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is the feedstock for plant, animal, and microbial breeding
enterprises.

Considerable advances have been made during the last 25
years in taking advantage of new genetics in the areas of medical
research, production of vaccines, sero-diagnostics, and pharma-
ceuticals for human and farm animal health care. The production of
novel bioremediation agents — for example, the development of a
new Pseudomonas strain for clearing oil spills in oceans, rivers,
and lakes by Dr Anand Chakrabarty — is also receiving priority
attention because of increasing environmental and water pollution.
There has also been substantial progress in agriculture, particularly
in the area of crop improvement, through the use of molecular-
marker–assisted breeding, functional genomics, and recombinant
DNA technology. A wide range of crop varieties containing novel
genetic combinations are now being cultivated in the USA, Canada,
China, Argentina, and several other countries. A strain of cotton
containing the Bacillus thuringiensis gene (Bt Cotton) that has
resistance to bollworms is now under cultivation in India based on
both official and unofficial (illegal) releases.

There is little doubt that new genetics has opened up
unexpected opportunities for enhancing the productivity, prof-
itability, sustainability, and stability of major cropping systems. It
has also created scope for developing crop varieties tolerant/
resistant to biotic and abiotic stresses through an appropriate
blend of Mendelian and molecular breeding techniques. It has led
to the possibility of undertaking anticipatory breeding to meet
potential changes in temperature, precipitation, and sea level as
a result of global warming. There are new opportunities for fos-
tering prebreeding and farmer-participatory breeding methods in
order to continue the merits of genetic efficiency with genetic
diversity.

While the benefits are clear, there are also many risks when
we enter the territory of the unknown and unexplored. Such risks
include potential harm to the environment and to human and
animal health. There are also equity and ownership issues in rela-
tion to biotechnological processes and products. The following
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issues are the major areas of concern to the public and policy
makers:

1. What is inherently wrong with the technology?

Is the science itself (e.g. the use of selectable marker genes
conferring antibiotic or herbicide resistance) safe?

2. Who controls the technology? Will it be largely in the private
sector?

If the technology is largely in the hands of the private
sector, the overriding motive behind the choice of research
problems will be private profit and not necessarily public
good. If this happens, “orphans will remain orphans” with ref-
erence to the choice of research priorities. Crops being culti-
vated in rain-fed, marginal, and fragile environments, which
are crying for scientific attention, may continue to remain
neglected.

3. Who will have access to the products of biotechnology?

If the products arising from recombinant DNA technology are all
covered by intellectual property rights, then the technology will
result in social exclusion and will lead to a further enlargement
of the rich–poor divide in villages.

4. What are the major biosafety issues?

There are serious concerns about the short- and long-term
impacts of genetically modified organisms (GMOs) on the envi-
ronment, biodiversity, and human and animal health.

Thus, there is a need for transparent and truthful risk-benefit
analysis in relation to GMOs, on a case-by-case basis. In the com-
ing decades, farm women and men in population-rich but land-
hungry countries like India and China will have to produce more
food and other agricultural commodities to meet home needs and
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to take advantage of export opportunities, under conditions of
diminishing per capita availability of arable land and irrigation
water and expanding abiotic and biotic stresses. The enlargement
of the gene pool with which breeders work will be necessary to
meet these challenges. Recombinant DNA technology provides
breeders with a powerful tool to enlarge the genetic base of crop
varieties and to pyramid genes for a wider range of economically
important traits. 

The safe and responsible use of biotechnology will enlarge
our capacity to meet the challenges ahead, including those
caused by climate change. At the international level, the
Cartagena Protocol on Biosafety provides a framework for risk
assessment and aversion. At the national level, there is a need
for a regulatory mechanism that inspires public, political, and
professional confidence.

Six Areas for International Collaboration

The following six key areas in global cooperation can be identified
for immediate attention:

1. Sustaining and expanding Africa’s Green Revolution

The Green Revolution in Africa is an idea which has been a
long time in coming. The growth rate of African agriculture was
3.9% during 2004, compared to the global average of less than
2%. The work done by the Earth Institute of Colombia
University in Malawi and in numerous Millennium Villages in
Africa has shown that a doubling in maize production is possi-
ble, if fertilizers, seeds, and treadle pumps can be made avail-
able to small farmers at affordable prices. The support given to
resource-poor farmers for adopting yield-enhancing and envi-
ronmentally benign technologies should be referred to as “tech-
nology adoption support” rather than as a subsidy. In areas
affected by HIV/AIDS, support for nutrition should be given, in
addition to making relevant drugs available. Finally, opportunities
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for assured and remunerative marketing are essential to sus-
tain farmers’ interest in productivity improvement. The numer-
ous agencies working in Africa, such as the Food and
Agriculture Organization of the United States (FAO), the Bill &
Melinda Gates Foundation, the Rockefeller Foundation, and the
Earth Institute could join together to form an “African Green
Revolution Symphony” in order to sustain and enlarge Africa’s
Green Revolution.

