallholders and
produce a composite of subsistence crops and
coca. Risk aversion is a kev feature of these
production systems. There are-numerous socioec-
onomic advantages of multiple cropping systems
compared with monoculture svstems for the
humid tropic regions, including:

0 Reduced risk from market changes, pest
infestation, and climatic variability;

. Greater energy cycling (reducing the need
for costly external inputs);
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Figure 4-l—Land Equivalent Ratios
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In this example, one hectare of land is planted half in corn and
half in beans. The expected yield based on monoculture
projections falls on line a at point x. In many cases, however,
the yield of each crop is greater than expected (point y). The
observed production at point y shows that under monoculture
0.71 hectares and 0.6 hectares wouid be required for mono-
culture bean and corn production respectively. Therefore, the
total amount of land needed to produce an equivalent amount
under monoculture would be the sum of the two, or 1.31
hectares. The Land Equivalent Ratio, then, is 1.31 -translating
to roughly a one-third increase in production under intercropping
as compared with monoculture production.
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Cropping Systems (New York, NY: McMillan, 1986},

« Harvest periods throughout the year (provid-
ing better annual distribution of income and
farm labor needs/opportunities);

+ Faster returns (earnings) from combining
short-, medium- and long-term crops; and

« A diversity of products (reducing the need
for purchased supplies such as fuelwood and
construction materials).

Multiple cropping systems are more complex
than monoculture systems, having greater agro-

nomic and biological diversity and a greater need
for hand labor. In coca zones where labor is
expensive, therefore, these systems might be
economically handicapped. Improved yields are
highly dependent on appropriate system struc-
ture. A large body of traditional knowledge of
multiple cropping systems remains in the Andean
countries and could provide a research and
extension resource for improving multiple crop-
ping systems.

AGROFORESTRY

Incorporating trees in multiple cropping sys-
tems—agroforestry--is a traditional tropical and
subtropical agricultural practice. The objective of
most agroforestry systems is to generate diverse
products, reduce externa input requirements, and
sustain resource productivity (44).

Agroforestry systems may be designed to
produce trees with crops, trees with livestock, or
trees with crops and livestock. The level of
complexity increases along the continuum. Gen-
erally, little soil disturbance is involved once the
agroforestry system is developed. The environ-
mental benefits of agroforestry are well-identified
and the principal limitations to widespread use
are largely economic, social, and technological.

Home gardens have the greatest complexity
but also offer the greatest product diversity. A
widely used agroforestry system in tropical aress,
home gardens are broadly defined as a piece of
land with definite boundaries usually near a
house, occupying an area generaly between 0.5
and 2.0 hectares (2,21 ,78). They are an integrated
system of humans, plants, animals, soils and
water, with trees playing key roles in ecology and
management. Home gardens tend to be rich in
plant species, usualy dominated by woody peren-
nials, and generally have multistoried canopies
(1,23). A mixture of annuals and perennials of
different heights form layers of vegetation resem-
bling a natural forest structure. The high diversity
of species permits year-round harvesting of food,
fuelwood, medicinal plants, spices, and ornarnen-
tal plants (24,47,48).
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Home gardens are a common feature of tropical
agriculture. This diversified home garden agroforestry
system in Costa Rica generates multiple products
including banana, papaya, and pineapple.

Much of the coca production region is charac-
terized by brush fallow and poor second-growth
forest that could be used for agroforestry. The
U.S. Agency for International Development (AID)
sponsored research in the Chapare region sug-
gests that many of the promising agricultural
aternatives to coca are nontraditional tree crops,
such as macadamia and peach palm and long-
cycle perennials such as passion fruit and black
pepper (4). Incorporating these economic crops
into an agroforestry system could provide in-
creased economic and environmental benefits for
producers.

Agroforestry systems are being developed by
Instituto Nacional de Investigacién Agraria y
Agroindustrial (INIAA) in Peru incorporating
cassava or beans, fruit trees, and timber species
(Schizolobiurn amazonicum or Guazuma crinita).
This combination allows producers to use their
low fertility soils unsuitable to production of
other crops. Although the income generation
capability of this system is low in the initial years,
when the timber species becomes harvestable (6
to 8 years) it could generate as much as U.S.
$1,500/ha with harvests being made every 3 years
(122). Hand labor and investment requirements
for this system are low. However, potential for
pest infestations is likely to be higher in the

mature timber monoculture and could create
additional maintenance costs.

