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Foreword

This working paper, prepared by the Rural Development Unit with the

assistance of severa experts and after a series of regional consultations,
tackles one of the key issuesin agricultural development facing the re-

gion. Agriculture biotechnology has the potential of being a key instru-
ment for agricultural research in Latin America and the Caribbean.

The paper concentrates on the potential for biotechnology research to
benefit consumers and producers of food in the region, including its con
tribution to reducing poverty, protecting the environment, providing food
security and improving food safety. It also addresses biosafety considera-
tions and consumer acceptance issues.

The study analyzes the need to increase investments in agricultural re-
search as well as to strengthen biosafety and intellectua property. It in-
cludes policy suggestions regarding agricultural biotechnology issuesin
IDB funded programs.

Christof Kuechemann
Deputy Manager
Socia Development and Public Governance Subdepartment



Summary

A substantial activity in the implementation of
the IDB’s agriculture development strategy
involves designing best practice studies to de-
fine the Bank’s procedures and financing in-
struments in priority investment areas and to
support decision-making by the governments
of the region. The agriculture development
strategy document highlights the need to
strengthen agricultural research investments
by the public and the private sectors, as well
as the management of research resources at
the national and regional level. Biotechnology
is an important tool for agricultural research,
while intellectual property rights and biosaf ety
regulations are starting to influence the man-
agement of agricultural research in the region.

This report concentrates on the potential for
biotechnology research to benefit consumers
and producers of food in Latin America and
the Caribbean. Its objective is to provide gen
eral guidance to IDB lending for agriculture
development. The study includes policy sug-
gestions regarding agricultural biotechnology
issues in IDB-funded programs. Special atten-
tion is given to the problems and opportunities
of biotechnology for developing agriculture in
LAC; the implications of biotechnology for
public research organizations, including as-
pects of regional funding for research; bio-
technology’s potential contribution to reduc-
ing poverty, protecting the environment and
providing food security.

In this report, biotechnology is broadly con-
sidered to encompass those applications to
agriculture that are based on our expanding
knowledge of the genetic code of life. The
broad array of discoveries could be classified
into three groups:. (i) molecular tools for plant
breeding, including such specific techniques
as marker-assisted selection; (ii) recombinant
DNA discoveries which lead to the creation of
transgenic crop varieties or genetically modi-
fied organisms; and (iii) diagnostic techniques.

Agricultural biotechnology comprises a set of
tools that, when incorporated into the agricul-
tural research and development process, may
improve R&D efficiency and effectiveness in
producing new technologies. At the present
stage of development, biotechnology can im-
prove and complement, but not replace con-
ventional approaches to technology genera-
tion. Conseguently, when attempting to evalu-
ate potential impacts it is important to do so in
the context of existing agricultural research
systems and investments that continue to form
the critical link for technology delivery.

For ethical, political and practical reasons, the
reduction of poverty must be a priority for any
development strategy. Given its natural re-
source endowment and the importance of agri-
culture in most of the region's economies, agy
ricultural development is not only a precondi-
tion for economic growth, but it is caled to
play an important role in the future evolution
of global food security.

The application of biotechnologica ap-
proaches to the agricultural industry opens a
wide scope of potential benefits, yet many of
these benefits may not be achieved if anum-
ber of important issues are not resolved. Some
of these issues are related to the organization
of technology and innovation systems, as well
as the scientific basis of biotechnology and its
interface with traditional agricultural research,
others refer to biosafety considerations and
consumer acceptance. There are also issues
emerging from the proprietary nature of the
new technologies and those that relate to the
characteristics of the technology delivery
mechanisms involved.

Biotechnology’s most important contributions
will probably be alowing the expansion of
production in some of the region's major crops
without increasing the pressure on fragile av
vironments. It is also likely to be important in



connection with the increased opportunities
for agro-industrialization that may arise from
increased production and diversification. The
importance of this contribution will depend on
the accuracy of current food production and
demand projections and on the capacity of
conventional research approaches to develop
the technologies needed to sustain the esti-
mated increases in crop yield.

Biotechnology holds potential for improving
the competitiveness of regional agricultural
production in world markets, as well as reduc-
ing the incidence of urban and rural poverty
(given that the nutritional and income status of
the poor are highly dependent on the effi-
ciency of staple food crop production). Bio-
technology can be expected to improve yield
potential and stability (increasing tolerance to
adverse effects) in both temperate and tropical
crops. It could aso improve agricultural sus-
tainability by increasing disease and pest resis-
tance and supporting integrated pest manage-
ment efforts, thereby lessening the use of toxic
pesticides; and by reducing the pressure to
expard cultivated areas to forest and marginal
areas. Finaly, it could improve the nutritional
value of food crops (including the enhance-
ment of vitamin and micronutrient contents of
foodgrains) and expand the potential uses of
agricultural processes and products (for in-
stance utilizing non-edible substances of food
crops to produce medicinal products, fuel d-
cohol, and industrial oil, thereby increasing
employment and incomes).

A warning is, however, in order. There is no
doubt of the potential of the new technologies.
They are adready taking research into
uncharted  territory, making  possible
objectives that only a few years ago were
considered impossible, eliminating species
barriers, and expanding production frontiers.
They also have a wide coverage including all
crops, forestry, livestock and aquaculture, and
in well endowed as well as poorer ecosystems.
The potential is there, but serious questions
remain concerning the correct strategies for
realizing this potential given the region’s

human, financial and institutional constraints.
That there have been concerns and
controversy about the potential environmental
and human health risks from the very early
stages of development of biotechnology
should come as no surprise. The nature of
biotechnology aters technological
possibilities, particularly in the field of
genetics. In some cases it creates new ethical
dilemmas, many of which still remain to be
made fully discussed and resolved.

Advances in agricultural biotechnology, which
are driven in part by advances in medica bio-
technology, are producing a revolution in the
knowledge about how plants and animals
grow and produce useful products. These de-
velopments in science are starting to show up
as useful technologies for farmers in Latin
America. To date, however, there is little go-
ing on in terms of agriculture biotechnology
delivery in spite of significant scientific capa-
bilities. There has been little effect on either
farmers or consumers in Latin America and
the Caribbean, and what is happening is con
centrated on just a few countries (Argentina,
Mexico, Uruguay), on temperate events (her-
bicide and insect resistance) and on three es-
sentially temperate crops (soybeans, maize
and cotton). On a worldwide basis however,
more than 50 million hectares were planted
with “genetically modified” crops in 2001, a
20 percent increase over the previous year.

The pipeline for the next few years does not
promise much change; that is, the evolution of
agricultural biotechnology in Latin America
and the Caribbean will continue at the rhythm
of what happens in the more developed
countries. This leaves open the question about
what will happen with tropical events. Only
Brazil seems to have enough capacity to
develop some products, but even that appears
to be limited when set in the context of R&D
investments on temperate events, and the
additional fact that the scientific base for
tropical agriculture is not nearly as deep as it
isfor temperate agroecologies.



The agricultural biotechnology situation in
LAC can be summarized around two remarks.
First, the region has a significant level of
biotech research capacity covering a wide
range of production constraints, crops and
livestock species. This capacity has evolved in
and is limited by a very restrictive R&D fund-
ing environment. In a few countries public
research capacity is supported by an appropr i-
ate biosafety and intellectual property rights
(IPR) environment. The second observation is
that in terms of actual commercial applica-
tions, biotechnology is still at a very early
stage of development. Commercial use is
mostly of cell biology and diagnostic tech-
niques. Genetic engineering applications are
concentrated in two countries, are mostly
within temperate production environments,
and are events that were developed by multi-
national corporations outside the region.

Taking that into account, this report analyzes
the main challenges to increase investments in
agricultural  research, focusing on the
following issues: the institutional
infrastructure is still not in place; biosafety
and IPR institutions are still in the making and
in many of the countries where they are in
place enforcement capacities are a problem;
and the technology delivery system (small
seed markets) is weak. Even if the bulk of
investments and innovations will come from
private sector investments and will be subject
to IPR protection, public sector research
institutions will continue to be essential (i) to
develop and implement strategies to access
proprietary technologies of importance for the
country (joint ventures, licensing within
market segmentation agreements, etc), (ii) to
assure the applications of the new

technologies for a more efficient and effective
provision of private goods (i.e. epidemiology
and areas related to natural resource
management and conservation) and (iii) to
make it more attractive for the private sector
to invest in research in areas that would not
otherwise attract enough investment due to
market size or risk. Cases such as sunflower in
Argentina, or tropical crops in general are
examples of the type of interactions needed.
There is ample potentia for the countries of
the region to work together in defining
common strategies to deal with joint funding
and execution of research that in a great
number of situations are of a transboundary
nature.

This study proposes specific areas for Bank
support, such as capacity development; creat-
ing an enabling environment for biosafety,
IPR, public awareness (to assure the safe
transfer of products developed outside the re-
gion and aso for local developments where
good public opinion is critical); and technol-
ogy delivery infrastructure (seed markets and
identity preservation). The IDB has tradition-
ally financed the strengthening of national and
international agricultural research systems via
loans and grants and is currently financing
some agricultural biotechnology activities as
components of projects. Based on country
characteristics there are ample opportunities to
continue and increase this support at the re-
tional level. In addition, because of sale &
sues there is a large potential impact of agri-
cultural biotech investments in the context of
the regional integration of several nationa re-
search efforts.



|. Introduction

Advances in agricultural biotechnology, which
are driven in part by advances in medica bio-
technology, are producing a revolution in the
knowledge about how plants and animals
grow and produce useful products. Genetic
maps of major species now have markers for
many important genes. For a few plants the
complete genomes have been sequenced.® At
the same time functional genomics is identif y-
ing the role of the plant genes. Functional ge-
nomics research is growing rapidly, financed
largely by the magjor agricultural input compa-
nies that are hiring medical biotech companies
and start up companies from universities to
identify genes. Functional genomics is also
financed by government organizations like the
Department of Agriculture (USDA) and the
National Science Foundation (NSF) in the
United States and similar organizations in
Eurgpe.?

Another set of breakthroughs has taken place
in scientists’ ability to transform plants using
genetic engineering. The first successful inser-
tion of genes from another plant was reported
in 1983. By 1990 there were published reports
of transformed tobacco, cotton, soybeans, and
maize. These methods have been rapidly im
proved, reducing the cost of tramsformation.
Transformation is now financially possible for

! The completed sequence of arabidopsis, a small
weedy relative of canola seed, was published in No-
vember 2000, and in January 2001 it was announced
that Syngenta and Myriad Genetics had completed
sequencing the rice genome. The maize genome is
under intensive study.

2 Of interest for LAC is the announcement that a new
consortium involving the Institute for Genomic Fe-
search, the International Plant Genetic Research | nsti-
tute (IPGRI), and institutes from Australia, Belgium,
Brazil, the Czech Republic, France, French West
Indies, Germany, India, Mexico, Nigeria, Great Brit-
ain, and the United States will sequence the genome
of banana (the third plant to have its genome ®-
guenced) over the next five years.

many public and private institutions in devel-
oping countries.

These advances in basic science and the d-
velopment of biotechnology tools have been
useful to many applied scientists. Plant breed-
ers can use molecular markers to reduce the
cost and increase the speed of breeding new
varieties. They can use the completed map of
arabidopsis to locate similar genes in canola,
tobacco, and soybeans or use the rice genome
information to find useful genes in monocots,
including the major grain crops, sugarcane,
and orchids. They can also use transformation
techniques to add characteristics to crops that
cannot be found in the genome of those crops.

Scientists working on pest control can also use
these advances in biotechnology. Chemists,
who are working to develop safer and more
effective pesticides, can test their chemicals
against many new targets. These targets will
come from the functional genomics of plants
that are to be protected and the genomes of
important insect and disease pests. Integrated
pest management specialists will then have
new diagnostic kits that could be very useful
to them.

Important advances in livestock genetics and
genomics as well as animal cloning and a bet-
ter understanding of the molecular basis of
genetic variation will result in more produc-
tive and disease resistant genotypes, vaccines
and diagnostic tools to control diseases. In
addition, agbiotech together with significant
advances in informatics, including geographic
information systems, and computing capabili-
ties enable the development of models and
methods that can address the complexities of
the livestock component of agricultural sys-
tems, and the introduction or more sustainable
land use practices.



Modern biotechnology based on molecular
biology is strengthening the capacity to
change the genetic makeup of crops and live-
stock. These developments in science are
starting to show up as useful technologies for
farmers in Latin America. To date, however,
biotechnology has had little effect on either
farmers or consumers in Latin America and
the Caribbean, apart from providing some
benefits from the use of herbicide resistant
soybeans in Argentina and Brazil and insect
resistant crops in Argentina and Mexico.

Despite the potential of biotechnology, several
issues need to be address, including biosafety
and food safety, bioethics, and accessing pro-
prietary science for the tenefit of the poor?>.
Although the development of biotechnology
rests upon the scientific capacity and the level
of commercialization of agriculture in each
country, al countries are chalenged to de-
velop public sector research capacity and g~
propriate regulatory frameworks to access new
knowledge. If this potentia is to be realized,
regional and international alliances and pub-
lic/private partnerships will be important
(Byerlee, Alex and Echeverria 2002).*

Biotechnology is an important tool for agricul-
tural research, while intellectual property
rights and biosafety regulations are starting to
influence the management of research in the
region.® For the purpose of this report, bio-
technology is broadly considered to encom-
pass those applications to agriculture that are

% See the U.N. Human Development Report (2001)
where special emphasis is given on how to make new
agricultural technologies work for human develop-
ment, and how developing countries may achieve
high benefits from new technologies while facing
challenges in managing the risks.

* See Echeverria (1998) For an overview of agricul-
tural research policy issues in Latin America; and
Byerlee and Echeverria (2002) For an analysis of
financing and organizing agricultural research in an
era of privatization including public-private partner-
shipsin conducting research.

> See definition of agricultural biotechnology in box
1

based on expanding knowledge of the genetic
code of life (National Academy Press 2000).

Box 1
Definitions of Biotechnology and its
Component Technologies

Biotechnology is any technique that uses liv-
ing organisms or substances derived from
these organisms to make or modify a product,
improve plants or animals or develop micro-
organisms for specific uses (Cohen 1994).
Modern biotechnology refers to the applica-
tions of new developments in recombinant
DNA technology, advanced cell and tissue
culture techniques and modern immunology.

The key components of modern biotechnol-
ogy are:

Genomics: The molecular characteriza-
tion of al species;

Bioinfomatics: The assembly of data
from genomic analysisinto accessible
forms,

Transformation: The introduction of
single genes conferring potentialy useful
traits into plants, livestock, fish and tree
species that are then called transgenic or
genetically modified organisms,

Molecular Breeding: The identification
and evaluation of desirable traitsin
breeding pr ograms by the use of marker
assisted salection;

Diagnostics. The use of molecular char-
acterization to provide more accurate and
quicker identification of pathogens,

Vaccine Technology: The use of modern
immunology to develop recombinant
DNA vaccines for improving control of
lethal diseases.




We divide the broad array of discoveries into
three groups of technologies. (i) molecular
tools for plant breeding, including such spe-
cific techniques as marker-assisted selection,
(i) recombinant DNA (rDNA) discoveries
which lead to the creation of transgenic crop
varieties or genetically modified organisms
(GMOs), and (iii) diagnostic techniques. ®

The discussion of the use of biotechnology,
particularly the use of GMOs has become po-
larized. Anti-GMO viewpoints emphasize the
potential environmental and health risks and
the concentration of products in the hands of a
few of multinational firms. Support for the use
of GMOs is argued from the standpoint of the
potential of biotechnology innovations to help
meet future food needs, to reduce the use of
dangerous pesticides, and to continue provid-
ing the economic benefits that agricultural re-
search has delivered to farmers and consumers
in the past decades.

The role of biotechnology research is of con
cern to many national and international agen-
cies. In preparing this document, we have
drawn on recent reports from the World Bank
(1999), the Asian Development Bank (2000),
the CGIAR (2000), IFPRI (2001) and others.
This study complements the Bank’s agricul-
ture development strategy (IDB 2000) which
underlines ayricultural research as one of the
priority investment areas in the region, em-
phasizing the need to strengthen public and
private research nvestments, as well as the
management of research resources at the re-
tional and regional level.

6 As used here, a GMO is an organism (plant, animal,
microorganism) into which a segment of nucleic acid
has been introduced and stably incorporated into the
genome through a deliberate procedure and with the
purpose of obtaining a defined phenotype; the intro-
duction being performed in such a way that the nu-
cleic acid could not have been acquired by the organ-
ism through mutations, recombinations or other ge-
netic transfer phenomena recognized as mechanisms
which operate in nature without human intervention.

The focus of this study is to assess the poten-
tial of biotechnology research to deliver bene-
fits to consumers and producers of food in
LAC, with the objective of providing guidance
to investments in agriculture biotechnology
development. The report is skewed toward
plants, with little detail offered on the capac-
ity, unigue challenges and prospects for bio-
technology to contribute to animal husbandry
research. This is partially rationalized by our
belief that the impact of applications of bio-
technology to animal research will occur fur-
ther in the future and are more uncertain than
will be the case for plants, but is aso kecause
the authors were unable to do justice to both
animal and plant applications within the re-
source constraints of this study.

The study includes policy suggestions regard-
ing agricultural biotechnology ssues in IDB-
funded programs. The document focuses on
issues such as: What are the problems and op-
portunities for biotechnology for developing
agriculture in Latin America and the Carib-
bean? How does the trend toward the privati-
zation of agricultural research affect the
Bank’s actions with regard to biotechnology
lending? What are the implications of biotech-
nology for public research organizations, -
cluding aspects of regional funding for re-
search? Can biotechnology contribute to e
ducing poverty, protecting the environment
and providing food security? What could the
IDB emphasize regarding lending to
strengthen biotechnology research?



|1. Population, Poverty, Productivity and Biotechnology

By 2025, the world's population is expected to
rise to slightly over 8 billion at a rate of just
over 800 million per decade. Based on a popu-
lation-increase-only projection, world cereal
production must rise from around 1.92 billion
tons in 1990 to about 2.68 in 2025 to match
this demand (Dyson 1999). Over the next 50
years or so, the challenge will be not only to
feed more people, but also to do so, while at
the same time taking into account that:

There will be less arable land because the
combination of over plowing, overgrazing
and deforestation will have caused soil
erosion to exceed soil formation.
Technologies will be needed to minimize
extraction and provide for longer-term
sustainability because there will be fewer
resources available, particularly nonre-
newable resources such as phosphorous
and potassium.

There will be less water, and the quality of
the remaining water will be reduced as
demand increases.

The rate of increase in cereal yields in
both developed and developing countries
isslowing from yields recorded during the
1970s, partially due to reduced use of -
puts and falling cereal prices, but also be-
cause productivity potentials are already
getting close D their genetic ceilings for
several of the major staples (Pinstrup-
Anderson et a. 1999).

Fewer people will be engaged in primary
agriculture in both developed and develop-
ing countries (Kishore and Shewmaker
1999).

The demand for meat and milk will more
than double over the next two decades in
developing countries.

These projections for food demand assume
that consumption remains at present income
levels, where more than one billion people
survive on less than $1 per day (World Bank

1999). Thetask ahead grows even larger if the
world poverty situation improves and the de-
mand for food increases. By 2025, the popula-
tion of Latin America and the Caribbean is
expected to grow to 690 million people, up
from 440 million in 1990. As a result of the
increase in population alone, cereal consump-
tion will increase from 117 million metric
tons, to 183 million metric tons. If income
increases are also taken into consideration,
cereal consumption is expected to rise to 218
million metric tons. The combination of popu-
lation growth, changes in diet and increasing
urbanization will increase the demand for food
of animal origin. The demand in LAC for
meat and milk is expected to grow at 2.8 per-
cent and 3.3 percent per year, respectively.
The total demand and consumption of beef,
poultry, pork and milk in LAC is expected to
double (in average), with concomitant in-
creases in requirements for food grains. Grass-
fed beef will continue to be the most important
meat in LAC (Pinstrup-Andersen and Babi-
nard 2001).

Poverty is a critical problem in Latin America
and the Caribbean. The poor make up close to
50 percent of the population, and their number
has increased from about 136 million people
in 1980 to 204 million in 1997 (ECLAC
1999).” For ethical, political and practical rea-
sons, poverty reduction must be a priority for
any development strategy. Given its natural
resource endowment and the importance of
agriculture in most of the region's economies,
agricultural cevelopment is a precondition for
economic growth, and it is called to play an
important role in the future evolution of global
food security. Biotechnology holds potential

7 Although the largest share of the total population
living in poverty are in urban centers; poverty is, in
relative terms, still arural phenomenon in the region
since more than half of rural households live in pov-
erty and close to a third live in extreme poverty con-
ditions (Echeverria 2000).



for improving the competitiveness of regional
agricultural production in world markets, as
well as reducing the incidence of urban and
rural poverty because the nutritional and -
come status of the poor are highly dependent
on the efficiency of staple food crop produc-
tion.

Biotechnology can be expected to improve
yield potential and stability in both temperate
and tropical crops.® It is also expected to im-
prove agricultural sustainability, as well as the
nutritional value of food crops. Biotechnology
can aso expand the potential uses of agricul-
tural processes and products, thereby increas-
ing employment and incomes. Some specific
benefits may include the following (Asian De-
velopment Bank 2000):

Increasing productivity and, as a result,
increase food production without the need
to increase the area of cultivated land,
thereby reducing the pressure to expand
cultivated areas into forest and marginal
areas.

Increasing crop quality and nutritional
quality, including the enhancement of -
tamin and micronutrient contents of
foodgrains, benefiting consumers who
survive on limited and poor diets and who
cannot afford to buy supplementary vita-
mins and micronutrients.

Increasing disease and pest resistance and
improved integrated pest management -
forts, thereby lessening the use of toxic
pesticides.

Broadening tolerance of the existing high
yielding varieties to drought, flooding, sa-
linity, heavy metals and other abiotic and
biotic stresses, which can stabilize and
improve the yields of crops grown in rain-
fed areas.

Increasing productivity and quality of
farm animals and reduced environmental

® Anderson et al .(2001) report significant potential
economic welfare gains from adopting GM O (oil -
seeds and cereals) technology in Latin America.

impact of the increased industrialization of
animal products.

Increasing the development of vaccines
and the diagnosis of diseases for livestock
and aquaculture.

Utilizing non-edible substances from food
crops to produce medicinal products, fuel
alcohol, and industria oil.

