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I. Introduction

The application of 1life science technologies has had a
profound impact on the world's health care, agricultural, food
and beverage and specialty chemical industries. In addition,
there is little doubt in the minds of industry analysts that
emerging biotechnologies could have an even greater impact on
these commercial sectors in the future. Up to now, however, the
commercial application of these technologies has largely been a
phenomenon of the industrialized countries of Western Europe,
North America and East Asia. Can similar opportunities be real-
ized through the commercialization of appropriate life science
technologies in developing countries?

This paper will attempt to answer the question based on an
assessment of available literature sources in combination with
the experience of the authors. The primary purpose of this paper
is to identify the important issues and needs that must be
addressed to enhance local private sector participation in the
commercializatiorn of 1life science technologies in developing
countries. This initial task establishes the questions that will
be addressed in subsequent tasks.

The life science technologies of primary interest for the
purpvoses of this review are those that are immediately or are
soon-to-be applicable and that can be adapted and commercialized
by the private sector in developing countries. Of the various
R&D activities under way in developing countries, only those that
have the potential to provide immediate or near-term commercial
benefits in developing countries were considered. The following
industry sectors and life science technologies were considered
during the preparation of this paper:

o Agricultural crop improvement - including conventional plant
breeding, molecular- and cell-based genetic manipulations,
and molecular diagnostics; also included were microbial in-
oculants for improving nutrient availability and uptake;

o) Integrated pest management - including the use of insect,
fungal and nematode predators as well as microbial control
agents and purified toxins derived from these organisms;

o Bioconversion of plant material - for energy, fertilizer,
animal feed, and food and specialty chemical production;

o Microbial fermentation and immobilized enzyme technology -
for the producticn of specialty chemicals;



o] Human and animal health care - including mammalian cell cul-
ture and recombinant DNA technology for the production of
vaccines and animal growth hormones and hybridoma technology
(to produce monoclonal antibodies) and recombinant DNA tech-

nology (to produce nucleic acid probes) for molecular
diagnostics;
o Algae culture - including both macroalgae or seaweeds and

microalgae, for animal feed, food products, or specialty
chemical production; and

o) Aquaculturz - of marine or freshwater fin fish, crustaceans,
or mollusks.

Included in the agricultural crop improvement category 1is
the use of conventional plant breeding (the creation of plant
improvements based on successive sexual crosses) as well as
emerging technologies for manipulating genetic materizl at the
cellular and molecular levels. Included were the cereals,
legumes, root, forage crops, fruits, vegetables, ojlseeds, fiber
crops, crops for the production of othe: commodity and specialty
derivatives, horticultural, ornamental, and forestry varieties.

Molecular diagnostics based on monoclonal antibodies and
nucleic ac:cid probes are now under development in developed
countries for the detection of plant pathogens, pesticide resi-
dues, crop components, nutrient markers and genetic markers.
Such products will play a significant role in agricultural pesti-
cides in developing countries if they are made available at low
cost.

The so-called "post-harvest" technologies can also be con-
sidered in the agricultural Crop improvement category. Included
are appropriate storage and processing technology allowing local
growers, processors and distributors to take full advantage of
the genetic improvements that have been achieved and to receive
added value for agricultural products. Research and development
involving the bioconversion of plant materials into value-added
products can also be considered as post-harvest technology.

Also under consideration in this category were the various
interrelated technolegies and practices comprising integrated
pest management. Integrated pest management utilizes bacterial,
insect, nematode and fungal control agents in combination with
conventional chemical pesticide products as an alternative to the
sole application of chemical agents.

The bioconversion of whole plants, as well as agricultural
and food processing wastes is increasingly promising as a source
of food, animal feed, fertilizer and specialty chemicals. Bio-
conversion technologies range from relatively unsophisticated



techniques such as composting to sophisticated biopress tech-
nology for reducing the cellulose, hemicellulose and lignin
fractions of plant biomass to useful commercial products.

The life science-based health care product sectors olfering
the most immediate commercial opportunities in developing coun-
tries are antibiotics, diagncstic products and vaccines.

Hybridoma technology is available for the production of
monoclonal antibodies for incorporation into both standard
immunodiagnostic tests as well as in newer tests to detect infec-

tious disease organisms and cancers. Nucleic acid hybridization
tests are also available for the detection of infectious and
genetic disorders. The underlying technology for monoclonal

antibody- and nucleic acid hybridization probe-based tests was
developed primarily in the United States and Western Europe but
ie readily transferable to developing country laboratories.
These are relatively new technologies but are already having a
profound impact on the medical diagnostic field and represent a
rapidly growing market around the world.

Vaccine production requires more sophisticated facilities
and their effective distribution requires diagnostic capabilities
and an adequate medical infrastructure. However, there are many
parasitic and other diseases in developing countries that can be
prevented by immunization.

Microbial fermentation for the production of antibiotics,
amino acids, oxychemicals, and other specialty chemical products
has already been introduced in developing countries on a limited
scale. The range of potential products that can be produced and
for which there are ready markets, is quite large.

The culture of seaweeds, fin fish, and crustaceans are con-
sidered since they represent established business opportunities
in a number of developing countries. Furthermore, a number of
promising life science technologies are beginning to be intro-
duced that are profoundly improving the overall success of
commercial ventures in these areas.

Microbial fermentation, bioconversicn of plant material,
conventional plant breeding, production of molecular diagnostics
for use in human health, mammalian germplasm manipulation, macro-
algae culture, and aquaculture are under way on a commercial
scale in some developing countries. Most of these technologies
were initially developed in industrialized nations and are cur-
rently being adapted and transferred to developing countries.



Of the 1life science technologies under consideration, a
number fall into the category of biotechnoloqy, defined here as
new and emerging molecular- and cell-based technologies, includ-
ing genetic engineering. Most biotechnologies will have a
medium- (5-10 years) to long-term (<10 years) commercial impact.
They include immobilized enz me technology, mammalian cell
culture, microalgae culture and genetic engineering of plants
through recombinant DNA technology.

Recombinant DNA technology 1is already having an impact on
health care in industrialized countries through the production of
insulin and other therapeutic proteins. Recombinant DNA tech-
nology is also used to produce nucleic acid probes, which are
beginning to find use in developing country applications as well.

Appendix s provides definitions of the specific life science
technologies included in this paper.

The authors focused on the commercial application of 1life
science technologies through indigenous operating companies
located in developing countries, as opposed to private sector
interests in developed countries per se. Development programs
and policies were considered that enhance local private sector
participation in life science research and development.

Section IV provides a compilation of the literature sources
that formed the basis for this paper review. The literature
sources considered in this assessment were categorized as tech-
nical reviews, discussions of programs and policies of the inter-
national development community, national development programs and
policies, industry/economic evaluations and private sector activ-
ities, and miscellaneous issues (see Section 1V, Selected
References).

No attempt was made to provide a comprehensive review of the
great body of technical publications covering the various tech-
nologies of interest. Technical reviews were included only if
they involve applied research that is related specifically to a
developing country setting.



IT. Summary of Findings Regarding Life Science
Conmercialization

Research and development involving life science technology
is advancing along a broad front in developing countries. How-
ever, of the sectors examined in this study, commercialization
efforts appear to be making the most headway in agricultural
plant improvement, bioconversion of plant material, and aqua-
culture. Plant improvement and bioconversion technologies have
particularly high visibility in developing countries and receive
the most attention from national and international research
centers and multilateral development crganizations. Because most
developing countries have economies with dominant agricultural
sectors, such technologies have lona been recognized as important
for countries to achieve greater self-sufficiency and to foster
further industrial develoupment.

Table 1 shows the important commercial sectors providing
immediate and near-term applications of the technologies in
developing countries.

Table 2 shows initial estimates of the commercial develop-
ment timetable for the technologies under review.

Enhancing the role of the private sector in developing and
commercializing 1life science technologies presents significant
challenges to developing countries, where the private sector
supports much less R&D than U.S., European, and Japanese firms.
Companies in industrialized countries are currently predominant
in the development of emerging technology with the greatest
long-term potential for future commercial application in develop-
ing countries. Indigenous operating companies in developing
countries are often blocked from acquiring the technology them-
selves because they lack the know-how to develop their own
expertise in these areas and have little to offer a technology

proprietor by way of a joint venture. They are also hindered by
lack of capital, often inadequate infrastructural support and
lack of market access. In order to be successful, indigenous

companies must also contend with local socio-political and
economic factors that can present significant barriers.

These realities have created tremendous challenges for the
international development community and national agencies that
have the task of stimulating and enhancing local business
development. While the effectiveness of these institutions is
being challenged, their assistance in facilitating the commer-
cialization of appropriate life science technology in developing
countries has never been more critical.



