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Abstract | Crop genetic diversity — 
which is crucial for feeding humanity, 
for the environment and for sustainable 
development — is being lost at an alarming 
rate. Given the enormous interdependence 
of countries and generations on this 
genetic diversity, this loss raises critical 
socio-economic, ethical and political 
questions. The recent ratification of 
a binding international treaty, and the 
development of powerful new technologies 
to conserve and use resources more 
effectively, have raised expectations 
that must now be fulfilled.

Hunger and malnutrition are the everyday 
reality for more than 800 million people, and 
15 million people, mostly children, die as a 
consequence each year. With the world pop-
ulation expected to reach 8.3 billion by 2030, 
the Earth will have to feed an extra 2 billion 

are imbued with socio-economic, legal, politi-
cal and ethical implications. As most coun-
tries are reliant on genetic resources from 
elsewhere, it is essential that the international 
community develops fair rules to ensure 
management, access and benefit-sharing.

Here I describe the origin and diversifica-
tion of crop genetic resources, their loss in 
modern times and the risks that this raises. 
I then analyse the actions that are needed 
to conserve crop genetic diversity, identify-
ing important political, socio-economic 
and ethical issues. This is followed by a 
discussion of what has been achieved so far, 
with special emphasis on the development 
of an agreed international legal frame-
work, the International Treaty for Plant 
Genetic Resources for Food and Agriculture 
(ITPGRFA)2, which entered into force in 2004. 
Finally, I discuss future challenges for the con-
servation and use of crop genetic diversity.

Origins of crop genetic resources
Since life appeared on Earth about 3 billion 
years ago, the number of species has generally 
increased through a process of continuous 
diversification. This storehouse of genetic 
diversity has allowed the effective use of 
the Earth’s energy resources and provides 
a vast capacity for adaptation, conferring 
stability and balance within the biosphere. 
Crucially, it also provides us with the 
genetic resources that we use to meet our 
nutritional and other livelihood needs.

S C I E N C E  A N D  S O C I E T Y

Protecting crop genetic diversity for 
food security: political, ethical and 
technical challenges
José Esquinas-Alcázar 

people, of whom 90% will live in developing 
countries1. It is therefore crucial to ensure 
not only that enough food can be produced 
reliably to feed this expanding population, 
but also that it is accessible to all.

Food production and security depend 
on the wise use and conservation of agri-
cultural biodiversity and genetic resources. 
Crops and their wild relatives comprise what 
I refer here to as plant genetic resources for 
food and agriculture (PGRFA) — the genetic 
variability that provides the raw material 
for breeding new crop varieties, through 
classical breeding and biotechnological 
techniques, in response to environmental 
and demographic changes. However, many 
of these genetic resources are currently 
under-used or at risk.

The protection of PGRFA is not just a 
technical and scientific challenge; the man-
agement, use and exchange of these resources 

Timeline | A history of the development and exchange of plant genetic resources

■ Prehistoric era 
Domestication and geographical 
spread of crops.

■ The past 5 millennia 
Development of agriculture 
and agricultural biodiversity.

■ The nineteenth and early twentieth centuries 
Science realizes the value and potential of genetic 
diversity.

■ The 1960s to mid-1970s 
Scientific and institutional developments take place, but 
concerns remain about genetic erosion and vulnerability.

Humans start their transition from 
nomad hunters to sedentary farmers.

Cultural contacts and 
interactions result in crop 
diffusion and global transfer 
of plant genetic resources 
for food and agriculture 
(PGRFA).

Sumerians and 
Egyptians actively 
collect PGRFA.

The Great Famine in 
Ireland dramatically 
demonstrates the 
need for genetic 
diversity in agriculture.

(1920–1939) Nikolai Vavilov 
identifies the main areas of crop 
origin and their genetic diversity.

The Food and Agricultural Organization (FAO) of the 
United Nations (UN) starts technical work on PGRFA 
collection and conservation, including a series of 
international technical conferences.

(1400s) The discovery of 
America boosts 
intercontinental exchange 
of PGRFA.

(1850s–1860s) Charles Darwin and 
Gregor Mendel prove the importance of 
genetic diversity for biological evolution 
and adaptation.

(1960s–1970s ) The Green 
Revolution boosts productivity, 
but contributes to the loss of 
genetic diversity.

The UN Stockholm Conference 
on the Human Environment 
calls for strengthening of 
PGRFA conservation activities.

The US National Academy of Sciences 
raises concern over the genetic vulnerability 
of crops after a major maize epidemic.

c. 8000 BC c. 4000 BC c. 3000 BC   1400  1845  1850 1920  1960 1965  1972 

946 | DECEMBER 2005 | VOLUME 6  www.nature.com/reviews/genetics

P E R S P E C T I V E S



© 2005 Nature Publishing Group 

 

The appearance of agriculture roughly 
10,000 years ago TIMELINE disrupted the 
ecological balance of numerous systems. 
Fortunately, the process of domesticating 
plants and animals and the spread of agri-
culture were slow enough to allow a new 
equilibrium to emerge. In this process, 
of the more than 300,000 flowering plants 
that have been described, man is estimated 
to have used more than 7,000 species to 
satisfy basic human needs3. Mutual adapta-
tion took place between humans and the 
plants they grew, and between these plants 
and their environment. Soil and climate 
conditions, as well as the cultural features 
of local civilizations, were major factors 
in determining this process of adaptation. 
Genetic diversity was maintained, and even 
increased, during this long period; the het-
erogeneous varieties developed by farmers 
in each location became well-adapted to 
varying local conditions.

Although crop productivity might 
not have been high, the vast portfolio of 
genetic diversity managed by farming 
communities increased the likelihood of a 
reasonable level of production, which is a 
highly desirable trait for the kind of local 
subsistence agriculture that was practised 
then, and still is in many areas of the devel-
oping world. This stability is due to the 
coexistence of an array of plants, each with 
different characteristics: some resistant 
to specific diseases, some tolerant to cold 

and others to heat, and so on. So, although 
the production of different components 
of the agricultural system varied with 
weather and disease conditions, a minimum 
yearly yield was likely. Another stabilizing 
characteristic during this period was the 
slow growth of the human population.

Loss of diversity in modern times
Interactions between civilizations and 
ethnic groups have generated a fusion of 
customs and lifestyles, with an important 
effect on crop genetic diversity. Since the 
Industrial Revolution, rapid changes in 
population size, ecological degradation 
and globalization have led to a dramatic 
reduction in crop genetic diversity. Barely 
more than 150 species are now cultivated; 
most of mankind now lives off no more 
than 12 plant species3,4.

