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Preface

The advent of agricultural biotechnology was marked by a wide 
array of debates inspired by concerns about safety. Those concerns 
were shaped by public perceptions that tended to emphasize the 

risks associated with agricultural biotechnology. Although the concerns 
were justified and had to be taken seriously, they tended to downplay 
the potential benefits of the technology. Moreover, much of the debate 
about agricultural biotechnology was shaped by advocacy efforts aimed 
at particular policy objectives. 

This committee was charged with framing the biotechnology debate 
in terms of problem solving. Its focus was to identify important current 
and emerging global problems and then explore the possible application 
of biotechnology as one of many approaches to ease the problems, recog-
nizing that all new technologies carry scientific and socioeconomic risks.

However, failing to use the technologies where they show potential 
benefit also may be a risky strategy. Thus, the committee felt that the sci-
entific risks and socioeconomic issues associated with biotechnology need 
to be examined in the context of technology’s role in addressing long-
term goals, such as preserving biodiversity, conserving natural resources, 
achieving food security, improving the health of populations, cleaning 
up polluted lands and bodies of water, and obtaining adequate sources 
of energy. 

That approach will continue to be relevant in light of uncertainties 
associated with global efforts to respond to challenges arising from global 
change. Agricultural biotechnology embodies a set of generic tools that 
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offer options for addressing persistent and emerging economic, social, 
and ecological problems. Failing to explore the potential value of such 
technologies suggests that doing nothing is safer than trying new tech-
nologies, an assumption that may be as misleading as the exuberance with 
which the benefits of new applications are sometimes described.

In the interest of open-mindedness and knowledge-based approaches 
to decision making, it is the hope of the committee that this workshop 
report reflects an effort to balance concerns about the risks that attend 
new technologies with the seriousness of the problems we face. The 
potential value of such technologies is great, and as technologies continue 
to advance, the issues raised at the workshop will remain in the forefront 
for some time to come. We hope that this workshop report will serve as a 
source of inspiration for more detailed explorations of technologies that 
can then serve to address global challenges. 

Calestous Juma, Chair
Steering Committee on Global Challenges and 
Directions for Agricultural Biotechnology: 
Mapping the Course 
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Summary

Many developing countries are exploring whether biotechnology 
has a role in addressing national issues such as food security 
and environmental remediation, and are considering whether 

the putative benefits of the technology—for example, enabling greater 
agricultural productivity and stability in the food supply—outweigh con-
cerns that the technology might pose a danger—to biodiversity, health, 
and local jobs. Some policy leaders worry that their governments are not 
prepared to take control of this evolving technology and that introducing 
it into society would be a risky act. Others have suggested that taking no 
action carries more risk, given the dire need to produce more food. 

The questions swirling around the potential applications of bio-
technology and what developing countries might consider as they con-
template adopting biotechnology was the subject of an international 
workshop, Global Challenges and Directions for Agricultural Biotech
nology: Mapping the Course, organized by the National Research Council 
on October 24-25, 2004, in Washington, DC. The workshop was attended 
by 75 stakeholders from developing and industrialized countries. The 
ideas of participants from developing countries formed the cornerstone 
of the agenda and topics for discussion.

Presenters at the workshop described applications of biotechnology 
that are already proving their utility in both developing and developed 
countries. These include genetically engineered (GE) crops that produce 
the Bt insecticide, are resistant to herbicide for use in no-till farming 
systems to simplify weed control, and GE plants that metabolize toxic 
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chemicals to remediate contaminated soils and water. In addition to GE 
products, the use of biotechnology as an important tool for discovering 
valuable traits (for example, better nutrient composition) in the natural 
biodiversity of food plants was also highlighted, along with the ability to 
reconstruct or find “lost” germplasm for conservation. Future innovations 
developed with biotechnology were envisioned—from drought-resistant 
crops and high-performing biofuels, to plant-based vaccines and food 
crops with a long storage life.

All of the ideas described at the meeting were attractive in different 
ways, but the question on the minds of the workshop participants from 
developing countries was not what biotechnology could do so much as 
who would be in control of the decision to develop or adopt biotechnology 
applications. There is a perception that by approving the use of GE seeds 
and products, developing countries will be at the mercy of companies 
that will alter accepted farming practices, obligate farmers to purchase 
high-cost inputs, disrupt local traditions, damage the environment, and 
reduce employment. And yet, the potential for biotechnology to improve 
agriculture and address other societal needs appears to be compelling 
enough that the leaders of developing countries are not able to ignore the 
possibility of adopting it. 

As the workshop discussions unfolded, it seemed to the participants 
that the policy-makers in developing countries are faced with several 
interdependent challenges that will have to be addressed simultaneously 
if those countries are to realize the full benefits of biotechnology. For 
example, many major crops grown in the developing world and the limi-
tations of those crops are different from those that have been the focus 
of genetic engineering efforts in the industrialized world, so shifting the 
focus of biotechnology to meet the specific agricultural needs of devel-
oping country farmers would be a first step.

Identifying the particular applications of biotechnology that should 
have the highest priority for development and implementation in a devel-
oping country could be facilitated by a transparent and open decision-
making process that involves farmers, scientists, and other stakeholders. 
Devising such a process might not be simple, could differ from country to 
country, and will take time to implement. Different modes of communica-
tion to reach the diversity of stakeholders, including small farmers and 
rural communities in remote areas, are likely to require some creativity, 
and will not always work perfectly, as lessons in industrialized countries 
reveal. Nevertheless, one objective of the decision-making process is to 
ensure that the “right” decisions are being made, meaning that it is impor-
tant for the process to help define criteria for prioritizing biotechnology 
applications (especially given scarce resources and competing societal 
priorities) and that specific requirements of the application make the 
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most sense for the farmer or consumer. The participation of stakeholder 
groups helps to ensure that the technologies pursued are those that are 
most appropriate and affordable, and will generate a return on research 
and development investment. 

The second goal of having such a process is to build confidence 
among citizens and stakeholders, so they can feel that decisions have been 
made in an open manner with the benefit of relevant input. Moreover, 
when that process includes a scientifically-based biosafety review, the 
benefits and risks of the technology can be publicly aired, and the citizens 
will have greater confidence in the safety of the proposed technology for 
human health and the environment. 

One of the most effective decisions that developing countries can 
make to take control of and capture the benefits of biotechnology is to 
build national and local scientific expertise and capacity. When that 
capacity exists, a source of independent scientific advice is available to 
decision-makers and to national negotiators involved in international dis-
cussions on trade, biotechnology, intellectual property rights, and other 
issues. National scientific expertise and capacity are necessary for a robust 
and independent evaluation of the biosafety of novel GE products pro-
posed to be introduced. Last, but not least, that expertise and capacity 
would be the basis of a research and extension enterprise that could lead 
to locally-generated biotechnology innovations and applications devel-
oped with the input of local users.

No one at the workshop had any illusions that the poorest of coun-
tries could build the scientific capacity they need without help. Because 
national resources are always limited, finding partners in the for-profit 
private sector, in neighboring and regional research institutes, and in 
nonprofit foundations would help developing countries take ownership 
of biotechnology applications. Such partnerships succeed when there is 
a clear understanding of the roles of each respective partner, so that the 
benefits that come from the partnership are shared by all parties.

Finally, the future holds many unknowns. Climate change and popu-
lation growth will affect the supply and demand for food and the ability 
of the environment to support the economic activities of society. The 
nations of the world need to respond to these changes in the context of 
constantly evolving technological capabilities by negotiating on many 
different issues that will affect developing countries. This includes issues 
related to the ownership and use of biotechnology. Scientists, lawyers, and 
political leaders in developing countries are compelled to be stewards of 
the use of biotechnology in meeting national needs. The time is now to 
strengthen those nations’ ability to be active participants in international 
forums on the future of this important technology. 
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1

Introduction

Many developing countries are evaluating how they might ben-
efit from advances in biotechnology and are asking whether 
biotechnology can play a role in addressing problems of food 

security and poverty. In developing countries, some of greatest pressures 
for biotechnology adoption come from within their scientific communi-
ties and from their local businesses. There is considerable hesitation in 
governmental deliberations because introducing and investing in these 
advances requires, at a minimum, a commitment of precious financial and 
administrative resources, whereas the anticipated payoff from that invest-
ment—greater agricultural production, cleaner water, healthier food, and 
increased farmer income—is uncertain. With relatively weak economic, 
social, and physical infrastructures, some developing countries question 
whether the technology is appropriate and can be successful in benefit-
ing their society. Moreover, although many countries have embraced the 
agricultural applications of biotechnology, some have rejected them, par-
ticularly in Europe. Developing nations—with few sources of internal, 
independent scientific and policy advice—are trying to sort out for them-
selves whether biotechnology is a sensible option to address their needs.

There is frequent attention paid to national and international debates 
about whether the use of biotechnology brings greater benefits than risks 
to society, but less exposure is given to the issues that developing coun-
tries struggle with in adopting biotechnology. Because there is a scarcity 
of neutral forums that are not associated with any particular govern-
ment agency or stakeholder group, the National Research Council (NRC) 
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decided to convene a workshop of persons familiar with that struggle 
and with the complexity of issues surrounding agriculture and rural 
economic development in some of the world’s poorest nations. The pur-
pose of the workshop was twofold: to illustrate the needs of developing 
countries and the potential of biotechnology to address them, and to voice 
concerns about what adopting biotechnology would mean—on multiple 
levels and for a diverse set of actors—that will affect and be affected by 
biotechnology. 

WORKSHOP ORGANIZATION

The workshop was a cooperative effort of the NRC’s Board on Agri-
culture and Natural Resources and Board on Life Sciences and was 
organized under the auspices of the Committee on Agricultural Biotech-
nology, Health, and the Environment, a joint standing committee of the 
two boards. These units developed a proposal, scope, and statement of 
task (Box 1-1) for the workshop and obtained funding for it from the 
National Academy of Sciences and the U.S. Department of State.  

The NRC appointed a small steering committee to develop the meet-
ing agenda and to identify and invite participants. Members of the steer-
ing committee, whose biographies can be found in Appendix A of this 
report, included persons with ties to developing countries and with expe-
rience in their agronomic and socioeconomic conditions. The membership 
reflected an array of views about the utility and potential of agricultural 
biotechnology for addressing problems of developing countries. How-
ever, the committee agreed that the opportunity cost of not using biotech-
nology is significant for human nutrition and health, and this cost affects 
not only the developing world, but human populations in general. That 
underlying thought became the impetus for the workshop.

To prepare for the workshop, the committee created an electronic 
forum to reach stakeholders and experts in and outside the United States, 
particularly those living in or involved with agriculture in developing 
countries. They were asked to identify important global challenges that 
might be addressed with biotechnology and were instructed not to limit 
their answers to existing applications but to consider the problems for 
which biotechnology applications should be developed in the future. Sug-
gestions were made by people in a variety of constituencies in developing 
countries, including government, academe, nongovernment organiza-
tions, and the private sector.