Table 1

Immediate and Near-Term Applications of Biotechnulogy
in Important Commercial Sectors in Developing Countries

Commercial Sector

Animal
Agriculture Human Health
for Food Health & Nutrition Energy
Technology

Aquaculture X
Immooilized Enzymes
(Biocatalysis) X X
Biomass Conversion X X X
Hvbridoma Technology X X
Macroalgae Culture X X
Mammalian Cell Culture X X
Mammalian Germ Plasm
Manipulations X
Microalgae Culture X X
Microbial Fermentation X X X X
Plant Cell Culture X X X
Recombinant DNA
(regulatory proteins,
enzymes, vaccines, .
probes) X X



Table 2

Estimated Timetable for Biotechnology
Commercial Development in Developing Countries

Near-Term Medium Term Long Term
(0-5 Years) {(5-10 Years) {>10 Years)

Technology

Aquaculture X

Immobilized Enzymes
(Biocatalysis) X

Biomass Conversion X
Hybridoma Technology X
Macroalgae Culture X
Mammalian Cell Culture X

Mamnmalian Germ Plasm
Manipulations X

Microalgae Culture ‘ X
Mdicrobial Fermentation X
Plant Cell Culture X

Recombinant DNA

{regulatory proteins,

enzymes, vaccines,

probes) X

Recombinant DNA
(microbial systems) X

Recombinant DNA
(plants) X




Except for crop improvement, little of the life science
technology that is being commercialized by indigenous companies
in developing countries has been transferred from research and
development that was primarily supported by the academic commun-
ity, public sector foundations, or the international development
community. The most promising 1life science technologies now
being exploited by these companies has been transferred through
collaborations with private sector interests in more industrial-
ized countries or, less often, developed internally.

Successful indigenous companies with business activities
based in the 1life sciences have often been those that have
successfully acquired technology overseas to allow them to
exploit regional and international export markets. For instance,
even in a world of declining commodity prices and increased pro-
tectionism by industrialized countries, some well-managed com-
panies are now successfully employing plant cell and tissue
culture, biomass conversion technology and improved shrimp
culture technology to develop and produce new products, »nr add
value to old products.

Agricultural Crop Improvement

The so-called Green Revolution has demonstrated that 1ife
science technology, effectively applied, results in enormous
economic and social benefits in developing countries. The CGIAR
system has been the instrumental mechanism for the development,
adaptation and transfer of agricultural plant improvement tech-
nologies responsible for the Green Revolution. Its principal
impact has been on major staple crops 1including beans, cassava,
maize, potatoes, rice, and wheat. The CGIAR system has provided
a major conduit for funds from private foundations, national
government bodies and the international development community
used in building local developing country capabilities. Through
the continued expansion of this system and the ongoing efforts of
various IARCs to adapt and transfer new and emerging technology,
the Green Revolution is likely to continue in many parts of the
world. More recently, the emphasis in agricultural Crop improve-
ment has begun moving away from the intensive farming practices
upon which the green revolution was built. Efforts are now con-
centrating on technology to reduce the need for chemical ferti-
lizers, herbicides and pesticides while preserving crop yields
and soil conditions.

Based on the foundation that has been laid by the interna-
tional donor community and the CGIAR system, local agricultural
plant improvement capabilities are being strengthened. However,
little of this valuable technology has been effectively trans-
ferred to the private sector. Much of the CGIAR technology is
being transferred to growers in developing countries through



government extension programs. However, there is little incen-
tive for growers to apply the technology beyond providing for
their own immediate needs. The international agricultural
research syscem has done little to foster business enterprise
formation or to improve the financial and other incentives neces-

sary to foster sustained development. Farmers have done little
to incorporate agricultural technology improvements even where
the private sector is offering new products. Hybrid seed

companies have been formed in the Philippines, Thailand, and
other developing countries, but the hybrid seed market remains
small and underdeveloped. Developing country-based companies
providing plant propagation services based on tissue culture have
experienced very slow demand growth.

A number of indigenous companies are developing and market-
ing cut flowers and other ornamentals, fruits, vegetables, and
other wvalue-added varieties for regional and international
markets. These areas are minimally served by the international
and national research centers which have concentrated development
activities on staple food crops. The IARCs have been steadfast
in maintaining a narrow focus to their investigations although
they would clearly be of great utility if they were to broaden
their mandate to include high value cash crops, renewable energy
crops and post-harvest technology. However, appropriate tech-
nology in these areas is available and is being developed and
transferred through the private sector although the 1level of
private sector effort remains quite low. Developing country
biotech firms are usually undercapitalized and have received
little R&D support from the development community.

The available literature contained very little relating to
the commercialization of monoclonal antibody- or nucleic acid
probe-based products for plant improvement applications. How-
ever, these areas have become very important in plant improve-
ment research and have great commercial promise.

Integrated Pest Management

Efforts involving integrated pest management are highly
fragmented and will require significant additicnal research and
development input befcre many commercial products emerge. While
there is little information on this topic available in the open
literature, the authors believe that the development of biologi-
cal pesticides will provide highly specific, cost effective ways
to provide crop protection in developing countries. One product
has already been developed and marketed in a developing country
and more are likely within the next few years. Integrated Pest
Management is a relatively new concept and is just now beginning
to be fully understood. However, there is room for tremendous
improvement in the integration of efficient, environmentally safe



crop protection and cropping strategies along with improved,
disease-resistant cultivars. The result will be lower production
costs and higher yields for both small land holders and corporate
growers.,

Bioconversion of Flant Material

The available literature covers the production of useful by-
products such as fertilizer and livestock feeds from biomass
sources in some detail, but the discuss.ons usually center on
relatively small-scale operations. Technology is, however, under
development by companies in both industrialized and developing
countries for the large-scale production of organic fertilizers,
livestock feeds and aquaculture feeds from readily available raw
materials.

Technology is also under development around the world for
the large-scale production of livestock and aquaculture feeds
from agricultural and food processing waste, yeast, and micro-
algae. A lack of affordable, nutritious livestock feeds has been
a major barrier {o the successful development of the dairy and
beef industries in developing countries. Meat and dairy products
are becoming increasingly important as protein sources to feed
the domestic populace.

Aquaculture to produce fin fish and shrimp is a major source
of food in developing countries, and in many cases represents a
highly profitable export business. Up to 60% of the production
cost for cultured marine shrimp 1is for the complex feeds
employed. Most intensive aquaculture feeds in use are formulated
from expensive ingredients many of which must be imported. How-
ever, technology 1is available that can increase the self-
sufficiency of local growers and significantly improve
profitability.

Microbial Fermentation

Microbial fermentation is one of the most fundamental 1life
science technologies and the area with the most widespread com-
mercial applications. Microbial fermentation is a relatively
proven technclogy and in many cases is amenable to immediate com-
mercial application in developing countries. Traditional micro-
bial fermentation can bc viewed as a mature technology. Interest
in its application in developing countries is based more on
factors such as the rising price of petroleum-based feedstocks
and the desire of nations to become more self-sufficient in the
production of important chemical and specialty products than it
is the consequence of scientific breakthroughs.
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While some efforts are currently under way by indigenous
operating companies in countries such as India and Indonesia to
develop microbial fermentation processes for specialty chemical
production, most of these efforts are dominated by U.S., Euro-
pean, and Japanese companies, which establish local subsidiaries
or joint venture operations.

Ethanol production in Brazil has demonstrated how the ample
availability (sugarcane) of a raw material in a developing
country, coupled with a large domestic market can form the basis
for establishing pre-eminence in a growth industry, leading
ultimately to penetration of foreign markets. Brazil has also
been diversifying into other ethanol-derived and fermentation
chemicals.

Most biomass energy installed capacity consists of rela-
tively small-size plants, with substantive technology improve-
ments having been made over the last few decades. Although most
countries have far less experience with alcohol fermentation than
Brazil, its application is still widespread and provides a basis
for countries to branch out into other fermentative processes.
Other technologies, such as anaerobic digestion, are still highly
developmental. R&D is needed in such areas as plant design and
scale optimization, capital and input cost reduction and
technology adaptation to regional needs.

Human and Animal Health Care

Little if any technology involving mammalian cell culture
and recombinant DNA technology for the production of vaccines and
other products has been transferred to local operating companies
in developing countries. However, genetic engineering, mammalian
cell culture, and support programs in microbiology, molecular
genetics and immunology have been undertaken by universities and
national research programs in a number of developing countries
including Brazil, India, Thailand, Indonesia and the Philippines.
In the long term, some of this technology will probably be trans-
ferred to selected indigenous companies, primarily by multina-

tional and biotechnology startup companies. However, the health
care private sector is currently very weak in most developing
countries. In many countries there is a critical need for basic

analytical services and health care personnel and these needs
must first be met before a viable vaccine and diagnostic market
can be developed.