2. Harmonizing energy and food security

It would be useful to organize a scientific consultation on land
use policies for biofuel production in order to develop
approaches to make food and fuel security mutually reinforcing.
The current steep rise in the price of maize in the global
market, as a result of the increasing use of maize for ethanol
production, has serious implications for the food security of the
poor in Africa and Latin America.

It is important to accord priority to biotechnological
approaches to energy production. Also, biomass utilization for
energy generation (e.g. pyrolysis and gassification of biomass)
deserves greater attention. Land use policies in every country
should be based on a careful consideration of the needs for food
and energy security in a holistic manner. Markets that use grain
for energy generation should take into consideration the overrid-
ing importance of food security of the nearly one billion members
of the human family who are currently undernourished.

3. Saving native breeds of livestock

African cattle breeds like Boran and N’Dama have trypano-
tolerance traits. Similarly, it is likely that some indigenous poultry
breeds may have resistance to the avian influenza virus. The
dreaded H5N1 strain of the avian influenza virus is leading to
the indiscriminate killing of native breeds of poultry. The time
has come for a scientifically designed international effort to
conserve and evaluate the native breeds of livestock for resistance
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to important transboundary-disease–causing organisms like the
H5N1 strain of the avian influenza virus.

The Svalbard International Seed Vault established by
Scandinavian countries under permafrost conditions near the
North Pole, with a holding capacity of three million seed sam-
ples for the preservation and posterity of plant genetic
resources, is a good example of valuable international collabo-
ration. A similar initiative for both conserving and evaluating
genetic variability in livestock is needed urgently. Priority in the
international effort can be given to diseases of transboundary
importance.

4. Building the capacity for sustainable development

Investment in capacity building confers multiple benefits — on
individuals, organizations, and the environment. Capacity build-
ing efforts should cover both grassroot workers and national
and international policy makers. An action-education model of
capacity building that integrates academic coursework and field
experience will be essential for developing a cader of profes-
sionals well versed in the art and science of sustainable devel-
opment and in bridging the growing gap between scientific
know-how and field-level do-how. The Earth University in Costa
Rica is a good example of designing institutions to encourage
transformational agents who combine scientific humanism and
humanistic science in a symbiotic manner. A hub-and-spokes
model of organization will help such institutions to spread their
pedagogic methods for sustainable development speedily
around the world.

5. Bridging the divides

The world is witnessing many divides, such as economic, tech-
nological, digital, genetic, and gender divides. How can we
bridge such divides and ensure social inclusion for access to
technologies of importance to human food and health security?
Patents and intellectual property rights should not come in the
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way of all members of the human family deriving benefit from
the products of the human brain, particularly in areas
relevant to achieving the UN Millennium Development Goals
(UN MDGs). UN MDGs represent a global common minimum pro-
gram for sustainable human security and well-being. 

To achieve the goal of social inclusion for access to relevant
technologies, it will be useful if the InterAcademy Council, the
International Council for Science (ICSU), and the Academy of
Sciences for the Developing World (TWAS) would jointly sponsor
the establishment of an “International Patent Bank for Sustainable
Human Security”, to which scientists can assign their patents
that are relevant for safeguarding food security and human and
animal health as well as for mitigating the adverse impact of
global warming and sea-level rise. The science academies can
then help to ensure that access to relevant technologies is not
denied to those who are unable to pay for them.

6. Building international networks

Global and regional action research networks, which can help to
develop location-specific methodologies for conserving basic life
support systems, will help buy time in technology development
and dissemination. Many such networks already exist, particu-
larly under the auspices of the Consultative Group on
International Agricultural Research (CGIAR), ICSU, TWAS, and
other organizations. It would be especially useful if interdiscipli-
nary networks are organized to develop field-level action plans
for the sustainable management of tropical rainforests and coral
reefs. These habitats are rich sources of biodiversity, and a well-
planned global effort for saving them will be valuable.

The present book by Professor Krishna R. Dronamraju is a
timely contribution to the ongoing debate relating to the role of
frontier technologies in stimulating and sustaining an “ever-
green revolution” in agriculture, leading to the enhancement of
productivity in perpetuity without associated ecological harm.
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