The concentration of populations in 
urban areas and the rising demand for 
food has created a situation in which high 
production, which is based on uniform 
crops, has been given priority over more 
reliable, diversified production. The intro-
duction of modern farm machinery, mar-
keting and transport methods that require 
uniform crop characteristics have required 
the introduction of standard, homogene-
ous plants. Through the joint efforts of 
plant breeders and public and private 
organizations, the demand for productiv-
ity and homogeneity has been met. Among 

the main crop species, a limited number of 
standard, high-yielding varieties has been 
developed. This trend, which peaked during 
the so-called ‘Green Revolution’, has made it 
possible to boost food production (see sup-
plementary information S1 (table)). However, 
this has been at a high price: the loss of innu-
merable heterogeneous traditional farmers’ 
varieties.

The dangers of genetic erosion
The loss of local species and varieties usually 
results in irreversible loss of the genetic diver-
sity they contain, known as genetic erosion. 
This has dangerously shrunk the genetic pool 
that is available for natural selection, and for 
selection by farmers and plant breeders, and 
has consequently increased the vulnerability 
of agricultural crops to sudden changes in 
climate, and to the appearance of new pests 
and diseases.

History has provided some important 
demonstrations of these dangers. For 
example, in the United States in 1970, the 
fungus Helminthosporium maydis destroyed 
more than half the standing maize crop in 
the southern part of the country. The crop 
had been grown from seeds that have a 
narrow genetic base and are susceptible to 
this disease5. In this case and others, the 
problem was resolved by breeding resistant 
varieties using genetic resources that were 
obtained from other parts of the world. 
Several comparable events in recent years 

■ Agreed future steps■ Late 1970s to early 1990s 
The first major policy developments. 

■ 1992 to the present day
An era of global instruments and legally binding agreements.

What is now the 
International Plant Genetic 
Resources Institute was 
established to support 
and catalyse collection 
and conservation efforts.

(1978–1991) The International 
Union for the Protection of 
New Varieties of Plants was 
established in 1978 and 
revised in 1991. National 
legislation in many countries 
restricts access to PGRFA, 
including through intellectual 
property rights.

1974 1978 1979  1989  1992  1993  1994  1995  2004 2006 

(1979–1983) FAO member countries start 
policy and legal discussions, leading to the 
first permanent intergovernmental forum on 
PGRFA in 1983 — the Commission on 
Genetic Resources for Food and 
Agriculture (CGRFA) — and the adoption of 
the non-binding International Undertaking 
(IU) on Plant Genetic Resources.

(1989–1991) Non-governmental 
organizations promote an 
international dialogue on 
PGRFA, reaching common 
understandings that feed into 
the CGRFA’s negotiations.

The first international binding 
agreement on biological diversity 
in general, the Convention on 
Biological Diversity, is adopted. Its 
members recognize the special 
nature of agricultural biodiversity and 
support the negotiations of the FAO.

The CGRFA agrees to renegotiate the IU, 
resulting in the adoption in 2001 of the legally 
binding International Treaty for Plant Genetic 
Resources for Food and Agriculture (ITPGRFA).

The Marrakech 
Agreement on 
Trade-Related 
Aspects of 
Intellectual Property 
Rights is adopted.

The ITPGRFA enters 
into force on 29 June.

The CGRFA broadens its 
mandate from only crops to 
all components of biodiversity 
for food and agriculture, 
including farm animals, 
forestry and fisheries.

The first meeting of 
the governing body of 
the ITPGRFA will take 
place in June 2006 in 
Spain. 

The CGRFA is to adopt its 
Multi-Year Programme of 
Work, covering all agricultural 
biodiversity sectors.

(1993–1996) The CGRFA develops the Leipzig 
Global Plan of Action on plant genetic resources and 
the first report on the state of the world’s PGRFA.
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have endangered the social and economic 
stability of various countries.

Following the H. maydis outbreak, the 
US National Academy of Sciences formed 
a committee to examine the genetic vul-
nerability of important crops. Many of 
these were found to have a dangerously 
narrow genetic base. For example, 96% of 
peas grown in the United States originated 
from just 9 varieties6. This phenomenon 
can be extrapolated to numerous crops and 
countries, and the most recent data show a 
worsening trend3.

No one can deny the importance of improv-
ing crop varieties and increasing production. 
However, in our eagerness to do this we 
might be robbing nature of genetic diversity 
— a safety mechanism that took millions of 
years to build up. Through classical plant 
breeding and modern biotechnologies we 
can improve crop varieties by using genes 
that are responsible for desired characters. 
These genes are first identified among exist-
ing genetic resources, and then transferred 
to target varieties. The maize example given 
above, and those covered in BOX 1, demon-
strate the enormous importance and value 
of plant genetic diversity in improving 
agricultural production. To provide adapt-
ability to unpredictable environmental and 
climatic changes, maintain resilience in the 
face of variation in production systems, and 
meet the needs of the expanding human 
population, all countries rely on crop genetic 
diversity from all over the world. Both local 
farmers’ varieties, now in the process of 
being replaced, and endangered wild rela-
tives of crop plants need to be conserved for 
possible future use.

What needs to be done?
The conservation and sustainable use of 
genetic resources goes far beyond avoid-
ing the extinction of species. The objective 
must be to conserve and use as much diver-
sity as possible within each species. Plant 
genetic resources can be conserved ex situ, 
for example in gene banks (facilities that 
store samples (accessions) of crop genetic 
diversity, usually as seed and vegetative 
material) or in situ, either on-farm for farm-
ers’ varieties, or in natural reserves or pro-
tected areas for wild plants. These methods 
should be considered complementary, and 
the development of appropriate national 
and international strategies is required for 
their effective use.

Ex situ  conservation in gene banks 
is mainly used for cultivated plants that 
are propagated through seeds. This tends 
to be cheaper than in situ conservation, 

requires little space and resources are 
easily accessible to plant breeders6–8. The 
main drawback, however, is that a genetic 
resource ceases to evolve as the natural 
processes of selection and adaptation are 
halted. In addition, only a small amount 
of the genetic diversity present in a given 
population is usually represented in the 
collected sample. This is further reduced 
every time the resource is regenerated, 
owing to genetic drift and natural selective 
pressures under different environmental 
conditions. Furthermore, many gene 
banks do not meet appropriate standards 
of storage and regeneration, resulting in 
poor seed viability3,9–12.