Basic health care technology, equipment and facilities are
now being made available in developing countries arouid the world
through the World Health Organization, USAID, JAICO and other
public sector development organizations. Furthermore, many
developing country governments have put into place effective
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mechanisms for acquiring and distributing health care products.
What 1is - sorely lacking, even in the more advanced of the
countries, 1is a well trained work force of professionals and
support personnel to implement these national programs.

A major limitation tc the development of human therapeutic
products in developing countries based on biotechnology is the
lack of an adequate R&D base to support product doevelopment and
innovation or «clinical analysis, in combination with small,
underdeveloped markets. With the exception of human insulin,
current and anticipated biotechnology products (e.g., 1inter-
ferons, lymphokines, growth hormone, tissue plasminogen acti-

vator) represent non-essential and often heroic therapy 1in
developing countries. Current efforts toward achieving self-
sufficiency in drug production is directed mainly at manufac-
turing and formulating the WHO's list of Essential Drugs. Even

for antibiotics, which comprise a significant portion of the
Essential Drugs, there is more than enough microbial fermentation
capacity available in developed countries to meet demand around
the world for some time. A number of countries in Asia and the
Middle East have initiated antibiotic production facilities. But
even with heavy government support, these facilities are unable
to produce at a price that is competitive with the major multi-
national producers.

The development of molecular diagnostic products is suffi-
ciently advanced in a number of countries such as Indonesia and
Thailand, that commercialization by indigenous companies is under
active consideration. Monoclonal antibody technology for the
production of immunodiagnostic tests for which there is signifi-
cant demand in developing countries is increasingly available for
transfer. However, there are still few university or govern-
mental laboratories and still fewer private companies that have
acquired the fundamenta!: know-how and possess the necessary
support facilities and staff to yet sustain a product development
program in this area. To further complicate the matter, estab-
lished diagnostic product companies based in developed countries
are able to market sophisticated, easy-to-use tests at costs that
are a deterrent to local manufacture.

The situation for animal vaccines and diagnostics is largely
the same. These businesses are now entirely in the hands of
established multinational companies, many of which also market
products for human use.

Significant health care product commercialization efforts
are currently underway in a number of countries by PATH (Program
For Applied Technologies In Health), based in the United States.
Their efforts are resulting in limited but tangible progress in
matching available diagnostic product technology with indigenous
companies capable of undertaking commercial product development.
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Algae Culture

Island nations in Southeast Asia and the Pacific often
contain excellent coastal resources for the production of com-
mercially valuable seaweeds that are used for the extraction of
industrial gqums and food additives. There is also a significant
domestic and regional demand for seaweeds used in traditional
food dishes. The growth and harvesting of seaweeds is tradition-
ally a highly labor intensive activity carried out by local
fishermen and growers. Technology involving the cultivation,
efficient harvesting and processing of seaweeds 1is possessed
almost entirely by multinational companies based in industrial-
ized nations. Some of this teclnology is being transferred to
local suppliers of FMC's Marine Colloid Division, a major U.S.-
based phytocolloids producer in Indonesia.

A number of research institutions and companies in indus-
trialized nations are conducting research and development on the
large-scale cultivation of microalgae as a source of organic
fertilizer, high protein food and animal feed substitutes, and as
a source of specialty chemicals. There are technical hurdles to
be overcome in optimizing the cultivation and harvesting of
microalgae in order to be competitive with other sources of the
same products. A Thai company is developing low-cost algae
culture technology wusing cassava starch plant effluent as
nutrient for culturing Spirulina for use as a feed component. A
U.S. biotechnology company is currently working with a Malaysian
plantaticn company to field test their microalgae-based ferti-
lizer product. Beta-Carotene and other specialty pigments and
fatty acids can also be extracted from microalgae products and
can help carry the still relatively high costs of algae culture.
If the technology can be further refined and effectively trans-
ferred, microalgae culture has tremendous long-term potential in
developing countries with the correct climate and infrastructure
rejuirements.

Aquaculture

The integrated, semi-intensive pond culture of marine shrimp
is currently one of the most profitable life science-based com-
mercial activities undertaken by indigenous companies in devzl-
oping countries. Aquaculture companies in Southeast Asia and
Latin America are already successful in supplying regional
markets as well as U.S., European and especially Japanese cus-
tomers. Most of the technology involved in building hatchery,
feed mill, and process’ng capabilities was developed by private
companies in Taiwan a.d the United States. The industry is well
enough established, however, that good technology and know-how in
all of these areas has been acquired and perfected by indigenous
companies.
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Already successful shrimp culture operations for the produc-
tion of Penaeus monodon are located in Indonesia, the Philippines
and Thailand. However, because of limited know how, post-larvae
availability and the high costs for feeds, many operations are
struggling to survive or have already failed. Know-how in manag-
ing shrimp culture operations is limited but available in these
countries for forming efficient, fully integrated systems involv-
ing hatcheries, feed mills, grow-out ponds and processing
facilities.

Technology improvement involving the control of the shrimp
breeding cycle and production of aquaculture feed components from
available raw materials is being undertaken by indicenous oper-
ating companies but local R&D capabilities need strengthening.
Linkages between operating companies and country R&D centers
would undoubtedly enhance the rate at which new technology is
introduced.
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IIT. Unmet Needs and Suggestions for Further Action

Without effective incentives and support from the public
sector, including the international development community, in-
digenous companies in developing countries will continue to lag
behind their counterparts in developed countries and economic
growth will continue to stagnate.

Steps that can be taken by public sector agencies and the
international development community to strengthen the role of in-
digenous companies are summarized below:

o) Estallishment of effective international research programs
analogous to the IARCs and focusing on value-added export
crops, diagnostic and therapeutic agents, vaccines and in-
dustrial biotechnology. Fundamental research related to
agriculture and the processing of agricultural products
should be undertaken by the existing CGIAR system. A world-
wide medical research network comparable to the CGIAR system
does not yet exist but there is a core group of capable in-
stitutions which could provide the base for a coordinated
vaccine and diagnostics development effort.

o) Continued support of international research organizations,
but focused on more basic research, the solving of technical
problems 1likely to have a significant regulatory impact
(e.g., the effect of releasing genetically engineered
microbes into the environment) and transfer of know-how to
national research programs, universities and companies in
developing countries; there should be an effort to lessen
dependency on the international donor agencies as national
research capabilities are strengthened. National research
programs could adopt an applied R&D role and might leverage
government funding with corporate funding if the channels
existed for joint development efforts.

o Increased emphasis on R&D supported by the international
development community that is coordinated with national re-
search efforts and dictated by the business development
needs of developing countries.

o] Strengthening of national research programs in developing
countries focused on specific, local development needs and
tied more directly to the needs of indigenous private sector

companies. An understanding of private sector needs can be
best cultivated by incorporating private sector representa-
tives into the R&D planning and review process. Brazil's

alcohol research program which was financed through a $30
million World Bank loan was able to mobilize over $100
million in research funding through industry cost sharing.

15



o Increased research collaboration between national and inter-
national research centers in developing countries and
academic institutions and corporations in developing
countries through a deliberate effort to integrate private
sector R&D capabilities with those of the research centers.

o) Allow researchers to accept royalties on technology put to
use. Allow indigenous companies to market technology under
exclusive licensi.g agreements as scientists with the
private sector should be organized.

A number of problems have arisen to diminish the effective-
ness of efforts to build national research capabilities involving
life science technologies. The following criteria should be
considered in developing truly effective national research
capabilities and minimize past problems:

o Development of scientific and technical staff should be a
high priority, in addition to research facilities,

o Differentiation between basic and applied research programs
with substantial private sector oversight and participation
in applied programs,

o Elimination of excessively burdensome administrative burden
for approval and initiation of research and development
projects, which stifles creativity and leads to delays and
discontinuity in research programs,

o Selection of appropriate sites for research facilities that
take into account such factors as related educational and
scientific infrastructure, proximity to the need or resource
base to be addressed, and basic infrastructure (e.g.,
electricity, transportation, port facilities),

o Qualitative congruence between research budgets and the
economic importance of research and development targets,

o Analysis and planning beforehand to determine that research
priorities and thrusts are directed toward real needs and
opportunities, and regular research reviews by a diverse
body of reviewers,

o) Development of sustained national funding efforts that are
stable and not subject to the fluctuations of funding from
the international donor community; incentives need to be
provided f{or national program directors and program bene-
ficiaries to build national support for ongoing funding to
sustain research and development efforts over the long term
and enhance the viability and independence of local efforts.
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o) Encourage R&D funders to adopt a strategy of disaggregated
contributions to improve project accountability.