On the basis of the ideas submitted, the steering committee identified 
four major categories of potential opportunity relevant to biotechnol-
ogy: increasing agricultural productivity, improving food security and 
human nutrition, protecting biodiversity and enhancing conservation, 
and designing innovation systems that would allow developing coun-
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Box 1-1 
Statement of Task

An ad hoc steering committee will plan and host a workshop to 
first identify important global problems and then discuss the possible 
use of agricultural biotechnology as one of many tools for easing these 
problems. Focusing on challenges that society faces now or will face in 
the future, experts will be brought together with biotechnologists, other 
scientists, and stakeholders to address the following questions: 

(1)  what are the most important global problems facing society 
(focusing on the long-term goals of preserving biodiversity, conserving 
natural resources, achieving food security, improving the health of popu-
lations, cleaning up polluted lands and bodies of water, and obtaining 
adequate sources of energy), 

(2)  can the use of agricultural biotechnology, as one of many tools, 
help provide solutions to these problems, and if so, 

(3)  what are the scientific risks and socioeconomic issues associ-
ated with its use that need to be considered.

Opinions and ideas from people in developing countries will form the 
cornerstone of the workshop agenda. Several months prior to the work-
shop, an electronic forum will be used as one of several mechanisms to 
reach stakeholders and experts who would not typically have direct input 
into National Academies activities, particularly those close to agriculture 
in developing countries.  

Diverse applications of agricultural biotechnology involving trans-
genic plants, terrestrial and aquatic animals, insects, and microorganisms 
will be considered. Primary goals of the workshop are to identify policy 
issues and to explore research and directions for the safe use of agricul-
tural biotechnology in addressing current and future global problems.

tries to be active participants in the new technologies. The agenda for the 
workshop (Appendix B) was organized around those four themes.

The workshop, which the steering committee titled “Global Chal-
lenges for Guiding and Managing Agricultural Biotechnology,” was held 
in Washington, DC, on October 25-26, 2004, and attended by 75 people 
who represented developing and industrialized countries’ agricultural 
agencies, nonprofit organizations, private foundations, universities, 
and companies involved in agricultural development or biotechnology 
research (Appendix C).

Speakers and panelists, many of whom were from developing coun-
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tries, were asked to address the four categories and explore several cross-
cutting challenges related to the adoption of new technologies: 

•	 Scientific capacity to implement and develop new technologies. 
•	 Democratic participation in identifying needs and setting priorities. 
•	 Intellectual property issues related to biotechnology. 
•	 Regulatory and trade issues.
•	 Social and economic capacity to adopt biotechnology innovations.

The discussions emphasized plant biotechnology as a basis for 
addressing the cross-cutting global challenges because it was not pos-
sible to address all types of biotechnology applications; however, it should 
be noted that these challenges are also relevant to animal, insect, and 
microbial biotechnology. In the end, the cross-cutting challenges, not the 
specific needs and technological solutions, generated the most discussion 
at the workshop. The speakers and panelists from developing countries 
provided rich insight on these cross-cutting issues and voiced concerns 
held by many in the developing world. As each application of biotechnol-
ogy was presented, the social scientists, biologists, and other stakeholders 
gravitated away from the specifics of the technology and toward the social 
and other implications of selecting and implementing the technology. 
Presentations from the workshop are available online at http://dels.nas.
edu/banr/GlobalChallenges/GCAgenda.doc.

The opinions and ideas of people in developing countries shaped the 
discussions at the workshop, and the discussions form the basis of this 
workshop report. This report is not intended to be a comprehensive study 
of the subject of biotechnology, but rather it hopes to provide readers with 
a general understanding of what agricultural biotechnology can do and 
to inform readers of the multifaceted political and socioeconomic chal-
lenges that developing countries will face when they consider applying 
agricultural biotechnology. 

ORGANIZATION OF THE REPORT

Workshop speakers and participants were asked to share their knowl-
edge of agricultural biotechnology and to consider the implications of its 
applications in the context of developing countries. Chapter 2 summarizes 
the workshop presentations on several specific uses of plant biotechnol-
ogy in improving crop yields, improving the nutritional value of food to 
increase food security, conserving biodiversity, and remediating contami-
nated soils. Chapter 3 captures the wide-ranging discussion of biotechnol-
ogy as only one of many tools for solving national and regional problem. 
It explores the challenges that developing countries need to overcome to 
realize the benefits of agricultural biotechnology.
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�

2 

Opportunities for Applying 
Biotechnology� 

The world population has increased from 2.5 billion in 1950 to 6.7 
billion today and is estimated to reach almost 9.2 billion by 2050 
(United Nations, 2007). With that growth comes the challenge of 

producing enough food to meet the demands of the world’s people and 
an even greater challenge of producing it in a way that conserves the 
biodiversity and other natural resources on which societies depend. One 
estimate is that agricultural production will need to increase by 50 percent 
by 2020 to meet the world’s demand for food (Shah and Strong, 1999).

Technological innovation has helped to ease some problems posed by 
population growth; over the last 50 years, agricultural productivity has 
doubled worldwide and even tripled in developing economies (Doering 
et al., 2002). During the 20th century, the Green Revolution drew on the 
research of conventional plant breeders to develop higher-yielding crops 
that were successful in increasing the global food supply. However, the 
new crop varieties introduced in the Green Revolution created depen-
dence on additional farming inputs and created some new environmental 
problems. Today, with finite acreage of high-quality agricultural land on 
which to grow food (Tilman et al., 2001), biotechnology has emerged as a 

� Since the October 2004 workshop, the agricultural biotechnologies cited in the workshop 
have progressed rapidly, yet the opportunities for their application are still relevant and 
have yet to be fulfilled. In a forthcoming National Research Council report, Emerging Tech-
nologies to Benefit Farmers in Sub-Saharan Africa and South Asia (2008), several promising appli
cations of biotechnology are described to address the problems that small-holder farmers 
encounter in developing countries.
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potential tool for overcoming the current limitations on food production.� 
Many have asked whether biotechnology can live up to its promise and 
whether it will also generate new dependences and problems.

This chapter describes some of the opportunities for using biotechnol-
ogy in an agricultural and environmental context as discussed by partici-
pants in the workshop, and Box 2-1 provides a summary of opportunities 
for applying biotechnology. Although increasing crop yields by over-
coming agronomic and environmental constraints is the most commonly 
recognized target of biotechnology, there are many other possibilities for 
developing useful applications, such as improving the sustainability of 
farming processes, developing more-nutritious foods, improving water 
quality, and identifying useful genetic material in nature. The workshop 
consisted of a series of presentations by lead speakers followed by com-
mentary and shorter presentations by panels of experts. The presentations 
focused on specific ways in which biotechnology could address a problem 
or constraint, and the discussions examined the needs of the developing 
world relative to the potential of biotechnology. 

IMPROVING CROP PRODUCTIVITY 

Biotechnology is the application of scientific and engineering prin-
ciples to the processing or production of materials by biological agents 
to provide goods and services (NRC, 2002a). Agricultural biotechnology 
encompasses a growing list of techniques that range from simple probes 
to determine whether an individual plant or animal is carrying a spe-
cific gene to measurement of the activity of all an organism’s genes (its 
genome) simultaneously. One technique common in agricultural biotech-
nology is the integration of a gene from one species into the genome of 
another. This technique is commonly referred to as genetic engineering, 
and the resulting product is described as transgenic (having a foreign 
gene). Genetic engineering allows novel characteristics to be introduced 
into a plant; this could not generally be accomplished with standard 
breeding techniques.

Although some commercial products of genetic engineering are well 
known and were the focus of some of the presentations, the power of 
biotechnology goes far beyond the ability to make transgenic crops. Being 
able to recognize the characteristics of an individual organism on the 
basis of its genetic makeup and having the power to mimic the biological 

� By 2007, a total of 23 countries were growing transgenic crops. In order of acreage, they 
include the United States, Argentina, Brazil, Canada, India, China, Paraguay, South Africa, 
Uruguay, Philippines, Australia, Spain, Mexico, Colombia, Chile, France, Honduras, Czech 
Republic, Portugal, Germany, Slovakia, Romania, and Poland (ISAAA, 2008).
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Box 2-1 
Selected Opportunities for Applying Biotechnology

Crop Productivity
	 Overcoming biotic stresses
		  Insects	
		  Weeds
	 Overcoming abiotic stresses
		  Soil fertility
		  Heat stress
		  Drought stress
		  Inefficiency of resource use
Nutritional Value of Crops 
	 Enhancing vitamin concentrations
	 Enhancing mineral concentrations
	 Enhancing protein content
Plant-Made Pharmaceuticals
	 Vaccines
	 Protein therapeutics
Improved Food Security
	 Reducing post-harvest loss
	 Reducing risks to food production
	 Alternative uses
Biodiversity
	 Engineering safeguards to protect existing biodiversity
	 Preserving biodiversity
Natural Resource Conservation
	 Renewable energy
	 Phytoremediation

activity of an organism by using its own cellular and molecular machinery 
are capabilities that allow us to deepen our understanding of all organ-
isms. That knowledge has led to the development of some practical tools, 
examples of which were identified by workshop participants and are 
listed in Box 2-2. Ganesh Kishore, of DuPont Agriculture and Nutrition, 
provided an overview of some available biotechnologies to improve crop 
productivity, and the presentation provided context for shaping subse-
quent discussions. 
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Box 2-2 
Some Tools of Biotechnology (Apart from Genetic Engineering)

•	 Marker-assisted breeding uses conventional breeding techniques 
informed by specific genetic sequences, or “markers,” that segregate 
according to particular traits. Markers speed up breeding programs by 
allowing researchers to determine, early in the life of a progeny, whether 
the traits they hoped to combine from two organisms are present simply 
by checking for the presence of the markers.

•	 Tissue culture is used in clonal propagation of plants for which 
sexual breeding has proved inefficient. It has been important for reproduc-
ing crops used across the African continent, including oil palm, plantain, 
banana, date, eggplant, pineapple, rubber tree, cassava, maize, sweet 
potato, yam, and tomato.

•	 Cloning and in vitro fertilization allow the manipulation of germ 
cells for animal-breeding programs, genetic-resource conservation, and 
germplasm enhancement.

•	 Gene profiling or association mapping tracks the patterns of 
heritability of variations (alleles) of many genes. The quantitative trait loci 
(QTLs) collectively contribute to complex plant traits, such as drought tol-
erance and robust seed production, and understanding of the groupings 
of QTLs provides insights into how genes work in concert to produce a 
particular characteristic.

•	 Metabolomics provides a snapshot of all the metabolites being 
produced in a plant cell at any given time under different environmental 
conditions.

Overcoming Biotic Stresses to Crops 

Insects and weeds can cause substantial crop losses. Kishore described 
the first generation of commercial transgenic products, the pest-protected 
and herbicide-tolerant crops that were first introduced in the United 
States. In one example, as young plants of herbicide-tolerant soybeans 
emerge, the field is treated with glyphosate; this kills the weeds, but 
the crops tolerate the herbicide. The benefits of the method include the 
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savings in time, labor, and energy involved in managing weeds and the 
ability to avoid tillage, which causes soil drying and erosion. In a second 
example, pest-protected crops have been genetically engineered to pro-
duce a bacterial toxin, an insecticide derived from Bacillus thuringiensis 
(Bt), which kills lepidopteran pests of corn and cotton. According to 
Kishore, many U.S. farmers did not recognize how much the European 
corn borer affected both the productivity and the quality of their crop 
until they cultivated Bt corn, compared the resulting yields, and saw how 
much they had been losing. 