A warning is, however, in order. There is no
doubt of the potential of the new technologies.
They are dready taking research into un-
charted territory, making possible objectives
that only afew years ago were considered im-
possible, eliminating species barriers, and ex-
panding production frontiers. They also have a
wide coverage including all crops, forestry,
livestock and aguaculture in well endowed as
well as poorer ecosystems. The potential is
there, but serious questions remain concerning
the correct strategies for realizing this poten
tial given the region’'s human, financial and
institutional canstraints.

Agricultural biotechnology comprises a set of
tools that, when incorporated into the agricul-
tural research and development process, may
improve R&D efficiency and effectiveness in
producing new technologies. At the present
stage of development, biotechnology cannot
be considered to be an independent paradigm,
but rather an instrument which can improve
and complement, but not replace, conventional
approaches to technology generation. Conse-
guently, when attempting to evaluate potential
impacts it is important to do so in the context
of existing agricultural research systems and
investments that continue to form the critical
link for technology delivery.

Biotechnology’s most important contribution
in the region will probably be to allow the ex-
pansion of production in some of the major
crops without increasing the pressure on the
fragile environments. Increased opportunities
for agro-industrialization may also arise from
production growth and diversification. The
importance of this contribution will depend on



the accuracy of current food production and
demand projections and on the capacity of
conventional research approaches to turn out
the technologies needed to sustain the esti-
mated increases in crop yield.

Biotechnology can help reduce poverty in a
variety of ways. The urban poor will benefit
from lower food prices resulting from im-
proved efficiency in food production and,
eventually, from improved nutritional and
health characteristics of their food. For the
rural poor, benefits will concentrate on those
small holders in the better endowed areas who
are dready in the market for technological
inputs and who, to some extent, are already
benefiting from conventional technological
improvement opportunities. Some berefits
will also come from improvement in cash
crops like cotton, cacao and coffee, where
small farmers are aso involved.

The rural poor could also benefit if biotech-
nology is used to improve specific landraces
and norrcommercial varieties of crops used by
rural communities. Improvements may take
the form of insect and disease resistant varie-
ties to decrease crop losses and plants with
enhanced rutritional value. In principle, these
types of crop improvements should contribute
not only to alleviating poverty and enhancing
health, but should also provide tools and i+
centives for maintaining a broad genetic base
by promoting the use of native germplasm.®

® In their study of Bt cotton in Mexico, Traxler et al.
(2001) found that small farmers (9 ha average farm
size) were able to increase their income by reducing
the use of chemical pesticides to control ‘pink boll-
worm.” There are also examples of small farmers in
Colombia who have benefited from disease resistant
banana and cassava planting material that was pro-
duced through tissue culture. Small commercial
farmers in the Northeast of Brazil would reap major
benefits if biotechnology could develop a means of
controlling ‘witches broom’ disease of cacao, which
conventional technology has not been able to control.

In sum, a significant share of the rural poor,
especially landless or subsistence farmers on
land without much agricultural potential will
get little direct benefits from biotechnology
except through the employment multiplier ef-
fect resulting from increased activities in the
better endowed areas.™

The magnitude of the benefits will depend on
how much d the research effort is focused on
improving the characteristics and production
conditions of the crops they produce and how
much consideration is given to the ecological
constraints they confront. To date, the main
priorities in biotechnology have been b re-
duce production costs in agricultural areas that
already have high productivity levels or in
crease their value added by improving quality,
or other traits (Chrispeels 2000). This is often
viewed as a “natural” evolution of the R&D
investment cycle with areas offering higher
return addressed in early development phases
and those with lower or longer term returns
coming on line at a later time. It is clear, how-
ever, that the direction and intensity of public
investments in biotechnology will play a criti-
cal role in how benefits reach small producers.

10 Some benefits could also be expected from some
simpler technologies such as tissue culture, which
could have important impacts on subsistence crops
such as bananas and cassava. However for this to
happen the new development must be able to reach
them, and that is still a mgjor hurdle that remains to
be solved both for the traditional as well as the new
technologies.



[11. The Environment, Food Safety
and Consumer Acceptance

That there have been concerns and contro-
versy about the potential environmental and
human health risks from the very early stages
of development of biotechnology should come
as no surprise. The nature of biotechnology
aters the technological possibilities, partic u-
larly in the field of genetics and in some cases
creates new ethical dilemmas, many of which
still remain to be fully discussed and re-
solved. ™

In the Latin American context some of these
concerns are of particular importance. First, of
the eight centers of origin of crop species in
the world, three are in the region. Mexico and
Central America are the source of maize,
common bean, lima bean, chayote, sweet po-
tato, and pepper. South America gave rise to
progenitor species of potato, peanut, tomato,
pumpkin, pepper, cassava, papaya, cocoa, and
pineapple. In addition, the world’s richest
concentration of plant and animal biodiversity
(about 90% of the Earth’s species) can be
found in the region, particularly in the Andean
countries of Bolivia, Colombia, Ecuador, Peru
and Venezuela. Given this situation the release
of GMOs into the environment cannot be
overlooked. A second set of considerations is
associated with the importance of agriculture
and food production for the economies of the
region and the impact that biosafety issues
may eventually have on consumer behavior
and the sale of LAC agricultural products in
the international markets.

One of the several paradoxes of the early ex-
periences with GMOs is that in the face of

11 By environmental, food safety and consumer a&-
ceptance issues we are referring to genetic engineer-
ing and GMOs, because the other main techniques
(tissue culture, diagnostics and genetic markers) raise
few serious biodiversity, consumer or ethical con-
cerns.

persistent opposition from environmental
groups, first generation GMOs have generated
considerable positive environmental effects.
Significant reductions in insecticide use have
accompanied the diffusion of Bt cotton in
Mexico, China and the United States.”” In Ar-
gentina and the Untied States, the use of her-
bicide tolerant soybean varieties has facilitated
farmer adoption of reduced tillage methods
and the use of more toxic rerbicides has been
replaced by the application of environmentally
benign glyphosate. Given the large amount of
R&D being devoted to insect, virus and dis-
ease resistance, future biotechnology products
hold great potential for providing additional
environmental benefits through reduced pesti-
cide use.

Assessments of Risks

As early as 1987, the National Academy of
Sciences of the United States (NAS), under-
took a study of the safety of biotechnology
that concluded: “(i) there is no evidence that
unique hazards exist either in the use of rDNA
techniques or in the movement of genes le-
tween unrelated organisms; (ii) risks associ-
ated with the introduction of rDNA-
engineered organisms are the same in kind as
those associated with the introduction of ur+
modified organisms and organisms modified
by other methods; (iii) assessment of risks of
introducing rDNA-engineered organisms into
the environment should be based on the nature
of the organism and the environment into

12 The average amount of pesticide active ingredient
in Coahuila, Mexico, fell from 13.1 kg/ha in the
1980s to less than 2 kg/ha. in the late 1990s (Traxler
et a. 2001). Cotton pesticide use in China has been
reduced by at least 15,000 million tons (Pray et a.
2001). In the United States, a total of 5.3 million less
insecticide treatments have been saved on cotton
(Gianessi and Carpenter 1999.).



which it is introduced, not on the method by
which it was produced.”

These conclusions are fully supported by em-
pirical evidence. In 2001 there were more than
50 million has planted with transgenic crops
of more than 10 species, a 20 percent increase
over the previous year (James 2001). No envi-
ronmental or health problems associated with
its commercial cultivation or ingestion have
been identified. Concern, however remains, as
the diversity of genes that have been manipu-
lated increases along with the ease with which
they can be inserted into cultivated species.

In 2000, the United States National Research
Council, convened a formal committee to re-
view the biotechnology situation in general
and the genetically modified pest-protected
plants in particular. Based on the available
data, the committee fully supported the find-
ings of the 1987 NAS study and concluded
that “with careful planning and appropriate
regulatory oversight, commercial cultivation
of transgenic pest-protected plants is not gen-
erally expected to pose higher risks and may
pose less risk than other commonly used
chemica and biological pest-management
techniques.” The committee also agreed with
the earlier report in that reviews should focus
on the properties of a given GMO, and not the
process by which it was produced.

The NRC committee went into a more detailed
analysis of issues regarding heath concerns,
ecological considerations and aspects related
to the agronomic risks of virus resistant crops.
Regarding potential heath risks, it concen
trated on the allergenicity of GMOs, and indi-
cated that it “was not aware of any evidence
that foods on the market are unsafe to eat as a
result of genetic modification.” Similarly, re-
garding toxicity, it reported that “information
in peer reviewed studies indicates that plant-
expressed Bt protein are probably without
human health risk.” From the ecological point
of view, the committee considered the effects
on non-target species, the effects of gene flow,
and evolution of pest resistance to pest-

protected plants. In general, it stated that “both
conventional and transgenic pest-protected
crops could have effects on non-target species,
but these potential effects are generally con-
sidered to be smaller than the effects of broad-
spectrum synthetic insecticides. Therefore, the
use of pest-protected crops could lead to
greater biodiversity in agro-ecosystems where
they replace the use of those insecticides.”

In the case of the effects on non-target organ-
isms, including that of pollen ingestion, the
committee noted that while detrimental effects
have been reported as regards feeding of mon-
arch butterfly larva, such studies have not
documented actual negative impact on popula-
tion densities of butterflies in the wild. With
regard to gene flow, it was agreed that pollen
dispersal could lead to gene flow, but that only
trace amounts are dispersed more than a few
hundred feet. However, the committee found
that, “the transfer of either conventionally
bred or transgenic resistance traits to weedy
relatives potentially could exacerbate weed
problems, but such problems have not been
observed or adequately studied.” Therefore, a
number of steps were recommended to moni-
tor the effects of dispersed Bt pollen on popu-
lations of non-target organisms, and to assess
gene flow and its potential consequences with
regard to the spread of pest resistance genes
among weed populations.

In connection with agronomic risks and virus-
resistant crops, a number of potentia risks
were considered when looking at the use of
transgenic-mediated pest-protection against
viruses. Such concerns include potential for
creation of new vira strains, introduction of
new transmission characteristics, or changesin
susceptibility to heterologous viruses. The
committee found that “most virus-derived re-
sistance genes are unlikely to present unusual
or unmanageable problems that differ from
those associated with traditional breeding for
virus resistance.”



Needed Resear ch and Capacity Building

The NRC committee has found no evidence
that GMOs may pose risks that are signifi-
cantly different from those of their conven-
tional counterparts (National Academy Press
2000). However, it has also cautioned about
the need to continue to gather scientific evi-
dence (improving testing protocols regarding
possible health implications and the need for
field based research on the dynamics of Bt
effects on non-target organisms), and to
strengthen and clarify regulatory policies and
processes, stressing the need to reduce regula-
tory costs for small biotechnology startup
companies, small to medium size seed compa-
nies, and public sector breeders by providing
flexibility with respect to data requirements,
considering fee waivers wherever possible,
and helping understand the regulatory sys-
tems.*®

The biosafety issue has also been taken up at
the international level as part of the Conven
tion for Biological Diversity, which has estab-
lished a formal Biosafety Protocol. Under the
Protocol every signatory country is committed
to undertake the needed actions to ensure the
safe use of biotechnologica approaches, espe-
cially when movement across boundaries are
involved. Following as a general guideline the
precautionary principle (PP), defined in the
Preamble to the Convention with the statement
that “when there is a threat of significant re-
duction or loss of biological biodiversity, lack
of full scientific certainty should not be used
as a reason for postponing measures to avoid
or minimize such a threat.” To deal with the
implications of the PP, and recognizing the
precarious institutional and scientific capaci-
ties existing in many countries, the Protocol
also calls for an important effort of capacity
building to help member countries comply

13 Other studies (Virginia Polytechnic Institute 1999)
have reached similar conclusions about the general
safety of GMOs, but also stress the continued need to
improve the scientific data needed to base risk
evaluations and biosafety regulatory frameworks.

with its provisions (Biotechnology and Devel-
opment Monitor 2000).

A particular concern expressed in all cases, is
how to take advantage of the tremendous
wealth of information emerging from the large
numbers of trials that have been conducted, to
start evaluating what the longterm environ
mental and heath implications of GMOs
could be since, “until better data are available,
it will be necessary to rely on general ecologi-
cal and agricultural knowledge to predict the
consequences of commercial-scale, crop-to-
wild gene flow from pest-protected plants’
(National Academy Press 2000). In achieving
this, policymakers and regulators confront the
need to strike a very delicate balance because
the development of the information needed
requires significant cost and time, and com-
paratively few resources are provided for it,
either by governments or commercial produc-
ers.!

Biosafety Regulation

In accordance with the above views, the
United States and most of the OECD countries
have developed and set in place biosafety
regulations and risk evaluation mechanisms
designed to accompany the product
development process from the laboratory level
(safe handling guidelines) trough the field
and commercial scale trial levels. Every event
intended for eventual commercia release is
required to go through these processes as well

14 Currently, regulatory agencies acquire information
specifically needed to fulfill their review and envi-
ronmental assessment obligations. Regulators care-
fully consider callsfor further, more extensive data or
longer-term studies that are not officially necessary to
complete their review procedures. Limiting data and
information required help keep regulatory costs down
(where possible), minimize regulatory delays, and
confronts the fact that there is little willingness to
cover the costs of more extensive environmental and
health safety testing. On the other hand, improving
information availability on all related issues is an
essential component of the transparency that every-
body agrees is critical for the development of h-
formed public perception about the technologies.



as through an evauation of its safety for
human and animal consumption.® In most
cases, biosafety evaluation processes have
been made the responsibility of already
existing environmental protection and food
safety agencies. In genera, there is broad
agreement in the scientific community that: (i)
these systems should be directed to the
assessment of the potential health and/or
environmental risks associated with the
introduction of a given organism into the
environment and/or the food supply; (ii) the
process be based on the nature of the aganism
and the environment into which it is
introduced and not o the method by which it
was produced; and (iii) they should be
supported by a continued body of new
biological and ecological research to generate
basic information for the improvement of risk
evaluation processes and methodologies as
well as to monitor the behavior of GMOs after
their ntroduction into the environment. The
normal approval for a crop release involves a
process extending from four to six years,
depending of the complexity of the issues
involved (degree of novelty of the traits,
ecological considerations, etc.).

Consumer Acceptance

In a number of developed countries a rela-
tively large proportion of the population report
seeing “the trend toward biotechnology as
negative and the need to be better informed on
the subject.” Europe and Japan, where people
express the most concern, are major export
markets for LAC agricultural production
whose sentiments may have an impact on
trade. A growing list of countries is requiring
labeling of food produced using biotechnol-
ogy. Therefore, development of a proper iden-
tification and segregation system should be a
building block of any national biotechnology

15 For adescription of the U.S. and European systems
see OECD (2000).
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policy and strategy. A clear indication of the
importance of this issue is the agreement
reached in the framework of the Convention
for Biological Diversity to attach a “may con
tain” label to GMOs intended for environ
mental release or human consumption begin-
ning in the year 2004. °

The willingness of consumers to accept food
products containing GMO grain is of concern
to countries such as Brazil, Argentina and
Paraguay that export significant shares of their
production of maize and soybeans. Severa
food chains in the European Union have re-
fused to market GMO-derived food products,
leading to the fear that export markets could
be lost, or that discounts could be applied to
grain exported from countries growing GMOs.
Brazil has moved slowly on approving the
planting of GMO crops, in part as an attempt
to position itself as a supplier of GMO-free
soybeans. Nonetheless, at present most con-
sumers are willing to consume GMO foods,
and price differentials between GMO maize or
soybeans and their conventional counterparts
are rare (Hartke 2001). This seems likely to
remain the case as long as consumers are will-
ing to consume meat products from animals
fed on GMO soybean meal or maize.

It is clear that there is a need for impartial in-
formation based in facts; and also to take into
account developing country perceptions and
interests on agricultural  biotechnology. '’

5The EU has established a mandatory labeling policy
regarding GMOs. Brazil, Japan, South Korea, Austra-
lia, and New Zealand, have approved internal |abel-
ing regulations that are not yet in effect, while Can-
ada and Argentina are studying the implications of
introducing such policies. The U.S. has regulations
mandating labeling only in those cases where the
products are not equivalent to their conventional
counterparts.

' See “Biotecnology and food: voices from a South-
ern perpective” (Biotechnology and Development
Monitor 2001)



V. Status of Agricultural Biotechnology Research
in Latin America and the Caribbean

Although no comprehensive data are available on
the institutional, human and financial resources
being invested in biotech activities, it is possible
to piece together a fairly comprehensive picture
based on a variety of sources. An ISNAR report
(ISNAR 2000) commissioned as a background
document for this study (Table 1) and provides an
institutional map and some measures of available
research capacity. The ISNAR study covered 292
organizations in 13 countries. Argentina, Brazil,
Chile, Colombia, Costa Rica, Ecuador, Guate-
mala, Jamaica, Paraguay, Peru, Trinidad and To-
bago, Uruguay and Verezuela.™®

Seventy-six percent (76%) of the responses re-
ceived were from Argentina, Brazil, Chile and
Colombia, indicating the relative importance of
the biotechnology community in these four coun-
tries. Most agricultural biotech R&D is conducted
in public universities (44%), followed by public
R&D centers (26%) and private firms (20%).
This is in line with figures reported by other au
thors and earlier studies (IICA 1992 and 1993,
Jaffé and Infante 1996, FAO 1998, Trigo 2000).
The institutional distribution of agricultural bio-
tech research is, however, quite different from
other agricultural research in Latin America,
which is concentrated in public R&D centers with
limited amounts of research being carried out at
universities and private firms (Echeverria, Trigo
and Byerlee 1996).

The institutional distribution of one of the most
applied types of biotech research (field trials of
GM varieties) is dominated by the private sector,
particularly multinational input firms. Seventy-
five percent (75%) of the trials in Mexico,

8 The sources used for identifying the institutions, in-
clude the most reliable available national and regional
biodirectories such as REDBIO-FAO (all countries),
CamBioTec Argentina, Chile, Colombia, Cuba), Foro
Argentino de Biotecnologia (Argentina), Fundagao Gs-
valdo Cruz and EMBRAPA (Brazil), INIA (Chile), Col-
ciencias (Colombia), and BioMundi (Cuba). Eighty-five
organi zations responded the questionnaire.
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Argentina and Brazil have been conducted by
multinational firms (see Table 2). Loca input
firms play a magor role in Mexico. The large
Mexican firm SAVIA, which owns the vegetable
seed company Seminis and the biotech firm
DNAP in the United States, is active in a number
of Latin American countries. Loca food
processing (e.g. the sugar industry) and paper
companies also play arole, particularly in Brazil.
The government plays a minor role in Argentina
and Brazil and a somewhat larger role in Mexico.
For the region as a whole, public institutions
conducted just nine percent of the trials, a share
similar to that of the public sector in U.S. trials.

Although biotechnology research investments in
Latin America are insignificant when compared
to other countries, when measured by LAC agri-
cultural research investment standards, there is a
relatively important amount of money and human
resources dedicated to biotechnology research in
the region. Table 3 shows ISNAR'’s estimates of
expenditures and number of scientists by coun-
try.*® The largest expenditure is registered in Co-
lombia, in large part because the International
Center for Tropical Agriculture (CIAT), which
invested $1.6 million in 1999, is located there. It
isfollowed by Brazil, Argentina, Chile, and Peru.
Peru’s fifth-place position is explained by expen-
ditures made by the International Potato Center
(CIP), which invested $L.5 million (98% of the
country’s total). Mexico, which was not covered
by the ISNAR survey but which was the subject
of an earlier survey by Falconi (1999), also is
making large investments in biotech on the order
of the investments in Brazil and Argentina.

19 The figures underestimate research expenditures since
not all costs of research have been included and not all of
the institutes provided information. For example, Avila
et al. (2001) using more complete accounting methods,
indicate that EMBRAPA alone spent about $14 million
on biotech research in 2000. This compares with the $3.4
million reported by the ISNAR study. In addition,
FAPESP in Sdo Paulo was spending at least $15 million
over three years on agricultural biotech research.



Tablel

Number of Research OrganizationsIncluded in the ISNAR Survey, 2000

Country Public R&D Public Private  Private International Total
Center Lab  Universty  University  Firm Center *)
Lab Lab

Argentina 5 10 - 2 - 17(41)
Brazil 4 13 - 1 - 18(68)
Chile 4 3 1 1 - 9(31)
Colombia 3 4 3 10 1 21(45)
CostaRica 1 1 - 1 1 4(13)
Ecuador 1 2 - - - 3(25)
Guatemala - - 1 1 - 2(10)
Jamaica - - - - - -2
Paraguay - 1 - - - 1(16)
Peru 1 - 1 1 3(21)
Trinidad & Tobago - - - - - -(3)
Uruguay - - - - - -
Venezuela 3 3 - - 1 7(20)

Total 22 37 5 17 4 85(292)

Notes: (*) Figuresin parentheses indicate the number of questionnaires sent to each country.

Source: ISNAR (2000).

Table?2

GMO Field Trialsby Type of Ingtitution in Three Large Latin American NARS, 2000

Argentina Brazil Mexico Total

No. % No. % No. % No. %
U.S./Europe Agricultural
Input Firms. 247 78 52 193 87 517 75
L.A Agricultura Input
Firms. 55 17 A 23 0 0 89 13
Food/Paper Companies 0 0 7 5 9 4 16 2
Government Institutes or 14 4 29 20 0 9 63 9

Universities

Source: Biosafety committees.

In addition, the International Center for
Research on Maize and Wheat (CIMMYT),
which is located in Mexico, invests about $3
million annualy in biotech. Two small

countries with substantial investments are
Costa Rica (at least $500,000 annually) and
Cuba (data not available).



Table3

Financial and Human Resour ces Invested in Biotechnology R& D
In Selected Countriesof Latin America, 1999

Financial Resour ces Number of Scientists
Country (USH*
ber of

(number of responses) Country Total Institute Average Ph.D. M.Sc. B.Sc. Total

Argentina (13) 2,945,000 226,538 56 57 144 257
Brazil (16) 3,363,255 210,203 150 102 183 435
Chile (7) 2,154,716 307,817 35 22 36 93
Colombia® (17) 5,808,614 263,038 44 55 152 251
CostaRica(4) 453,245 113,311 8 9 12 29
Ecuador (2) 160,000 80,000 1 2 6 9
Guatemala (2) 55,600 27,800 1 3 6 10
Mexico® n a n a 127 49 62 238
Peryd ?) 1,496,338 13,169 10 5 19 34
Venezuela (6) 214,475 35,746 18 11 13 42
TOTAL 16,651,243 323 268 571 1,398

Notes: (a) exchange rates of December 1999; (b) financial resources for country total includes CIAT 1999 investments while
institute average excludes CIAT; (c) Mexico data are for 1997; (d) financial resources for country total includes CIP 1999 in-

vestments while institute average excludes CIP.
Sources: ISNAR (2000) and Falconi (1999).