Potential also exists for interplanting timber
species in coca fields to diversify production.
While coca cultivation would benefit timber
growth, it also would provide a source of income
for the farmer until the trees are harvestable.
Ultimately, the trees will shade out the coca and
reduce production. Such a ‘‘natural’ eradication
scheme initially may need to be coupled with
other incentives (e.g., subsidies to maintain the
forest until maturity) to encourage adoption.

Despite the apparent benefits of multiple crop-
ping systems, little research has focused on
optimizing plant densities. Incomplete under-
standing of the ecological processes of these
systems complicates identifying ideal combina-
tions and patterns. Applied research on crop
combinations, patterns, and planting densities
could be promoted under existing alternative
cropping research, for example, through IBTA-
Chapare. Demonstration activities could be un-
dertaken to provide examples for local farmers
and perhaps increase system adoption. In addi-
tion, research at each demonstration site could
identify specific environmental differences among
production zones and promote adaptive work to
optimize production systems.

B Improving Production Efficiency

Improving production efficiency, by reducing
costs of reguired inputs or increasing output, can
increase economic returns to producers. Produc-
tion efficiency can be improved through use of
proper fertilizer regimes, pest control systems,
improved soil and water management practices,
and improved cultivars. However, inadequate
infrastructure, extension and technology transfer,
and agricultural credit constrain use of improved
practices.

Lack of infrastructure causes production inputs
to be costly and difficult to obtain. Many cropping
systems previously described focus on reducing
needs for external inputs; nonetheless, some
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inputs are needed to sustain agricultural land use.
The infrastructure problem is being addressed by
a number of multilateral and bilateral agencies in
the forms of road development, irrigation pro-
jects, and energy production systems. However,
lag time between project initiation and redization
of benefits is likely to be lengthy.

Extension of improved production practices
(e.g., Integrated Pest Management, cropping sys-
tem management) is hindered further by inade-
quately developed national agricultural systems
and concerns over personal security. While exten-
sion occurs, it is small scale relative to the overall
need (see chapter 5).

NUTRIENT MANAGEMENT

Addition of nutrients to a cropping system is an
accepted axiom of agricultural production. Agri-
cultural products, whether plant or animal, re-
move nutrients from the land on which they are
produced. Even well-maintained organic farms
that carefully collect and return crop residues and
livestock wastes to the soil only replace part of the
soil nutrients extracted. The other available nutri-
ent sources internal to the agroecosystem (e.g.,
rock weathering, soil minerals, soil animas) are
unlikely to make up this deficit. Fertilizer costs in
most coca producing regions are high (U.S. $300
to 400/mt vs. U.S. $ 220/mt on the international
market (122)), indicating a need for efficient
fertilizer programs and use of alternative nutrient
sources (e.g., green manure, nitrogen-fixing
plants).

PEST CONTROL

Agricultural losses to pests significantly re-
duce production each year and costs for pest
control place added burdens on producers. It is
possible to optimize pest control and reduce
pesticide needs using a variety of methods,
including crop rotation, crop monitoring, pest-
resistant cultivars, timing of planting and harvest,
and biological controls.

Pest control may be initiated based on pest
scouting-monitoring to determine a pest prob-

lem. Depending on the type of pest identified, the
organization of the production system, and the
extent of infestation, various control approaches
may be used. Crop rotation and manipulation of
planting and harvesting dates can break the life
cycles of many pest species. Cultural controls
such as tillage and water management can render
the crop environment less favorable for pest
populations.

Integrated Pest Management (IPM) blends the
suite of pest control technologies into a single
system designed to benefit (economically and
environmentally) the user and society. IPM pro-
grams attempt to restructure an ecosystem to
minimize the likelihood of pest damage. Pro-
grams are meant to be adaptive with an objective
of improving program efficacy over time. The
ultimate goal is to maintain pest populations at
near-harmless levels.