In addition to strengthening the effectiveness and interac-
tion of the international and national research organizations, it
is important that tax and other incentives be provided to in-
digenous operating companies in daveloping countries to develop
their own R&D programs. Minimal resources have been devoted to
the development of life science technology by private sector com-
panies in developing countries because the returns can be quite
small in relation to the high development costs and the risks
associated with doing business in these countries. The Western
notion that the private sector will automatically champion
biotech research with commercial potential does not apply.

Local companies must be provided with opportunities to ac-
quire appropriate technology, either through the public sector
network or through collaborations with other private sector con-
cerns. A mechanism should be put in place to facilitate sourcing
of technology and maragement expertise, They also need mana-
gerial assistance, marlet intelligence and market access. A good
example of such a mechanism 1is +the Association of Retired
Executives that provides experienced management to LDC companies
at very low subsidized salaries. Joint ventures with companies
based in developed countries can be successful in realizing the
commercial benefits from biotechnology if ventures «can be
identified in which the developing countryv partner truly brings

value to the partnership. This added value can be in terms of
proximity to raw materials, low production cost, production know
how, and access to lccal markets and capital. However, the

developed country ventures partner must be committed to the
actual transfeir of know-how to the LDC venture rather than be
simply providing limited technology insights to LDC personnel on
a "need--to-know" basis.

In the remainder of this section, the authors highlight
products arising from life science research and development that
represent important commercial opportunities for indigenous
companies in developing countries and are now being overlooked.
The following sections should be confined to relevant examples of
the unmet needs.

Organic Fertilizer, and Animal Feeds from Agricultural Residues
and Food Processing Wastes

The productivity and profitability of agro-industries can be
greatly enhanced through better utilization of site-generated
wastes, yet there are few programs that deliberately target
by-product utilization technology development.

17



A number of indigenous companies are developing technology
for the conversion of agricultural residues (e.g., animal manure)
and food processing wastes (e.q., sugarcane bagasse, cassava
starch waste) into useful by-products on a commercial scale.
There is a tremendous need in developing countries for low-cost
organic fertilizers and feeds but little discussion on commer-
cially viable operations is available in the literature.

Fabcon Philippines has developed and is now marketing a
value-added organo-phosphate fertilizer based on sugarcane
bagasse and phosphate rock and utilizing their proprietary
large-scale composting technology. This and similar technology
under development can be easily transferred to other developing
countries. Such technology has great potential to reduce depend-
ence of local growers on imported inorganic fertilizers and can
significantly lower crop production costs while building local
soils. Falcon has formed agreements with San Carlos Milling in
the Philippines and other indigenous companies in developing
countries to develop and market their product in specific
applications.

Technology is also under development around the world for
the large-scale production of livestock and aquaculture feeds
from agricultural and food processing waste, yeast, and micro-
algae. Lack of affordable, nutritious livestock feeds have been
a major barrier to the successful development of the dairy and
beef industries in such countries as Indonesia and the Philip-
pines to improve the nutrition of the domestic populace.

Aquaculture to produce fin fish and shrimp is a major source
of food in developing countries, and in many cases represents a
highly profitable business. Up to 60% of the production cost for

cultured marine shrimp is for highly sophisticated feeds. Most
aquaculture feeds in use are formulated from expensive ingre-
dients that often must be imported. However, technology 1is

available from a number of sources that can increase the self-
sufficiency of local growers and significantly improve
profitability.

Value-Added Export Crops

Indigenous companies can buiid upon the comparative advan-
tage of many developing countries for the cultivation of impor-
tant tropical plants for export. Promising candidates include
selected ornamental plants, tropical flowers, spices, fruits, and
vegetables. By selecting sites at upland locations, it is also
possible to grow many temperate zone plants (e.g., strawberries,
vegetables, carnations, roses) year round.
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Many of these plants are vegetatively propagated and readily
lend themselves to in vitro cultivation methods that offer tan-
gible cost- and labor-saving advantages over conventional propa-
gation methods. Such technology is under active development
around the world and is already in use to produce value-added
export crops by a limited number of companies in Asia and Latin
America. There 1is a need for virus-free potatoes, fungus-
resistant black pepper and other species in tropical regions.
Planting stock must often be imported, a costly undertaking with
many storage and handling problems. In vitro cultivation tech-
nology 1is available or under development to address this issue
from several developed country companies and at least three
developing country companies. Some of these companies have been
able to obtain donor funding for their R&D and the substantive
results achieved provide initial evidence of the benefits of
greater private sector involvement in R&D.

Through the development of low-cost production and process-
ing sites in regions with the necessary infrastructure, lucrative
export markets (e.g., North America, Europe, Japan) can often be
profitably served.

More attention must be paid to innovative approaches for
organizing farmers into entities capable of providing post-
harvest processing and transportation infrastructure needed to
effectively market cash crops. The application of the "nucleus"
or "satellite" farming concept involving contract growers permits
large-scale crop production by a centralized processing/marketing
enterprise while reducing the investment that is required. Con-
trolled environment farming is of interest to a number of in-
digenous companies in Asia for the production of fresh vege-
tables. A number of corporate and forward-thinking diversified
crop producers located in developing countries are now employing
these techniques.

Any successful operation involving the production of fruits
and vegetables for export must be supported by post-harvest tech-
nology. For instance, appropriate storage procedures for
seasonal fruits are required so that higher prices can be
realized during off-season periods. Many developing countries
that would otherwise be good candidates for developing the pro-
duction technology do not currently have this capability. Pro-
grams such as the AID-supported Agricultural Technology Transfer
program 1in Thailand have begun to address these mundane but
essential considerations.
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Molecular Diagnostics for Crop Improvement

Molecular diagnostics could play a major role in improving
the productivity and profitability of agricultural operations in
developing countries. Rapid analysis of pesticide residues,
early detection of plant diseases, and quantification of pest
levels provide information useful in determining crop rotation
patterns, variety selection, pesticide selection, application

timing, and harvest dates. This is an overlooked area when one
considers the enormous crop losses borne by both plantations and
small farms. (Yields are typically 30-50% below optimum for

virtually every crop. New viral and fungal infestations have
played havoc with bkanana, citrus, vegetable and spice crops.) The
underlying technology 1is under acti-e development by biotech-
nology companies in the United States and Europe. Molecular
diagnostics are already being used in research and it is likely
that they will be commercialized within the next five years.
Successful implementation of this technology could play a major
role in the further development of improved varieties of basic
agronomic crops as well as value-added export crops.

Plant-Derived Natural Products

There are a number of human and animal healthcare apglica-
tions with near- and medium-term commercial potential that are
only minimally discussed in the literature. Included 1is the
extraction of important steroid precursors, glycosides, alkaloids
and other plant-derived medicinals.

In all cases, the appropriate life science technologies
involved have already been developed by multinational pharma-
ceutical companies and are already being transferred to in-
digenous companies in developing countries, albeit on a limited

scale. Indigenous companies in some developing countries (e.q.,
India, Indonesia) have bequn acquiring such technology, usually
based on joint ventures with European or U.S. companies, A

barrier to the successful transfer of such technology, however,
is 1its proprietary nature and the lack of adequate patent
protection in many developing countries.

20



IV. SELECTED REFERENCES

Technical Papers
Agricultural Crop Improvement

Bernsten, R. H., Siwi, B. H., and Beachell, H. M. (1982). The
development and diffusion of rice varieties in Indonesia. IRRI
Research Paper Series, Number 71, The International Rice Research
Institute, Manila, Philippines.

Biotechnology in International Agricultural Research. (1985) .
Proceedings of the Inter-Center Seminar on International Agricul-
tural Research Centers (IARCS) and Biotechnology, 23-27 April
1984. International Rice Research Institute, Manila, Philippines.

Cohen, J. I., Plucknett, D. L., Smith, N. J. H., and Jones, K. A.
(1987). Integration of biotechnology into international crop
development. Unpublished; submitted for publication by Science.

Dalrymple, D. G. (1986) . Development and Spread of High-
Yielding Rice Varieties in Developing Countries. Bureau for
Science and Technology, Agency for International Development,
Washington, D.C.

Dalrymple, D. G. (1986) . Development and Spread of High-
Yielding Wheat Varieties in Developing Countries. Bureau for
Science and Technology, Agency for International Development,
Washington, D.C.

Dodds, J. H. (March 1987). CIP collaborative research on tissue
culture and genetic engineering for potato improvement. CIP Cir-
cular. Vol. 15, No. 1, International Potato Center, Lima, Peru.