Brazil has the highest number of scientists
working in biotech (435), followed by Argen
tinawith 257, Colombiawith 251, and Mexico
with 239. Brazil also has the highest number
of PhDs and M Scs. Mexico had the next high-
est number of PhDs as well as the highest pro-
portion of PhDs. In Argentina, PhDs (56) and
MScs (44) make up more than 40 percent of
all the country’s scientists. Although the num-
ber of responses was limited, the academic
level of scientists in other countries (such as
Costa Rica, Peru and Venezuela) appears con
sistent with the overall level of scientific de-
velopment. However, it is quite low in Ecua-
dor and Guatemala where BScs represent 60
percent of the total number of scientists n-
volved in biotechnology R&D.
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Table 4 shows survey responses of the exist-
ing technical capacity in the region. Cell biol-
ogy techniques appear as the most used by
research groups in all countries: 259 times
(29.2%), followed by genetic marker tech-
niques with 239 times (26.9%), then diagnos-
tic techniques with 176 times (19.8%), genetic
engineering techniques with 124 times
(14.0%) and lastly microbia techniques with
90 times (10.1%). It is not surprising that cell
biology, which in general require lower levels
of investment and less human capital, is the
most commonly used technique, while genetic
engineering is one of the least used tech-
niques. What is somewhat surprising is that
molecular markers are used almost as exten-
sively as cell biology techniques.



Table4

Biotechnology Tools Applied in Selected Latin America and Caribbean Countries, 2000

Country

No  Technique Involved AR BR |CH |CO [CR |EC | GU |JA PR | PE |TT UR | VE Total
Cell Biology Techniques 259
1 Micropropagation 13 9 13 39 8 5 3 - 2 1 - - n 114
2 Anther culture 3 2 3 9 - 1 - - - 1 - - 2 21
3 Embryorescue 4 1 4 6 1 - - - - - - - 3 19
4 Protoplast fusion - 1 - 2 - - - - - - - - - 3
Invitro germplasm con-
5 servation & exchange 5 3 3 14 4 2 - - - 1 - - 10 42
6 Invitroinsemination - 2 - 1 - - - - - - - - 3
Embryo manipulation &
7 exchange 3 5 - 1 - - - - - - - - 2 1
8 Animal cell cloning - 3 - 1 - - - - - - - - - 4
9  Other - cell biology 3 3 5 21 3 1 - - - - - - 6 42
Genetic Engineering Techniques 124
10 Agro bacterium mediated 11 12 6 7 4 - - - - 7 - - 4 51
Micro-projectile
1 bormbardment 4 1 7 6 3 1 - - - - - - 5 37
12 Electroporation - 7 1 1 - 1 - - - - - - 4 14
13 Microinjection - 4 - 1 - - - - - - - - - 5
14  Other genetic engineering 7 5 2 2 1 - - - - - - - - 17
Genetic Marker Techniques 239
15 RFLP 7 9 3 10 - 2 - - - 2 - - 2 35
16 RAPD 15 24 1 14 2 6 - - - 4 - - 5 81
17  Micro satellite markers 13 10 8 12 3 1 - - - 4 - - - 51
18 AFLP 13 6 7 8 1 1 - - - 4 - - - 40
19 Others 6 9 10 4 - 1 - - - - - - 2 32
Diagnostic Techniques 176
20 ELISA 6 12 3 13 - 2 - - 2 2 - - 3 43
21 Monoclona antibodies 1 5 2 4 - 1 - - 2 1 - - 1 17
22 Nucleic acid probes 1 5 1 1 - - - - - 1 - - 4 13
23 PCR 10 29 12 11 - 1 - - - 1 - - 4 68
24 Others - 5 5 20 2 2 - - - - - - 1 35
Microbial Techniques 90
o5 Design-delivery biocontrol 1 3 > 7 ) ) 5 ) i i i i i
agents
Design-delivery
B iotertilizers 2 2 - 2 - o] 7
o7 FermenFatlon, food 5 4 i 17 i 1 i i i i i i i o
processing
28 Animal growth hormones 2 2 - - - - - - - - - - - 4
29  Rumen manipulation - 1 - - - - - - - - - - - 1
30 Design-delivery -vaccines 5 - - 1 - - - - - - - - - 6
31 Other — microbiology 6 1 2 17 2 1 - - - - - - 1 30
TOTAL 143 | 195 | 110 | 252 |34 | 30 8 | - 6 | 39 | - - |7 888

Source: ISNAR (2000).
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Table5
Production Constraints Addressed by Biotechnology Resear ch | nstitutionsin LAC

Country Production Constraint or Need Tar geted* Total
PP | PH | AP | AH| GR | FP| GE | OT

Argentina 26 20 10 23 22 - 1 - 102
Brazil 16 30 15 2 23 8 2 3 99
Chile 2 15 3 4 24 1 - 4 71
Colombia 39 35 4 14 21 10 - 4 127
CostaRica 12 - - - 14 2 - - 28
Ecuador 2 3 3 2 9 - - 1 20
Guatemala 2 5 - - 2 - - 9
Jamaica - - - - - - - - -
Paraguay 2 1 - - - - - - 3
Peru 7 8 - - 2 1 - - 18
Trinidad & Tobago - - - - - - - - -
Uruguay - - - - - - - - -
Venezuela 12 9 - - 9 - - - 30

TOTAL 138 126 35 45 | 124 | 24 3 12 507
Notes: (*) PP=Plant Production (plant breeding, cloning, productivity, abiotic stress, other); PH=Plant Health

(protection, diseases, diagnostics, other);

AP=Anima Production (reproduction,

productivity, other);

AH=Animal Health (protection, diseases, vaccines, diagnostics, other); GR=Genetic Resources (characteriza-
tion, variability, selection, conservation); FP=Food and Pharmaceutical Needs (nutritional quality, functional
food, drugs, enzymes); GE=Genomics; O T=Other (industrial/energy purposes, other)

Source: ISNAR (2000).

According to Table 5 biotech research focused
on plant production constraints (27%), followed
by genetic resources (25%) and plant health
(25%). The combined interest in animal produc-
tion and health (16%) also reflects the importance
of livestock in most countries of the region. The
interest in food production/pharmaceutical appli-
cations (5%) and in other industry and energy
applications (2%) reflects the fact that there is an
emerging industrial demand for innovation, qual-
ity and competitiveness in some Latin American
economies.

The relative distribution of the crop-livestock
species as the subject of research shows a wide
and even distribution of interests ranging from
the top 20 percent for fruit trees and forestry spe-
cies, to the bottom 5 percent for other animals
and microorganisms. Table 6 shows that the Latin
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American research community is studying almost
all types of crop and livestock species according
to the particular needs of the individua country
economies. However, each country is represented
in amost every category, with, perhaps, some
regional specialization toward wheat and cereals
in Southern Cone countries and potato, roots and
tuber crops in Andean/tropical countries. At the
country level, Argentina concentrates its efforts
on cereals and oilseeds, cattle and other livestock
(57% of responses); Brazil places more emphasis
on horticulture/legumes, cattle and other live-
stock (63%); in Chile horticul-
ture/legumes/berries and fruit and forest represent
57% of the total effort; and in Colombia, there is
a much wider and more even distribution except
for the high importance given to industrial crops
(23%).



Table6
Biotechnology Resear ch Focusin LAC 2000

Country Crop / Livestock Breed Involved x Times* Total
WH|PO|HO| FF|MP| IC|CA|OL|OA

Argentina 25 10 16 13 6 3 27 18 5 123
Brazil 13 10 37 14 6 5 13 19 7 124
Chile 1 6 18 29 8 1 6 2 2 83
Colombia 14 23 31 39 13 42 15 12 9 198
CostaRica - 7 3 9 8 5 - - 3 35
Ecuador 1 13 - 2 2 - - - 9 27
Guatemala 1 - 5 - 2 1 - - 3 12
Jamaica - - - - - - - - - -
Paraguay - - - 3 - - - - - 3
Peru - 1 9 12 - 1 - - - 33
Trinidad & Tobago - - - - - - - - -
Uruguay - - - - - - - - - -
Venezuela 7 9 4 18 14 14 - - - 66

TOTAL 72 | 89 | 123 | 139 59 | 72 61 |51 38 | 704

Notes: (*) WH=Wheat, Barley, Maize and other Cereals (inc. grasses); PO=Potato, Roots and Tubers;
HO=Horticultural, Oilseeds, Legumes, Berries and Ornamental plants;, FF=Fruit trees and Forestry Species;
MP=Medicinal, Tropical and Native plants; IC=Industria Crops (Coffee, Sugarcane, Tobacco, Pam, etc); CA=Cattle
(Bovine, beef and dairy); OL=0Other Livestock species (Swine, Goats, Sheep; also Horses and Poultry); OA=0Other
Animals and Microorganisms (Aquatic Animals, Dogs, Birds, Insects, etc)

Source: ISNAR (2000).

Table7
Sour ces of Funds for Biotech Research in Colombia and M exico, 1985-87
Sour ce | 1985 | 1989 | 1993 | 1997
% of expenditure
Colombia
Government 23 5 32 47
Sale Products 0 33 33 25
Donors 18 13 7 13
Levies 59 50 27 14
Contracts 0 0 0 0
M exico
Government 69 60 64 59
Sale Products 0 1 4 9
Sde Services 11 0 0 3
Contracts 0 0 3 4
Donors 20 37 28 24
Levies 0 0 0 3

Sources: Colombia (Torres and Falconi 2000); Mexico (Qaim and Falconi 1998).
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Conventional Plant Breeding
Resear ch Capacity

The development of a new variety involves many
steps, from the collection of unimproved land
races and wild species, to germplasm storage and
characterization, creation and crossing of ad-
vanced lines, testing of advanced lines in targeted
release areas and, finaly, to the release of
adapted varieties. Genetic resource improvement
is a continuous process. The development of a
finished variety may take twenty or more years to
complete. It is difficult to capture or even to
measure, the benefits produced at any research
point prior to the final step of releasing and dis-
tributing a commercial variety.

Prior to 1960, there was no formal system in
place that provided plant breeders access to
germplasm available beyond their borders. The
current system for sharing crop improvement re-
sults is relatively young. It evolved in the 1970s
and 1980s, when financial resources were ex-
panding and plant IPR laws were weak or non-
existent. International access to research from
other public institutions remains generally open
and without charge. The exchange of germplasm
is largely based on a system of informal exchange
among plant breeders. To date, the effect of re-
duced investment in plant breeding has been felt
more keenly than have been changes in IPR re-
gimes.

The region has a wealth of ex-situ and in-situ
genetic resources. The largest in-situ collections
are held by national centersin Brazil and Mexico
and in the three CGIAR centers in the region.
Overall, approximately 13 percent of the world’s
accessions for the crops listed in Table 7 are held
in genebanks in the region. The value of these
materials as a source of the genetic building
blocks for future biotechnology research is
potentially very large. Yet, nearly al of the
collections are underutilized as inputs into
conventional plant breeding at present. Many of
the genebanks face serious problems of
underfunding and risk deterioration of materials
in storage. Support for the conservation and
improvement of germplasm in the region is an
activity that strongly complements other
biotechnology activities.
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National and International Biotechnology
Support Programs

Detailed data on the sources of funding of agri-
cultural biotechnology are available for only two
countries (Mexico and Colombia) but the evi-
dence from them and our case studies and experi-
ence indicates that central governments and a-
nors are the major sources of funding. Provincial
governments and the private sector are important
in some countries. Donors have also played arole
also in both countries.?® Table 7 shows that the
government is the largest supporter of agricul-
tural research.

Much of the capacity reported in the previous
section has evolved as part of support programs
for the development of scientists implemented
both at the country, regional and subregional lev-
els. In general these programs have concentrated
on the creation and/or consolidation of the gen-
era local R&D base, and biotechnology support
was only a part of the efforts that combined fund-
ing for R&D and infrastructure development with
human resources training.

In most cases, the bulk of these efforts were
funded through loan projects from either the IDB
or the World Bank (Table 8). In recent years,
many projects were designed to support R&D
activities in general, usualy within the frame-
work of competitive grant funding schemes.?
Although there is no comprehensive data on the
importance of the share of biotechnology related
projects in the total funding provided through
these schemes, partial evidence from some coun-
tries (Chile, Argentina, Brazil, Venezuela) indi-
cates that biotechnology related research captured
a significant share from the beginning.

2 According authors experience, a similar analysis in other
LAC countrieswould yield similar results to those of Colombia
and Mexico.

2 Venezuela (CONICYT); Chile, National Fund for Scientific
and Technological Research (FONDECYT), National Fund for
Technological Development (FONTEC) and Naiona Fund for
Development Promotion (FONDEF); Uruguay, National Coun-
cil for Scientific and Technologica Research (CONICYT);

Argentina National Fund for Science and Technology (FON-
CYT) and Argentinean Fund for Technology Development
(FONTAR), among other initiatives.



Table8

Governmental Programsin Support of Biotechnology Development
in Selected LAC Countries (1980 - 2001)

Country Program Executing Agency Objectives Budget
(Millions U$S)
Programa Nacional de| Department of Science and | Promotion and funding of 38
Biotecnologia Technology (SeCyT) Biotechnology R& D '
: Support for general Sc.&Tech
Programa de Moderni- a?;it:e;sggorg%mﬁn / research and for increased private
Argentina zacion Tecnologicall Depart mgent of chi]ence ang sector participation in R&D 910
(IDB 1993) P activities, through loans and risk
Technology . ;
sharing mechanisms.
Programade Moderni- | AgenciaNacional de Support for Sc. & Tech re chin
o L AR general and grantsfor private
zacion Tecnoldgica ll Promocién Cientificay sector involvement in R&D 280.0
(IDB 1999) Tecnoldgica (ANPCyT) L
activities
National Research Council
. (CNPq) and national Fund
gzg?écﬂ?%?gagaége for the promotion of Funding of biotechnology R & D 3.3
Scientific and Technol ogical
Research (FINEP)
. . - . Human Resources and
PADCT/ Biotecnologia | Ministry for Science and Infrastructure in biotechnol
(World Bank 1984) Technology nirastructure ih biotechnology 129
related scientific fields
. Ministry for Science and Infrastructure and servicesfor
Biotechnology Parks .
Technology start-up firms
Grants for scientific and
. . technological researchinR & D
Brazil - - .
ezl ﬁ)u enpcreoamngtiTo icgpg Ministry of Science and public and private sector 100.0
rgy IDB 1991 Technology, CNPq institutions. Support for risk '
gram ( ) sharing initiativesin the private
sector.
Improve the quality of advanced
Science and Technol- Minisirv of Science and research and training and promote
ogy Reform Support Techno)llo cooperative R & D between 360.0
(World Bank 1997) 9y public and private institutions and
private investmentsin R & D
Sao Paolo Science and Infrastructure and research by
Genome Project Technology Foundation Universities, Research Institutes, 30.0
(FAPESP) and Private Firms
(continued)
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Table8(Cont.)

Governmental Programsin Support of Biotechnology Development
in Selected LAC Countries (1980 - 2001)

Country Program Executing Agency Objectives M illslgil:)?geltﬁS)
National National council for Scientific | Human Resources Development/ N/A
Biotechnology and Technological Research | Promotion and Coordination of
Committee (1983) (CONICYT) R&D
Promotion of Sc.& Tech research
Programa de Cienciay in general and portion of private
) Tecnologia CQNI%YT andthe %cgrpcg sector involvement in R&D ac- 94.0
Chile (IDB 1994) racion de Fomento, CORF tivities through risk sharing
mechanisms
Programa de Desarro- Promotion of public and private
Ilo einnovacion Tec- R&D for improving the competi-
nol 6gica Economics Ministry tiveness of production sectors, 200.0
(IDB 2000) with special emphasis on the use
of biotechnological approaches
: Instituto Colombiano parael . A )
Erlc?;?grr%n?llggi) Desarollo delaCienciay la iF:ISnc::‘I ??g& goordl nation and Fund N/A
Tecnologia (COLCIENCIAS)
Colombia Programa de Desarro- gﬂﬁrjloztijg;orrt for iﬂm f tl gc ind
llo Cientifico y Tecno- | COLCIENCIAS ological researc - 100.0
logico (IDB 1995) nological innovation in strategic
sectors
Programa Nacional de . .
e . . . Funding support for biotechnol-
De%\rrqllq Cientificoy | Consgjo Na}cmnal de Ciencia ogy 1 ch in Universities and N/A
Tecnol 6gico, y Tecnologia, CONACYT other publicr ch centers
PRONDETY C (1984)
México Infrastructure and funding support
Apoyo a Desarrollo _ _ .| for Sc.&Tech research and direct
C|ent|f|,co_ y Consgjo r]aC|onal de Cienciay | tyndi ng for pre-competitive R& D 150.0
Tecnolbgico Tecnologia, CONACYT in small and medium private
(IDB 1993) enterprises
Programa Nacional de | Consejo Nacional de Investi-
Ingenieria Genéticay | gaciones Cientificasy Funding of R&D 0.5
Biotecnologia (1986) | Tecnologicas, CONICyT
Programa Nuevas General support for R&D
Tecnologias CONICIT (human resources, infrastructure 30.0
(IDB 1992) and R& D expenditures)
Support for Sc.& Tech. research
Venezuela Segundo Programa de and promotion of private sector
Cienciay Tecnologia | CONICIT involvement in R&D activ ities, 200.0
(IDB 1999) through a grants program
) Increase agricultural productivity
P,r ograma de Te_zcnolo Instituto Nacional de Investi- | through the modernization of
gia Agropecuaria . . . 45.0
gaciones Agropecuaria, INIA | INIA to generate technologies
(IDB 2001) ; e X
and provide efficient services.
Programa de Desarro- | Consejo Nacional de Investi- | General support for R&D
Uruguay llo Cientificoy Tecno- | gaciones Cientificasy (human resources, infrastructure 35.0

I6gico (IDB 1991)

Tecnoldgicas, CONICYT

and R& D expenditures)

Source: the authors, based on Jaffé and Infante (1996), IDB SDS/RU R database and personal communications.
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In Argentina, ailmost 30 percent of the more than
1100 projects approved by FONCYT in 1997 and
1998 can be categorized as biotechnology R&D.

Another important development is that these ini-
tiatives include significant funding (soft loans
and grants) for (i) the development of better links
between public scientific institutions and the pro-
ductive sector, and (ii) technological moderniza-
tion and innovation at the individual firm level.
The most recent projects implemerted in Argen-
tina, Chile, Uruguay, Brazil and Venezuela, offer
co-funding to allow R&D institutions (public and
private) to establish business units to improve
their capacities to provide technological services,
and to promote joint ventures between firms and
research institutions in R&D activities as well as
direct funding for R&D and innovation initiatives
by commercial firms.

In Argentina, biotechnology related projects
(both general and agricultural) appear promi-
nently on the list of projects funded since the in-
ception of these new modalities. All these initia-
tives have been devel oped with funding assis-
tance from the IDB, and represent not only criti-
cal support for research activities, but also for
technology transfer. They do not replace the ven-
ture capital for start-up developments, but repre-
sent an important step toward facilitating the
linkage between scientific and technology exploi-
tation capacities.?

International cooperation programs have also
played a significant role in the development of
biotechnology in general and agbiotech in par-
ticular, especially in the smaller countries (Table
9). The most relevant programs include the Re-
gional Biotechnology Program of the United Na-
tions funded by United Nations Development

22 |n Argentina, FONTAR has funded projects with bio-
technology firms and provided support for the establish-
ment of biotechnology based service units at national
agricultural research institute (INTA) in aeas related to
genetic and sanitary quality assurance of planting materi-
asin fruit trees (citrus, prunes, olives, grapes) and horti-
cultural crops (garlic, potatoes, etc), livestock improve-
ment and animal health (diagnostic kits, vaccine devel-
opment, embryo transfer), and forestry (improved plant-
ing materials) among other areas.
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Program (UNDP), the United Nations Education
and Science Organization (UNESCO) and the
United Nations Industrial Development Organi-
zation (UNIDO). The Program pioneered the
process of diffusion of the basic techniques in a
large number of the regional research institutions
through the funding of cooperative projects i
volving nstitutions in different countries. It also
worked on the creation of a number of “national
biotechnology commissions’ to establish the &
sis for coordinating national effortsin the area.

Other initiatives to create basic research capaci-
ties include the recently created Biotechnology
Consultative Group for Latin America and the
Caribbean (BIOLAC), a program of the United
Nations Industrial Development, organization
(UNIDO) and the agricultural biotechnology
network of the FAO (REDBIO). Both initiatives
represent important coordination and exchange
mechanisms for Latin American researchers and
research centers.

At the subregional level there are severd
programs designed to develop cooperative
research on issues of common interest to the
participating countries, the sharing of information
and technology transfer. The most important is
the Centro Argentino Brasilefio de Biotecnologia
(CABBIO), which has been in operation since
1985 and has funded about 70 projects, a good
proportion of them in agricultura and food
related areas. CABBIO started as a binational
initiative and was later expanded to all the
MERCOSUR countries and Chile. Human
resource development and technology transfer are
the two most important outputs of CABBIO to
date, but there are significant R&D results in a
number of areas that are rapidly maturing into the
product development stage.

The Cooperative Agricultural Research Program
for the Southern Cone (PROCISUR), which links
the Southern Cone countries (Chile, Argentina,
Uruguay, Brazil, Paraguay and Bolivia), is also
an important initiative in terms of its impact on
national programs, as well as the level of support
that it has been able to obtain from the participat-
ing countries and international assistance organi-
zations.