Nevertheless, ex situ collections have a 
crucial role in the conservation of many 
varieties, particularly those that have already 
disappeared from the field. More than 6 mil-
lion accessions are currently maintained in 
long-term collections3. However, many 
accessions are inadvertently duplicated12,13 
and minor crops and wild relatives of crops 
are poorly represented14,15. The lack of reli-
able information on accessions in gene banks  
significantly reduces their value to farmers 
and breeders, and hinders the identification 
of duplications14,16,17.

In situ conservation involves the protec-
tion of the areas, ecosystems and habitats in 
which plants of interest have developed their 
distinctive characteristics, and is achieved 
through legislative measures and the use of 
incentives. This is the preferred technique 
for wild plants; the great advantage is that 
the evolutionary dynamics of the species are 
maintained. The principal drawbacks are the 
costs that are associated with incentives and 
law enforcement, and the social and political 
difficulties that occasionally arise, especially 
for on-farm management. This method 
might be economical, however, if the aim is 
to conserve all species within a specific area, 
rather than just one18–24.

An increasing number of in situ conserva-
tion areas, including conservation on-farm in 
traditional agricultural systems, are protected 
at the national level3, but conservation areas 
that are specific to PGRFA are still rare14,25. 
An integrated approach to in situ conser-
vation is taken by the Globally Important 
Agricultural Heritage Systems Initiative, 
which aims to promote the conservation 
and sustainable management of the world’s 
most important indigenous and traditional 
agricultural systems, and their associated 
biological and cultural diversity26.

Box 1 | The importance of conserving and using plant genetic resources

The value of both traditional farmers’ varieties and wild relatives of cultivated plants in crop 
improvement and agricultural development cannot be overemphasized. There are many 
examples of this, highlighted below by a few examples.

Traditional farmers’ varieties have provided many individual traits that have been introduced 
into existing, improved breeding lines:
• One local variety of wheat that is found in Turkey, collected by J. R. Harlan in 1948, was 

ignored for many years because of its many negative agricultural characteristics. But in the 
1980s it was discovered that the variety carries genes that are resistant to many disease-
causing fungi. It has since been used as a source of resistance to a range of diseases3,57.

• The primitive Japanese dwarf wheat variety, Norin 10, introduced into America in 1946, had a 
key role in the genetic improvement of wheat during the so-called ‘Green Revolution’. It was 
used as a donor of the genes that are responsible for dwarfism, which allow increased nitrogen 
uptake and therefore increased production in intensive farming systems58.
Wild relatives of current crop plants, although agronomically undesirable, might also 

have acquired many desirable characteristics as a result of their long exposure to natural 
selection, and can therefore make very useful contributions to crop improvement:
• An outstanding example is the genus Lycopersicon, in which many wild species can be 

crossed with the cultivated tomato L. esculentum and have been successfully used as donors 
of fungus-resistant genes (L. hirsutum and L. peruvianum), nematode-resistant genes 
(L. peruvianum), insect-resistant genes (L. hirsutum), genes for quality improvement 
(L. chmielewskii), and genes for adaptation to adverse environments (L. cheesmaniae). 
Similar examples could be cited for most crops59.

• Wild forms of Beta collected in the 1920s were used in the 1980s in California as a source of 
resistance to rhizomania, a devastating sugar-beet root disease. Meanwhile, it was found that 
the collections also show Erwinia root-rot resistance, sugar-beet root maggot tolerance, 
and moderate leaf-spot resistance60.
These examples show that genetic material that once seemed to be of no particular value has 

proved to be crucial in crop improvement. The concept of ‘usefulness’ is a relative one, which 
might vary according to the needs and the information available.
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Despite the benefits of these strategies, 
conservation alone is not enough. Proper 
characterization, evaluation, documentation 
and cataloguing of crop genetic resources are 
needed to allow their effective use. Last, but 
not least, access to PGRFA is an essential 
condition for their use in research, plant 
breeding and agricultural development.

Politics, economics and ethics
International interdependence. Access to 
plant genetic resources and their conservation 
and sustainable use have socio-economic, 
political, legal and ethical implications, 
which are often associated with problems 
that threaten the economies of the countries 
concerned. The genetic diversity that saved 
maize in the United States in the twentieth 
century, as well as most of the useful diversity 
that is referred to in the examples provided 
in BOX 1, came from developing countries, 
where its existence was not accidental. It 
was the result of the work of generations of 
traditional small-holder and peasant farmers 
who — in a world in which they are often 
ignored or seen as a burden — are the true 
guardians of most of the world’s remaining 
agricultural biodiversity in the field. These 
are the people who continue to develop and 
conserve the raw material that is needed to 
deal with changing environmental conditions 
and unpredictable human needs, and who 
make this material available to other farmers, 
professional breeders and biotechnologists.

Rapid globalization and economic integra-
tion are increasing interdependence among 
countries. No country is self-sufficient for 
crop genetic resources: the average degree 
of genetic interdependence among countries 
for their most important crops is around 70% 
REFS 27,28 (see supplementary information S2 
(table)). Early in the twentieth century, 
the Russian geneticist and plant breeder 
N. I. Vavilov identified the areas with the 
greatest genetic wealth of cultivated plants 
and wild relatives. These were in Mexico 
and Central America, the Andean area, the 
Mediterranean basin, Central Asia, the Near 
East, China, Ethiopia, India and the Indo-
Malaysian region. Paradoxically, many coun-
tries that are poor economically, and generally 
located in tropical or subtropical zones, are 
rich in terms of genetic diversity29–31.

All countries are both donors and recipi-
ents of plant genetic resources and related 
information, and the production of new 
varieties often uses genetic material from 
many countries32. Most of the efforts that are 
necessary to manage plant genetic resources 
can therefore only be carried out through 
international cooperation14,33.

Intellectual property and other restric-
tions on access. Recent years have seen an 
acknowledgement of the growing value of 
PGRFA, owing to both the development 
of new powerful technologies to realize 
their potential and the knowledge that they 
are not an unlimited resource. As a conse-
quence, questions that are related to access 
and benefit-sharing, the security of the 
material and the ownership of collections are 
the subject of continuing debate34. National 
laws that restrict access and use of PGRFA 
have emerged in many countries, and the 
introduction of intellectual property rights 
(IPRs) for new varieties and their genetic 
components in developed countries has been 
followed by application of national sover-
eignty and restrictions on access to PGRFA 
in developing countries14,35–37.

The continuing availability of plant 
genetic resources for scientific purposes 
must be ensured through equitable and 
binding agreements and regulations. Ethical 
solutions to the problems described above 
must be found and implemented within an 
overall political framework that ensures food 
security and sustainable agriculture for future 
generations and allows the equitable sharing 
of benefits. For this task, the United Nations, 
as a universal inter-governmental forum, has a 
fundamental role — to facilitate the necessary 
inter-governmental negotiations38.