Global Workshop on Root and Tuber Crops Production. (1986) .
Proceedings of a regional workshop held in Cali, Colombia, 13-16
September 1983. Tech. Ed., J. H. Cock. CIAT (Central Inter-

nacional de Agricultura Tropical), Cali, Colombia.

Hardon, J. J. (1984) . The o0il palm: Progress through plant
breeding in Malaysia. Span, Vol. 27, pp. 59-60.

Hu, H. and Shao, Q. (1986} . Tissue culture and its role in crop
improvement in China. Workshop on Biotechnology for Crop
Improvement: Potentials and Limitations - 13-17 October. The

International Rice Research Institute, Los Banos, Philippines.

21



The Role of Biotechnology in Plant Breeding. (1985). Report of
the Plant Breeding Research Forum, August 21-23, 19§4. Sponsored
by Pioneer Hi-Bred International, Inc., Des Moines, Iowa.

Timm, M. (1987). Tropical tissue culture for better bananas.
Bio/Technoloqy, Vel. 5, p. 667,

Integrated Pest Management

Agudelo-Silva, F. (1980) . Parasitism of Erinnyis ello by
Telenomus sphingis in the Dominican Republic. Environmental
Entemelogy, Vol. 9, pp. 233-235,

Luckmann, W. H., and Metcalf, R. L. (Eds.). {1982) . Introduc-~
tion to Insect Pest Management. 2nd edition, John Wiley & Sons,

New York, p. 577.

Timm, M. {(1987). 'Biocon' controls nematodes biologically.
Bio/Technology, Vol. 5, p. 772,

Bioconversion of Plant Material

Alcohol Fuels. (1983). Report of an ad hoc panel of the Advis-
ory Committee on Technology Innovation, Board on Science and
Technology for International Development National Research

—~

Council. National Academy Press, Washington, D.C.

Diffusion of Biomass Energy Technologies in Developing Countries.
(1984). Second edition, Board on Science and Technology for In-
ternational Development, National Research Council. National
Academy Press, Washington, D.C.

Food, Fuel, and Fertilizer from Organic Wastes. (1981) . Report
of an ad hoc panel of the Advisory Committee on Technology Inno-
vation, Board on Science and Technology for International Devel-
opment, National Research Council. National Academy Press, Wash-
ington, D.C.

Microbial Fermentation and Immobilized Enzyme Technology

Crott, R. (1986). The impact of isoglucose on the international
sugar market. In: The Biotechnological Challenge. Edited by S.
Jacobsson, A. Jamison, and 4. Rothman. Cambridge University

Press, Cambridge, pp. 96-123.

Greenshields, R. and Rothman H. (1986) . Biotechnology and fer-
mentation technology. In: The Biotechnoliogical Challenge. Ed-
ited by s. Jacobsson, A. Jamison, and H. Rothman. Cambridge
University Press, Cambridge, pp. 77-95.

22


http:biological.lv

Sercovich, F. C. (1986) . The political economy of biomass in
Brazil - the case of ethanol. 1In: The Biotechnological Chal-
lenge. Edited by S. Jacobsson, A. Jamison, and H. Rothman. Cam-
bridge University Press, Cambridge, pp. 148-175.

Towalski, Z. and Rothman, H. (1986) . Enzyme technology. In:
The Biotechnological Challenge. Edited by S. Jacobsson, A. Jami-
son, and H. Rothman. Cambridge University Press, Cambridge,
pp. 37-76.

Human and Animal Health Care

Fairtlough, G. H. (1986) . Genetic engineering - problems and
opportunities. In: The Biotechnological Challenge. Edited by S.
Jacobsson, A. Jamison, and H. Rothman. Cambridge University

Press, Cambridge, pp. 12-36.

Ravetch, J. V., Young, J., and Poste, G. (1985) . Molecular
genetic strategies for the development of anti-malarial vaccines.
Bio/Technology, Vol. 3, pp. 729-740.

Workshop on Biotechnology of Steroid Compounds as Contraceptives
and Drugs - Summary Report. (1987) . Jakarta, Indonesia, Decem-
ber 15-17, 1986. Jointly sponsored by 1Indonesian National
Research Council, Government of the Republic of Indonesia and
Board on Science and Technology for International Development,
National Research Council. National Academy Press, Washington,
D. C.

Algae Culture

Workshop on Marine Algae Bio*echnology - Summary Report. (1986).
Jakarta, Indonesia, December 11-13, 1985. Jointly sponsored by
Indonesian National Research Council, Government of the Republic
of Indonesia and Board on Science and Technology for Interna-
tional Development, National Research Council. National Academy
Press, Washington, D.C.

Aquaculture
Chang, K. H., and Lee, J. C. (1986) . Systematic approach to
Sea-farming in Penghu, Taiwan, ROC. In: Aquaculture Engineering,

Ed., K. R. Murray, Vol. 5 (2-4), pp. 253-270.

Chiang, H. C. (1986) . Study of treatment and reuse of aquacul-
tural wastewater in Taiwan. In: Aquaculture Engineering, Ed., K.
R. Murray, Vol. 5 (2-4), pp. 301-312.

Colwell, R. R. (1986). Marine biotechnology anéd the developing
countries. UNIDO document v.86.50206, January 7.




Fisheries Technologies for Developing Countries. (1988). Report
of an Ad Hoc Panel of the Board on Science and Technology for In-
ternational Development (BOSTID), National Research Council. Na-
tional Academy Press, Washington, D.C.

Hu, § H. (1986) . Introduction to the design of coastal aqua-
culture systems in Taiwan. In: Aquaculture Engineering, Ed., K.
R. Murray, Vol. 5 (2-4), pp. 235-252.

Liao, I. C. (1986) . General introduction to the prawn pond
system in Taiwan.,. In: Aquacultural Engineering, E., K. R.
Murray, vol. 5 (2-4), pp. 219-233,

Programs and Policies of the International
Development Community

Accelerated Agricultural Production. (August 1986). Project
Paper, Project Number 492-0385. U.5. Agency for International
Development, Manila, Philippines.

Alexander, J. (Ed.). (1986) . Research Partners Half A World
Apart. National Science Foundation, NSF 86-49, Washington, D.C.

Annual Report CIP 86-87. (1987) . International Potato Center,
Lima, Peru.

Annual Report for 1986. (1987). 1Interna:ional Rice Research In-
stitute, Los Banos, Philippines.

Barton, J. H. (1984). The Effects of the New Biotechnologies on
the International Agricultural Research System. Prepared for the
U.S5. Agency for International Development, Contract Number DAN-
1406-C-00-4027-00, Project Number 936-1406.01. October.

Bohlool, B. B. (1986) . Final Report 1975-1986, NiFTAL Report
1986. Prepared under USAID contract DAN-0613-C-00-2064-00.
NiFTAL Projecc and MIRCEN, Department of Agronomy and Soil
Science, College of Tropical Agriculture and Human Resources,
University of Hawaii. U.S. Agency for International Development.

Centro TInternacional de Agricultura Tropical. (1987). CIAT
Report 1987. 1Informe CIAT 1987. Cali, Colombia.

CIAT enters the biotechnology era. (April 1985). Centro Inter-
nacional de Agricultura Tropical, CIAT International Report of
Research and International Cooperation. vol. 4, No. 1, Cali,
Colombia.

CIMMYT. (1987). 1986 Annual Report. International Maize and

Wheat Improvement Center. Mexico, D.F. Mexico.

24


http:936-1406.01

CIMMYT. (1986). CIMMYT Research Highlights 1985. Mexico, D.F.
Mexico.

Development Through Innovative Research - The First Three Years
of the AID Program in Science and Techrology Cooperation (PSTC).
(1985). The Office of the Science Adviscr, U.S. Agency for
International Development, Washington, D.C.

Dingell, J. D. (1985). Benefits for the developing world. Bio/
technology, Vol. 3, August, p. 752.

Elkington, J. (1986). Double Dividends? U.S. Biotechnology and
Third World Development. World Resources Institute, WRI Paper
F2.

Flinn, J. C., and Denning, G. L. (1982). Interdisciplinary
challenges and opportunities in international agricultural
research. IRRI Research Paper Series, Number 82, The Interna-

tional Rice Research Institute, Manila, Philippines.

Goldstein, D. J. (1986) . Biotechnology in underdevelopment.
Bio/technology, Vol. 4, p. 672.

Gomez, A. A. (1986) . Philippines and the CGIAR Centers - A
Study of Their Collaboration in Agricultural Research. Consul-

tative Group on International Agricultural Research Study Paper
Number 15. The World Bank, Washington, D.C.

Goodman, M. R. (1985) . Bringing new technology to old world
agriculture. Bio/technology, Vol. 3, August, pp. 708-709.