SOIL AND WATER MANAGEMENT

Management of the soil and water environment
for crop production requires understanding the
interaction of these cropping-system compo-
nents, and the suitability of the chosen crop(s) for
the agroecosystem. Production of crops ill-suited
to a given region may require more intensive
external inputs, such as pesticides and fertilizers,
to overcome the associated plant stress responses
and to achieve acceptable yield levels (16).

Use of soil- and water-management techniques
can adjust or modify the agroecosystem to
enhance crop production and thus affect the
requirements for external inputs. For example,
soil-management practices designed to improve
the friability and moisture-holding capacity of
soils can facilitate crop root development. This in
turn may improve the plants’ nutrient extraction
capability, thereby reducing the need for external
nutrient inputs.

CROP MANAGEMENT

Crop management refers to the numerous
decisions that most directly relate to the crop,
including cropping pattern (e.g., rotation, inter-
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cropping) and crop or cultivar choice. Certain
crop-management alternatives and techniques
may complement or enhance nutrient and agrichem-
ical management activities. Crop-management
decisions may have direct impacts on agrichemi-
cal use and on how such compounds will behave
and move through the agroecosystem. Crop
choice alone has instant implications for the
pesticide and fertilization regime a producer will
use. Similarly, certain cropping patterns, such as
legume-based crop rotations, may supply plant
nutrients and break pest cycles for a subsequent
crop and thus reduce agrichemical requirements.

1 Conclusion

Alternative crops must compete with the low-
risk economic scenario associated with coca
production. Although scattered economic data on
potential alternative crops suggest that there are
no legitimate economic equivalents to coca’
(table 4-4), this could change if benefits of
legitimate agricultural activities increased. With-
out improved production techniques, technical
assistance, and other associated services, how-
ever, the chances are dim that substantia num-
bers of farmers will voluntarily adopt alternative
systems. Despite some encouraging signs that
coca profitability is decreasing, alternatives will
still need to be economically attractive. Develop-
ment of systems that alow incremental diversifi-
cation of coca cropping with a goa of replace-
ment may hold promise.

Constraints to crop diversification fall largely
in the areas of support systems. While improved
cultivars, cropping combinations, and production
technology are available, extension of these to
producers is hindered by inadequate extension
and technology transfer systems (chapter 5).
Primary constraints include:

« Input availability and costs (agricultural
chemicals, machinery),

+ Labor availability and costs,

« Credit availability and terms,

« Land tenure systems,

+ Market availability (domestic and interna-
tional), and

« Security risks.

Irrespective of the identified difficulties, legiti-
mate agricultural production in the Andean na-
tions could be enhanced. Some crops, production
and processing technologies, and markets are
available. Although new crops that might im-
prove the economics of agricultural production
have been identified, further research is needed to
identify appropriate cultivars, production tech-
niques, and market potential. Understanding that
crop diversification is as important as interdiction
has reached high political levels in the Andean
nations and leaders have identified the need for
concomitant efforts on these fronts.

FOREST RESOURCES’

Bolivia, Peru, and Colombia have substantial
areas of remaining natural forests with potential
for biodiversity conservation and forest manage-
ment. These tropical wet forests and tropical
pre-montane rainforests contain large numbers of
tree species, epiphytic plants, lianas, and verte-
brate and invertebrate animals (50). For example,
the Palcazu Valley in east-central Peru contains at
least 30 species of fish, primarily food fish (10);
at least 50 mammalian species, at least 400 bird
species, and numerous reptiles and amphibians
(17); and between 5,000 and 10,000 vascular
plant species. Almost one-half of the nearly 30
mammal species that could be of economic
importance are rare or very rare and require
protection to ensure their survival (33). Early

*While coca appears to be more profitable than suggested alternatives, this has not been proven. Classical benefit/cost analyses may not
be an appropriate method for such economic analysis because of the illegal nature of the coca economy.