What has been achieved so far?
Early achievements. Several international 
efforts have been made to identify, protect 
and use PGRFA. Initially, these were mainly 
of a technical nature. In 1967, 1973 and 
1981 the Food and Agriculture Organization 
(FAO) hosted three international technical 
conferences, which led to the publication of 
books that summarize technical advances39–41. 
In addition, the non-governmental interna-
tional agricultural research centres (IARCs), 
in particular the International Plant Genetic 
Resources Institute (established in 1974), 
have promoted and facilitated international 
technical cooperation. The IARCs conserve 
more than 600,000 accessions ex situ in 
11 gene banks, which according to some 
estimates might represent as much as 40% 
of the diversity that is maintained ex situ for 
the main crops3.

In 1983 the FAO established an inter-
governmental Commission on Genetic 
Resources for Food and Agriculture (CGRFA). 
This was in response to the political, socio-
economical and ethical issues that have been 
discussed above, as well as the need to reduce 
the duplication of efforts and foster coopera-
tion and complementarity at the global level. 

The CGRFA provided the first permanent 
international forum for the negotiation, 
development and monitoring of interna-
tional agreements and regulations in this 
field. Its current membership of 167 coun-
tries makes it widely inclusive. Relevant 
technical assistance agencies, inter-gov-
ernmental organizations, development 
banks, non-governmental organizations, 
and private foundations also participate in 
the meetings of the CGRFA. The commis-
sion aims to reach consensus on areas of 
global interest, and compromise on areas 
of disagreement.

The CGRFA has developed a comprehen-
sive global system on PGRFA, which aims to 
ensure international cooperation and avoid 
duplication of efforts42. It includes a Global 
Plan of Action for the Conservation and the 
Sustainable Utilization of PGRFA, through 
which countries have negotiated and agreed 
on 20 essential priority activities43 and a 
World Information and Early Warning 
System, and a database that functions as a 
clearing house to allow the collection and 
maintenance of worldwide information on 
these resources44. It also produces a peri-
odic report on the state of the world’s plant 
genetic resources for food and agriculture3, 
and has established international networks 
to facilitate cooperation among stakehold-
ers45. In addition, the CGRFA has negotiated 
and developed several international agree-
ments, voluntary undertakings and codes 
of conduct, to promote and facilitate good 
management and access to PGRFA. They 
include the ITPGRFA2 and the International 
Code of Conduct for Plant Germplasm 
Collecting and Transfer46. A Code of 
Conduct on Biotechnology as it Relates to 
Genetic Resources for Food and Agriculture 
is currently in preparation47.

An international treaty for plant genetic 
resources. In 1992 the UN Environment 
Programme adopted the Convention on 
Biological Diversity (CBD)48 — the first 
binding international agreement of its kind. 
The CBD provided a legal framework for 
the conservation and sustainable use of all 
biological diversity. However, it does not 
provide specific solutions for the unique 
features and problems that are related to 
agricultural biodiversity 49. Consequently, 
the countries decided that the CGRFA 
should negotiate a legally binding interna-
tional agreement that is specific to PGRFA, 
in harmony with the CBD. In November 
2001 the FAO conference reached a deci-
sion, which was deemed historic by many, 
when it adopted the ITPGRFA2. The treaty 
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provides a bridge between agriculture, com-
merce and the preservation of the environ-
ment, and is the result of 23 years of debate, 
including 7 years of formal negotiations, 
between more than 160 member nations 
within the CGRFA. This process also 
involved participation by representatives 
from non-governmental institutions and 
the private sector.

The treaty came into force on 29 June 
2004. Its objectives are the conserva-
tion and sustainable use of plant genetic 
resources for food and agriculture and the 
fair and equitable sharing of benefits that 
arise from their use. The core of the treaty 
is its innovative Multilateral System of 
Access and Benefit-Sharing, which ensures 
continuous availability of important genetic 
resources for research and plant breeding, 

while providing for the equitable sharing 
of benefits, including monetary benefits 
that are derived from commercialization. 
Another innovative feature is its provisions 
for farmers’ rights. The ITPGRFA relies on 
several supporting components that were 
previously developed by the CGRFA, in par-
ticular the Global Plan of Action, the Global 
Information System, international networks, 
and terms and conditions for the conserva-
tion of and access to ex situ collections that 
are maintained by the IARCs. Other features 
of the treaty are discussed in BOX 2.

The first meeting of the governing 
body of the treaty is planned for June 2006. 
Meanwhile, what will be an essential element 
for its funding strategy has already been devel-
oped: the Global Crop Diversity Trust50. This 
was established under international law as an 

independent organization in October 2004. 
It was constructed largely as an endowment 
fund, with a target of US$260,000,000. As of 
July 2005, it had received $56,000,000 in firm 
commitments, and a further $50,000,000 was 
under discussion, with contributions coming 
from both public and private sources. The 
trust will be used to ensure financial sustain-
ability for the conservation of the world’s most 
important crop diversity ex situ collections, as 
a ‘genetic pantry’ for mankind.

Society will benefit from the treaty in 
different ways: consumers will benefit 
because of a greater variety of foods and 
agricultural products, as well as increased 
food security; the scientific community will 
benefit through access to the plant genetic 
resources that are crucial for research and 
plant breeding; IARCs will benefit because 
their collections will be put on a safe and 
long-term legal footing by the treaty; and 
both the public and private sectors will ben-
efit because they are assured access to a wide 
range of genetic diversity for agricultural 
development.

Challenges for the future
Technical and scientific challenges. Powerful 
new technologies have increased the value 
of PGRFA, especially for wild species, as 
potential donors of useful agricultural traits. 
Molecular genetics, genomics, proteom-
ics, cryopreservation and ecogeographical 
remote-sensing techniques (using satellites 
and aircraft) have greatly expanded the tech-
nological basis for the location, conserva-
tion and management of genetic resources. 
Advances in informatics and communication 
techniques have also markedly increased our 
capacity to use, analyse and communicate 
related data and information.

There is now a need for an integrated strat-
egy for the conservation and management of 
plant genetic diversity and the organization 
of related information at several levels. At 
the highest level, this is necessary for entire 
agro-ecosystems. It also applies to the gene 
pools of individual crops at the interspecies 
level (each crop and its wild relatives), and at 
the intervarietal amd intravarietal levels (the 
last of these accounts for the adaptive capaci-
ties of the many varieties that are grown by 
traditional farmers). Adequate information 
about the genetic material that is conserved, 
whether ex situ or in situ, should allow users 
to locate the desired material. For each crop 
and region, this strategy would allow for dif-
ferent forms and degrees of conservation, 
taking into account different national needs, 
as well as the economic, technical and human 
resources available.