Table9

Regional Biotechnology Cooperation Programsin LAC

Program Focus Administrative/ Coverage Budget
Funding Agency (U$S)
All scientific areas/
Centro Argentino Brasilefio Joint research grrgzeillqtgﬁcaen%%
de Biotecnologia, CABBIO. | (I I | (e Counnes | A e MERCOSUR | G edii Ch o
(1985, continues) mechanisms countries

(Chile requested to
be included in 2000)

Programa Regional de

Promotion of coop.
research projects
focused on human

Biotecnologia FESOUICES BHIIDDP(/)UNESCO/ gll isglnearl]tlflc areas/ ?Fggorgg]o)
(1988-93) development and 0 d
diffusion of basic
technologies
Training through .
BIOLAC national and multi University of the United All arees, emphass 150.000
. : on basic techniques/
(1988, continues) country research Nations Regional 200.000/year
projects
Latin American Plant .
: Networking of
E:Eoéeggology Network, researchers and FAO Eﬁ;gcs;e]d /OFT pli?)r:;[al 60.000/year
. research institutions -1 Reg
(1990, continues)
Pr.ogramaApdl no de Training and | corporacién Andina de All sci ent|f|(_: areas/ 2 000.000
Biotecnologia technology transfer in Fomento Andean Region (Program)
(1988-93) strategic areas Countries d
Poaliticas para Biotecnologia Br'g;qeggoﬁqogfy / Agricultural bio-
Agricola Eio tety realatory | C'DA Canada/ 11CA technology / Re- | 800.000/year
(1988-1994) y regulatory gional
mechanisms
Programa de Biotecnologia | Training, some Organization of American | All scientific areas/ 300.000/vear
(1988, continues) research projects States (OAS) Regional ' y
Programa Cooperativode | Agricultural
Programa de Biotecnologia | Cooperative research, | Investigacion agricoladel biotechnology /
del Cono Sur training, technology | Cono Sur (PROCISUR) Argentina-Brazil - 120.000/year
(1992, continues) transfer, /IICA/IADB/Member Chile-Uruguay-
Countries Paraguay-Bolivia
Promoting
CamBioTec gg,fﬁ)mg%mugh IDRC, CIDA and ntional | Argentirm, e
Canadian-Latin ! g 2 ’ N/A

(1996, continues)

America partnerships
(both public and

private)

partners

Colombia, Cubay
México

Source; the authors on the basis of Jaffé and Infante (1996) and personal communications.
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In the recent past, PROCISUR has conducted
several regional cooperation programs in agricul-
tural biotechnology, as well as an agenda for
subregional biotechnology research (Carneiro,
2001).

Other cooperation efforts worth mentioning are
CAMBIOTEC, a Canadian (CIDA and IDRC
funded) initiative to promote business ventures in
Latin America by promoting biosafety
regulations and public awareness, as well as the
establishment of links between Latin American
and Canadian R& D capacities and firms.

In Central America, the biotechnology programs
and activities of the International Agricultural
Research Centers, particularly CIAT, CIP and
CIMMYT and the Tropical Agricultural Research
and Education Center (CATIE) have aso lent
critical support for the development of the
biotechnology, both through the diffusion of
strategic  technologies and through human
resources formation. The IARCs have developed
an extensive network of research collaboration
with advanced research institutes, public and
private, in industrialized countries and
developing countries. Their efforts are mainly
focused on conducting biotechnology research for

tropical crops and animal species, and building
research capacity in developing countries,
including Latin America and the Caribbean. The
16 IARCs together invest approximately $25
million anually on biotechnology, representing
around 8 percent of the total CGIAR budget. Of
the $25 million, about 27 percent is related
directly to livestock (primarily animal health).
Roughly 15 percent of the total expenditures go
to genetic engineering (Morris and Hoisington
2000).

Although their combined R&D investments in
agricultural biotechnology may be small com-
pared to leading private sector companies, the
IARCs play an extremely important role as an
access mechanism to basic knowledge for the
countries of the region. Beyond that genera role,
they are aso important for their direct research
contribution as well as to strengthen national ca-
pacities through their networking and training
activities. As an example of the nature and extent
of the activities of CGIAR Centers, Table 10
summarizes the biotechnology related activities
that are carried out by CIMMY T, CIAP and CIP,
as well as their collaborative interactions with
other research institutions.



Table10

Biotechnology Resear ch Capacity at CIMMYT, CIAT and CIP, 2000

Crop Activities Techniques Collaborating Institutes
CIMMYT
RFLP, RAPD, AFLP
. . Agrobacterium
Ee& stance to maize stem mediated transforma-
orers tion Micro projectile
bombardment
Resistance to rootworm RFLP, RAPD, AFLP
Resistance to Fusarium RFLP, RAPD, AFLP
ear rot
Resistance to maize streak RFLP, RAPD, AFLP
Mai Virus
aze ) ..
Resistance to mosaic virus RFLP, RAPD, AFLP
Tolerance to drought RFLP, RAPD, AFLP
Toleranceto acid soils RFLP, RAPD, AFLP
Nutrient-enriched maize RFLP, RAPD, AFLP
Institut de Recherche pour le Developpe-
Apormixi RFLP, RAPD, AFLP | ment (France); Pioneer Hi-Bred (USA):
pomixis ) . ) ) ) .
Wide hybridization Groupe Limegrain (France); Novartis
Seeds (USA)
Resistance to leaf rust RFLP, RAPD, AFLP
Resistanceto stripe rust RFLP, RAPD, AFLP
Resistance to Fusarium RFLP, RAPD, AFLP | Japan International Research Center for
head bligh Agricultural Sciences
Resistance to barley yellow RFLP, RAPD, AFLP
dwarf virus
Wheat Resistance to Septoria RFLP, RAPD, AFLP

diseases

Resistance to Septoria
diseases

RFLP, RAPD, AFLP

Tolerance to drought

RFLP, RAPD, AFLP

Tolerance to aluminum toxic

soils

RFLP, RAPD, AFLP

High yielding wheat

RFLP, RAPD, AFLP
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Table 10 (Cont.)

Biotechnology Resear ch Capacity at CIMMYT, CIAT and CIP, 2000

Crop Activities Techniques Collaborating Institutes
CIAT
Resistance to bacterial blight Embryo rescue
Beans Toleranceto low P Genetic markers University of Michigan (USA)
Tolerance to golden mosaic virus | Genetic markers CORPOICA (Colombia); Novartis (USA);
Plantek (Japan)
Mapping resistance genesto mo- | Micro satellite markers | IITA; Clemson University (USA)
saic disease
Mapping resistance genes to Micro satellite markers | University of Florida (USA)
whitefly AFLP
Genetic resistance to bacterial RFLP IRD, Montpellier (France)
blight
Resistance to stem borer Agrobacterium CORPOICA (Colombia)
Cassava mediated transforma-
tion
Production of clean planting ma- | Micro propagation University of Louvain (Belgium)
terial
L ong-term conservation Invitro conservation Rutgers University (USA); IDEA (Venezuela);
Empresa Polar (Venezuela)
Root physiological deterioration Micro satellite markers | Corporacion BIOTEC (Colombia)
PCR
Resistance to hoja blanca virus | Mediated-mediated Bath University (UK)
transformation Micro
_ proj ectile bombardment
Rice Improving grain quality and yield | RFLP Cornell University (USA)
Resistance to blast RFLP Purdue University (USA); Paradigm Co.
Micro satellite markers | (USA)
CIP
Resistance to potato tuber moth Agrobacterium Michigan State University (USA); Aventis-
mediated transforma- PGS (Belgium); Unicrop (Finland)
tion
Resistance to potato viruses Agrobacterium John Innes Center (UK)
mediated transforma-
tion
Resistance to late blight Agrobacterium Max Planck Institute (Germany); Centre de
mediated transforma- Recherché Public (Luxembourg); Molecular
tion Plant & Protein Biotechnology (Germany);
RFLP, RAPD, AFLP Federal Institute for Plant Research (Ger-
Potato Micro satellite markers | many); IRD (France); University of California

(USA); USDA; Oregon State University
(USA); Clemson University (USA); Smart
Plant International (USA)

Diagnostic kits for viruses and
viroids

ELISA

Monoclonal antibodies
Nucleic acid probes
PCR

Reduction of natural toxicants

Agro bacterium-
mediated transforma-
tion

USDA
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Table 10 (Cont.)
Biotechnology Resear ch Capacity at CIMMYT, CIAT and CIP, 2000

Crop Activities | Techniques | Collaborating I nstitutes
CIP
Mediated-mediated trans-
. . formetion . .
Resistance to weevils RFLP, RAPD, AFLP Laval University (Canada)
Micro satellite markers
Agrobacterium-mediated . . .
Sweet g ; North Carolina State University
potato Resist tovi transformation ) . h
esistance to viruses RFLP, RAPD, AFLP (USA); Austrian Research Centers
Micro satellite markers (Austria)
Improvement of flour qualit Agrobacterium-mediated
p quality transformation IACR Long Ashton (UK)
Potato & _ o RAPD. AFLP Scottish Crop Research Institute
sweet Germplasm DNA fingerprinting | micro éatdlite markers (UK); University of Wisconsin
potato (USA); Cornell University (USA)
5‘;‘;} snd Germplasm conservation Invitro conservation University of Wisconsin (USA)

Source: the authors based on ISNAR (2000) and personal communications.

The Output of Latin American Agricultural
Biotech Research

Biotechnology research conducted in Latin
America produced new knowledge, new tools,
and new technology. However, the major ad-
vances in technology that are in use by farmers
(GM soybeans, maize, and cotton) and in the
pipeline are the result of genes and tools devel-
oped by companies based in the United States
and Europe.

Additions to Knowledge

The FAPESP genome program in S&o Paulo,
Brazil, has had the most well publicized suc-
cesses in basic biotech research. In July 2000 it
was the first group to completely sequence a
plant pathogen; namely, Xylella fastidiosa, the
pathogen that causes citrus variegated chlorosis,
an important citrus disease. Since then it has
completed sequencing the organism that causes
citrus canker, Xanthomonas citri. In April 2001
scientists supported by FAPESP and local sugar
cooperatives finished sequencing the sugarcane
genome. Another FAPESP-industry consortium is
starting to work on the Eucalyptus genome
(Rohter 2001).
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Brazilian researchers have aso developed
technologies to improve the efficiency of
biotechnology research and have obtained the
right to commercialize transgenic crops that they
have produced. They have developed a unique
system for transforming soybeans in which the
embryonic axes of soybeans are bombarded with
plasmid DNA (Avila et al. 2001). The frequency
of transformation (number of transgenic
plants/number of bombarded embryonic axes)
varies from 5 to 20 percent, aepending on the
cultivar. At least four elite soybeans lines that
were transformed in this way grew into plants
that produced viable seed.

Biotech scientists at these institutes are also pub-
lishing research results in international and ra-
tional journals. Table 11 provides a crude meas-
ure of publication output in biotechnology (the
number of publications abstracted in biological
abstracts). The dominance of Brazil and its
growth in recent years is important to note. An-
other interesting fact is the relatively large num-
ber of publications from Costa Rica, a country
with a small research system. In addition, the
unigue technologies that Latin American research
has developed is indicated by the number of pat-
ents issued in the United States and Europe even
though these inventions cannot be patented in
their own countries.



Tablel11
Publications Abstracted in CAB Biological
Abstracts By Country of Publication

1991 1995 1999
Argentina 25 23 26
Belize 0 0 0
Bolivia 0 68 0
Brazil 175 104 550
Chile 8 11 1
CostaRica 41 27 47
Cuba 4 0 1
Guatemala 0 2 0
Mexico 98 15 43
Peru 24 17 75
United States 3596 3983 4384
Uruguay 2 13 0

Source: CAB Abstracts search using Ovid search engine.
(June 2001).

Another measure of the output of applied biotech
research is field trials on new genetically modi-
fied crops. A total of 880 GMO field trials were
conducted in the region from 1987 to 2000 (Table
12). This comprises approximately 20 percent of
the world field trials conducted outside of the
United States. These field tests have been car
centrated in Argentina, Brazil, and Mexico, three
countries that account for 84 percent of LAC tri-
als. Argentina, Brazil, and Mexico rank fourth,
sixth and ninth worldwide, respectively, in terms
of total number of field trials conducted. During
1998-99 only two countries, the United States
and Canada, conducted more field trials than
Brazil or Argentina (James 2001).

Field tests in the region have been concentrated
in the private sector, particularly the multina-
tiona input firms. Local input firms play a major
role in some countries (e.g. Mexico). Some
(mostly local) food processing (e.g. sugar indus-
try) and paper companies also play a role. The
government plays a minor role in Argentina and
Brazil and a somewhat larger role in Mexico. For
the region as a whole, public institutions car
ducted just nine percent of thetrials, a share simi-
lar to that of the public sector in U.S. trials. The
number of institutions conducting GMO field tri-
alsis an indication of the diffusion of biotechnol-
ogy research capacity and of the potential for
competitive markets for GM products to evolve.
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In Argentina, for example, 32 different organiza-
tions have conducted GMO field trials. In 1999,
11 of them conducted trials in maize alone.
(Table 13).

The GMO Pipeline

Three GMOs, Roundup Ready® (RR) soybean,
Bt maize and Bt cotton, have leen commercial-
ized in Latin America and the Caribbean. More
than 95 percent of the GMO area in the region is
sown with RR soybean (Table 14). By the 1999
growing season, more than 6 million ha; that is,
80 percent of the soybean area, were planted to
HT soybeans in Argentina and an estimated 1
million ha were being grown in Brazil. Small a-
eas of RR soybeans have been introduced in
Mexico and Uruguay. Bt maize provides resis-
tance to certain Lepidopteran insects, the Euro-
pean maize borer in the United States, and the
sugar cane borer in Argentina. Bt maize holds
significant potential and has been introduced in
Mexico and Argentina, but has been planted in a
total of only 327,000 ha. The third GMO to be
commercialized in the region is Bt cotton, which
is resistant to certain Lepidoptera insects. Bt cot-
ton has been grown in Mexico and Argentina, but
in relatively small areas.

Field tests provide an indication of the type of
GM technology in the pipeline. Field tests have
been conducted in the region on atotal of 24 dif-
ferent crops, but testing has focused on herbicide
tolerance (HT) and insect resistance (IR) traits
(Table 15) in the main commercia crops (maize,
soybeans, cotton and sunflower). These four
crops constitute 80 percent of all LAC trials (Ta-
ble 16), while herbicide tolerance and insect re-
sistance (in all crops) aso account for 80 percent
of al trials. The product quality (PQ) trials that
have been conducted to date are dominated by
delayed ripening in tomatoes in Mexico. Trials of
disease (DR) and virus resistant (VR) crops are
becoming more frequent.



Table12
GM Field Trialsin LAC, 1987 - 2000

| 1987 | 1988 | 1989 | 1990 | 1991 | 1992 [ 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | Total? [% of Total

Argentina 3 7 9 18 32 38 67 71 76 0 321 37
Brazil 25 88 110 24 247 28
M éxico 1 4 6 7 10 27 36 31 23 21 166 19
Chile 1 4 7 6 21 16 55 6
Uruguay 29 29 3
Cuba 1 1 2 4 5 5 18 2
Costa Rica 1 4 2 10 17 2
Bolivia 3 1 1 1 2 8 1
Colombia 7 7 1
Belize 4 1 5 1
Guatemala 1 1 1 3 0
Peru 2 2 0
LAC Total 1 1 1 1 8 26 27 42 80 65 128 221 225 52 878

World Total w/o USA 1 10 37 48 74 156 222 351 476 532 681 815 813 514 4730

World Total 100 10 3 2 11 17 12 12 17 12 19 27 28 10 19

Notes: (a) Field trial totals refer to the number of applications for transgenic crops that have been approved in each country.

Sources: for Argentina, CONABIA (2001); for Brazil, CTNBio (2001); for Peru, Guislain (2001); for Mexico, SAGAR (2001); for Chile, Hinrichsen (2000)
and James and Kratigger (1996); for Colombia, Artunuaga-Salas (2001); for Belize, Bolivia, Costa Rica, Cuba, and Guatemala, James and Krattiger (1996);
and for Uruguay, Blanco (1998). World data compiled from Courtmanche, Pray, and Govindasamy (2001).
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Table13
Number of Institutions Conducting GMO Field Trials
In Argentina, 1991 - 99

1991 1992 1993 1994 1995 1996 1997 1998 1999
Alfdfa 1 1
Cotton 1 2 1 1 4 1 2 3 3
Rice 1 1
Canola 1 2 1 2 1
Sunflower 1 2 3 5 5
Maize 1 2 5 6 10 10 12 13 11
Potato 1 1 2 3 1
Sweet Beet 1
Soy 1 1 1 3 7 4 4 5 4
Tomato 1 1
Wheat 1 1 1 2 2 1
Total 3 6 6 10 15 11 17 19 16

Source: CONABIA 2001.

The immediate pipeline of transgenic crops then
is dominated by herbicide tolerance, and insect
resistance that have been added to new varieties
of maize, soybeans, and cotton.

These products can be expected to extend the
area of these GM crops beyond its current
boundaries. In Brazil, for example, GM soybean
varieties developed by EMBRAPA as part of a
commercial agreement with Monsanto for most
of the mgjor soybeans regions are nhow moving
through the regulatory process. The other tech-
nologies that are in the pipeline are resistance to
pests, herbicides and virus that have been added
to crops other than maize, soybean and cotton,
including sugarcane, sunflowers, rapeseed (ca-
nola), and others. Adapted varieties of these crops
are also waiting for regulatory approval. In Mex-
ico, in addition to pest and disease resistance,
there has been some work on product quality of
tomatoes and other vegetables.
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In summary, the biotechnology sector in LAC is
one of considerable scientific potential and presents
a significant opportunity for biotechnology to con+
tribute to improving agricultural productivity and
providing enhanced products to consumers. Scien-
tific capacity is concentrated in the region’'s large
countries, particularly in Brazil, Argentina and
Mexico. Even within these countries, capacity is
concentrated in a few world-class institutions and
linkages to applied research are largely lacking. At
the other end of the spectrum, most LAC countries
lack biotechnology capacity at both the basic and
applied levels. For this large group of countries,
marshalling the technical expertise to even imple-
ment functional biosafety and patenting systems
will require a sustained effort over a period of
years, and a significant commitment of new finan-
cid resources. There is a smilar disparity in the
potentia for the private sector to lead the introduc-
tion of biotechnology innovation. Agan Brazil,
Argentina and Mexico hold great promise, while
seed markets in other countries are handicapped by
size and underdeveloped infrastructure.



Tablel14
Area Under Commercial Production of GM Crops 1999 (ha)

Country | Soybeans | Corn | Cotton | Others
Argentina 6,400,000 260,000 10,000
Brazil 1,000,000
Chile 20,000
Mexico 500 47,000 20,000 Tomato, squash, melon
Uruguay 5,000
Total | 7,405,500 | 327,000 | 30,000 |

Sources: Argentina and Mexico from James 2000; Brazil — estimates from seed industry; Chile from ISNAR 2000
(for seed export to U.S.); Uruguay personal communication Roberto Diaz, INIA, Uruguay, July 11, 2000.

Table15
GM Fidld Trialsby Trait, 1987-2000*

Argentina Belize  Bolivia Brazil Chile Codombia Cqsta Cuba Guatemala Mexico Peru  Uruguay Total Total

Rica No. (%)
HT 104 3 2 112 21 11 30 19 302 35
IR 106 2 2 %5 6 2 4 10 52 10 289 A
HT/IR 58 10 6 10 &4 10
PQ 15 1 14 1 1 2 36 70 8
VR 7 6 3 1 1 6 1 26 51 6
DR 2 1 1 1 25 3
MG 1 1 1 1 10 14 2
AP 4 2 2 8 1
Unident 3 1 2 6 1
HT/AP 1 1 0
HT/DR 1 1 0
HT/MG 2 2 0
HT/VR 1 1 0
VR/IR 1 1 0
Other 1 2 3 0
Totals | 321 [ 5 | 8 | 223 | 5 | 7 [ 18 | 20 | 3 | 167 | 2 [ 29 | 858 [100

Notes: (*) Not all countriesinclude year 2000 data.

Sources: for Argentina, CONABIA (2001); for Brazil, CTNBio (2001); for Peru, Guislain (2001); for Mexico, SAGAR (2001); for Chile, Hinrichsen (2000) and
James and Kratigger (1996); for Colombia, Artunuaga-Salas (2001); for Belize, Bolivia, Costa Rica, Cuba, and Guatemala, James and Krattiger (1996); and for
Uruguay, Blanco (1998). World data compiled from Courtmanche, Pray, and Govindasamy (2001).
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Table16
GM Fidld Trials* by Crop, 1987-2000.

Argentina Belize Bolivia Brazil Chile Colombia CR?i?:t: Cuba Guatemala Mexico Uruguay Tl\cl)gal TooAt)al

Maize 173 3 205 21 1 2 34 13 460 47
Soybean 50 1 1 62 9 11 15 15 164 17
Cotton 28 1 3 36 1 3 38 110 12
Sunflower v 44 5
Tomato 6 2 30 38 4
Potato 7 4 2 2 1 7 5 28 3
Canola 8 11 1 2 22 2
Other Veg. 5 1 13 19 2
Sugarcane 14 3 17 2
Wheat 7 1 5 13 1
Fruit 2 1 1 15 19 2
Tobacco 2 1 3 4 10 1
Rice 3 3 1 1 1 9 1
Other 4 2 3 1 10 1
Sugar Beet 1 3 1 5 1
Flowers 1 1 2 0
Alfafa 1 1 0
Total 321 5 8 330 55 7 18 20 3 167 29 971

Notes: (a) Field trial totals refer to the number of applications for transgenic crops that have been approved in each country.

Sources: for Argentina, CONABIA (2001); for Brazil, CTNBio (2001); for Peru, Guislain (2001); for Mexico, SAGAR (2001); for Chile, Hinrichsen (2000)
and James and Kratigger (1996); for Colombia, Artunuaga-Salas (2001); for Belize, Bolivia, Costa Rica, Cuba, and Guatemala, James and Krattiger (1996);
and for Uruguay, Blanco (1998). World data compiled from Courtmanche, Pray, and Govindasamy (2001).



V. Challenges for Accessing the Benefits of Biotechnology

The application of biotechnological approachesto
the agricultural industry opens a wide scope of
potential benefits, yet many of these benefits may
not be achieved if a number of important issues
are not resolved. Some of these issues are related
to the organization of technology and innovation
systems and the scientific basis of biotechnology
and its interface with traditional agricultural -
search. Others refer to biosafety considerations
and consumer acceptance. There are also issues
emerging from the proprietary nature of the new
technologies as well as relating to the characteris-
tics of the technology delivery mechanisms n-
volved.

Chronic Underinvestment in Agricultural
Resear ch vis-a-vis Large I nvestment
Requirementsand Long Time Lags for
Biotech Research

The novel character of the science involved and
the relatively long periods required to get prad
ucts into the markets (Figure 1) converge to make
the biotechnology industry an expensive one. The
cases of the U.S. Agricultural Research Service
(ARS), the Rockefeller Foundation’s Interna-
tional Rice Biotechnology Program and China's
efforts in the field, are good examples of the long
lags and substantial investment involved.

ARS has placed significant emphasis on biotech-
nology research for more than a decade, with an
annual budget of at least $110 million,®® an
amount equal to some estimates of the biotech
expenditure of all national agricultural research
systems worldwide (Horstkotte-Wesseler and
Byerlee 2000). ARS has conducted nearly 100
GMO field trials. Its research complements
applied technology development by private
companies and state agricultural universities in
the United States. However, no ARS
biotechnologies are being used by farmers.