Transgenic crops have now been widely planted in the United States, 
China, Canada, Argentina, Brazil, and South Africa and are at varying 
stages of evaluation or adaptation in many other countries. Some major 
crops protected against biotic constraints include transgenic maize, cot-
ton, and soybean, but, as noted in the workshop, other transgenic crops 
are under development. Participants noted in particular the efforts to 
develop weed-resistant plants and to insert Bt genes into pro-vitamin A 
white starchy sweet potatoes to make them resistant to weevils. 

Overcoming Abiotic Stresses to Crops 

Although herbicide-tolerant and Bt crops are the most common types 
of transgenic crops, there is great interest in introducing other charac-
teristics into plants to make them more productive in poor agronomic 
conditions.

Nutrient-Poor Soil

Soil degradation affects one-fourth of agricultural land worldwide 
(GEF, 2003) and is one of the most important limitations on agricultural 
production in the developing world. The African landscape is plagued by 
weathered soils and poor soil fertility (Holden, 2006). Although investment 
in improving soil fertility is needed, Kishore described how researchers 
at such companies as DuPont have used plants—for example, corn and 
arabidopsis—to produce transgenic plants with improved responsive-
ness to nitrogen. Crops that have been genetically engineered to more 
efficiently fix nitrogen, and thus reduce the need for external inputs of 
fixed nitrogen, could enable farmers to lower their production-related 
input costs while improving crop performance. 

Heat and Drought Stress 

Water security is projected by the United Nations Population Fund as 
one of the top global issues in the 21st century (UNFPA, 2002). More than 
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a half-billion people live in countries defined as water-stressed or water-
scarce, and by 2025 that figure is expected to increase to 2.4-3.4 billion 
(UNFPA, 2002). Drought-resistant transgenic crops could be useful in alle-
viating the demand for water in agriculture. Kishore described DuPont’s 
work on corn varieties that maintain high yields under drought condi-
tions and the development of drought-tolerant millet and sorghum, two 
staple crops; drought tolerance could have a large effect on agricultural 
productivity in Africa. It is unclear how well the technology will work 
under a multitude of field conditions—influenced by factors such as 
regional and geographic differences—and whether two or more types of 
stress (such as stress caused by heat and stress caused by drought) will 
have a compound effect on productivity. 

Salinity 

Salt tolerance was mentioned by workshop participants as useful in 
the developing world. Soils are often poor in quality because of salinity, 
and salt tolerance in crops such as rice and other cereals and vegetables 
would allow saline soils to be used more productively. Mariam Sticklen, 
of Michigan State University, described her work on a barley gene that 
confers salt tolerance in transgenic oats.

Efficiency of Resource Use

Multiple lines of research are being conducted to find the genetic basis 
of a plant’s ability to efficiently use resources, such as sunlight and nutri-
ents. Kishore described research to improve the plants’ ability to utilize 
whatever nutrition is available, starting with sunlight, carbon dioxide, 
and nutrients in soil. Beans and high-yield rice are two crops being exam-
ined for efficiency of resource use. 

IMPROVING THE NUTRITIONAL VALUE OF CROPS 

Advances in biotechnology have not only shown a potential for 
improving food production but have broadened the spectrum of available 
agricultural products (FAO, 2000; Dargie, 2001). Some 2-3 billion people 
suffer from widespread micronutrient and protein deficiencies, and mal-
nutrition accounts for about 50 percent of deaths among children under 
the age of 5 (WHO, 1998; Micronutrient Initiative, 2008). The challenge 
will be to provide them with adequate nutrition. 

Food crops that are either conventionally bred or genetically engi-
neered for enhanced nutritional value can be used to alleviate micro-
nutrient deficiencies in the developing world (Bouis, 2002; Toenniessen, 
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2002). High-carotenoid canola and “golden” rice have been engineered 
to combat vitamin A deficiency (Guerinot, 2000; Ye et al., 2000) that is the 
single most important cause of preventable child blindness in developing 
countries and which affects the health and survival of at least 254 million 
“at risk” children of preschool age (WHO, 1995). Benjavan Rerkasem, 
of Chiang Mai University in Thailand, noted that lysine-enriched maize 
hybrids developed in China are being successfully grown by poor farmers 
there and in remote border areas in Vietnam and Laos (Prasanna et al., 
2001). Crops are also being biofortified with micronutrients such as iron, 
iodine, vitamin A, and folic acid; and staple crops, such as sweet potatoes, 
are being enhanced with zinc (Pollack, 2003; HarvestPlus, 2008). Research-
ers at DuPont are engineering an increase in the nutrient density of veg-
etable proteins by increasing biologically available phosphates in grains, 
increasing several essential amino acids, and improving the oil and starch 
components of seeds. Those are just a few examples of work being done 
around the world. Dietary diversity, biofortification, and supplementation 
are other ways to deal with nutritional deficiencies. 

In addition to incorporating novel genes into plants, biotechnology 
can be used to identify genes in native plant populations that could 
improve human health and nutrition. Researchers with the Brazilian 
Agricultural Research Corporation (Embrapa), part of the Ministry of 
Agriculture, have looked for diversity in the carbohydrate and carot-
enoid content of cassava and discovered a sugary cassava with both 
a higher sugar concentration and a different starch structure. Those 
researchers also discovered “golden cassava,” which contains high con-
centrations of β-carotene, lycopene, and lutein. Carotenoid genes of 
golden cassava could be bred into other cassava varieties to improve 
nutritional quality. 

IMPROVING FOOD SECURITY 

Food security involves more than adequate production in the field. 
The timing of the harvest, availability of food throughout the year, flex-
ibility in the use of a crop, and ability to store food are important compo-
nents of food security. Biotechnology can reduce the risk of variability in 
food availability in several ways.

Post-Harvest Losses 

Post-harvest losses can be enormous in developing countries. Between 
field and plate, reports quote losses of 10–100 percent in some fruits and 
vegetables in Africa. If genetic resistance to post-harvest pests and fungi 
are built in, this can increase the ability of farmers to store crops and crops 
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stand a better chance of making it to the market. Biotechnology can also 
facilitate the preservation of nutrients from farm to plate. For example, 
cassava juice is high in beta-carotene, but it quickly loses potency when 
stored. Embrapa researchers have worked with Amazon natives to devise 
a convenient powder of cassava juice that can be reconstituted into vita-
min-rich juice. 

Those technological solutions might not, however, be able to compen-
sate for the lack of infrastructure, according to Bongiwe Njobe, director 
general of South Africa’s Department of Agriculture. She described a 
situation with maize production in Zambia where the absence of roads 
inhibited the transportation and distribution of maize before the rainy 
season. Once the rain set in, transport of the maize crop to markets was 
lost, and the country found itself vulnerable. 

Risks to Food Production

Biotechnology can address food security issues by reducing risks to 
food production in two ways: by increasing the reliability of production 
and by smoothing supply and demand in rural markets. After harvest in 
rural areas, there can be a large drop in prices; a severe decrease in the 
market price of maize in Africa can have a devastating effect on farm fam-
ilies. Anything that can be done to increase storability or to smooth pro-
duction and consumption throughout the year will have highly beneficial 
effects on family health, well-being, and opportunities. Transgenic crops 
can potentially have a sizable effect on smoothing production, according 
to Kishore, who described Monsanto’s work on genes that confer toler-
ance to chilling-injuries. Cold-tolerant crops could help to increase the 
optimal timeframe of a crop’s production and allow farmers to choose 
crops that sell later in urban markets and to wait until markets are more 
favorable for their sale. If poor farmers were able to get seeds into a field 
3-8 weeks earlier, they would have more flexibility to escape late-season 
plant diseases, drought, and pest attacks. They would also have oppor-
tunities for staggering crops and planting multiple crops to extend the 
timeframe when farmers can bring crops to market. 

Alternative Uses

Biotechnology can increase the availability of alternative types of 
crops. Embrapa researchers have developed cassava varieties that meet 
the specific needs of local communities. For example, cassava has been 
engineered to produce better glucose syrup and used as beer precur-
sors. Another example of an alternative crop use is the production of 
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plant-administered medications. Vaccines that are based on edible plants� 
may offer the developing world a locally grown, more stable, and less 
expensive production method compared to conventional pharmaceutical 
production (Arntzen, 1997a,b; Tripurani et al., 2003). 

Increasing the reliability of production creates the possibility for other 
mechanisms—such as the development of financial systems (including 
savings accounts, financing of agriculture, and financing of agricultural 
inputs) and other infrastructure—to stabilize a rural economy and reduce 
both the risk of crop failure and the financial risk taken by farmers in 
producing food.

PROTECTING AND PRESERVING BIODIVERSITY 

Biodiversity is a term used to describe the array of the world’s species, 
the genetic variability in and among populations of a species, and the 
distribution of species among local habitats, ecosystems, landscapes, and 
whole continents or oceans (NRC, 1999). The number of naturally occur-
ring species of plants and animals tends to be higher in many developing 
countries of the tropics than of industrialized countries of temperate cli-
mates. Preserving that biodiversity is important for maintaining the func-
tioning of natural ecosystems, which provide part of the base of natural 
resources, such as water and pollinators, that supports such human activi-
ties as farming. The biodiversity in natural ecosystems is also a source of 
genetic variability that is useful in crop development, as mentioned in a 
presentation by Luiz Carvalho, of Embrapa in Brazil. For example, genes 
that confer resistance to diseases can often be found in the wild relatives 
of domesticated crops, and these genes may sometimes be used by con-
ventional breeders and molecular breeders to enhance the characteristics 
of crops. The discovery of diversity in carbohydrate and carotenoid types 
in cassava is another example of finding valuable properties in plants that 
can improve human nutrition and health.  

The role of biodiversity in natural and managed ecosystems has mul-
tiple aspects. For example, some participants in the workshop criticized 
industrialized models of agriculture and cited how genetically narrow 
monocultures place crops and agricultural systems at risk for devasta-
tion by disease. They advocated for more diverse agricultural production 
farming systems and greater genetic diversity in crops. 

Some in the workshop suggested that applying new agricultural bio-
technologies without disrupting the biodiversity in many developing 

� There are concerns about quality control, potential drug overdose, and other potential 
risks associated with the use of food crops to produce drugs (Graham, 2000; Coghlan, 
2005).
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countries presents a serious challenge. The capacity does not exist, they 
believe, to look critically at what may or may not be beneficial in particu-
lar settings.

Several workshop participants expressed their concern about how 
the introduction of transgenic crops would affect gene flow, agricultural 
productivity, and the natural environment.  Rerkasem brought up the 
example of weedy rice, believed to be a natural hybrid of cultivated 
and wild rice species or a result of the de-domestication of cultivated 
rice (IRRI, 2008). The flourishing of weedy rice in Thailand’s central rice 
bowl reduced yields of cultivated rice, illustrating the risk of genetic 
exchange between cultivated and wild varieties and how they can have 
unpredictable outcomes. According to Rerkasem, because gene flow is 
unpredictable even in wild species, mechanisms of addressing biosafety 
concerns will need to be considered before transgenic crops are moved 
from the laboratory to the field to ensure that they do not reduce natural 
biodiversity. 

Workshop participants described research that is under way to 
develop safeguards to block gene flow; according to some, the technology 
already exists to prevent gene escape. Richard Meagher, of the University 
of Georgia, described plants that can produce sterile pollen or seeds (for 
example, sterile because of thiamine deficiency) and plants that can be 
engineered for male or female sterility. Sticklen mentioned that another 
method to block gene flow is to transform new genes into chloroplasts 
rather than into nuclear DNA; chloroplasts are maternally inherited in 
most flowering plants, and the new genes will not be found in pollen. 