IBPGR. (1987). Annual Report 1966. International Board for
Plant Genetic Resources, Rome.

ICARDA. (September 1987). Annual Report 1986, International
Center for Agricultural Research in the Dry Areas. Aleppo, Syria.

ICRISAT. (1987) . Annual Report 1986. International Crops Re-
search Institute for the Semi-Arid Tropics. Patancheru, A.P. 502
324, India.

ILCA. (1987) . ILCA Annual Report 1986/87. International Live-
stock Centre for Africa. Addis Ababa, Ethiopia.

ILRAD. (1986) . Annual Report of the International Laboratory
for Research on Animal Diseases. Nairobi, Kenya.
International Fertilizer Development Center, (August 1987).

Annual Report 1986. Circular IFDC-S10. Muscle Shoals, Alabama.

25



International Food Policy Research Institute (IFPRI) Report -

1986. (April 1987). Washington, D.C.

International Service for National Agricultural Research. Annual
Report 1986. (May 1987). The Hague, Netherlands.

IRRI Highlights 1985 - Accomplishments & Challenges. (1986) .
International Rice Research Institute, Los Banos, Philippines.
Isarangkura, R. (1986) . Thailand and the CGIAR Centers - A
Study of Their Collaboration in Agricultural Research. Consul-

tative Group on International Agricultural Research Study Paper
Number 16. The Worlcd Bank, Washington, D.C.

McConnell, D. J. (1986). Basic ingredients required for capa-
bility building in genetic engineering and biotechnology 1in
developing countries: Some objectives for the Intecrnational
Centre for Genetic Engineering and Riotechnology. Prepared for a
United Nations Industrial Development Organization-sponsored sym-
posium, Capability Building in Biotechnology and Genetic Engi-
neering in Develoving Countries, held during the 150th annual
meeting of the American Association for the Advancement of
Science, 24-29 May 1984. UNIDO document v.86.51675 of 12 Feb-
ruary, pp. 1-42.

O'Sullivan, D. A. (1985). TFocus of international biotech center
shifts to science. Chemical and Engineering News. April 15,
pPp. 23-26.

Priorities in Biotechnology Research for International Develop-
ment. (1982) . Proceedings of a Workshop, Washington, D.C. and
Berkeley Springs, West Virginia, July 26-30, 1982. National
Academy Press, Washington, D.C.

Riazuddin, S. (1986). Capability building in biotechnology and
genetic engineering by developing countries. Prepared for a
United Nations Industrial Development Organization-sponsored
symposium, Capability Building in Biotechnology and Genetic Engi-
neering in Developing Countries, held during the 150th annual
meeting of the American Association for the Advancement of
Science, 24-29 May 1984. UNIDO document v.86.51675 of 12 Febru-
ary, pp. 43-59.

Schuh, E. G., and McCoy, J. L., Eds. (1986) . Food, Agriculture,
and Development in the Pacific Basis: A Pacific Basin Report.
Westview Press, Boulder and London.

26



Training in the CGIAR System - Building Human Resources for Re-
search to Improve Food Production in Developing Countries.
(1986) . Technical Advisory Committee, Consultative Group on In-
ternational Agricultural Research. Prepared by the TAC Secre-
tariat, Food and Agricultural Organization of the United Nations.
Printed at the International Rice Research Institute, Los Banos,
Philippines.

U.S. - Israel Cooperative Development Research Program - A Part-
nership for International Development. (19¢7). U.S. Agency for
International Development, Washington, D.C.

Workshop on Thai-U.S. Science and Technology Collaboration - Sum-
mary Report. (1984) . Bangkol, Thailand, June 4-9, 1984.
Jointly sponsored by Ministry of Science, Technology, and Energy,
Government cf the Kingdom of Thailand and Board on Science and
Technology for 1International Development, National Research
Council. National Academy Press, Washington, D.C.

Wu, R. (1986). Building biotechnology research and development
capability in developing countries. Prepared for a United Na-
tions Industrial Development Organization-sponsored symposium,
Capability Building in Biotechnology and Genetic Engineering in
Developing Countries, held during the 150th annual meeting of the
American Association for the Advancement of Science, 24-29 May
1984, UNIDO document v.86.51675 of 12 February, pp. 61-75.

Zilinskas, R. A. (1986) . Capability building for bioscience-
based industry by developing countries. Prepared for a United
Nations Industrial Development Organization-sponsored symposium,
Capability Building in Biotechnology and Genetic Engineering in
Developing Countries, held during the 150th annual meeting of the
American Association for the Advancement of Science, 24-29 May
1984, UNIDO document v. 86,51675 of 12 February, pp. 71-114.

Zirmerman, B. K. {(1985). The United Nation's ICGEB. Bio/
technology, Vol. 3, August, p. 710.

National Development Programs and Policies

The Wall Street Journal, May 12, p. 23.

Abelson, P. H., and Rowe, J. W. (1987) . A new agricultural
frontier. Science, Vol. 235, pp. 1450-1451.

Barton, J. H. (1985). The new biotechnology and African agri-
cultural development. Prepared for Conference on African Agri-

cultural Development: Technology, Ecology and Society, California
State Polytechnic University, Pomona, May 28-June 2.

27



Development of a National Center for Genetic Engineering and
Biotechnology in Thailand. U.S. Advisory Group Visits to Thai-
land, July 23-Auqust 3, 1984, Jointly sponsored by Ministry of
Science, Technology, and Enaray, Government of the Kingdom of
Thailand and Board on Science and Technology for International
Development, National Research Council. National Academy Press,
Washington, D.C., 1986,

Ludlow, N. H. (1986) . Indonesia's long-term plan: Less oil,
more self-reliance. Asian National Development, December,
pp. 22-26.

Project Paper - Thailand. (1385). Science and Technology for
Development (493-0340). June, U.S. International Development

Cooperation Agency, Agency for International Development.
Washington, D.C.

Ragus, L. N., and Acompanado, M. F. (1986) . Biotechnology
Research in crops in the Philippines. Reference paper for the
Regional Workshop on Biotechnology in Agriculture held October
8-11 at SEARCA, College, Laguna, Philippines.

Roca, W. H. (September 1984). Biotechnology: Opportunities for
Agricultural Research in lLatin America. Presented at the BID/
CIMMYT Workshop of Latin American and Caribbean Agricultural
Research Institutes, held at CIMMYT, Mexico. Unpublished.

Sjerven, J. (1986) . Philippines launches embryo transfer
facility to upgrade dairy herds. Agribusiness Worldwide.
September, pp. 5-10.

The Blue Print of the Development of Biotechnology in Indonesia.
The Ministryv for Research and Technology of the Republic of In-
donesia, 1985.

Workshop on Biotechnology in Agriculture - Summary Report.
Jakarta, Indonesia, March 13-14, 1986. Jointly sponsored by
Indonesian National Research Council and Board on Science and
Technology for 1International Development, National Research
Council. National Academy Press, Washington, D.C.

Industry/Economic Evaluations and
Private Sector Activities

Agribusiness Investment Opportunities in the Philippines, Volume
1l: Reconnaissance Survey Report. Prepared by the American
Society of Agricultural Consultants under a grant from the U.S.
Trade and Development Program. November 27, 1986.

28



Avribusiness Investment Opportunities in the Philippines, Volume
Ii: Project Profile Report. Prepared by the American Society of
Agricultural Consultants under a grant from the (.S. Trade and
Development Program. March 12, 1987.

Barker, R. (1979). Barriers to efficient capital investment in
Asian agriculture. IRRI Research Paper Series, Number 24, The
Internaticnal Rice Research Institute, Manila, Philippines.

Barlow, C., Jayasuria, S., Cordova, V., Roxas, WN., Yamboa, L.,
Bantilan, C., and Maranan, C. (1979). Measuring the economic
benefits of new technologies to small rice farmers. IRRI Re-

search Paper Series, Number 28, The International Rice Research
Institute, Manila, Philipoines.

Business in the developing world - in search of excellence, the
hard way. (1987). The Economist, Vol. 305, No. 7530-~31,
pp. 80-88.

Critchfield, R. (1982). Science and the villager: The last

sleeper wakes. Foreign Affairs, vVol. 61 (1), pp. 14-41.

Guiting, H., Te, A., Xigang, Z., Travers, S. L., Xuifang, S., and
Herdt, R. W. (1984). The economics of hybrid rice production in
China. IRRI Research Paper Series, Number 101, The International
Rice Research Institute, Manila, Philippines.

Investment Proposals for North Sulawesi. (1986) . Sponsored by
Badan Koorddinasi Penanaman Modal and United Nations Development
Organization. The Regional Investment Coordinating Board of

North Sulawesi.