The Rockefeller Foundation’s experience with
the International Rice Biotechnology Program is

23 Personal correspondence (Paul Heisey). See also
Heisey et a. (2002) for a recent discussion of the privati-
zation of plant breeding in developed countries.
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similar. After more than 15 years and over $100
million invested, transgenic rice varieties are just
starting to be field tested in Asia, due to prdblems
in obtaining biosafety permits and public resis-
tance in some countries, as well as the complexi-
ties of negotiating the proprietary rights associ-
ated with several genes and processes incorpo-
rated into the new varieties so that they can be
used commercially (Horstkotte-Wesseler and
Byerlee 2000). In both cases, the research repre-
sents impressive scientific accomplishments and
has made important contributions to human e-
source development, but its direct impact on pro-
duction is still very limited, in spite of large and
sustained investment efforts.?

The small returns of these biotech programs result
from the need to identify useful genes and develop
techniques for inserting them into plants. The
creation of a useful GMO combines the products of
two distinct scientific  undertakings. a
biotechnology step and a plant breeding step. The
biotechnology step produces a genetic event or gene
transformation that is useful in solving an
economically important agricultural problem. The
gene must then be combined with an adapted crop
variety to create a viable commercial GMO. Once
the biotechnology step has been successfully
completed, the development of an adapted cultivar
is accomplished using conventional plant breeding
techniques. The plant breeding step is scientifically
routing, but for a GMO to be successful requires
that the genetic event be placed in a variety with the
agronomic traits desired by farmers. Farmers will
not accept a GMO unlessit is packaged in a genetic
background  with  acceptable  performance.
Achieving farmer acceptance and access to
improved varieties, GMO or conventional, remains

24 China's experience is also one of modest impacts in
spite of a quite serious level of investment commitments.
China was spending about $90 million annualy in the
late 1990s and is now spending over $100 million on
agricultural biotechnology (Huang et a. 2001). The na-
jor benefits for farmers and consumers have been the
diffusion of Bt cotton, which they likely would have ob-
tained from Monsanto and Delta and Pineland varieties
even if the public sector had not developed competing
varieties.
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Figure 1. Discovery and development process of a transgenic crop variety
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Source: Covenent (2000).

an unmet challenge for most crops in most LAC
countries.

If public or private breeding programs can dotain
useful genes like Bt, the plant breeding step is
likely to have a high payoff. An institution can be
a successful provider of GMOs without possess-
ing any biotechnology research capacity. For ex-
ample, Delta and Pineland Seed Company
(D&PL) is a modest size seed company with just
eight U.S.-based cotton breeders and three breed-
ers in other countries, and has never had signifi-
cant biotechnology research capacity.”® Yet,
through the use of licensing agreements with
Monsanto, it has become one of the world’'s larg-
est marketers of GMO crop seeds, selling GMOs
in six countries including Mexico and Argentina.
The implication is that LAC countries can obtain
access to GMOs without passessing the capacity
to produce genetic events. At present, the
capacity of public institutions in LAC, or
anywhere in the world, to produce useful genetic
events is limited. Industrialized countries have

% D&PL’s first investment in biotechnology research
occurred in 1998. By 1999 one scientist was operating a
small lab focussing on identifying useful markers.
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invested heavily in agricultural biotechnology
research.

According to Kalaitzandonakes (2000) public
sector investment in the European Union was gp-
proximately $100 million annually during the
mid-1990s, and Japan invested $260 million in
2000. Data on the size of private sector biotech
nology expenditures are sketchy, but the available
evidence suggests that investments are substan-
tial. Table 17 is a partial listing of some 100 h-
lateral research agreements between product
firms such Pioneer and Monsanto and research
providers that were announced between 1997 and
2000. Only a dozen of these agreements include
information about contract values, which range
from $20 million to $218 million and total $838
million. Nonetheless, after two decades and sev-
eral billion dollars invested, only a handful of
products have reached the market, and only three
have been widely adopted (RR soybeans and Bt
cotton and Bt maize).



Table17
World Research Agreementsin Agrobiotechnolgy, 1996-2000

Company Company Research Area Year Contract Value
AgrEvo Genel.ogic Disease resistance 1998 $45 million
AgrEvo Netgenics Bioinformatics 1999 NA
American Cyanamid Hyseq Genomics 1999 $60 million
Aventis Lynx Functional genomics 1999 NA

BASF SunGene Plant biotechnology 1999 NA

BASF Metanomics Plant biotechnology 1999 NA

BASF Incyte Genomics 1996 NA

Bayer Arqule Library screening 1999 $30 million
Bayer Exclixis Chemical screening 2000 $200 million
Bayer Paradigm Genetics Herbicide development 1998 $40 million
Ceres Genset Gene sequencing 1999 NA

Dow Agro BioSource Technologies Functional genomics 1997 NA

Dow Agro Integrated Genomics Product devel opment 1999 NA

Dow Chemicals Diversa Novel enzyme 2000 $80 million
DuPont Maxygen Novel genes 1999 NA
DuPont Lynx Geneidentification 1998 $60 million
FMC Xenova Novel insecticides 1998 NA

Hitachi Myriad Genetics Proteomics 2000 $26 million
Monsanto Paradigm Genetics Functional genomics 1999 NA
Monsanto Genetracer Plant-animal genomics 1997 NA
Monsanto Millenium Plant genomics 1997 $218 million
Monsanto Molecular Applications Function of novel proteins 1999 NA
Novartis Myriad Genetics Cereal genomics 1999 $34 million
Novartis Chiron Combinatorial chemistry 1997 NA
Novartis Agribus Diversa Novel enzymes 1999 NA
Novartis Institute Invitrogen Functional genomics 1999 NA
Paradigm Genetics Lion BioSciences Genomics 2000 NA
Pioneer CuraGen Genomics 1998 NA

Pioneer Maxygen Gene performance 1999 NA

Pioneer Oxford GlycoSciences Protein analysis 1998 NA

RhoBio CeleraAgGen Corn genes 1999 NA

RhoBio CSIRO Gene expression 1999 NA

Rhone Poulene Agritope Functional genomics 1999 $20 million
Rhone Poulene Inst. Of Molecular Biology Rice genomics 1999 NA

Zeneca John Innes Centre Wheat genomics 1998 NA

Zeneca Maxygen I nput-output traits 1999 $25 million

Source: Kalaitzandonakes (2000).

Another emerging

constraint is
biotechnology products demand long develop-

that ag

R&D has risen significantly, in LAC it still
proportion of total

represent a very small

ment time until a product is ready for marketing
(usualy more than 10 years). Given that invest-
ments to continue to upgrade equipment are le-
coming scarce or even unavailable, it is difficult
to finish potential pipeline praducts.

Private research investment levels in LAC are
also below those of other regions. While in the
United States, Australia and Canada, private

investments. With the exception of plant breeding
research in some cereds and oilseeds in
Argentina, Brazil and Mexico, and in some
plantation tropical crops such as coffee and
sugarcane in Brazil, Colombia and Central
America, the evolution of private R&D has
followed essentially the same direction as public



funding.?® This investment trend reflects the fact
that potential markets in LAC are not of
sufficient size to support significant R&D efforts.
Large potential markets exist for only afew crops
in Argentina, Brazil and Mexico (Table 18).

Table18
Esimated Value of the
Commercial Marketsfor Seeds and
Planting M aterialsin some LAC Countries, 2000

Country (M\i/II"J‘IgES)
Brazil 1200
Argentina 810
Mexico 350
Chile 120
Paraguay 70
Colombia 40
Balivia 35
Ecuador 12
Dominican Republic 7

Source: developed by the authors based on misc.
USDA and American Seed Trade Association
publications.

Together these three countries account for more
than 80 percent of the total cropped areain LAC,
and more than 85 percent of the area under the
main commercial crops of maize, soybean, and
cotton (Table 19).

A key question facing national agricultural e-
search systems with limited funds is how much
should they invest in developing the capacity to
perform basic biotechnology esearch. Without
biotechnology capacity spillover benefits from
research can be accessed through effective plant
breeding if useful events are available from other
sources. However, the main reason for supporting

% Private investments in agricultural research the U.S.
have nearly tripled in real terms from 1960 to 1995 to
about $3.5 hillion, representing almost 60% of total e
penditures (Fuglie et a. 1996). For LAC, no estimate
places private research over 15% of expenditures (Ardila
1999; Trigo 2000)

gene discovery capacity at the local level is that it
will increase the availability of events targeted at
regionally important agricultural problems. With
out that capacity, the availability of GMO prad-
ucts will be dominated by temperate events ce-
veloped by transnational companies for agricul-
ture in other countries, principaly the United
States.

The Potential Integration of Biotechnology
and Agricultural R&D at Universities and
Resear ch Institutes

Universities and Research Institutes

Biotechnology is not an alternative type of -
search that should be conducted separately from
traditional agricultural research technologies.
Conceptually, biotechnology transforms and
greatly extends the scope of technological possi-
bilities of agricultural research, but should still be
considered as a set of tools which complements
traditional research approaches, making them
more efficient and effective.

The nature of this complementarity is evident in
areas such as crop breeding and epidemiology. In
crop breeding, biotechnological approaches —
(genomics and modern genetic engineering) can
make breeding more efficient and effective in
time and focus. Biotechnology aso provides
technological alternatives that were not possible
just a few years back, allowing the design of
completely “new” products. Once the new con+
structs are available there is dtill the need to
backcross the new GM varieties into the broad
germplasm basis of existing commercial varie-
ties, and undertake the large-scale field evaua-
tions to adapt the new products to local ecologi-
cal conditions and cultural practices. This step is
still to be done through conventional crop breed-
ing and agronomic work and through the type of
public/private collaborations on which agricul-
tural technology development systems have been
based until now.?’

%" See Morris and Ekasingh (2002) for a recent discus-
sion on the roles for the public and private sector plant
breeding research in developing countries.



Table19

AreaHarvested with Major Cropsin Latin America Average 1997-99 (1,000 ha)

Countries [Maize | Soy [Wheat|Beans [Rice  [Sunflwr [Cassava [Veg  [Cotton |Banana [Potato [Plantain [Oats [Sweet Potato[Canola | Total

Brazil 11,592 12,585 1,399 3,958 3,322 7 1574 428 714 524 174 - 196 55 17 36,615
Argentina 3,067 7,171 5607 267 242 3,454 16 203 802 8 115 - 279 17 3 21,252
Mexico 7,479 Q 727 1,819 9 3 1 563 199 69 64 - 72 2 1 11,196
Paraguay 365 1,064 172 63 28 54 232 4 160 3 0 - - 10 - 2,196
Colombia 528 3 20 131 409 - 190 100 54 51 167 385 - - - 2,067
Bolivia 283 580 169 13 132 111 36 111 51 3 13 15 5 3 - 1,678
Peru 440 3 123 9% 273 - 77 170 81 - 263 115 5 15 - 1,663
Ecuador 456 20 28 59 336 0 26 78 8 204 62 63 1 0 - 1,341
Guatermala 611 18 5 130 13 - 5 39 2 24 8 7 - - - 862
Venezuela 373 3 1 42 158 6 %! 64 37 52 18 61 - 2 - 860
Chile 93 - 380 A 2 4 - 0 - - 62 - 88 1 21 804
Haiti 273 - - 58 58 - 73 37 4 42 1 45 - 56 - 647
Uruguay 60 9 215 5 178 104 - 17 - - 9 - 12 6 - 645
Honduras 409 2 2 91 1 - 1 27 1 2 2 13 - 1 - 582
Cuba 0 - - 47 131 - 73 85 - 17 14 55 - 44 - 555
Nicaragua 245 14 - 176 71 - 5 11 2 2 2 4 - - - 533
El Savador 317 1 - 79 13 - 2 8 1 6 1 3 - 0 - 431
Dom. Rep. 27 - - 3 111 - 19 30 - 31 2 31 - 7 - 291
CostaRica 18 - - 39 66 - 6 14 0 48 4 8 - - - 204
Panama 62 0 - 8 89 - 5 8 - 19 1 10 - - - 203
Guyana 3 - - - 139 - 2 1 - 2 - 5 - - - 152
Suriname 0 0 - - 55 - 0 2 - 2 - 1 - 0 - 60
Jamaica 2 - - 0 0 - 1 13 - 16 1 2 - 2 - 36
Belize 18 - - 5 5 - - 1 - 4 - - - - - 33
Martinique - - - - - - 0 2 - 11 - 1 - 0 - 14
Puerto Rico 0 - - 0 - - 0 6 - 2 - 5 - 0 - 14
FrGuiana 0 - - - 9 - 2 1 - 1 - 0 - - - 13
S. Lucia - - - - - - 0 0 - 9 - 0 - 0 - 10
Trin& Tob 2 - - - 2 - 0 2 - 1 - 1 - 0 - 8
Guadelpe - - - - - - 0 2 - 6 - 1 - 0 - 8
S.Vin/Gren 1 - - - - - 0 0 - 4 - 0 - 1 - 6
Dominica 0 - - - - - 0 1 - 3 0 1 - 0 - 5
Barbados 1 - - - - - 0 2 - 0 - - - 1 - 3
Bahamas 0 - - - - - 0 2 - 0 - - - 0 - 3
Grenada 0 - - 0 - - 0 0 0 1 - - 0 - 2
Anti&Barb 0 - - - - - 0 0 1 0 - - - 0 - 1
Montserrat 0 - - - - - - 0 0 0 0 - - 0 - 0
Caymans. - - - - - - 0 0 - 0 - - - 0 - 0
SKitt& Nev - - - - - - - 0 0 - 0 - - 0 - 0
BrVirginls - - - - - - - - - 0 - - - - - 0
LAC total 26,814 21,601 8,847 |7,155 |5,975 3,812 12,391 (2,174 2,117 1,222 ]1,100 833 688 225 42 84,996
% Area 32 25| 10 8 7 4 3 3 2 1 1 1 1 0 0 100

Source: FAO
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A critical issue for biotechnology is that many
countries have convinced new institutions to car
duct basic biological research that is relevant to
agricultural research, but these new institutions
are not often closely linked to agricultural e-
search and technology transfer organizations.

While traditional agricultural technology has
been developed within “dedicated” institutional
settings (national institutes, specialized agricul-
tural research centers, agricultural colleges), bio-
technology is linked to the basic science envi-
ronment. Traditional agricultural R&D has a ver-
tical structure, where the development of the ba-
sic knowledge and its applications to technology
generation are closely interrelated, usually under-
taken within the same organization. Biotechnol-
ogy development, on the other hand, is of a hori-
zontal nature. The discovery of rDNA and the
principles of genetic engineering are applicable
across a broad range of subject matters in health,
environment, industry and agriculture. Biotech-
nology capacities are of a generic nature and its
natural institutional environment is the basic sci-
ence department of the universities and the ak-
vanced research institutions, which at present are
not linked to the technology delivery systems of
the region.

According to an FAO survey of the early 1990s
(Villalobos 1997) more than 1000 researchers
were working in biotechnology related areas in
the region; the majority of them in universities.
Agricultural research institutes accounted for
about 35 percent, and private firms for the re-
mainder. Scientific production indicators also
support the greater diversity of institutional par-
ticipation in the biotechnology development. Ac-
cording to CABI, in the mid-1990s about 65 per-
cent of scientific publications concerning inter-
mediate biotechnologies and close to 70 percent
of those involving modern or advanced technolo-
gies belong to university researchers. The ISNAR
survey mentioned before shows that universities
are the most active actor, with public agricultural
research institutes presence only in the case of the
larger countries.

Table 20 shows that most organizations involved
in biotechnology do so as part of extensive net-
working arrangements involving institutions in
their same countries (45.5%), dher LAC coun
tries (13%), Europe (21.2%), the United States
(18.8%) and elsewhere. This greater diversity of
actors has significant implications for scientific
and technological policy-making. One implica-
tion is that since organizational cultures and -
centives vary significantly from institution to in-
stitution, special programs and incentives are
needed to persuade biologists and agricultural
scientists to work together. *®

The second implication is that while in the tradi-
tional environment public policy toward agricul-
tural research and technology development was
largely determined by direct investments (budg-
etary allocations) and priorities set in the public
agricultural research institute, in this more diver-
sified institutional environment, institutional allo-
cations become less relevant as instruments of
public policy compared with other mechanisms,
such as competitive funds.

Public and Private Sector

The biotechnology and the plant breeding re-
search steps for GMOs grown commercialy ©-
day have only occasionaly taken place in the
same institution, and need not occur in the same
country. In fact, at present nearly all GMOs
grown commercialy anywhere in the world are
the result of genetic events produced in the
United States, and with few exceptions based on

28 An example of what can be done is the virtual genome
institute financed by FAPESP (the State of S&o Paulo
Research Foundation, www.fapesp.org.br). This program
brought together biologists from 30 general universities,
medical schools, agricultural universities, agricultural

research institutes and private sector research programs
to sequence the plant pathogen Xylella fastidiosa . It pro-
vided money for equipment, research supplies, buildings,
and the excitement of working as a group on the cutting
edge of scence. The result was that they were the first
group in the world to completely sequence a plant patho-
gen.




Table20
L AC Biotechnology Collaboration with Advanced Resear ch I nstitutes, 2000

Surveyed Country of the Advanced I nstitution Total
Country
SA [AR[BRJCU[MXJLAJUSJCAJUK]FR ]S [OEJOD

Argentina 4 - - - 2 - 14 - 2 1 5 10 4 82
Braxzil 62 1 - - 2 3 16 1 1 1 7 4 5 113
Chile 47 2 2 3 5 8 16 1 2 1 3 5 4 99
Colonbia % 1 4 6 1 10 3 2 1 8 2 19 6 146
CostaRica 14 - - - 5 2 4 - 2 6 1 9 - 43
Ecuador 9 - - - - 10 4 - 1 - - 10 - 34
Guatemala 9 - - - - 1 - - - - - - - 10
Jamaica - - - - - - - - - - - - - -
Paraguay - - - - - - - - - - - - - -
Peru 3 2 1 2 - 1 14 1 3 2 - 9 - 38
Trinidad & Tobago - - - - - - - - - - - - - -
Uruguay - - - - - - - - - - - - - -
Venezuela 36 - - 1 - 7 7 - - - 1 2 - 54

TOTAL [280] 6 | 7 |12 [ 15 [ 42 [105] 5 [ 12 | 29 | 19 | 68 | 19 | 619

Notes: US = United States of America; CA = Canada; UK = United Kingdom; FR = France; SP = Spain;

OE =
CU =

Source: ISNAR (2000).

biotechnology science performed by
multinational companies.®® The commercial
arrangements  between the firms providing
genetic events and the seed companies are varied,
with licensing and royalty arrangements being the
most commonly used. To date, the multinationals
have proven willing to provide access to genetic
events to virtually any interested company.
Based on experiences in LAC and the rest of the
world, it is clear that through the use of licenses,
an institution can be a successful provider of
GMOs without possessing any biotechnology
research capacity.

29 The exceptions are 400 ha of virus resistant papaya in
Hawaii developed by Cornell University (James 2001)
and approximately 100,000 ha planted to China Acad-
emy of Agricultural Sciences' Bt cotton (Pray et al.
2001). In LAC, the Bt cotton transformation was accom
plished by Monsanto and was introduced into Mexico
and Argentinain a Delta & Pineland variety, DP33b, the
same variety used to introduce Bt cotton in the US. RR
soybeans, the biggest commercial GMO is also based on
agene from Monsanto.

37

Other European countries; OD = Other Developed countries; SA = Same Country; AR = Argentina; BR = Brazil
Cuba; MX = Mexico; LA = Other Latin American countries

The private sector generated no more than $20
million in revenue from GMO seed salesin LAC
in 2000, and perhaps half that amount in develop-
ing countries in other parts of the world. The
slow rate at which political, biosafety and intel-
lectual property obstacles to GMO use are being
resolved suggests that the private sector will
move slowly in making large investment com-
mitments in Latin America and the Caribbean.
Until then, private interest is likely to continue to
focus on adapting events already developed for
U.S. agriculture, and on a few high value planta-
tion crops whose marketing chain favor IP cap-
ture. Hence, we should expect to see GMOs &
veloped and marketed for maize and cotton in
Brazil, Argentina and Mexico and for coffee and
sugarcane in several countries. The private sector
cannot be expected to make significant invest-
ments in developing events for pure line crops
such as whest, rice, and beans; it will most likely
be unwilling to finance the large investments re-
quired to conduct research targeting LAC events
until the business climate becomes more certain.



Thus, to get access to these proprietary
technologies for smaller crops or pureline crops,
public sector organizations will have to work
with private companies. In some cases, private
firms may be willing to donate the technology if
they are assured that it will not be used to
compete against them and will be used in a way
that will not lead to public relations or liability
problems for them. Public organizations could
purchase these technologies for a lump sum
payment or for royalties. In afew cases the public
sector might have technology or germplasm that
they could use to barter to get access to
technology. The public sector might get access to
the technologies through an international center
such as CIMMYT or IRRI and/or an organization
like ISAAA working as intermediary. Finaly,
there is the possibility of longer term research
collaboration with private firms that would give
the public sector not only access to specific
technologies, but also access to some of the
scientific knowledge and tools controlled by
private firms. At present there are no public
organizations in the region making more than
occasional use of proprietary research inputs
from other institutions, public or private. Missing
in the region is a means to institutionalize the
search for useful technologies, and to negotiate
their use.

Technology purchases and public/private re-
search collaboration require new attitudes and
policies; including the willingness to work with
private sector scientists, the capacity to negotiate
with firms and deal with IPR issues, and be car
cerned about the bottom line.

A Credible Capacity for Biosafety
Oversight

Modern biotechnology offers a wide array of
benefits for agricultural development and for
consumers. However, because of the novel char-
acteristics of some of its components, particularly
GMOs, biotech raises a number of concerns re-
garding their safety for human health and the en-
vironment that have been addressed by a rela-
tively large number of studies, panels and com-

mittees.® In spite of the general agreement about
the safety of the new technologies, because of the
novelty involved and the lack of solid scientific
evidence in some fields (mostly relating to eco-
logical consideration about gene transfer into re-
lated species and biodiversity impacts). Public
willingness to accept biotechnology products is
closely tied to their faith in the integrity and sci-
entific validity of regulatory bodies. Therefore, a
competent, apolitical and transparent regulatory
system is a necessary condition for the develop-
ment of the biotechnology industry. This is a
condition that is satisfied in few countries in the
world.