6 This section was drawn largely from: D. McCaffrey, ‘Biodiversity Conservation and Forest Management as Alternatives to Coca
Production in Andean Countries, ’ contractor report prepared for the Office of Technology Assessment August 1991.
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Table 4-4-internal Rate of Return (net cash flow/costs) for Some Alternative Crops

Internal rate

Year at positive

Crop of return Data area Data year cash flow
(00017 165.4 2
Annatto (Achiote) . ................... 20.0 Pucallpa, Peru January 1992 4
ATAZA oot 20.2 Pucallpa, Peru November 1991 6
Banana (Xport) .. ........oviiiiii... 53.8 Colombia 2
Black pepper ..., 22.9 Pucallpa, Peru January 1991 5
Macadamia..........c.oviiiiiii.. 54.0 Colombia 5
Orange . ..vvvieii i 29.0 Pucallpa, Peru February 1992 5
Passion fruit.................. ... ... 41.9 Peru March 1992 4
PeachPalm............cocovivv..s. 82.2 Ucalyi, Peru January 1992 2
Pineapple ........... ... i 40.3 Pucallpa, Peru January 1992 2
RiCE ..t 22.3 Tarapoto, Peru March1992 1

SOURCES: H. Villachica, Lescano, C., Lazarte, J., Chumbe, V., “Estudio de oportunidades de inversion en desarrollo e industrializacién de
cultivos tropicales en Pucallpa,” Perfil de proyecto para la planta de coloantes naturales y para la planta de conservas de palmito, Convenio

FUNDEAGRO, Region Ucayali, Lima Peru, 1992.

Coca-H. Villachica, “Crop Diversification in Bolivia, Colombia, and Peru: Potential to Enhance Agricultural Production,” contractor report prepared

for the Office of Technology Assessment, April 1992.

Banana--J. Arbeiaez, “El Cultivo de Platano en Zona Cafetera, Federaciéon Nacional de Cafeteros,” Bogota, Colombia, p. 40, 1991.
Macadamia-O. Rincon, “El cultivo de Macadamia, Federacién Nacional da Cafeteros,” Bogota, Colombia, p. 29, 1990.

estimates suggested that between 100 to 1,000
species could become extinct if this forest area
was removed (39). Based on ecological similari-
ties, it may be assumed that equivalent levels of
biodiversity exist throughout the coca-producing
regions in South America.

Deforestation occurs in all parts of each coun-
try (table 4-5) and in large part is correlated with
coca production. Currently, deforestation affects
large areas in the eastern Andean foothills and the
Upper Amazonian lowlands of each country.
Despite this, promoting protected areas and forest
management in these zones could provide conser-
vation benefits and alternative livelihoods for
existing populations.

It has been suggested that many areas now
supporting subsistence farming, including the
production of coca for cocaine manufacture,
might best be returned to long-term forestry
development as the most ecologically sound land
use. Considerable effort and state support would
be needed to promote such a program although
significant employment and economic benefits
could arise from sustainable forest management
approaches. However, the intensive subdivision

of the land makes this a very difficult proposal to
implement (105).

I Protected Areas

Protected areas include conventional protected
areas (e.g., national parks, forest reserves) and
more recently biosphere and extractive reserves.
However, some disagree as to how well extractive
reserves function as mechanisms of forest/
diversity conservation (19). Lands set aside for
indigenous peoples also may serve as protected
areas. Ownership and management commonly is
public although some areas are privately owned.
Use restrictions control the level of access and
nature of extractive activities in protected areas.

Protected area management typically requires
identification of suitable sites based on conserva-
tion criteria and formal establishment within the
national system of protected areas. Although the
size and extent vary among the protected area
systems in the Andean countries (table 4-6), the
necessary institutional framework exists.

Protected areas also provide indigenous peo-
ples a method to gain or maintain access to
culturally important wild resources. For example,
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Table 4-5—Forest Areas and Deforestation Rates in Andean Countries, 1980s

Forest area

Deforestation rate Deforestation rate

Country (sq km) (sq km/yr) annual percentage
Bolivia. .......ovoeiiii. 668,000 870 0.2
Colombia.................. 517,000 8,900 1.7
Peru............. ... ... 706,000 2,700 0.4

SOURCE: World Resources Institute, World Resources 1990-1991: A Guide to the Global Environment (Oxford: Oxford University Press, 1990),

table 19.1 In: McCaffrey, 1991.