Kikuchi, M., Huysman, A., and Res, L. (1983). New rice tech-
nology and labor absorption: Comparative histories of two Philip-
pine rice villages. IRRI Research Paper Series, Number 90, The

International Rice Research Institute, Manila, Philippines.

Lescaze, L. (1987). Letter from Nigeria: Nigeria bets on boom
in agriculture to help it recover from oil-price bust. The Wall
Streat Journal. May 7.

McSweeny, E. 8S. (1986) . Applied research in aquaculture - an
industry in perspective. In: Aquaculture Engineering, Ed., X. R.
Murray, Vol. 5 (2-4), pp. 325-332.

Murray, G. F. (1986) . Foreign aid with a private flavor. The
Wall Street Journal. “une 9.

Poste, G. (1985). Biotechnology in the third world: The phar-
maceutical industry and health care. Bio/technology, Vol. 3,
pp. 704-706.

29



Pray, C. E. (1986) . Agricultural Research and Technology Trans-
fer by the Private Sector in India, Report Number i. Economic
Development Center. University of Minnesota. U.S. Agency for
International Development Contract No. OTR-0091-G-SS-4195-00.

Pray, C. E. (1986). Agricultural Research and Technology Trans-
fer by the Private Sector in the Philippines, Report Number 2.
Economic Development Center. University of Minnesota. U.S.

Agency for International Development Contract No. OTR-0091-G-SS-
4195-00.

Pray, C. E. (1986) . Agricultural Research and Techrology
Transfer by the Private Sector in Indonesia, Report Number 3.
Economic Development Center. University of Minnesota. Uu.s.

Agency for International Development Contract No. OTR-0091-G-SS-
4195-00.

Pray, C. E. (1985). Private Sector Research and Technology
Transfer in Asian Agriculture: Report on Phase 1. Economic
Development Center. University of Minnesota. U.S. Agency for

International Development Contract No. OTR-0091-G-S$S-4195-00.

Proceedings: CDG-MU-NCGEB-DIP Information and Planning Meeting on
Application of Biotechnology for Small Industries Development in
Developing Countries. (1987). Hilton International Hotel,
Bangkok, Thailand, 25 September 1986. Carl Duisberg Gesell-
schaft, Southeast Asia Program Office. Asian Institute of Tech-
nology, Bangkok, Thailand.

Pruder, G. D., and Rackowe, R. (1987). Aquaculture: Shrimp with
rice, a Thail specialty. Asiaweek, March 22, p. 53.

(1987). Only 11 of 77 shrimp projects already realized.
Jakarta Post, May 16.

(1987) . On the road to somewhere - a survey of East
Africa. The Economist. June 20, survey pp. 1-18.

. (1987) . Tropical balance, a survey of Thailand. The
Economist. Vol. 305 (7522), survey pp. 1-22.

Miscellaneous Review Articles

Deva, S. R. (1986) . Science and Technology - Motoring on palm
oil: Driving away problems of oversupply. Asian Business,
February.

30



Hill, M. J. (1984). Seed Technology Training and Research in
Southeast Asian Countries. Extension Bulletin NoO. 207, Asian and
Pacific Council Food & Technology Center, Ref: (FFTC EB 207) '84,
Taiwan, Republic of China, August.

Millership, P. (1987). Third world growers try new low fat
palm. Manila Bulletin. May 23, p. 25.

Norman, C. (1985). The technological challenge in Africa.
Science, Vol. 227, pp. 616-617.

Rousseau, P. (1986). Biotechnologies for development - reflec-
tions on the protein chain. In: The Biotechnological Challenge.
Edited by S. Jacobsson, A. Jamison, and H. Rothman. Cambridge
University Press, Cambridge, pp. 124-147.

Vietmeyer, N. D. (1986) . Lesser-~known plants of potential use
in agriculture and forestry. Science, Vol. 232, pp. 1379-1384.

Williams, J. T. (1986) . Germplasm resources, In: Global
Aspects of Food Production, Natural Resources and the Environment
Series, Volume 20, Eds., M. S. Swaminathan and 5. K. Sinha.
International Rice Research Institute. Tycooly International,
Oxford, Kiverton (N.J.), Dehradun.
wWitt, S. C. (1985). Brief Book -~ Biotechnology and Geaetic
Diversity. California Agricultural Lands Project.
Wittwer, S. H. (1986). Research and technology needs for the
twenty-first century. In: Global Aspects of Food Production,
Natural Resources and the Environment Series, Volume 20, Eds.,
M. S. Swaminathan and S. K. Sinha. International Rice Research
Institute. Tycooly International, Oxford, Riverton (N.J.),
Dehradun.

(1986) . Farming Brief - What Africa can learn frcm

India. The Economist, July 5, pp. 76-77.

(1986) . Giving India's trees to the people. The Econ-
omist. December 6, pp. 101-102.

. (1987) . If India, why not Africa? The Economist. Aug-
ust 8, pp. 76-77.

(1987) . The greening of the dark continent. The Econ-
omist. March 14, p. 42.

31



APPENDIX A

DEFINITIONS

Algae Culture - The cultivation of seaweeds such as Gracilaria
(macroalgae culture) for the production of agar and other

industrial polysaccharides. This 1is a relatively non-
intensive operation, usually conducted by individuals on a
small scale in coastal regions. Seaweed cultivation was

traditionally developed as a source of food and fertilizer.
Microalgae culture involves large-scale intensive culti-
vation of species such as Spirulina for use in human health
food products, as a source of fertilizer, or for the ex-
traction of high-value specialty chemicals (e.g., pigments,
beta-carotene, eicosapentenenoic acid).

Anther Culture - The culture of pollen mother cells, once they
are 1isolated from anthers, to produce haploid plants for
subsequent screening. This technique has the potential to
compress Dbreeding cycles, increase selection efficiency,
provide for early expression of recessive genes and expose
gametoclonal variations.

Aquaculture - A term referring to :he numerous intensive, semi-~-
intensive and non-intensive methods used for the production
of edible fin fish (e.g., carp, tilapia), crustaceans (e.qg.,
Pineaus monodon) and mollusks (e.g., abalone, oysters) .

Bioconversion - The transformation of materials through the
action of a living system or an agent (e.g., enzyme) derived
from a living system.

Controlled Environment Farming - The production of plants under
carefully controlled conditions that regulate temperature,
humidity, lighv. intensity, nutrients and other variables to
achieve optimum productivity.

Embryo Rescue - The wuse of plant cell and tissue culture tech-
niques to nurture otherwise abortion-prone embryos through
cell division to the eventual regeneration of an Fl1 (first
generation) plant following sexually induced wide
hybridization.

Embryo Transfer - Process of surgically or non-surgically im-
planting viable embryos in recipient female animals (usually
cattle, buffal-, goats, sheep, swine) to genetically improve
livestock herds; undertaken in combination with superovula-
tion, artificial insemination, embryo collection and sexing,
and often, embryo splitting (twinning), and embryo freezing.

32



Floriculture - Cultivation of flowering plants for sale as potted
or cut flowers, or for seed production.

Genetic Engineering - Genetic manipulations at the molecular or
cellular level in order to improve genetic traits. The term
typically refers to the isolation, characterization, and re-
combination of nucleic acids.

Hybrid - A heterozygous plant formed by the cross of inbred
(homozygous) parental lines.

Immobilized Enzymes - The use of industrial enzymes covalintly or
ionically linked to an inert substrate (usually a column or
beads) for the bioconversion of organic molecules in flow-
through systems.

Immunodiagnostics - Analytical procedures based on an antigen/
antibody reaction, incorporating a fluorescent or radio-
active label that will indicate either qualitative or quan-
titative levels of an antigenic substance; usually employed

in diagnostic medicine, but with potential also in
agriculture.
Integrated Pest Management (IPM) - A system for controlling agri-

cultural pests whereby all available techniques are evalu-
ated and consolidated into a unified program to manage pest
populations so that economic damage is avoided and adverse
side effects on the environment are minimized. The term
generally refers to the integration of biological control
(insect- microbial- or nematode-based) with pesticide appli-
cation and the use of appropriate cropping systems.

In Vitro Conservation - The use of plant cell and tissue culture
to produce 1in vitro genebanks. Modification of culture
protocols ensure slow growth provides a means of establish-
ing in_vitro genebanks to form medium-term collections to
complement more traditional means of germplasm conservation.

In Vivo Cultivation - Cell and tissue culture.

Life Science Technologies - Technologies derived through the
application of biological prccesses.

Mariculture - Cultivation of marine organisms in their natural
habitat.