Biotechnology can be used for more than the creation of genetically 
engineered crops: it can be used to preserve biodiversity and aid in genetic 
resource conservation efforts. Carvalho suggested that surveys are needed 
to determine the status of existing biodiversity, evaluate its value and 
importance, and identify endangered species and genes. On the basis 
of the survey results, he argued, measurable targets for the sustainable 
use and conservation of various species could be set. An overarching 
challenge is the lack of human capacity on the ground to monitor what 
happens to biodiversity when new living systems are introduced, what 
happens in the long term, whether there are benefits, and whether there 
are serious disruptions of ecological life. 

Work is under way in several countries to characterize indigenous 
plant varieties and animal breeds with biotechnologies to document and 
safeguard biodiversity. For instance, Carvalho described an Embrapa 
program in native Krahos communities in Brazil that had lost their 
traditional plant varieties and faced community collapse due to lack of 
food. Embrapa, which had been collecting samples of biodiversity in the 
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region, had the traditional landraces in its gene bank and was able to 
return the original landraces to the Krahos. Embrapa researchers then 
teamed up with the Krahos to rescue traditional knowledge associated 
with the Krahos agricultural system, to educate and train the residents 
in other agricultural methods, and to collaborate with them to organize 
and maintain a germplasm collection. The use of field-plot germplasm 
collections and in vitro tissue-culture methods gave residents a powerful 
tool to preserve regional biodiversity. This example illustrates how the 
techniques of biotechnology have been used to conserve biodiversity and 
the cultural heritage of native people.

ENHANCING NATURAL RESOURCE CONSERVATION 

Agricultural biotechnology can have secondary effects that enhance 
natural resource conservation and protect the environment. By devel-
oping drought-tolerant crops, researchers can help farmers to conserve 
water resources. Crops that are genetically engineered to produce Bt toxin 
require less spraying of pesticides, and reduction in spraying reduces the 
potential environmental harm caused by pesticides. Agriculture accounts 
for more than 30 percent of global greenhouse gas emissions (FAO, 2006a); 
however, herbicide-resistant crops promote no-till cultivation practices 
which help to reduce soil erosion, emissions of greenhouse gases, and 
carbon loss (Robertson et al., 2000; Lal et al., 2004; Zheng et al., 2004). 

Renewable Energy 

Workshop participants noted that biotechnology could play a major 
role in addressing the world’s energy and resource needs in the future. 
Trees that are genetically engineered to grow faster could help to meet the 
world’s demand for industrial wood and potentially reduce the need to 
harvest trees from natural forests. New plastics made from biodegradable 
plant polymers may one day provide an environmentally safer alterna-
tive to traditional plastics made from fossil fuel. Global energy demands 
are forecasted to increase by 40 percent in the next 20 years (EIA, 2003). 
If energy demand is met by fossil fuel use, much more carbon dioxide 
will be produced. Agricultural products can be engineered to provide 
fuel alternatives in the form of biodiesel and biofuel: Sticklen described 
research to engineer rice straw, a major environmental contaminant in 
developing nations, so that it is biologically broken down into useful 
alcohol-based fuels.  
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Phytoremediation

Many populations are regularly exposed to toxic substances, such as 
arsenic and mercury, and thus live in environments that are deleterious 
to their health. In Bangladesh alone, an estimated 57 million people—44 
percent of the population—are at risk of exposure to toxic concentrations 
of arsenic in drinking water (UNESCO, 2008). About 6 million people in 
the Amazon are at risk of methylmercury poisoning from the nearly 5,000 
tons of mercury deposited in tributaries as a result of gold mining (Veiga, 
1997; Harada et al., 2001). Many land and water resources are contami-
nated on a global scale and cannot be remediated by physical methods, 
but biotechnology-based alternatives could provide solutions to problems 
of environmental contamination. 

For phytoremediation, Meagher described one system for cleaning 
up the environment that uses native plants to degrade organic pollut-
ants, such as trichloroethylene and polycyclic aromatic hydrocarbons, and 
process them into less harmful molecules. Elemental pollutants—such as 
arsenic, mercury, and radionuclides—cannot be readily metabolized or 
broken down; however, plants can extract, concentrate, and accumulate 
those pollutants from the soil for aboveground harvest and disposal. 
Determining which plants to exploit for that purpose and finding safe dis-
posal sites is part of the research. The plants used to accumulate the pol-
lutants would ideally be nonfood plants—something inedible—to prevent 
accidental poisoning and would grow between productive food crops so 
that farmers could maintain land productivity. 

Genetically engineered phytoremediants have already shown promis-
ing results in initial field tests. The first field trials of a native hybrid accu-
mulator of nickel have successfully extracted nickel. Researchers have 
also successfully used RNA interference to inhibit plants from converting 
a form of arsenate into another form that collects in roots; such inhibition 
allows plants to transport arsenic to their shoots and leaves, which can 
then be harvested. Cottonwood trees are among the several species that 
have been engineered to grow in mercury-contaminated soil and remove 
high concentrations of mercury. 
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3

Challenges and Future Considerations 
in Realizing the Global Potential 

of Agricultural Biotechnology

If a common theme emerged from the workshop, it was that biotech-
nology constitutes only one part of a complex and nuanced set of 
investments needed to enhance crop productivity, increase yields, 

and ultimately ensure food security. The movement of biotechnological 
innovations into farming systems of the developing world faces several 
challenges, including simply knowing what crop characteristics farmers 
need. Proponents of genetic improvements in crops do not always appear 
attuned to the perspectives of poor farmers and have not thoroughly 
assessed their needs, so they are limited in their ability to forecast how 
farmers would benefit. In addition, unless developing countries can solve 
some of their difficult social, economic, and infrastructure problems, they 
may never realize the benefits of agricultural biotechnologies that could 
help to improve productivity and align farmers with modern agricultural 
practices. The difficult question of which investments to address first 
could not be answered easily by the workshop participants. In fact, as 
the workshop progressed, participants identified several key challenges 
that seemed to require simultaneous attention if biotechnology were to be 
successfully introduced. The interconnectivity of those challenges formed 
the core of the workshop discussions.
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CHALLENGE 1: DEVELOPING APPROPRIATE 
AND AFFORDABLE TECHNOLOGIES

There is a need to develop technologies that complement existing 
farming systems and native crops, to provide them at affordable 
prices, and that are safe for humans and the environment.

Locally-developed applications need to be designed to meet local 
conditions and user needs. It cannot be assumed that existing applica-
tions can simply be transferred: many, if not most, existing biotechnology 
applications are not appropriate for the conditions in developing coun-
tries. For instance, herbicide-tolerant crops have been slow to penetrate 
Africa and South Asia because the tolerant varieties are not adapted to 
crops and conditions that are most relevant to developing countries, and 
more importantly, no-till technologies in small farm production systems 
have been difficult to develop.

Diverse Farming Systems

The agricultural landscape in the developing world consists of 
diverse crops and various types of farming systems that differ depend-
ing on locality, geography, and availability of natural resources. Bongiwe 
Njobe, director general of the Department of Agriculture in South Africa, 
contrasted the homogeneity of Asian farming systems at the start of the 
Green Revolution with the diversity of African systems today. She noted 
that a study by the InterAcademy Council identified four existing farm 
systems in Africa that have the greatest potential to increase African food 
security (see Box 3-1) and asserted that the nature of these crop systems 
needs to drive the choice of biotechnology applications rather than shap-
ing agriculture to fit the available applications. Factors that might affect 
which crops are selected for genetic engineering and which specific traits 
are modified depend on the systems, some of which are rain-fed and 
others irrigated, some of which center on growing maize (tropical maize, 
not the temperate varieties grown in North America), and some of which 
are focused on root crops or trees. Many workshop participants therefore 
believed that agricultural biotechnology could be a “rainbow revolution” 
that would apply a broad array of technologies and innovation systems 
where they are most needed.

Native Crops and Local Needs

Orphan Crops

Crops with relatively little global commercial potential—which 
include cassavas, east African highland bananas, cowpeas, and yams—are 
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Box 3-1 
The Most Promising African Farming 
Systems for Increasing Food Security

An InterAcademy Council report examined several farming systems in 
Africa and concluded that four existing systems showed the most prom-
ise for increasing African food security. The selection of the four systems 
was based on the potential for reducing malnutrition and for increasing 
agricultural productivity. 

The maize mixed system is the most important food production system 
in east Africa and southern Africa and similar systems are found in west 
Africa, covering 10 percent of land area in sub-Saharan Africa and used 
by 15 percent of the agriculture population there. Maize is the main crop, 
and cash sources include cattle, small ruminants, poultry, tobacco, coffee, 
cotton, migrant remittances, and off-farm work. This system is currently 
in crisis because of shortages of seed and fertilizer.

The cereal/root crop mixed system covers 13 percent of land area and 
is used by 15 percent of the agriculture population in sub-Saharan Africa. 
The system shares some characteristics with the maize mixed system, 
with such cereals as maize, sorghum, and millet as staples; but it differs 
in that root crops such as yam, cassava, and legumes are present when 
animal labor is absent. The system is defined by relatively low population 
density, abundant arable land, poor communication infrastructure, and 
higher temperatures. The main vulnerabilities are due to drought, decline 
in soil fertility and structure, and weeds.

The irrigated farming system is linked to areas with surface water 
resources, but it is found across all zones. It covers 2 percent of land 
area and 17 percent of the agriculture population in middle east and north 
Africa and 1 percent of land area and 2 percent of the agriculture popula-
tion in sub-Saharan Africa. The system is based primarily on rice, cotton, 
vegetables, rain-fed crops, cattle, and poultry. Crop failure is generally 
not a problem, but the system is vulnerable to water shortages, scheme 
breakdowns, and deteriorating input-to-output price ratios. 

The tree crop-based system relies on the production of industrial tree 
crops, primarily cocoa, coffee, oil palm, and rubber; it covers 3 percent 
of land area and 6 percent of the agriculture population in sub-Saharan 
Africa. Food crops, such as maize, are planted between tree crops for 
subsistence, and root crops, such as cassava and yam, are the main 
staples. Tree crop and food crop failures are not common. The main vul-
nerabilities to the system are related to population pressures on natural 
resources, declines in trade and market share, and withdrawal from 
industrial crop research and extension.

SOURCE: InterAcademy Council, 2004. 
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grown in many developing countries for subsistence and are staples that 
meet local food needs and demands. Some of these “orphan crops” are 
cash crops, such as the sugar cassava in Brazil, that help farmers to pur-
chase nonfood items such as medicine and books. But these orphans have 
received little attention from biotechnology seed companies in the indus-
trialized world. Among the reasons that transgenic seeds have not been 
successfully adopted by farmers in developing countries is that the avail-
able seeds do not reflect their region’s local crops or the natural resources 
available to grow them. A few workshop participants suggested that a 
genetically altered toxin-free Lathyrus—a protein-rich legume grown in 
Asia—might be of more help for small farmers; whereas the split seeds 
of Lathyrus are soaked overnight to clear them of toxins, the danger of 
toxicity is not eliminated for all its potential uses.