Table 21 summarizes biosafety regulations in
Latin America and the Caribbean. The overall
picture is one of extreme weakness. Only a few
countries (Mexico, Costa Rica, Cuba, Brazil and
Argentina) have operational systems, with most
of the rest presenting very recent or partia
frameworks (Colombia, Peru, Bolivia, Paraguay,
Chile, Uruguay), or having no forma mechanism
in place. Even in the case of the more advanced
systems, some recent evauations indicate that
regulatory frameworks require in-depth analysis
and strengthening, particularly with regard to
their autonomy of operation and the access and
availability of scientific information to support
the risk assessment process. An ISNAR study of
Argentina —(prabably the most advanced country
in terms of the commercia use of GMQOs) car
cluded that the existing mechanisms need im-
provement in at least four areas (i) the clarifica-
tion of the institutional roles and responsibilities
of the different administrative, technical and -
litical levels involved in the evaluation and a-
proval process, (ii) the scope and depth of the
scientific base available to support the decision-
making process, (iii) the efficiency and transpar-
ency of the review processes, and (iv) public
awareness and acceptance.®

Biosafety concerns revolve around several key
issues, including out crossing and gene flow from

%0 For a summary of the findings of the different studies
see ISNAR (2001).
31 Burachik and Traynor (in press).



GMOs to related and wild species, disease and
insect resistance changes, and effects on non-
target organisms (e.g. earthworms, microorgan
isms, leaf litter breakdown, non-target arthropods
including pollinators and beneficial arthropods,
grazing birds and mammals). These are areas
that have not been of major interest prior to the
appearance of genetic engineering techniques.
Subsequently, relatively little accumulated
knowledge or scientific capacity exists in the re-
gion. Gere flow, pest resistance and non-target
effects are all issues requiring studies that include
a breadth of geographic and temporal coverage,
hence requiring a significant commitment of h+
man and financial resources.

Another key scientific capacity needed for
regulation of transgenic technology is the
capacity to conduct food safety (health)
evaluations. Credible health evaluations will be a
key contributor in securing consumer confidence
in biotech products. Two levels of food safety
capacity can be identified. The first level applies
to transgenic products such as RR soybeans that
have already been goproved in another country.
Approva would require the capacity to evaluate
the health trials conducted in the country of first
approval and to identify any relevant scientific

gaps.
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The second, more sophisticated level, is the abil-
ity to conduct the laboratory analyses needed to
generate the nutritional data (Nutrients (proteins,
amino acids, calories, vitamins and proximate
composition: ash, moisture content, crude pro-
tein, crude fat, crude carbohydrates) as well as
the capacity to conduct evaluations of allergen
city (homology to allergens), natural toxicants
(homology to toxicants), anti-nutritional effects,
and protein digestibility.

Finally the capacity to devise, monitor and e+
force pest resistance management strategies is an
important, and untested area. Current resistance
management plans rely on maintaining sufficient
refuges of conventional crops to foster popula-
tions of non-resistant insect strains that can then
cross-breed with resistant populations should they
develop. Plans for Bt cotton in Mexico, for ex-
ample, require farmers to plant no more than 80
percent of their cotton area with transgenic varie-
ties. Monitoring compliance in small farmer agri-
cultural settings will be extremely difficult. The
level of compliance even in the United States is
unclear.



Table21
Summary of Status of Biosafety Regulationsin LAC Countries, 2000

Existence For mal

Country . Level of thenorm Coverage Comments Operational Experience
M echanism
g:‘c'?;g'rg”aﬁ ad | N Morethan 500 field trials,
veterinary Use (norm Adwsory Commission. _Procedure |nc.l uding commercial releasesin
Ministerial : : . includes health and environmental | maize, soybeans, cotton,
Argentina Yes Resolution cor&cernl ng_gnl Qa] s_' S | evaluations; commercial risks of sunflower, potatoes, canola,
(1991) ;jr?erirh(i;\)/r;s'b:én lon; introduction of GMOs also wheat, rice, and sugar beets.
lunt aluati evaluated. Commercial releasesin
\égoli? ;?’me&\ﬂ/ s)u on soybeans, maize, cotton.
Advisory Mechanism based on
Ministerial adaptation of seeds law. Emphasis | Field trials conducted in maize,
Chile Yes Resolution Coversonly plants is on “winter nursery”, situations soybeans, tomatoes, canola,
(1993) now extended to cover local wheat, tobacco and sugar beets.
rel eases.
Advisory Mechanism based on
adaptation of seeds law. Emphasis
Ministeri ison “winter nursery”, situations | Field trials conducted in several
inisterial . .

Uruguay Yes Resolution Coversonly plants now extended to cover local Species. C_:ommermal releaseg
releases. It does not cover approved in soybeans and maize.
laboratory experimentation only
field experiments.

Paraguay Yes gg(')ﬁﬂ';l] Coversonly plants Q(Sc\lllsfgaysM echanisms for executive No operational experience.

Wide coverage (plants, Large number of field trials, no
_ ng (National an_i mals, _ Executive mechanism includes commercial approvals, in maize,
Brazil Yes Biosafety Law # | microorganisms) of sanctionsto infractors. soybeans, cotton, potatoes,
8974 of 1995) health, agriculture and ' sugarcane, fruits, tobacco and
the environment rice.
L . : . Limited experience with field
Balivia Yes ggéﬁﬂgﬂ Coversonly plants Qedc\:ls?g%M echanismsfor executive trialsin cotton and potatoes. No
commercial releases.
The mechanism is of an advisory
Wide coverage (plants, | nature and is part of the biodiversity
Per(i Yes Law (1999) animals and protection law. Specific procedures

microorgani sms)

applicableto the agricultural sector
are still under. review.

(continued)




Table21(Cont.)
Summary of Status of Biosafety Regulationsin LAC Countries, 2000

Ministerial Advisory mechanisms, it doesnot | Limited experience with field
Colombia Yes Resolution Coversonly plants cover laboratory work; only field trialsin flowers and cotton. No
(1998) evaluations. commercial releases approved.
The Biological
Diversity Law,
passed on May The system been organized is based
2000 includes a on an Advisory Commission on
Approved, in chapter on _ Bi'os.ﬁfety which Wi” operatein the
Venezuda process of, biosafety, which | Coversal GMO aniits | Ministry of the Environment, while
N served as the basis | derivatives monitoring and control functions
organization for the system are to be implemented by the
been set in place different sectorial Ministries
(expected to bein (Agriculture, Health, etc.)
operation 2™
semester 2001)
Some countries (Jamaica, T&T)
English _ . have regulatior)s for the im_port of
Speaking There isno region GM plants; their coverageisfor
Caribbean wide framework. laboratory and field trials. In
Jamai ca they are been applied to
TG papaya
Decrge La!sN #190 |Wide application Follows the guidelines of the Con- Field trials approved in potatoes,
Cuba Yes on Biological (plants, animals and . . . . . canola, vegetables, sugarcane and
. ) vention on Biological Diversity. ;
Safety microorgani sms) tobacco. No commercial releases.
Nat.Tech.Advisory
Committee on . . . N .
. : Normative emphasisin the control | Field trialsin maize, soybeans
CostaRica Yes ggf;f:ﬁg/n(f ;zp Only plants “winter nurseries’ situations. cotton, and wheat
N°7664)
Mexican Federal Wide coverage Resolutions of obligator Fi elgi trials approved in maze,
Mexico Yes Norm (plants, animal, S gatory soybeans, cotton, tomatoes, .
(1995) microorganisms) applications. vegetables, canola, wheat, fruits,

tobacco, rice and afafa

Note: Ecuador, Dominican Republic, Panama, Nicaragua, Honduras, El Salvador, Guatemala do not report any formal mechanism in operation
Source: the authors based on information from ISNAR (2000), Regulatory Agencies Web Sites and personal information and communications with regulatory authorities.
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The Proprietary Nature of the
New Technologies

By comparison with conventional research
approaches, the new biotechnologies bring
about a displacement of the “technological
space” toward the private dimension. It is not
only that a large proportion of the final prod
ucts are subject to intellectual property protec-
tion mechanisms. Proprietary claims are also
rapidly enveloping the tools that researchers
use to develop new products. It is this charac-
teristic —(which sets the stage for the possibil-
ity of protecting and recouping R&D invest-
ments) that has provided the incentive for the
private sector to mobilize large sums of
money and invest in agro-biotechnology e-
search and development. This trend, however,
has a number of important implications for
research organization and management, as
well as for the public/private roles in technol-
ogy development.

First, the growing importance of enforceable
property rights, covering both the tools as well
as the products of research, requires that the
public sector re-examine its role in agricultural
research and development activities, including
the management and funding mechanisms. In
part, the whole issue of public goods should
be carefully reviewed since the existence of
potentially enforceable property rights makes
the distinction between public and private
goods not as clear as before. With the
possibility of enforcing property rights in
areas that were previously in the public
domain, the whole legitimacy of public
subsidies to research in these areas is being
challenged and is in need of revision,
particularly in the context of the perpetual and
dramatic underfunding of most public research
institutions. At the same time, if the processis
left to market forces aone, there will most
probably be a tendency to focus research on
those areas where IPR protection could be
more effective and profitable, sometimes
leading to a monopolization of key
technologies. Strong public sector research
institutions can serve as effective nstruments
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of market regulation to prevent nonopolistic
behavior by input suppliers. By providing
alternate sources of biotechnology products, or
pre-competitive technologies, NARSs can
help make markets contestable by lowering
barriers to entry to smaller firms that may not
be able to absorb all costs of product
development.

Even if we accept that the bulk of investments
and innovations will come from the private
sector and will be subject to IPR protection,
public sector research institutions will con
tinue to be essential (i) to develop and imple-
ment strategies to access proprietary technolo-
gies of importance for the country (joint ven-
tures, licensing within market segmentation
agreements, etc), (ii) to assure the applications
of the new technologies for a more efficient
and effective provision of private goods (i.e.
epidemiology and areas related to natural re-
source management and conservation) and
(iii) to make it more attractive for the private
sector to invest in research in areas that would
not otherwise attract enough investment due to
market size or risk. Cases such as sunflower in
Argentina, or the tropical crops in general are
good examples of the type of interactions
needed.

A second issue is that IPRs cause research
management to grow in complexity and cost.
Researchers now have a much more powerful
set of tools to work with, but they must learn
to manage the highly complex IPR
instruments that control their availability.
Long established patterns of intellectual
communication essential to the functioning of
academic institutions are aready being
disrupted, with noticeable delays in
publication due to IP cancerns. Intimidation of
potential users of biotechnology because of
complexity of IP issues and lack of experience
of small companies and public sector is a real
risk. Management of IPR is a key skill for all
research institutions. New skills and expertise
including negotiation, prioritization, freedom
to operate evaluation, and assessing relevant
patent claims are underdeveloped in all public



sector ingtitutions. This is an urgent skill after
January 1, 2002 when paterted technologies
will be registered in al countries.

The growing relevance of IPRs in germplasm
is aready proving to be a problem for public
plant breeders, who report increasing prob-
lems in gaining access to genetic stocks from
both private and public sources. If it can be
said that negotiating access to private sector
technology has been difficult, it must also be
recognized that no good model exists for shar-
ing proprietary technology between public
sector institutions. As an example of the
complications involved, third party transfers
between U.S. and LAC public sector institu-
tions can be obstructed even if the U.S. institu-
tion has ownership in the United States, le-
cause proprietary technologies licensed to de-
velop the product may not be transferable.
The international sharing of technology
among public sector institutions is therefore
rare. This is a critical issue that needs to be
resolved because the future rate of technologi-
cal progress generated by public sector instit u-
tions may depend nearly as much on their abil-
ity to negotiate access to existing component
technologies as it does on the scientific capac-
ity to assemble the components. No institution
will be able to act as if they are “technologi-
cally autarkic.”

Beyond the issue of access to knowledge and
materials, there is aso the increased comple x-
ity involved in managing the IPR required for
some biotechnological work. Private sector
research is much better positioned to maneu
ver in these situations both due to their organ-
izational flexibility and greater financia
strength to absorb the costs involved in gain-
ing access to what rights are needed in each
case. Given this situation, public research a-
ganizations need to develop specific capacities
and strategies to access the knowledge and
technologies they need to carry out their work,
but this is not proving to be an easy task ke
cause it implies a drastic departure from the
organizational cultures of most NARS organi-
zations.

Third, IPR issues are an integral part of trade
agreements. According to the Agreement on
Trade Related Aspects of Intellectual Protec-
tion Rights (TRIPS) signed in the context of
World Trade Organization (WTO), member
countries are obliged to provide at least some
level of patent protection for any invention in
al fields of technology for a minimum of
twenty years and for plant varieties in the
forms of patents and/or by a an effective sui
generis system. * In the case of biotechnology
innovations it is clear that innovations arising
from microorganisms and microbiological
processes are within the norm, but the defini-
tion of “discovery” is not clear in the case of
genes. Developing countries in general were
given until 2001 to comply with this require-
ment (the least developed countries were &
lowed eleven years to bring ther systems up
to compliance). The discussion about the im-
pact of these requirements is still very much
open. The main issues now under considera-
tion are how to protect the rights of indigenous
persons and farmers, and the ethical consid-
erations of the potertia increase in concentra-
tion of the supply side of the technology sys-
tems. The most direct implications, however,
are for export oriented agricultural systems
that are, in many cases, those who are in a bet-
ter position to exploit the new technologies.
Without proper IPR frameworks these coun-
tries may find themselves excluded from mar-
ket access.

Finally, the private sector’'s experience with
protecting intellectual property outside of
North America has not been encouraging, and
difficulties will remain even in the presence of
legislation. As measured by area of adoption,
herbicide resistant soybeans in Argentina and
Bt cotton in China have been the industry’s
two greatest GMO successes. Nonetheless, it
appears that the GMO developers have not
been able to capture revenue from even half
the planted area in either case because of seed
piracy.

32 For an extensive discussion of the issue see Lele,
Lesser and Horstkotte-Wessel er 2000.



Table22
Situation of IPR Protection in Agricultural Biotechnology Related Areasin LAC, 2000

Country Discovery Biol. Plants* Plar_1t - Animals Microorganisms | Genes
Process Varieties' | (Breeds)

Argentina no yes yes yes yes yes yes

Chile no yes ? yes no® yes ?

Brazil no yes no yes no no no

Uruguay no no no yes no yes no

Paraguay no no no yes no

Bolivia® no no no yes no

Peru? no no no yes no

Ecuador® no no' yes yes no yes yes

Colombia? no no no? yes no yes ?

Venezuela® no no no yes no yes yes

México no no yes yes no yes

CostaRica no no no no no ?

Notes: no means no protection, yes means there is protection; ? means not clear in the national regulations.
(a) Legislation is under the scope of Decision 344 of the Cartagena Agreement.
(b) Two patent applications for genes are filed (No. 262710.95 and No. 273859.95) but not yet approved.

(c) UPOV 78 and/or 91.
(d).Genetic modification.

(e) Animal races are explicitly excluded from patentability (law 19.039, Art. 37b) but not animals as such.

(f) Yesto obtain plant varieties, No for animals.

(9) Not defined. WIPO document reports no exclusion for plants from patentability but at the sametimeitis

apparently not possible to obtain a patent for a plant per se.

Source: developed by the authors on the basis of ISNAR (2000), I1CA (1993), World Bank (1999) and WIPO 2001.

The situation regarding IPR frameworks in the
countries of Latin America and the Caribbean is
quite dismal. Table 22 summarizes the status of
IPR legidation for those countries for which
information is available. Honduras, El Salvador,
Guatemala, the Dominican Republic, and the
English-speaking countries of the Caribbean do
not report any formal IPR system coverage, d-
ther for plants or for other types of inventions.

The most important point, however, is that in
those cases where legidation is available, cover-
age isunclear, and it could be said that no coun-
tries comply in full with the TRIPS agreement.
A recent ISNAR report on the matter rightly
highlights that these are new and complex issues
and in many cases, terms and conditions are just
being discussed. It will be some time before they
are settled and legally defined (Salazar et al.
2000).



The situation is somewhat different regarding
the protection of plant varieties because plant
breeders' rights have a longer history in the
region. Argentina, Chile and Uruguay have
had legislation in this area for about 20 years,
even though full implementation has only
been in force since the mid-1980s. Since then,
Mexico, the Andean Pact countries, and Brazil
have also adopted legidlation. In Brazil, the
enactment of plant variety legislation has had
a mgor impact on investment in the seed in-
dustry, but the impact in other countries has
been minor.

However, Jaffé and van Wijk (1995) showed
that the impact of this legislation is low, even
in those countries that have had it for a long
time. They also show, however, that it has had
an important indirect impact through the
strengthening of local breeding programs (es-
pecially in open pollinating species) and by
improving local industry access to advanced
varieties. This latter impact appears to be of
greatest importance for fruits and flowers (see
Banchero 1999).

This is an area where there is ample potential
for the countries of the region to work together
to define common interpretations and strate-
gies to deal with resources and opportunities
that in a great number of situations are of a
transboundary nature. At the research organi-
zation level, IPR issues are also very poorly
understood and managed. According to an
ISNAR (2000) study covering five countries
of the region, in 33 percent of the cases where
researchers were using protected technologies,
they had no information on the means of pro-
tection and most respondents were unaware of
the principles of territoriality of patents or of
the potential consequences for their research.
Most of the cases where formal were reported
were of the material transfer agreements type,
allowing the use of the technologies for re-
search, but restricting their use by third parties
and the eventual commercialization of the re-
sulting products. However, a majority of the
research centers (70%) did not anticipate prob-
lems from the dissemination of final products
from their biotechnology research, even
though the survey reports high expectations
about protecting these products; out of the 50

expected products reported, 74 percent are
expected to be protected, either by patents or
by plant variety protection (Salazar et a.
2000).

In summary, this situation clearly highlights
the extreme confusion that characterizes this
age of transition and the difficulties that tradi-
tional agricultural research organizations con
front in accessing and exploiting the tools of
the new technologies. Institutional and man-
agement innovations are needed if they are
going to be able to be part of the new R&D
scenario that is emerging. The definition of
institutional policies —(which may or may not
include the creation of IPR units) and the
training of researchers in the handling of 1PR
related matters appear as minimum common
steps that all organizations must undertake.
This is another area where there might be
economies of scale that justify a regiona or
subregional approach to some issues to com-
plement national activities.

The Technology Delivery Infrastructure

R&D capacities alone are not sufficient to ex-
ploit the potential benefits offered by biotech-
nology. Most of the relevant products of the
biotechnological approaches to R&D, are
technologies of the “embodied” type that must
be packaged either in seeds or in other physi-
cal inputs (such as diagnostic kits, vaccines or
yeast and other industrial inputs) before they
can deliver therr potential benefits. Conse-
quently, the capacity to develop prototypes
and scale them to industrial production and
marketing are critical components for devel-
oping the biotechnology sector.

In this context the existence of a functioning
(in terms of variety turnover) germplasm mar-
ket and industry is probably the most critical
issue kecause it is through the seed that most
of the input efficiency and product innovations
are incorporated into the food and fiber sys-
tems. The strategic importance of the seed sec-
tor is well substantiated by what has happened
to its structure over the past ten years and the
emergence of the “life sciences’ industry.
Seed industry support would likely be primar-
ily in the form for strengthening of key market



Ingtitutions  (such as IP legisla-
tion/enforcement, streamlining legislation con-
trolling seed importation and variety registra-
tion) and for the seed trade associations.
Other areas where industrial capacities are
needed are those of tissue culture, diagnostics
and veterinary poducts. In general, these -
pacities are inbred in “knowledge-based”
startups that are actively involved in the R&D
process, in some cases through joint ventures
with research institutions, but very frequently
having significant in-house research programs.
This trend is strengthened by the fact that in
many biotechnology areas the boundary be-
tween basic and applied research is not clear,
as many basic research efforts have potentially
important commercial applications. This justi-
fies direct private investment and makes the
traditional public/basic, private/applied aloca
tion of responsibilities in the technology -
velopment process less clearly defined than
was previously the case.

Technology delivery mechanisms —(or, in
other words, the existence of an active techno-
logical input market) are important not only
for what they mean for the organization of the
R&D process, but also because under these
conditions public policy and promotional n-
struments, in addition to research related n-
struments, must also consider actions and in-
struments in relation to the development of the
input industry. In the case of seeds, only afew
countries in the region appear to have effec-
tive crop breeding programs and a seed market
with sufficient turnover to support an active
pipeline of biotechnology based innovations.
The situation regarding other areas where op-
portunities exist does not seem to be very dif-
ferent. Most sources point to the existence of
only a handful of firms actively involved in
the development and commercialization of
plant and animal biotechnology products. The
majority of these efforts are in the simpler,
more traditional areas (tissue culture and diag-
nostics) with only a few using molecular biol-
ogy and genetic engineering as part of their
core business.

ISNAR (2000) reports that about 35 firms in
Argentina, 45 in Brazil, 30 in Chile and 25 in
Mexico are involved in manufacturing or ser-
vice ativities in the biotechnology area® In
general, tissue culture and micropropagation
applications are the more diffused technolo-
gies in use; however, there are also important
experiences in animal and plant heath prod
ucts, but not in the more advanced technolo-
gies. As a whole, the weakness of private sec-
tor developments at this level is one of the
more substantive limitations for the future de-
velopment of the system. The root of this
weakness does not appear to be linked to sci-
entific capabilities, but to other restrictions
affecting the creation of startups and private
investments in R&D. The weakness of the lo-
cal capital markets and the absence of risk and
venture capital mechanisms in most countries
are clearly key factors and potential areas of
future intervention.

Another set of issues related to countries
ability to exploit the benefits of the new
technologies are the capacity of marketing
systems to handle GMOs and other products
of biotechnology separately from their
conventional counterparts. This refers to the
logistical infrastructure required to run
“identity preservation” systems throughout the
marketing chain and to comply with the
labeling requirements that are emerging in
many markets. At the present time these
infrastructural requirements appear to be a
barrier to technology diffusion as price
differentials do not seem to justify their
development, and producers have been
reluctant to support initiatives to do so.
However, up to now the labeling discussion
has been approached mainly from the negative
side (to protect consumers right to know

33 Other sources reported in Trigo (1999) also iden-
tify a very small number of firms operating in coun-
tries such as Uruguay, Colombia, Costa Rica and
Venezuela. Cuba is also commercializing arelatively
important number of biotechnology products, includ-
ing recombinant animal vaccines, plant antibodies
and transgenic crops, as well as tissue culture and
micropropagation commercial scale applications.



about a potentially “harmful” event). When
the issue is set in a longer-term perspective the
relevance of this discussion changes direction.
The need for identity preservation and
segregation of GMOs within the food supply
chain becomes a critical aspect for the future
development of the technology, not because
the present consumer protection and/or rights
related aspects but as an essential instrument
to justify and/or protect investments in the
area.