Box 2 | The ITPGRFA

The International Treaty for Plant Genetic Resources for Food and Agriculture (ITPGRFA) 
encompasses all plant genetic resources for food and agriculture (PGRFA). Through the treaty, 
countries agree to promote the development of national integrated approaches to the exploration, 
collection, characterization, evaluation, conservation and documentation of their PGRFA, 
including the development of national surveys and inventories. They also agree to develop and 
maintain appropriate policies and legal measures to promote the sustainable use of these 
resources, including on-farm management, strengthening research, promoting plant-breeding 
efforts, broadening the genetic bases of crops and expanding the use of locally adapted crops and 
varieties, and under-used species. These actions would be supported, as appropriate, by 
international cooperation provided for in the treaty.

The most important and creative part of the ITPGRFA is the establishment of the Multilateral 
System (MS) of Access and Benefit-Sharing. The MS applies to 64 genera, including the major 
crops and forages, which were agreed on the basis of two criteria: importance for food 
security37 and level of interdependence among countries61. At the global level, these crops 
provide about 80% of the food we derive from plants.

Through the MS, sovereign nations have agreed to share resources and benefits. The 
genetic resources of the MS will be made available for research, breeding and training, and 
their recipients should not claim any intellectual property or other rights that limit access on 
these resources, or their genetic parts or components, in the form received from the MS. The 
“benefits arising from the use, including commercial, of plant genetic resources for food and 
agriculture under the Multilateral System shall be shared fairly and equitably through the 
following mechanisms: the exchange of information, access to and transfer of technology, 
capacity-building, and the sharing of the benefits arising from commercialization, taking 
into account the priority activity areas in the rolling Global Plan of Action, under the 
guidance of the Governing Body.” It establishes the payment, which is in certain cases 
mandatory, of an equitable part of the monetary benefits that are derived from the use of 
PGRFA into the funding strategy of the treaty.

The treaty establishes a funding strategy to mobilize funds for activities, plans and 
programmes to support the implementation of the treaty, in particular in developing countries 
and in line with the priorities that have been identified in the Global Plan of Action. The 
funding strategy includes the monetary benefits that are paid in accordance with the MS, as 
well as the Global Crop Diversity Trust, which is described in the main text. The governing 
body of the international treaty will periodically establish a target for the funding strategy.

Another innovative element of the treaty is the development of farmers’ rights. They 
recognize the enormous contribution that the local and indigenous communities and farmers 
of all regions of the world have made and will continue to make for the conservation and 
development of plant genetic resources. The treaty makes governments responsible for the 
realization of farmers’ rights, including the protection of relevant traditional knowledge; 
provision for farmers to participate equitably in sharing benefits; and farmers’ participation in 
national policy decision-making.
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Genetic resources
Building blocks
for new products  

Commercial products
with a market value

Benefit-sharing
• Farmers' rights (collective rights)
• Funding for plans and programmes
for farmers in developing countries
who conserve and sustainably
use PGRFA  

Biological technologies
Tools for making
new products

Intellectual property rights
(individual rights)
• Patents
• Plant breeders’ rights 

ITPGRFA/Food and Agriculture 
Organization
• Multilateral System of Access and
Benefit-Sharing
• Farmers’ rights
• Global Plan of Action for the Conservation 
and Sustainable Utilization of PGRFA
• Funding strategy

Convention on Biological Diversity
• Knowledge, innovations and practices
of indigenous and local communities 
• Bonn Guidelines on Access and
Benefit-Sharing

World Intellectual Property
Organization
• Intellectual property rights

Agreement on Trade-Related Aspects 
of Intellectual Property/World Trade 
Organization
• “Protection of plant varieties either
by patents or by an effective sui generis 
system or by any combination thereof”

Union for the Protection of New
Varieties of Plants
• Plant breeders’ rights     

Bringing the two sides of the
equation together through

national legislation

The conservation of PGRFA is not 
enough; their appropriate usage is essential. 
Many accessions in gene banks are consid-
ered to be under-used3,14, other than for 
disease-resistance screening51. The potential 
for greater use of genetic resources clearly 
exists, especially given the new molecular 
technologies that can be used to identify and 
transfer genes that control valuable traits52. A 
major new initiative to address these is the 
Generation Challenge Programme, which is 
a consortium of international and national 
research institutes53.

Social challenges. To ensure that the benefits 
derived from plant genetic resources reach all 
those who need them, public-sector research 
is needed in areas in which the private sector 
does not invest. Most commercial crop varie-
ties are not adapted to the needs of poorer 
farmers who have limited or no access to 
irrigation, fertilizers and pesticides. A new 
environmentally friendly, socially accept-
able and ethically sound agricultural model 

is needed to meet their needs. This could 
be achieved by using publicly supported 
programmes to breed crops that are able 
to withstand adverse conditions, including 
drought, high salinity and poor soil fertility 
and structure, and that provide resistance to 
local pests and diseases. Such programmes 
are likely to build on farmers’ existing varie-
ties, which often contain these traits. There 
are encouraging examples of this kind of 
research, which needs to be supported.

The entry into force of the ITPGRFA 
provides hope for fighting hunger and 
malnutrition, including at the local level. Its 
provisions on sustainable use, farmers’ rights 
and benefit-sharing allow for cooperation 
between farmers and breeders in genetic 
improvement at the level of traditional 
farmers’ varieties, rather than just seeking 
uniform ‘universal genotypes’.

Economic challenges. The cost of conserv-
ing plant genetic diversity is high, but the 
cost of not taking action is much higher. 

Economic resources for the conservation 
and sustainable use of agricultural genetic 
resources are well below adequate levels. 
This problem is especially serious in the 
case of the in situ conservation of traditional 
farmers’ varieties and, increasingly, of wild 
relatives of cultivated plants, which are 
largely found in developing countries. The 
scarcity of economic resources in these 
countries is not only an obstacle to the 
protection of wild species, but also a major 
cause of genetic erosion, as people search 
for fuel-wood or convert virgin areas into 
farmland. The protection of these areas for 
in situ conservation would benefit all coun-
tries, and there should therefore be interna-
tional participation in efforts to safeguard 
them. The establishment of the Global Crop 
Diversity Trust, as an important element 
of the funding strategy of the ITPGRFA, is 
a step in the right direction. However, this 
fund is specifically for ex situ conservation. 
Financial strategies are needed to support the 
other aims of the treaty.