Weeds and Labor

Engineering of crops to be herbicide-tolerant reduces the amount 
of time spent on manual weed control, an activity that in the develop-
ing world exceeds by far any other human activity related to agricul-
ture. However, as Suman Sahai, a representative of the Gene Campaign, 
pointed out, India has surplus labor, so herbicide-tolerant crops can take 
wage-labor opportunities away from rural women. Furthermore, what 
constitutes a weed is subjective and can differ between cultures. The 
purported weeds growing among crop plants are collected by women for 
use as animal feed or as medicinal plants for local human health and vet-
erinary care. The potential conflict between labor-saving innovations and 
job security in developing countries is often overlooked by technology 
developers, but increased productivity by definition means doing more 
work with less input, and labor is one input. The question is whether 
there will be other ways for displaced laborers to spend their time to 
obtain income.

Affordability and Accessibility

Workshop participants agreed that technologies and products need to 
be available at affordable prices especially for small farmers and the poor. 
If small farmers cannot pay for or sustain a technology or product, it will 
not be useful, regardless of its potential. Transgenic seed is expensive for 
a small farmer, and the extra funds expended represent an opportunity 
cost. Transgenic crops, such as Bt (Bacillus thuringiensis) cotton, can pro-
vide better yields than local varieties because they are able to overcome 
specific constraints, such as insect pests, but they may not perform as 
well as local varieties if environmental conditions—for example, water 
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availability—are not optimal. Therefore, farmers take a risk in investing 
in transgenic crops. Benjavan Rerkasem, of Chiang Mai University in 
Thailand, noted that in addition, there is little incentive for investment if 
products that are developed specifically for the poor, such as micronutri-
ent-enriched grain, cost the farmer more but do not provide greater yield 
or command higher prices. The challenge will lie in providing incentives 
to farmers and other components of the production and marketing system 
to maintain affordable products and create a sustainable marketplace.

CHALLENGE 2: DETERMINING PRIORITIES 
FOR BIOTECHNOLOGY

National leaders often need to make decisions about priori-
ties with limited financial resources, user input, and scientific 
understanding. 

Decision-makers in developing countries who want their agricultural 
systems to benefit from biotechnology have a difficult task. They try to 
formulate a strategy to encourage the development of appropriate appli-
cations of biotechnology when they have few mechanisms for knowing 
what is most needed by farmers or wanted by consumers and with lim-
ited financial resources to pursue an agenda for introducing transgenic 
crops from outside sources or developing them internally. In their efforts 
to define a research agenda that is scientifically sound, decision-makers 
need scientific advice—something that is often lacking in developing 
countries.

Determining Research Needs

Developing a strategy for improving agriculture requires a decision 
of which research directions to support. Many workshop participants 
felt that with regard to biotechnology, leadership in setting priorities has 
not been coming from the governments of developing countries nor has 
it been determined by the needs of subsistence farmers, as suggested by 
Bonjiwe Njobe. Rather, leadership has stemmed from the investment, 
development, and modernization of biotechnologies from the private 
sector where the emphasis is on market forces to drive the process. The 
implication of a supply-led market approach is that a product is often 
created and sold on the basis of its branding by its producer rather than 
the stated desires of consumers or the quality-assurance pronouncements 
of the regulatory system. Because of the profit motivation, some partici-
pants believe the private sector may move products to market and sell 
them to farmers before the risks and benefits related to the products are 
sufficiently evaluated.
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Government officials that want to lead in setting the agenda for agri-
cultural biotechnology have little internal guidance in making decisions, 
a task that is not made easier by potentially conflicting agricultural pri-
orities. As Njobe stated, the crop sector may want genetically engineered 
maize, the livestock sector may want to pursue organic markets, and the 
two goals may not be compatible. More often than not in developing 
countries, however, getting input on priorities is rare because there are 
few mechanisms for engaging farmers, especially small-holder farmers. 
According to Rebecca Nelson, of Cornell University, the academic research 
community has traditionally done a poor job in looking at culinary and 
post-harvest characteristics, properties that help plants to compete with 
weeds, and other elements that are important in field settings but may not 
be recognized by laboratory researchers. 

It is crucial that government leaders keep the bigger picture in mind 
when determining priorities so that they do not promote a scientific 
solution to a problem that can be solved more easily by other kinds of 
investment. Jean Halloran, of Consumers Union, cited a meeting with 
Mozambique colleagues that illustrated how regional hunger problems 
could be solved. Her colleagues noted that while some regions of Mozam-
bique were experiencing drought, other parts of the country were not 
affected and were able to produce healthy crops. Although scientists 
might want to address the problem of drought by engineering drought-
tolerant crops, the problem of hunger could be better solved by improv-
ing north-south transportation networks. Halloran concluded by stating 
that “it would probably take a much smaller investment in roads than 
in scientific research to address the problem.” Don Doering, of Winrock 
International, added that there are a few good global or regional models 
for estimating the value of some of the traits that crop breeders have dis-
cussed and that such models would be useful in helping decision-makers 
decide between, for instance, investing in the development of a drought-
tolerant crop and funding the installation of irrigation systems.

Resource Limitations and Priorities

Across Africa, agriculture usually receives less than 5 percent of most 
government budgets (World Bank, 2008) because support for scientific 
investment must compete with other urgent political, economic, and 
social priorities. In the science budget itself, all types of research compete 
for scarce funding. Workshop participants expressed a concern that in a 
resource-constrained environment, existing scientific efforts on important 
agricultural problems will be superseded by an emphasis on modern 
biotechnology. John Lynam, of the Rockefeller Foundation, observed that 
the Consultative Group on International Agricultural Research (CGIAR) 
has shifted research investment away from methods of soil, crop, and 
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resource management and toward breeding and biotechnology and that 
there is also movement away from whole-plant methods toward molecu-
lar methods. 

Nelson added that conventional breeding has delivered remarkable 
improvements to crops such as Brussels sprouts, kohlrabi, kale, broccoli, 
cauliflower, and cabbage and that nothing produced by transgenic tech-
nology has been “quite so unbelievable” as the successful transformation 
of those vegetables by nontransgenic means.

Many participants agreed, suggesting that investment in molecular 
biology has been lopsided over the last few decades and has left many 
developing countries with a large gap in scientific expertise, ranging 
from whole-plant physiology to plant breeding. For example, Rerkasem 
mentioned that rice breeders are becoming “extinct” in Thailand—a situ-
ation that will work against the introduction of biotechnology because 
breeding is still needed to incorporate promising new genes into local 
varieties of rice.

Moreover, Lyman said, priorities have to be established to bring trans-
genic innovations and breeding programs together, and this is difficult 
because current breeding programs are highly decentralized and focus on 
a multiplicity of crops grown in diverse agroecologies. “The question,” he 
said, “is how to make decisions on what crop is to be transformed with 
biotechnology and then on how transformation will be applied in a wide 
array of breeding programs.”

CHALLENGE 3: ENGAGING THE CITIZENRY

Public participatory mechanisms are needed to gauge needs 
and to address concerns.

Implementing a democratic decision-making model and soliciting 
public participation can result in more sound decisions, the development 
of technologies that are locally adapted and better suited, and a bridging 
of the rhetorical divide surrounding agricultural biotechnology. Honest 
public discussions are crucial for moving technologies forward because 
they may reveal concerns that governments and the scientific commu-
nity have not expected. Mechanisms that provide a sense of transpar-
ency can aid the public in understanding, accepting, and adopting new 
technologies. 

Transparent Decision-Making Processes

A decision to introduce transgenic crops may involve economic and 
environmental risks, and nations need a legal framework for evaluating 
the risks, communicating them to the public, and justifying decisions. A 
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perceived lack of transparency in a government’s decision-making pro-
cess will cause citizens to become distrustful of government authority. 
Without a sufficient process, even the most well-intended efforts of the 
international research community will be suspect, according to Phelix 
Majiwa, of the African Agricultural Technology Foundation in Nairobi, 
because it will not be evident that the efforts are being driven on behalf 
of local needs. Legal avenues for people to get information need to be 
created, according to Suman Sahai. The United States has a free press and 
the Freedom of Information Act, but in many other countries the public 
has no way to get such information. 

The public also needs confidence that its own government has the 
scientific capability to conduct safety assessments of biotechnology prod-
ucts. Most developing countries are too small to set up their own biosafety 
protocols and screening procedures, so their policy-makers look to oth-
ers who have already established biosafety programs for guidance and 
assistance. These countries also rely on regional centers, laboratories, and 
procedures from more advanced countries in their region for assistance.� 
In 2003, the Codex Alimentarius Commission adopted guidelines, devel-
oped over several years by a Codex task force, that describe an interna-
tionally-agreed approach for assessing the safety of genetically modified 
crops for human food uses. The Codex guidelines are intended for use by 
governments developing food safety oversight systems for foods derived 
from such crops. 

Efforts such as the GMO Guidelines Project (GMOERA, 2008) aim 
to help developing countries to establish approaches and methods for 
biosafety assessment of genetically modified organisms. The project, 
described by David Andow of the University of Minnesota, was funded by 
the Swiss Agency for Development Cooperation and it brought together 
public-sector scientists from all over the world to help local scientists to 
build that capacity.

Processes for Public Participation

Even if a regulatory process is in place, products that are approved 
and introduced into the market may be held in suspicion. Countries that 
do not broadly consult or involve their citizens in public discourse—espe-
cially as it pertains to novel scientific applications, such as agricultural 
biotechnology—find that their citizens question whose interests deci-

� The Food and Agriculture Organization of the United Nations (FAO) has also developed 
guidance for its member governments, especially developing countries, to help them use 
sound and consistent decision-making frameworks when confronting biosecurity issues 
(FAO, 2006b, 2007).
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sions serve in the long term. Introducing a new product or technology 
without the public’s consideration can perpetuate the image of ambiguity 
in decision-making and therefore perpetuate the belief held by many in 
the developing world that the “biotechnology agenda” is set by the rich 
industrialized nations to exploit the poor in the developing world.

In some countries, consumers have demanded labeling as a way of 
allowing them to decide whether or not to accept this technology. There 
is a need for consumers to be aware of the huge differences in degree 
of possible environmental and human risk from different technologies. 
Given the enormous difficulties and the cost of labeling in small country 
food and feed systems, consumers will need to be made aware of both 
and avoid “blanket” requirements for labeling.

Many international agreements—including the Cartagena Protocol 
on Biosafety, which grew out of the Convention on Biological Diver-
sity—mandate public participation in their decision-making process with 
respect to transgenic technologies. Many workshop participants, however, 
expressed concern that developing countries have fallen short in that 
respect. As one workshop participant observed, both the advocates of bio-
technology and those who are violently opposed to it may be sponsored 
by external sources, and the voices of the local populations most affected 
by the proposals for agricultural biotechnology are often unheard. 

It is crucial to engage the public in scientific discourse well before 
the regulatory stage so that citizens understand and sense ownership of 
their country’s scientific decisions. Public forums can shed light on issues 
not anticipated by policy-makers and scientists and can provide valuable 
input into decisions as to the most appropriate technologies to pursue.

Farmer Participation

One participant described her recent involvement in a consultation 
workshop in west Africa on millet- and sorghum-based systems. She said 
that the farmers’ representative told her, “We want a sheep’s head; you 
bring us a dog’s head.” Because of the mismatch between technology 
development in agricultural biotechnology and technology adoption by 
users, a more accurate way to assess needs and challenges is to involve 
relevant stakeholders directly at various stages of the decision-making 
process.