As biotechnologies form what is usually re-
ferred to as the second and third waves, when
product quality traits become available, it is
the producers who are interested in identifying
the GMO origin of the product. In either case,
today thinking about environmental and con
sumer protection or tomorrow making possi-
ble differentiation opportunities, the limiting
factor for exploiting the potential benefits
(lower costs of production, or the new quality
characteristics of the products) is the capacity
of the logistical system to segregate GMOs
from the non-GMO crops.
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In most LAC countries, the logistica and
marketing systems, particularly in grains, oil-
seeds and other staples, have developed to ex-
ploit economies of scale in situations in which
identity preservation of individual lots brought
no aggregate value. In the case of the new
GMOs, segregation becomes the critical issue
for adoption and diffusion, as it is only
through segregation that markets will be able
to adjust their price signals in favor of the new
products, if in fact consumers are willing to
pay a higher price for the quality characteris-
tics offered. The needed private investments
for the new logistical infrastructure will only
become available if institutional innovations
are brought about in the present contractual
and market regulatory systems.



VI. Utilizing Agricultural Biotechnology Opportunities

The agricultural biotechnology situation in
LAC can be summarized around two observa-
tions. First, the region has pockets of high
quality biotech research capacity in molecular
transformation techniques, but with important
weakness both geographically and in area of
research. What is lacking is a strategic vision
and the ability to formulate priorities and -
ordinate the components of the innovation sys-
tem, covering a wide range of production con
straints, crops and livestock species. This &
pacity has evolved in and is limited by a very
restrictive R&D funding environment. In a
few countries public research capacity is sup-
ported by an appropriate biosafety and IPR
environment. The second observation is that in
terms of actual applications at the commercial
level, biotechnology is still at a very early
stage of development. Commercia use is
mostly of the cell biology and diagnostic tech-
niques. Genetic engineering applications are
concentrated in two countries, are mostly
within temperate production environments,
and are events that were developed by multi-
national carporations outside the region.

These biases should not come as a surprise, as
with al novel technologies initial diffusion
patterns tend to reflect the science base and
market sizes and, to date, most of the scientific
efforts in the field are of more direct applica-
tion to temperate agricultural production situa-
tions. The relevant questions, however, con
cern how biotechnology is expected to evolve,
whether it can serve society’s needs, and how
policy initiatives by the countries of the region
can increase their access to technologies that
can improve agriculture and the environment.
In the remainder of this section we concentrate
first on the possible scenarios for the devel-
opment of the technologies ard then look into
the policy alternatives that different countries
may want to consider. Specia attention is
given to issues where IDB interventions can
be of assistance.

Scenariosfor the Evolution
of Biotechnology

In discussing the evolution of biotechnology,
two types of considerations have to be taken
into account. One is the possible evolution of
the science, based on the type of research that
is being undertaken and the likelihood of that
research being successful. The second type of
consideration is related to non-science aspects
of biotechnology that may affect the flow of
resources to research and the eventual accept-
ability of research results.

Taking into account just the first type of
considerations, Table 23 presents what the
R&D pipeline will have to offer in the near
and nedium term. From this information, the
potential berefits for the countries of Latin
America and the Caribbean is quite evident
because the pipeline covers most of the
region's maor crops. This evidence also
reflects, however, a significant “temperate”
bias in the current orientation of industry
research. The main events that have reached
the market to date are essentially temperate
events and so are the majority of those close to
commercialization. This should not come as a
surprise as it is in temperate agricultural
situations where the R&D capacity, market
size and the technology delivery infrastructure
come together. However, it is also clear that
potential for biodiversity exploitation as well
as from improving socioeconomic conditions,
lies in tropical agricuture. Industry’s
temperate product development bias will not
change in the short to medium term as neither
scientific  capacities, market size nor
technology delivery infrastructures appear to
be adequate for significant events to be
developed. With the sole exception of Brazil
and plantation crops such as cdfee, cocoa,
bananas and sugarcane, no country in the
region has the scientific depth to undertake the
required efforts combined with sufficient
market area to attract the level of private effort
needed to fill the gap.



Table23
Summary of Near and Medium Term Trait Pipeline

Near Term
(1-5 years)

Input Traits

Herbicide tolerance extended to cotton®, maiz?, rice?, sunflower?, wheat®, potatc? lupin®,
clover®, peab, fodder beet, sugarbeet, sugarcane®, dfalfa® tomato, lettuce, sunflower, euca-
lyptus®, canola®, and soybean?

Insect resistance in afalfa rice, soybean® sunflower?, tomato®, sugarcane®, sweet potato®
peas’, apple, cabbage® tobacco® and poplar.

Durable insect resistance using multiple Bt & other genesin cotton®, sunflower?, and
maiZ.

Virus resistance in wheat?, potato®, luping, white clover”, tomato, sweet pepper, sugar-
cane®, barley®, papaya®, tobacco®, melon?, and squash?,

Bacteria/Fungus resistance corn, wheat?, bananas, sunflower?, rice, potato?®, canola®, carna-
tion”, and tobacco®,

Output Traits

Healthier/more nutritional food and feed in maiZ®, soy® canola® wheat™.

Remedies for vitamin deficiencies— Golden Rice’.

Enhanced microelements—iron levelsin rice.

Improved chemical structure — better flavor, color, taste, storage in potato®, tomato® carna-
tion? canola®, banana®, and pineapple®.

Improved fiber quality in wheat”.

Medium Term
(5-10 years)

Yield increase of wheat through hybridization.

Notes: (a) In trial in one or more LAC country; (b) In trial in countries outside of LAC. Field trial information included from
the following countries: LAC: Argentina, Belize, Brazil, Bolivia, Chile, Colombia, Costa Rica, Cuba, Guatemala, Mexico,

Peru, and Uruguay. Non-LAC: US, Austriaand Australia.

Sources: James (2000), James (1996), Brazil CTNBIO Ministerio da Ciencia e Tecnologia, INIA of Chile, Colombia Agricul-
tural Institute, SAGAR Direcion General de Sanidad Vegetal de Mexico.

From a broader perspective, Table 24 presents
three alternative scenarios for the development
of the biotechnology sector, adding to the exist-
ing information about the R&D pipeline and
likelihood of product availability under differ-
ent potential investment behaviors, public
awareness and demand conditions. The optimis-
tic scenario assumes the consolidation of the
technology and its transformation into the
dominant force for technical change in the food
and fiber sectors. It also assumes that current
levels of investment are maintained and that
most current expectations about product devel-
opment are met. It is the “high benefits’ sce-
nario.

On the other extreme, the pessimistic view &
sumes a deterioration of the present public a-
ceptance situation, that due to the occurrence of
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negative human heath or environmental im-
pacts R&D fails to deliver according to expecta-
tion or, most probably, a mixture or both situa-
tions. In this scenario there are no additional
benefits other than those to be obtained from
conventional approaches.

The third alternative represents the projection of
the current situation with a progressive leaning
toward the optimistic scenario, and is the one
we propose to use to evaluate the opportunities
offered by the new technologies. Two types of
considerations are relevant. One is the devel-
opment of credible biosafety and risk evaluation
mechanisms, and the continued accumulation of
scientific evidence favorable to the application
of the new technologies as an increasing rum-
ber of GMOs are released in the environment
without negative consequences.



Table24

Three Alternative Scenariosfor the Development of Biotechnology in the Next 20 years

Optimistic

Steady

Pesimistic

Biotechnology becomes doninant
technologica paradigm in agricul-
tural and food systems.

Current situation. Ag.
biotechnology continuesto rise
controversy and R&D inversion
become stagnant and mostly

Increased virulence in opposition
to GMOs by environment and
consumer groups, spreadsinto the
US. Labeling generalizes. There

General directed to isareduction in R&D invest-
non-human consumption related ments.
areas.
There isincreasing consumer ac- Europe and Japan allow GMOsto | European markets close to
ceptance in Europe, Japan and the | be used in animal feed and thereis | GMOs, labeling generali zes.
US. Chinabecomes amajor player |aslow and gradual increasein
Demand in theindustry. Salesin 2010 reach | consumer acceptance due to lack of
Side $ 25 hillion. major environmental or health
problems and | abeling.

Tissue culture and other Tissue culture and other cellu- Tissue culture and other
cellular approaches are widely used | lar approaches are widely used to | cellular approaches are widely
to produce improved planting produce improved planting materi- | used to produce i mproved
materials, aswell asbiological as, aswell asbhiological by prod- | planting materials, aswell as
byproducts. ucts. biological byproducts.

Diagnostic kits based on Diagnostic kits based on Pest resistance breaks down
molecular approaches are available | molecular approaches are available | quickly, other genes not as
for awide range of plant and for awide range of plant and effective in controlling pests.
animal health and food quality animal health and food quality Yield increases due to
applications. applications. improved hybrids only in canola.

Herb. tolerance spreads to most Herbicide tolerance and BT Genomics works become very
major crops. spread to most major crops but restricted and limited to research

Genomic research spreads to with less impact on productivity. purposes.
cover most of major crops and be- Disease resistance virus resis- Improved quality oilsand
comes a standard tool. tance and fungus resistant crops improved protein in maize give

Pipeline Virus & fungusres. Startsto spreads. no profits (many substitutes and
spread. Yield increases duetoim cost of segregation).
2005 Yieldincreases dueto hybrids | proved hybridsin canola Natural health supplements

inrice and corn.

Improved quality oils and
protein spread and become major
sources of revenue.

Natural health supplements
from plants become availabl e.

Genomic work advances but at
alow rate.

Improved quality oils and
improved protein in maize minor
sources of increased profits (many
substitutes and cost of
segregation).

Natural health supplements
from plants take small share of
supplements market.

from plants take small share of
supplements market.

(continued)




Table24 (Cont.)

Three Alternative Scenariosfor the Development of Biotechnology in the Next 20 years

Optimistic

Steady

Pesimistic

Vitamin A rice spreads

Continued dev. of new genes
for crop protection

Trangenesis spreadsto tropical
Crops.

Yield increases from hybridsin
wheat and other crops.

Vitamin A rice spreads slowly
because farmers do not like color
and taste.

Pest resistance develops to first
generation of biotech products
continued development of new
genesfor crop protection.

Diagnostic kits based on
molecular approaches are
available for awide range of
plant and animal health and
food quality applications.

Vitamin A rice spreads
slowly because farmers do not

Nutraceutical that are clinically
proven (cancer, hearth attacks) are
approved for human use.

clinically proven to reduce cancer,
heart attacks.

Pipeline Quality traits diversify and Yield increased through hybrids | like color and taste.
spread to variety of crops. of rice, maize, and other crops. Pest resistance develops
2010 Industrial uses provideonly  |to first generation of biotech
small cost advantage over products replacements slow.
conventional methods. Yield increased through
hybrids not enough to cover
increased costs of production.
Industrial uses provide
only no cost advantage over
conventional methods.
Improved quality becomes Major yield increases due to Gradual yield increases
standard increases in efficiency of the plant. | dueto increasesin efficiency
Major yield increases due to Continued development of new | of the plant.
increases in the efficiency of the genes for crop protection. More rapid development
plants. Development of new chemicals | of new genesfor crop
Pipeline Development of new chemicals | for crop protection and yield protection.
for crop protection and yield enhancement. Devel opment of new
2020 enhancement. Nutraceuticalsthat are chemicalsfor crop protection

and yield enhancement.
Industrial uses become
practical.

Source: the authors.

To reach these conclusions, a continuing and
well designed monitoring system should be in
place for at least 5 years when new products
are released into the tropical environment.
Even thought health impact would be much
more difficult to monitor due to many other
acting factors, it is relatively easy to select
areas for mediumterm studies of environ-
mental impact. Releasing these types of data
to the public would also help to change public
perception.

The second aspect is the beginning of the tran-
sition on the product side from input traits to
output traits. As consumers become primary
beneficiaries of biotechnologies, it would also
be appropr iate to anticipate a more positive

51

attitude toward biotechnology. This tendency
should be reinforced by the growing effort
being undertaken to improve public perception
of the technologies in a number of countries.®

All these elements could act in the same posi-
tive direction concerning public acceptance
and that, in turn, would feed back into higher
investment levels and greater final product
turn out.

34 The recent new EU Directive on GMOs, which
implies alifting of the de facto moratorium on GMOs
that has been in place since 1998, is an indication of
how the discussion is evolving and what kind of pol-
icy environment can be expected to emerge as tech-
nology development evolves.




Optionsto Develop Agricultural
Biotechnology Opportunities

Future critical issues seem to involve ques-
tions of how to access and exploit the technol-
ogy, rather than consumer acceptance or mar-
keting issues. Experience with GMOs in LAC
to date seems to indicate that the crucial stra-
tegic links between research and the farmer
are the existence of “down-stream” capacities,
that is, traditional plant breeding programs and
operational seed markets as well as commer-
cial micropropagation undertakings and other
types of industrial capabilities (i.e. plant diag-
nostic and veterinary medicine commercial
sectors, etc.), rather than the scientific capac-
ity required to develop the events or products
involved. As discussed in Section 5 all GMOs
grown commercialy anywhere in the world
are the result of genetic events produced in the
United States, and with few exceptions based
on biotechnology science performed by
multinational companies.

In general, the countries of Latin America and
the Caribbean have ample potential for
obtaining biotechnology. They can take
advantage of the potential spillover benefits
that may accrue from R&D investments
aready underway in developed countries —
(mostly the United States, but also Europe
and, increasingly, China. In addition, they can
exploit the new technologies in their own
research programs to improve the production
of public goods and fully exploit the wealth
and diversity of their natural resources. It is
true, however, that for many of the countries
in the region; opportunities are restricted
either by the underdeveloped state of their
agricultural R&D infrastructure or the scale
and nature of their agricultural industry (their
markets are too small to syport R&D
investments and they have undeveloped seed
markets). Agricultural biotechnology
development strategies should be targeted at
four critical areas: (i) creating the enabling
environment for the wuse of the new
technologies, (ii) biotechnology capacity
development; (iii) supporting the development
of industrial and marketing capacities,
particularly within the critical seed delivery
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sector; and (iv) supporting genetic resource
collection, conservation and management.

Creating the Enabling Environment
for Using the Technology

Two broad areas require particular attentional
for the sustainable development of biotech-
nology investments. The first is related to the
attitudes of the policy establishment regarding
biotechnology; the second is the existence or
not of a functioning biosafety system and IPR
framework.

Private firms are reluctant to invest in biotech
research and transfer technology unless poli-
cymakers are sending a clear signal that bio-
technology is welcome. At present policy-
makers in a number of Latin American courn-
tries have not decided what to do about bio-
tech and are making decisions about biotech-
nology on an ad hoc basis. Policymakers in
LAC need some capacity to aralyze the costs
and benefits of the many policy aternatives
regarding biotechnology. At the retional level
many countries could benefit from a biotech-
nology strategy in which the best economists
and scientists examine the options open to
policymakers. After this exercise, policymak-
ers and research funding agencies need to be
able to draw on consulting firms or in-house
economics and science policy capacity to ex-
amine new issues as they arise. Strengthening
these capacities, both at the regional and re-
tional levels, should be a priority of any initia-
tive aimed at supporting the development of
biotechnology in the region.

The existence of a proper and functioning bio-
safety regulatory system and IPR framework
as well as related management capacities con-
stitute the two basic building blocks for the
creation of the necessary conditions for the
exploitation of new technologies. It is through
the existence and proper functioning of these
two interrelated institutional developments
that the countries will be able to access the
needed knowledge and research tools and to
develop public acceptance and support for
their application to improve food and fiber
production.



Support for biosafety regulation needs to be
directed to three essentiad areas (i) the
development of norms and regulations, (ii) the
generation of scientific information of
relevance for risk anaysis, and (iii) the
institutionalization of administrative
procedures and enforcement capacities. In
addition, it is important to incorporate support
for research in ecological risk assessment and
risk management linked to the needs identified
for LAC, including ecological feasibility
studies. In general, cost figures for the
implementation and enforcement of biosafety
and food/feed safety regulations, best
laboratory practices, are unknown at all levels:
research and development, and policy-making
systems.

IPR legidation is lacking in many countries,
but even in those where there is an established
IPR framework, research institutions lack the
capacity to work within the context of the leg-
islation. Support should include the develop-
ment of IPR databases, institutional policies
and training and even more advanced mecha-
nisms such as |P advisory services and patent
“pools.” *

IPR and biosafety are essentially institution
building issues. As such, they should be part
of science and technology projects as well as
broader institutional development initiatives.
They are not stand-alone issues but are part of
the broader institutional framework of the
country (including both legislation as well as
enforcement capacities).

Efforts relating to strengthening biosafety and
IPR management represent special challenges
for the smaller countries. The research
institutes in these countries face both conflict
of interest issues (the patent applicants are the
only ones sufficiently well trained to judge the
patent’s novelty and non-obviousness) as well
as economies of scale restrictions in bringing
together the scientific expertise and the
necessary databases. Because of these
limitations, special consideration should be
given to supporting a process of regiona or

% For specific proposals regarding these type of
mechanisms see Krattiger (March 2001).

subregional harmonization of regulatory
approaches and the creation of biosafety
clearinghouses and risk evaluation facilities.
Regional programs in these areas may be the
only viable aternative for some small-country
regions, such as Centra America, the
Caribbean and even the Andean Zone, and
constitute a logical alternative for supporting
economic integration efforts. A common
approach to this issues will facilitate regional
trade as well as more efficient exploitation of
available human and institutional resources
and, eventually, the emergence and
consolidation of aregional technology market.

Finally, there is the issue of public perception
of biotechnology and its products. Environ-
mental groups have been extremely effective
in creating a negative image of GMOs and
other biotechnology products. Their public
campaigns are very much at the heart of the
EU moratorium on GMO trials and Mexico's
unofficial moratorium on GMO maize (in
place since 1999) and similar cases in other
countries. There is no doubt that these cam+
paigns are not founded on available scientific
evidence and are extremely negative kecause
they increase the risks and costs of already
costly regulatory activities.*® However nega-
tive these campaigns may be, it is also clear
that the response to them cannot come from
official government sources, but must come
from industry organizations and other pro
technology groups in society. Government
participation should be limited to assuring a
transparent and credible regulatory process
and making relevant information on actual
GMO performance as widely available as pos-
sible.

Development of Scientific
Research Capacity

It should be stressed that the development of
biotechnology will not be independent of the

3 For instance, CINVESTAYV in Urapuato has devel-
oped a GM maize variety tolerant to aluminum which
could be valuable for reclaiming large areas of the
country for maize production, but which cannot be
moved to the field trial stage because of the morato-
rium.



region's NARS and wider science and
technology systems. Latin America confronts
a longstanding decline in agricultura
research and general support for the sciences.
This decline must be reversed. This should
continue to be the main priority of any
strategy and support program. It is, however,
important to stress that the sectoral focus used
until now may not be the most appropriate for
biotechnology support because there is an
interest and a need to bring nonagricultural
institutions into agricultural biotechnological
efforts. The issues to consider when designing
new initiatives should be (i) to integrate
biotechnological approaches into traditional
agricultural research, such as plant breeding
and animal and plant health instruments
(epidemiology, diagnostics, protection); (ii)
increase the interaction between non
agricultural biological sciences capacities
(universities, advanced institutes) and
agricultural research institutes;®” and (iii)
increase the cooperation and collaboration
between public and private biotech research.

A regiona approach is also important when
considering capacity development. Multicoun-
try (regional or subregional) ventures may
serve as the only alternative when addressing
problems that are not viable for individual
countries, but which become feasible and
profitable when funded and executed from a
more aggregate perspective. The long
standing regional cooperation experience that
exists in LAC, as well as the regional eco-
nomic integration initiatives, are important
assets when considering regional mechanisms
which could help set the stage for exploiting
the large economies of scale and spillovers
that appear to be present in biotechnology re-
search and development.

Networking arrangements to link scientists at
different institutions and countries as well as
the development of (or support for existing)
centers of excellence working on problems
that affect many countries in the region are

37 This will be particularly important for food and
feed safety analysis of GMOs where integration with
medical sciences and other non-agricultural partners
has became a necessity of the business.

two proven operational mechanisms to work at
the supraretiona level.*® Each approach has
the potential to increase the flow of scientific
information, induce scale economies and
minimize the duplication of efforts. Networks
can be organized with mandates capable of
accommodating nearly any scale of financial
support, and modern information and commu-
nication technologies are rapidly expanding
the scope and efficiency of networking possi-
bilities, getting them ever closer to becoming
virtual centers, going well beyond the initial
information exchange mode.*

International centers have proven effective in
generating certain specialized critical scien-
tific mass that can be shared by several coun
tries and/or production situations. The CGIAR
centers in general and those located in LAC in
particular (CIMMYT, CIAT, CIP and to a
lesser extent IRRI) are a good example of the
kind of benefits that can be obtained from
pooling resources behind problems that go
beyond national frontiers. Given the nature of
the biotechnology challenge, they should be
considered as a prime aternative for support-
ing the advance of biotechnology in the region
because they (i) have the potential for generat-
ing spillovers for a large number of countries
and crops; (ii) have already gained a critical
mass —(including operational links to ad
vanced science institutions) that can be mobi-
lized in the short term if resources become
available; (iii) have a very extensive germ:-
plasm base; (iv) have along history of training
and cooperation with LAC plant breeding pr o-
grams; and (v) facilitate the transfer and shar-
ing of technology among countries.

38 Networking is also an aternative that should be
considered as an essential component of any national
biotechnology effort. Given the nature of the scien-
tific capabilities required, no institution is in a posi-
tion to have in-house al the needed resources, and,
probably it would make no sense to even attempt to
do so.

39 There are many examples of successful networks,
for instance the Rockefeller Foundation's IRBP,
CABBIO, and the biotechnology components of the
PROCIs. IRBP-funded research projects at 76 institu-
tions on an annua expenditure of $6-9 million
(Horstkotte-Wesseler and Byerlee 2000).



Supporting the Development of Industrial
and Marketing Capacities

Biotechnology applications need to be sup-
ported by a technological input and service
sector capable of taking the R&D products to
farmers and eventualy to the final food and
fiber markets. The inputs and services sectors
are the critical components for transferring
agricultural biotechnology research praducts.
On the input side, this involves not only d-
ready established firms but startups as well.
Startups have played a critical role in the d&-
velopment of the industry, especially in fields
such as veterinary products, plant health, spe-
cialty crops genetics, and tissue and cell cul-
ture. Needed support involves facilitating the
institutional changes for the development of
public/private joint ventures and subsidies for
private R&D projects. Traditional agricultural
research programs as well as science and
technology sector programs aim to meet this
objective.