Table 4-6—Protected Areas in Andean Countries, 1985

Number of Total area protected Percent national
Country protected areas (sq km) territory protected
Bolivia..............oii 12 47,076 4.3
Colombia.................. 30 39,588 3.5
Peru.............. ..o 11 24,076 1.9

SOURCE: World Resources Institute, International Institute for Environment and Development, World Resources 1986: An Assessment of the
Resource Base that Supports the Globa/ Economy (Oxford: Oxford University Press, 1990), table 19.1 In: McCaffrey, 1991,

16 Yanesha Native Communities occupy 580
square kilometers of forest and agricultural land
in the lower Palcazu Valley (1 14), The national
park and protected forest provide for conserva-
tion, research, and tourism, and the communal
reserve provides for traditional uses by the
Yanesha people. Ultimately, greater economic
benefits (in terms of tourism dollars) could arise
from the maintenance of these wild areas, as is
evidenced through expanding ecotourism mar-
kets worldwide (15).

However, national governments do not provide
adequate legal backing, sufficient staffing, and
financial support for protected areas (18). Thus,
protected areas frequently cannot meet desired
conservation goals and often exist as ‘‘paper
parks * that do not fulfill their mandate. The
Isiboro-Secure National Park in Bolivia possesses
many of the qualities that identify a highly
appropriate protected area and also provides for
the needs of the Yuracare and Mojenio native
peoples. However, the park is located in an active
area of coca cultivation. Its boundaries are
breached increasingly by coca cultivators, log-

gers, and hunters (88,89), and enforcement is
inadequate to control poaching.

1 Forest Management

Forest management describes the use of techni-
cal practices designed to increase the flow of
benefits from forest resources. Management may
be strictly for sustainable yield of forest products
like timber and wildlife and may provide indirect
benefits like erosion control over the long term.
Benefits may be harvested or generated continu-
ously or cyclically. Multiple-use management
programs seek to provide numerous, often di-
verse, benefits from forests. Some spatial and
temporal separation of benefits maybe associated
with multiple-use systems since uses may not be
compatible (e.g., forest preservation and lumber
operations).

Forest management can be applied to primary,
secondary, and heavily disturbed natural forest
systems. Practices vary depending on the level of
disturbance and the desired benefits from man-
agement. All of these forest types as well as some
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Sash-and-burn forest clearing commonly is used to access agricultural lands, but land productivity tends to be

short-lived. Evidence suggests that maintaining forests for sustainable timber operations and extractive reserves

may offer longer term economic benefits.

small areas of planted forest are found in the
coca-producing regions.

Forest management in the coca-producing
regions could offer significant environmental and
economic benefits to local populations. Forest
systems offer a mechanism to reduce soil erosion,
increase soil fertility, sustain biological diversity,
and manage water resources. An economic di-
mension can be added to the environmental
benefits by careful and systematic selection of
forest trees for economic benefits. Selective
removal of undesired species and regeneration of
desired species can maintain the basic character
of the forest while increasing the flow of eco-
nomic benefits. Similar principles could be ap-
plied to other economically important forest
plants and wildlife.

Potential also exists for managing traditional
subsistence swidden-fallow agriculture to in-
crease the abundance of economically important
plants. Typicaly, the fallow period of agricultura
lands involves allowing regrowth of naturally
occurring plants for later removal once soil
productivity has been enhanced. Selective re-
moval of plants as opposed to slash-and-burn
practices can contribute to maintaining a seed
source for desired species. Ultimately the compo-
sition of plants can be shifted toward more
economic forest species (117).

1 Technical Considerations in
Forest Management

Forest characteristics (e.g., species composi-
tion, age), site environmental features (e.g., slope,
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climate), and external factors (e.g., roads, proc-
essing facilities) are important considerations in
developing forest management and extraction
plans (53). There is protocol to manage tropical
timber forests based on natural regeneration of
harvested tracts (108,1 10) (box 4-E). Selective
cutting, enrichment planting, or plantation estab-
lishment regimes may be used to manage and
exploit secondary growth and disturbed forests
(75).

Incorporating the participation of the local
population and providing them with tangible
economic benefits can improve the success of
forest management efforts (90). Reconciliation of
local interests with national policies and identifi-
cation and quantification of environmental bene-
fits and potential beneficiaries are also necessary
for forest management to be effe