Matching needs with capabilities is itself difficult. Farmers often have 
trouble in conceptualizing the sorts of things that biotechnology might 
be able to accomplish for them. Likewise, scientists may have trouble in 
translating generic characteristics, such as “improved quality of flour,” 
into specific traits that research can focus on. 

Rural and tribal communities are often the most difficult to engage 
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in public participation activities, and some workshop participants argued 
that not enough attention has been paid to developing structures and 
methods of communication. Most of the methods used to inform and 
educate the public about agricultural biotechnology include websites and 
registers, but most rural communities in developing countries do not have 
access to the Internet or even print media, and most of the population is 
illiterate. 

Illiteracy does not equate to lack of wisdom; many in developing 
countries who cannot read or write have enormous reserves of knowledge 
and can be valuable participants in a discussion of crop improvement. 
Their trust is an absolute necessity if the new technologies are to benefit 
them. The foremost thing to keep in mind, according to Sahai, is that there 
is a large information gap to be bridged by communication methods to 
accommodate not just the local language but the local idiom. Aside from 
lacking access to written literature and being widely dispersed geographi-
cally, farmers are busy—many are women who also have child-care obli-
gations—so their daily schedules are a consideration when information 
is transferred.

One method that has been tried with success in Asia and in some 
parts of Africa, Sahai mentioned, is street theater and roadside theater 
containing caricature and skits, where information is turned into acces-
sible packets that people can immediately respond to. Theater groups, 
nongovernment organizations, and governments will all need to rise to 
the challenge of creating space where a formal structure can be used for 
activities to foster public participation. Sahai added that “there is no point 
in sitting in a conference room and hoping that tribal communities can 
come inside and start participating. It’s intimidating.” 

Cultural and Religious Issues

New technologies can be perceived as threatening cultural and reli-
gious traditions, according to some participants. For example, it is pos-
sible that Muslims or Hindus will not be persuaded that swine- or cattle-
derived DNA inserted, for example, into sheep or a plant is merely a 
generic molecule; Germans will view genetic manipulation from the per-
spective of their history; and Indonesians will filter information through 
lenses shaped by their cultural heritage and cultural preferences. Societies 
differ in their perceptions of what is natural and unnatural, acceptable or 
unacceptable. Many workshop participants suggested that it is important 
for policy-makers to recognize and respect the cultural and religious sen-
sitivities of citizens that may place limits on agricultural biotechnology. In 
India, according to Sahai, “the whole concept of taking part in decision-
making” in all sectors of society is becoming important to citizens. At the 
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end of the day, she said, you cannot simply dispense with the right of 
choice that almost all nations grant to both consumers and farmers.

Biotechnology and the Long-Term Public Interest 

Developing countries are not alone in the challenge of involving the 
public in discussions about genetically engineered crops. Researchers 
in developed nations have faced some of the same issues about trans-
parency and inclusiveness. Piet van der Meer, of Horizons sprl Co. in 
Belgium, noted that it is easy to say that public participation is needed, 
but it is extremely difficult to implement: “I have had many, many, many 
hearings over the years on antibiotic resistance and herbicide resistance 
and so forth. And you can hold one meeting one day, and the next day 
more people will come and say we have not been consulted.” As another 
example, Harald Schmidt, of the Nuffield Council on Bioethics in Eng-
land, described a website that his organization created to solicit views on 
genetically modified (GM) crops; 38,000 people (of 60 million in the UK) 
registered their views on the site, but Schmidt asked, “How representative 
of the debate is that?”

According to participants, the experience of the developed countries 
demonstrates that a period of public education and familiarization is often 
needed before people can be actively brought into decision-making struc-
tures. And before biotechnology applications are approved and accepted, 
it is crucial to inform the public about their benefits and risks.

There are also likely to be concerns that agriculture will come to 
be largely controlled by large transnational corporations that produce 
and distribute transgenic seed, potentially harming small farmers in the 
developing world and disrupting social structures. Those issues require 
frank discussion between policy-makers and farmers. Calestous Juma, of 
Harvard University, noted that in Africa, instead of seeing farmers saving 
seed, he witnessed a small-market structure of women who grew seed 
and sold it. That attests to the power of markets, but some participants 
wondered what will become of those women who rely on the practice of 
saving seeds when transgenic seeds—some which are self-terminating 
after one season and many which are protected as intellectual property—
are introduced.

CHALLENGE 4: BUILDING SCIENTIFIC AND LOCAL CAPACITY

Investment is needed to build and strengthen national scientific 
expertise in developing countries.

Scientists are needed to develop, evaluate, and implement advances 
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in agricultural biotechnology, and there is a critical need to build national 
bases of scientific expertise in developing countries. Although techno-
logical innovations can be promoted by external organizations, workshop 
participants suggested that national and local scientists will have a better 
understanding of a nation’s strategy for agricultural development, of the 
needs of farmers, and of the value of improving specific traits related to 
the performance or marketability of a particular crop or animal. Policy-
makers investing in national research initiatives would be well served by 
fostering a new generation of scientific advisers for biotechnology. 

Moreover, being much closer to the environments in which geneti-
cally engineered organisms will be used, local scientists not only will be 
more likely than outside groups to focus their own research on relevant 
animals, crops, and traits but will be in a better position to recognize 
and evaluate the potential risks posed by the introduction of engineered 
organisms, given the specific ecosystems into which the modified organ-
isms will be introduced. 

It will take time and commitment to build the necessary scientific 
expertise in government agencies, national universities, and other research 
institutions. Being trained abroad is not sufficient to establish the capacity 
needed in the developing world. “So many people from the developing 
world have been trained in America, in Europe, in Australia,” said one 
participant, “but the quality of agricultural research in the developing 
world is still not very good. And I base that not just on my own judg-
ment but on what farmers told me.” Bonjiwe Njobe added that scientists 
need additional training in working in multidisciplinary teams so that 
they can take into account all the diverse factors related to the use of 
biotechnology.

A notable gap in the scientific capacity in many developing countries, 
according to more than one workshop participant, is the inability to move 
transgenes engineered into “elite” germplasm (a variety of a crop that 
is used in experimental settings) into locally adapted germplasm of the 
same crop. Without that process, which involves conventional breeding, 
the benefits of biotechnological advances are not fully captured for local 
applications. If local scientists are not able to introduce a novel gene into 
local varieties, farmers are forced to rely on whatever variety seed produc-
ers make available, not the varieties that have proved hardy under local 
environmental conditions. 

There are, then, at least four roles for scientists in developing coun-
tries with regard to agricultural biotechnology: to advise government on 
research priorities, to engage actively in research and participate in the 
development of improved crops and livestock, to act as critical reviewers 
of the human safety and environmental impact of applications to intro-
duce biotechnology products into the field, and to participate in technol-
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ogy transfer and extension. Communicating how biotechnology crops are 
to be grown might be challenging, a participant noted. For example, it is 
not clear that farmers who purchase Bt crops will understand why they 
must plant 20 percent of their land in non–genetically engineered crops 
to reduce the emergence of resistant insects. A widely held view at the 
workshop was that support for extension in developing countries had 
declined precipitously in recent years and needed to be restored. 

CHALLENGE 5: DEVELOPING SUSTAINABLE PARTNERSHIPS

Partnerships can be vital in stimulating research in resource-
poor countries, but it is important to recognize the goals of each 
partner.

Once research priorities are set, asked Ann Thro, of the U.S. Depart-
ment of Agriculture, how are the new technologies going to be developed, 
and who is going to pay for them? Workshop participants agreed that 
although the vast majority of agricultural research in developing nations 
is performed by the public sector, public funding alone will not be suf-
ficient to bring biotechnology innovations to farmers’ fields even if the 
current decline in public funding is reversed. Others added that because 
of the profit motive, the private sector often rushes to move products to 
market and sell them to farmers before the risks and benefits related to 
the products are sufficiently evaluated.

The need for partnerships between public and private entities in 
agricultural biotechnology projects echoed throughout the workshop, 
and there was lively debate about the benefits and risks involved in the 
partnerships.

The Pros and Cons of Public-Private Research Partnerships

Private-sector collaborators often bring funding, intellectual property, 
technical knowledge, and training to a partnership. The public sector, 
asserted Rerkasem, could learn a lot from the private sector about how to 
manage agricultural research. Ganesh Kishore, of DuPont, described the 
Chura community project in Kenya as a good example of a private-public 
endeavor. The partnership propagated disease-free bananas in tissue cul-
ture. “We are not nameless, faceless corporations,” he said, “and we want 
to be engaged in the community as effectively as possible.”

Nations potentially benefit in multiple ways when a private-sector 
partner is found within their borders. The national agricultural research 
systems of large developing nations—such as China, India, and Brazil—
have collaborated with private companies in those countries, but it was 
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observed that it is much more difficult for that to occur in small countries, 
such as Zambia, where the private sector is not robust enough to under-
take cutting-edge research. 

Some workshop participants worried that public-sector investiga-
tors could lose their independence and integrity while working with the 
private sector and become no more than “the lowest-paid members” of a 
private-sector research effort that might not reflect national public priori-
ties. For instance, one participant observed that when Kenyan researchers 
collaborated with private seed companies, the focus of the research was 
on developing hybrid maize, a product that is targeted more at large-scale 
farmers than at resource-poor small holders who rely on open-pollinated 
crops. She argued that “partnership norms” were needed to guide public-
private collaborations. 

Different Motivations, Different Roles

It was pointed out that although companies may have know-how 
that can benefit developing countries, they are nonetheless profit-driven 
businesses, and leadership of many companies emphasizes the influence 
of market forces on the direction of research efforts. Private-sector venture 
capitalists have a bias toward supporting innovations in large-acreage 
row crops because that is where the financial return will come from.

That leaves a gap, said Kishore, not only in improving orphan crops 
but in projects involving fruits, vegetables, forestry, energy, and the envi-
ronment—sectors where biotechnology holds huge promise. The question 
is how the gap can be filled. Carl Pray, of Rutgers University, suggested 
that in the absence of local scientific expertise, the private sector could be 
given incentives by governments and other funders to focus research on 
the pressing agricultural problems in the near term. 

The work of the private sector is not limited to its companies; public 
and private donors fund initiatives such as the CGIAR research centers. 
From the perspective of Kym Anderson, of the World Bank’s Develop-
ment Research Group, those centers should be more engaged in agricul-
tural biotechnology for poor countries; without their involvement, there 
would be a long delay in the implementation of innovations in developing 
countries. However, several workshop participants emphasized that the 
level of funding for public-sector research and the CGIAR centers, which 
played such a large role in the Green Revolution, was perceived to be 
low. Njobe noted that the InterAcademy Council study panel that looked 
at African agriculture recommended that countries pool their resources 
to create African Centers of Agricultural Research Excellence that would 
perform research on subjects of high continental and regional priority.

Another participant suggested that foundations, many of which are 
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based in the industrialized world, could consider funding partnerships 
between the public sectors of developing countries instead of the typical 
model of “north-south” collaboration. African and south Asian countries 
would have much more in common with an entity like Embrapa than with 
a U.S.-based university or agency.

It was also suggested that grants, prizes, and contracts are potential 
means of encouraging innovation in a particular direction. Governments 
or foundations can use contracts if they have a good understanding of the 
qualities of a product that they want to have produced but do not know 
what kind of research organizations would be best to do the research. 
Prizes are better for stimulating work on difficult tasks. One example is 
the Earth Institute at Columbia University, which promotes sustainable 
development in Africa by offering to reward innovators with cash pay-
ments. The prizes are given for the demonstration of innovations in the 
field, not just in the laboratory.