Closely related is the need for assistance in the
development and consolidation of venture and
risk capital mechanisms (which are all but
nonexistent in most of the countries of the re-
gion) and where loan programs could play a
critical role in facilitating the involvement of
local financial systemsin this field.

On the agricultural products side, there will be
an increasing need for improved identity
preservation  (traceability), quality and
certification systems, which could both
facilitate the need for proper labeling of
product sand serve as a basis for the product
differentiation processes, which will emerge
as quality traits become available to
producers. In part, these will require the
revision of norms and the development of new
quality systems, but in most cases they will
aso require specific investments to
decentralize storage and handling systems and
make them more flexible in terms of lot size
throughout the marketing chain. Some of this
will be the responsibility of the public sector,
but the bulk are private investments. Support
for this should probably be incorporated in

general agricultural loans aiming at rura
development or competitiveness improvement.

Public Sector Roles and Policy Options

Opportunities are not the same for al
countries in the region. Capacity to access the
technologies as well as the possibilities to
exploit the potential benefits are greatly
influenced by the strength of the particular
NARS, and scientific and technological
capabilities in general, as well as the maturity
of their agricultural inputs and services
sectors, particularly their seed markets. Larger
countries are confronted with the whole
continuum from basic research and technology
development to technology exploitation.
Policy options for smaller countries should
probably focus on putting in place the proper
institutional structures for a safe technology
transfer process. Regional initiatives aimed at
facilitating basic capacities, training and
lowering the costs of biosafety and IPR access
and management could play a critical role.
Table 25 summarizes public sector roles,
policy objectives and instruments in an array
of increasing complexity, which could be
taken as a continuum going from the
minimum that any country should have if it
wants to incorporate  biotechnological
approaches into its technology development
systems, to a situation where it is a full player
in the industry.

Limited Capacity

At the bottom of the scale, the overriding &
sues are related to (i) the establishment of
technological acquisition capacities and (ii)
acknowledging that most technology and n-
vestments will come from abroad and largely
from private multinational concerns. There are
two types of countries in this situation. The
first are countries with very weak NARS and
no seed distribution systems in place. For
these countries biotechnology offers very lim-
ited opportunities, as they are probably not
even exploiting the benefits from conventional
approaches.



Table25
Public Sector Roles and Policy Optionsfor Biotechnology Development

Country Characteristics

Public Sector
Role/Palicy Objectives

Capacities Required

Policy Instruments

Small Countries
Peru, Honduras, Nicaragua, Paraguay,
Dominican Republic, Panama, most of
the English Speaking Caribbean

Very wesk NARS.

Underdevel oped seed distribution
systems unable to make new varieties
available at the farm level on a
continued basis.

Focusis on the devel opment of con-
ventional capacities, and accessing
cellular approaches such as tissue cul-
ture and micropropagation technolo-
gies.

Applied and adaptive research
capacities in agronomy and conventional
breeding.

Tissue culture and micropropagation
facilitiesin strategic crops.

Institutional framework for seed
market devel opment.

Minimum biosafety and IPR
frameworks and management capacities.

Support for NARS infrastructure and
human resources development.

Seed related legislation.

Regional and/or subregional biosafety/risk
evaluation support mechanisms.

Regional and/or subregional IPR
information/management support
mechanisms.

I nter mediate Countries

Ecuador, Bolivia, Guatemala,
El Salvador

NARS with limited applied
research capacities; crop-breeding
programs providing germplasm at farm
level in some crops.

Active seed marketsin some crops

Creating the environment for accessing| -

potential spillover benefits from
existing research and development
investments.

IPR framework (minimum PBR)
Biosafety regulatory capacities.
Complementary scientific &

technical capacities to orient and support | -

atechnology acquisition strategy,
including (i) strategy and priority
formulation, and (ii) aworking plant
breeding program able to incorporate
desirable traitsinto commercial
varieties.

An operational seed market, with
institutional and logistical systems
capable of differentiating, throughout
the production - marketing chain,
biotechnology products from the rest of
agricultural production.

IPR legislation (UPQV, Patents).

Biosafety regulations and enforcement
capacities.

Regional and/or subregional biosafety/risk
evaluation support mechanisms.

Regional and/or subregional 1PR
informetion/management support
mechanisms.

Support to NARS and Sci& Tec.
Institutions for infrastructure and human
resources development.

Funding support (institutional and/or
project) for research in areas related to
technology and biosafety eval uation.

Seed | egislation, support for seed trade
associations.

L egislation supporting / permitting new
input supplier — producer — processor
coordination / integration mechanism.

Quality, certification and identity
preservation systems.

Public investments and credit support for
private participation in development of
logistical infrastructure.

(continued)




Table 25 (Cont.)
Public Sector Roles and Policy Optionsfor Biotechnology Development

Country Characteristics

Public Sector
Role/Paolicy Objectives

Capacities Required

Policy Instruments

Small Advanced Countries
Argentina, Uruguay, Chile, Venezuela,
Colombia, Costa Rica

One or more strong general science
institutions.

NARS with applied research
capacities and breeding programs,

Active private seed markets.

Improving public goods production
and strengthening/building capacities
for technology acquisition and
exploitation in plant and animal health
related R& D and for targeted
transgenic research in important crops.

Scientific and technological
capacitiesto apply to:

Cellular and molecular approachesin
areas related to genetic resources
conservation and evaluation,
epidemiology and pest and disease
control.

Molecular marker technologies and
genetic engineering approaches to
incorporate (transform) existing gene
constructsinto new crops.

National commodity programs with
strong applied breeding capabilities.

Private sector involvement in
product development and
commercialization, both in seeds and
other agricultural technological input
sectors.

Support to NARS and Sc.& Tech.
Institutions for infrastructure and human
resources devel opment.

Funding support for research projects
that integrate capacities from different
institutions, including institutions from
abroad.

M echanisms for facilitating
public/private joint venturesin
biotechnology related R& D projects.

Public funding for private sector R&D
projects (co-financing, subsidized loans,
tax credits for R&D).

Promotion of risk and venture capital
mechanism.

Large Advanced Countries
Brazil, Argentina
Countries with awide science base and
large public sector research programs
and well developed agricultural inputs
and services sectors.

Promotion and support for basic and
strategic research directed to
improving the efficiency and scope of
technology development activitiesas a
whole.

Basic and strategic transgenic and
genomic research capacities in both the
public and private sectors.

National commodity programs with
comprehensive breeding capacities
(wide scope of crops and pre-breeding
research).

Support to NARS and Sc& Tech.
institutions for infrastructure and human
resources development.

Single and multi-instit. project funding
mechanism.

Source: the authors.
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The public sector role is to support the devel-
opment of basic capacities in the NARS. Its
role with regards to biotechnology opportuni-
tiesis essentially limited to tissue culture and
mi cropropagation applications for improved
planting materias, probably in a small number
of export crops and through ad

hoc institutional arrangements.

Modest Capacity

The second groups of countries are potential
beneficiaries of spillovers. This includes coun-
tries with a NARS with limited but operational
capacities (basically crop breeding) and seed
distribution systems able to reach farmers with
improved materials on a regular basis. The
policy objective for these countriesis to estab-
lish conditions for technology trans-
fer/acquisition process, including the regula-
tory environment necessary for that to take
place; that is, a transparent IPR regime —
(which is mandated by the trade agreements
that most countries are signatories of) and an
operative biosafety mechanism. Without these
capacities no country will be able to access the
benefits of the new technologies because it is
very unlikely that private or public entities
able to offer technological capabilities will
enter into a technology transfer agreement,
either because the lack of IPR protection will
endanger the likelihood of recuperating the
investment or because without a biosafety
mechanism in place there will be no possibili-
ties of a safe movement and environmental
release. Beyond these aspects, the absence of a
seed system assuring a minimum seed turn-
over at the farm level will make it impossible
for innovative traits of be effectively incorpo-
rated into production processes. Most of the
actions to establish these conditions are, as
stressed above, essentially the same as those
needed to promote conventional technologies.
However, biosafety and IPR-related capabili-
ties present some differences that should be
considered.

Biosafety regulations and risk evaluation
approaches, require specific normative and

administrative and enforcement capacities as
well as a substantive level of scientific inputs
(scientific information and judgment) that are
quite similar to those needed to use the
technologies for praduct development. For
many of the countries in this grouping, this
means a critical potential conflict of interest
situation because they lack a pool of scientific
capacities (people and ingtitutions) large
enough to fully separate the regulatory
function for the R&D process. Thus, they are
unable to avoid the inevitable conflict and loss
of transparency that will follow if the same
people and ingtitutions that are involved in
developing a technology are also providing
information and judgement for the risk
evaluation and biosafety assurance processes.
Under these crrcumstances, an option to
consider is that of promoting regional or
subregional mechanisms that by pooling
resources could offer information and support
to national biosafety regulatory institutions.
IPR present problems of a similar nature,
although they are not related to potentia
conflicts of interest, but to the costs of
maintaining appropriate  databases and
advisory capacities for research institutions
and the possibilities of creating significant
economies of scale in their exploitation if
those capacities are developed and made
available to several countries rather than on a
country-by-country basis.

Medium Capacity

Countries with more developed NARS and
agricultural services systems have to take at
vantage of the new technologies to improve
the production of public goods. Their ability to
do so will be greatly influenced by the
strength of existing traditional capacities and
the public sector’'s support for private sector
involvement by lowering the risks/levels of
investment needed through public research
investments, promoting public/private R&D
joint ventures or direct subsidies to private
research, and/or promoting venture capita
mechanisms to facilitate the developmert of



start-up companies to exploit promising R&D
results.

Comprehensive Capacity

The fina stage incorporates all the previous
components of the public sector role, including
promoting development in strategic areas
through support for the basic sciences. The
nature of policy instruments evolves together
with the complexity of the different aternative
roles by (i) becoming less dedicated, both in the
institutional and sector sense, and more
horizontal, that is, more oriented to generic
scientific components; and (ii) paying increasing
attention to incentives to private sector research
and input industry participation.

In summary, in a large number of countries
(Honduras, Nicaragua, Panama, Dominican
Republic, most of the English-speaking Carib-
bean, Guatemala, El Salvador, Bolivia and
Ecuador®) the basic capacities are not in
place, hence the efforts should focus on the
creation of the basic enabling environment.
There is a group of countries (Colombia,
Chile, Uruguay, Costa Rica, and to a lesser
degree, Venezuela) where there is the conflu-
ence of arelatively strong scientific and insti-
tutional system and dynamic agricultural e-
port markets, in which there are dready signs
that the public sector is starting to play addi-
tional roles, as well as an emerging private
sector involvement at least in the more tradi-
tional biotechnologies (tissue culture and plant
propaggtion, immunology technologies and
diagnostic kits, etc, are in this stage). Only
Brazil, Mexico Argentina and Cuba, go be-
yond the intermediate level and could poten-
tially be considered full players in the devel-
opment of the technology and eventua
sources of spillover benefits for the rest of the
countries.

40 The first and second categories mentioned in the
table are indicative, as the criteria is based on indica-
tors which are difficult to quantify and the transition
from one stage to the other is subjective. The classifi-
cation attempts to highlight a “typical” situation for
the country.
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Opportunitiesfor DB Support

Agricultural biotechnology is till in its early
stages in maost of the countries of Latin Amer-
ica and the Caribbean. However, there is little
doubt of the potential that these technologies
offer and that, as the technological pipeline
consolidates and more of its products become
available, they will become the basis of a new
technological paradigm. It is aso true that
many of its potential benefits will not be
reachable unless a proper environment is es-
tablished for accessing and exploiting the
technologies. This is a task that must be u+
dertaken at the national level because it re-
quires policy decisions in areas that are the
prerogative of national authorities, involving
not only resource investment priorities, but
also new institutional and legal frameworks. It
is also true, however, that many of the issues
involved have commonalities across countries
that justify the use of regional mechanisms.
International agencies, and particularly inter-
national financial organizations such as the
IDB, have a critical role to play in helping
countries set the stage for fully incorporating
the new technologies into their productive sec-
tors. Some countries (Brazil, Venezuela) are
aready executing IDB financed loans, which
include strengthening agricultural biotechnol-

ogy capacity.

The following aspects should be taken into
consideration when developing guidelines to
support country activitiesin this area:

Agricultural biotechnology should be an
integral part of the agricultural research
and technology development effort and
not a separate strategy.

In terms of the required scientific research
capacities,  universities and  non
agricultural advanced research centers are
as important as the traditional agricultural
research institutions.



The following areas are of critica
importance for the advancement of plant
biotechnology in the region: (i) the
capacity to deliver seeds to farmers, (ii)
substantial public sector investment in
improving germplasm collection and
conservation, (iii) conventional plant
breeding and (iv) creating conditions
favorable to private sector investment in
seed development.

The complexity of the science and the la-
borious biosafety assurance processes in-
volved in rektion to the size of potential
markets for the new technologies imply
significant economies of scale, highlight-
ing the need for innovative regional and/or
subregional collaborative mechanisms, in
R&D aswell asin other activities.

The private sector is playing a central role
in the development of biotechnology.
Most technologies and events relevant to
the region’s agricultural conditions are
now proprietary. As a result, pub-
lic/private interaction and active IPR man-
agement strategies are essential elements
in any agricultural biotechnology effort.

The capacity to modernize the institutional
and physical infrastructure supporting
product and input markets will be as im-
portant to the delivery of the new tech-
nologies as the creation of enhanced R&D

capacity.

Given this context, the IDB must not only as-
sst individual countries through traditional
project and program loans, but must also take
an active role in extending the scope of e
gional and subregional initiatives. Such initia-
tives will alow all countries to better exploit
economies of scale and spillover potentials
that are inherent in areas such as biosafety,
negotiation for the acquisition of private sector
technology and development of the environ
ment for IPR management.

Actions at the Country Level

Most of the policy instruments identified in
table 25 are aready being considered in
agricultural loans or agricultural research and
science and technology programs. At this
point the issue is not so much the specific
instruments to include in project design, as it
is about making biotechnology a mechanism
of R&D and innovation system support and
helping client countries put strategies in place
that take advantage of key opportunities and
resource canstraints. In bringing this emphasis
into the design of Bank-supported programs
and projects, the areas described below should
be given special attention.

Support for Policy Design and Priority |denti-
fication. Given the high levels of investment
involved, biotechnology efforts must be priori-
tized in relation to national agricultural objec-
tives (e.g. among types of technologies, crops
and livestock species, target beneficiaries,
etc.). Technology acquisition strategies must
be correctly balanced and sequenced (own
R&D vis—a-vis technology imports, strategic
alliances with other countries, international
organizations, private firms, etc.). The impacts
of the introduction of biotechnology strategies
into agrifood systems must be anticipated and
the eventual logistica and marketing infra-
structure investment requirements must be
recognized. Assistance for developing infa-
mation to analyze options and implement
monitoring systems, and to develop a public
consensus for the selected strategy will be
critical because of the many controversial 5
sues that will emanate from the novel charac-
ter of the technology and its rapidly evolving
nature.

Technology Delivery Systems. The delivery of
the benefits of plant biotechnology depends
critically on the capacity to develop and
distribute germplasm. Whether originating in
the public or private sector, once genetic
events are discovered they must be placed in a
variety with the agronomic traits desired by
farmers and consumers. Achieving farmer



acceptance and access to mproved varieties
(GMO or conventional) remains an unmet
chalenge for most crops in most LAC
countries. The Bank can offer two critica
types of support in this area. The first is
support for the strengthening of conventional
plant breeding in the public sector, including
increasing support for genebanks. The second
is support for the creation of market
conditions favorable to private sector
investment. This could include initiatives to
streamline variety registration, the
regionalization of variety approval, support for
national and regional seed associations,
strengthening of |P legislation/enforcement,
streamlining legislation controlling  seed
importation, genebank support.

Support for Studies Supporting Regulation.
Even though a lot of information regarding
ecological and food safety issues is becoming
available, it is clear that there is ill a very
wide range of areas to be covered, especially
taking into consideration the fact that Latin
America is the center of origin of a rektively
large number of species. Studies regarding
gene flows and how they would potentially
affect populations, insect resistance, aler-
genicity, toxicity and nutrition issues are
needed to continue to aevelop effective risk
evaluation protocols. At the same time as
commercia approvals evolve and cover a
wider range of species, there is also the need
to establish long-term monitoring systems to
strengthen scientific databases for risk as-
sessments, as well as serve as early warming
mechanisms for the eventual development of
unwanted or unexpected effects.

Scientific Research Capacity Development.
The Bank has always supported capacity
building in science and technology programs,
including human resources as well as
infrastructure and direct support for projects to
develop technologies of a public goods nature.
Biotechnology development will continue to
demand this type of support. Greater attention
should be given to a systemwide perspective
and where these capacities are located,
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attending to the need to create critical mass in
the handling of given techniques. It is aso
important to promote networking approaches
in their utilization, instead of the traditional
institutional support aimed at strengthening
NARS that has prevailed until now. This
broader approach to capacity development
should also include increased use of strategic
aliances with centers of excellence in other
countries and with the private sector as a more
rapid and effective way to gain access to
critical technologies, of speeding product
development and obtaining cutting edge
training for scientists.

Regulatory System Support. Two key aspects
that should be considered are the high costs of
setting up the institutional circuits for risk
evaluation and biosafety assessments and the
fact that these are extremely complex proc-
esses requiring substantial analytical capaci-
tiesin disciplines such as biology,

ecology and the social sciences. Even though
regulatory institutions are often extensions of
dready eisting capacities in the agricultural
and food health areas, there is a rapidly evolv-
ing international legal framework that coun-
tries need to take into consideration. Because
of eventua conflicts of interest, the new insti-
tutions cannot rely on the specialized ruman
resources of research institutions. At a mini-
mum, the in-depth review of existing regula-
tory frameworks and judging their adequacy
for handling biosafety issues should be an in-
tegral part of program and project preparation,
not only for agricultural research projects but
also for more broadly targeted agricultural and
natural resources operations. Substantial e
sources will be required to bring countries into
compliance with requirements of the Cart-
agena protocol and CODEX.

Technology Systems Management.

Biotechnology implies a new organizational
paradigm for technology systems with very
clear and distinct management requirements
than those of the conventional agricultural
technologies. Scientific knowledge coming



from different types of institutions, different
levels and types of nvestment requirements,
and new types of public/private interactions,
all demand management skills that are quite
different than those currently available in most
R&D institutions. Support in this area should
include the development of organizational
capabilities to work in a proprietary
knowledge environment (IP management,
including technology negotiation skills) and
handle public/private partnerships.

Support for Regional Initiatives

Public Awareness Issues. Directly related to
all the above is the need to provide support for
the proper handling of public awareness is-
sues. Public debate and education at both the
producer and the consumer level are critical
aspects for the successful use of biotechno-
logical approaches. Most national institutions
are ill equipped to generate the information
and the kind of dialogue mechanisms needed
to set up a transparent and constructive inter-
action among all the parties interested in bio-
technology issues.

However important support at the national
level may be, it is in the regiona and subre-
gional approaches where international finan-
cial assistance could be more innovative and
of high impact. For a large number of the
countries in the region affordable access to the
new technologies will necessarily require a
more aggregate market perspective. Support at
this level should focus on (i) strengthening
international/regional capacities for imple-
menting R&D related to the production of in-
ternational public goods and/or in areas with
high spillover potential, (ii) facilitating access
to proprietary technologies of common inter-
est to groups of countries, and (iii) reducing
the cost of implementing regulatory frame-
works and pracesses.

In the first area, strengthening regional R&D
capacities, support should focus on (i)
promoting a more active role of the CGIAR
centers in the development of biotechnology
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events relevant to regional conditions,
including their participation in the acquisition
of genes or technologies of strategic value for
the region or for groups of countries, (ii)
strengthening the role of the PROCIs and
other existing networ king mechanisms such as
CABBIO, as facilitators for the development
of multicountry initiatives in R&D, and (iii)
strengthening regional competitive funds, such
as FONTAGRO, to allow them to play a more
active role in promoting joint efforts between
the region's NARS themselves and CGIAR
and other centers of excellence from the
region and other parts of the world.

In addition to regional projects individual
countries can take advantage of research @&-
pacity in the region to either contract research
or do collaborative research. For example, the
USDA and the state of California are provid-
ing financing to ONSA, the public sector vir-
tual genomics institute in Sdo Paolo, to se-
guence the Xylella bacteria, which causes
Pierce's disease in the United States (Fulmer
2000).

In the area of access to proprietary technolo-
gies, solving IPR issues and developing viable
freedom to operate (WTO) strategies is going
to be, at least for the medium term, a critical
hurdle for exploiting the potential benefits d-
fered by the new technologies. Countries are
facing both the processes of developing &
tional IP legislation and the need to comply
with the intricacies of international treaties
(OMC, TRIPs, CDB). Yet, in many cases,
they lack the capacities to do so. Support for
regional mechanisms to generate the informe-
tion needed to develop FTO in different fields
and assist specific countries and research insti-
tutions in the actual negotiation of technology
transfer agreements could be a cost effective
way to lower the high transaction costs in
volved in this type of activities.

Opportunities for IDB support in the area of
biosafety regulation are in efforts to harmo-
nize regulatory frameworks and establish g-
propriate information mechanisms to facilitate



the transfer of technology and provide a more
solid and tramsparent base for continued
growth trade in biotechnology products. The
Bank should formally consider supporting the
harmonization efforts already started by other
international entities (UNIDO, FAO, OECD
and the WTO) to ensure that countries ap-
proach regulatory requirements from the same
perspective. IDB nvolvement in this area is
also important to promote the cross acceptance
of biosafety assessments among countries. In
addition, smaller countries would benefit from
the creation of regional or subregional scien
tific panels that could assist individual coun
tries with the risk assessment process.

Finally, it is also important to highlight the
relationship of agricultural biotechnology de-
velopment to the broader process of regiona
economic integration and the development of
afree trade areafor the Americas. These three
areas are critical for strengthening national
agricultural sectors and broadening the scope
of intraregional trade.

Without a more active technology transfer
process it is very unlikely that the agricultural
potential of the region’s natural resources can
be fully realized and kecome the basis of a
more equal negotiation process among the dif-
ferent regions of the hemisphere.

Efforts to bridge the mounting knowledge gap
and promote the transboundary movement of
the products that may result from new tech-
nologies are strategic investments that will
increase market potential and trade opportuni-
ties, providing additional incentives to the im-
plementation of the free trade zone. Given this
potential, it appear that the traditional grant
and soft money approach to the financing of
regional cooperation mechanisms needs to be
revised, and more realistic multicountry loan
program alternative should be given more se-
rious consideration.
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