Molecular Diaynostics - Analytical diagnostic tests based on
immunodiagnostic or nucleic acid hybridization procedures.
When coupled with a visualization method, such diagnostics
provide simple, specific and sensitive detection and quanti-
fication methods with a broad range of applications.
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Monoclonal Antibodies - Highly specific, purified antibodies
produced from hybridomas (the fusion products of antibody-
producing lymphocytes and rapidly dividing myeloma cells)
that find widespread commercial use in immunodiagnostic
tests. They are widely used in research applications and
are employed in immunotherapy, targeted drug delivery and
bioprocessing (purification).

Nucleic Acid Hybridization - Annealing of complementary DNA
strands derived from different socurces; nucleic acid probes
are single-stranded nucleic acid fragments that can be used
diagnostically to determine whether or not the nucleic acid
base sequence in a sample corresponds to that which is
characteristic of a genetic disorder or the presence of a
disease organism; probes can also be used in plant selection
work by identifying specific genetic regions.

Pathogen-Free Plant Production - The use of virus-free plant
tissue derived from meristem culture. This technique has
been used to produce virus-free plants for over 50 species,

Protoplast Fusion - A non-traditional method of gene transfer at
the cellular level, resulting from the culture and sub-
sequent fusion of plant protoplasts.

Rapid (in vitro) Clonal Propagation - Plant cell and tissue cul-
ture techniques resulting in rapid and reproducible multi-
plication rates, pathogen-free conditions and the ability to
propagate species that are difficult to propagate vegeta-
tively, and production on a year-round basis.

Recombinant DNA Technology - Non-traditional methods of gene
transfer at the molecular level for identifying, accessing
and transferring useful genes. These techniques can be used
to transfer genes via bacterial or virus vectors and direct
gene transfer by microinjection or electroporation.

Somaclonal Variation - Variation observed in plants regenerated
from tissue culture that has promise in providing cereal and
perennial crop germplasm with tolerance to environmental
stress and other useful traits.

Vegetative Propagation - The reproduction of plants by means
other than through seeds.
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APPENDIX B

SPECIFIC BIOTECHNOLOGY R&D ACTIVITIES

CONDUCTED BY INTERNATIONAL AGRICULTURAL RESEARCH CENTERS

IN DEVELCPING COUNTRIES

Specific examples of activities under way in developing

countries to produce or screen cloned material derived through
micropropagation include:

0o

Rapid (in vitro) clonal propagation - Centro Internacional
de la Papa (CIP) in Lima, Peru, employes culture of single
nodes and shaken shoot cultures and production of in vitro
tubers for multiplication and distribution of potato
germplasm.

In vitro conservation of germplasm - now used extensively

with cassava, sweet potato, potato and banana at CIP, Centro

Internacional de Agricultura (CIAT) in Cali, Colombia, and
the International 1Institute of Tropical Agriculture in
Ibadan, Nigeria. 1JIndia's National Bureau for Plant Genetics
Resources has established a National Facility for Plant
Tissue Culture Repository, which is involved in the cryo-
preservation of seeds, anthers, pollen grains, callus and
organs. Centro Agronomico Tropical de Investigacion vy
Ensenanza (CATIE) in Turrialba, Costa Rica plants to develop
protocols for in vitro cultivation of bananas.

Pathogen-free plant production - in collaboration with the
University of Wisconsin, CIP 1is developing new in vitro
methods to ensure pathogen elimination from potatoes that
will allow CIP to provide more germplasm more quickly to
national programs for breeding and seed production.

Molecular Diagnostics - immunoassays and nucleic acid
hybridization probes are being used to detect viruses such
as tungro, grassy stunt and ragged stunt on rice in Asia and

Latin America. A nucleic acid spot hybridization test is
used by CIP for evaluation of potato spindle tuber viroid
from samples collected in the field. Restriction fragment

length polymorphisms (RFLPs) are Leing used diagnostically
at CIP to test for genetic stability following micropropaga-
tion of potatoes.

The following are examples of the use of emerging tech-

nologies in developing countries to generate genetic variation of
potential use in varietal improvement programs:
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o Embryo rescue - The International Crops Research Institute
for the Semi-Arid Tropics (ICRISAT) is using this technique
in crossing domesticated peanut with over a dozen wild rela-
tives to create domesticated varieties with resistance to
late leaf spot and rust. IRRI has successfully used embryo
rescue techniques following wide crosses ¢f domesticated and
wild rice resulting in varieties with broad-spectrum resist-
ance to the brown plant heopper, the vector for grassy stunt
virus in tropical Asia.

o) Somaclcnal variation - In collaboration with Rothamsted Ex-
periment Station in the United Kingdom, CIP is investigating
the genetic stability of tissue culture methods for propa-
gation and conservation of potato genetic resources. Bio-
chemical analysis 1is used to evaluate genetic changes
associated with somatic variation in whole plants regen-
erated from culture.

o Anther culture - IRRI is using this technique to support
conventional plant improvement programs involving selection
of improved varieties of upland rice with rust and blast
resistance. CIAT 1is using anther culture to develop new
rice germplasm that is tolerant to cold and can find use in
Chile. The next step is to combine resistance to rice blast
and iron toxicity with this material for use in southern
Brazil.

o) Non-traditional methods of gene transfer - in collaboration
with Louisiana State University, rescarchers at CIP have
developed a synthetic gene for high-quality protein that
they have successfully inserted and expressed 1in potato
using the agrobacterium vector system. In a collaboration
with the Weizemann Institute in Israel, CIP is also develop-
ing a potato protoplast fusion program to transfer nuclei of
one genotype to the cytoplasm of another genotype in order
to confer cytoplasmic sterility. This technique will allow
for enhanced production of true seed. CIP eventually hopes
to genetically engineer potato plants for resistance to
viroid and virus infections by inserting gene sequences that
interfere with their replication. CIP's primary interest is
to insect resistance to potato leafroll virus and potato
spindle tuber viroid.

The success of these emerging technologies lies with the
effectiveness with which they are integrated with conventional
breeding programs. They are of limited commercial value if
divorced from the needs and goals of plant breeders responsible
for coming up with improved, tested varieties for distribution to
growers. The skills of plant breeders in making sexual crosses
with plant and carrying out the necessary selection and field
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testing will be required regardless of whether new varieties
result from cellular or wmolecular manipulations or sexual
manipulations at the whole plant level.

The goal of biotechnology at the IARCs is to enhance the
efficiency of established breeding programs and to devise new
crop improvement strategies as quickly as possible. The IARCs
are important in identifying appropriate applications for bio-
technology in agriculture, training scientists from the various
national programs, and transferring technologies to national
programs so that their expertise does not lag behind that of the
industrialized nations and the private sector.

A major role of the CGIAR system is the preservation of
valuable germplasm. As a resuit of several international
symposia and meetings, the International Board for Plant Genetic
Resources (IBPGR) was established in 1974, with the Food and
Agricultural Organization of the United Nations providing the
headquarters. Successful long-term storage of germplasm 1is
possible with relative ease for seeds of most cereals, pulses,
many vegetables, some o0il seed crops, some cash crops such as
cotton, sugar beet and flax. However, for many important crops,
long-term storage of seed appears to be either difficult or in
many cases simply impossible, as with banana, breadfruits, sugar
cane, pineapple.

For these vegetatively propagated plants as well as seed
producing plants where asexual propagation is becoming increas-

ingly important for improvement (e.g., citrus, avocado, durian,
kola, macadamia nut, mango, certain spices, cacao, coffee,
rubber) in vitro preservation and conservation is a viable

rlternative. 1In 1985, IBPGR established the scientific basis for
running an in vitro genebank, including the testing of stability
at wvarious stages through the subculturing regime. In vitro
storage of germplasm may in some cases be the best solution to
problems typically encountered with live collections, especially
in the tropics. However, much more work is required to prove
this technique as an alternative to conventional methods of
vegetative propagation.

An underlying concern of the CGIAR system is the introduc-
tion of agricultural cropping and harvesting methods that enhance
the ability of small-scale local growers to become more suffi-
cient and that contribute to sustainable agricultural growth.
Perhaps of equal importance is CGIAR's work in post-harvest tech-
nology. For instance, CIP is conducting research on the storage
of potatoes and low-cost processing.

37



There has been much discussion as to whether the IARCs
should confine themselves to more basic or "strategic" research
as opposed to applied or "adaptive" research. 1In reality, mosu
centers engage in the entire spectrum of research activities.
For example, CIAT has been conducting research on the basic
physiological biochemical processes of importance in cassava. At
the same time, they were instrumental in assisting Thailand's
Field Crop Research Institute to develop the Rayong 3 cassava
variety through the various stages of varietal improvement, from
germplasm supplied by CIAT.
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