Finally, Lynam described what he viewed as international public 
goods, regional public goods, and national public goods and called for 
greater thought and discussion about the appropriate roles of different 
kinds of investors in supporting the development of each type of public 
good.

CHALLENGE 6: ENGAGING IN GLOBAL DIALOGUE 
ON AGREEMENTS AND PROTOCOLS

Scientists and lawyers in developing nations need to participate 
in discussions and negotiations about biodiversity, biosafety, 
trade, and intellectual property rights to ensure that agreements 
can be implemented in ways that help their nations meet their 
goals.

Biodiversity and Biosafety

There is concern that genetically engineered crops will cross with wild 
relatives and allow transgenes to move into the environment and poten-
tially alter natural ecosystems. Many participants cited examples in which 
escaped transgenes had little effect on their environments, but if a trans-
gene were to confer a selective advantage, it could alter wild ancestors 
and effectively reduce natural biodiversity, although to what degree is 
hotly debated. The Convention on Biological Diversity and the Cartagena 
Protocol on Biosafety outline international procedures to address some of 
the biodiversity and biosafety concerns (see Box 3-2).

A National Research Council report entitled Knowledge and Diplomacy: 
Science Advice in the United Nations System notes that although govern-
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Box 3-2 
International Agreements on 
Biodiversity and Biosafety

Convention on Biological Diversity 

The Convention on Biological Diversity (CBD) is an international 
agreement that provides a framework for building regulatory systems to 
protect biodiversity. The CBD, which grew out of the 1992 Earth Summit 
in Rio de Janeiro and began enforcement in December 1993, is a com-
prehensive approach to biodiversity conservation, the sustainable use of 
natural resources, and equitable sharing of benefits of genetic resources. 
It addresses biosafety through guidelines that protect human health and 
the environment from the potentially adverse effects of biotechnology and 
its products while providing for technology access and transfer.

The convention was developed through a series of intergovernment 
negotiating meetings and has been signed by many developing countries. 
In ratifying the CBD, governments have stated their commitment to devel-
oping national biodiversity strategies and action plans and to integrating 
them into broader national plans for the environment and development.

Cartagena Protocol on Biosafety

On January 29, 2000, more than 130 countries adopted a supple-
mentary agreement to the CBD known as the Cartagena Protocol on 
Biosafety. The protocol is designed to protect biodiversity from risks 
posed by living organisms that have been modified through modern 
biotechnology. It establishes a procedure for an advanced informed 
agreement by signatory countries whereby each would be informed 
of the potential risks posed by living modified organisms before such 
organisms could be imported into the countries. Recognizing the lack 
of scientific certainty as to the effects of living modified organisms on 
biodiversity and human health, the protocol references a precautionary 
approach and reaffirms Principle 15 of the Rio Declaration on Environ-
ment and Development. Furthermore, the protocol provides a Biosafety 
Clearing-House to facilitate information exchange and to assist countries 
in implementing the protocol. It does not affect trade in processed foods 
or pharmaceutical products that contain genetically modified organisms. 
The protocol entered into force on September 11, 2003. 

SOURCE: Cartagena Protocol, 2008; CBD, 2008. 
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ments strive to use the best available scientific and technical information 
to guide biosafety negotiations, no systematic efforts have been made to 
compile available knowledge on the subject, so the direct contributions 
of government delegates are usually the only scientific input (Gaugitsch, 
2002; NRC, 2002b). The report mentions that existing studies on the safety 
of genetically engineered crops for human health, the environment, and 
socioeconomic systems continue to be a major issue of public concern 
and continue to be subject to divergent interpretations and conclusions 
(Gupta, 2000; NRC, 2002b). The report concludes that “the persistence 
of varied interpretations of the available information illustrates the need 
for scientific assessment to guide discussions and negotiations on major 
issues of international interest” (Susskind, 1994; NRC, 2002b).

Many workshop participants felt that although the intentions of the 
convention and the protocol were appropriate, the implementation left 
much to be desired. Lynam pointed out that different interest groups and 
government sectors often participate in different components of treaty 
arrangements but do not interact to discuss their implications fully. As a 
result, smaller developing countries are unable to respond to regulations 
in a coherent and consistent way, much less to enforce them. Juma added 
that it was generally difficult for developing nations to create regulatory 
frameworks before they have any capacity to be involved in biotechnol-
ogy themselves: “It’s almost like trying to design rules and regulations for 
governing swimming pools in the Sahara.”

Majiwa pointed out that in many countries the lawyers do not play a 
large part in the debates about biotechnology regulations and guidelines. 
As a result, he explained, their posture is to wait to see whom they can 
take to court. “I believe this is going to drive very many African countries 
behind,” he said, “particularly when there is massive introduction of GM 
products into the market.” He stressed the need to bring the legal com-
munity into the discussions that lead to the implementation of regulatory 
regimes.

Van der Meer emphasized the importance of public-sector scientists’ 
participation in developing national policies on biotechnology: “They 
should not only be aware of the existing rules; they should be involved in 
making the rules. They should take a far more active role.” He also urged 
public-sector scientists to become involved in international negotiations 
on the biosafety protocol. In the past, he noted, nongovernment organi-
zations and the private sector were well represented in the negotiations, 
but the biggest stakeholders in the outcome—scientists in public-sector 
research—were not there. “That the protocol is adopted and enforced does 
not mean that it is over. There will be many, many years of negotiations 
on how to function in this, and it is crucial that the public sector be part 
of that.” 
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However, the fundamental problem, as was discussed, is the lack of 
scientific capacity, as a result of which many developing countries are 
uncomfortable with the effectiveness of their own regulatory and control 
systems. Participants gave many examples of the illegal spread of geneti-
cally engineered crops across Asia, India, and China. Enforcement costs 
can be high and need to be figured into the cost of regulations. One partic-
ipant recommended that the United Nations and other organizations help 
by monitoring the implications of new regulations in developing coun-
tries and comparing the time and costs of particular regulation with their 
benefits. Such analysis might assist governments in developing policies 
for the introduction of biotechnology and the protection of biodiversity.

Resolving Trade Issues

Many groups have opposed the use of agricultural biotechnology, and 
some nations have responded to the opposition by placing import-market 
restrictions on genetically engineered crops. The European Union (EU), 
Korea, and Japan have restrictions on imports of genetically engineered 
crops and seeds. In 1999, for example, the EU imposed a “de facto mora-
torium” on import of GM products from the United States, Canada, and 
Argentina that had not been approved for sale in the Union. In 2003, the 
United States and its allies filed a suit in the World Trade Organization 
(WTO) against the EU for undue delay in the approval of GM products.�

Agricultural commodity trade can be affected by a variety of govern-
ment policies, according to Anderson, one of which includes the require-
ment to label GM foods. He argued that developing countries are less 
likely to adopt GM crops out of fear that their access to large foreign 
markets will be curtailed. For African countries, he asserted, a conse-
quence of avoiding the products is that they forgo potential gains by 
their own farmers and domestic consumers; they produce less food than 

� In 2006, the WTO ruled in a 1,148-page document that the EU had violated WTO rules by 
the undue delay in the approval of GM products. The WTO also ruled that bans by Austria, 
Belgium, France, Germany, Italy, and Luxembourg violated WTO rules on a number of 
GM products despite the fact that the European Commission had approved the products 
as safe. The EU decided not to appeal against the ruling partly because the EU has put in 
place its own precautionary system and has approved the import of nine GM products since 
2004. The nine EU-approved GM varieties include herbicide-tolerant and insect-resistant 
maize (developed by Monsanto, Pioneer Hi-Bred, and Syngenta), two herbicide-tolerant 
maize (by Bayer and Monsanto), one insect-resistant maize (by Monsanto), an herbicide-
tolerant soya bean (by Monsanto), and an herbicide-tolerant sugar beet (by Monsanto). 
However, approvals for cultivation still remain highly restricted and only one variety of 
pest-resistant maize (developed by Monsanto) has been cleared for production. As of March 
2008, there were 18 GM varieties waiting for cultivation approval in the EU and another 50 
(mainly maize and soyabean) awaiting import clearance for use in food and animal feed.
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they could otherwise. The issue of labeling is complex, however, because 
labeling could also be used to describe the benefits of GM foods, and some 
would argue that markets perform better when consumers are informed. 
Anderson pointed to the WTO process as important for reducing trade 
distortions and improving how natural resources are better used to pro-
duce food and fiber.

Protecting Proprietary Research

Intellectual property (IP) rights affect the ability of public-sector and 
private-sector researchers to conduct innovative research in agriculture 
and protect the transfer of knowledge and technology. From the per-
spective of some workshop participants, IP rights have recently come 
to be seen as a major barrier to the advancement of agricultural biotech-
nologies. The opportunities and challenges of IP and proprietary sci-
ence include issues related to ownership, access, economic benefit, and 
national sovereignty. 

Intellectual Property Institutions

In the past century, a battery of legal instruments have been used to 
protect IP, but these were of little direct relevance for public-sector and 
nonprofit scientists. Agricultural research information was openly acces-
sible to all: germplasm was pooled in gene banks by countries around the 
world, and collaboration and free exchange of cultivars occurred between 
research centers in developed countries, such as the United States, gene 
banks in international agricultural research centers, and users in interna-
tional agricultural research systems worldwide. As Brian Wright, of the 
University of California at Berkeley, pointed out, farmers also contributed 
freely to the pool of agricultural technology—nearly all mechanical inno-
vations in the United States came from farmers and blacksmiths who did 
not patent any of their innovations.

The current IP framework has changed substantially since 1980. The 
University and Small Business Patent Procedures Act of 1980 (the Bayh-
Dole Act) provided a U.S. legal framework for technologies developed 
with public money to be licensed out from the public to the private sec-
tor and encouraged researchers to transfer their technologies into the 
marketplace. Decisions of the U.S. Patent and Trademark Office allowed 
U.S. researchers to patent life forms, which included not only plants but 
the constituents of plants, genes, and bacteria. A major revolution in the 
worldwide exchange of IP followed soon after and brought about the 
signing of the Agreement on Trade-Related Aspects of Intellectual Prop-
erty Rights (the TRIPS Agreement) in 1994 (see Box 3-3).
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Box 3-3 
The Agreement on Trade-Related Aspects 

of Intellectual Property Rights (TRIPS) 

The TRIPS agreement is an international treaty negotiated in 1994 
that sets minimum standards for most forms of intellectual property 
(IP) regulation in all member countries of the World Trade Organization 
(WTO). Of importance to biotechnology developments, the TRIPS agree-
ment deals with copyright and related rights; patents, including the pro-
tection of new varieties of plants; trademarks; undisclosed or confidential 
information, including trade secrets and test data; and specified enforce-
ment procedures, remedies, and dispute resolution procedures. 

The significance of the TRIPS agreement is that it narrows the global 
gap in how IP is protected and moves the protections under a common 
international framework. It establishes minimum levels of IP protection 
for governments to provide fellow WTO members. IP protection encour-
ages creation and invention, especially in the period after the protection 
expires and creations and inventions enter the public domain. The TRIPS 
agreement itself introduced IP law into the international trading system 
for the first time, and it remains the most comprehensive international 
agreement on intellectual property.