Box 3 | Balancing the value of PGRFA and the biological technologies that use them

Plant genetic resources for food and agriculture (PGRFA) 
provide the building blocks that allow classical plant breeders 
and biotechnologists to develop new commercial varieties and 
other biological products. Although they are undeniably 
important, neither genetic resources, nor the biological 
technologies that apply to them, have an appropriate 
market value by themselves. However, there often is a 
clear market value for the commercial products that are 
obtained through their use. Since the 1960s several 
international bodies and agreements (for example, the Union 
for the Protection of New Varieties of Plants, the World 
Intellectual Property Organization, and the Agreement on 
Trade-Related Aspects of Intellectual Property Rights) have 
addressed this. In doing so, provisions have been introduced 
that confer on the developers of biological technologies 
individual rights (intellectual property rights such as plant-
breeders’ rights and patents) that allow the rights-holders to 
appropriate profits from commercial products that might 
result from the use of those technologies. Since the 1990s 
other international agreements, especially the International 
Treaty for Plant Genetic Resources for Food and Agriculture 
(ITPGRFA), have recognized collective rights (farmer’s 
rights and benefit-sharing) of the providers of the genetic 
resources. This might contribute to a more symmetrical and 
balanced system of incentives, which promotes the 
development and application of new biotechnologies, but 
also ensures the continued conservation, development and 
availability of the genetic resources to which these 
technologies apply (see figure). It is now up to national 
governments to implement these provisions. This should 
include the development, as appropriate for each country, of 
national legislation that takes into account the two sides 
of the system that are represented in the figure, thereby 
promoting harmony and synergy in the implementation of 
the various binding international agreements. 
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From a macroeconomic perspective, 
PGRFA have been treated as an unlimited 
source of continuing benefits. They are 
in fact a limited resource to be used by all 
generations to come. The full value of such 
resources for the future continues not to be 
reflected in market prices. A sustainable 
economic solution to the problem is the 
internalization of the conservation cost of 
the resource into the production cost of the 
product. For example, when buying an apple, 
we could pay not only the cost of produc-
tion, but also the costs of maintaining genetic 
resources that will allow future generations to 
continue eating apples. The ITPGRFA provi-
sions concerning benefit-sharing, including 
the sharing of monetary benefits that are 
derived from commercialization, represent 
a first step in this direction.

Legal and political challenges. The entry into 
force of the ITPGRFA marks a milestone 
for international agricultural cooperation. 
However, some of its provisions need to be 
further developed at the first meeting of the 
governing body in June 2006. These include 
a standard material transfer agreement for 
plant genetic resources to regulate access 
and determine the level, form and manner of 
monetary payments on commercialization. 
Mechanisms to promote compliance need to 
be developed, as does the funding strategy 
of the treaty. Once it is operating smoothly 
and the benefits are being realized, future 
meetings might be able to reach consensus 
in other controversial and challenging issues, 
such as increasing the number of crops that 
are covered by the Multilateral System of 
Access and Benefit-Sharing.

After a country’s ratification, the pro-
visions of the ITPGRFA need to be fully 
implemented at the national level, which will 
require the development of national meas-
ures. In some cases legislation will also be 
needed to prevent genetic erosion, promote 
the conservation, characterization and docu-
mentation of indigenous genetic resources, 
implement farmers’ rights, facilitate access 
to genetic resources for research and plant 
breeding, and promote benefit-sharing. The 
rapid rate at which countries are ratifying 
the treaty in their national parliaments is 
encouraging.

The treaty cannot be seen in isolation 
from other relevant national and interna-
tional legislation on biodiversity and related 
technologies44,54 BOX 3. Access to genetic 
resources and related biotechnologies is 
increasingly threatened by the proliferation 
of IPRs and the expansion of their scope, as 
well as by the increasing number of national 

laws that restrict access to and use of PGRFA. 
The effectiveness of the ITPGRFA in halting 
or reversing the current tendency towards 
restriction will depend on how its provi-
sions are interpreted and implemented by 
individual countries and the international 
community.

Public awareness. Finally, scientific, political 
and economic support for the conservation 
of, access to and sustainable use of plant 
genetic resources for food and agriculture 
urgently needs to be mobilized. The politi-
cal will that has been demonstrated by the 
speed of ratification of the treaty needs to 
be translated into action. The first meeting 
of the governing body will be an excellent 
opportunity to promote this. However, rais-
ing public awareness of the importance of 
genetic diversity and the dangers of its loss 
are other important goals: no system of legal 
provisions is likely to succeed without public 
understanding and consensus. Encouragingly, 
some grass-roots level initiatives have already 
been successful in raising public awareness of 
and involvement in the conservation and use 
of PGRFA55,56.

It should not be forgotten that genetic 
erosion is just one consequence of mankind’s 
exploitation of the planet’s natural resources. 
The fundamental problem is a lack of respect 
for nature, and any lasting solution will have 
to involve establishing a new relationship 
with our planet and an understanding of 
its limitations and fragility. If mankind is to 
have a future, it is imperative that children 
learn this at school, and that adults make it 
part of their life.

Conclusion
Never have we had such powerful tools to 
control our future, and yet never has so 
much been at risk. For agricultural develop-
ment to be sustainable, and for some harm-
ful processes to be reversible, it is necessary 
to preserve the natural resources on which 
development is based. The achievement of 
a world without hunger or poverty is the 
responsibility of all of us, which must not be 
avoided or left to chance.

FAO Commission on Genetic Resources for Food 
and Agriculture, Viale delle Terme di Caracalla, 

00100 Rome, Italy.
e-mail: Jose.Esquinas@fao.org

doi:10.1038/nrg1729

1.  FAO. World agriculture: towards 2015/2030. FAO 
corporate document repository [online], <http://www.fao.
org/documents/show_cdr.asp?url_file=/DOCREP/005/
Y4252E/Y4252E00.HTM> (2005).

2.  FAO. International Treaty for Plant Genetic Resources 
for Food and Agriculture. FAO Conference, Rome 
[online], <ftp://ext-ftp.fao.org/ag/cgrfa/it/ITPGRe.pdf> 
(2001).

3.  FAO. The state of the world’s plant genetic resources for 
food and agriculture. [online], <http://www.fao.org/
WAICENT/FAOINFO/AGRICULT/AGP/AGPS/Pgrfa/pdf/
swrfull.pdf> (1997). 

4.  Mangelsdorf, P. C. Genetic potentials for increasing yields 
of food crops and animals. Proc. Natl Acad. Sci. USA 56, 
370–375 (1966).

5.  National Research Council. Genetic Vulnerability of Major 
Crops (National Academy of Sciences, Washington DC, 
1972).