The agreement highlighted another principle: that IP protection 
should lead to innovation and technology transfer, that such protection 
would benefit producers and users, and that it would enhance economic 
and social welfare. Developing countries in particular see technology 
transfer as a great benefit to protect IP rights. The TRIPS agreement 
includes a number of important provisions, such as one that requires 
governments in developed countries to provide incentives for companies 
to transfer technology to least-developed countries.

Although the TRIPS obligations apply equally to all member states, 
developing countries were provided more time to implement applicable 
changes in their national laws. The TRIPS agreement took effect on 
January 1, 1995, and developed countries were given 1 year to ensure 
that their laws and practices conformed to the agreement. Developing 
countries and transition economies (under specified conditions) were 
given 5 years, until 2000; and least-developed countries had 11 years, 
until 2006.

SOURCE: WTO, 2008.
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IP rights protections in developing countries are too weak to provide 
much incentive for private companies to transfer technology or research to 
parties in those countries, Pray asserted, because they cannot be assured 
that other companies in the country will be prohibited from capitalizing 
on their inventions without fair compensation. If technologies cannot be 
protected, there is a disincentive to investing in developing them further. 
For investigators who want to develop products that can benefit the 
developing world, an important consideration is where to patent a new 
technology. Although the TRIPS agreement requires countries to develop 
IP protections that innovators can apply for, patents are granted by indi-
vidual nations. There is no “international” patent that applies worldwide. 
Thus the desired outcome by Richard Meagher’s research group when it 
discovered how to control the electrochemical state of arsenic was that 
companies in the industrialized world would license the technology and 
develop it further. However, the group also wanted it to be freely avail-
able for use in India, where arsenic poisoning is a severe problem. To 
accomplish those goals, the group applied for patents in the United States 
but not in India: if it had not applied for patents in the United States, 
few companies would have stepped forward to invest in improving the 
technology. 

A similar approach was taken in the development of vitamin A–
enriched golden rice; material transfer agreements were used to obtain 
permissions and to incorporate dozens of patents owned by several par-
ties. The patents were not filed in places like Bangladesh, so the rice can 
be freely used and improved in that country where many people suffer 
from vitamin A deficiency. 

Yet Wright worried that future IP rights agreements might make it 
more difficult to allow such tailored arrangements to proceed so that the 
public sector, nonprofit organizations, or companies in poor countries 
can have the confidence to use an innovation without worrying about 
infringement. The UN World Intellectual Property Organization has been 
working on a Substantive Patent Law Treaty that would institute a world-
wide patent system modeled on U.S. patent criteria and management. He 
encouraged representatives of developing countries to follow the discus-
sions closely.

Protection of Public-Sector and Collaborative Research

The fact that IP regimes are not robust in developing countries may 
adversely affect public-sector researchers in those countries. Although 
IP rights exist to protect artisan discoveries, such as cooking or plowing 
improvements, discoveries in biology are generally outside the scope of 
such protection. When public researchers in developing countries collabo-
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rate with overseas researchers, it is likely that patentable inventions flow-
ing from the collaboration are protected under an industrialized country’s 
IP regime. Developing country investigators might not be aware that 
because they are co-inventors, their names should be included on patent 
filings.

Majiwa recalled a Kenyan scientist who collaborated with U.S. sci-
entists on the biological aspects of extremophiles only to find later that 
enzymes from the microorganisms, which came from Kenya, were being 
used in laundry detergents for commercial profit in the U.S. market. No 
benefits accrued to the African collaborator or to his country, and the pur-
ported exploitation made national headlines in Kenya. Majiwa suggested 
that Africans are discouraged from engaging in research at all because IP 
protections for innovations that might come out of their research are lack-
ing in their own countries, and they are worried that patents on research 
innovations they have worked on locally may have already been filed by 
others elsewhere.

The existence of very strong IP protections in the United States is 
hurting public-sector innovation in agricultural biotechnology, accord-
ing to Wright. That is due in part to the nature of genetically engineered 
seeds, which are essentially “little carriers” of attributes that have been 
built on by many innovators. IP related to those attributes accumulates, 
and each time someone wants to add an attribute, all the other technolo-
gies inherent in that seed “package” must be licensed. In Wright’s view, 
the costs of licensing and disputes over patents have so slowed the prog-
ress of research that they are among the factors driving the consolidation 
of seed companies to the point where now only a few major players are 
involved in engineering new crops.

That reality is hurting public-sector investigators, who may be freed 
to work on the seed packages in the laboratory but are at a disadvantage 
when the time comes to negotiate with the package owners about com-
mercializing the improvements they have made. Moreover, the protec-
tiveness over IP is spilling over into the public sector. At a time when the 
world is looking to the public sector to develop innovations in orphan 
crops and take the technology to the developing world, the public sector 
is finding itself with more responsibility but less freedom to operate. 

Intellectual Property May Not Be as Much of a Barrier for Developing 
Countries

Many workshop participants felt that IP barriers could be overcome 
because companies like DuPont, as Kishore pointed out, have been will-
ing to make IP available to others, especially when it was related to sub-
sistence farming. 
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Juma suggested that countries that have been able to industrialize 
quickly have relied on tapping into technologies that are now in the pub-
lic domain because their patent terms have expired. “One of the reasons 
they are developing so fast is that they are harvesting publicly available 
knowledge that they don’t have to pay for. And when they come closer to 
the cutting edge, they are forced to start inventing. By that time, they have 
accumulated enough capital to pay for the inventive activities.”

Workshop participants were encouraged by the existence of nonprofit 
organizations that provide access to IP rights and benefit agricultural 
researchers in the public sector who otherwise would not have the means 
to obtain the rights to IP (see Box 3-4).

CHALLENGE 7: ANTICIPATING FUTURE 
NEEDS AND DIRECTIONS

Researchers and decision-makers need to anticipate changes 
that will affect agricultural production and consumer demand.

Climate Change

Although climate models are evolving, there is a considerable degree 
of uncertainty in predicting the future climate of Africa and south Asia 
and, by association, the environment for farming in the future. Extreme 
weather events seem likely, but their pattern and extent are not fully 
understood. Agricultural planners need the help of cross-disciplinary 
tools to predict how global climate change will affect the natural resource 
base of farming. Remote-sensing technology, which uses imaging instru-
ments mounted on satellites or aircraft, can provide a record of changes 
in a region, including ������������������������������������������������     the locations of human settlements, vegetation, 
and rainfall. The images can be used to examine environmental trends 
and human, agricultural, and environmental interactions, including the 
movement of plant and animal diseases. Such information may ultimately 
help nations to better understand the characteristics needed in crops and 
animals in a changing world. 

Increased Meat Demand

As the developing world reaches greater levels of food security and 
wealth, population growth and rapid income growth leading to changes 
in lifestyle will increase demands for meat (Delgado et al., 1999). The 
developing world’s population is projected to reach 3.4 billion by 2020, 
and its demand for meat is projected to increase by 2.8 percent a year 
from 1993 to 2020 (Pinstrup-Andersen et al., 1999; Pinstrup-Andersen, 
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Box 3-4 
Organizations that Promote Access to 

Research and Transfer Technology 

Several initiatives have been developed to bridge proprietary informa-
tion and public research. Three such efforts were highlighted in the work-
shop: the Public Intellectual Property Resource for Agriculture (PIPRA), 
the Biological Innovation for Open Society (BiOS), and the African Agri-
cultural Technology Foundation (AATF).

Public Intellectual Property Resource for Agriculture
PIPRA (http://www.pipra.org) is a nonprofit entity based at the 

University of California, Davis, that supports agricultural innovation for 
humanitarian and small-scale commercial purposes. Members include 
over 40 universities, public agencies, and nonprofit institutions. PIPRA 
helps innovators in developing countries to gain access to new agricul-
tural technologies by educating farmers and scientists on international IP 
law and development and by providing a network to create licensing and 
material transfer agreements with its members. 

Biological Innovation for Open Society
BiOS (http://www.bios.net) is a relatively new Australian-based 

effort that helps disadvantaged communities to develop new innovation 
systems for disadvantaged communities by applying the open-source 
idea to modern biotechnology research. The goal of BiOS is to enable 
innovations by fostering a protected commons of biotechnologies that 
is freely available to the worldwide research community under the terms 
of an open-source–based license. If BiOS can develop the right kinds of 
technologies, plant researchers and breeders throughout the world would 
gain greater access to information.

African Agricultural Technology Foundation 
The AATF (http://www.aatf-africa.org) is a not-for-profit organization 

designed to facilitate and promote public-private partnerships for the 
access and delivery of appropriate proprietary agricultural technologies 
for use by resource-poor small-holder farmers in sub-Saharan Africa. 
AATF engages in technology scoping, interaction with technology devel-
opers, and negotiation. It keeps abreast of the latest information about 
agricultural production constraints and priorities in Africa and is familiar 
with major national, regional, and Africa-wide policies on agricultural 
development. AATF devotes the majority of its attention to proven tech-
nologies rather than those in the concept stage.

SOURCE: AATF, 2008; BiOS, 2008; PIPRA, 2008.
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2000). However, many developing countries may not be able to meet the 
demand for meat, given current animal-husbandry practices and con-
straints (such as animal diseases and malnutrition) that make increased 
livestock production unsustainable. Biotechnology might be able to have 
a considerable effect on livestock production by improving the genetics, 
health, and nutrition of food animals. 

An alternative solution, according to Kishore, would be to promote 
vegetable protein instead of animal protein. In his view, changing the 
world’s eating habits could enable agricultural systems to conserve natu-
ral resources better. Vegetable proteins are superior to poultry, beef, and 
pork in energy input requirements, protein output relative to land use, 
and labor requirements. For example, soy is a good source of protein and 
is also a legume that improves soil quality and could help to increase the 
sustainability of agricultural resources. If the protein consumption of the 
developing world continues as projected and matches that of developed 
countries, soy and other vegetable proteins will need to be explored to 
create sustainable farming systems.

CLOSING THOUGHTS

Many discussions and debates about the use of agricultural biotech-
nology focus on whether its use brings greater benefits than risks to 
society. There have been fewer reflections from the perspective of what 
agricultural biotechnology can do to help developing countries, and it did 
not take long for the workshop participants to highlight the fact that tech-
nology does not exist in a vacuum. Agricultural biotechnology is only one 
of many potential tools in a complex package of solutions for economic 
development. Understanding how to build systems that can guide and 
manage the use of this relatively new technology to benefit developing 
countries became a central theme of the workshop.

Calestous Juma, who chaired the workshop’s steering committee, 
expressed hope in his welcoming remarks that the workshop might pave 
the way for a better understanding of how society perceives new tech-
nologies and the factors that play into its adoption. Society is quick to 
consider the immediate safety questions for the environment and human 
health, but he argued that we need more venues for examining percep-
tions of risk, the socioeconomic consequences of new technologies, and 
policies and processes that encourage adoption and acceptance of technol-
ogy and trust in it. 

The participants in the workshop, who came from both developed 
and developing countries, contributed a rich set of perspectives to the 
examination of those issues. Many potential benefits of new agricultural 
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biotechnologies were outlined during the course of the workshop, but it 
will be a critical exercise that will need to meet many objectives associated 
with setting priorities for the allocation of resources. There will be many 
entities playing active roles in addressing those priorities, and global 
partnerships will be a key part enabling the new technologies to move 
forward in ways that help developing countries.
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