6.  Chang, T. T. in The Use of Plant Genetic Resources 
(Cambridge Univ. Press, Cambridge, 1989).

7.  Shands, H. Plant genetic resource conservation: the 
role of the gene bank in delivering useful genetic 
materials to the research scientist. J. Hered. 81, 7–10 
(1990).

8.  Ten Kate, K. & Laird, S. The Commercial Use of 
Biodiversity: Access to Genetic Resources and 
Benefit-Sharing (Earthscan, London, 1999).

9.  Fowler, C. & Hodgkin, T. Plant genetic resources for food 
and agriculture: assessing global availability, Annu. Rev. 
Environ. Resour. 29, 143–179 (2004).

10.  McFerson, J. R., Lamboy, W. F. & Kresovich, S. 
Assessing user perceptions of genetic resources 
collections in crucifer crops. Crop Sci. 36, 831–838 
(1996).

11.  Gómez-Campo, C. Long term seed preservation: the 
risk of using inadequate containers is very high. 
Monographs ETSIA, Univ. Politécnica de Madrid 163, 
1–10 (2002).

12.  Holden, J. H. W. in Crop Genetic Resources: 
Conservation and Evaluation (Allen & Unwin, London, 
1984).

13.  Lyman, J. Progress and planning for germplasm 
conservation of major food crops. Plant Genet. Resour. 
Newsl. 60, 3–21 (1984).

14.  Miller, J. C. & Tanksley, S. D. RFLP analysis of 
phytogenetic relationship and genetic variation in the 
genus Lycopersicon. Theor. App. Genet. 80, 437–448 
(1990).

15.  Padulosi, S., Hodgkin, T. & Williams, J. T. in Managing 
Plant Genetic Diversity (CABI, Wallingford, UK, 2002).

16.  Lund, B., Ortiz, R., Skovgaard, I. M., Waugh, R. & 
Anderson, S. B. Analysis of potential duplicates in 
barley genebank collections using re-sampling of 
micro-satellite data. Theor. Appl. Genet. 106, 
1129–1138 (2003).

17.  Van Hintum, T. J. L. & Visser, D. L., Duplication within and 
between germplasm collections. II. Duplication in four 
European barley collections. Genet. Resour. Crop Evol. 
42, 135–145 (1995).

18.  Altieri, M. A. & Merrick, L. C. In situ conservation of crop 
genetic resources through maintenance of traditional 
farming systems. Econ. Bot. 41, 86–96 (1987).

19.  Brush, S. (ed.) Genes in the Field: On-farm Conservation 
of Crop Diversity (International Development Resources 
Centre/International Plant Genetic Resources Institute/
Lewis, Boca Raton, Florida, 2000). 

20.  Brush, S. Providing farmers’ rights through in situ 
conservation of crop genetic resources. CGRFA 
Background Study Paper No. 3 [online], <ftp://ext-ftp.
fao.org/ag/cgrfa/BSP/bsp3E.pdf> (1994).

21.  Jarvis, D. I., Zoes, V., Nares, D. & Hodgkin, T. On-farm 
management of crop genetic diversity and the 
Convention on Biological Diversity’s programme of 
work on agricultural biodiversity. Plant Genet. Resour. 
Newsl. 138, 5–17 (2004).

22.  Jarvis, D. I. et al. A Training Guide for In Situ Conservation 
On-farm Version 1 (International Plant Genetic Resource 
Institute, Rome, 2000).

23.  Prescott-Allen, R. & Prescott-Allen, C. In Situ Conservation 
of Crop Genetic Resources: a Report to the International 
Board for Plant Genetic Resources (International Board for 
Plant Genetic Resources, Rome, 1981).

24.  Prescott-Allen, R. & Prescott-Allen, C. Genes from the 
Wild 2nd edn (Kogan Page, London, 1983).

25.  Jarvis, A. et al. Biogeography of wild arachis: assessing 
conservation status and setting future priorities. Crop. 
Sci. 43, 1100–1108 (2003).

26.  CGRFA. Progress report on the development of a 
network of in situ conservation areas. GIAHS home page 
[online], <ftp://ext-ftp.fao.org/ag/cgrfa/cgrfa9/r9w13e.
pdf> (2002).

27.  Kloppenburg, J. R. Jr (ed.) Seeds and Sovereignty — 
The Use and Control of Plant Genetic Resources (Duke 
Univ. Press, Durham, North Carolina, 1988).

28.  Palacios, X. F. Contribution to the estimation of countries’ 
interdependence in the area of plant genetic resources. 
CGRFA Background Study Paper No. 7 Rev. 1 [online], 
<ftp://ext-ftp.fao.org/ag/cgrfa/BSP/bsp7E.pdf> (1998).

952 | DECEMBER 2005 | VOLUME 6  www.nature.com/reviews/genetics

P E R S P E C T I V E S



© 2005 Nature Publishing Group 

 

29.  Vavilov, N. I. Centers of origin of cultivated plants. Bull. 
App. Bot. Genet. Plant Breed. 16, 1–248 (1926).

30.  Vavilov, N. I. Phytogeographic basis of plant breeding. The 
origin, variation, immunity and breeding of cultivated 
plants. Chronica Bot. 13, 1–366 (1951).

31.  Zeven, A. C. & De Wet, J. M. J. Dictionary of Cultivated 
Plants and their Regions of Diversity Excluding Most 
Ornamentals, Forest Trees and Lower Plants 2nd edn 
(Pudoc, Wageningen, Netherlands, 1982).

32.  Gollin, D. in Agricultural Values of Plant Genetic Resources 
(CABI, Wallingford, UK, 1998).

33.  Frankel, O. H. in Genetic Resources in Plants — Their 
Exploration and Conservation (Blackwell, London, 1970).

34.  Correa, C. Sovereign and property rights over plant genetic 
resources. CGRFA Background Study Paper No. 2 [online], 
<ftp://ext-ftp.fao.org/ag/cgrfa/BSP/bsp2E.pdf> (1994).

35.  Correa, C. The access regime and the implementation of 
the FAO International Treaty on Plant Genetic Resources in 
the Andean group countries. J. World Intellect. Prop. 
Rights 6, 795–806 (2003).

36.  Correa, C. in Strengthening Partnerships in Agricultural 
Research for Development in the Context of Globalization: 
Proceedings of the GFAR-2000 Conference 40–43 (GFAR/
IPGRI, Rome, 2003). (2003).

37.  Fowler, C. & Lower, R. The politics of plant breeding. Plant 
Breeding Rev. 25, 21–56 (2004).

38.  Palmberg, C. & Esquinas-Alcázar, J. T. The role of the 
United Nations agencies and other international 
organizations in the conservation of plant genetic 
resources. For. Ecol. Manage. 35, 171–197 (1990).

39.  Frankel, O. H. & Bennet, E. Genetic Resources in Plants — 
Their Exploration and Conservation (Blackwell Scientific, 
Oxford, 1970).

40.  Frankel, O. H. & Hawkes, J. G. Crops Genetic Resources 
for Today and Tomorrow (Cambridge Univ. Press, 1975).

41.  Holden, J. H. W. & Williams, J. T. Crop Genetic Resources: 
Conservation and Evaluation (Allen & Unwin, London, 1984).

42.  CGRFA. Overview of the FAO Global System for the 
Conservation and Sustainable Utilization of Plant Genetic 
Resources for Food and Agriculture and its potential 
contribution to the implementation of the International 
Treaty on Plant Genetic Resources for Food and 
Agriculture. FAO paper, Rome [online], <ftp://ext-ftp.fao.
org/ag/cgrfa/cgrfa10/r10w3e.pdf> (2004).

43.  FAO. Global Plan of Action for the Conservation and 
Sustainable Utilization of Plant Genetic Resources for Food 
and Agriculture. International Technical Conference on 
Plant Genetic Resources, Leipzig, Germany [online], 
<http://www.fao.org/WAICENT/FaoInfo/Agricult/AGP/
AGPS/Pgrfa/Pdf/GPAENG.PDF> (1996).

44.  Commission on Genetic Resources for Food and 
Agriculture. World Information and Early Warning System 
on PGRFA. WIEWS home page [online], <http://apps3.
fao.org/wiews/wiews.jsp?i_l=EN> (2002).

45.  Kalaugher, E. & Visser, B. A summary and analysis of 
existing international plant genetic resources networks. 
CGRFA Background Study Paper No. 16 [online], <ftp://
ext-ftp.fao.org/ag/cgrfa/BSP/bsp16e.pdf> (2002).

46.  FAO. International code of conduct for plant germplasm 
collecting and transfer. FAO Conference, Rome [online], 
<ftp://ext-ftp.fao.org/ag/cgrfa/GS/CCgermpE.pdf> 
(2003).

47.  CGRFA. Progress on the draft Code of Conduct on 
Biotechnology as it relates to genetic resources for 
food and agriculture: policy issues, gaps and 
duplications. Code of Conduct on Biotechnology web 
site [online], <http://www.fao.org/ag/cgrfa/biocode.
htm> (2004).

48.  Secretariat of the Convention on Biological 
Diversity. Convention on Biological Diversity Handbook 
3rd edn [online], <http://www.biodiv.org/handbook/> 
(2003). 

49.  Correa, C. in Strengthening Partnerships in Agricultural 
Research for Development in the Context of Globalization: 
Proceedings of the GFAR-2000 Conference 34–39 (GFAR/
IPGRI, Rome, 2003). (2003).

50.  Commission on Genetic Resources for Food and 
Agriculture. Report on the status of the Global Crop 
Diversity Trust. Start with a Seed home page [online], 
<http://www.startwithaseed.org/items/homepage.php> 
(2004).

51.  Hodgkin, T., Rao, V. R., Cibrian-Jaramillo, A. & Gaiji, S. The 
use of ex situ conserved plant genetic resources. Plant 
Genet. Resour. 1, 19–29 (2003).

52.  Tanksley, S. D. & McCouch, S. R. Seed banks and 
molecular maps: unlocking genetic potential from the wild. 
Science 277, 1063–1066 (1997).

53.  Agreement to establish a consortium for the Generation 
Challenge Program. Cultivating plant diversity for the 
resource-poor [online], <http://www.generationcp.org/
sccv10/sccv10_upload/Consortium_agreement.pdf> 
(2004). 

54.  Görg, C. & Brand, U., Global enviromental politics and 
competition between nation-states: on the regulation of 
biological diversity. Rev. Int. Polit. Econ. 7, 371–398, 
(2000).

55.  Fanton, M. & Fanton,J. The Seed Savers’ Handbook 
(Seed Savers’ Network, Sydney, 1993). 

56.  Fernald, A., Milano, S. & Sardo, P. A World of Presidia. 
Food Culture & Community (Slow Food Editore, 
2004). 

57.  Kronstad, W. E. Genetic Improvement of Yield in Wheat 
(Crop Science Society of America, Madison, Wisconsin, 
1986).

58.  Kihara, H. Origin and history of ‘Daruma’, a parental variety 
of Norin 10. Proc. Sixth Int. Wheat Genet. Symp. 6, 13–19 
(1983).

59.  Esquinas-Alcázar, J. T. Genetic Resources of Tomatoes 
and Wild Relatives (International Board for Plant Genetic 
Resources, Rome, 1981).

60.  Doney, D. L. & Whitney, E. D. Genetic enhancement in Beta 
for disease resistance using wild relatives — a strong 
case for the value of genetic conservation. Econ. Bot. 44, 
445–451 (1990).

61.  FAO Nutritional Division. Nutritional value of some of the 
crops under discussion in the development of a 
multilateral system. CGRFA Background Study Paper 
No. 11 [online], <ftp://ext-ftp.fao.org/ag/cgrfa/BSP/
bsp11e.pdf> (2001).

Acknowledgements
I am very grateful to M. Rucli and M. Smith for their important 
assistance in the preparation of this paper. I also want to thank 
F. Ayala, D. Boerma, C. Correa, C. Fowler, P. Gulick, G. Hawtin, 
T. Hodgkin, C. Stannard, S. Tanksley, E. Tewolde and Á. Toledo 
for their contributions. This paper expresses the views of the 
author and does not necessarily reflect the views of FAO and its 
member countries.

Competing interests statement
The author declares no competing financial interests. 

 Online links

FURTHER INFORMATION
Action Group on Erosion, Technology and Concentration 
web site: http://www.etcgroup.org
Biological Diversity in Food and Agriculture: http://www.fao.
org/biodiversity/index.asp
Commission on Genetic Resources for Food and 
Agriculture: http://www.fao.org/ag/cgrfa/default.htm
Ethics in Food and Agriculture: http://www.fao.org/ethics/
index_en.htm
Generation Challenge Programme web site: http://www.
generationcp.org/index.php
Globally Important Ingenious Agricultural Heritage 
Systems: http://www.fao.org/landandwater/agll/giahs/
default.stm
International Union for the Protection of New Varieties of 
Plants web site: http://www.upov.int
The Convention on Biological Diversity: http://www.biodiv.
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